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CHAPTER 1
INTRODUCTION

This chapter provides a general inmoduclion to hydraulicJ7uid power. Power tmnsmission is descn”bed. The concept of “
gmphic symbofs rcpresenring hydmulic circuits is discussed. and seweml cxmqsks are shown. HydmulicJ7uids are discussed
in very general terms, and factors affecting Jluid and system pe$ormance are introduced. Fire. resistant hydraulicJ7uids are
presented brfejfy. Factors to be considered in rhe choice and application offlui& are defined. These include baicJfuid char.
acten.srics. as well as cost. m,oilabili~, effecls of contaminmion. handling, and sromge.

l-l GENERAL

The development of the pressnt level of technology has
dcpcndcd on the evolution of methods for the genermion.
distribution. and u= of power. Tbe energy ~qUi~IIICnlS of
the domestic populmion and the nmiomd dcfenss effon in-
crensc nt n mm of 2 103% pm yaw. Vmious estimates place
rhe nnmd mtc of energy crmsumption in the United SUUes
m 1.0610 1.6x l@ J(l.OIo 1.5x 10’>Bm)psryenrby~e
ymr 2000 (Ref. I). TMs incrcnsing demand for pnwer re-
quires the cnntinued development of methmfs for power
transmission. control. nnd USS.fluid paver technology
plnys m impnrtnm mle in Osistask and promises to be even
more imporrmt in the furrow

1-2 METHODS OF TRANSMITTING
POWER

The mrjoriry of comempomry power Imnsmissinn sys-
tems cnn bs classified us electricnf. mechmicnl. or fluid.
Fluid pnwer systems con bc funher divided into pnmnnmic
OIMJhydraulic sysIcms. depending on the fluid medium used
m rmnsmiI force. The fluids employed in pneummic pnwer
md comrcd systems arc gnscs which w chorncterized by
high compressibility. In comm.% hydraulic fluids m-crcln-
tively incompressible liquids.

1-2.1 ELECTRICAL POWER
TRANSMISSION

Power is onnsmirt.ed elccuicnlly by imposing M eleclID-
mngnetic field on ~ conductor. Elccuic syslems wc esps-
cidly suimble for power rnmsmis.sion over long dismnces
and me best npplicnble to low-power opcmtions. Magnetic
sammrion. n fundnmcnml Iimhmion of clectricnl mnchincs.
limits rhe toque developed by m elscuic motor. Mnterid
limitations also affect the speed with which eltcrricrd
servomechanisms can respond. Hem dissipmion is n pmb-
Icm of considerable impnrmnce in clecuicnl LMwcrInms-
mission.

1-2.2 MECHANICAL POWER
TRANSMISSION

MechnnicnJ pnwcr rmnsmission systems employ n vari-
eIYof kincnwic mechanisms such IISbelts. chains. pulleys.
spmckefs, gear trains. bar Iinknges. and corns. These

mcchnnisms wc suitnble for the tnmsmissicm nf motion MVJ
fnme over relmively shcwrdismnces. The disndvnnmges of
mccbanicrd systems include lubricmion problems. Iimitcd
speed and mque control c~pati]litics. uneven force dlsrri -
butinn. and rklmivcly large sp~ce rcquircmenrs. h4eclmni-
cnl systems are nlso plagued by accuracy md odjusmwm
problems nsswialcd with wear. cable sumch. bending, dis-
tonion, em

1-23 PNEUMATIC POWER TRAIISM4SS1OA’

Pncummic pnwer is tmm.mitud by the pressure and flow
of compressed gases. The most commnn gas used is nir.
pneumatic systems usc relatively simple equipment. have
smnll transmission lines. nnd do not present n fire hazsud.
Oimdvnmngcs includs high fluid cnmp-ibilily and SMS41
Pmver.to.size mlio of com~nents. Pncummic power sys-
tems art more elastic lhan mcchnnicrd systems and am WY
sensitive 10 small chmgcs in pressure and flow. For this
reason Ihcy cue best suimd for pilot or cnnrrol systems or
low-power npplicntions dmI do not require n high degree of
positioning or hnlding accuracy.

1-2.4 HYDRAULIC POWER TRAMMISS1ON

Hydraulic pnwcr is rnussmiued by tic pmssurt and flnw
of liquids. For mnny years petroleum oils tycre the mn<t
common liquids, but other types of liquids rue now bchg
widely used. Hydraulic systems nrc mechmicnlly stiff aod
cm bc designed 10give fost opsmtion and move cery large
loads. They can k cmplnyed over grater distances thm .
mechanical types but nnt as fnr us elccuical systems.

There me several impnnnm advanmges of hydraulic
prover transmissions (Ref. 2). Tk.se include

1. Ability to provide high levels of readily rcgulnted
torque mrd force

2. fnlinitely vnrinble linear or nxnry spxd over 0 wide

~ge
3. Insmntly rcvm’sibk without coming to n grodunl

stop
4. Can he stnlled withom dmnnge and withotn L4Unc-

cessily to mstnn the prime mover when the stnil-pmducing
Icad is removed

S. High pnwer oulput fmm relatively small, light-
weight pnckngcs

l-l
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6. High nccumcy and extreme stiffness for positioning
and holdktg hemfy loads

7. Readily nulommed without electronics
8. Fully adaptable to electrical or electronic controls

including progmmm~ble logic controllers
9. Provides cushioning to reduce the mechntticnl ef-

fects of impact or shock loads.
There are also distdvanlziges m consider (Ref. 2). They

include
1. The hazards associated with my high-prcsstm sys-

tem
2. The tire hazard msacimcd with hydraulic fluids, al-

most aJl of which are flammable to some extent
3. Hydraulic fluid Ieaktge
4. D@asal of used fluids and clemtup of large leaks.

The functions of it hydrtmlic fluid me to transmit force
applied at one point in the system 10 some other location
and to produce any desired chmge in the dkection or mng-
nitude of thk force. To function efficiently, the hydmtdic
fluid must be relatively incompressible and must flow

1-3.1.2 Symbolic Representation of
Component

The rapid development of fluid power ~pplicmions fol-
lowing World Wm 11created n need for stmdard fluid
power symbols and specitic~tions to fncilitme communica-
tion and provide a widely accepted means of representing
fluid power systems. ThN need was first met by the Joint
Industry Conference (JIC), which published ~ set of gmpbi-
cnl symbols for system components in September 1948, In
195S the American Standard Association (AS A) (now
known m the American National Smndnrds Jnstitute
(ANSI)) adopted symbols breed on n revision of the JJC
symbols. Rcsponsihility for subsequent revisions and up-
cbuesof fluid pnwer gmphIc symbology in the United Suttes
hm resb?d with the National Fluid Power Association
(NFPA)~The US nmional document concerning fluid power
svmbds is ANSJ Y32. 10 [Ref. 6). The need for common in-–,. .,
temationrd standardization of symbology resulted in the de-
velopment of 1S0 Smndnrd 1219 (Ref. 7) by the Intemzv

rcdOy. In addition. the”bydrmdic fluid must perform cer- - tiotmdOrganization for StandmdizmiOn (1S0). Symbdogy

tain other functions, such m lubric~tion nnd cooling, which
a-e secondary in nature but importmtt m the overall opera-
tion of the hydrmdic system.

1-3 PRINCIPLES OF HYDRAULICS

1-3.1 GENERATION AND USE OF FLUJD
POWER

The use Of hydraulic fluids to generate mtd transmit
power is based upon tie physical laws hat govern tie mc-
chtics of liquids. The principles of fluid mechanics, which
include both hydmstmics and fluid dyn~mics, have been
developed over a period of several centuries ‘andnow con-
stitute n fundancnttd branch of science nnd engineering. A
knowledge of the ~pplictXion of these principles 10the de-
sign and use of fluid power systems cm be obtnined by a
study of my of several references from tbe vast literature
of fluid mccbmtics (Refs. 2, 3, 4, and 5).

1-3.1.1 Fluid Power Circuits

The application of fluid power requires some type of
fluid circuit. Many different circuit designs are possible for
n given ~pplicatiott. Most hydrmdic circuits, however, rep-
ment some vurimion of ~ few basic circuit designs, such us
pump circuiis. fluid motor circuitx. itccumuktmr or intensi-
fier circuits, nnd control circuits.

All bydmtdic circuits consist of some combination of six
basic components: (1) ~ source of energy, e.g., n pump, (2)
n means of converting fluid energy into mechmicd motion,
e.g., a hydraulic motor or actumor, (3) fluid-unttsfer piping,
(4) pressure. directional. and flow controls, (5) ~ fluid res-
ervoir. and (6) a hydraulic fluid. The output of the hydmu-
lic circuit is determined by the manner in which the various
components are a-tanged. The individual components are
described in Cbaptcr 2.

from this stmtdard is used throughout tiis hmtdbook. See
Appendix A for a cross-reference of fluid power standards.

Graphic fluid power symbols are now widely used both
for p~pm-ing circuit diagrams and as m aid in circuit design
mtd attnlysis. Tbcy illustrate flow pmhs, connections, and
component functions but do not indiczve operating paritm-
e!ers or constmction demils. There wc nine basic symbol
classifications: tluid conductors, energy and fluid storage,
fluid conditioners. linear devices. controls. rotary devices,
instruments and accessories, wolves. mtd composite sym-
bols. There is a detailed discussion of the use rmd meaning
of the 1S0 fluid power symbols in the 1S0 smttd~d (Ref.
7); however, 8 brief expbutation of tt few of the more com-
mon symbols will aid the reader in further study.

1-3.1.2.1 Directional Cnotrol Valves

The bmic dkectimml control valve (DCV) symbl con-
sists of one or more squares called envelopes. The number
of envelopes corresponds to the number of dtscrete func-
tional positions of the wtlve. Inside each envelope am lines
representing the flow paths and flow conditions between
ports. Arrows are used to indicate the usual or preferred
direction of flow through the flow pzohs.T-shaped symbols
indlcntc thm a flow path is blocked.

The lines representing the fluid conductors me drawn to
the envelope representing the neutral, or unactuated, posi.
tion of the vtdve. In a three-position valve thk is nortmdly
lhe center position, but in a two-posilion valve, it is the
position to which tbe valve is spring offset when it is
unactuated.

E~cb intersection of the intemd flow lines with the pe-
rimeter of mt envelope represents a valve port. The number
of ports indicated in any one envelope is used in the de-
scriptions nf DCVS. For example. the wdve symbol in Fig,

1-2
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1-l shows four such intersections in each of the three en-
velopes: thus it would bs described us o four-way. dwce-
fmsition DCV. (“Four fmns” equn!es to four-wny.) The
normal position of Ibis valve is the center enveiopc. In tint
position ntl four pens we blocked. as indicntcd by the T-
symbol: tius here is no flow through she valve. To attain
she flow mnditim rcpmsnted by the Icfhhnnd envelope.
msomfly shift tit envelop to the center pmition. The Or-
rows indicate compleled flow pmhs fmm the pressure pml
P to tie A pori and from she B pon to tie tnnk poreT. Shifl-
ing tic right-hind envelope to the center position allows
flow fmm P to B and A to T. MultiPosition. multipon
vntvss of nay complexity CM be reprsssntcd by o suitable
combinndon of such symbols.

1-3.1.2.2 Flow-Control Valves

w the name impties, tiese vatves control dw mm of fluid
flow kough working fmnions of Lhcsys!em. Orifices nnd
mitice-lypt flow consrcds. such m globs and needle vnlvcs.
~ represented graphically by arcs on k-mhsidss of ths ftow
tine. u shown in Fig. 1-2(A). If the size of she msaiclion
is variable. n dingoml nnuw is drown across the symbol. us
shown in Fig. 1-2(B). Pressurs compensation is indicated
by including o small vertical arrow across tbe ftow line.
whsrcns mmptmture compensmion is shown by n symbol
rcpm.wnting o bulb-typ thermometer m shown in Figs. 1.
2(C) and (D), mSflCCtiVdy.

A B

I I
4. L -1-

! -r T

P T

Figure 1-1. Three-Position, Four-Way
Directional Control Valve

—
—

LsJmoda ‘T?s%---

*+-t-

Figure 1-2. Graphic Symbols for Ffow-
Contml Valves

1-3.1.2.3 Pressure Control Valves

The most common types of prcssum controls arc relief
valves md prcsurc-reducing valves. The pressure relief
vntve symbot.s,shown in Fig. I-3(A). consist of n squnrc en-
velope with n flow nnuw offset to one side. which indicaks
n nornmtly closed contigumtion. The spring. shou.n on the
lcf!-lmnd side of tie envelops. holds lhc vntve closed. Up
swcnm pressure is shown by the dnshed line. The down-
stream line gass dirsctly 10 tie system reservoir. The flow
arrow in the envelops of tie pressure-mducing vntve. 8s
shown in Fig. 1-3(B), connecss Lheupwrmm fiatct) line to

(A)FteM Vsk

Figure I-3. pressure Control Valve Graphic
Symbols

1-3

Downloaded from http://www.everyspec.com



MIL-HDBK-118

the downstream (outlet) line and indicates n normally open
configuration. Since the purpose of the valve is [o regulate
downstream pressure, Lhedashed sensing line is directed 10
the outlet line.

1-3.1.2.4 Rotary Pumps and Hydraulic Motors

The basic symbol for a hydraulicpump is a circle with an
outward-pointing triangle as shown in Fig. 1-4(A). The tri-
angle is completely filled to indicate liquid flow; an unflled
triangle indicates gas flow. Variations of this basic symbol
arc used to indicate bidirectional flow capability (two tri-
angles), voriahle displacement (a diagonal arrow ncmss the
symbol as in the flow-control valves), and pressure tom.
pmsation (a short. vertical arrow. again as in flow control
vafves), The symbol for a hydraulic motor is similar except
\hat the triangle points inward m shown in Fig. I -4(B).

Some applications require hydraulic motors that rotate
less thrm 360 deg. Such devices are termed oscillatory
motors. and they are commonly found in robotic applica-
tions. maintenance and assembly stands, and assembly line
operations. These motors have mechanical stops, which
allow rotation through a predetermined number of degrees
in either direction. The symbol for these oscillatory devices
is shown in Fig. 1-5.

1-3.1.2.5 Hydraulic Cylinder (Linear Actuators)

The most common types of hydraulic cylinders m-esingle
acting. double acting, and double ended. A single-acting
cylinder is powered by fluid power in only one direction

00

(either ex[ending or retracting.) Motion in the opposite di-
rection is the result of the load. gravity. a spring, or an

OppOsingcylinder. A single-acting, spring-returned cylin-
der is shown in Fig. 1-6(A).

A double-acting cylinder can be powered in both direc.
tions through ports on either side of the piston. In each di-
rection of operation. one port allows pressurized fluid to
enter the cylinder. whereas the other port allows fluid to
leave the cylinder md return to the reservoir. A double-
acting cylinder is shown in Fig. 1-6(B).

The two cylinders just described have a rod extending
from only one end, but n double-ended cylinder has a rod
extending fmm each end. Bo\h are connected to the piston
so that one retracts as the other extends. Double-ended cyl-
inders may he either single or double acting. A double. a.ct-
ing. double-ended cylinder is shown in Fig. 1-6(C).

1-3.1.3 Uses of Hydraulic Power

The manner in which hydtmdic power cm be used is lim-
ited primarily by the imagination of the designer. Hydrau-
lic power has found extensive use in manufacturing and
constmction machinery. Fluid-power-operated presses and
material handling machinery are common fixtures in any
production plmt. In tbe construction and mrth-moving in-
dustries, hydraulic power is used on almost every piece of

I
(A)Single Acting,Spring Return

1 I I
I I

I

(A)HydnwliiPump (B)l-lydrauiicMOW

Figure 1-4. Graphic Symbols for Hydraulic
Pump and Motor

Figure 1-5. Graphic Symbol for a Hydraulic
Oscillatory Device

(B)DoubleAcling

I I
(C) C.xble Acting,CWM Ended

Figure 1-6. Graphic Symbols for Hydraulic
Cylinders
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equipment. Other industries making extensive MS of fluid
pnwer arc asmspace. ngriculmre, p.mrnleum. automotive,
chemical. md food processing.

1-3.2 REQUIREJIEATS FOR HYDRAULIC
FLUIDS

The hydrmdic fluid is nn esseminl md impnrmm compc-
ncnt of MY hydraulic power or contrnl system. No other
compunem of k circuit must perform as many functions
or msst as many rsquirsmcnte M tic hydraulic fluid. The
hydraulic fluid must not only prnvide the medium for effi-
cient power tmmmission. but it must also lubricme. cnnl.
protect fmm corrosion. not leak excessively. and perform
numcrnus other.functions depend@ on the system dcxign.
However, even if n hydrnulic fluid can perform tiess sys-
tem functions ndcquntely. it may siill be less tim satisfuc-
Imy in terms of usage and compatibility factors. In many
hydraulic systems it is necessary that the hydmutic fluid be
nontoxic md fire-resistant. h must & compmible wilh *C
structural materials of the system. The hydraulic fluid
should eabibh stable physical pm~nies during n suimble
pmind of me. h should bc easy 10bmsdk when in use and
in stomge. md it is dssimble. of course. hat it k rmdly
available ond inexpensive.

The selection of n hydraulic fluid is further complicated
by the vast number of liquids currently nvnilable. These
range from writer md mineral oils to special purpme syn.
tfcetic liquids. II is thus necessary for the system designer
m have at least m elcmenmry understanding of the termi-
nology prevalent in !he specification of hydrmdic fluids.

1-3.2.1 System Dependency of the Hydraulic
Fluid

1-3.2.1.1 Tempemture

Temperature is a system parameter rather than n chnrnc-
Ieristic of the tluid. However. the physicnl pmpsrties of
hydraulic fluids nrx infknced by the opcmting tempsm-
tms. High tempemmrc cm cams a dscmss in viscasity and
lubricity. which results in increased kaknge hnugh xmts
and detrimemal friction and wear. Many hydrnulic fluids.
as well as additives used in their formulation, can experi-
ence mokeulnr brmkdown at elevated tempcmmms.

Vkcosity increases with dccrcnsing tempcmm~. thus the
lowest operating tcmpemturc for n given liquid is thm cor-
rt.spending to lbe maximum viscosity which cm bs mtis-
factorily accommndmed by the system.

Chemical degrndmion of the fluid. termed oxidmion. is
atsn nffectsd by tempemture. The higher the tempcraturs,
k greater tie rate of oxidation. which cnuscs gum. slud-
ges, varnishes. md acids 10 form in the fluid. (See par. 1-
3.2. 1.5.) Chemical &gmdmion of the fluid can rdso result
from purely thermal (nn nir) stress end/or hydrolysis (rcnc-
Iion of the fluid wilh wntcr). Both of these mndes of hy-
draulic fluid degradation me seen more frequently tbm

oxidation because in most hydmulic systcm.sexpnsum to air
while the fluids are hoi is minimal.

Hence M important requisite in tie selection of hydrnu-
Iic fluids is n thornugb koowledge of the stomge tempem-
ture. ~heavcmge operming tcmpcmumc. tbc high and low
opcrming tcmpermurcs. and the tcmpemturcs of local sys-
tem hot spnts. With these known il then bscomcs oecssmy
to know the manner in which the liquid pmpcnies vmy
witbin [he system tempcrmurs range.

1-3.2.1.2 Ykcosity

Viscosity. often rtfcrmd m us the most impmmm single
propcny of o hydmulic fluid. is the property thm chiuactcr-
izcs tic flow rcsismnce of liquid. Low-viscosity liquids
mmsmit pnwer more effectively. whams high viscosity is
required to lubricate md to rsduce leakage. Thus the ntlow-
nble viscosily mnge depends on n compromise bcmtcn the
pnwer mmcsmission chnmcteristics md the sealing and lu-
bricating propcrdcs.

Viscnsity depends upnn temperature and pressure md
generally inmenses with dscrmsing wmpcmnu-c nr increas-
ing pressure. The viscosity index (VI) is 0 measure of tcm-
pcmmrs dependence. Liquids with n high viscusity index
exhibii o smollcr varintion of viscosity with tcmpemmm
Ihnn da liquids wilh a low W. Imw-viscosily liquids am Icss
nffected by pressure than high-viscosity liquids. ahhough
different clasxr.s of hydmulic fluids bm.e significantly dif-
ferent prsssurs-viscmity characteristics.

Another factor tim cm influence the viscosity is me nits
of shear if the fluid cnntnim addilives tint MCnnt shear
s:abk. Liquids containing additives dim consisi of large
polymer molcculcs cm exhibit 0 Iempnmry decrease in vi5-
cnsity when subjccm.d to high shear mm. If the tiquid is
subjected to shmr-rntc conditions that tend to break dnwn
those large mnlccules. pnmnem chmgcx in viscnsity can
result. Fluids affected by shcnr mte are termed non-
Newtonian mmerinls.

Viscosity nffccu many opmtuioml foctom in a hydraulic .
systsm-mcchankat friction. fluid frictinn. pump slippage.
cnvitntion. Ieaknge, power cnnsumptinn. and system con-
trollability. The usc of n hydraulic fluid with n low vkcos-
ity can lend m increased pump slippage. excessive wear of
mnving pans. and hydraulic fluid loss due m leakage. A
viscosity that is ma high will cams increased pressure loss
and prover consumption and. as n result of liquid friction.
can lend to excessive system tempcmoms.

1-3.2.1.3 Compatibility With System Materials

Chemical compatibility of n hydraulic fluid with tbc sys-
tcm mmcriats sometimes requires compromises in he 5slcc-
tion of the hydraulic fluid or the materiats of constructing.
llc hydmulic fluid shmdd be chemically inert and should
nnl react with maletiafs of the system or the environmcm.
in mm. the construction mntcrials should not affect the
pmpcrtics of the hydraulic fluid.
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Corrosion prevention is one of the many functions of the
hydraulic fluid. Air and moislure are always present. to
some degree, in hydraulic systems. ?here fore, most hydmu-
fic fluids contain n mst inbihitor andlor a metal deactivator,
which coats the metal surfaces.

Copper is an bndesimhle mntcrial for hydraulic systems
because it acts as n catalyst for the oxidation of many hy-
draulic fluids. The liquid oxidation ram increases with in-
creasing temperature and is enhanced by lhe presence of
wmer. air, and solid conutminmtts in the fluid. Chemical
addiiives are commonly used in hydraulic fluids to control
the rate of oxidmion.

Seal materials often present a difficult design problem
from the viewpoint of compatibility with hydraulic fluids.
Natural rubber reacts in some manner with nearly all hy-
draulic oils. The reaction of synthetic robbers depends upon
the type of synthetic and the liquid to which it is exposed.
‘fbe aniline point of the fluid cm be used as a relative in-
dication of the effect of mineral oils on robber. Oils with
bigb aniline points generally cause less swelling or shrink-
ing than oils with low aniline points. High aromztticity of a
minemf oil is usually an indication that the oil will cttuse a
high degree of swelling in conventional rubber. In general,
some swelling of the system elastomers (-10 to 15%) is de-
sirable to minimize leakage of the fluid.

As mentioned previously, compatibifhy is not solely a
problem of selecting a hydraulic fluid. When a hydraulic
fluid is found that bas desirable performance characteristics
but is chemically incompatible with some system material,
a better overall system is often obtained if the construction
material is changed rather than the hydntufic fluid. Haw-
cver, in many military applications. a change in consmtc-
tion material is not easily accomplished. 1[ has often been
necessary to change the hydraulic fluid or 10develop a new
bydrmdic fluid for existing equipment.

1-3.2.1.4 Hydraulic System Accuracy, Speed of
Response, and Stability

The type of hydmtdic fluid used in a hydraulic syslem is
m important factor in determining system accuracy, re-
sponse speed, and st~bility. These characteristics of “asys-
tcm arc not determined hy any one property of n liquid: they
depend on the combination of severaf properties, especially
viscosity (par. 1-3,2.1.2) and compressibility (par. 1-
3.2. 1.7). ff the hydraulic fluid is one of the more compress-
ible types, much of the energy supplied to the system is
used to deform the liquid; [his deformation results in loss
of response speed and accuracy of system component op-
eration. Also, if liquid tmmmission lines are long. compres-
sion delays in control signals can result in interference of
various signals and erratic component response. If a by-
cbmdic fluid having too high a viscosity is used, flow resist-
ance and pressure drops in the system increase and opera-
tion becomes sluggish. If the viscosity is too low, control
precision may be lost.

1-3.2.1.5 Ffuid Stability (Temperature and
Shear)

The stability of a hydraulic fluid determines the Iengtb of
time it remains useful either in service or in storage. A
stable fiquid exhibits only small chttnges in characteristics
over a suitable period. The degree to which a bydratdic
fluid is stable depends up-m two factors: (l) its tendency to
react with the environment and (2) the changes induced by
operational use.

The oxi&ticm s[abllity of a hydraulic fluid is measured
by its tendency to decompose or polymerize. Oxidation
reactions are markedly accelerated by an increase in tem-
perature. Over a prolonged pericd, accumulation of oxidn-
ticm products can cause deteriomtionof the hydraulic fluid
aPPearing as increased viscosity and sludge deposits. Be-
cause all liquids oxidize to some extent at all temperatures,
a bydmtdic fluid is considered to possess oxidmion stabil-
ity if the changes induced by oxidation over a reasonable
period of time do not render the bydmulic fluid unsatisfac-
tory for operational use.

Changes in viscosity cm also result from (l) tbenmd
decomposition m locrd hot spots and (2) the breakdown of
VI improver molecules due to high rates of shear.

Like tbe other factors discussed. stability requirements
depend upon system design as well as hydraulic fluid selec-
tion. For example. oxidation and hydrolytic stability of a
given bydrmdic fluid can be extended if the hydraulic sys-
tem is designed to minimize lbe amount of air and water
that cm enter the fluid circuit. Stability is discussed in fur-
ther detail in Chapter3.

1-3.2.1.6. Lubricity

The hydraulic fluid must serve 8s a lubricant between the
moving parts of the system in order to minimize friclion
and wear. To do so, it must have a suitable viscosity md
must possess adequate lubricity. The term “lubricity” refers
to tic ttbllity of a liquid to reduce friction and prevent wear
under even the most severe circumstances. Lubricity is a
complex function that refers to the shear strength of a thin
lubricating film. A liquid that forms n film of low shenr
strength is said to bzwe good Ittbricily.

Tbe ability of a liquid 10 form a film on n surface is im-
portant m lubrication. The film should be capable of sup-
porting the loads encountered during operation. Breakdown
of the lubricating film causes wear and shortens the life of
the system components. In generrd. higher viscosity liquids
am better able to maintain films than those of lower viscos-
ity. System considerations other than lubrication. however,
limit the value of viscosity in some applications. Antiwear
additives provide n solution to some of these problems.

1-3.2.1.7 Pressure

The reduction of volume of a liquid under pressure is t?
measure of the compressibility of the liquid. Compressibil-
ity influences the power required by the pump, the lime
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required to generate pressure. the speed with which the
transmission and comml systems rcspand to input. md the
—r in which energy is convcrtcd by pmssurc reduction.
The bulk madulus is the recipmmf of the compressibility
and is afwnys o p.sitivc quantity. A high bulk madulus in-
dicates low liquid elascici[y and. hence. a smfdl spring ef-
fect when subjected to o pressure change. A liquid with
high bulk mcdulus is desimblc in order 10obtain good dy-
namic pccfonccnncc in n hydraulic system. Entcnincd air in
h fluid rcduccs the hulk modulus. Pressure and tempem-
N~ nlw nffect *C bulk madulus. For mm! liquids lhe bulk
modulus dccrcnscs with incrcming tempcmtum and also
with dccrcming pressure.

1-3.2.1.8 Lacquer and hsxohsble Mcsteriul
Forsssatioa

The bydcnulic fluid shauld rcmriin homogeneous while in
use. The formation and depasit of insoluble mmerinls on
pmcs of the system can cnuxc syslcm malfunction or fnilurc.
hcsaluble mmcriafs CM bc fmmcd by many different pm-
ccxscs. such as oxidation. contncnhmtion. cbcncmtdegmdn-
cion, and hydrolytic dcgrwtmion. Chmgcs in lhc hydraulic
fluid cnuxcd by ticsc pmccsscs CM rdso affect the solubil-
ily of additives md result in the odditivcs becoming in-
salublc. Imalublc matcrids can plug smntl miticcs. mducc
clcmances, damage surfaces. or form dcpmi~ on working
surfuces. The depusiu show up as coatings, vumishes. lac-
quecs, etc.

1-3.3.1.9 Fire Resistussce and Nonflmssmcsbility
The fire rcsismace of n fluid is m indicmion of the cw

with which o fluid ignites and tbe degree to which it will
support combustion once it has ignimd. Thk is n very dif-
cicuh chnmcccristic 10quantify lmcnuse of che multitude of
conditions under which ignition may passibly uccur. Chap
tcr 3 refers to many tests used to define tire resistance.
Pccmlcum-base fluids in gcnemt hnvc poor tire re.sismnce.
i.e.. they ignite readily nnd bum vigorously. ‘flux are.
however, ocher formulations of fluids cboI display lesser
tcndcncics m ignite nnd bum and m least one.
chlomoitluomcthy lene (CTFE), tiI will not ignicc or bum.
These formulations urc cntcgorizcd by ISO smndnrd ISO
6743 (Ref. 8) as follows:

1. HFA: High- wwter-basedJ7uidx
Thcxc fluids arc w least 80% wntcr. Subcategories

MC
a. HFAE: oil-in-water emulsions. which have up

to 20% soluble oit and odditivcs
b. HFAS: Tcae solutions using symhctic fluids

mlbcr Ifum oil.
Because of tie vast number of formulations nvail-

ublc in tic HFA cnccgory. only gross gcncralizmions can bc
prcscntcd conccming applications and Iimimtions. In gen-
cnd. HFA fluids should not bc used in sysccms in which tie
maximum tempccncuc-cwillcxcccd50”C(122”F) in order to
minimize fluid dcgmdation. AI tcmpcrrmwcs below 5°C

(41°Fj. fttezing md separmion me tikely to occur. The high
spccilic gravity of ticsc fluids aggmvmcs pump inlet con-
ditions, and the tow viscosity CM lend [o high wear races.
and high internal Icnknge. On tie positive side. chcsc fluids
arc cxcrcmely tire-rcsismm. md tie high spccitic hcti and
lhemml conductivity help m limit systcm opcmting Icm-
pcrONrcx.

Tbcsc fluids find their bcs applications in cclndvcly
low-pressure systems in which their low lubricity and vis-
cosity do not present n severe limitmion. Some formuln-
iions. however. particularly HFAE types with thkkcners
muy be suimble for high-pressure applicoiioas.

2. HFfl: Invert (wafer-in-oil) emulsions. Tksc fluids
arc oppmxima!ely 40% water in an oil bmc. These fluids
rcloin signiticnnl tire rcsismnce bemuse of shrir wafer cOn-
tent, but tic high pcrccn[ngc of oil provides much bctccr
lubrication aad viscosity thm tie HFA fluids. These faccofs
make Ihcm mom acceptable for high-pressure opplicmions.
The wmcr content dictates tie same tcmpcmturc limits as
for UseHFAs. Solid commccimmcsarc rcndily cmnspactcd by
ksc fluids. so special rmcntion must bc @d to pmpcr til-
onticm and Iiltcr mninccrmncc.

3. HFC: Warer-gfycof. These fluids arc gencmtfy 35 co
50% wnfcr combined with polycchylenc glycol or othec of
she glycols similnr to pcnnnnem nmifrcczc. The mmncalop
crating tempcrmurc range for ticsc fluids is -20 to 60”C
(4 to 140”F): however, high lcmpemmrcs (nbovc 49°C
( 120eF)) cm cause m unacccpmbly high mtc of evapom-
tion. These fluids arc very accractivcfor cold wcmhcr nppli-
cmiuns. As a gcuup. shey have goad war rcsisomce exccp:
in high-speed md high-lend mmcy &vices. Wmcr-glycols
arc genend]y not compndble wilb paints. zinc ond -m
platings. ccrcnin aluminum alloys. and some die-cast fil-
tings.

4. HFD.’ Synfhelic J7uids. HFD fluids conmin no we+-
ter. They include phosphme esters. pulyol csurs. hnfoge-
m!ed hydrc.mrbons. pulynfphnoletins. synthetic hydrucar~
bcms. silnhydmcmbuns. silicmc -km. and mixtures of syn-
thetic fluids with Pclmleum oils. The service tcmpcnscure
rnngc for these fluids is generally -20 IO 150”C (-4 10
302aF). They generally have god high-tcmpcmmrc cbnr-
acteristics but rclntively Iuw viscosity. and many pcrfmm
bcucr ti wnter-bssc fluids and mincml oils. e.g., nfl acco.
space synthetic hydcnulic fluids. The high specific gravisy
of n few synthetics mnkes pump inlet contigumtions and
suction tines of ci-iticnt impmcumc. Ffmsphrae cscms. pulyul
es[crs. synthetic hydrucnrbans, and silnhydrocmtmns nll
hnve low specific gravities.

Akhough the fluids listed here arc l%c-tESiStMLnone of
thcm arc sculy nonffncccmable.(Nonflammable means tint
*CY will noI ignite or bum at all bcluw specific ccmpcra-
Iurc Ievcls.) They will all bum under ccrcnin conditions.
Only pure writer and n specific Iypc uf fluid (chlomoi-
ftuomcthylene (CfFE)) can be cansidcrcd nonftnnccnablc in
gcnerd applications.
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Specific examples of all these fluids are discussed in
detail in later chapters,

1-3.2.1.10 Density
Ffuid density is rigidly defined as mass per unit volume.

In more common application, however, specific weight
(weight per unit volume) or specific gravity is used. In fluid
specifications the specific gravity is far more commonly
used because it compxes the density of the subject fluid to
that of water at 4“C. The density and, consequently, tbe
specific weight and specific gmvity of any fluid decrease as
temperature increases.

Ffuid density affects at least three major areas of fluid
power system operation, The first of these is the ability of
the pump to “lift’” the fluid from the reservoir to the pump
inlet. The higher tie density, she more dlfticult this lifting
becomes. The failure of [be inlet system configuration to
consider this problem can lead to cavitation and pump slttr-
vation. The result is rapid pump wear andeventuzdly cttta-
Slmnhic rmmo failure. For fluids with hieherdensities lfmrt .. . .
those of common petroleum oils. which have specific gravi-
ties in the range of 0.85 to 0,90, inlet system designs that
do not require lifting the fluid nre usually recommended.
Such designs+ ommonly referred m m “flooded suction”
or “positive bead designs—arc configtmd so that the fluid
level is above (be pump.

The second area of concern is the pressure losses in long
fluid lines. As wi!b viscosity, tbe higher the fluid density,
the higher [he pressure loss experienced due to fluid flow.

The find concern is the acttmf fluid weight. Higher den-
sity means higher weight per unit volume. This can be es-
pecially critical in aerospace vehicle applications.

1-3.2.1.11 Volatility
Volatility is the rate at which it fluid will vaporize, Pe-

troleum hydraulic fluids, which generally consist of many
hydrocarbon compounds, give off vapom primarily fmm the
lighter fractions of the fluid. The rate at which this vapor-
ization occurs in any given fluid is a direct function of the
fluid temperature and an inverse function of the pressure on
the surface of the fluid.

Long-temtt exposure to high temperatures m atmospheric
or lower pressures can result in significant loss of volume
and increases in both viscosity and density. Highly volatile
fluids are more likely to lead to cavitation and pump dam.
age, Tbe vnpors released by many hydraulic fluids, espe-
cially petroleum oils, can present a significant fire hazard
when exposed to open flames m electrical arcs or sparks,
Volatility is generally not a significant problem with syn.
thetic-bztsc hydrmdic fluids,

1-3.2.2 Other Considerations
1-3.2.2.1 Availability

II is obviously desirable that a bydrmdic fluid be readily
available, If a hydraulic fluid possesses widely applicable

properties and is competitive in terms of cost, it will usu-
ally be readily available.

1-3.2 .2.2 Cost
Several factors must be considered in the evaluation of

the cost of n hydraulic fluid. TfIepurchase cost. the service
longevity. storage costs, and rate of system leakage enter
into tie overall cost evnlwttion. The purchnse of an experi-
sive hydrmdic fluid is justified if its properties cm result in
lower system costs because of reduced replacement fre-
quency, increased component life. or other factors. Consid-
eration should be given, however, m the economy afforded
by changes in system design in order to allow use of a less
expensive bydrmdic fluid.

1-3.2.2.3,. Handling
The ease widt which a fluid can be handled is an impor-

tant consideration m the user md to maintenance personnel.
Toxicity is perhaps the first factor to consider when han-
dling characteristics are evaluated. The fluid, its vapor, and
its decomposition products should have very low toxicity in
terms of inhalation. ingestion, or contact with tbe skh,
Highly toxic liquids can be used only if extreme precmt-
tions are taken m ensure no harmful effects m opemting and
maintenancepersonnel. All fluids thatcontain bnzardous or
toxic materials must be appropriately labeled, tugged, or
marked in accordance with 29CFR 1910.1200 (Ref. 9.) This
document also requires tbm a material safety dam sheet
(MSDS) must be prepared for afl fluids by the manufacmrer
and Lwmaintained by each user. The MSDS must include,
among other requirements, a Iis[ing of all hazardous ingre-
dients, permissible exposure limits, and applicable emer.
gency and first aid procedures.

A hydraulic fluid sbotdd not have an unpleasant or nau-
seating odor. Although odor itself de-es not influence per-
formance. the occurrence of m unusual odor can indicate
chemical degmdation of the fluid. ‘fltis is especially true of
water-containing fluids in which microbinl growth is likely
to occur if the biocide ttddi!ivc is depleted. Such growth
rapidly degrades the fluid and cm form acids that will dant-
age metal surfaces.

1-3.2.2.4 Storage
Many hydrmdic fluids have n recommended shelf life

after which properties should be retested to assure quality
of the fluid, The slomge characteristics of a bydmulic fluid
are closely related m chemical slabllily and hindling char.
nctetistics. The properties of n hydraulic fluid should not
deteriorate if the fluid stands in storage for long periods. -
Precautions should be taken to ensure tbtu contaminants
cannot enter the stored hydraulic fluid. Oxidation stability
is often used as a criterion during evaluation of the storage
characteristics,

1.3.2.2.5 Disposal
Ffuid spills and disposal of fluids tilned from systems

can represent major envimnmenttd hazards. Drained fluids
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must bc collected in containers approved by tie Envimn-
mcncnl protection Agency (EPA) and disposed of in nccor-
dtncc with EPA-nppmved metlmcls. Such methods cm in-
clude burning in nppmved incinemtors or approved com-
bustom for heaters or boks. Fluids may also bc discarded
in npprovcd hazordous wnste disposal sites. Such dispnwds
will noncuily bc handled by EPA-npproved companies.

Spilled fluid may bc collected by any convenient means.
bm whether it is captured as n liquid or nbsorbcd in rngs.
nbsorbnnts, etc.. it siill musl bc dispmed of by approved
mcchods. Spills mus! never bc washed down the drain. Soil
tit has been sntumted with spilled oil may require special
disposal action. Consideration should always bc given [o
sclcccing n hydraulic fluid IJWXwill not prcscm unuswd dis-
posal problems.

1-3.2.2.6 Contnminntion
Hydraulic fluid concnminntion is one of the most impor-

!ant problems facing the hydraulic equipmcm user. II is
generally ngmcd throughout the indusny that m least 15$$
of cdl system fniluccs me che rcsuh of fluid commninmion
(Ref. 10).

There nrc mnny types of conlominmcs. which include
solid panicles. hecu. wa!er. chemicals (including mixing of
incompatible hydraulic fluids). air md gases. micmbial
growth. chemical and biological ngencs. and nuclear mdin-
cion. Much of this contamination. cspccidly particles, wn-
l.cr.chemicals, and henL enccr the system from lkceenviro-
nmentin which tie equipment is opcmled. Ttmcforc. it is
imporcnm lo evrduatc carefully *e plnccmcnt of stnlionmy
units to minimize tic Iikelihnod of extcmal conbmninntion.
h is uJso csscncinl chat adcquntc pmtcctinn from envimn-
mcnud ingccssion bc pmvidcd citicr in tie form of sctdcd
systems. if possible. or by highqunkity br.ahcr likcrs dmI
include dcsiccatom or chemicid nbsortmms as nccessnry.

Much concmnination. cspccitdly solid panicles and hcri.
is imecnafly genemtcd. Solid parciclcs cm bc chc rcsuh of
wear. erosion. or air or gns contamination. Wcnc debris is
often gencc’needby susfnce mntnct nggnwncsd by the incor-
Rct fluid or fluid IM has been degrndcd by heat, chemi-
cals. or water. Imemuk wcnr is nfso promoted by solid con-
mmimmts in tic fluid. Erosion often occucs duc to very high
fluid velocities. cspccinJly if che fluid contains solid pnr-
ticlcs. Air and gas can promote wcnr. especially in the
pump. due m tie surfocc pitting tin! results fmm the col-
Iapsc of bubbles under high pressure. Cnvimtion damage
fmm tic implosion of fluid wper bubblc$ can also cccur in
vakcs. Chlorinafcd solvcms cause corrosion in hydraulic
SyStclM (Ref. I 1).

Nuclcnr mdimion damage. tcrnccd rndiolysis. vnrics
widely in fluids. h depends on many factors, includkg Ihe

IYPCOf fJuid. Ihc b= chemicals fmm which tic Il”icl is
fnrcnulntcd. che additives used in tic formulation. and the
ctegrce of rdation. [n petroleum oils and some symhctics
tbc firm noticcnblc effecl of radiation is n change in colnr.
Another cnrly effect is gas evolution. which signillcnmly

dccrcascs the flash point and incrcnscs vapor pressure. As
exposure increases. the viscosity incrcascs dramatically.
md is accompanied by changes in viscosity index and POW
poinl. Continued exposure cvcntuaily Nms nJl orgmic fhl-
ids into hard. britllc solids (Ref. 12).

Rndiolysis of other synthetic fluids vnrics greatly, de-
pending on their chemical structures. For cxnmplc.
polyglycols expcricncc n high degree of gm cvolutinn. a
small incrcnsc in viscosiV. and incrmscd sensitivity to ccm-
pcmwc. Phosphntc esters. on the other hand. tend townrd
molccuhu splining and the formation of acids as do che
hnlogemmd orgmics. Silicone-base fluids hwc n mcdency
m gel.

Several methods are used to remove various concncni-
nnms. Fkmion dcviccs. which arc discussed in CJmp:cr 2.
CM bc used IOremove solid pmticlcs. Magnetic plugs md
filters cm remove fcmous mecd pmiclcs. .Womge in set-
tling umks allows solid pcuciclcs 10x!tlc out by lhe effcccs
of gmvicntionti forms. Cemcifugcs arc sometimes used 10
remove henvy contnminams. [f ~bc liquid has good
dcmulsibility pmqsmtics.water can be ccmovcd afccr it scpa-
rmes fmm tic liquid in n memoir or stomgc VCSSC1.

Contnminntion is nddrcssed in much greater dcmil in
Chapter 7. but o gcncndiscd nppnmch 10 addressing fluid
conmmination comrcd cm bc summarized as follows (Ref.
13E

1. Analyze, dcscribc. and qumlify lhc contaminant.
2. Prevent the concnminmt from cmcring [he systcm.
3. Remove tie conmcnimmt by fikcmion orolher suit-

able menns.
4. Mnkc chc resulting systcm conmcninnn! level com-

patible with tie concncninmt Iolcruncc of the sysfcm.
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CHAPTER 2
POWER TRANSMISSION EQUIPMENT

77d.Jchap:er is &voted to brief descriptions of the mosr comnum@d pow,er Imsdwam Nomcnckuurc is explained and h
opcrming pn”nciples of mch geneml component ppe OIEdiscumed. Illu.rrmrions arc provided m enhance the descn”ptimu and
crpkannrions. Equaioru are included where appmprime. especially in the pamgmpfu in which hem Renemrion, fuaf mm.sfer,
and mnpemrum rise am discussed.

2-0 LIST OF SYMBOLS

A = cmss-=tional arm uc urea of n mdinsing surfnce.
mz(ft>) .

C. hem mmsfer mcfficienL W/(m:.K)
(Btul(h. ft2.R))

C, = SpCCifiCherd. J/(kg.K) (Bm/(lbmR))
D . dinmccer. m (ft)

F, = factor lhrd nccoum.s for the geometric oricnuuion of
surfi?cesnnd heir ensiuamxs. dimcmionlcss

f = coefficient of friction or friction factor. dimcnsiOn-
lcss

g = uccclansion due 10gmvi!y. M/s] (ftisz)
h = convective film cnefticienL Wl(ma.K )

(Bod(h. ft *R))
h, = energy loss in pipe flow, m (ft)

h,z . mnvecsive coefficient lwwccn Medium 1 md Medi-
um 2, W/(m*K) (B@.d(h.ft>.R))

hM = mnvecdve cnefkicient between Medium 3 and Medi-
um 4. W/(m ‘.K) (Btul(h. ft ‘.R))

k = IIEnnal mnductivi!y of mmerid. W/( mz.K)
(BN.fl/(h. ft ‘R))

L = Ann@ng length or Iengch of o piptlinc, m (ft)
M = mnss Row mm. kgls (lb%)

% = n~~r of pamclcs 2 .r downstream Of fiIur. diMc”-
simdcss

n. . number of particles 2.x upstream of filter. dimcnsiOn-
lc.u

p . pmssucr. Wn (psi)

Q = flow mm dtco.gh the device. m’/s (gPm)
(For mnut unis in tie S1systcm. m’ls is used hem.
however. il is nscmcmnmmn in lbc hydraulics disci-
pline to usc liters pcr minute (Lpm).)

q = rum of hen! flOW.W (Btwl!)
q, = fEU gcncmtion due to pump inefficiencies,

w (BWll)

q, = M gcnetion nue. W (BNIJI)
R, . Asmmd resistance of system mmpmem i.

K/W (11.~N)
T, = tempcmmm of the ith Wlum. K (R)

r. thickness, m (fl)
U = ovcndJ hem transfer coefficient. W/(m ‘K)

(BIu/(h. f[ ‘R))
v = flow velncily, mls (Ws)

x = psrcick Sia, ~m (nil)
~ = bctn mting. dimensionless

Ap = pressure drop mcrnss a device. !&JI(psi)
AT = Umpemox’e difference. K (R)

ATd = total mmpcmmrc dMference ncmss which hem is
being unnsferrcd. K (R)

II. = Wed pump efficiency, dimensi0nlc55
a = S!cfan-BOlkmmnn COllSUVIL

5.669x 10+ W/(m*. K’)(0.1714 x 10-
BW(b.ft’. R’))

y = specific weight. N/m] (Itift’)
p = dynnmic or nbsolute viscnsity. Pn.s ((lb.s)/ft 2,

2-1 INTRODUCTION

The precedingchapterpoimcd nut has the hydraulicfluid
performs n Lm.sicfunction in o hydraulic power m cmmul
system and must smisfy nunkmus rquimmenss to pcrfurm
adequately in a given CiIWiL Funhm-more. the hytilc
fluid influences h opc.rmion of M system mmponems d
they in mm affect the pcrformanc e of IIWhydmufic fluid.
Hence the components of n system cannot be designed or
specified indcpmdcmly of AK hydmulic fluid, nor cm I&
hydraulic fluid tc selecmd indepcndcntiy of tie mmpmeni
design. ‘flu hydraulic circuit. which involves boIJImecbani-
cnl components MUIhydrmdic fluid, must he designed as m
integral system.

Thk chaplcr is devoted to n dismmsicmof the mechanical .
compmwms of the system nnd tieir infrrrdadcmship WMI
the hydmulic fluid No ntccmpt is mndc to provide o mmpre-
hensive discussion of quipmfnt design. For shis she reader
is rcfermd to my one of seveml Winks &vOLed[0 Ihe sub.
ject (Rcfs. 1.2,3.4. md 5).

To illusunte the nmnner in which system components m-c
imcgmkd into n hydrmdic circuiL cunsider she cimuit
shown in Fig. 2-1. Ilk is n IUUUYliquid mosor cimdt tbm
prcduccs constmm torque. To do so. mnscmu hydraulic pm.s-
sum mm: be maimnined cmthe hydradic motor. This ccmcfi-
tion is achieved by using o pressure-reducing vnlve
upsuuun of IIW motor. Consmnt pressure cdd afso be
obtnincd by using n prmsum-compmsnted. variable.dis-
placcnwnt pump.

The circuit of Fig. 2-1 ccmlninsnklsix of the tile com~
ncms mentioned in Chqxcr 1. The pump (n), driven by m
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P&m-e 2-1. Typical Hydraulic Motor Circuit

electric motor. serves u the source of fluid energy. The
fixed-displacement hydraulic motor (f) converts hydraulic
energy into mechanical energy. Hydraulic piping is pro-
vided between the system components. Dlrectionaf contrnls
~ provided by the mamudly actualed control valve (c) and
the check valve (e). The pressure-reducing vafve (d) and the
relief vafve (g) provide pressure control. A fluid rcservoti
(b) serves both for storage and as a system vent location.
Less obvious is the hydraulic fluid. without which the sys-
tem could not perform a single useful function.

NOTE: All symbols used in Fig. 2-1 and thmughou[ this
handbook are in accotdmce wilh lntcmmion.1 Org.niz.-

tion for .$mtdardizarion (1S0) 1219 (Rej 6). U71hin (his
chapter the illustrations of components ofj7uid pouter sys-
tems include the 1S0 symbol for [he component.

2-2 PUMPS

A hytbmdic pump is n device used m impart motion to a
liquid and thereby convert mechanical energy to bydmulic
energy. 1[ provides the force required to transmit power.
Pumps are rated in terms of flow and pressure. The flow rat-
ing (volumeuic output) is the amount of liquid that can be
delivered by the pump per unil time at a specified speed. A
pump dces not pruduce pressure. The pressure developed at
the pump outfet depends on the resistance to flow in the cir-
cuit.

Pumps are classified ttccordhg 10 their configunnion or
opcmtittg characwristics. One classification lists pumps as
mtaty or mciprccating. Rotary pumps use a rotating assem-
bly to Inmsfer the fluid from the inlet to the outlet and [o
impart motion. Rotary pumps can be further classified as
gear. vane, piston, or screw pumps. Reciprocating pumps
employ a plunger or piston m impart motion [o tie fluid.

Pumps can also be classified as positive- or nonpositive-
displacemenl devices. Positivedkpktcement pumps move n
definite amount of fluid during each stroke or revolution:
they are most frequently used in hydmulic systems. Non-
positive-displacement. or hydrodynamic, pumps provide
continuous flow and are primarily low-pressure devices
with bigb volumetric output used for fluid transfer func-
tions,

Positive-displacement pumps can be of either fixed or
vatitble displacement. The output of a fixed-displacement
pump is relatively constant at a given pump speed regard-
less of the system flow resistance (pressure). The output of a
vnrhbledisplacemem pump cart be changed by ar-justing
the geometry of the displacement chamber.

2-2.1 GEAR PUMPS

Gear pumps are the most commonly used pumps for
hydraulic systems (Ref. 7). They are mailable in n wide
t“dngeof flOWand pressure ratings. ‘fhe drive gear and the
driven gem are the onfy moving parts.

2-2.1.1 External Gear Pumps

Inexternal gear pumps two or mott gears mesh with min-
imum clearance. ?lte unmeshing of the gear teeth at the inlet
port causes’mt increase in the volume of the pumping chti-
ber formed by the gear teeth and the side plates that con-
stmin the gems. This increased volume genemtes a low
pressure at the inlet port and allows fluid to be pushed into
the pump housing. The liquid is moved through the pump in
the volume between the gear teeth and tfte housing and is
displaced as the teeth mesh on the outlet side.

2-2.1.1.1 Spur Gear Pumps

A spur gear pump is illustrated in Fig. 2-2. The two gears
mtme in opposite directions and transfer liquid from the
inlet to the outlet thrnugh the volume between the teeth and
the housing. The output depends on tooth width and depth
and is largest for a minimum number of teeth. Involute teeth
with a pressure angle of 20 m 30 deg arc common in spur
gear pumps. However, progressive-contact and edge-con-
tact gears are sometimes used to avoid the severe loads gen-
erated by liquid tmpped between the contact points of the
meshed involute teeth.

2-2
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Figure 2-2. Spur Gear Pump

Ol+mshufl

The spm gear pump is n fixcddisplnccmem pump. OuI-
puI m o given speed dccrmscs slightly wish incrmscd pms-
sm’c due 10 imemnl leakage. land slippage. TWi@
pcrfortnamx curves arc shown in Fig. 2-3. These cmvcs arc
for n spur gear pump opcrming with n liquid of consfnm vis-
cosity. A change in \fiscosity would ti!ft she cnpcisy cumcs
upward or downwind. This \.iscosity effect ilhmmccs ons of
the ways in which the liquid influences the spccificndon of
system mmrmnents.

Spur gem’pumps arc very cuggcd and dmrcfore nrc cspc-
cinlly suitnble for mobile and other applications for ,which
hostile conditions prcvnil. Opcmting prcsmm.s for spur gear
pumps mny bs up IO20.685 kpo (3000 psi). nhhough some
models cm bc mcd in 27.S80-kPa (-psi) systems.

2-2.1.1.2 Helicssf Germ Pumps

A vnriation of the spur gem pump is the helical gcm
pump. The fnct thal sc~cml teeth arc engaged simulta-
neously allows the hclicnl gear pump m ctmy larger Imds u
higher s-s than cm lhs spur gem pump. Opcmdcm is
similar to thm of the spur gear pump bu[ witi Icss noise and
usurdly smrdler flow pulsations. Becnusc of tbc helical gear
configuration. cnd thcusss arc developed by helical gas.
These fom.s ncl in oppmitc directions on the drive aad
tiwn gems md require the mc of dmtsI bcwings. A hclicrd
gear pump is shawn in Fig. 2-4.

0.0017

0.0013

t

59
as

(30)

(25)

‘“”’~?Pump O&placement 6.5 x 1(P ns%ev (4 In?/rev)

10.5
(%2) (l%o) (1500)

~M~(@)

=kf~ ~~~mtdic Pum+uand MoIorr. selectionand Applicationfor H@m.lic Power Conrml Syswnc. p. 12.by CLnIncsyof

Figure 2-3. Typical Gear Pump Performance Cut-yes (Ref. 8)
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Figure 2-4. Helical Gear Pump

2-2.1.1.3 Herringbone Gear Pumps

Anothervariationof the external gear pump, shown in Fig.
2.5. incorpomtes herringbone gears. Like all gear pumps, the
herringbone device is n constant-displacement pump, h is
generally available for pressures up [o about 13,790 kf%
(2000 psi), but some models are rated at over 20,685 kl%
(3000 psi).

Ouulmet

n

Q

Inlet
ml

Figure 2-5. Herringbone Gear Pump

2-2.1.2 Internal Gear Pumps
There are several types of imemnl gear pumps. Tim most

common of these are d-Iecrescent seal pump and the geromr
pump.

2-2.1.2.1 Crescent Seal Pumps

The crescent seal pump consists of an inner and outer
gear separated by a crescent-shaped sad, as shown in Fig.
2-6. The gears rotate in tie same direction, but the inner
genr rotates m a higher speed. The liquid is pushed into the
pump at the point where the gem teeth begin to sepamm and
is carried to the outfet in the space between the crescent and
tie teeth of bolh gears. The contact point of the gear teeth
forms n seal, as does the small tip clearance at the crescent.
Ilk pump is gencmlly used for low-output applications al
pressu~s below 6895 kpa (1MMpsi).

2-2.1 .2.2 Gemtor Pomps

The geromr,pumps, shown in Fig. 2-7, consist of a pair of
gears that arc nfways in sliding contact. The larger intemd
gear has one more tooth than the external gear. Both gears
mmte in the same direction. Liquid is drawn into the cham-
ber where the teeth are separating and is ejected when the
teeth again start to mesh. The seal is provided by the sliding
comact. Gemtor pumps are restricted to low-pressure opem-
tion because of tie loads generated by tie hydmulic unbal-
ance.

0
Oulta

t

In!wna.!G.mr

crescent

Figure 2-6. Crescent Seal Gear Pump
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Figccre 2-7. Gerutor Pccmp (Ref. 9)

2-2.2 VANE PUMPS
VCUXpcanps can.sisl of o tutor moumcd in a cnm-shnpcd

Wing. The mar is pmvidcd with mdinl SIOIS.which
nccoasmadmc vanes. As chc incemal nxscmbly ralaccs. lhc
- cm fomcd mdially outward ngninxl k housing by
cmaifugnl fores samctimcx nssisccd by springs. Vmsc
PUMPScan afXMICal speeds up to 2000 rpm and m-cavnil-
ntde in fn-cssurcmdngs to 17.23S kf% (2SCN2psi). Their sim-
ple mmcmccion msuhs in n high dcgrcc of rcliahility md
CMY CWinU~c& ?hCy am rdntive!y low in cosl md
cxfdbil a long opcmting Iifc parciolly because vane weac is
accommodmcd by *C radial motion of the vines. These
W Mve mmti~’ely high vohuncaic and ovemfl dli-
ciencics and arc available inn wide mnge of ompm facings.

C@acing Iinsimci.ns of van. pumps MC imposed by
vaac-cip speed. baring loads, nnd cnvitmion. The force
c.xcnccfby Usevnn= against tie housing can bs conccollcd
by using dud vanes. i.e.. CWOvmcs in each S1OI.Each of tie
duaf vaacs has n smaflcr coniaa arm !Jmnn single vmc. The
dual vnm dcxign afso provides n bcuer seal kdwccn tie
- nnd ~e housing.

Vnnc pumpx exhibit gad tolerance 10 liquid comamirm-
tian. They arc gencrnfly uxcd with pcauleum-base or mili-
tary spccificacion hydraulic fluids in mobile opcrndons md
with Pcmleum m fire-rcsisum! hycfmulicfluids in stationary
npplicadons. Discharge pukacions can somecimcs conxticwc
a problem if high rcxponss is dcxii

2-2.2.1 Unbalanced Vane Pcsmps

fn cbc unbafmccd vnnc pump dIe rotnr md MM housing
m-c-sic. as shown in Fig. 2-8. TIIc pump suction is
gencmced in dw reginn in which che vnncs begin co move
oummrd. l’lu liquid is carried nraund tic rotor by tie vanes.
which form a d witi tic housing nnd dscend places,and it
is discluugcd as cfsc vmcs arc focccd back into chc rotor
slots by Useccccnaic housing.

Unbalnnccd vme pumps can bc either fixed- or vuiable-
displnccment pumps. In the tixsddisplam,ment pump Ihe
rotor-housing ccccntricisy is conxtam. md hence h dis-
plnccmcm volume is lixcd. A constant volume of fluid is dis-

c~~ during cnch revolution of k rotor. Vncinble
displa.cement can bc pcovidcd if h homing can bc moved
with mspcct to the rotor. l%k movemern changes che scccn-
ccicicyand. dscrcforc. tie displnccment. Refer co Fig. 2-9.

A ‘:

k!f!rShari

fQ!Q--’=
,.)QQi!iY

OiJl
Figure 2-S. Unbalanced Vane Pump

“’w..
(*cm slmka

*

./

(B)Onslmb

Pigure 2-9. Variabk-Displacement Vane Pump
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In addition to sliding vanes, ding vanes and swinging
vanes u nfso available in unbalanced vnne pumps. Each of
Ihese variations is hydrosunicafly unbahnced. This unbaf.
ante causes high bearing loads and generally limits the
application of unbalanced vane pumps m opsmting pres.
sures less tbm about 13,790 I&is(2000 psi),

2-2.2.2 Balanced Vane Pumps

Hydraulic bnkmce is achieved in the bafmced vane pump
in which the rotor is in an elliptic housing. as shown in Fig.
2-10. his configuration creates two diametrically opposed

Reprintedwith permission.Copyrighte by WornackFducationd
publications.

Figure 2-10. Balanced Vmse Pump (Ref. 9)

displacement volumes. The two high-pressure zones bal-
ance the forces on the rotor shaft. In many such uniIs no
springs me provided to assist the outward motion of the
vanes. This condition restricts operatim m speeds above a
minimum at which the centrifugal force is sufficient to hold
the vanes against the housing. Other desigm use springs for
start-up and low-speed operation, Balanced vane pumps am
necessarily tixed-dkplacement mach]nes. ~picaf fxrfor-
mnnce cuwes for an unbalanced vane pump arc shown in
Fig. 2-11.

2-2.3 PISTON PUMPS

The applications for which tie piston pump is well-suited
are determined by its two principaf advanmges-high-prm-
sure capability and high volumeuic efficiency, In addition,
the piston pump can opemle at speeds over 2000 rpm, is
available in a wide range of output mtings: and provides a
compact. Iigbtweight unit for high-power applications, a
low noise level when the flow path is linear. and better sys-
tem economy in the higher power ranges (above 15 kW (20
hp)).

Piston pumps am cbsssified by the motion of the piston
relative to the drive shaft. There are three categoriewinf,
radial, or rotating.

2-2.3.1 tilal Piston Pumps

In the mid piston pump, rotary shaft motion is converted
into an axial reciprocating motion, which drives tbc pistons
within the cylin&r barrel. Them arc two pump contigum-
tions Ibat fafl in the asiaf piston pump category-tie in-lime
pismn pump and the bent axis piston pump.

I[[uo.m7 (@)
84

lam rpm
,’

g
,’

O.m @) / /’ ,’
, 1500rpm

i 0.0023 ‘a) ““ ,,,’” ,,,”.’

&
, 1200rpm

&
m

i

(30)
0.0Q17 % Ommll EffWe~ — 50”C(120”F)

% Wdunwtrk EMde~ ---- Viamslly 25 Csl

~ Displacement12 x 10” m%w (7.4 in.%cw)
I , 1 I 1 1

3.5 7.0 10.5 14.0 17.5
(h) (Iooo) (1500) (2000) (2s00)

PmSswsl, M% (PSI)

Reprimcdfmm Hydraulic Pumps and Mofors, Scleclionand Application for Hydmulic Power Conrml Syxrems.p. 26.by counuy of
MnrcelDekker,Inc.

Pigure 2-11. Typical Balanced Vane pump Performance Curves (Ref. 8)
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In the in-lint pump, shown in Fig. 2.12. the motion cOn- dccrmscs. The increasing volume occurs as the piston
vcmion is accomplished through piston shots thnr ride on pssses the inlet pmt. whams the decreasing volume oc%urs
the thrust mm. or swash plate. mounted on the drive shaft. as the piston passes the omlet pm.
Tbcsc pumps am multipiston designs that use either pm The incrmsing volume cream n low prr.ssurc (pminl
plates m check valves to direct flow from the inlet pmr into vacuum) that allows fluid ro be pushed into rhe chamber
Usepistons and from the pistons to the outlet pmt. from the inlet pmt. As the volume decreases. IISCfluid is

As rhc pistons reciprocate. the volume of the pumping foxed from the chamber into the syslem piping through the
chnmtcr in the cylinder bard altemmcly increases and Ourketport.

Spherical Washer

Piston

Y
A Piston

\

Shoe Plate

v
Shoe Plate

Piston (Retracting Ring)

Port Connections ~ “/--

Pori Cr2nnections >1

/ I w

Valve Plate -..-.,__ -.-.. _ l—
-,,. -.mcndtmg taroup snan seal Housing

Swash Plate
.

. .

Bearing

Drive Shaft

Cm.msy of Viirms. Inc.
Figure 2-12. Axial Piston Pump (Ref. S)
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The bent axis piston pump, shown in Fig. 2-13, achieves
piston reciprocation by using a cylinder barrel and pismn
unit that is set at m angle to the chive shaf[. A universal link
connects the drive shaft to the cylinder blcclc The pistons
me connected to tie drive shaft flange by similar universal
links so that the ~stons reciprocate witi]n the cylinder block
as the entire unit mtntes.

Axial piston pumps-both in-line and bcm axis-arc
available as either tixeddkplaccmem or vnriable-dkpl~cc-
ment units. A iixed-dkplacemem pump has n constant. non-
adjustable fluid dkplacement that gives a constant flow rate
at n constant shaft speed. Variable-displacemem pumps. on
the other hand, art designed so that the displacement can be
varied to produce different flow rates at a constant sbafi
speed. fn the in-limepump, his is accomplished by changing
the angle of the swasb plate relative to tie drive shafl.
Decreasing the angle reduces the piston stroke and, conse-
quemly, the pump displacement. This result is achieved in
tie bent axis pump hy varying the angle between tie drive
shaft and the cylinder hard.

The degree to which lhe displacement can be varied
depends on the &sign of tie pump. Most vnriable-displace-
ment pumps can be adjusted tbmugb a range of vafues
betw.etn some minimum imd maximum settings. Thus the
flow rate is adjustable, but the direction of flow through the
pump is akways tie same. For cermin applications, e.g.,
bydrostntic transmissions, discussed in par. 2-4.3, however,
there is a requirement to reverse the flow direction thmugb
tie pump. ‘f’Mschange of dmction is accomplished by
acjusting the relative angle through a range on either side of

the null, or zero, displacement position. As the pumping
mechanism goes “overcenter”, the inlet and outlet ports are
reversed because tie direction of travel of the pismns in the
cylinder barrel is reversed relative to tie port locations. Thus
the flow direction through the pump is reversed. akhough the
pump shtit is still rotating in tie same direction. Such
pumps are termed overcenter. or reversible. pumps. A
reversible bent axis pump is shown in Fig. 2-14.

Pump displacement can be adjusted in sevemf ways. The
most common method uses either is screw mechanism or a
lever to adjust the relative angle. If rapid, accurate adjust-
ments arc required, a servomechanism can be used hat com-
pares a coremand signal and a feedback signal and adjusts
the pump displacement to correct muomatictily and continu-
ously any flow-related discrepancies in the pmformance of
the system, A third way to vary the displacement is through a
pressure-sensing device termed a pressure compensator.

A pressure compensator is a corm-cd mechanism that
adjusts the swa.sb plate or bent axis angle by balancing sys-
tem pressure (usuafly sensed m tie dischnrge pm of the
pump) against either a spring or a biasing piston. The pur-
pose of the compensator is to maintain system pressure
while modulating the pump displncemcnt so that only
enough flow is produced m make up any system demand or
leakage. During nornmf system opemtions, tie system pres-
sure is below the compensator setting, and the pump is pro-
ducing its full-rmed flow. When the system pressure reaches
95 to 97% of tbe compensator set point. the compmsator
begins to exen a force on the adjusuble swasb plate mecha.
nism (the yoke) to reduce the relative angle. At the compen-

An#le,Housing

Courtesyof Vlckers,Inc.

Figure 2-13. Bent Axis P~ton Pump (Ref. S)
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Cyiitir Sbch
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c-y of Viikm. be.

Figure 2-14. Reversible, Variable-Displacement, Bent Axis P~ton Pump (Ref. S)

mar set poiai tie minimum mglc is machcd. Due 10many
considcmdons (primarily cooling nnd lubrication). this
mgle is normally not exnctfy zero. sa n small omoum of
Row is afways pmduccd. Fig. 2-15 shows a typical pmssum-
compmsnud pump pressure-flow profile. II is generally mc-
ommcndsd thm thcss pumps not be opcmtcd in the fully
mmpmsmcd (dmdhmd) pmiticm for long pmiods of time
bemuse of die high amount of hem gencmted in Ifsk mndi
tion. Pmssure-mpsasntcd pumps do not eliminate the
nssd for n prcsmrs rslief vnlve bccnuss the relief valve will
provide system pwmion if the pump mmpmsamr fails.

WI

\ f

Cq9-#.

-

Figure 2-15. Pressure-Compensated Pump
Profde

Axinl iston pumps nrs available for flow mtes up ta
?36.3x 10- m /s (100 gpm) md prcssurss to 69,000 M%

( 10.OfXlpsi). They arc favored for aemspacs applimdom
because of their high pow,er-m-weigh! rmias. high—pmssurs
capabilities, md high efficiencies.

2-23.2 Radial t%tOn PWllpS

There m fwo ~Ic design concepts employed far mdisl
piston pumps. Fig. 2-16 is o pump titi uses stiotuay p&
tons operated by m ecccnaic cam b is pm of he shafL
011 enters and leaves tie pistons through cheek wdve.s dmr
direct he flow 10the piston as the piston reumcts ond m tie
pmssurc mnnifold as tie piston is pushed oumwmsfby the
mm.

In tie pump of Fig. 2-17. tic cylinder block is keyed to
the shafI, and usc entire cylinder block with ifs pismns
t-otnmsinside the reaction ring. Centrifugal fores causes ti
pistons to move outward and follow II!Crmction ring. Tits
recipmmtion of du pistons is mused by IIE cccenoicity of
the mamion ring. Fluid entcm and l.mws the piwnm IIuuugh
k inlet and outlet pans in the pintfe area. The pink is sm-
tionnry and dcc.s not roaac wids ths pump mechanism. l%s
pump shown in this figure is 0 vnrinble-displmmsml uniL
The hnndwhccl is used 10ndjust lhs displacement by chmg-
ing the position of Ihs cans ring in mkuion to tie cylii
black.
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DIJllat
Porl

Piston
Return
?@ng

InletPoti

Reprintedwidt~rmission. Copyrighte by WomackEducationalpublications.

Figure 2-16. Radial Piston Check Valve Pump (Ref. 9)

- 2-2.3.3 Rotating Piston Pumps

o

The rotating piston pump (sometimes called tic rotmy
nbutmcn! pump) has d-tree parallel synchronous shafts UIal
are attached to d-mtwo rotating pistons P, and PI and the
rcnming abutment shown in Fig. 2.18. Pkton tutors arc
mounted on the outside shafts and sad dynamically against
the cylindrical housing. The rotor mounted on the center

=~wmn:
shaft forms an abutment valve. The rims of the piston rotors
pass thmugb a bucket cut in the center rotor. A rolling con-
tact seal is maintained between the rotors, except when the
rim is meshed with the abutment vnfve. Liquid ent.as the
chamber mcupied by piston PI, as shown in Fig. 2-18. It is
pumped tbmugh to tie left chamber and discharged by pis-
ton PI. Pumps of this type are avnilable with mtings m over
9.5 x 10”’ m3/s (150 gpm) al 10.3M I&a (1500 psi).

o

Rols

Plnda

Reproducedbypermissionof Deere.&Company,copyright01987,
km& Company,All righwreserved.

Figure 2-17. Radial Proton Pump (Ref. 10)

Figu”& 2-18.

2-1o

Rotating Puton Pump (Ref. 11)

Courwsyof MobileFluid ProductsDivision,DanaCorporation.
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2-2A SCREW PUMPS

A screw pump is m axial-flow gear pump. Fig. 2- 19(A)
shows n mvwmtor screw pump. and n Uree-rotor screw
pump is dspictcd in Fig. 2-19(B). Boti w helical gems
Liquid is induced into he screws m tbs two ends and is
discharged a h center. The seal is formed by the cnnmc[ of
b WO gears at h intersection of tbsii addendn and by tie
small Clcnmnm bcswssn tie gears and the pump housing. In
pumps employing double bclicnl gents, as shown in Fig. 2.
19(A), lbe lbnm loads am bahmced. TM dssign is fre-
qucnfly employed in large pumps. Scsew pumps am espc-
cinlly npplicnble where quiet opcmtinn is essential. [n screw

PUMPS.ths germ must be in cnntmt at ths inmscxion of
sbsii nddsnda. ‘flis contact plus Ihs minimum clearance 01
h outside dinmescr of he gems pmvida n series of ssnlsd
cbnmbers along she lmgsh of h screws. Scrsw pumps cnn
nlso be annngcsf with ibrcs rntnm. w seen in Fig. 2- 19(B).
‘flc cmter gear is tie driver. and no timing gems me nmes-

W.

2-3 CONNECTION’ BEllVEEN PLJMPAND

DRIVE MOTOR

The pbysicnlconnection bsswem tie hydnudic pumpand
its drive motor is no! technically n hydraulicmmpnnen!. h
is. however. m impcn’snmpart of the hydraulic syslem md
in many cases may bs Ihe wsakem link in Ihe power tin.
Tbsre sue n number nf nscllmds for coupling tie drive motor
ouqnn shaft 10the hydraulic pump inpw sbnfL Some of lbc
more common methods ore keys md pins. flsxible cou-
plings. universnl joints. clutches. md splints.

The msw fmquenlly ussd mnnsctnr in mobile hydraulic
npplicndom is tie splint f% Ibc5s applications splined
pump shah nmnmfly confmm 10 Scciety of Aulonsosive
Engineers (SAE) Sumdnrd J744 (Ref. 12). Splims offer the

Tirdw Gears

\“
MIL-HDBK-118

t

(A)Twm+uswPuw

ndvnmngc of being able m mmsmit tie mnximum lmd witi
lbe smallest coupling dinmeter. In nddition. tiey am self-
cmtming. tend to distribute tie load qually. and arc simple
m mnnufocnm wilh slnmfard gear-aming equipment. Tbcii
major disadvantage is tie problem of wenr. Even the bcsl-
dcsigned splines me subject to rslndve motion of k pass
and nrs difficult to lubricmc. ..

In indus!rinl npplimtinm flexible muplings similar to
tires shown in Fig. 2-20 we mmmonly used. The mnst
widsly used mnfigumtions of kss muplings mnsist of lwo
cnstellmd metal sections (mu fm *e pump shaft nnd one
for tie elsctic motor shaf~) md an imerconnecting. bard
rubber picm thm is imserwd between tie mcml pieces and
Icckcd into tie castsllntions. This vps of cnupling is sbmvn
in Fig. 2-20(A). These couplings bslp to prevent h lmns-
mis.sion nf nsinl thsust fmm the pump to the clcsnic motor.
They also compensate for small changes of alignment dur-
ing normal opcmsinn.

There ore two metbnds for mounting sbs pump to the
dive unit-flange mounting and foot mounting. In tie lirsl
of Ibc.setie mounting flange is integral with the fmm face
nf tie pump n.wsmbly.There we smmlm-dnvo-bd and fmw-
bnh mnfigumtions for * flanges, which am sbnwn in
Fig. 2-21. These aJlOw ~e pump to be bolted directly m n
mounting surface on 0 gem box or power mkmff unil or m a
rigid bsll mount on an elccsric mom. Flange mounting P
vides tab n rigid asssmbly md nmumtc shaft afigmnsrm
Titers me ssvend smrsdard flange mount sizes md cnn6gu-
mtiom. Tlscsc. nlong wish ssnmlnrd nonsplincd shaft *
and configurations. arc included in SAE J744 (Ref. 13).

Fsmt mounting usunlly employs m bsbapcd bmcket In
wppfl ~e pump. The bucket may bs an inqsal pars of the
pump frnm face assembly. or i[ may be n sepanssc unit
machined to accept a slm-ukud flange mount. Fm: moums

(B)Thrae.Saew Pump

qud ti ~issinn. Cqyci@ e by MO hmp Division.thSOInduswics,Inc.

Figure 2-19. screw Pumps (Ref. 12)
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I

frequently lack sufficiem rigidity to prevent bending when
the pump experiences mpid shock loading. Precise shaft
ahgnment may also be n problem when using foot mounts.

@J#$jj-)
(A)BordmFlexlLiLI
h-wlanaCeuphng

(D)Fak-Tym
CrownedTooth

Cc.upucg
Courtesyof Vickers,Inc.

Figure 2-20. Flexible Couplings (Ref. S)

(A)Tv.v-BohMount

‘o]
o 0

0 0
(B)Four-BoltMom!

Fim.sre 2-21. Standard SAE Flange Mount

2-4 ACTUATORS

An acmamr is a device used m convert hydraulic energy
m mechrmicrdenergy: thus it has a function opposite that of
a pump. An octualor, or fluid motor, can be used to produce
linear, nmuy, or oscillatory motion.

2-4.1 LINEAR ACTUATORS

A linear actuator, or hydraulic cylinder. is a fluid motor
that generates Iinenr motion. Various IYpesare widely used
in hydraulic systems because of their high force capability,
ease of s~ed control, aad high pwer output for a given
size and weight. They arc especially suitable for control sys-
tems due m their high mechanical stiffness and speed of
response.

24.1.1 Classification of Lhsear Actuatom

The many types of linear actuwors which are available
give rise 10several crileria for cla.ssificalion. The criteria for
classification are discussed in the subparagraphs that follow.

24.1.1.1 Rotating
In a rotating acmamr (sfso referred to as a rotating Iinem

actuator) the rod and piston are designed to provide mwry
as well as linear motion. In many applications, such m
rotary machine mcds. thk fewum is necessary [0 aflow unre-
stricted motion of the piston rod. Such an actuator is illus-
trated in Fig. 2-22.

This type of aCNaIOI is actuafly a two-part device—a
standard hydraulic cylinder coupled to a rack and piakm
device m provide the rotation. Lhear motion of the rod
results when Port I or Pofl 2 is pressurized. Pressurizing
either Port 3 or Port 4 causes mtnry motion by moving the
spline bw and rotating the pinion gear.

H“
Rod

3

PHD,Inc.,Fon Wayne,IN.

~onflguration for Hydraufic Pumps Figure 2-22. Rotatbsg Linear Actuator (Ref. 14)
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2-4.1.1.2 Noctrotatfcsg

Noaramcing fincac nctumors am not intended m rntetc.
although many can rotate bccnusc they have no provision to
preclude rotncion. If incidental rotetion cannot bc tnlemted,
sp~ design feamrcs may bc required. llmc entirotmion
features include square or ovef rods end guide pins through
tie piscan.

2-4.1.1.3 P@on or Plunger

The piston .mcdrod a.wcmbly in a piston-type fincnr ncnm-
tor divides the cylinder volume into cwo scpamtc chnmbccs.
The piston and its nttachcd scafing &vices provide the sad
bctwccn the cwo chambers. The nctumor shown in Fig. 2-23
is n piston ecmapr.

[n n plunger-ty~ ncmamr thccc is no piston. The end of
the pluager seines as the working fnce, as seen in Fig. 2-24.
The only sad provided is al the pint the plunger pm.scs
tluougb the end of the cylinder. An extcmnl force is required
ta move the plunger into che cylinder. TMs cyfiidcr type is
often ccfmred 10es n mm.

2-1.1.1.4 Rod Classiicntion

Liacm actuatorscm a.fsobc classified by rod type. A cyl-
imicc witi one piston rod is tctmcd a singleadccl ncmmor.
TIICeccamocsshawn in Figs. 2-23 and 2-24 em single-ended
actumnrs. A dnublc.coded ncnmmr has piston ruts extend-
ing fmm tmti cads of the cylinder. A Mcscoping rod. shown
in Fig. 2-25. consists of n series of nested rods. which pm-
vidc o long exccnsion. Such rods MCuseful for opplicntioes
requiciag a long saukc but with only Iimimd spxe nvnilnble
far the unextended md. A positional rod is used where the
smoke is spfit into two or more penions. The cylinder can bc
ecnmted comy oae of the positions.

2-4.1.1.S Cylinder Action

‘fle type of cyfindcc actinn is impnrtom in the specificn-
cion of Iicccaracamcors. An n.cctmtorcan bc single acting or
double eccing. The single-acting IYPCCM move tie piston

Rc@nccdwith pcmIi5si0n. Copyright0 by WomzskEduaiomd
RdlliiOlls

F~re 2-23. Hydmulic Piston Actuator
(Ref. 9)

rod in only one direction by the application of hycimufic
prcssute. Springs. extemd forces. or n combimuinn of bh
can & used 10 n.ssisi rcmm of ti pislon md m plunger. A
plunger-type actuator. discussed in subpar. 2-4.1.1.3, is a

Rqnintcd witi Pcnnissiun.Copyrighto by WomnckEducadond
Publications.

Pigure 2-24. Hydpmlic Ram (Ref. 9)

~RodEye
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P
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.
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w Hhge
Mount

Rcpcirnd wiIh@ssian. CepyrighIe by Wonwk Educ8dend
Publications.

Pigure 2-25. Telescoping Cylinder (Ref. 9)
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single-acting actantor. In lfte double-acting tICNatOIliquid
pressure cm be appfied to eitier side of the piston and
thereby provide a hydraulic force in both dk’ections. TMs
type of cylinder is shown in Fig. 2-26.

Eshaust pressurized
Fluid Out Fluid In

—

w

(A) Piston Rod Moving Out

Pressurized Eshausl
Fluid In Fluid Out

a

(B) Piston Rod Moving In

Reprintedwith pm-mission.Copyrighto by WomackEducmiond
Publications.

F@e 2-26. Double-Acting Cylinder
Operation (Ref. 9)

2-4.1.1.6 Single, Tandem, and Dual Actuators

Another means of actuator classification is its assembly.
Assemblies of acmators can be designed to obtain various
types of cylinder opetmion. The cylinders discussed to this
point have been single actuators. A tandem actuator is one
in which two or more piston and rod combinations arc
assembled us a rigid unit with afl pismns mounted on a sin-
gle rod. Fig. 2-27 shows a tandem actuator with two pistons.
Tandem pistons can provide a large working nrca (and lhus
large fomes for a given pressure) for a small cylinder dia.m-
etsr, The piston and rod assemblies of the dual actuator,
shown in Fig. 2-28, are not fastened together as in the tnn-
dem aCNItIOr.In mosl dud actuator designs a given piston
acts on another onfy in one direction. Tandem nnd dud actu-

FIgore 2-27. Tandem Linear Actuator

Figure 2-28. Dual Actuator

am’s are frequently used in hydmpneumatic systems in
which air is used as the power source and a bydmtdic fluid
is used for control.

2-4.1.1.7 Cushioned or Noncushioned me

No prevision is made in noncushioned actttators for con-
trolled accelemtion or deceleration of the piston assembly.
‘ffterefom such units have speed and inertiaf limitations
imposed m both ends of the stroke, Cushioned actuators are
designed to enable the kinetic energy of the moving piston
10be absorbed at the ends of the stroke and thereby reduce
peak pressures and forces. Cushioning can be accomplished
by blocking the primary dkcharge pens m the piston news
the end of the stroke, as seen in Fig. 2-29, A cushion spear
attached to tie piston entem a cushion cylinder and then
blocks the discbnrge pun and traps liquid beneath tie pis-
ton. Tfzk liquid assists in the deceleration of the piston as it
appmacbes the cylinder bead. A check wdve nllows thid to
flow back into the cylinder at the stml of the return stroke.
The rate of piston deceleration cm he controlled by ttesign-
ing the cushion plunger with a proper taper. This trqzcrthen
permits a gradual closing of the discharge ports.

24.1.2 Mounting Configuration

One of tfie advantageous features of linear actuators is the
variety of ways in which they can be mounted in a system.
Seveml mounting armrtgcments arc illusmwed in Fig. 2-30.

‘;:’s

,,L ;;”

\ Needle Vake -”
Cushion Adjustment

(A)MidOperation

(B)Cushioning

Figure 2-29. Cushioned Cyfinder

2-14

Downloaded from http://www.everyspec.com



MIL-HDBK-118

Tapped Mount Rectangular Flange Rectangular Flange Square Flange

Mount - Rod End Mount - Blind End Mount - Blind End .

Solid Flange Solid Flange Side Lug Mount Center Line
Mount - Rod End Mount - Blind End (Foot Mount) Lug Mount

Trunnion Mount - Trunnion Mount - Trunnion Mount - Extended Tie Rod
Rod End Intermediate Blind End Mount - Rod End

Extended Tie Rod Extended Tie Rod Clevis Mount Clevis Mount With
Mount - Blind End Mount - Both Ends Spherical Bearings

COImsy of Vickus, Inc.

Figure 2-30. Cytinder Mounting Options (Ref. S)
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24.1.3 Kinematics of Linear Actuatom

The nature of the force previded by a linear actuator
depends on tbe kinematic linkage between the straight-line
output of the cylinder nnd the point al which the force and
motion am used. Because of the many alternatives in the
design of the Iinknge, the Iinenr aCNatO[can he used 10pro-
duce rotary or oscillatory motion ns well as linear motion.
The resultant vematility of linear actumofi is pmddly illus-
trated by tbe applications shown in Fig. 2-31.

24.2 ROTARY ACTUATORS OR MOTORS

As in the case of a linear actuator, the function of n rotary
actuator, or rnmry fluid motor, is to convert hydraulic
energy into mechanical energy. Romry motors are usually
rated in terms of the tieorsticd toque developed per 689.5
kPa (100 psi) of inlet or differential pressurs. The actual
running mque and the suillcd mque mny lx fmm 60 m
90% of the theoretical toque, depending on the type of
motor. The running volumetric efficiency may way fmm .
about 75 to 95%, again depending on the particular motor.
The highest opsrwing efficiency occurs near the rated
toque md spsed.

The desirable features of tie various types of rataIY
hydraulic momrs include

1. The ability to sum stop, and rSVCrWsudde~y wi~-
out motor damage

2. The atillity 10operate as a pump for braking
3. A higher Pnwer-t@weight ratio then any other con-

ventional pewer source
4. An infinitely verhble speed range
5. The ability to accommodate cnntaminams in the

fluid.
Viewed in rheir grsatest simplicity, mmry fluid motors m’s

essentially roiary pumps opemting in rsverse. The mccbnni-
cid characteristics of 8 particular rotary motor m’s nearly
identicd m those of the corresponding pump.

2-4.2.1 .“’’har Motom

Clew‘motors. like gear pumps, can be classified us exter-
nal or internal gear unis. Ah like gear pumps, they am
fixeddkplacement devices. Sxtemal gear motors include
the gear-on-gear units such os the spur getu motor. Internal
gear motors include the crsscent seal types and the germor-
type unit. Thew gear motors am discussed in the paragraphs
that follow.

1st Class Lever

Straight Line
Motion Multiplied

2:1

fi

,...

,

Engine Bearing

2nd Class Lever 3rd Class Lever

r &iE!#A.
Straight Line Straight Push

Motion In Two
Directions

IF

&..$+
Toggle

Fast Rotary Motion
Using Steep Screw

4 Positive Positions
With Two Cylinders

Trammel Plate

Straight Line
Thmst Increased

$
.

0

Practically Continuous
Rotary Motion

Motion Transferred
To A Distant Point

Illusomioncourtesyof ParkerHrmnifinCorp.

Figure 2-31. Applications of Linear Actuators (Ref. 28)
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2-4.2.1.1 Gear-oss-Genr Motors high. e.g.. unbahmccd gem pumps. ~picnl pcrforrmmcc

In the gear-on-genr motor rotncy motion is produced by curves for spur gem motors arc given in F!g. 2-32.

Ae unbalmced hydnudic forces on the gear ted. which arc 2-4.2.1.2 Cre5cent Seal Motors
tiPOd to the inlet pressure. An exnnrple is the spur gcw The crescent seal motor employs an inner md outer gear
motr. this motor has the same mcchnnicnl fcniures as the with a crescent-shnped seal 10scpwmc the tee!h during pml
spur gem pump shown in Fig. 2-2. ‘flwsc units me applica-
ble for peak opcrming pms.wrcs up to about 10.340 kl%

of the revolution. Its operational features m-cthe rcvemc of
those of the crescent seal pump illusa’mcd in Fig. 2-6. Mocor

(1500 psi) and arc available wilh cried capacities up 10 unils of this type am suitable for high-speed, low-power
0.C076 m3/s (120 gpm), nmximum speeds of about 3000 opmmions m low-m-moderate pressure. !hrdng kwque and
rpm. and power tmings up to npproximmely 37 kW (SOhp;. running efficiencies arc low. Typical pcrfocrnrmcccwve5 for
Bearing loads genemm?d by the h)dmulic unbalance w -m scnl motors arc shown in Fig. 2-33.

MotorD@&emenC 25x10’ m’hw (1.54 in.%w)
70C (16rYFJ Viscdty 36 rSt

lskw

I

--------- - 1
ml=

5175 Id%,----- __,.

%ovemll Effi&ncy----------
1

10

Mmrcl kkkcr. k.

Figure 2-32. Typical Performance Curves for Gear Motom (Ref. 8)

20
Tmque. ~ Wa

15

Torque, 2000 M%
/

0.015

5 - 0.W7
Torqua,7m k%

o I I I 1 1 1 1
0 4oomo12mlsm 2ooo24002aoo 22&

%-d. w

Figure 2-33. Typical Crescent Seal Motor Perfortnance Curves
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24.2.13 Gemtor-Type Motore

The gemtor motor (See Fig. 2-7 for the corresponding
pump.) is suitable for high-speed operation and exhibits rel-
atively high starting-torque efficiency. h can be used for
opemting pressures UPto about 13,790 l+% (2000 psi). VOl-
umeu-ic efficiency is relatively low and leakage rates are
high at most speeds. The cost of gerotor motors is relatively
high in comparison with the cost of other gear motors. The
performance curves of Fig. 2-34 are typical of the gemtor
motor,

242.2 Vane Motors

Most vane motors are of the bakmced-mtor type because
hydmtdic unbalance causes large radial bearing loads.
which limit the use of unbafnnced vane motors to low pres-
sure operation and applications for wh]ch weight and sp~ce
considerations do not preclude the use of large. heavy bear-
ings. Therefore, most vane motors have a mechanical con-
figuration similar to that of the balanced vane pump shown
in Fig. 2-10 and thus are fixeddkplacement units. To
accommodate starting and low-speed operation, it is usually
necessary to provide n force-in addkion to tie centrifugal
force-to move the vane mthlly outward. Springs are cOm-
monly used for thk purpose.

As with vane pumps, rolling and swinging vanes can also
be used in vane motor design. The ovemll running ef6cien-
cies of vane motors are typically 80 to 85%. These motors
are available at rated powers up to approximately 93 kW
(125 hp), pressure ratings to about 17,00i3Id% (2500 psi),
and maximum speeds of approximately 3000 rpm. Cbmac-

teristic pdommnce curves of a vane motor are shown in
Fig. 2-35.

2-I.2.3 Limited-Rotation Motors

Limited-mtation motors, or mtmy actuaton. provide m
oscillating power output. A variety of such units is avail-
able, all of which consist of one or more fluid cbmnbers and
a movable surface against which the fluid pressure is

applied. Botb vtme-tyw and piston-type motors can be used
m obtnin an oscillatory output.

24.2.3.1 Vane Type

There arc two types of Iimited-mtntion vane motms the
single vane and tie double vane. The single-vane unit.
shown in Fig. 2-36, consists of a cylindrical housing, a shaft
with a single vane. a barrier to limit the vane rotation. and
end pieces 10 suppers the shaft (Fig. 2-36). High-pressure
liquid enters on one side of tbe vane and forces the vane to
rotate to the barrier. A rotation of approximately 280 deg
can be obtained with the single-vane unit. In the double-
vane unit, shown in Fig, 2-37, the high-p~ssum fluid enters
on one side of a vane and is pcmed tbmugb the shaft to tie
corrmpondlng side of the other vane. A rmttion of about
100 deg is possible with the double-vane motor. In both the
double- and the single-vane units, seals arc maintained
between the rotor and the barriers and between the vanes
md the housing. Limited-rotation vane motors are available
wirh torque outputs ranging from less than 1 N.m (9 Ib.in.)
at about 345 kpa (50 psi) to nearly 85,000 N.m (750,0@3
Ib.in.j at 20.500 IcF%(31XICtpsi).

60
Torque, 10,000 kPa

50 – Flow, 10,OW kPa

Flow, 7W0 kPa
40 -

Torque, 7000 kPa
r

30 -

Torque, 350u kPa

10 Torque, 1000 kPa

v/

O.oti

O.tw

0.C60

~
0.045

“E

O.m $

0.015

o~o
02004006008m 1000 1200 1400 15GU

Spaad, rpm

Figure 2-34. Typical Gerotor Motor Performance Curves
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Figure 2-35. Typical Balanced Vane Motor Performance Curves (Ref. 8)

shaft

Rotating
vane

Pigure 2-36. Typical Single-Vane, Limited-
Rotation Motor

2-4X%2 Ption ~

Pism-sWen acmatms m-cnvnikablein several cOnfigum-
tioas designed to produce m mcilladng output. The hclix-
spfiie unit employs 0 shaft witi a helical screw thm passes
tigh h piston. A guide rod prevenw rotation of Ihe pis-
tan. Romdom of greater lhan 360&g arc possible. A self-
Iackiag helix angle pmwents rotation when an external
Im-qucis applied.

Liadmd rosary motion cm ok bc achieved by using a
rack and piaion syskm, u shown in Fig. 2-38. in lhesc
devices the Iiicnr motion of the cylinder is convened to
- motion through k gear mechankm. The degree of
rotadon is limited by the stroke of he cylinder. A single cyl-

Figure 2-37. Double-Vnne, Limit4-Rotation
Motor

inder IX be med. ahhough higher mques require mom

IIUUIone cylinder. A high-tmque unit is shown in Fig. 2-39.

2-i.2A P@on Motos%

Piston momrs which gencrmc a comimmus rouvy ouqxu
mmion can tc clnsxilicd in terms of Ihc pismn motion- -
axial. rndinf. or rotary. Tlwy can be fixed- or vnrialdedis-
placcmcnt devices md con o~mm ai high pnxums and
hnve high volumetric efficiencies. The Pawer-mwcight
ratio of pislon moms is not m favorable as Ihal of gear and
vu motom bw piston units sm twnilnblc wish pwer Out-
puts grmur h 22S kW (300 hp). The rclndve cnxI per
hamcpowcr is high.
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I

PHD,Inc.,Fon Wayne,IN.

Figure 2-38. Rack and Pinion Rotary
Actuator (Ref. 14)

—
PHD, Inc.,FcmWayne,fN.

Figure 2-39. High-Torque Rack and Pinion
Rotary Actuator (Ref. 14)

24.2.4.1 tiIal P~ton Type

The operation of an axial piston motor is essentially the
same 0.sthat of m axial piston pump except for the direction
of flow. (See Fig. 2-12.) The high-pressure liquid introduced
through the motor inlet forces the pismn assembly against
the thrust cam or swa.sbplose.The angular application of Ibis
force causes tbe plate to mate md this rotation is trmmmit-
ted by the shaft. In variable-displacemen! types the dis-
placement can he varied by changing the angle of the
swashplate. Leakage is low under tab running and stalled
condkions.

2-4.2.4.2 Radial P~ton Type
The radialpiston motor is also essentially its pump coun-

terpart from Fig. 2-16 operating in reveme. Liquid ente~ the
piston chamber through a central pintle. The piston is forced
radially outward against the thrust ring and thereby pro-
duces a force tangent 10 the piston chamber. The resulting
torque causes the shaft 10 mtnie. Tbk motor IYIXexhibits
very high volumeuic efficiencies and high toque and is
well-suited for low-speed application because of the small
muss of the rotating parts.

24,2.4.3 Rotary P~ton Type

The mtnry piston motor is the same as the mm-y piston
pump excep: for the flow direction. The pump was

described in par. 2-2.3.3. Units are available with a rating up
to 225 kW (31Xlhp) at 2800 rpm witIi Bmaximum toque of
over 2260 N.m (20,000 Ib.in.). Weight and space-to-power
ratios are h]gh, and cost per horsefmwer is usually high.

24.2.5 Low-Speed, Efigh-Torque Motors

Low-speed, high-toque (LSHT) mo!ors accomplish their
low-speed md high.toque output without the requirement
for a gear box. This ndvamtage greatly reduces initial cost.
weight, space requirements, and operating costs, and i!
increases efficiency. Positioning accuracy in certain install-
ationsis impmved and gear backlash can often be completely
eliminated.

Wtile lhcrc 9re no dkeci counterparts in the fmnily of
pumps, LSHT motors use the same basic design mecha-
nisms as pumps. including internal gear. vane. radial piston,
axial ball piston. rolling vane, and radial pistons with con-
stant nccelemtion cams.

2-43 HYDROSTATIC TRANSMISSIONS

A hydrosmtic transmission is a &vice that converts
mechanical power into fluid power. transports this power.
and then converts it back into mechanical power. Therefore,
the circuit consists of some suitable combination of pump
and motor with the necessmy piping, valving, and tmcillay
devices. These circuits, termed “closed Imp”. are different
fmm the common “open loop’”cinuit because of tie func-
tion of the rcsewoir in tie system. In open loop circuiis fluid
mums from actuators, drain lines, md valves to tbe reser-
voir. Mennwhlle, the pump is continuously drawing fluid
frum the reservoir for use in the system. In a closed loop cir-
cuit fluid returns fmm the actuator dhcctly m the pump inlet
without passiag through a reservoir. If the circuit includes a
reservoir, its primary purpose is to provide makeup fluid for
any leakage or for pump or motor case drains. The mmsmis-
sion chm-ncteristics depend on tbe pump and motor combi-
nation. The various possible combinations am outlined in
the paragraphs that follow. The assumptions made are that
tie pump outlet and motor inlet pressure are the same, a
constant output pressure is maintained on variable-displace-
ment pumps, and the pump speed is constant.

2-4.3.1 Fixed-Displacement Pump and Motor

?he toque nad power of the pump me functions of the
pressure, but the speed and flow ram are usually constant.
Below the relief valve setting, tie motor toque and pawer
vary with pressure while the speed md flow mm ore con-
stant. At or above the relief valve pressure, the motor toquc
is constant, but motor speed and flow mte arc functions of
tie volume flow rate through the relief vafve, The resulting
transmission eti]bits constant speed with variable toque
and power below the refief vafve pressure and constant
toque with variable speed and power at higher pressures.
Thk type of aansmission is shown in Fig. 2-40.
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Figure 2-10. Hydrostatic Tmnsmission—
Fiied-Displacement Pump and Motor

2-43.2 Fixed-Duplsscement Pomp and Vm-inble-
DKplocement Motor

l%s pump opemccs as described in par. 24.3.1. The
m-of CfICmOCOrvaries invemely wilh sped. Motm flow
mcs is a fmcction of bah motor displacement and relief
vakve flnw.The smnsmission, shown in Fig. 2-t 1, pmducc.s
consoua power. but tie t~ue vnrirs with speed.

2-433 Varioble-Displacement Pump and Fiso?d-
Disptacement Motor

T& pomp pressureand s~d mc cnnstnm, but the input

UXCPEmd powr mquiremcnts vary. TISe motor pmssurc
and dIe m!quc nmpul nm consmnL whccms tie speed and
power WY. The rc.wdsingo-nnsmissinn has conssam tmque.
bw she prover output vnrirs witi speed. Sce Fig. 242 for tie
-t diagmns.

Pigure 2-41. Hydrostatic Tmnsmission—
Fiied-Displacement Pump and Variable-
Disptacement Motor

Figure 242. Hydrostatic Tmnsmission—
Variable-Displacement Pump susd Flxed-
D~lacement Motor

243.4 Varinble-Displacement Pump and Mntor

TtIe motnr torque and speed arc invem functions nf tic
displncemenl. The tonpu nnd power tmnsmincd by Utesys-.
mm CM bs constant or variable. This unit is shown scbcmlu-
icrdlyin Fig. 243.

2-43.S Summary

A double+ncfcd hydrmdic cylinder cm bc used in closed
loop circuits. ‘Ilk is a ccty sptcinl design Ibm is seldom
seen.

Hydmssntic tmnsmissions have been studied for MC in
militnry npplicatinns (Ref. 15) and continue LOhave poscn-
tinl as n viable means of vehicle propulsion.

2-5 INTENSIFIERS

An intensifier is o cylinder-like device lbm uses n snsafl
input pressure to produce o high output pms.sure.This incm-
sificcuinn is accomplished by using n Imge F&canarm wilh
tie Iow-pmsmrc input nnd 0 smafl pismn men to cams the
bigb-pressure Ompm. Tile ratio of he Outpul-binpul pres-
sure is Ihc same as Ibc arm mtin of cbe inpm-to-outpul pis-
cnns. Fig. 244 shows M intensifier tit uses a ssoW-
dinnscccrmm driven by n lnrgedinmcser piston. CScfccrmm-
binntimss include n Inrge piston driving a mmdl piston and a
Im-gccylinder diving a smaller. separate cyliider. lnmnsifi-
em may be nf single- or dunt-pmsmrc designs.

Inm.sificrs can be used to adwmtage in ninny applica-
tio~. Ikscbmcfms m.suh primmily in cheareas of component
size md process control. For example. no inccn.sifiercan
pmvidc high prcssum In ISsmakl hydmolic cylinder using
shnp air 0.sthe input source. An air cytindu tn do tbe sums
job would be much luger and heavier.

/-%%@

m.
Figure 2-43. Hydrostatic Tmccsmi@on—

Variable-Displacement Pump and Motor

bw%sssuro

-

Figure 244. Pressure Intensifier
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Controls are simplified kcause the low-pressure input
cm be controlled. The high-pressure output is then con-
trolled indirectly.

httensifie~ can afso be completely air opaated. This can
significantly improve operating safety in hnzardous envi-
tunments. (Ref. 13)

2-6 RESERVOIRS

2-6.1 FUNCTION

Reservoirs not only provide a storage facilily for the liq-
uid bul cm also provide separation of entrained air, removal
of solid contaminants and waler. and dissipation of heat
fmm the liquid. Thus, along with heat exchange~ and til-
ters, the reservoir is an important liquid-conditioning com-
ponent.

2-d.2 CAPACITY
Even before the conditioning functions of the reservoir

are considered in design, the ttecessmy capacity must be
determined. The size and configuration depend on many .
facmrs. For industrial applications the minimum required
capacity can vary fmm three to ten times the volumetric rat-
ing of the pump. This vohtmelpump flow ratio is often not
pmctiml for mobile applications, and no specific ratio has
hem specified for such applications. Regardless of the unit
in which i! is instafled. the reservoir should & sufficiently
large to accommodate the liquid necessary to till all system
components if the liquid drains hack to the reservoir. It
should have sufficient capacity 10 maintain a liquid supply
at tie pump suction at all times, and sufficient liquid should
be in the system to prevent the formation of vortices m the
pump suction. Reservoir volume should be provided to
allow time for solid contaminnms, water, and gases to sepa-
rate from the liquid. This factor also depends on both the
chmacteristics of the liquid and the filtering system design.
Adequate space above the liquid level should be provided to
accommodate thermal expansion of the liquid. If the reser-
voir sewes as tie primary means of dksipating heat from
the liquid, il should be large enough to accommodate the
required cooling. In some applications the liquid in tie res-
ervoir is intermittently used us a heat sink. h is Uterineces-
sary to provide storage for enough liquid to give tie desired
heat capacity. For opetation in cold environments excessive
cooling cm also be avoided by pmpsr reservoir capacities.

The weight and space limitations often impaed in t?ero-
space and mobile applications preclude the use of tie huge
reservoirs recommended for industrial systems. In these
cases speciaf designs using very small reservoir capacities
and complemented by ancillary fluid-conditioning devices.
such as heat exchangers, air-oil separators, and extra fdtnt-
tion, are required.

2-6.3 TYPES
There arc three basic resewoir arrangements: separate.

integral, and dud-pwpose. Separate reservoirs are com-

monly used in large stationary systems for which space and
weight are not important considerations. Integral reservoirs
are spaces provided witbin the hydraulic system. e.g., pip-
ing, Nbuliu structural members, or machine bases. Such a
design minimizes space and weigh! requirement% however,
the storage of a hot liquid witbin the system can sometimes
cause thermal distortion of precision components. If the liq-
uid can serve as both a lubricant and a hydraulic fluid. a sin-
gle reservoir is sometimes employed for both purposes. lltc
reservoir in which such a liquid is stored is termed a dunl-
purpose reservoir. For example. d-mcase tftw houses the
transmission in some vehicles. and thus contains the trans-
mission lubricant. also serves as the hydraulic fluid reser-
voir. In such applications it is necessary that the liquid
function :r+factorily both as a Iuhricam and as a hydraulic
fluid. Also, since the liquid absorbs hem fmm two sources, it
mny be-d!fficult to provide adequate cooling. In addition,
because geared transmissions generate high quantities of
parlictdate contamination caused by gear wear, extm fdb-a-
tion capacity should be provided m protect the components
of the hydraulic system.

Environmental nit entering a vented reservoir as the fluid
level fluctuates can immduce contamination (solids, chemi.
cals. and water) into the system. To prevent this, the reser-
voir hreatfter should incorporate fine filtration along wilh a
desiccator and chemicnl filter when necessary. The ideal
design uses n sealed reservoir to exclude environmental air.

Of special interest m designe~ of mobile combat equip-
ment is the critical volume reservoir (CVR). Thk unit repre-
sents a major improvement in the survivability of the
hydraulic systems in combat vehicles by reducing the size
of the reservoir to a volume just sufftcicnt to operate the
system. It is a fluid storage component of variable volume.
Its maximum volume is equal to the total volume change
that results from hydraulic cylinder actuation plus 1% of the
pump capacity. The ancillary functions normally performed
by the reservoir-filtration, denenttion, dehydration. and
heat dissipation-are performed by components designed
specifically for those purposes. Incorporation of a CVR plus
the separate fluid-conditioning components can result in 50
to 75% reductions in rcsemoir volume (Ref. 15),

2-7 FILTERS

Keeping tfte liquid clean is n very impmlnnt factor in the
Iong-term operation of a hydraulic system. To minimize
conmtnitmnt levels. foreign matter should be prevented
fmm entering the system, conditions conducive to contanti- .

mint formation within the system sbotdd be avoided, and fil-
ters should be used to remove contaminants.

Filters am usually rated accordktg to one of two specifi.
cations, MfL-F-8815 (Ref. 16) or 1S0 4572 (Ref..17). Both
methods are based on the ability of the filter to capture parti-
cles of a specified size. The size is measured in micmmetets
(microns, for short). One micmn is one millionth of a meer
(1 ~m= 10-’ m=3.937 x 10-’ in.).

L-U
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MfL-F-8815 defines two teems commonly used to
ckccibe filters. The fim of these is nbsolme. The absolute
cuing indicates the lnrgesI hard. spherical particle tbn! will
pass through the filler media. TIM second mm is nominak.
which is the panicle size at which 98% of the hind. sphcri-
ca! psrdcles me temoved.

Cmnicm must be used when applying dw.seterms m muJ-
cm, depdhcype tiltcrs for hydmulic systems. FksI. they am
based on bnrcf. spherical particles. n phenomenon seldom
found in hydmulic systems. Instead most panicles arc of

iCTCSU~S@SCmd may have one dimcmion hrger dmn tbnt
which would nmcnnklypass through the media.

A second problem with these tsrms is that many filter
manufmurers have tikrcuil y applied hem outside the
KXUWTK-defined by MIL-F-88 15. In fnct. tie mm nomi.
oxdhas been so badly misused tint it has become vimwlly
Cnelucingless.

Tbc second filmcmung methodisin1S04572. she multi-
fmss filtration test. ‘his test rcsuhs in the bcsn ( ~) mting nf
the filter. TIMbeenmung is a dinsensionlcss vrdue defined os
M mdo nf the number of pacticlcs n. qual m nr greater
than n specified size x upm-mns to the numlxr of panicles
n, eq~ co or grcntcr tbnn the same specified size x down-
stream of the ccst fiber.

~, = ~, dimensionless (2- 1)

where
n. . number of particles 2.c pm upswcnm of the fil-

ter. dinsensionless
n, = flUIISbClof panicles 2 x ym dnwnstrcam of ~

tiltcr. dimensionless
x = particle size. pm (roil).

This method bns gtincd widespread. incsmacinnrd nccep
tnoce mnong both filter nsaoufaacn’ccs nnd users. h is the
onty method curmmty nvnilnblc that pcovidcs a scientifi-
cally sound compmmivc mnking nf fil!cm according to Ihcir
pm-dclccnpcum capability.

2-7.1 CLASSIFICATION OF FILTERS

fn ndditinncoparticle-sise-relnccd critcrin, filtcm am clns-
sikiednccocding to the fihc.r media. Ibc con figcmuinn. nr the
filtering mctbod. The fdtec media cm bc eilber surfncc type

m *ti type. ‘flSc Sufincc-type fikcring media comnin
numccous orifices of relmivcly uniform size. F%cdclesIm-gcr
than the orifice sise are trapped on the surface of tie media.
Wm ose.sbis an cxtunple of n surfncc filter medium. D@s-
cype media bnvc long. tortuous, nnd mct+tnndyslmped pmlss
through which the liquid must flow. Panicles tbnt am Ioo
large to enter cbc flow pmbs M’SCnpm!rd nn the surface.
Ottms may enter Use media cmly m cncountcr rrssictinns
too scmdkto pass them. Still osbem may be tmppd hy-

smticrdly inside du pmsagcs. Elcctrostntic forces may nlso
cams some pm-dclcs 10 bc captured. Ocp@ tin include

sincemd mad podcm and fibrous nmccriaks.such ns paper.
felt. glms, md cellulose. Cka.ssificndnnby Iiltcr media is
closely rclmcd to classification by fihcring mecbod. which is
discussed in par. 2-7.2.

Fig. 2-45 illustmces some of he cnpmrc nsecbmdsos.s.
Oepth-type filtcm usc all of these mecbnnkns. wbercns sur-
fncrxypc filuxs depend wlcly on tbc surface capcum mecb-
mism.

Oiffcmmial indicncms nm frequently incorpomud co
dececminc when o filter is becoming cloggsd to lbc point
tbm i! should be changed. Bypass reliefs can be incnrpo-
rwcd where n severely clogged filccr mighl severely ticct
system opcrmion.

2-7.2 FILTERING METHODS

Tbcrc me tbrcc basic pbysiccd mecbmcknss by wbicb til-
Icrs can remove commssionms fmm n hydraulic Rui&
mcclsmical. nctmrbcnt. and titinL TtIc Iiltcring mecbods
sometimes functinn in combinminn.

2-7.2.1 Mechcmicnl Filtem

M=hticd filters (nkso termed barrier fibers) reomve
panicles simply by preventing their pa.smgc duougb tbc
mcdin by vimIc of tbc size nf the particle behsg Inrgcr than
tbc medh pm sise The most mmmon nmteciids for
mecbnoiml filter media are paper msd mecnl (osunlly sin-
ccred spheres or screens).

Poper filters MC nvnilablc in numcmus configurations.
Some me shown in Fig. 2-$5. most of which use plemed
cylindccs of tbc mdla. Some Cypcs pmvidc n cnmidgc
insert thnt is used in conjunction with n scpsmce filter bend
nnd n removnble bowl nr housing. Amber ssylc is n spin-on
clement similar to the cmokmsc films used cm nucomnbllc
engines. Ncitbcr nf tbtsc SYPCSis cleannblc. Rncber.they am
replaced with a new filter. and tbc used uoit is discarded.

Mctnl filcem are usually citbcr cylindrical rolls nr scncks
of fihcr disks. Mosi metnl clcmccm can be cknnecf and
reused mpmcedly nttbough their useful Iivcs am not infinite.

e= e

Figure 2-45. Filtration Mechanisms
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(A) Open Pleated
Cartridge

I (C) Maanetic Suction Seoarator
‘ -Witfi Magnetic flings ‘and

Protective Cover

(B) Pleated Paper Cartridge
With Protective Outer Cover

(D) Spin-On Cannister

Reprintedwithpermission.Copyright0 by Schme&r Brahms Corporation.

Figure 2-46. Falter Configurations (Ref. 18)

2-7.2.2 Adsorbent Filters passages of tie filtercan also mechanically remove contain. “
Adsorption is the phenomenon by which pardcles of a inanrs. One disadvantage of tie adsorbent filter is the ten.

material tend to adhere to solid or liquid surfaces. The filter dency 10 remove certain additives in Ihe hydraulic fluid.
medium in an adsorbent-type filter is finely divided to Hence ii is DOIusually recommended for service with fluids
present maximum surface arm to the flow. Materials used in that contain additives. Many adsorbent filter housings are

rhe filter elements include activated clay, charcoal, fuller”s designed m accommodate either an adsmbent filter element
eanh, chemically treated paper, and bone bltick ‘1’IIeflow or a mechnnicfl filter element.
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2-7.2.3 Absorbcrst Hlters

A porous. pcrmenblenccdium is mat as an element in m
nbsorbcm filter. Element ncmerhds include dia!oncaceous
cd. wood, pulp. paper. vorious textiles. nnd o vtiay of
otir subsmnccs. As the hydmulic fluid passes through the
Iil!cr medium. contnminmts arc unpped by absorption.
Water nnd water.scdublc contaminants cm bc removed by
snmc nhsnclmnt filters. IIIC size of solid conuuccimnt thzm
can bc liltcccd depends upnn tic Pcnneability and porosity
of the TItcr clcmem.

2-73 HYDRAULIC FILTER/FLUID COMPATl-
BLLITY

Filter/Ruid compatibility applies 10the cffccrs of tic fluid
on the tilccr us WCI1M chose of the Iiltcr media on the fluid.
The tiltcr mcdin (cspccinlly paper). scats, md suppon hard-
wnrc can be dcgmded when cbc filccr is used witi M incom-
pmiblc fluid. Such incompatibilities can bc determined by
testing in nccordancc with 1S0 2943 (Ref. 19).

TIIc fluid itself IMYbc degmdcd or chcmicnlly ntccrcd by
the usc of adsnrbcnl or absorb-ml media. The most common
pmblcm is the rcmovnl of additives tint have been used co
impmve vminus nspccss of h pcrfommncc of tic fluid.
Thcrcforc. special mnsidcmcion must bc given to the usc of
Acsc fikcrs when the fluid is not n scrnight. unmodified ba.sc
stock.

2-7.4 FUXER PRESSURE DROP

7hc Prcs5urcdmp ncmss n filter is n function of tie flow
dcnsicy through @c mech. Flow dcnsisy is &fined as the
flow rntc pcr unit flow arm. ‘k significamx of IMs defini-
tion is that tine filccminndots no: ncce.ssarily imply n high
pressure dcop. This is particularly true with che tdmively
ncw cncch mnsisting of mnn-mndc. nonwovcn mntcrinls. in
the.sc mnccrkds, bccausc cmccmcly tine fibers am used. the
CnCMPOccsize cm bc significantly wnatlcr than with other
cnaucint.s; hmvcvcr, there arc afsn n significmtly higher
number of poccs pcr unit arm. The result is n larger cOmpOs-
itc flow arcn i.e., Ibe pressure drop pcr unit arm is actually
10WCCthan with less efficient mccti~ In any case. if tie pms-
surc drop acms.s the mcdh is unncccptnblc, n physicntly
Imgcr tihcr of the snccrcnsnccciafwill nllcvinccthe prnblcm.

h is difficuh 10 generalize about h effecl of inccccsecl
pmssurc dcup on filccr cfticicncy. 11is gcnemlly true ha: fil-
tccs which rely on surfncc tikcmion mechanisms become
mom cfficicnt with use. In Ihcsc filters Ihe “cake””of pard-
CICSthat builds up on the surfncc scan bccomcs the ncnud
151tcrcnccth w tiltrmion impmvcs 0s the cnkc thickens.

Oepcb 611ccs.hnwcver, do not ncccssauily rctw in the
same wny as they bccofnc Ioadcd wi!h parciclcs. In gencmf.
efticicncy dots icnpmve initintly bccnusc pnrticlcs clog the
pores ad cnmmus paths through the medin. Most such fil-
CCCS.espainfly IJKISCmndc of paper or mher nonrigid fibers.
witl evenccmttyreach n prcssuc’cdrop at which chc fmcc.s on

the tmppcd pw’ciclcsrmd tie fibers themselves will begin to
push snmc of the parciclcs dwough the media. Depending on
the mntcrinl. Ibis movemcm may cccur at pressure drops as
low as 6&9 to 82.7 kf% (10 to 12 psi) or as high u 6S93
kpn (1W psi) or even higher. At this point the tiltcr cfti-
ciency may level off or acmd]y begin to dccnm.sc.

Fihcr mrmufnccurerscan supply infornsacionon the influ-
ence of pmssurc dmp on the cfticiency of their products.
711cycm nfso !cccmuncnd the pressure drop IIIwhich the fil-
ler should bc changed. Basing filter chnnges on this infor-
mation mthcr than on m nrbhwy time basis will ensure
bosh mnximum usc and nmximum effcccivcncss of the sys-
tem filters.

Notice chat the prcssucc dmp discussed here is the diffcr-
entint ncmss tic fihcr elemcm and not the opcmcing pres-
sure. while the filter housing must afwnys be cnpable of
withsmncting the full sys[cm prc.ssurc (plus any pressure
spikes h! may nccur). the tikcr clcmcnt will mmly bc
required to tolemtc such high pressure differcntints. tn ttmsc
mm cnscs mcml filuns wilh internal suppcm Nbes. disk-rype
elements. or other such strong md rigid nsaccrinlswill nor-
mldly bc Used.

2-7.5 REPLACEMENT OR CLEANING
INTERVALS

7W npprmchcs can k used to cscnblish a tnainccnnwx
program for hydmulic fluid filters. Onc approach is to essnb.
lish n cimc icncmnl for chn.nging cnch filccr. his method
grcmly simplifies nsnimemmcc scheduling but can lead to
punr use of Iikcr efficiency md cnpxcity. Clusnging n filter
bcfmc it is Ically ncccssmy mcnns Uwsthere may bc ccmsid-
emble din-holding capacity rcmnining. Ccuwcrscly. fnilum
10change n filter when il needs to bc cbrmguf may mcuh in
0 loss of filter cfticicncy because of m cxcc.ssi~.cprcs.swe
drop, tie opening of the filter bypass vnlvc (if OCIC
cxisIs). or the pbysicnt collnpsc of the filming dC~L In
eilhcr of the in.sltwo cnscs. scvcrc cnntnmimtion of the sys-
tcm fluid mny nccur.

The second npprccuh is tie usc of some rypc of indicmor
to show when the clcmcnt hns bccmnc lnndcd to the pnim
thnt the diffcrcntinl prc.ssurc is ncm-ing 0 prcdctcrmincd
iinIiL Thus the filming clement is changed nn]y when the
indicntoc shows that n chnngc is rcquimd. This method
ensures maximum usc of the fikcr efficiency nnd cnpacicy n5
WCI1M maximum pmccction of Ibc systcm. Them arc
numerous such dcviccs nvailnblc. fncludcd mcccmgchcm arc
POPUP buttons, mmdng indicnlom with ncmws or mlor
CUfC.S,p~SIUC gtl&$ nnd PICS51UCSWitChCS.Fig. 2.47
shows scvcrrd rypcs of tihcr condition indiccwcs. Maintc-
nnncc schcdulcs should include a regular check of b indi-
cnmcs. In adcthion. incidents such as mnjor cnmponcnt
failure or envicunmcnml cmsdhions thnt m-clikely to cause
signitic8m incrcnscs in contnncirmtion level.s rcquim more
fmqccnt checks of the indicncors.
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~ma

(A) Mechanical Indicators

(B) Electrical Sensors

Reprintedwith permission.Copyrighto by SchroederBmtiers Corporation.

Figure 2-47. Filter Clogging Indicators (Ref. 18)

2-8 ACCUMULATORS

2-8.1 INTRODUCTION

An accumulator is a device hat can store hydraulic
energy, h is useful in intermittent opemtion of hydraulic
machines when the accumulator can be charged at a low
flow me during the idle portion of tie cycle of the driven
machine. Accumulators can be used for pressure compensa-
tion, pulse damping, leakage compensation, emergency
power, auxiliary pressure, and several other applications,
They can also be used IOapply pressure across a physical
boundary between two liquids without contact or mixing of
the liquids. This feaNR permits lbe pressurization of haz-
ardous fluids, e.g., n volatile liquid, by means of a second
liquid that can be safely pumped.

Fig. 2-$8 is the circuit diagmm for an accumulator cimuit
used to develop II higher flow rate than could be produced
by the pump afone. Whh the directional control valve in the
closed center position, the pump forces fluid into the nccu-
muIator until the accumulator pressure reaches tie relief
vnfve setting. When the directional control valve is shifted

to either extend or retract the cylinder, the accumulamr dis-
charges and adds its flow to tic pump flow. ‘Ilk results in a
bigber cylinder speed than could be achieved with the pump
flow alone. [f there are long periods of time between cylin-
der operations, it is possible to use a very small pump m
charge a large accumulator and use only accumulator flow
to opemte tie cylinder. A workshee[ for sizing an accumula-
tor for I& application is included in Appendix B. The
safety bleed down circuit shown in tie figure is used to
depresstize the system wbr.n the electrical fmwer is off.

An accumulator circuit used to maintain system pressure
is shown in Fig. 249. when tie cylinder reaches the end of
its stroke, the pump charges the accumulator until the pEs-
sure rmcbes the setting of the unloading valve. At that point
the unloading valve opms and allows the pump to o~rate
at a low pressure, which saves energy and reduces the heat
generation rate. Significant energy savings can b-s =alized
from thk application if the cylinder remains stationary for
long periods of time. A bleed down circuit is provided for
safety. TMs circuit nutomaticdly bleeds down tie system
pressure when electrical power is shut off. A worksheet for
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Figure 24S. Accumulator Circuit for Developing System Flow
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F~s-t 249. Accumulator Circuit for Maintaining System Pcwssum

cdcutating the nccumufntor sizefor specific pressure-hold-

ing RpptiCtiOm is pMVidCd in Appendix B.
Shock-nbsorbiig uccumultim upplicutions are shown in

Fig. 2-50. To dump pressucc-induced shock in the system
effectively. m accumulator must bc plnccd us nenr = p3ssi-
ble 10 the point at which the shock is genesnted. Mmunl
b!ccd dowa vnfvcs uc included in this circuil foc safety.

Systems using accumulmcus may remain pressurized
even though dcc pump is mt naming. SnfeSYconsidcrutions
require lhm ail circuh.c containing uccumulntom be provided

Figure 2-50. Accumulator Circuit for Ah-
sorhing Shock

with a means of ciihcr bleeding down the system px?ssurcor
isolating *e accumulator fmm the circuit prior S0pcrfarm-
ing mninccnmce. inspections. etc., of such systcsm. Fig. 2-
5 I illustmws some akemnsivc methods.

2-8.2 ACCUMULATOR LOADING

Accumulmors MCchssilicd in tcnns of lhe manacrin
which shc load is upplied. Thk is Ibe major factar UmSintlu-
enecs dc.sign. Aceumufamm CM be weigh! loaded. spring
landed, or pneumatic loaded.

2-8.2.1 Weight-Loaded Accumutotors

TIE wcigbl-loutcd nccumulmorof Fig. 2-52 mnsiscs of a
pistnn mounted vertically in 0 cylindm. llu piston md nr
plunger is lmdcd with weights h pravidc potential coergy
to pm.ssorir.c tie fluid. ‘f%k nccumulucor produeu vicsoally
constam prrssure as all fluid levels. Ho=.ever. wcigbt-lmded
accumulmors am Imge. heavy. nad expensive. and they do
not respond quicWy to changes in tkc system dcnmad. Far
hc.sc rmsoos IJUYm-cDOIoften used in modcm hydrnufic
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Automatic Bleed
Manual Bleed
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Manuel Isolator
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Figure 2-51. Accumulator Safety Circuit
Options

—1 l—r 7
Cylindrical

Housing
/

Figure 2-52. Weight-Loaded Accumulator

systems except where very large flow rates are rcquimd for
indusb-ial processes,

2-8.2.2 Spring-Loaded Accumulators

h accumulatorin which the compression energy is sup
plied hy a spring is shown in Fig. 2-53. The pressure varies
with the amount of fluid in the accumulator since the spring
force depends on displacement. Although such spring-
Iomlcd devices arc easy to maintain, they arc rckmively
bulky and costly. Thus most applications arc for !ow-vol-
ume, 10w-pIcssurc systems.

2-8.2.3 Pneumatic-Loaded Accumulators

‘l%emarc two types of pneumatic-loaded accumulators.
In one IYpCthe gas, which provides the load. is in direct

wSpring

Seal

Pieton
Cyiindkel
Housing

F@-e 2-53. Spring-Loaded Accumulator

contact with the bydrmdic fluid, wbercos in the second typ
the gas md fluid are separated by a diapbmgm, bladder. or
pis[on,

2-8.2.3.1 Noosepasnted Type

Pressurizationin a nonseparmed,pneumatic-loaded accu-
mulatoris achieved by introducinga pressurizinggas into a
container abve the liquid level. The pressurized storage
vessel is a simde exmmde of tfis tyve of accumulator. This

type can acco~cdme inrgeliquid-~olumes, but aemtion of
the liquid often precludes its use in hydraulic systems. Fig.
2-54 shows a diagram of a nonsep~ted pneumatic accu-
mulator.

2-8.2.3.2 Separated Type

Aeration in the pneumatic-loaded accumulator can hc
eliminated by providkg a bamier between *C pressurizing
gas md the bydmulic fluid. Ohpbmgms, bladders, or pis-
IOISSare used w barriers. A diaphragm-type accumulator is
shown in Fig, 2-55. TIM veswl is seporated into two com-
partments by a flexible diaphragm. One compartment is
comcmed to the hydraulic system md the other to the high-
-pressuregas system. In most designs a spring-londcd, nor-
mally open check valve or a semen is pravided at the liquid
comection to prevent extrusion of the diaphragm into the
liquid line when the fluid is dischmged.

The bladder.ty~ accumulator usually bas a blad&r
inside a cylindrical shell with pressurized gas inside the
bladder and the bydrmdic fluid &tween the bladder and tie
housing, as in Fig. 2-56. The bladder is usually constmcted
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Pigure 2-55. Diaphragm-Type Accumulator

with iss tAkmrsI wall near tie gm pan. II thus expands al Ihc
top 13KIand Ihen along lhe walls to fomc ti liquid OUI
through the pqspeI vnfvc. This design can be used for rndos
of maximuns tominimum pressure up Ionbou15tol.

H
Y —Usafgllsgvahm

--

\ 1

Figure 2-56. Bladder-Type Accumulator

A free-floating piston can ah serve as a hrrier bmveen
the gas md hydmulic fluid, as shown in Fig. 2-57. lWs type
is less effective as n pulsation dam~ Umn is he bladder

IYF.
The separnlcd, pnmamatic-loaded accamulaIam m-c Ihc

most commonly used. The pmc~e gas far madam high-

Q
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Pigure 2-57. Piston-Type Accumulator
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pressure systems is normally ni!sogen because it is inert and
dry. If air were used for the precharge, tIIOiSNE in the air
could lead to rusting of the shell in either the diaphragm- or
piston-type units and ultimately could tesult in an explosive
failure of the pressurized shell. Likewise, a mixture of air
and oil vapor in the gas side of a piston accumulator can
ignite under certain pressure and temperature conditions,
similmly to a diesel engine.

The prechnrge pressure must be selected in accordance
with the recommendations of the manufacturer for the spe-
cific application. To ensure proper system opemtion, the
pmchm-ge prsssure should be checked often enough to
detect any minor gas leak that may occur. The failure of a
gas-charged accumulator will expel significant qumtities of
gas into tie system fluid. This gas can damage other compc-
nent.s,especially the pump.

2-8.2.4 Accumulator Sizing

The specific application and fluid volume requirements
are the primary factors that determine the accumulator size.
When used 10 provide system flow, both !he accumulator
and pump sizes are determined by the pcrcentnge of idle
time during the duty cycle. If this time amounts to at least
30%. significant savings in both initial costs and energy
consumption can be realized by using a smrdl pump m
charge an accumulator. The accumulator can then provide
the majority of tie flow required 10operate the system.

Appendm B contains some examples of worksheets that
CM be used to determine the size accumulator required for
certain applicmions.

2-9 VALVES
Vafves me used in bydmulic circuits to control pressure,

flow dmction, or flow rote. They use mechanical motion to
control the distribution of hydraulic energy within the sys-
tem.

2-9.1 VALVE TYPES

Fluid power control wolves arc grouped accordkig to
function and arc given generalized names that reflect their
primary purp.mc. Dkectional control vnfves direct the flow
of the system fluid through specified flow paths to control
the direction of opcnttinn of the system actuators. FlOw-
control vafvc.scontrol the volume flow rate [0 or fmm actua-
tors. Thk flow mm. in NM, controls the speed of the nctua-
tor. Pressure control valves may control or limit pressure. or
they may be triggered to open or close by fluid pmsstm in
order to control OUtersystem ope~tions.

Some vafves may incorpomte more than one function, for
instance, dmctioo and flow control. In almost all cases, as a
valve @nnrts its primary function. it atTect5nther system
parameters. ‘fbersfore. no component can be considered to
opcmte independently of other components in the system.

2-9.1.1 Pressure Control Valves

The term “pressure conuul valve’”is a misnomer for most
of the valves in this group. Most of them-the pressum.-
reducing valve being the only exception-simply sense
pressure and respond to it. Them are six different members
of thk group, each is discussed briefly in subsequent pam-
gmphs.

2-9.1.1.1 Pms.sure Relief Valves

Thk group of valves has the primary function of limiting
system pressure to a masimum level that is usually deter-
mined by the compression of a heavy control spring. A typi-
cal direct-acting relief valve configuration is shown in Fig.
2-58. These valves are “normally closed”, i.e., in their unac-
Nnled pci$tion there is no flow ptub through the valve.
When the pressure-genemted force on the moving mecha-
nism exceeds the spring fo~e, the mechanism moves tn
opm n flow path to the secondary, or tank. port. The system
pressure is limited by providing an ahemative path for fluid
flow.

The moving mechanism may be o ball. poppet, or spool.
It may be controlled by tie action of the fluid pressure
directly on the mechanism (termed “dmct acting’”), as in
Fig. 2-58. or it mzty be pilot opcmted, as shown in Fig. 2-
59. The force holding the d=ct-acting valve mechanism

(A)C4amd

.
ToTank

(B)Open

Figure 2-58. Direct-Acting Relief Valve
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Figure 2-59. Pdot-Opecated Relief Valve Opecntion (Ref. 5)

closed may be pmvidcd by che spcing akoac or by a mmbi-
muion of n spcing and fluid pressure porccd to a small mm
m tie lmck side of tic mcclmnism. TMs Intccr VIWCis
smwdcncs refcnul cons a diflercncinl pressure relief valve.

The fuaccicm provided by o pilokopccatcd relief vnkve is
exaccty I& snmc as it is for a dimm-acting vnkve.The inter.
cud opecndon is somcwhal differcnL however. The main
spool in Fig. 2-59 is cmnccdn “bdmccd spool: lha! is. the
effcccive surfncc men is du same on each side of che spool
Innd. The Orifice through the land nklows fluid to enccr the
pilot cfmcnber. When the pilot poppet is closed. che pms-
surcs in lhe pilot ckuunbcr and lhe main chamber orc quaf.
Ilu light binsiig spring in the pilot chamber combines with
Uu prcssuce m hold che main span! closed.

When chc pmssurc in ckccpilot chmmbcr bccomcs high
enough coun.ww Uiepilal fmppc!. n flow pati is npcned tit
akfows fluid co cscnpe from ti pilol chamtcr. This action
lowers Ihe pmssurc in lfse pilot chmnbcr Md Conscquenlly
pcoducc.sn fame imbahmce IhnI causes he main spool to lift
fcam its scnl and pmvi& n flow path fram tie main chnmbcr
m dm mnk pmt. The size of lhc flow pmb is delcrmincd by
du sywcm pressure up co * maximum setting of the pilot
vnkvc.tily enough flow m mnin!nin tic prccfcccrmincdsys-
em prcsswe is alknwed.

By coaaccdag a scnnkl.Cfic’cct-nccingrelief valve m che
vent pm of 0 pikolqmnlcd relief valve. remote pressure
sdjuscmcms cm be nmdc. AIummely. n shutoff vnlvc. as
shown in Fig. 2-60. cms bc used co pcovide a prcssum-
unhding capability. Thii is tcmccd Wenting” the pilat-
opmnc.d relief vnkve.

2-9.1.1.2 Unloading Vcdves

Significant eacrgy savings can bc rcnlizcd if the pump
can bc opcmced M Inw pmssarc during idketimes in the sys-
tem duty cycle. This Iow-pressure opcmcion can often be

nccomplishcd by using ti unloading vnf~.eshown in Fig. 2-
61. This valve. in both &sign and funclian. is very similar
ton relief vnkve.The pcinmry difTercncc is cbm the prcssum
signal chat opens tie unloading vnfve is send from some
Iacncionohm lhnn immcdhcely upstrcnm of tie inlet pal as
in lbe relief vnf~+e,This remote pc’cssumtin holds the wd~.c
open and allows pump flow 10rcmm m the osak m low prcs-
Suc-c.

E

P

B

A
.. . . . . . .
[T B

u

From PatrQ

To Tank

Cmmcsyof Vickcm.k.

Figure 2-dO. Ventfccg o Pdot-Opecated Relief
Valve (Ref. 5)
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Figure 2-61. Unloading Valve

2-9.1.1.3 Sequence Valves
The ability to control the sequence of operation of two or

more acNatOrs automatically can be provided by the
sequence vafve shown in Fig. 2-62. Again, both design and
function nrc very similar to the relief valve. The secondary
pm however, instead of being nwmed to the reservoir, is

directed to the second ZNXO[ as seen in Fig. 2-63. When
the li-si actuator completes its strake, system pressure
increases to the sequence valve pressure set mint. This
causes the valve to open and allows fluid flow m he second
actuator, An external spring cavity drain line is usually
required m prevent hydraulic lock of tic valve mechanism
due to fluid leakage into the spring cavity.

2-9.1.1.4 Counterbalance Valves

Downward speed conuol of heavy suspended loads can
be provided by counwbahmce valves. These vnfves, shown
in the circuit in Fig. 2-64, use eitier dkccl or remote pre.s-
sum sensing to open the mechanism. Once the mechanism is
opened, a conmolled flow path metem tbe !low from the CYl-
in&r to control the descent speed of tie load.

J :

GI
L -,

Figure 2-62. Sequence Valve

Drill
Saquence VafveWtih .-7

Rwersa Chack

Clamp

Figure 2-63. Sequence Circuit

.!

I

... .- x

u

COuntarbakmcaVstve
Remotsty Qaratd

Figure 2-64. Remotely Operated Counter-
balance Valve Circuit
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2-9.1.1.5 Brake Valves
Akhough counterbalance valves can he used to provide

control for hydraulic motors operating with overrunning
loads (as inn winch). the brake valve shown in the circuil in
Fig. 2-65 will normally provide better speed control. By
sensing pressure both upstream and downstream of the
motor, the valve mechanism is modulaied m adjust the size
of the conmol orifice. TMs, in turn, provides speed control
by metering the flow from the outlet pun of the hydraulic
motor.

2-9.1.1.6 Pressure-Reducing Valves

pressure-reducing valves allow parallel branches to be
opemted at pmsyues lower than the primmy syslem pres-
sure. As seen in Fig. 2-66, these valves me nommfly open.
Pressure is sensed downstream of the valve and is used to
C1OSCthe mecbmism to reduce the size of the control orifice
in order to praduce a ptessure dmp across the vtdve. A smafl
flow orifice is nommfly provided to prevent locking up the
vnfve in case it should close completely. A spring cavity

tin is also normally rquired.

2-9.1.1.7 Hydraulic Fuses
Hydraulic fuses are located in hydraulic lines leading to

tie extremities of the system to prevent total loss of fluid in
the event of a serious leak or line breakage. ?ltcre are two
types of fuses in common use. One type activates based on
the volume of fluid flow through the fuse; the other actuates
based on the pressure drop across&e fuse.

‘fle flow volume type, shown in Fig. 2-67, contains a
fuse piston that is free m slide inside the metering orifice.
Metered flow thmugb the orifice creates n drag cm the piston

Umt cztusss it to drift to the right. If there is a downstream
leak, the flow will continue to drag the piston to the right
until it plugs the flow path and shuts off all flow through the
fuse. Reverse flow passes utuestricIed tbmugb the valve.

Fig. 2.68 shows a fuse that is operated by (he pressure
drop across the fuse. The piston in this fuse is held in place
by a cdibmted spring. When a serious leak or line break
occurs downsrrcmn of the fuse, he bigber pressure on the
upstream side genemtes sufficient force 10 overcome tie
spring force and push the piston to the right. When tbe pis-

L-L LLLL /
—m&
Rm’69Mnmmm4

Figure 2-65. Brake Valve Circuit

1 --1

ernal Drain

ondary Pan

In

F@sre 2-66. Pre.ssur&Reducing Valve.

ton covers the holes tbmugh which be fluid flows, cdl flow

through the fuse ceases. Reverse flow forces the piston open

to allow free flow.

2-9.1.1.8 Rupture Disks
Afthougb not valves, rupture disks like the one shown in

Fig. 2-69 are sometimes used [o provide the last chance
overpressu= prevention for hydraulic systems. These

devices are designed to rupture al a predetermined pressure.

Once the disk bas ruptwed. it must he replaced before the
system can he put back it-m operation.

2-9.1.2 Dir+sctionalControl Valves
The flow pntb dmt the fluid takes tbmugb a system is

dcm-mhmdby tie directional control valves in that system.

The basic types of valves arc discussed in the paragraphs

that follow,

2-9.1.2.1 Check Valves
Often called “nOm%NM vafves”, check vnfvcs perform

the function of allowing free flow in one dkcctimt through

the valve but no Row in the opfmsite direction as illustrmed

in Fig. 2-70. The moving member of these valves may be a

POPP3 (as shown in Fig. 2-70), a ball, a flapper. or a sp,ycd.
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~ MmriIsQ Otike r Sb8.9Vst’a

(A)Normal Fb Cmoition

(B) Shumfl CondNm

Necsc. Aircmr3 H#mulic SY$!enu,31d Sdition, 1991
Pa&s 135.136 FIgums7.41.7.42
IGiegu Publiing Company, Matnbar, FL

Figure 2-67. Ffow-Volume-Activated
Hydmulic Fuse (Ref. 20)

Bafls msd poppas am tie mosl commow however,the
gmphic symkml shown represents nkl IYpcs. Check valves
can be used to isolate componems, prevent backflow. pm-
vidc a bypass around oh wolves. provide n safely bypass
-d ha exchangers and filters in cm of clogging. nnd
even 0s Iow-pressure relief valves. These uses arc illusmucd
in Fig. 2-71.

Fig. 2-72 shows n pile!-pcmted check vrdve. Such units
are used as n safety feature 10 ensure that suspended Iomls
MIIMI CM2p btMUSC Of ktillse through Ihe dirtXiOlld
control vntve. When Ihc load is to be Iowesed. n prcssum
sk@ is applied IIIk pilot port to push tie plunger,unsmi
k popp. and af!ow fluid 10 flow “tmckwti lhraugh the
va3vc.

2-9.1.2.2 Shuttle Vsstves

TIIe shade vtdve in Fig. 2-73 is, functionntly. o check
vatve sviti IWOSMIS. The higher of tie IWO inlet pressures

(AJ Nomal Flow Condaiin-Q
b

(B) Shtmfl Con&iin

Ncc$z. Aimmjl Hydrrxdic Spfcnu. 3rd Gjitioa 1991
PWCS135.136. Figures 7.41.7,42
Kricgcr Publishing Company. MntnLnr. FL

Figure 2-68. Differential Pressure-Activated
Hydmulic Fuse (Ref. 20)

moves tie ball IO the opposite sat md shuts off flow from

Ifmi poll.

2-9.1.2.3. ~mway Valves
The mm “nvo-wny”. IISapplied to these valves. is some-

what confusing because il implies lhns lhere are IWO flow

pmhs through lhc vntve when. in fnct. only OIK exisss. A bel-

wr ICrm mighl be “Iwo-porI”. A two-way valve is shown in

Fig. 2-74. When tie valve spool is shifud to tie lefs. fluid
flow is permitted from the pressure pot-i P to lhc mrkiag

port A. Whh Ihe spool shifled 10 lhc @hL @ flow pub is

blocked so that no flow occurs.

2-9.12.4 ‘f’hS’W-W’ay Valves

A three-way (or !hme-pms) vnfve is shown in Fig. 2-75.

This vnlve includes a omk pon Tsoti n swans flow @ is

provided 10allow the actuamr (usually a single-acsiag cytin-

dm) to be resumed 10 iss original position. in Fig. 2-75(A)

flow is fmm P 10A wilh T blocked. In Fig. 2- 75(B) P is

blocked and Row goes fmm A to T.

2-9.12S FouFWoy Vatves
The most mmmon directional control vafves m-c the four-

Wily VtdVm ShOWll in Fig. 2-76. They - U5Cd m mV~

double-octing cytindcrs and bid-tiomd hydmulic nwom
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(A) Before Rupture

Reprinted with permission. CopyrighI by BS&B Safety Systems, Tulsa, OK.

Figure 2-69. Rupture Disk (Ref. 21)

O“’e’–E’:kBdl
(A) Free flow

(B) No flow

F@-e 2-70. Check Valve

(B) After Rupture

BYPa=

&hidatnr

Prasum

Figure 2-71. Some Common Check Valve
Applications

by intercbmging tie fluid flow paths. Fig. 2-77 shows a cir.

cuit for conb’olfing a bydmulic cylinder. When the vafve is
positioned as shown in Fig. 2-77(A). flow g-s from P m B

and causes the cylinder to extend. Exhaust flow fmm the rod

end of tie cylinder flows from A to T and back m the tank.
Sliding rhe spool to the position shown in Fig. 2-77(B) opens

flow paths fmm P to A md B to T. Thk causes the cylinder to

retract.This valve. as well as the two- and three-way vafves,
can be rotaryratherIhm spool type.
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Figure 2-72. Pilot-Operated Check Val\fe

I

$%
Figure 2-73. Shuttle Vsslve

D3E-ER-
P T\ /pT

Figure 2-75. Three-Way, Two-Position Di-
rectional Control Valve

EEIE%jIEE%
rPT\ TP7

‘$=8 \ /“.~&

m
PT

Figure 2-76. Four-Way, Two-Position Di-
rectionot Control Valve

n

I

Figure 2-74. Two-Way, Two-Position Di-
rectionot Control Valve

A hid pmition cm be incorprmmd into lhcsc valves to
give hem momflexibility. This is usuntly n center position

m which IIIC valve spool is remmed by spring nction wkn
tie vntve is not ncsuaud. AhAough Fig. 2-78 shows IIM

more common center positions. nny combination is po5si-

ble.

Figure 2-77. Doubl&Acting Cytinder Circuit

2-9.1.2.6 Decelemtion Vatves
Decelemsionvntvcs m. not truly directionalcofaml

valves.but they am commonly includut in listings of dkc-
tionnl control wolves. AS shown in Fig. 2-79, n dceclcmdon
vntvc consisls of 0 profiled spool inserted in the valve body.

As tic spool moves. be positioning of the waked sccdon
of She spool increases ordcm-ca.ses thcsize ofdutlowpash
through the vnfve from tie inlet pars m she nutlct pan aad

cmusquenlty iacmases or dccmnses the flow Shrougb she
valve.
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H

El

E31

El

(A) Cpen Csntsr (AllFWs @an)

(B) Clmsd Center (AllPorts CIA)

(C) Float cent- (P Clased, A and B Open to Tank)

(D) Tsndam (P to Tsnk A snd B Clossd)

Courtesy of Vickcrs. Inc.

Figure 2-78. Common Center Conditions for
Four-Way, Three-Position Directional
Control Valves (Ref. S)

* n

‘n’e’’r’j-JO””e’%r
Sslernal L

Drain Atemate Symbols

Figure 2-79. Deceleration Valve

The spool stem is ‘a mechanical actuator that allows tie

spool to bs positioned by a cam or a plunger that follows the
movement of a hydraulic cylinder of the load being moved
by tic cylinder. U a cum is used, the cam profile positions
tie vnlve spool ns tie cam rides over the valve stem. The
spring on the end of the spool opposite the stem ensures that

the actuator remains in contact with the cam throughout the
Opsration.

If a plunger is ussd to actuate the valve, the plunger will

usually be attached m a hydraulic cylinder and openme par-
allel to the axis of the valve spool. The plunger cOntacLe tie
spool aCNatOr and pushes it into Ihe valve body. As the

spool slides toward the spring end of the spool bore, the size

of the. flow path is decreased and the fluid flow is reduced.

Ilk causes tie ncNator to slow and finally stop when the
flow path is blocked completely. Thk action provides a con-

trolled, gmdwd deceleration of the hydraulic cylinder. (Ref.
7)

2-9.1.2 Flow-Control Valves
Flow-conmol valves arc used 10 regulate the rate of liquid

flow to dlffemt parts of n hydraulic system. Control of flow
rate is a way to govern the speed of hydraulic machine ele-
ments. The mm of flow to a particular system component is
varied by tbmttlkg or by diveting the flow.

2-9.1.2.1 Simple Orilice
An orifice, as shown in Fig. 2-80, is simply a precision

bole through n plate or plug that is insened into the flow

path to present a major restriction to the fluid flow. The flow
through the orifice is determined by the size of the orifice,
the fluid tMIpSmN~, and the pressurs drop across the or-
ifice.Since the size of a simple orifice is not adjustable. there
is no way to adjust for any flow variations &at result fmm
changes in the pressure drop.

2-9.1.3.2 Globe and Needle VsJves
Flow rate is changed in a globe valve by means of a disk,

plug. or ball, wbicb nests against a seat. A globe valve is

shown in Fig. 2-81. The needle valve, illustrated in Fig. 2-
82. uses a ta~rcd stem that nesb against a sent and thus
gradually reduces the flow area. Needle valves have smaller

flow areas and higher pressure drops than globe valves but
me more suitable in bottling the flow. The globe valve is

Figure 2-80. Freed Oritlce, Flange Mounted

\

—

Figure 2-81. Globe Valve
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I I
II

Figure 2-82. Needle Valve

mcdtothrcmleonlyin Iincsin which thctiquid velocity is
rclndvely 10.. Changes in the prr..ssurc drop ucmss globe or

acedle vnfvcs prcducc vnrhnions in the flow rime. i.e., tie
Row mtcs arc nol fsressurt compensfucd. TMs shortcoming

Iimirs IMU utiliw for applications in which prccisc flow mm.

conoul is required.

2-9.133 Pressure-Compensated Ftow-Control
vafves

A constant prcsmm drap across ti valve Orifice is

required 10 sum occumte flow control. md it is accom.

plishcd with the Pmssumcompcnsucd ffow-conuol vntve.

hl such VdVCS the pI’C5SUICtip IXK!SSk IMIC1’illgOfifiCC

is used to nssist n spring in moving 0 Lmfmccd spool as
shown in Fig. 2-83. A change in tie pmssurc drop prcduccs
rnpid mmpensation in tbc form of spool motion. This spool

odjusoncm muses Ihe pmssurc tip to rcmrn quickly to its

original vnk and tius timuin mnsmm flow. The orifice

pmssurs drop. determined by spring fcucc and spool arm. is

rclluivcly low.

“-=”1 -r-”

2-9.1.3.4 Temperature-Compensated Flow-Con-
trul valves

Since fluid tempcrnmrc is n fnctor h affects h flow
m!c through n flow-control &vice. it is sometimes desiik

m provide tempcmmrc compensation in tie vnh.e. m can
& nchievcd by two mdmcls. as shown in Fig. 2-84. One
method is 10 w m aluminum or bimelatlic md ns the was
on the needle. As tie cempcmmrc changes. Ihc rod upaads

or contructs md adjusts ti valve opening as ncccswy. The
second mdcd is to incorpmnm o shmp-edged critics m
cnnccl lhe effecls of viscosity chnngcs due to wmpcmturc
Vnrintions.

2-9.1.3.S Positi\<eDisplncement hletering Vahes

An inccrmitwm flow of o specific volume of liquid can be
obtincd by using n pmitive.disphsms-tem metering wdvc
such u Use one shown in Fig. 2-85. The volume of fluid

passed by thk valve is cfctcrmincd by the ndjusudde volume
stop, which limits tic stroke of the cnnoul piscan. As con-
trol flow enters tic control chmnbcr through dsc lower pen.
Ihe control pistnn mows upu.urd until it coniams & vol.
umc stop. During this upwwd stroke. fluid enicm the mcm.
ing chnasber Ihmugb tie inlet check vnl~.c. whca mmml
flow enters the control clmmbcr through tic upper port. tic

piston is pushed dowmwmt to force fluid fmm he mnool
chnmbcr lhlOt@ lhC OlldCl check Vilh.

Although this vpc of vntve is samcwlxu complex aad
rcquims un ndditionnl wdvc to conoul flow into Ihc control
chamber. it pmvidcs tie capability to obmin naamtc aacf
rcpctitil.c inccrmincm motion. Ocher mcdmds for pmvidiag

Ibis capability would require clcctricnl scnsms nod mnuol
circuicry.

u
——

n
[A)@m85iq W m Sf=F-Ecw OKka

Figure 2-84. Temperature Compensation for
Ptow<ontrol Valves

Otmrudon coumsy of Parka Hnnnifi Crop.

Figure 2-83. Pressure-Compensated Flow-
Contml Valve (Ref. 7)
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Inlet outlet

Pigtsre 2-85. Positive-Displacement Metering

Valve

2-9.13.6 Ffow Divider Valves

Flow divider valves cm be categorized as either priority

valves or pmpordomd flow dividers. Fig. 2-86(A) shows n

priority flow divider vafvc. These units are usuafly used to

ensure that certain essential functions of the system are per-
formed at the expense of nonessential functions in the event
fim pitn of the system flow capability is lost. A heavy, “crdi-

btnted spring is used 10 position the sliding qmol. When

there is no flow. the spring positions the spool so thm the

primary outlet is fully open and the secondary outlet is fully

closed. As flow increases, a pressure drop is created across

the fixed orifice, his results in a force in the opposite direc-

tion from the spring force, which causes the spool 10 slide to

a position ai which both the ptirnmy and secondmy outlets

= Pfidly OpCn. ‘fhiS pOSitiOn dlOWS flow through each
outlet. At full system flow the flow through each outlet is

sufficient to supply the Requirements of all components
msocirited with each outlet.

If the pump flow decreases. the pressure drop across the

fixed orifice also decmm.ses. Thk aflows the spring m slide

the sped to the right md results in an increased opening of

the primary outfet and n decreased opening of the secondary
port. Eventually, the secondary pars will be closed com-

pletely. and all available flow will be dkected to the primary
outfet.

The proportional flow divider of Fig. 2-86(B) divides
whatever flow is available between the two oudets accord-
ing to a preset ratio. The spool in the valve responds to the
pressure on each end to cover and uncover the outle[ ports
alternately. The design of the spool determines the division
ratio, which can range from MIeven division ( 1: I) 10a 90%,
10% division.

2-9.2 VALVEACTUATION
In cxder to respond [o lhe system requirements or to tie

operator’s commands. hydrmtlic control vafves must be pro-
vided with a means of actuation. Some form of actuation is
required, for example, to move the spool in a directional
control valve. m adjust flow-control vafves. or to change the

setting of a pressure control valve. The actuation methods
normally used arc manual, mechanical, electrical. or fluid.
Mechanical actuators include springs, cams. and mechmti-
CUI linkages. Electric control uses solenoids. pmpordonal
solenoids, or toque momm. Fluid actuation requireseither~
liquid or gas pilot fluid. Fig. 2-87 shows the 1S0 symbols
for the most common actuators. These actuator symbols am
drawn on the outside of the envelope representing the actu-

Priority Sacondary
Owlet Owlet

Inlei From
Pu~

Fked Oriiic
spool

(A) Prior~ Flow Dwider

otibt ou~let
No. 2 No, 1

spool

Inlet

(B) Proportional Flow Dwitir

Reproduced by pmission of (km & Company. copyright e 1987,
Oare & Company. All rights reserved.

Figure 2-86. Flow Divider Valves (Ref. 10)
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Figure 2-87. Valve Actuator Symbofs

nting mechanism of UK vafve. All ncmn!ocs. wiIh the exccp

cion of h hand lever md the scwo ncnmor. arc assumed to
pmh cm & vafve mcchankm. Hmd Ievecs md servo ncam-

Im-s can push m well as pull.

2-9.2.1 MnssunlActuntion
Mama! ncnuaion mquircs action by an opcrmor, who

must make n contcol judgment &d upon some system
rcquirmunt. Manual vafve msponsc is kimimd by !he action

of the OPCIUCOCknee flow rcnccions. such as focccs gencr-
accd in the system, nrc more critical Ihi3n in pilot-or elccui-
cnfly ncccmccd vnfvcs. Manwd conml is frequently used
when response time is not critical nnd when some syslcm

change musi k initiated by lhe opcnunr. h is widely used in

machine ICC.lSand mobile equipment.

2-922 Spring Actuation
Fromhc discussion of vnfvc.s in this chapter. it is evident

Ihat springs arc widely used 10 provide force for 0 vnciety of
vdvc apcrr~iom. However. hey scldnm supply lhe mlirc

farce required tiy am usually assisccct by n force fmm

another source chm nccwdly dcccrmincs tic nmmccr in which
the vnkve mcclmnkm will I’MCL Often h prinmry vrdve

accuncar acts ngninsI a spring CM ccnck to hold tie volve in
the ocucrat position. When@ in graphic symbols. springs
arc always considered co push h mechankm.

2-9.23 Cam Actuation
[n a MM-OCCCIIIICCIvnkve chc opcmting Iinknge is ncmnud

by a CUMIIWI is moumcd on a moving mnchine element.
The dccelccntion vnfve illustrated in Fig. 2-79 is m exocnple
of a mns-nccuacsd vntve.

2-9.2.4 Solenoid Actuation
Snlmoidqcm!cd vrdves are generally smnfl. singlc-

smge dcviccs that am rcfcmccf tom “direct-ncting’” bemuse
tie solenoid cnuscs the spool posicinn m change by pushing
lhc spool itself ns shown in Fig. 2-88. When huge flow

Run
Nomagne?k

r FncmO Pm@n

cd

(Aksobnoidoe—Em@ed

@) So!sndd Eneqlmd

Figure 2-8S. Direct-Acting Solenoid Valve
Operation

dcmmd.s require the usc of large vnlvcs, a dicect-accing

solenoid vnfve can k USCLIto cnno’ol a huge spool by
d-ting pilot prcsmrc into the cavities al tie ends of tie
large spool, as shown in fig. 2-89. These MC termed piloc-

Opcrnccd Vldvcs.
The pilnt vnlve in fig. 2-119 is 0 smnfl. dtit-acting sole-

nnid valve lfml mnums dticfy ontn lhc large tin vnfve. A

pressure sowce-usunlly k bydmulic systcm pump-sup
plies pilot prcsmrc to the pressure port P of the pilot vafve.

Positioning dw pilot spool by energizing one of chc sole-
noids directs the pilot pmssurc to one cnd of the main spool
while opening o flow @ 10 tie rcsm’voir thcough USC@

Port T. Whh solenoid B energized. u shown in Fig. 2-89.
the pilnl spool hns km pushed to its Icfunosl position. This

has opened n flow pmh from hc prcsmrc pan P to POIIB
and has nllowck prcs.surizcd fluid 10 flow 10 che rigfu-hnod
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PilOtVatm
1

MainSpad~

F&are 2-S9. Solenoid-Controlled, Pllot-
Operated Dwectional Control Valve

end of the main spool. The main spcml is pushed m the left
by the pressurized fluid. The fluid in the cavity at tbe left-

hand end of the main spool is pushed out and passes through

Port A m Port T and subsequently into the conduit 10 tbe

system resewoir.
The movement of the main SPI has opened flow paths

tbmugb tie main vafve. pressurized flow from the pump

enters Port P of the main vrdve and is directed to Port A.
hence to n hydraulic motor or cylinder. Flow that is

exhausted from the motor or cylinder passes through the

main valve fmm Port B [o Port T (via channels that am cm!

in the valve body) to tbe reservoir.
Energizing solenoid A would shift [be pilot spool to the

right. direct pressurized flow to the left-hand end of the

main SPW1, and shift il to the right. This would redirect the
flow kugh the main vafve fmm Port P to Port B and from

Port A to Port T.
Solenoids may be operated by either ac or dc voltage,

depending on the application and the electrical power that is

readily available. An ac solenoid is generally faster and has

higher fo~e capabilities tbm n dc solenoid. In addition,

there arc indications that the mtmmf dither provided by the

ac current makes these solenoids somewhm more tolerant of
contaminants in Ihe fluid. On lbe other hand, ac solenoids

tend to be somewhat noisier than dc solenoids becmtse of

their ac “bum”. Also the high initial (inrush) current associ-

ated with the actuation of an uc solenoid makes it more sus-

ceptible to temperamre-rhted failures dmrt is a dc solenoid.

Table 2-1 lists the most common causes of solenoid vafve
failures. (Ref. 1)

TABLE 2-1. CAUSES OF SOLENOID
FAILURES (Ref. 1)

AC SOLENOIDS
E/ecIrica/

1. Plunger does no! close: continuous high inmsh current
a Valve spool stuck due m fluid contamination
b. Voltage tcm low m provide necessary force to close

plunger
c. Both solenoids energized on a double-solenoid

VUIve
d. Fluid viscosity too high due to low fluid

!empemture or fluid deterioration
2. High transient voltage (often the result of inductive

loads that result fmm switching large electric motors)
3. Voltage so bigb that excessive current persists even

though the plunger is closed
4. High cycling mtes that do not permit sufficient beat

dissipation

Mechanical
1. High impact forces due to overvoltage or m oversi.md

coil for the application. These forces can cause
“mushrooming” of the pushpin and ultimate] y prevent
full spool shift as well as structural failurt of the
solenoid itself.

2. Corrosion caused by moisturr or corrosive chernicafs
3. High ambient or fluid tem~raNXS that lead to

insulation failure
4. Abuse and misuse

DC SOLENOIDS
Elecwicak Voltage too bigb
Mechanical Sante as for ttc solenoids

Reprinted by pamission fmm Fluid Power Tcclmology by F. Don
Norvelle. Cop@ghl 01993 by West Publishing Company. .40
rights rcszrvcd.

Solenoids, whether ac or dc. may be of IWOdesigns. The
tradhiomd air-gap solenoid shown in Fig. 2-90 employs a
wire coil wound around a plastic bobbin. The coil ~d bob-

bin arc mounted inside a C-shaped fimne of a ferromagnetic
mtueriaf cafled a C-frame, a C-stack, or simply a stack. Cur-
rent passed tbmugb the coil generates a magnetic field that
pulls the T-shaped. ferromagnetic plunger into .Ifte coil. The
plunger pushes the pushpin, which in tum pushes the sped
to its new position. The pushpin moves thmugb an O-ring
seal designed to prwent fluid leakage from the valve body
into the solenoid cavity.

A more recent innovation is the wet-anmmm? solenoid
shown in Fig. 2-91. fn this device a cylindrical plunger
moves inside n cylindrical core tube. This core Nbe is
threaded into the valve body. By design. ii is always filled
with the system fluid. ‘flte manufacturers of wet-armature
solenoids claim several advantages over tie standard air-
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Figure 2-90. Air-Cap Solenoid Opemtion
(Ref. S)
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Cmmcsy of Viikus. Inc.

Figure 2-91. Wet-Acmnture Solenoid Con-
struction (Ref. 5)

gap dcsQn. The most impmmm of tiese m-c chnt chc wet-

mmmcurc solenoid vnfve nlcnosI never leaks and i: provides

beoec hem dissipation due to k cimufmion of fluid that

resul~ as Ihc plunger moves.
Solenoids IMY fail for numerous reusons. In m solenoids

the mjority of the fnifums results from high ccmpenawcs

hi cause iasulncion fnilums in hc solenoid itself. Most&

solenoid failures ms mcchmshl in nncure because ties.

solenoids do not experience che high heating races dam result
from tie inrush mnems of tie w units.

Solenoid ncmncion provides considerable tlexib;lity in
hydraulic system design. System mmmacsds can be
ob!nined from signals in my pan of Ihe ctilL For e%ncn-
plc, flow conditions cm be mnccolled by pressuce levels

through IJICusc of pmssurc switches. nnd machine modoa
CM be conccolled by limit switches. lime dclnys cam be

obtained by using n pressure or limit switch to nctiwut n
timer. Sysum opmtiond scqumces can be progmmcned on

pmgmnunuble logic conaullas (PLC) co pcuvidc aucomadc
control.

2-9.2.S ,I%poctiosml Solenoid Actuation

The smndmd solenoid discussed in subpar. 2-9.2.4 bas

only two positions-fully open or filly closed. Thus it enn-
not provide my inbxmcdime positioning IIMI can be used
for commlling che flow talc Ihrough the valve. The position-

- ing of a proponionnl solenoid. however, can Ix iafinicely
vnricd throughout ifs corm-o] range so Ihnl both dimctionnl

nnd tlow concrol cm bc obtained from tie same vnfve. Ilu

spOOl position is propunionnl to *e current inpm co the coil.
The force outpm of the solenoid is bsbmmd against he
force of n precisely catibcmed spring. Because of tis incm-
medims positioning capability. propocdomd solenoids

afwnys operate on direct curcem.
Fig. 2-92 compares tie operation of a conventional sole-

noid with IIUUof o pmpordonnl solenoid. In he convec-

tional solenoid the force increases as tie plunger scmkes
inward. Since IMs forcektroke curve is nonfinenr, k super.
posed linear spring curve has mom than onc contact pOinL

Thk mems tit any given cun’em input could KSUII in mote
tinn onc spool position. The pmpocliocud solenoid is

tilgned 10 provide n conscom force output over a pmcion of
the plunger sauke. The overbid spring wc has only one

possible spool position for each inpui current.
Additional spool-positioning accumcy can be uchicved

by incorpomting an internal feedback mechanism. such as o
tinear vuriablc differential cnuufornser (LVDT). l%c LVDT
produces m electrical signal representing Chc accanl spool
position. This signal is mmpa-cd elecfronicnlly with 0 sig-

nal representing Ihe mnmmndcct spool position. If Ihc sig.
mds are diffcrenL an cnor signal is gcnenucd to move I&

spool 10 k Conmulndd position. Nocc chat this is an intcr-
nnt feedback systcm md is in no way mprescncmivc of che
oction of k load itself. Pmpordomd solenoid sys.cccns nor-
mafly do not usc loud feedback signals.

Pmfmcional vnfves may be cfirca acting however. P
pm-domd solenoids have very limited fome cnpabiicy and
cm Lx. used only with very sccmfl spools. If Rows gmcum
tiXto30@(Wxtily 6m8Wm)mq~

pilol-opnccd wives are commonly used. Propordomal
solenoids cm afso be used on presswe mnu’ols, such as
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50% Msximum 50% Maximum

@j” !l~:~’:”

Stroke Strdm
(A) Conventional Solermid (B) Profmrtional Solenoid

Courtesy of Vickers. Inc.

Figure 2-92. Conventional Verses Proportional Solenoid Force (Ref. S)

relief and pressure-reducing vafves. as well s on flow-con-
trol vnfves,

2-9.2.6 Servomechanism Actuation
Vafves controlled by servomechanisms am cafled servo-

vafves and use an electric signaf to control the hydraulic
output. The electric sigmd actuates a toque motor. as shown

in Fig. 2-93, which actuates the vafve. A polarized torque
motor consists of an armature of a magnetic materiaf, which
turns in a permanent magnetic field. The armature motion

depends on the strength and polarity of the current.
Single-stage servovalves cm be used for very low flow

appkicatios. In tbiS case n spcml-typr. vafve is used. i“
which the torque motor shifts the spool to provide both

directional md flow control. A single-stage vafve is shown
in Fig. 2-94.

MOE common than the single-stage vafve is the two-

stage vafve shown in Fig. 2-95. In tbk vafve the torque
motor opemtes a smnfl pilot singe that directs pilot pressure

m the main (second-stage) spool. The pilot pressure controls
the position of the main spool. In addition to the spool-type
shown in F]g. 2-95, them am several different configum-

tions of first-stage pilot units (often referred to as fluid

amplifiers). Figs. 2-96 and 2-97 show two of the most com-
mon twwstage vafve designs. Each of these vnfves uses
some type of internal feedback to communicate the main

WOd POSiUOn10 the pilot stnge in order to provide precise
control of the spool.

In addition to the intemaf feedback, servo systems usu-
afly employ external feedback circuitry to aflow continuous

sensine and correction of selected load mrmneters.. These
pammetem include linear and angular ~sition. linear or

LUI@W velwiw. and accelemtion and decelemtion rates..
The feedback signal is generated by an electronic sensor

or transducer. The signaf is sent to the sutig circuitry in

the opemtional amplifier that controls the toque motor.

There, it is compared with the input command signal If the

load parameter feedback matches the command sigmd, no

adjustment is necessary; however, if they do not match. the

amplifier issues an error signal to the toque motor. The
toque motor corrects the first stage position. which muses
the second stage to respond and move to a new. corrected
position. Tlis. in mm, corrects the sensed load parameter.
The tate and accuracy of these cormctiom depend primarily
on the gain settings of the opcmtional amplifier.

Servo acnmtcm cm afso be used for pressure control and
tlow-contml vafves.

Cds

Pmrmln,m
Mw-

%lW’

+

, .
S* Tti k&-

. Fad&d

(A)NurmmdwJr.

(B)Almatlm#chm!d-

Counesy of Vickcrs, Inc.

Figure 2-93. Servovalve Torque Motor (Ref. S)
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To Cylinder
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Vtck.m. Inc.

Figure 2-94. Single-Stege Servovnlve (Ref. S)

Torque
> Motor

Pti SPool
Pibf Suigo
,%W3

Unkqe Fufaum
(-WI-We)

Cc9md Pfeseure

of Vikcr% Inc.

Figure 2-95. Two-Stnge Servovalve (Ref. 5)
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Coumsy of Vickcm, Inc.

Figure 2-96. Flapper Nozzle Servovalve (Ref.
a-

2-9.2.7 Pilot Ffuid Actuation
Air or oil can be used to provide power for the actuation

of valves. Air can be used to nclivtue single-s~ge valves or

pilot vafves on multiswge units. Large flow rates can be

controlled wirh nir-acmated. pilot-operated, rwa-stage
valves. which require relatively low-pressure signals.

One advamage of pilot fluid actuation is the long life of
fluid components compared to the shorter life of electric
components. This factor is pardculwly important in

machines that must operate through many cycles in a rela-

tively shon fxriod, as is tie case with many production

manufacturing machines.

2-93 VALVE MOUNTING
Hydraulic valves can be mounted in three different

ways--in-line mounts, subplme mounts, and cartridge

Torque

Jet Pbe
Motor

blocks. These tie mounting options are discussed in tie
paragraphs thnt follow.

2-9.3.1 in-Line Mounts
Valves designed for in-line mounting have threaded fluid

ports. The fluid fittings or pips am connected directly inlo
the ports. This type of connection is commonly used for
vnfves in mobile equipment because of space and weight

savings over the suhphme-mounted valves, A dkadvnntage
of this mounting method is the requirement to remove pips
or fittings to change the valve-an action that can contribute
to external leakage and fluid contamination.

2-9.3.2 Subplate Mounts
If weigh! and space are not critical, as in indusuird sys-

tems, subplate mounting is commonly used. Subplnte-
mounted valves do not have threaded ports. Instead lhe bol-
mm of the vafve is machined to a prescribed fbmriess and
surface finish. The fluid ports are of a prescribed size and in
n specified pattern and include recesses into which O-ring
seats are installed. The vtdve is bolted onto a stt?ndfi sub-
pkue that has been mmufaitumd in accordance with 1S0
440 I (Ref. 22). There m-erelatively few standard configum-
tions. Typicaf subplate configurations for mounting d=c-
tional control valves arc shown in Fig. 2-98. Subplate
mounting can also be used for pressure and flow-control
valves.

Subplates offer the advantage of facilitating quick valve
changes without tie necessity of distutilng Ihe threaded
connectom Ilk femme afso helps IO prevent fluid letdage
at tie’ connecum and eliminates a source of fluid contmni-
nation.

Feedback Arm

&

Filter

spool

System
Prss.ure ‘

Lut

Cylinder Cylindel

Courtesyof Vickcm. Inc.

Figure 2-97. Jet Pipe Servovalve (Ref. S)
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Figure 2-98. Standard Subplates for Direc-
tional Control Valves

2-933 Cartridge Blocks
Aaraidge valveis m insert cttsigm?d to be imtnfled in n

shmdard cavity in n manifold black. They can be either slip
in. poppet-type elcmems that opcmm in conjunction with
oh valves or screw-in elements that provide complete
hydraulic vafw fimctions.

a

Screw-in cartridge valves can perform the same functions

as suacdard in-line- or subplm-maunud vafves. ?lce main
advnmage of these units is Iheir alility to& insudlcd in
vafve maaifolds. They allow the entire contra] function of n

camplex fluid pawer system to be concentrated in a single.
incmconnccced valve black ins&ad of requiring numemas
vafws connected by lengths of pipe or mbkg. This can be

especially imparmnt in designing for survivability of cam-

fxa vehicles (Ref. 23). Other advamagcs include improved
rclinbili[y. higfccr pressure capability, rcduccd cxtmanl leak-

age, and lower insudlcd COSI(Ref. 5). Fig. 2-99 shows scv-
end screw-in cancidge vafve canfiguradons.

2-10 HEAT EXCHAh’GERS
Healis gemmed in all hydraulicsystems.The inherent

mccfcanicrd aad tfcerrnodynamic inefficiencies of pumps and
mamrs result in heat gencmtion. lncfficiem syskm designs,

as well as high pmssu’c drops across valves and inwrmd
leakage, am also high hem gcnctmocs. Much of IMs hem is

cnmsferrcd to the hydraulic fluid and causes n rise in fluid

tempcrawrc. Since aft hydmulic fluids exhibh n limited km-
pcmmm mnge over which ti viscosity and lubrienting

chamcteristics acc optimum tie hem must bc dissipamd 10

assure satisfactarj opemtion. Some heal is rcmowd fram
tie system ha.rdwnrt and rcsewoir by dissipation to h

envimnmcm. If tiis hex aansfer is not sufficient to main.
lain Ifce dcskcd fluid WCIpCMNIt. il bccomcs necessary to
pravidc hem exchangers IO supplement the nmmal dissipa.
tion.

(A) Relief W
OMerentii Arm

(B) Manuaf pull VafW
2-Way fbppel TYPE

(D) Fkmlkml&vm (E) N:ititi&tV&

Fraa IWWaa F@.v
Counrsy of V&m. Inc.

+ E?
4

90

(C) Check Vahm

Figure 2-99. Examples of Screw-in Cartridge Valves (Ref. S)
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The analysis of tempemture control pmblcms in n
hydraulic system begins with an estimate of the total beat

~jected by the system. This rejected bea! is the direct result

of inefficiencies due to systcm design, poor component
selection, intemti leakage, flow throttling, pipe friction,
flow over rdief or pressure-reducing valves, ond pressure

drops through flow control and directional control valves.
Basically, any energy put into the fluid by the pump that

does not do mecbanicd work manifests itself as bent. Stmed
another way, every pressure drop that does not produce

mcchanicd work is a bent genemtor.
The heat generation mu q, is easily cdculmed from the

pressure drop and flow rate across any device, When using

S1 units. the equation required is

ql = APQ, W (2-2)

wberc
q, = heat genemtion rate, W

Ap = pressure dmp across the device, Pm

Q= flOWmIe tbmugh the device. m’ls.

In he Eng2isb system

q, = ‘42;;,~)ApQ, ~ (2-3)

wberc
q, = heat generation rme, Btulb

Ap = pressure drop acruss tie device, lb/in.’

Q = flOWrate tbmugb the device, gpm.

Pump inefficiencies u2so contribute to he ovendl heat
generation in the system. This contribution is calculated

fmm

()qP=pQ & ,W (2-4)

where

q, = heat genemtion due to pump inefficiencies, w
p = pump OutJet pressure. Pa
Q = pump flow rote. m’k

V, = overzdl pump efficiency, dimensionless

or in the English system

[)
(42.4) (60) PQ ~ _ 1 , ~

qp =
1714

(2-5)
m

wberc

q, = heat generation due to pump inefficiencies,
Btu/b

p = pump OutJet pressure, lb/in?

Q = pump flow rote, gpm

110= 0vem2J pump efficiency, dimensionless,

WM this simplified approach. the mud thetmrd energy

absorbed by the fluid is tie sum of the pump contribution

and that of a21pressure drops that do not result in mecbnni-

cd work. The heat can be dksipmed from the surfaces of the

circuit components and if necessmy removed by a beat

exchmnger.
As heat is generated through any pressure drop, the fluid

tempcmture increases. This temp’mure rise AT can be cal-

culated from

AT = +-, K(R)

P
where

AT = lempemtum rise, K (R)
CP = specific heat. J/(kg.K) (Btu/(lbm.R))
M = mass flow rote. kgk (Ibti).

(2-6)

For common petroleum bydmdic fluids the hem rise can

he estimated at approximately 0.42 deg C for every 700 kf%

pressure drop. This value is about 0.75 deg F for every 100

lb/in.’ pressure tip.

2-10.1 MODES OF HEAT TRANSFER
Hemcm he removed from the system by all three of the

basic modes of beat tmnsfe~ conduction, convection, and
mdkuion.

2-10.1.1 Conduction
Tbernxdconduction is tie transfer of heal through a gas,

liquid, or solid by means of collisions or intimate contact

between the molecules. The amount of hem transferred hy

conduction is given by Fourier’s Law. For simple one-

dlmensional flow this law reduces m

()q=~A2’qwBtu
t -I

(2-7)

where
q = rate of heat flow, W (BIu/h)
k = tbenmd conductivity of material, WI(MK)

((Bmft)/(h f:.R))
A = area norrmd to direction of flow. m’( ft 1,

AT . tempemttm difference between warmer and

cooler surfaces of the material K (R)
r = thickness of material. m (f!).

Mom genetd forms of tie conduction equation must be
used if the betu flow is other than one dkensionaf.

2-10.1.2 Convection
Heattransfer by convection requires gross motion of liq-

uid particles that involves tie transport of regions of the liq-

uid at different tempcmtures. Free. or OMUMJ.convection
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m when che liquid pmiclcs move bccausc of density

~len~ ~tilished by tcmpcmturc gradients. If tic liquid
is circufatcd by cxtemrd means such as o fun or blower, the

process is cnflcd forced convection. The convection hccu

cmnsfcr mtc q is governed by a relation developed by New-

Ion in which

q = hAAT, W (Bcuffs) (2-8)
Where

h = convective film cocfficienc. Wl(m:.K)
(Btti(h. ft ‘ R))

A . arm of surface c.xpascd to cbe fluid and nor-

mal to heat flow direction. ml ( ft’ )
AT = lCIIIpCmN~ diffeccnce bmvccn tie fluid md

chc surfncc. K (R).

TMs relncion wNz3f]Y defines lhc film cocflicicnl h. Only in

tie most idcnf situations cm tie film ccc fficicnt bc com-

puted. Empirical rclntions arc often employed to cstimmc n

VUk of h.

2-10.13 Radiotion
Thcnsmf radiation involves the omzsporr of themsaf

energy.by means of elcccromagnetic mdhmion. The amount

of hcnc onnsfcrrcd by rmlktion depends on tie rclncive con-

figuration of chc arcm Ihns excbonge heat. their ccmfscm-

cures. md h mom of chcir surfnccs. The governing

rclncion is

q = F,Aa(fl-fi W(Bcu/lr) (2-9)

F, .0 fnccor tit accounts for the gcomeuic orienfo-

tion of ItIC surfnccs MCI their enritmnccs.

dimcnsimdcss

IJ = Stcfnn-Bcdtznmnn mnstnm. 5.699 x 10-
W/(m’. K4)(0.1714x 10- Bmf(h. ft’. R4))

T, . ccmpcmturc of rndhming surface. K (R)
T, = tcmpccnturc of sink or roxiving surfnce, K (R).

(A) Typical Configuration

2-10.1.4 Overofl Heot Tsmssfer Coefficient
The contributionsof conduction. convection. and mdhl-

lion 10 nel hen! rmnsfcr can bc combined by making usc of

the concept of tie ovemfl beat mmsfer cocfticient U, whtch

is defined by tie relation

q = UAAT_. W(B[~) (2-lo)

whet-c
U = overntl hcm cmnsfer coefficient. W/(m2.K)

(Bmf(h. ft ‘. R))
A = bcn!cmnsfernrca, m*(ft*)

AT- = tO~ mm~mtm difference across whkh
tie hc~ is being unnsfermd. K (R).

The Ovetiiii cocfticicnt is n measure of the txrnud conduc-

tance of the system

fJA .
RI +R2L..+RJ’: ‘Bt”’(h”R))(2-”

where

R, . tie dKrmd rcsismnce of sysccm component i,

K/W ((h. RWIN).

Consider for example It2e cnsc of a single pass coumcr-
ffow shell and Nbc heal exchanger shown in Fig. 2-l W(A).

The cress section of the heat exchnnger in Fig. 2-1 OO(B)

shows tie heat onnsfer sinmtion tit exists in IMS type of

hcnt cxcfmnger. Under slcndy stmc renditions tie nnsoum of

hen! mmsfer bmwccn tie two fluids is given by-.

&A (7-2-7-3)
q = h,fi (T1-TJ = , (2-12)

= hMA (T3 - T,), W (Bcurls)

Oil In

s

~, “ T, _

T3 T hw — ~ater ,n
4

(B) Heat Transfer and
Temperature Distributions

Rcprimed from Fluid Power Daign Handbook. p.31. by cwncsy of Mamcl Ockkcr, Inc.

Figure 2-100. Counterflow Heat Exchanger (Ref. 4)
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where
h,z = convective coefficient between the oil and the

surface of the tube adjacent to the oil,
W/( m’.K) (B[u/(h. ft’ R))

hB = convective coefficient between the water and
the surface of the mbe adjncent 10 the water,
W/(m’.K) (Bm/(h. ft’.R))

T, = oil inlet tempmanue, K (R)
T, = tempmwure of the surface adjacent [o the oil,

K (R)
T, = tem~mmre of the surface adjacent to the

water, K (R)

T, = water inlet temperature, K (R)
k = thermal conductivity of the tube wall separat-

ing the oil and water, WI( m2. K)
((Btu.ft)/(h. f? R))

1 = thickness of the tube wall, m (ft)
A = beat transfer mea, m’ (ft’).

The total temperature difference (A Tti ) is T, - T,.
Expressing Eq. 2-12 as three simultaneous equations and

solving for T, - T, gives

ATmd =
( )

T,– T,=: ;+:+~ ,K(R)
,1 k hw

(2-13)

Solving thk expression for q gives

AA T,o,a,
q=

()
,Wy.

‘f
(2-14)

L+-+L
h ,1 k h>

Substitming this expression into Eq. 2-10 results in

u= 1

1 -%%+’-”);+;++’ “K
h 34

Additional factors, such us dm and scafe deposits. can
contribute m the thermal resistance in heat exchangem and

reduce their efficiencies. In such cases appropriate terms are
added to the companent resistances in Eq. 2-11.

2-10.2 TYPES OF COOLLNG SYSTEMS
In general. heat transfer in a hydraulic system involves

some combination of the three mades of heat transfer. If the
heat dissipated fram the surfaces of the system is insuf6-
cicnt m maimnin a satisfactory fluid temperature, a heat

exchanger is required. Most heal exchangers for hydraulic

fluids arc eilber air-cooled or wciter-ccmled.

2-10.2.1 Ak-Cooled Heat Exchangers
Air is often used as the caalam in heat exchange~ for

mobile hydrnulic systems or in stationary systems that gen-

erate moderate amounts of heat. A blower or fan is usually
used to circulate the air across finned robes thmugb which

the hydraulic fluid flows m shown in Fig. 2-101. Air-cooled

UN(S are limited to applications for which the desired

bydmulic fluid outlet teIIIpCmNE is at least 6 deg C ( 10 deg
F) above the dry bulb air temperature.

2-10.2.2 Water-Cooled Heat Exchangers
The use of water as n caalmt is common pmctice in sta-

tionary systems. The film cdficient on the water side is

generally the same order of magnitude as it is on the
hydraulic fluid side. Therefore, water-cooled heat exchang.

ers are usually shell-and-tube type where the beat transfer

area on the cold side is approximately the same as it is on

the bot side. Such m exchanger is shown in Fig. 2-100. It

consists of a Nbe bundle within a shell. The tubes we baf-
fled so Ifutt the coolant flow in the shell is perpendicular to

the tube axis. Most shell-and-tube hem exchangers used in
hydraulic systems are qitbcr single-or double-pass units. fn
a single-pass unit the two liquids genemtly flow in opposite

directions, In a double-pass exchanger, Ihe bydmulic fluid
generally enters the same end that the water enters and

leaves. Other configurations are shown in Fig, 2-102.
Wmer.caaled. shell-and-tube beat exchangem are com-

pact and have a low initial cost. They can be used to obtain
lower hydraulic fluid temperatures than con be obtained
with the air-mated exchangers. Lhnitations include the pas-

v
Reprinted from Fluid Power Design Handbook p.31. by courtesy
of Marcel D&km, Inc.

Figure 2-101. Air-Cooled Heat Exchanger
(Ref. 4)
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(A) Cross-Flow Design

(B) Helical Fins

(C) Conventional Shell

and Tube

~Z ~mm~:mcr Design Handbmk.p.31, by murwsy
. .

Figure 2-102. Typical Heat Exchanger De-
signs (Ref. 4)

siblliry of cmmsion and the mst of n mntinuous wmcr sup

ply. Copper alloys are used in sbmtmd heat exchangers and

SpCCid COITMiOn-IeSiSOt nlioys are nvsihble. Removnble
Nbc bundles facililnte cleaning.

2-10.23 The Reservoir sssa Heat Exchanger
If a reservoiris placedso tit airflows freelyaroundil.

thecmliig tidily of the memoir depends on the told arm

of conmct of (he fluid with IIICreservoir surface and on tie
tcmpermure difference bcmvcen LISefluid and the sumound-

ing air. The hem msnsfer MIe from IIW tank can bc cnku-

Inmd fmm

d). ~AAT ~ ?
q

h
(2-16)

where

C = bent mmsfer coefficient. W/ (m*.K)

(L3tuf(bft ‘R))
A = loud fluid conmct area. m’ (ft’)

AT= Iempcrmurc difference. K (R).

The arm of Ihe base of the reservoir CM be included in A

only if die memoir is far enough nlmve k floor to O,I1OW
free air cimulntion under it. For steel memoirs tie vnluc of

C is usuall y between 25 md 50 W/( m: .K) (4.4 md 8.8 EIm/
(b. ft’.R)). but it can be incrmsed significnmly if forced nir

circulation is used.

2-10.3 FLUID HEATERS
When bydmulic systems arc subjected m unpmtecced

environments. it may bc neccssmy to provide n fluid bcamr

[o keep the fluid viscosi!y w an mecptnblc level for slmt-up.
Fig. 2-103 shows a typical electic immmsion hmfcr b
can be used for lhis purpose. In indum”nl applications hot
wnmr or stmm lines CM bc mn through the rcscwoir. Hem-

crs should atways be Ammosmtically mrmrdled to fnwent
overheating the oil.

JE9-

T
Figure 2-103. Electric Immersion Heater
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2-11 HYDRAULIC FLUID CONDUCTORS
2-11.1 HOSE, TUBING, AND PIPE

The &sign of the liquid conductors is just as important m

the design of other components of a hydraulic system. The

hydraulic piping contains the hydraulic fluid and conducts it
from one part of the system to anotbe~ therefore, inade-

quate attention m piping design can lead [o pwr system
operating characteristics and low efficiency.

Hydraulic piping systems we usually constructed from

three types of fluid conductors: pipe, robing, and ffexihle
hose. Hose is used to accommodate relative movement

between components. Mosl of the stationary piping, how-

ever, is either tubing or pipe. The advantages of tubing

include better appearance. greater Ilexibllity, better reusabil-

ity. fewer fittings. and less leakage. The principzd advantage”
of pipe is its relatively low cost.

when specifyktg fluid conductors for pticular applica-

tions, both the inside diameter and the pressure capability of

the conductor am importmm Unfortunately. stan~lzation

among the different conductor types is WaJly absent. For
example, piping is specified by some nominal size ( 1 in..
1 1/2 in., etc.) and by the term “schedule”’ that is associated
with the waJl thickness (and consequently the pressure

capttbllity) of the pipe. Table 2-2 shows typicaf sizing for

steel pipe. The outside diameter for any specific nominal

size is constant, regardless of the schedule. Tubing, on the

other hand. is specified by its outside diameter and its wall
thickness. As with pipe, the pressure capability of the tubing

depends on the tensile strength of the material and the wall
tMckness. Table 2-3 lists some typical dimensions for steel
mblng.

Hydraulic hoses are specified by their inside diameter and

by their design designator in accordance with SAE J517
(Ref. 24). All bydm.lic hoses am designated as 100RX the

X represents theSAEJ517 section reference, Table 2-4 lists
some examples of the maximum pressure requirements of
SAEJ517 l@3R series hoses. Fig. 2-104 illustrates the con-
struction features of some hose types.

2-1L2 HOSE, TUBING, AND PIPE FITTINGS
Pipe and iubing fittings can be either threaded or perma-

nent. Permanent fittings are attached in a variety of ways,
including various forms of brazing. welding, swttging, and
adhesive bonding. S,wnging involves the meet, mical defor-
mation of the conductor, the fitting, or both to achieve
mechanical gripping. Numemus swaging techniques arc
available. including intemaJ and external swaging and sin-
gle. double, or triple grcmve swaging. In the external swin-
gingmethod !he fitting is placed over the prepared end of the
conductor and a mechanically or hydrmdicrdly opmted dk
is used to deform the fitting radially into the conductor. One
or mot-c tadM deformations (gmmves) are used to ensure
reliable mecbanicd gripping as well as a complete liquid
seaf.

In the intemaf swttging method. the fitting, which bas
Aid grooves machined into its inside dhneter, is carefuUy
positioned over the end of the tube. A die is then inserted
into the tutw and mtakd to deform the tube material out-
ward into the grooves in the fitting. Tbk method is mom dlf-

fictdt to perform successfully than the external method
because the location of the fitting and the insertion depth of
the die are criticnl An error in the insertion depth results in
the deformation rings of the conductor material missing the
grooves in the fitting.

Both of these swnging methods are reliable when per-
formed properly. Impm~r performance. which usually is
either too much or too littk deformation. cm result in n fail-
ure of the connection. Insufficient deformation can allow
the fittings to slide on the conductor. wbemts excessive

TABLE 2-2. EXAMPLE OF PIPE SIZING

NOMJNAL
PIPE SIZE SCHEDULE OUTSfDE DJAMETER JJWIDE DIAMETER WALL THICXNESS

11’un in. mm in. mm in. nun in.

3.1s 1/8 40 10.3 0.405 6.8 0.269 1.73 0,068

80 10.3 0.405 5.5 0.215 2.41 0.095

6.35 I/4 40 13.7 0.540 9.2 0.364 2.24 0.088

80 13,7 0.540 7.7 0.302 3.02 0.119

12.70 1/2 40 21,3 0.840 15.8 0.622 2.76 0.109

80 21.3 0.s40 13.9 0.546 3.73 0.147

19.05 314 40 26.7 I .050 20.9 0.824 2.87 0.113

80 26.7 1.050 18,8 0.742 3.91 0.154

25.40 1 40 33.4 1.315 26.6 1.049 3.38 0.133

80 33.4 1.315 24.3 0.957 4.55 0.179

38.10 1 li2 40 48.3 1.9U0 40.9 1.610 3.68 0.145

80 48.3 1.900 38,1 1.500 5.08 0.200

50.80 2 40 60.3 2.375 52.5 2.067 3.91 0,154

80 60.3 2.375 49.3 1.939 5.54 0.218
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TABLE 2-3. EXAMPLE OF STEEL
TUBING SIZING

OfJTSfDE INSIDE
DWWXER Tf%#iis DIAMEIER

m in. mm in. mm in.

3.18 1/8 0.7 I 0.028 1.75 0.069

0.81 0.032 1.55 0.061

6.35 114 0.89 0.035 4.57 0.180

1.24 0.049 3.86 0.152

12.70 1/2 0.89 0.035 10.92 0.430

1.24 0.049 I0.21 0.402

19.0s 314 1.24 0.049 16.56 0.652

1.65 0.065 15.75 0.620

25.40 1 1.24 0.049 22.91 0.902

1.65 0.055 22.10 0.870

38.10 1 In 1.65 0.065 34.80 1.370

2.11 0.083 33.88 1.334

50.80 2 1.65 0.065 47.50 1.870

2.11 0.083 46.58 1.834

dcformndon can cnusc scrcss riscm in tie conductor that

cmdd ukimately fncigue md crock or break off completely.
Another mctfmd used to join Nbing or piping scaiom u

well 05 instnfl fittings involves the usc of fittings Ihfu arc

chilled in liquid before installation. These items arc mndc

fmm a nickel titanium alloy. The inside dinmetcr (ID) of the

finings is sligh!fy smaller tim che omsidc diameter (OD) of

tbc mnduccor on which it is to be insmlled. llw nfloy is eas-

ily deformed al cryogenic tcmpcrnturcs. h will rctnin my

icnpmcd dcfocmation us long us it remains at the low ccm-

Synltmluc

CaJ9r Sh@e WJre &aid

ti
(-4)- ,mer,~

Sy7!uscuc Rubber

(A) lcMR1

synlhetic Rubber
her Tube

(B) lCORZ

Figure 2-104. SAE IOORSeries How

pcmturc, but it rcturm to its original dimension when
wnrmcd to mom wmpsmcum.

The fitting is immersed in liquid niuogcn and chilled co

- 196°C (-320”F). While still immecsed. a mnndrcl is
pulled though the fitting to expand its ID m nbom 5%

grcntcr than the OD of the conduam. h is tien quickfy
insmflcd on tic conductor and aflowcd to warm. h it
warms. it tmurns m i!.s originnJ ID, which results in m

cxtrcmcly strong and Ienk-fmc instnllncion.

TABLE 24. EXAMPLES OFSAEJ517100R SERIES HOSE (Ref. 24)

NONUNAL MAXIh4UM OPERA71NG PRESSURES MPa. ( in?/s)
HOSESUE

in. * IOORI IOOR2 IOOR5 la3R8 IOORIO 100R1 1

1/4 I9.0 34.5 20.7 W.3 77.6

(2750) (Souo) (3CGQ) (%) (8750) (11250)
In 13.8 24.1 12.1 24.1 43.1 51.7

(2m) (3500) (l 750) (3500) (6250)
314 8.6

(7500)
15.5 NIA* ● 15.s 43.1

( 1250) (2250) NIA (2250) (%)
1 6.9

(6250)
13.8 WA 13.8 27.6 34.5

(Iooo) (2000) NIA (2000) (4000)
I m 8.6

(5000)
NIA WA 8.6 20.7

(53&4) (I 250) NIA NIA ( 12s0) (3COO)
2 1.9 NIA fWA 17.2 20.7

(275) ( I:”L) NIA NIA (2500) (3000)

“Hmcsizcs specified ininchcsin SAEJ 517
..Na ~*lc

Rc@td with pamission from SAE J 51701991 by Society of A.mmodw Engimn. k.
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Thrmded-pipe-fitting techniques include mpercd pipe

threads, flanges, SAE O-ring ports, and stmighl-thread pon.s
with metal setds, Nonti-tmaded Nbc fittings cm he of the

types: flare, self-flare, or fhmless. Flare finings are illus-

trated in Fig. 2-105, md typimf flareless fittings are shown

in F]g. 2-106. .%lf-flare fittings incorporate a wedge-shaped

sleeve, which enlarges tie Nbc ending when lbe nut is tight-

ened.
Hose fittings arc either penmment or reusable. High-pres-

sure, pcrmmtent fittings arc factory assembled on the hose.

Reusable fittings arc avtilable with pressure ratings up to

34,475 kpa (5.000 psi). Self-sealing couplings are sOme-

times used with hose in hydtaulic piping systems. The four

basic self+cnfing types-double poppcl, sleeve and poppet,
slide+erd, and double+ atating ball-are illustrated in Fig.

2-107,

2-113 ,PRESSURE LOSSES IN PIPELINES

Pressure losses in pipelines result fmm the fluid viscosity,

friction between the fluid and the pipe, and changes in flow

dmction.
Friction loss is a function of several variables, the most

important of which is the fluid velmity tbrougb k pipeline.

(A)T-- TyPS El)l?!r~P_ T~ (c) Immed+=!amTw.

Reprinti fmm Machine Design, 27 September 1979, p. 122.

Figure 2-105. Typical Ffare Fittings for Hy-
draulic Tubing (Ref. 25)

m,-.”7;

., -. ...-

(A)W@ar Fmub

=

‘:,.., .,.,
,.

● *
,...-..-.: .

(q Iwated FaNla

Reprinted from Machine Design, 21 September 1979, p. 125.

Figure 2-106. Typical Flareless Fittings for
Hydraufic Tubing (Ref. 2.5)

In the S1 system velocity v can be cnfculated by

Qm
“=—, —

As
(2- 17)

where
Q = flow twe, m’ls
A = cross-sectionaf (flow) arm of tie conduit, m2.

In the English system this is expressed as

“= Q ft

3.12A’ ;
where

Q = flow rate. gpm
A = cmss-sectiomd (flow)

in.]
3. I 2 = conversion factor.

(2- 18)

aria of the conduit.

If the flow is Inminar, the pressure loss Ap can be deter-
mined from

Ap = yh~, Pa (2-19)

or in the English system of units

yh,
Ap = ~,psi (2-20)

wberc

h = 321JLv
L —, (Nm)/N ((ftlb)llb) (2-21)

yD2

h, = enagy loss. NmfN ((ft.lb)llb) (usuafly ex-

pressed simply as m or ft)

P = absolute viscosity, Pa+ ((lb. s)/ft’)
L = pipe length, m (h)
D = pipe diameter. m (ft)
v = flow velacity. ink (Ilk)

7 = specific wcigbt, N/m’ (Ib/ft’).

For ttubufent flow the value of h, is cafcukued from

()()hL=f~ ~ , m (ft)
D 2g

(2-22)

where

f= friction factor, dimensionless

g = acceleration due to gmvity. M/s’ (ft/s2 ).

Octetmining the vafue of the friction factor~ for turbulent
flow is inexnct at best because of the erratic nature of such
flows. Numerous empirical equations arc listed in the lima-
ture, but the most common nppmach to determining ~ is to
use a Moady diagram. wh]ch is a gmphlcaf ttppmach based
on the Reynolds number of the flow and the raughness of
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Cormectsd

(s)slaweti Popfml

conmcId

(c) s!JdAeal

=

connected

(D) Doutie-ffolsling Ssll

R@mcd fmm hfachinc Design. 27 .S@cm!xr 1979. p. 126.

~gure 2-107. Typical Self-Senling Couplings for Hydmulic Hose (Ref. 25)

tie inmriorsurfaceof h conduc!or. The complexity of IMs 6.1 lllh would IXIUSC0 toln! plZXSUICIOX5Of 509 ~11. (NOE
technique mnkcx further discussion inappropriate for Chis Nominal pipe sizes nrc alw-ays xhown in inches. even
handbook. The nmder is mfcncd to smndnrd fluid mcchM- Ihough tie tnble may include S1 uniIs for other pa.ramcfas.)

ics UXIS, such as Ref. 26. for details of tic methed. When tnblcs simihu to Tnble 2-5 am used co e.sdmnte
F1’cssurc Iossex in pipelines cm be cwimnkd using tables pressure losses in lhe conduits, occompnnying tnblrs am

similar 10 Table 2-5. Thcxc lnblcs. which am nvnilntde from commonly avtilnble m cstimmc the pressure Iossex in
pipe nnd tubing mnnufncnwas, show he prcxsutc 10ss per elbows,s. and other Iypes of fitdngs as well m binds snd
unit length of pipe bad on the flow veloci!y Ihmugh h some IYpcs of vnks. me values in such mblcs me mud
pipe. The tnb!rs nrc mmilnblc for n voriely of fluids and pipe “equivalent Icngth” values bccnu.sc they me an exdmscc of
or O.lbmg Innulinls. tie length of conduit tit would cause Us?,same PICSSUIE

To tind the pmssurc loss though n given Icngtb of pipe loss as tic fining. To cstimnce lhc Iolnl PUIC loss in che
usiog this tile, find the pressure 10s5 per meter of pipe 01 cinmi Chc cquivnlem length of afl fiaings. lmds. vrdvcx,
h specified flow veloci~ and tin multiply tit number by cu., is summed nnd added m tie actual length of mnduit.
cbc mud Icngsh of pipe in h CiI’CIIiLFor example, 10 m of The resulting Ienglh is multiplied by tic pressure loss pm
M2-in. Schcdtde 40 pipe through which fluid is flowing III Unil length found in the pressure loss Inldc.
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TABLE 2-5. PRESSURE LOSSES IN PIPES

NOMSNAL PIPE ~f)w SPEED. lllk (ft/S)
Sfzs 1.52 (5) 3.05 (10) 6.1 (20) 9,15 (30)

in. PRESSURE LOSS, Wa/m (psi/ft)

1/8 Schedule 40 34.4 (1.52) 68.8 (3.04) 137.5 (6.08) 206.3 (9. 12)

1/4 Schedule 40 18.8 (0.83) 37.6 (1.66) 75.1 (3.32) 200.0 (8.S4)

3/8 Schedule 40 10.2 (0.45) 20.4 (0.90) 67.4 (2.98) 136.9 (6.05)

lf2 Schedule 40 6.3 (0.28) 12.9 (0.57) 50.9 (2.25) 102.2 (4.52)

314 Schedule 40 3.6 (0.16) 7.2 (0.32) 35.5 (1.57) 71.9(3.18)

1 Schedule 40 2.3 (O.10) 7.7 (0.34) 26.2(1.16) 53.2 (2.35)

2-12 SHOCK ABSORBERS
Ffuid power is often used m cushion or absorb the impact

coussd when a moving mass must be stopped. If the energy

of the moving mass is to be dissipated. a shock absorber is

used. The working fluid in a sbcwk absorber can be a liquid.

a gas, or a combination of tie two. Sbcxk ahsmbers arc

available in a variety of different designs md configura-

tions.
Most shock absorbers. called ncmregenerdtive shock

absorbers, dissipate M of lbe energy of tbe moving mass.

They rely on springs or other mechanisms to return the

shock absorber to an equilibrium position. Common auto-

mobUe shock absorbers arc an example. However, there is

an imptant class of shock absorbers, culled bydropneu-

matic mechanisms, that use pneumatic power m return tie

shock absorber to equilibrium. The opsrating principles of
hydraulic shock absorbers and bydmpneumatic mechanisms

arc discussed in the paragraphs that follow.

2-12.1 HYDRAULIC SHOCK ABSORBERS
A hydraulic sbwk absorber is normally used to stop a

moving mass completely in n uniform manner, The shock

Flter or

Metering
oriices

/\\ CMwChrrbar

absorber accomplishes tbe “smooth” deceleration by meter-

ing bydrnulic fluid tbrougb orifices that converts work and

kinetic energy into beat. wbicb is dissipated. The metming

orifices may be fixed in size or adjustable so that the decel-

cmtion rate maybe varied. A cross-sectional sketch of a tyP

icaf shock absorber is shown in Fig. 2- 10g. when n moving

mass strikes rhe bumper, tbe piston moves inward. The

resisting pressure behind rbe piston closes rbe check valve.
The piston then pushes the liquid tbmugb the metering ori-

fices from the inner high-pressure chamber to the outer low-

pmSSUIT.chamber.
The resistance to the liquid flow caused by the orifices

am against rbe piston m slow its motion. As &e piston

moves inward, it progressively blocks the orifices, increnses

the resistance, and uniformly decelerates Lbe mass.
Most of the recent advances in shock absorber tecbncd-

ogy cam be attributed to effons to reduce helicopter crew

injuries resulting from crashes in which rbc structural integ-

rity of the airframe is maintained. ‘fhese crashes frequently

result in disabling spinal injuries. The frequency and sever-

ity of such injuries CM be reduced by energy-absorbhg

crew sears.

Return Oriice

\

filler or
kcumulator

Ad.l%rt .“, .

1/ \
Mataring
Orifices

Chdr valve Return Orifice

F@re 2-108. Cross-Sectional Sketch of a Typical Shock Absorber
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Early nttemp~ to usc shock nbsocbcrs to nbxorb lhe
impact energy involved the usc of fixed load energy nbwrb-

~ (FI-EAs). ThCSC dcviccs were simple hydnudic shcck
absorbcfs dcsigcced 10 provide a sumivnblc decekmcion for
the 50tb ~rcentile scat occupant weight. BecmIsc of the
dcx@n. injury was still likely for occupants wbosc weight
differed signifimnlty fmm tie 501h percentile.

An impcovemcm to Ihc FLEA conccfx was the variable
load enecgy nbsorbcr (VLEA). This &vice contained .vnci-

able concml orifices tit concrollcd the sccoking nuc of the
shock sbxorbm. The orifice was ndjuxmci by sclcccing the

~W1’s weight on n contccd mccbaniscn.
Thx next SICPin injury prevention wm to pcovidc n mcch-

nnism that would mnomaticnlly adjust [o the weight of the
scat occupant. This device-wcmed IIE accelcmtion-scns-
ing aucomntic vnri8b1e load energy nbsorbcr (ASAVLEA)-

ascs n relief vatve built imo the head of lhe shock absmbcr
co rcxoict or inccmmc the flow of fluid between the chambers
in dcc shock ilbSOfbtC. (Ref 27)

~ * dCviCCS-Ff-1%% VLEA. mcd ASAVLEA+m
curccnlly used on helicopccr scming systems along with n
vn.rky of mcchanicnl-ctcfonnndon-type mcrgy nbxmbccx.

2-12.2 IIYDROPNEUMATIC SHOCK
AHSORBERS

A hydmpneucnatic shock nbsorbcr works on essentially
tbc snmc pcinciplc as the hydraulic shock absorber exccp:
that both n liquid MCIn gns arc used m tbc working fluids. A

s@Ilifid kt~h of a hydmpmumndc mcchrmism is shown
in Fig. 2-109. As the mass to bc stopp dcivcs che piston
inward. liquid mctccing through tic Oriticcs md compres-
sion of cbc gas bring the w to a stop. ‘llc compm.meet Ens
tin expands md rxmrns tie piston m tie sting position.
There SIC numerous variations of the hydmpnewcmtic shock
absorber. Mnny dcx@s have o scpamtc cylinder or con-
tnincc for the gns. Hydcopncunmtic configurations similar to
thm shown in Fig. 2-105am frcquemly used in aircraft lmd-

iW SW s~~ and are mfemed to as OICOshock &otbcm oc
ohm shuts. Anillery recoil mechankms. an impmcnm nppli-
mtion of hydropneucndc stmck absocbm. fmqucnd y usc

Pnaurnatk Shd Abs@bol

-.
Gas

-\

Figure 2-109. Sketch of Hydmpneumatic
Shock Mectmsdsm

scpwmc cylinders for k gm nnd IJE liquid. and scvcml
methods of dciving Ihe pisam imo the gos cylinder are axed.

Fig. 2-110 shows n simplified sketch of o recoil mechanism
wi!ls separmc pistons for ench cylinder bchcg driven by lhc

sancc moving muss.

2-13 LIQUID SPRM’GS
A liquid spring is n regenmntive shock absorber chat stops

n moving mass md stores lhc energy of the mass in the liq-

uid. A liquid spring depends on the cmnpmssibility or bulk

modulus (invemc of comprcxsibility) of the liquid for its

action. A liquid with a high bulk modulus is contincd in n

Pkton
Bunpsr

MetarinE Orifii

Hydrmdk Sho& AkowbaI

Figurt 2-110. Sketch of Hydmpneumatic Recoil Mechanism
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cylinder. when n mm is pushed into the cylinder, the liquid
is compressed and exmts n strong return fome on tbe cylin-
der MM. Liquid springs provide high load-absorbing capaci-
ties in SIMJI packages, A single liquid spring can provide as
much Ioad-absotilng capacity m mugbly 30 coil springs of
the same length and diiunekr. They can be designed 10
reciprocate by providing little or no flow restriction or [o act
as a shock absorber or dnmpcr by restricting tie flow witi
orifices in be piston. Disadvantages include h@ cost and
seafing of k resulting high pressures. TfIus loads musl &
high before a liquid spring becomes practicrd.
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CHAPTER 3
FLUID PROPERTIES, SIGNIFICANCE, AND TEST METHODS

The basic f7uidproperties are discussed in some detail. These properties are dejined and their significance considering nor-
mal fluid power system operation is presented. Numerous lest methods used to quumifi or evalume Ihe pmperries am synop-
sized, and fables and graphs show the resulfs ofrhese pmcedurm on representative fluids.

3-O LIST OF SYMBOLS

A = arm. m’ (fi’)
B,O= sonic bulk modulus, kpa (lb/in?)
B,, = arhhtic (isentropic) secant bulk mcdulus,

kPa (lb/ft’ )
B,, = adiabatic (isemropic) mngent bulk modulus,

kpa (lb/in.’)
B,, = isothenmd sccam bulk modulus at gage pres-

sure p and temperature t. I&a (Iblin.z)
~,, = isothermal secant bulk modulus at pressure p

and temperature f, I&a (lb/in.z)
(E,,),, = isothermal secant bulk modulus tu pressure

2p, kpn (lb/in?)
B,, = isothemml tangen! bulk modulus at pressure p

and temperature f, kpa (lb/in.?
(~,,), = isothermal Iangem bulk mwkdus at pressure

p, kl% (lb/in? )
~,,, = isothermal secant bulk modulus at gage pres-

sure p and tempemmre f,, kf% (lb/in.~)
~,1, = isothemml secant bulk modulus at gage pres-

sure p nnd tempemtum. tz. Pa (lkJin.Z)
go, = isothemnal secant bulk modulus at zero gage

pressure and tcmpemmm f, Id% (lb/in?)
C, = isentropic compmssibility. (kPa)-’ (f?/lb)
C, = isothermal compressibility, (kPa)-’ ( ft’llb)

c = speed of sound, MIS(ftls)
c, = specific heat a! constant pressure, kJ/(kg.”C)

(Btu/(lbrnOF))
C, = specific heal at conslml volume, kJ/(kg.°C)

(Btu/(lbm.°F)
D = pipe inside diameter, m (ft)
d = distance between layers. m (ft)

/? = viscosity, Engler degrees
F = force, N (lb)
H = viscosity M 40°C ( 104°F) of a standard fluid

of 100 viscosity index having the same vis-
cosity at 100”C (212°F) as the fluid whose
viscosity index is to be calculated, mmzls
( fl’ls)

k = constant for a given oil and tempemNE,
kp-’ (ft’/lb)

L = viscosity at40”C (104”F) of a standard fluid
of O viscosity index having the same viscosity
at 100”C (212°F) u the Ouid whose vixosity
index is to be calculated, mmzls ( ftzls)

N = relative surface speed, Cmk (ftk)
p = pressure. kPa (lb/in,’ )

P, = gage pressure, kp~ (lb/in.’)
R = rate of shear. s-’

R. = Reynolds number, dimensionless
RO = reference sheat rate, s“’

S = shearing stress, Pa (lb/f!’)
Sg = specific gmvity, dimensionless

T = efflux time, s
I = temperature. K (R)

t< = temp. aature, “C
I, = temperature, ‘F
U = viscosity m 4(YC ( 104”F) of tie fluid whose

viscosity index is m be calculated. mm2/s
(fl’ls)

V, = inithl volume, m’ ( ft’ )
v = fluid velocity. mls (ftis)

W = viscosity index, dimensionless
VIE = viscosity index extended. dimensionless

VTC = viscosity temperature coefficient, dimension-
less

Z = fluid viscosity. mm’ls ( ft’ls)
~ = conversion factor obtained from Fig. 3-47,

OC-1~F-l)

r = ratio of bulk moduli or mtio of specific heats,
dimensionless

Y, = specific weight of the subject fluid, kfilm’,
(lb/ft ‘)

Y. = specific weighl of water at 4°C (390~
= 9.80 kN/m3 (62.4 lb/ft’)

Ap = change in pressure, Pa (lb/f[’)
AV = change in volume. m] (ft’)

(5 V/6p), = mte of change of volume with pressure M
constant entropy. m3/lPa ( ft 31(lblft1))

(5V/8p), = rate of change of volume with pressure al
constant temperature. m’lkpa (ft ‘/(lb/ftz))

P = absolute viscosity, Pas (Ib.dft’)
P. = absolute viscosity at atmospheric pre~wm,

Pa+ (Ib.dft’ )
& = absolute viscosity m pressure p, Pas (Ib.dft’)
v = kinematic viscosi[y, m21s( f[zls)
p = fluid density aI pressure p and temperature t,

kglm’ (slug/ft’ )
p, = density of subject fluid. kg/m3 (slug/ft’)
pw= density of water at 4°C (39”F) = 10CKIkglm’

(1.94 slug/fl’)
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PO = dsnsity at a specifisd rsfermsce tsmpcmmrc
md prcssue. kg/mJ (slug/fI’)

3-1 NTRODUCTION

The spscific requirements of n hydmulic fluid art ds@r-
minsd by tie design of chc hydraulic systsm und by tie
functions the system must perform. A liquid tiI is sntisfnc-
mcy as o hydmuhc fluid in one application oc system may be
camplekly unsuimble in n second application or system.
Themfme. when the propcrcies required of n hydraulic fluid
us king mnsidered. it should bs rsmembemcl tint he reln-
tive impormnce of any ons propeny will depend upon tie
hydrnukic system. ifs use. md i!s environment.

l%c various psopcnics that nrs impossnm in tic Axion

md uss of hydraulic fluids nrc presented in M chapter.
Some propenics muy be importum in cdl liquids, whereas
ochcrs have significance only in limited applications. Each
PpSrlY is discussed in retntion to iLsfunction in n hyctmu-
Iic systsm. The imponancs of each propmy is m.sesssd. and
mcchcds for msasuring sach ore given.

3-2 PHYSICAL PROPERTIES

3-2.1 VIScosrrv
Vi”miIy is ons of Ihe most important pmpsnies of 0 Iiq.

uid from fhe strmdpoint of iu performance in hydsuulic sys-
tems. It is @e m.sissmsseoffersct by is liquid to tie rslntive
modoo of is molmdcs or tie resisumce a tiquid offecs to
flow. Tempannue is the most important variable affecting
viscosity ond must bs stated in akl viscosity &m.

Wscasi~ is defined by Newton’s Law AI n given point in
is liquid. the shearing stress S is directty propostionnf to tie
mcs of shear R, i.e.,

S = PI?, Pa (lb/f[*) (3- 1)
where

R = rnts of shear, s-’
s = shelvingSII’SSS,pa (Iblfl ‘)
P = absolum vksosi!y. Pn.s (lb.s/fl’).

For lhs relative motion of mm parallel layers of liquid. che
SbsLuingScn?ssis

s= F/A, Pa (lb/ft*) (3-2)
Where

F = fmss, N (lb)
A = arm. mz (fI’).

Atso

R = vld, S-’ (3-3)
whers

v = vclocily. MIS(fI/s)
d = discmscebctsvssn the layers, m (fI).

Fig. 3-l shows tie rclntionship among the terms in Eqs.
3-2 and 3-3. By using E@. 3-2 and 3-3, Eq. 3-1 may be
written us

F
- = P;, Pa (lb/ftj
A

or

P = ~, pns (lbs/ftz).

(3-4)

(3-5)

.

.. ... .... ... .... .. ... ... .... .. ... ..

-$-1

Figure 3-1. Velocity Distribution in a Liquid
Between Two Parallel Plates

3-2.1.1 Significance of Viiosity

The single most impacmn property of n hydmulic fluid is
i!.svissosily. Various components within a hydraulic systsm
have sompeting rcquimnents us to high or low viscosicy.
High viscosity pmvidcs thick Iubrimcing films and reduces
intsnml leakage. Low viscosicy msuhs in less icsfersmlfric-
tion, scmdler pressure Iossss in pip md valves. and an
insmase in conwol action and component cssponss. Ttm5 0
compromise in viscosity mquiremencs must be reads. lle
vissosity of tie hycfnwlic fluid affsccs lhs response of sys-
tem components. and bscnuss its sensitivity m mspemmm
usually imposss kicniulions on the upper or lower opcmsing
Iempemcure of my hydmulic systsm. vissosity must always
bs considcced in design cnfculations.

3-2.1.2 Absolute Viiosity

The vixosity p defmsd by Eq. 3-S is M nbsolms, or
dynamic. viscosity. If tie Inmnmcionnl System of Uniis (SI)
is ussd. tie unit of nbsolme viscosity is the pascal.second.
The poiss is msothsr commonly ussd unit. Bscauss k poise
is n nuhcr Inrge uniL CMcentipoise (cp) (one hundrdh of a
poise) is cuslonsnrily used. Chsecentipoi= is equal to one
Osillipmcnt+scond. pure water as n mnfssmmrs of 20.2°C
(dS.4°F) hm an absolute vissosily of one centipoise. If the
English syskm of units (feat. pound. second) is ussd, tie
unit of absolute vissosity is pounds. secund per square foot.
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3-2.1.3 Kinematic Viicosity

The ratio of the absolute viscosity of a liquid 10 its den-

sity frequently occwc in the study of viscosity and hydmu-
Iics. The term “kinematic viscosity” with the symbol v has
been assigned to it. As stated

v = ~, m2/s (ft2/s) (3-6)
o

where
p = density al pressure p at:cl tcmperamre t, kglm]

(slug/ ft’).

In the S1 the unit of kinematic viscosity is the square
meter per second. The stoke is another commonly used unit.
The cemistoke (cSt) (one hundredth of a stoke) is more gen-
emlly used. One centismke equals one squnrc millimeter pcr
second (mm]ls). In the English system kinematic viscosity
is expressed in ft]ls, The kinematic viscosity of a liquid can
bc viewed as the resistance of the liquid to flow under its
own gravity head.

3-2.1.4 Other Vicosity Scales
Numerous other scales of viscosity have been esmblisbed

that express viscosity in ten-m of arMrary units bmcd on
the instruments used to make the measurement. The most
common scsdes uwd in the pctmleum industry arc the St?y-
tmlt Fmol (used mainly in the United States), the Redwood
No. 1 (Standard) and Redwood No. 2 (Admiralty) (used in
Great Britain). and the Engler (used chiefly in Germany and
other countries in Eumpc). All arc empirical instruments in
that the time of outflow of m arbitrary constant amount of
tiquid thmugb a fixed orifice is quoted as a measurement of
the viscosity of the liquid. ‘fle instruments w similar, but
various dimensions and amounts of liquid used assign dif-
ferent viscosity numbers to tie same fluid. Thercfom, the
viscosity is mmmingftd only when the instmment and tem-
pcmmrc arc also named (Ref. 1).

Although use of the %ybcdt sctdes hac been discontinued
officially. they arc still frcquentfy found in practice. The
Sayboh Universal and .%yboh Furol viscosity scafes give
viscosity in terms of seconds. Snyboh Universal Seconds
(SUS) or SaybolI Furol Seconds (SFS). A Furol viscosity is
appmximntely one-tenti of the Univermf viscosity for the
same Iiauid at the same temmnmm. The Furol scale is used
chiefly for petroleum prcducts having viscosities greater
than 1000 SUS, such as bcwy fuel md mad oils.

Rather than specifying hydraulic fluids by viscosity, it is
more common to specify them by fntemational Organiza-
tion for Standardization (1S0) viscosity grade (VG). The
1S0 VG indicates the viscosity of the fluid in centis[okes at
40°C. Pmducl fluid containers frequently carry this designa-
tion (Ref. 2).

3-2.1.5 Vicosity Unit Conversions

A viscosity determined in a parlictdar ins~menl at a sfx-
cific temperature can be converted m the equivalent viscm-
ity in some other instrument m the same tempemturc. A
wide variety of equations, tnbles, charm and nomogmphs
has been developed [o facilitate such conversions. Cur-
rently. the trend is reward expressing viscosity in the metric
units mm>k., afthougb centipoises and centistokes arc still
commonly used. Data in convenient mbulm form for the
conversion of kinematic viscosity m Saybcdt Univermf md
Snybolt Furcd viscosities arc provided in Americm Society
for Testing and Materials (ASTM) Standard D 2161 (Ref.
3). Procedures for converting the five more common viscos-
ity scafes to the metric scafe in mmxls are described:

1. Saybolt Universal Seconds (obsolete) to mm21s

V = 0.226T– ~, MtSt2/S, 32 S TS 100 S (3-7)

V = t3.22t3T– $, mm2/S, ~> 1130S (3-8)

where
T = efflux time, s.

2. Saybolt Fuml Seconds (obsolete) m mm=ls

V = 2.24T– $ lSUt511S,25< T<40 S (3-9)

V = 2.16 T-;, mm’/s, T>40s (3-10)

3. Redwood No. 1 (Standard) Seconds to mm=ls

V = 0.260 T-~, mm2/s,34s T< 100s

(3-11)

v = 0.247T– ~, mmz/s, T> 100s (3-12)

4. Redwood No. 2 (Admiralty) Seconds to mmlls

v = 2.46T– ~,mm>ls, 32< TS90s (3-13)

V = 2.45 T,mm2/s, T>90s (3-14)

3-3

Downloaded from http://www.everyspec.com



MIL-HDBK-118

5. Engler Degrees P to mm’ls

v = 8.O.J7 - ~. mmzls, 1.35s Fs 3.2

(3- 15)

v = 7.15.p - L!!
E“

, mm2/s, .9 >3.2 (3-16)

where
P = viscosity, Englcr degrees.

3-2.1.6 Newtoninn Fluids

When n liquid flows in n manner such tint tie shearing
stress S is dkedy proponionnl to the mm of shear R. as
shown in Fig. 3-2. the liquid is snid to flow in acconbmce
with Newton’s Vkcnsity Law and is cnfled a Newtonian
fluid. mOw of MIStype is know as %iscous’”. or WreM5-
Iine”. flow. Vkeous flow consisls of m orcfcrty motion in
which layers of liquid slide past one another in n dircaion
fsamflel10 the direction of flow.The viscosi[y p is consusm
with respe.a 10 tic mte of shenr R. os shown in Fig. 3-2.
Most hydraulic fluids beluwe in n Newtonian. or newly
Newtonian. manner m tie temperatures. pressures, and flow
roses nonnntly encountered in hydmulic systems. However.
there arc some typts of materials that ~ !se\<erNewtonian.
and man Newtonian fluids can be made to behnve in n non-
Newsonirm manner by changing tie pressure, tempemturc,
mdlm flow rmc sufficiently. Non-Newtonian materials are

&cussed in the pamgtnphs ttamfollow.

3-2.1.7 Nnn-h’ew-tnssinss Materials

The viscositim of some mmerids arc nttmed by shearing
effects. These mmerints arc unned “non-Newtonian”’. The
viscosity dtpeisd.s on he mm nf shear at which it is men-
sumd. .%nce n nnn-Newtnninn fluid cm have an unlimited
number of viscosities (U the shear mtc is varied), tie terns
“J3PP3renlviscosity””is used instead of viscosity. Apparent
viscosity is expressed in units of absolute viseosi!y, nnd the
mte of shear used in tie measurement is given.

Figure 3-2. Viiosity and Shear Stress vs Rate
of Shear Curves for a Newtonian Phsid

Non-Newtonian nsnterinfs may be clmsified into five

IYpes: pk.tic, psadoplastic. dilmnm. Wkotmpic, and rhc-
opectic. A dkcussion of ench follnws:

1. Phmric. A definite minimum stress or force musI be
applied to this type of mmcrhsl before my flow occurs. and .
viscosily deenmses m shear rmc increases u shown in Fig.
3-3. Esnmples of such mmeriats me pmIy, molding clny. msd

~Y IYpesof gm~. Such fluids ~ nf~n 1~~ “Bing-
hnns”’-typefluids.

Z Pscodoplastic. This type of mmerint has no fixed
yield point however. the viscosity does decrease with
increasing shear mus as shown in Fig. 3-4. Emmples of
such miuerints ore wa!er-base liquids and resinous nuueri-
nts.

3. Dilamm. The apparent viscosity of his cyps of mnte-
rinl increases as the m!.?of shear incre~. and the mnteckd
will often solidify m high rams of shear. This is shown in
Fig. 3-5. However. when tie applied fnme is remnwd. he
mnterinl revens to its original sm!e. i.e., liquid. Esnnsples of
dilatum mascrints me pigment-vehicle suspensions, such as
paints md priming ink. and some smmhcs.

4. ‘?%i.rrxfopic. The viscosily of ttis Iype nf mntuid is
time dependent. If it is subjected to a mns!m! mu of shear.
its structure breaks down md iss apparent viseosify
dccmnscs to some minimum vatue. ?hk is shown in Fig. 3-
6. However. when tic applied fome is temoted. tie nsmerird
revens to its original state. i.e.. gelled. Pnims are probably
the most notable esmnple of thixmmpic maseriats. Quick-
saad is also thixotmpic.

“ILI__z
Rate of Shear R Rae d Shaaf R

Figure 3-3. Viiosity and Shear Stress vs Rate
of Shear Curves for a Plastic Material

Pigtsre 3-4. Viscosity and Shear Stress vs Rate
of Shear Curves for a PseudopfasticMatesial
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j ,U {
~~

Rate of Shear R Shear SIrsss S

Figure 3-5. Viscosity and Shear Stress Curves
vs Rate of Shear for a Dilatant Material

+- +
I ml

Figore 3-6. Viicosity and Shear Stress vs Rate
of Shear Curves for a Thixotropic Material

5. Rfieopeclic. Thk lyp3 of mmerkd is similar to the
thixotmpic materials except that the apparent viscosity

increases with shearing time up to some maximum value.

Ilk cm be seen in Fig. 3-7. Some bearing greases are man-
ufactured with this pmpeny to facilitate pumping into con-
tainers in a less viscous state 10 incrmse in viscosity when
in w in n bearing. However, mmy such greases are not true
rheo~ctic materials because fhey do not revert to their orig-
inal state after the applied fo~e is removed they retain n
somewhat higher viscosity.

3-2.1.8 Determination of Viicosity of
Non-Newtonian Materials

As shown in Fig. 3-8, determination of the viscosity of a
non-Newtonian fluid at only one shetu rate is usually not
sufficient. The viscosities of the Newmtsian and non-Newto-

4 *

Flgssre 3-7. Viscosity and Shear Stress vs Rate
of Shear Curves for a Rheopectic Material

t\
=
.-;

zb Newtonian Fluid
.9
>

Non-Newlonian
fluid

%

Rate of Shear R

Figure 3-8. Viscosity vs Rate of Shear Curves
for a Newtonian and a Non-Newtonian Ffuid

nian fluids shown have the same value at a reference shear
rate RO. Incorrect comparisons aad application difficulties
would be invited if the viscosities at only this pain! were
specified.

3-2.1.9 Measurement of Viicosity
Llq”id viscosity is measured by an instt’amem called a

viscometer. A large number of viscometers have been devel-
oped. Sigh! of the most common menmrcmems upon which
viscometes are based follow (Ref. 4]

1. The time of flow of a quantity of liquid through a
capillary or a shon tube that uses gravity as the moving
force

2. The toque required to rotate a cylinder, disk. or pad-
dle in a liquid at constant speed

3. The toque exefled on a disk suspended in n r-&ming
cup of the liquid

4. TfIe rotational sped of a cylinder or dkk driven in
the liquid by a constant toque

5. The time of fall through the liquid of a ball or cylin-
dricnf object

6. The time of rise of an air bubble through tie liquid
7. The rate of damping of ultrasonic waves induced in

the liquid
8. The pressure drop through a capill~.

The most widely used viscomete!s in the petroleum
industry are the capillary and the short tube viscometers.
ASTM D 445 (Ref. 5) prescribes the standard pt’acedure for
measuring khemmic viscosity and describes tie capilfmy
viscometers that m-cto be used. Briefly, the method calls for
measuring the time of flow of n kaown quantity of liquid at
a constant temperature through a capillmy with gravity as
the onfy moving force and then multiplying tie time by a
calibration constant. The calibmtion constant is determined
by using a muster viscometer (National Institute of Stan-
duds and Technology (formerly National Bureau of Stan-
dards)) and standard oils. Absolute viscosity II is given by

)1 = pv. (3-17)
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A sepamce determination of the dcnsiIy p must bc made
before cntculncing che nbsohoe viscosity. par. 3-2.9.5 Iisl.s
sew-at appcoved ICSIprocedum.s for determining density.

TIIe Cmmon-Fenske capillary viscomeccr. shown in Fig.
3-9, is lhc most common one used in hydmutic fluid wock.
A cross sccsion of she SnybolI viscomclcr. still widely used
in k fmcoleum indusny. is shown in Ftg. 3-10.

3-2.1.10 Test Methnds for Viscosity

A discussion of scvccal LCSImethods followx
1. Kimmxic Vucmify

TCSIMedmds. Fcdeml TcsI Method 305 (Ref. 6)
ASTM D 445 (Ref. 5)

This mchcd dcsccibcs tie proccdurcused10dcter-
mioe the kinematic viscosity of mmspm-cntor opnquc fluids
high ctum 0.2 mm’/s. DeamnimUiOns may bc mndc 01

~-m- ~ging from -54 to I35°C (-65 m 27s”F)
where dK flow in tie glnss-cnpillncy-type viscomcter is
Newconinn. The time is mermmd for a fixed volume of a
test fluid 10 flow hugh tie capillary under n gravity head
and aI n clmcly conmlled IC~MNIC. The kinematic vis-
cosi~ is tien cdculncd fcom tie eftlux time md chc vis-
coouter cnfibmtion factor.

Recision. For clan cnm.spmnt oils lcstcd over lhc
mnge fcom 1510 lCKPC(59m212”F). rcsuhs should no: bc

— —

2s0.0m
(9.8 in.)

T

(

(

+

I

I

Figuce 39. Cccnnon-FenskeCapillory Tube
Viscometer

@stilw Rii

-. ..—-

C%rkStopPar – u

Figure 3-10. Cmss-.$edioncsl View of a Snybolt
Viscometer

considcnxt suspect unless ticy differ by more than IIE fol-
lowing nmounw

a. Repmmbili[y. 0.35% of mean
b. Reproducibitit y. 0.7% of mcao.

2. Saytwlt Wscosip
Test hfcthod. Fcdcml Test Mdmd 304 (Ref. 7)
Tlsis method dcsccibcs the pmcedurc used co dcccr-

mine ttsc Snyboll vi5cosiIy of pccmlcum pmduccs io Chc
wmpcmtti range of21 to 98.9°C (70 IO210”F). The eftlux
time in sccunds of 64) mL of the sample Rowing under a
gmvi~ head dwough n cti]bmtcd Orifics is mcmuccd under
carefully controlled Ccmpcmmm conditions. A Universal
orifice is used fnr Snybolt UniVcmnt viscosify and o Fuml
orifice is used for SOybolt Furol viscosity. Thc time is cor-
rccccd by M Orifice fnclor nnd tepormd as the viseosicy of
the sample al tie lest tempwmcm in .%ybolt Univcmd Sec-
onds or SnyLmlIFurol SCConds.Vkcosicy vnfucs below 200
s me rcpocrcd co Ihe nemcsl 0.1 s. Vnluc5 above 2(Ms arc

mpn~ to Iftc OCMCSIwhole second.
3. Conversion of Kinemaric Viccosify to So@olI Um”-

versal Vlscosisy or m Sayboh Fuml Wscosiy
Tss: Mcchnds. Fedcrnl TcsI MclhOd91OI (Ref. 8)

ASTM D 2161 (Ref. 3)
ThCSCmsxhoctspmvidc convmsion tiles for con-

vcrcing viscosity in centistokcs 10 Sayboh Univccsnl Scc-
ond.s m 100 and 210”F MCInfso for conversing vi.scmky in
ccntistokcs cd 122 msd 210”F to SCIytml!Fucul Scennds m
she same kmpcmmrc. The tiles on supplemaccl with
equations. NOTE: “C is not used in chcsc cable.%
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4. Calibration of Master Kscometers and Wscoxify
Oil .Skmdards

Test Method. ASTM D 2162 (Ref. 9)
This meifmd covers procedures used to cahbmte

master viscomcters and viscosity oil standards, both of
which may be used m cafibrate routine viscometers used to
determine kinematic viscosity (Ref. 5). Mnwer viscomelers
m-ecrdibrated with waler al 20”C (68°F). llmy arc Ihen used
to calibrate viscosity oil standards. i.e., stable Newtonim
liquids.

Specifications, dimensions, and opemting instmc-
tions arc given for the following tyfxs of viscometers:

n. Modified Osnwdd Vkcometem. Cmmon-Fen-
ske routine, Cannon-Mnnning semimicro, ZAfuchs. SIL

b. Suspended-f-evel Vkcometers. Ubbelobde,
Flv.simons. Atlantic. Cmmon-Ubbclob&, Cammn.Ubbe.
Iobde SellliMiCm

c. Reverse-Flow Vlscometers. Cannon-Fenske

oPWW Zehfuchs cmssann, Lantz-Zeitfucbs.
5. Glass Kinemaric Wscometers

Test Methnd. ASTM D 446 (Ref. 10)
‘lMs method provides specifications for glass cttpil-

Iary-type kinemmic viscometers suitable for use in tbe
ASTM test medmd for kinematic viscosity (Ref. 5). A Ctm-
non. Mnster viscometer is shown in Fig. 3-1 I.

Figure 3-11. Caooon-Master Viscometer

3-2.1.11 Laminar, Mixed, and Turbulent Flow

Laminm flow in a conduit is very well-behaved and is
cbm’acterized by well-defined flow lines, or “streamlines”..
Flow tiat is turbulent has no defined flow lines other thnn a
vety thin Iaminar boundary adjacent m the pipe walls. These
regimes are shown in Fig. 3-12.

An estimate of whether the flow in a conduit is Iaminar is
provided by the flow Reynolds number. The Reynolds num-
ber R. is defined mathematically as

Rn = ~ = ~, dimensionless (3- 18)
v v

where
D = pipe inside diameter, m (ft).

As a generalization, if the vafue of tie Reynolds number
is less than 2000, the flow can be considered Imninar. but if
it is above 401Y3,the flow can be considered @JIbUkIIL

Between those two values is the mixed, or transition, flow
regime. which is generally umlnble and unpmdlctnble. The
designations of Iaminnr below 2000 and turbulent abnve
WOO are reasonably reliable, afthougb in carefully con-
trolled labnrato~ situations these values have been mmipu-
Iated over very wide ranges.

fbE- f+

(A)Tuti.lent Flow

(B)Laminar flow

Fsgure 3-12. Laminar and Turbulent Flow in a
Pipe
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3-2.2 VISCOSITY-TEMPERATURE PROPER-
TIES

Tempemturc is the mcd importnm factor affecting vis-
msisy. Vkcosisy c!ccmnm witi increasing mmpemnuc. but
tie mte of dcctcnsc depends upon the structure and chcmi-
ml composition of the liquid. Tlse mnoum of the dccrmsc
depends primarily upon k mngnimdc of tie temperature
change. Most componcms of n hydraulic systcm am qui~e
specific in their demands for 0 Particular vismsisy m their
O~@ tcmpcmmrc. which mrcly coincides with she fixed
Lcmpcmtums tfuu uc sumdmd in the Ic51mcthrxfs for vis-
COS@.TOmt!~h the viscosity of a liquid 10the requirements
of a component requires a knowledge of tie vismsity-tem-
fxmmm chamctcristics of k liquid over its usable temper-
ature range.

Petroleum liquids described by US Miliuuy Spccilicn-
tions am available for usc within VMOUS tcmpcmturc
ranges. Some am usable to -62°C (-SO”F) md othem to
288°C (55CPF). lnc- in the umcr tcmcunctwc limit of

ferret viscosity-temoemouc chmm similar to the mu shown
in Fig. 3-13 am ntilaldc with various tcmpcmturc mngcs
md kinenmtic viscosity smfcs. These charts am conssrucsed
so thnt the PIOIof vismsiry vs temperature is a stmight line
for most pctmlmm liquids. Thus only two viscosity mm-
surcmems. usually 0140 and lCO”C(104 and 212“f9. need
m bc made to &tcrmine o fine from which tfscnppmxinuue
viscosity ot my odm tempcmnuc can & read.

The vismsity-tcmpemturc chm.s w useful for prcdicdng
viscosily only when tie gmph of n liquid is linear. In most
instnnccs Ibis will occur over Ihs wmfsemmrc mnge for
which a given liquid is h’ewtonim. Many Newscmianpcsrw
Imm liquids. however. dcvink from Iinetily at low vismsi.
tics. i.e.. high mnpcmmrc. Many liquids deviate from
Iinmri[y m= their clcad points (par. 3-2.6.1) bccnusc of stss
formation of was panicles. For non-Newsonim liquids and
for Newwninn liquids that am in nonlinmr renditions of
bthavior. the plot of viscosity vs tempemsme mismt be
used to tncdict viscosity. The actual vismsity-tcmocmtmc

pmolcum liq~ds Iusvckeen obtni~~ by s~cial processing .
or by additives. Development of liquids suisnble for usc in

propmsi~ of the liquid must bc determined md plo~. Tltc

high-sempmuum environments is currently one of the
ASTM chm’sstvcrs derived with compmcr nssissnncc so pro-

primc arms of interest in the hydraulic fluid industry. Prop
. vidc lincruisy over hs gmnuss range possible.

atics of ovailnble high-tmpemturc liquids MCd;smsxd in
grcamr demil in Cbaptcr 4. Vkcosity rcquircmmts m mri-
ous tempenuurcs of sevcnd typical US Military Spccificn-
tion bydmulic fluids arc given in Table 3-1.

3-22.1 ASTM V~osity-Tempersstum Cbacts

Mmsy systems trove been &v+scd LO express she vis-
msisy-tcmpemnm chnmctaistics of liquids. The mosl
svidcly used fn-occdure inmfponucs the viscOsity-tempcrO-
tum CtMftSpublisfud by ASTM. Thc5c ChStS, 13Vtihbk

from ASTM. are described in ASTM Smmfnrd D 341 (Ref.

3-2.2.2 ASTM Slope

l%c ASTM slope is smnctimes rcfermd to in older litem-
mrc. This wduc was originally obmincd by physically mm-
suring the slope of tic kimmmsicvismsi!y-tempcmnm dam
plostcd on she chnrss given in IIU 1943 vusion of ASTM D
341 (Ref. 1I). The smfes on the new charss arc not made to

the same mtios as lbosc on the 1943 charts. Comcqucmfy,
diffe!mst vnfucs for the ASTM S1OISCwc obtnincd from the
ncw cfmns. Afthough the vafues obmincd from tfsc earhcr
chmts had Iitde physical mmning. wducs from she new

11) and in Fe&ml TW Method 9121 (Ref. 12). Seven dif- chnns have virmnlly no meaning as all.

TABLE 3-1. KINEMATIC VISCOSITIES OF SEVERAL MILITARY SPECIFICATION
HYDRAULIC FLUIDS

TEMPERATURE

“c “F MIL-H-56MF MIL-H-46170B MfL-H-6083E MfLH-832S2C MfL-H-53119 MILH-K7257
(m)

-54 -65 2500miu 13.m Syp” 3500max — 1200mnx 2500mss

-40 -40 mmns 26013m 800 mm 2200 mm — 550 nmx

40 ILU i3.2 min I8.5 mm 13min 14 tin 2.9 tin 6,1 min

Im 212 4.9 tin 3.4 mm Not Rcpm-ccd 3.45 min 0.6 min 2.0 mill
(M 135”C)

All viscositiesarc in nun‘A.
.Iyp . typical
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3-223 Viiosity-Tecnperatum Coefficient

AISOChCIwny of expressing She ViSCOSiIy-tHCSpCMNCC

rclncionsfdp of a liquid is with he viscnsicy-kmpcmna-c

coefficient VTC.which is defined by

Va-v,m
WC=—= 1- ~m, dimensionless

Vm Va
(3-19)

whccc
va = kincmacicviscosity at 40°C ( 104”F). mm 2/s

vlm = kitscnuwicviscosity al l@3°C(2 I2“F).
nun ‘Is.

II has not found wide usc in h hydraulic fluid industry.

3-22.4 Viicnsity Index

The viscosicy index W of n liquid is n nucnbcr indicating
ths effect of n change in mmpcmnuc on viscosity. A low W
sigcsicics a rclmively large change of viscosity wilh umpcn3-

NCC. A high W signifies a rclacivcly smafl change of viscos-
iIYwiIh Icmpcmmm. The convenience nffocdcd by tic usc
of a single number to express chc viscosity-ccmpcmcurc

chamcscsistics of n liquid has msultcd in IJM widcsprcncf
adoption of UK viscmicy indcs sysccm by ke pctrcdcum
indus~.

The VIis an empirical scale using cwo series of pcccolcum
fcactiom as smndacds. Dne fraction. which sccmcd to have
minimum viscosisy-tempccnnm sensitivity. wos arbitrarily
m.sigacd n W of 100. The otfccrfraction with nmsimum vis-
cosity-tcmpccmurs sensitivity was assignsd 0 W of O. When
Ihe iadcs scnlc was developed. all olhcr pcaolmscs fractions
wcm cspscud co fall widsin ~e O to 100 limiis. However.
solvent refining. k usc of ncMiv~ and symhctics have
praduccd nsncccink Ihm MC o.isidc tic W scat. in both
dircccions.

The V/of o liquid with a given vk.cosify w 10O°C(212”F)
is cnfcukd by rclacing iu viscosi!y m 40”C ( 104”FI for
mch of IFXsmndnrd fcnctions having a viscoshy m 100”C
(212”FI equnf to that of the unknown a! 98.9°C (21O”F).
The W is M2cuhncd by

()“,= L-U
— 100, dimensionless (3-20)
L-H

where
L = viscosisy at 40”C ( 104eFI of a pmoleum fmc-

tion of O W having tie snnsc viscosity nc lfJWC
(212° F) as lhe fhcid whose W is to be cafcu-
fiucct.nscn2/s(fI’/s)

H = viscosity al 40eC ( IW”F) of 0 pcooleum fmc-
tion of 100 W having the same viscosity al
ICWC (212°F) us M fluid whose W is co bc
Cafcukocd, nun 2/s ( ft 2/s)

U = viscnsit y m 40°C ( lCW°F) of tie fluid whose W
is to bs crdcuhced. nan 21s (ft 2/s).

ASTM D 2270 (Ref. 13) and Fcdeml TCSIMedmd 9111
(Ref. 14) provide ublss of values for L H, md L - H foc
&ccrminicsg tie W of a liquid fmm LIMcentistoke viscosity
at 40 and IOWC (104 md 212°F). A schsmmic rcpccscncn-
tion of W is shown in Fig. 3.14.

‘fle W scale u ckscribcd has been in gcncmf use in 12ss
Unitsd Slmes nflhough it fms n numkr of dcficicacics. Foc
~Y YSM’Slhe pmccdust in ASTM D 567 (Rescinded) was
used to astculnsc chc W. ASfTd D 567 has been rcpfnccd
beams of the anonsrdics shm msulud fcmss u= of the
me!had. Some of 12Kproblems expcricnccd m-s

1. his bawd on tiImsry smndards.
2. The system bmcdcsdown for fight oifs hsving vis-

cosities below about 8 cSt al 1CS3°C(212°F).
3. In tie mnge above W of 12S. tie scafe bccnnscs

mamingkss since two oils IhnI have cquaf viscosity as WC
(104eF) but widely diffecsm viscosities M 100”C (212°F)
my hnvc Ihs Sncnc W.

4. W is not an acfditivcfnoprcy. ‘h W of an oil blend
cnnnot bc dctccmincd by ncnnipula!ion of tie W of the incfi-
vidunf componems, particularly when widely diffcrcm IYPCS
of liquids m-cinvolved.

in spits of its shmccomings, tie W mmsins h mnsI pop-
ulnr systcm used to express lhe visccmity-lcmpzmcurccfuu-
occccistics of fluids. Numerous suggcstiam have been
fSMpOSCdCOeliMinMc che shortcomings of the sysccm or co
find n mom fuacfmncnud ascam of expressing viscasicy-
wmpcmmrc chacacccristics. MOSIof lhc suggcstccf syst.mss.
however, scerc ma complex for general usc or had fauhs of
lheir own. so n mclhod (Refs. 13 md 14) was developed ca

40-2 la

COUSCSYOfTC.UUO’Smngnzincblvicncion.

Figure 3-14. Schematic Representation of Vis-
cosity Index (W) (Ref. 1)

c
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correct the deficiencies in the ASTM V[s above 100 without
shifting the values between Oand ItX).Values almve 100 are
designated viscosity index extended V/E (Ref. 15) to distin.
guish hem from values obtainedby the previous method.

3-2.2.5 Test Methods for Viicosity-Temperature
Properties

A discussion of two methods follows:
1. Wscosi&Temperarur? Charts

Tesl Methods. ASTM D 341 (Ref. 11)
Federal Test Method 9121 (Ref. 12)

Thess methods provide specifications for standard
viscosity-kmpetaturc charts, such ss tie one shown in Fig.
3-13, for petroleum fluids, for kinematic viscosity. and for n
mnge of tempcmtttres. Charm available from ASTM are

a. Chart L Kinematic Vkcosity. High Range:
Kinematic Vkcosity 0.3 to 20.000.000 cSt, Tempamure:
-70 to +370”C. Size: 680 by 820 mm (26.75 by 32.25 in.)

b. Chart ff. Kinematic Vk.cosity, Low Range:
Kinematic Vkcosity: 0.18 to 6.5 CSI. Temperature: -70 to
+370”C. Size: 520 by 820 mm (20.5 by 32.25 in.)

c. Chart III. Rinemmic Vk.cosity, High Range
Kinematic Vk,cosity: 0.3 to 20,1XI0,000cSt. Temfmwtm:
-70 to +370”C, Size: 217 by 280 MM (8.5 by 11.0 in.)

d. Chart IV. Kinematic Viscosity, Low Range:
Kinematic Vkcosity: 0.18106.5 cSt, Temperature: -7o m
+370”C, Size: 217 by 280 mm (8.5 to 11,0 in.)

e. Chart V. Kinematic Vkcosity, High Range:
Kinematic Vlscmity 0.310 20.000,OWICSL Tempmmme:
-lCKI10+700”F, Size 680 by 820 mm (26,75 by 32.25 in.)

f. Chart VI. Kinematic Viscosity, Low Range
Rinematic Viscosiw 0.18 to 3.0 CSLTemperature: -100 to
+700°F, Size: 520 by 820 mm (20.5 by 32.25 in.)

g, Chart VIf. Kinematic Vk.cosity. Middle
Range Kinematic Vk.cosity 3 to 200.CCH3cSt. Tempcntmre:
-40 to +150”C, Size 217 by 280 mm (8.5 by 11.0 in;)

2. Calculation of Kscosify Index
Test Medmds. Federal Test Method9111 (Ref. i4)

ASTM D 2270 (Ref. 13)
These methods provide tables and equations to be

used to calctdate tbe VI of petroleum products fmm their
viscosities at 40 and 100”C (104 md 2 12“FJ Tables am pro-
vided for liquids with viscosities m 10+3”C(2 I2°F) between
the values of 2 and 70 mmzls.

Tedious calculation of W can be eliminzued by the
use of dsta in ASTM Data Series 39a, ASTM Wscosity Index
Tables Calculated jivm Kinematic Wscosities (Ref. 16).
This reference gives W in sevend different ranges of fluid
viscosities.

3-2.3 VISCOSITY OF BLENDS OF TWO
LIQUIDS

The ASTM viscosity-tempetwtmc charts can be used to
predict the composition of a new blend of two liquids m

obtain a required viscosity or to estimate the composition of
an existing blend when the viscosities of tie two compo-
nents arc known. In this procedure the vertical scale of my
ASTM chm is used without change. ‘flte horizontal scale
betwesn -18 and 37.8°C is relabeled 0-100% and used to
represent the percent by volume of the higher viscosity

component. Tlte viscosity at a given temperature of the
lower viscosity component is marked on the O% line, and
the viscosity m the same tempct-atut-cof the higher viscosity
component on the 100% line. The two points ate connected
by a straight line, and the required volumetric composition
of any blend of intermediate viscosity may be read on tie
abscissa of F]g. 3-15. Conversely. tie competition of a
blend cm be estimated when the viscosities of the two corn.
fmnents am known and plotted in this manner (Ref. 4).

Figure 3-15. Viscosity Blending Chart

3-11

Downloaded from http://www.everyspec.com



.

MIL-HDBK-118

3-2.4 V2SCOSfTY-PRE.SSURE Properties

lle viscosity of n liquid varirs wih pressure os well as I,ccaam
mmpemmre. For many, years PICSSW’Ceffects in hydraulic 40%

la%
systems wem neglected btcause the prsssurcs encountered 1cacao-
were madcmtc md tie viscosity was not greatly affccOsd.
llse mtc of in- is ntso influenced by lhc SMICIWUImd

0%
1acea -

cbcmicnl composition of the fluid. Graphs of viscosity vs
pressure at scvernl Icmpcmmrcs for a typical petroleum
fluid arc shown in Fig. 3-16. Gmphs of viscosity vs ccmpcr- f Km

mm-c m scveml pressures for n !ypicnl synthe!ic fluid arc

1

22s%

shown in Fig. 3-17.
Im

Mast of IIE work on viscosity-pressure effccls has been
dons in studies concerned witi lubrication thmry. Lubricn!- 10

ing fluids for ball bearings and gems u often subjcctcd to
csawacly high prmsurcs at mnmct surfnccs under which 1

Weir viscosities incccasc npprecinbly. AI PICS.SUm.Sm low as
27,6W kpn (40Ml l~in? ). tie incrmsc in viscosi~ can al;&~&& ,&
cause coasidcmble differences in tie results obmined by n
lubrication ticaty cnlculndon (Ref. 4). m5n P.u%

A manbcr of cmnirimd couations have been sugm.wcd to FImsre 3-16. Viscositv vs Pressure at Severaf
rclmc viscosity m &cs.wrc.“Theone IIsatfollows~~though “=-”Temperatures for a ~ypical Petroleum Ffuid
vflld oaty over a modcrwe pm.s.wrcrange, is the onc most (Ref. 17)
mmmmdy used

Il. = nbsotuts viscosity al acnsospheric fn-cssum,
KP = p~, m2/s (3-2 l) POS(Ib.sfft’)

whzrc k . n constant for o given oil msd CCmpanac.

P, = nbsolulc viscosity at pressure p, Pas IcPn-’ (f[’/lb)

(Ib.sfft ‘) p = pressure, kf% (lb/ft z).

max

acm
I-

iii
Im

xi
f.,:
J!8mm
?l ‘5
Jfi

?n
M
m

44

lo

m
-m.ma4 aa -1oo m m m 40 m m m m m IUII1OtaI tmw3i EIIm3mtmImzm

1~. =

Fiire 3-17. Viosity vs Tempemture at Several pressures for a Syothetic Fluid (Ref. 17)
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several genm-rd suucmcnts about the viscosity-pmsmre

mm Of W~le~ pmducls cm be mndc. namely
1. A prcssum incrcnrcof about 3450 Wn (5~ l~in?)

has the cquivufem effccl on viscosity of 0 tempcmturc
decrcnseof 1.1degc(2deg F3.

2. The same incnasc in pressure shows n greaser

cffccl on viscosity m low fmssures Ihnn al high pressures.
3. Lower viscosity fluids are less nffcckd by pressure

him higher viscnsity fluids.
4. An increase in fnessum incremcs she W.

The study of the effects of prcssum on viscosity is nn area

of mscmch thm bns received mnsidemble interest in recent

years. The viscnsitics of liquids at pmssums up to 1034 MPn
( 1S0.000 Iblin?) and mmpemmcs up to 218°C (42S”F)

have keen reported by tie ASME (Ref. 18) md by Wtlson
(Ref. 17). K2nus cf af. (Refs. 19-21) hnve conducted viscns-

ify-prmsure sIudIes on numerous liquids m pm.sums up 10
68.9 MPa ( 10.C03 psi). which arc likely. to be cncoumered
in typical hydmulic systems. As mom dam am accumulated
on viscosity-prrssurc effcas, more imelligem choices of

lubricants md bydrmdic tluidr will be possible. The inclu-
sion of viscosiry-pressum dum in tilgn studies could red

in tie use of liquids of Inwer viscosity Usm the clnssicul
Iubricmion equmions would indicn!e. Using n liquid of
lower viscnsify hns the ndvmunges of permitting Inwer

opmnting tcmpcmmms. less liquid friction. md smrdlcr
power losses.

3-2.5 VISCOSITY-SHEAR PROPERTIES
Some nircruftand many industrial hydraulic fluids cur-

rensly in use contain polymeric thickcnem culled viscnsity
index improvers. or “VI impmvem”. 10 reduce viscosity
chmge due m tempmnlum. When liquids conmining Uscsc
VI impmvem me subjected to high mus of shear, tiey nften

suffer n 10ss in viscosity and VI &ausc of dcgmdation nf

tie pdymerx. Tle unit nf shear rate is k reciprocal second
(s-’ ). A sheur mte of one rccipmad =cond occurs when
pamlfel planes 10 mm apwr move in oppsitc dimctinns m n

relative speed nf 10 mmfs. H@ shear rams nccur where

SFNfs um high and cleamnces small. Some typictd shear
mm am shown in Table 3-2 (Ref. 22). Chmdn60n of o.

hydmufic fluid !bmugh a system subjects lhc fluid m mpid
shear rates and sudden pressure changes ns it passes !hmugb
orifices md clnsc-iolcrnnce nmas. Tle rcsultnm Inss in vis- “
cnsity may be n permanent Inss. n tempsmuy 10ss. 070 cnm-

binntion of the Wo.

3-2.S.1 Tempomry Vsscosity Loss Due to Shear
Tempmnry viscosity loss is due m orienmdon. or “Jining

IIp-. Of the long chain pnlymer molecules in the direction nf
flow. l%e fmlymcr molecules Klcken n liquid more when
hey am oriented nmdcmdythan when tiey am mien!cd in
*c dtitinn of flow. The miemmion nf the molecules am
nctunlly be seen when the flnw in msnspareni mbcs is

obsentd under fmlmized light. When h shearing stress is
removed. the liquids regain their ofigimd viscosily.

Temporary lm.s nf viscosity hns several impnrmnl effects

on the pcrfonnnncc nf hydmti!c fluids. Three of lhc most
impnrmm of Ibc.ss arc un increase in inlcmnl Icalknge. n
decrease in the Iond.cnrrying eupaMlity of the fluid. and o
reduction in fluid friction. Lcnkngc mound close-tildng

pans incmasc.s as he viscosity dccmmcs md msuhs in
reduced sys!em efficiency.

The Inss in Ioad.cnrrying cnpabilhy nf she fluid resutts in
incrmscd friction in the moving components. (l’his is stis-
cusscd in dcmil in par. 3-3. “Lubricmion Pmpcrdcs”.) This
loss also means Uuutiere is likely 10 be mom surfnce-t-
surfucc mnma. which resulu in nccclemled war mks und
increased fluid csmmminxinn by tie wear panicles. Hmv-
ever, h reduction in fluid friction M acamspdes

reduced viscnsisy also reduces system losses in piping and
finings. which is beneficial.

Thmc meIlmd.s have been dcvelO@ for measuring &
~mW viscnsity loss nf n fluid duc 10 sbr. OM-,
w 0 brink of capillary mbc.x mother uses 0 cnnccmric cyl-
inder. The mnst commnnly used appamus. however, is tie

TABLE 3-2. ESTIMATED SHEAR RATES OF LUBRICANTS (Ref. 22)

I RAOIAL CLEARANCE

APPLICATION I BETWEEN MOVING
AND Stationary

PARTS. mm fin.)
I .

piston-cylinder clcamncc 0.0254(0.oul)
in automotive engine I

Pfuin journal bearing 0.0254 to 0.00224
(50.8-mm (2-in.) diameter) (0.001 10O.0001)

Bnll-sypehydmutic pump 0.0076 (0.0003)

Bmch pistms-type diesel
I

0.001 (0.000W
fuel pump

RELATfVE VELOCITV
OF PARTS

5.08 to 10.16 ds
(200 to 400 inJs)

18COrpm

3500 rpm

0.091 MIS
(36 inJs)

SHEAR RATE, S-’

2a3,mo IO400.000

18WM so 1,820.000

3.mo.coo

900.000

Rqnimcd by don nf society of Tribologiss and Lubrication Engineers. All rights rucn’cd
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mpercd plug viscometer. The tapered plug methnd is
detailed in ASTM D 4741 (Ref. 23). This methnd uses a
close-fitting mm and stator that have a Aight, matching

taper. This taper allows adjustment of the clearance between
the rotor and stator, Tbk cleamnce controls the shear rate.
The gap is filled witi the test fluid, aad the rntor is rotated al

a known speed. The viscosily of the fluid is determined by
measuring the reaction toque.

3-2.5.2 Permanent Viicosity Lmss Due to Shear

Permanent viscosity loss is the result of chemical break-
down or mechanical rupturing of the huge polymer mole-
cules into smafler molecules. Rupture of (he polymer

molecules may occur in both Inminar and turbulent ffow:
however, polymer degradation is genemlly greater under
Nrbulent conditions. Ciwilation, where large shearing
forces are developed by the rapid formation and collapse of
cavities in the liquid, can cause extensive scission of the

polymer chain. Polymer degradation by chemical reactions,
such m oxidation, hydrolysis. and mdiolysis. does occur, -
but mechanical scission of d-m@ymer chain resulting from
the huge shearing forces on the molecule is the principal
cause of viscosity loss in hydraulic fluids. Vkcosity losses
due to reduction in the chain length (moleculw weight) of
the pnlymer thickener arc permanent, and the liquids do not

regain their viscosity when the shearing farces are removed.

3-2.5.3 Test Methods for Viscosity-Shear Charac-
teristics

Theremeseveralmettmds of measuring permanent shear
viscosity loss. The most commonly used methnds are the

pumporifice test, the sonic methnd. the diesel injector
metfmd. nnd the Uqmed-plug viscometer melhnd. A discuss-
ion of these metlmds follows.

1. Pump-OriJicc Tesr. The liquid is pressurized wiIh a
pump, md the pressure is released by passing the liquid

tbrnugh a small orifice [o a low-prsssure area. After a given
number of cycles. the amount of permanent shear viscosity
loss is expressed as the percent change in the viscosity at a
given temperature. This test simulates actual service condi.
tions and employs hydraulic system components. Results of

a VPical tesl are shown in Fig. 3-18.
2. Sonic Melfwd, The sonic medmd consists of sub-

jecting he liquid to high-frequency vibrations that produce
permanent shear breakdown of the polymer molecules in
exmemcly short pinds of time as compared to the pump
tests. The sonic energy is supplied fram magnetostictive
oscillator. One such device genemtes 10 kfiz at 200 W
(Ref. 25). ‘fle sonic methnd bias the advantages of using

only a smafl sample (50 ML or less) of the liquid and requir-
ing one hour or less to perform. Fig. 3-19 (Ref. 24) shows
the effect of sonic imdiation on the viscosity of a typical
MU-H-5606 fluid. The comclation between sonic results
and pump test resulls bas been panr in many cases. investi-

gations have shown that the poor correlmion might be

am’ibmed to at least two factors: (1) ‘flm scmic procedure is
performed at nunospheric pressure. whereas the pump test

uses a reservoir under pressure and (2) Both methcds vary

in their effect on different polymem (Ref. 26). The problem
of dissolving gases in the liquid from the pressurized reser-
voir can be reduced by using an interface, such as a dia-

phragm, between tie liquid and the pressurizing gas. When
Ihe effects of dissolved gases and the selective nature of the

sonic irmdintions am consi&red. there is closer correlation
to data fmm pump tests. Considerable effort has been

expended to develop n set of conditions for use in tie sonic
methnd, and much of the work has ken summarized in

ASTM Speciaf Technical Pablicmion No. 1g2 (Ref. 27),
3. D@c/ Injector Method, The diesel injector mctfmd

described” in ASTM D 3945 (Ref. 28) is similnr (o the pump-

orificc niethod in that the liquid is pressurized and forced
through n small orifice. fn d-u diesel injector methnd tie dle-

0

10

20

30
m

40.-0

Pumping Cycles x 10+

Rcprimed by permission of Sncicty of Tribologists and Lubrication
Engineem. All rights rcscrvcd.

F@re 3-18. Effect of Shear Upon Viscosity of
a Typical MIL-H-5606 Hydraulic Ffuid in a
PumpOrifice Test (Ref. ~)

30
t

4oo~
60 120 160 240 300 3f
Sank ~oauro lhs, rrdn

60

Reprinted by permission of Society of Tribalogists nad Lubrication
Engincrm. All righ!s reserved.

Figure 3-19. Effect of Sonic Irradiation on the
Viscosity of a Typical MIL-H-5606 Hydraulic
Ffuid (Ref. 24)
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XC1injcmm serves ns boti che prcssurixing pump md tie

orifice. While excellent ngrecmem bccwcen tie pump-ori-
ticc tes and ti diesel injector text hm teen obmincd fnr

some fluids, wide diffeccnccs have resulted for ochcrs.
Higher viscosity fluids ccnd 10 show closer agmcmem
bcnvccn lhc IWOnsdmds. Thk nu!hcd has proved ineffec-

tive for hUL-H-560d hydmutic fluid.
4. Tapcmd-Plug Vicometer Method. The m$crcd-phsg

visconwcr method described in ASTM D 4741 (Ref. 23)

uscs n Ravcnfield high shear nuc mpcrcd-plug viscomeccr to

dccermine lhc viscosity of oils m 15&C (302”F) al a shenc
cmc of 1 x 10bs-’. The fluid 10 bc tested is hcntcd to lhe I&St

ccmpcnourc and fills tie onnulus bctwccn che close-fiuing
coxnc and scacm nppamcus shown in Fig. 3-20. The come and

scncm have a matching mpcr to allow ndjuscmcm of the
clmmnce bcnveen &m in order to confcul tie shenr rncc.

lle rocm nuns m n fixed sped. The fluid viscosity is deter-
mined by ncc.nsuring tie rcactinn toque nnd referencing Uds

coquc to n sbmdarcl viscosity-toque curve bcsed on NCWC*

ninn fluids. Also IMs medmd cm bs used to dccennine tie

~PJIIOY $mcosiy 10SSdue 10 shear mc. ns disc”sscd i“
par. 3-2.5.1.

3-2.6 LOW-TEMPERATURE PROPERTIES
AShydratilc fluids MCcooled. they bccomc mom viscous

MCItheir flow bccomcx slower. If cooling is carried to sufli-

cicmfy low tempcnmmcs. chc fluids approachplnxcicsolids.
Mmy liquids. if cooled under prescribedconditions. begin

m ~pi~ W or ScpanMc components al 0 specific tern.
~. ~S IcmpernStW i5 cnkd lhe cloud poinL [f cod.
ing uOdCr @btd cOdCiOIIS COnCinUCS.0 CCIIIpCtUNICiS
cencltcd al which the oil will neitier pour nor flow. By defi-

nition. cbc pour point is 3 &g C (5 deg F) above ~s Ur-

n_. me pour pin: npprOximWcS tic lowest
!cmpunnuc at which n liquid will flow in n conmincr of n
given size. h is difficult cn define pour point prcciscly

bccausc lhc onnsicion from liquid m solid is gmdunt. Low-

ROcwDcii

~~ ASTM. Rc@xcd with pumissioo,

Figln% 3-20. Rotor and Stotor Section of
Tapered-Plug Viosity Tester (Ref. 23)

ccmpcmcurc opcrntionnl cnpabilit y is best defined hy fluid
viscosity.

3-2.6.1 Cloud Point
lle cloudpoint is of imcmst for usc m low !empcmcumx.

h is dctincd os tie ccmpcmmm at which wnx or ocher dis-
solved solids begin to ccystnllixe md bccmnc noticeable

when liquids m chNlcd under specified conditions. Ds-

SOIVCCImoiswrc can also cnusc clooding of a liquid on cc4d-

ing nnd lead to ermncous I-CSUIIS.Mmy liquids have no
cloud Poinl. Some base SIOCICShave no wnxy mmpoocms.
whereas other stocks mny Imve snme of lhe wnxy Ccsmp

nems removed. The Incccr arc rcfemcd 10 as deep dewaxcd
fluids.

3-2.62 Pour Point

‘fhe pour point is by &finition 3&g C (5 &g F) shove

tic tempcmcucc at which tie fluid ceases co flow. II msy

nmrk n tcmpcmmct m which crystnlliion of wax hns p

cccdcd to such on extent thm fonhcr Iowcring of h tccnp-

amrc would cause flow 10 CC= (waxy pour poinl). or it

nw. with wnx-frcC fluids represent the cenqsmmrc m
wh!ch tie viscosity is sufticiemly high IIXUfurlhcr cooling

would cnusc flow m crass (viscous pour poinl). liquids IIXU

m-c fmc of wax or olhcr components ItmI can fnuipiouc on

ceding tschave like Newconirm fluids even at low ccmpun-
mms. The viscosity at the pour point is uppmxinuucly Ihc

same for 011fluids of this cyps and Iwo ham foond co be in

tie mnge of IO’ to 10’ mmals.
Most commcrcinlly nvnilnblc pcooleum fluids have a

waxy pour poinl mcher lhnn 0 viscous pour pOinL ~cy =

Ncwconinn fluids only when tie tcmpcmomc is above lhc
poim a! which tie wax begins to SCPIWIMC.TfIe fnnnntion Of
waxy cryscnls docx no! mean Use fluid hns solidified. flow

hos been pmvenccd by the CIYSUIS.but if the liquid ix agi-

lncecl 10 IUPCUIXlhc CIYSOJIsoucture. che liquid wilf flow
even though lhc Ccmpcmcure is below the pour poinL T&

WIUy pcmr pint is dcpendeni upon such fnccors ns the rats

nf cooling MCIclcgrcc of ogimcion. Table 3-3 lists tie mioi-
mum pour points required by six common milicnry spcifi-

cndon.c for hydmulic fluids.

3-2.6.3 Freezing Point
For pure, or csscntinlly pure. hy~~ns Md ~Y-

dromrbon tmsc synthetics. che tempcmmm M which solMiti-

codon - is cnllcd the frccxing poim. This term is Ols.o
frequently ond loosely used for ndur petroleum Pcoducs for
which tie pmpcr term would bc eiIher IIWcloud poio~ h
pour poin!. m du solid point. The freezing point is dc6ncd

ns tie tempemmrc m which o pure bydmcarbnn passes fcom

n liquid in a solid swtcc. TesImeti~ fncdecccminingfreez-
ing ~inls usually apply 10 fuels, solvenm and o!hcr Cypcs
OfI’&Uk]y fnOZhydmcnrbons.
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TABLE 3-3. POUR POINT REQUIREMENTS OF SIX MILITARY SPECIFICATION
HYDRAULIC FLUIDS

MfNfMUM
SPECIFfCATfON FLUfD USE POUR POfNT

“c “F

MfL-H-83282C Synthetic hydrocarbon Aircraft Missile -55 -67

MfL-H-56436F Petroleum Aircraft -60 -76

MIL-H-46170B Synrlwic hydmcarlmn Armored ground -54 -65.2
vehicles, Milky

MfL-H-6083E Petroleum Artillery presenmtion -59 -74
and stornge

MfL-H-531 19 CTFE Armored ground vehicles -60 -76
AircrafL ArdOeW

ML-H-87257 Svntbetic hvdromrbon Aircraft Missile -60 -76

3-2.6.4 Test Methods for Low-Tempenture
Properties

A discussion of the tests of low-tempemtm-e properties

follows
1. Cloud and Pour Points

Test Methods. Fedcmf Test Method201 (Ref. 29)
ASTM D 97 (Ref. 30)
ASTM D 2500 (Ref. 31)

These methods describe the procedures used to

determine the cloud point for liquids that are transparent in

layers 38 mm (1.5 in.) in IMclmess and to determine Ihe

pour point for any petroleum fluid.
a. Cloud Point

Test Methods. Federal Test Method 201 (Ref.

29)
ASTM D 25C0 (Ref. 31)

A sample of the fluid is placed in a test jar,

heated at least 14 deg C (25 deg F) above the approximate

cloud pOinL and then chilled in successively ccmler baths.

At intervals of 1 deg C (2 deg F) the sample is inspected for

cloudhg. When a dktinct cloudiness or haze appears M the

bottom of the test jar. the temperature reti!ng is recorded as

the cloud point.
precision. Duplicate results from one laboratory

may differ by 2 dcg C (4 deg F), and tbe results fmm two
different laboratories may differ by 4 deg C (8 deg F) for

gas oils. For afl other oils results of duplicate tests should

not differ by more than 6 deg C (10 deg F).
b. Pour Poinr

Test Methods. Federal Test Methcd 201 (Ref.

29)
ASTM D 97 (Ref. 30)

A sample of the fluid is placed in a test jar of 30

to 33.5 mm (1.18 to 1.32 in.) in diameter and bested to a!

least 46°C (115°F). The sample is then chilled in succes-

sively cooler baths. At intervals of 3 deg C (5 deg F) the jar
is tilted and the fluid surface is inspected for movement.
When the fluid reaches a tcmpemmre at which tic jar can be
tilted horizontally for 5 s wiLb no IIIOVentenL the tempem-
turc is recorded as tie solid point. The pour point is the tern.
pemture 3 deg C (5 deg F) above the solid point
tempemure.

Precision. ResulIs of the pour point from one
kt&matory may vary by 3 deg C (5 deg F) and fmm different

laboratories by 6 deg C (10 deg F).
2. Pour Srabi/iV Characreris[ics

Test Method. Federal Test Method ’203(Ref. 32)
Thk method is used 10 determine the stable pour

point of blends of winter grade motor oil and of cemtin
types of hydraulic fluids.

A sample of lbe oil is placed in a glass jar in a bath
and subjected to a schedule of temperature striations for up

to 7 days. The lowest temperature at which no surface
movement wiU occur when the sample is turned borizon-
tidly for 3 s (the solid point) is then determined. The stable
pour paint is recorded as lbe tempemtum 3 deg C (5 deg F)
above the solid point. Thk method diffem fmm tie tit
method of this subparagmph in that the sample lirs[ under-
goes n ~riod of heating and cooling over a period of several
days.

3. Diluted Pour Point
Test Method. Federal Test Method 204 (Ref. 33)
This method is used to indicate the flow cbateri~.

tics of engine oils tbtx have been diluted with aviation gaso-
line.

A sample of the oil is diluted to a mixture of 70%

oil and 30% dduent. Tim diluent is a mixture of 80% naph-
tha and 20% xylene. The pour point is determined as out-
lined in ASTM D 97 (Ref. 30) or Fedeml Test Method 201
(Ref. 29) for cloud and pour points. which were the first
tests dismssed in this subparagraph.
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Pccckion. ‘k mm Iimils ns w forth in ASTM or
Fcdcnd Test Method for cloud and pnur points apply 10 this

Cncdmd.
4. Cfoud Intensity al Low Tempemncrc

TcsI Mdhod. Fcdcnd TCSIMetiod 202 (Ref. 34)
This medmd dcsccibcs tie pmcedurc used to dc[er-

mimc h nbiity of hydraulic fluids or higMy relined light
Iubricoiing oils to rcmnin free of turbidity at low ccmpcm-

Cuc’cs.
A sample of the fluid nnd ISsmndmd are slmcd m

-S4°C (-6S”F) (OCIowc if spccificd by the pucdm.ser) for
n spcciticd period. h is then ngiuwcd md its mrbidhy is

compared to llml of Ihe standard.The scnnclmdis n mixNrc
of barium Cfdoridc. sulfm.c acid. ond sodium hydcoxidc.
The cmbMity of tie sample is mpoclcd as less tire. mom

IhmL or Cc@ CnLhlllof UseSmcldncd.
S. Freeing Point

TCSIMehod. ASTM D 1015 (Ref. 3S)
This mclbod is used co mcnsurc prcciscly the frccz-

hg pint of high-purity hydrmnrbons. h involve.s the MC of
a ccfrigcrncion unit to cool IIM fluid. MCI liquid nitrogen is

ti prcfcn-cd mfcigcnmi. When ~e tcmpcmcurc of tie fluid

is WProxi-ly Iodcg c (1s dcg F) nbove Ihcexpeclcd
freezing pnim Ihc mm of flow of Ihc rcfcigenmt is mduccd

wtitieti of~ting kl&g C(l.8&g Qin&utone

co tbnx minulcs. AI nppmximntcly 5 &g C (9 &g F) above
cbe mscicipaced fccczicsg pcIinL crysodliznlion is induced by

inscrdng either n chilled rod nc pcwust.frozen crysmkOf
tie ccst fluid. The beginning of crysmflimdon is nccomfm-
oicd by a halt in cbc cooling of the fluid. The fluid !cmpcrn-
nuc smbii n! Ihc freezing poinl as crysudlizmion
mndnurs.

Pmcisicm. RCSUICSfrnm the SMCCopccncor md uppa-

mcus should not WY mom Wus fl.fJ35 &g C (0.009 &g
F). Becwccn different opcrmors nnd npparnms,the results

. should not vary more UIM iO.015 dcg C (0.027 &g F).

3-2.6.S Siicocsce of Freezing and Pour Points

Msoy bydmdic sysums uc rcquiccd UI operose in

cxcrcmcly cold wemhcr. Under tics conditions chc oil mu.sI
flow m lhc suction side of lhe hydmulic pump on smn-up of
IIE sywcm. Tbc paur pOinL bchg the IOWCSICcMp’IMUIt M
which a liquid wilf flow IOIdCrnonnd gravity head. mum be

mmsidsccd in sclcccing a hydmulic fluid for mld wmhcr
npplimdnns. In most cnscs IIIC pour point is tm low to bc

acccptile for hydcnulic system opcmtions.
TiIC cloud poinL on tie other hand. is of Iiole signifi-

cance. Forcnndon of tbc wnxy ccyslnls mny tend to plug up
smnlf dies, but fhis fnct is considered in ~ ~}km Of

hycfnudic systccns for Iow-tempcmcure opcnuinn. The
Cloudiclg of liquids, hmvcvcr, Somcdccccs Cnosc-s Ihc clng-
ging of Iiltcrs if no preheating fncilicics arc avnilntdc.

Akbougb i! nppeom IJmt che freezing point is n significmt

mnsiduscicm wbcn selecting a fluid for Iow-wmpcmcum

opmtion. it is OCNd]Y seldom used for til pucposc. fn
pmcticnl application. the pour point is considerccf !0 bc
mom significam. Rmhcr. chc freezing point is used to deter-

mine lhc purily of the CCSIliquid. A knowledge of dK puriIY

of tic hydmarbons is of!en used M n nmnufncturing md
qunlicy control Innl ns well ns 10 determine tie suimbility of
tie liquid for usc ns rcngent chemicals or for mcwcrsion to

ochtr chemical intcrmedinces or finished produces.

3-2.7 FLAMMABILITY CHARACTERISTICS
Themcn.wrcmentof lhc Ilmumbilitychnmctcriscicsof a

hydraulic fluid is complex. The dcgrcc of tlnmnmbiiIY is

inlluenccd hy the chnrncteristics of tie liquid. tie source of
cbc ignition, whether IICe liquid has vnporicccl. and many
other factors. The potential danger from hydraulic fluids is
frequently grrm bccnuse nf the high pressures involved in

IMIIY SySICMS.FMCCWCof hydmulic lines oc Icaknge fc’mo
faulty mnncctinns can form n fine spray of liquid $hicb is
ccndily ignitable. Numerous ICSCSlmve bcm dcvclopcd m
dcmcminc k flammnbMIy chamctccistics of liquids urnicr
bmh Inbom!ory condhions and simulmccl opcmdng condi-

tions.

3-2.7.1 Flosb and Fire Points

The flash nnd fire pnints arc the mnsl mmmnn InbcmoOcy
mensurcnccncs of tie Ilmcmnbility of o liquid. The tlmb
point is the tilmum tcmpcnuucc m which sufficient liquid
is vnporimd under spccificd conditions 10 CcuUc n mixcurc

chm will bum wh-m exposed to M open tlnmc. As IIw’name
‘Tlnsh” indicnccs. burning m WIS FOim is onfy m inshmfo-
ncms flash. TIIc fire point, however, is IIW minimum t.cm-

PCCRNICal which sufficient vnpoc is mntinuously gencmtcd
cn susmin mmbustion for five seconds. As will be showo,
different mcdmds for dctecmining IIM flnsh and fire P&MS

nrc nvnilnble for fluids with different chamcceristics. Tesciog
che same fluid by dilTercnlmethods cm give wry dificrcm
rcs”lw dm-cforc. it is imporcnnt 10 specify IhC Ml MClbOd .

used when discussing che rc.sultc.. Tnble 3-I MS @C Rash

points for some common US Milihwy SpccifmafiOns for
hydmulic fluids.

3-2.7.1.1 Test Methods for Flash md Fire Points
A discussionof scvcrd methodsused10detcnnincRash

andfirepoinls follows
1. Cleveland open Cup Mcdmd

Test Methods. Fcdcml TCSCMcdmd 1103 (Ref. 36)
ASTM D 92 (Ref. 37)
ISO 2S92 (Ref. 38)

Tbesemclhods cJcscribe aproccdul-cu5cd Codctc,r.
mine the tlosh and fire p?ims of pmrolcum products exccpc
fuel oils nnd Umsc pmduc!.! hm’iccg m OFCOCUPflub point
bclnw 79-C (17S”F).

The tcsi cup is filled with k ssncplc msd the ccm-
pccmcuc of h sample is incrcmcd. fim rapidly and hen u
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n slower. consumt me ns tie flash fmint is npprcmched. Al 2-

dcg< (5+-F) intervals a snmfl flame is passed across tie

cup in 0 pc-cscribcd manner. Tlse lowest temfxmcurc 01
which llpphCUiOn Of k &s1 IkllK cMJSCSVnfXXSOtOVe Lk

surfnce of she sample to ignite is the flesh point. The LCS.Iis

continued until tie application of Chc lest flame causes the
fluid to ignite and bum for w lcasl 5 s. Thai Icmpccncurr is

tie tire point. A sketch of the Cleveland (3pm Cup nppam-

NS is shown in Fig. 3-21.
Precision. Results should not bc considered suspec!

unfess hey differ by more than she following amount.x
a. Repen!nbili[y

Fla.shpoint:8 dcg C(14deg F)
Fmpoin[: 8dcg C(14dcg F)

b. Repcuducibility
Flash point 17&g C (30 dcg F)
Fn point 14dcg C(25deg F)

2. Tag Closed Cup Tesrcr Method
TCSIMethods. Fcdeml Test Method 1101 (Ref. 39)

ASTM D 56 (Ref. 40)
These methods dcscribc prwedures used 10 dcter-

ncine Ihe flash poim of fluids that flash below 93°C (2fM0fl

with tie exception of products classified as fuel oils.
The sample is plnccd in che cup of IIM ksccc tie lid

is closed mcd the tempcmmm is increased m 0 slow. mn-

SIMI mcc. A snmfl flame is dmkd into lhc cup at 0.5dcg-

C ( l-deg-F) inbmafs below &3°C ( 140”F) or 1dcg-C (2-

Them:er

TMICUD I?/

Copyisfu ASTM. Rcpcimcd wi!h permission.

Figure 3-21. Clweland Open Cup Appsrstus
(Ref. 31)

deg+) in!ervals nbove that tempcnscum. The lowest ccmper-
nmm m which dtc application of the test flame causes n
vapnr above tie sample to ignite is he fins.h‘pnim. Fig. 3-22

ShOWSa sketch of tie Tag Closed Cup Tc.wcr.
precision. Results should not bc considered suspect

unfcss they d!ffer by mmc h tie fnllnwing amounts:

n. Rcpenmbility
Below 60’C(140”FJ: 1.1 dcg C(2dcg FI
Above 60SC (140°0 1.7&g C (3 &g F)

b. Rqnoducibilisy
Below 13°C (55”F): 3.3 &g C (6 dcg F)
1310 59°C (55 In 139”Fl 2.2&g c (4 dcg F)
6fJ1093eC(14010 199°0. 3.3dcg C(6deg F)

3. Pens&MarreILc Closed Cup Tcsrer Mcthcd
TCSIhkthcds. Fecfecnl Test MeIIcod 1102 (Ref. 41 )

ASTM D 93 (Ref. 42)
ISO 2719 (Ref. 43)

These mech0d5 dcscribc pcuccdurcs for tie dcfecmi-

muinn of OccIlnsh point of fuel oils. lubricating oils. suspen-

sions of solids. liquids tit csnd to form a surface film under
test conditions. and richer liquids wi~ tie Pensky-Mncscns

Closed Cup Tester shown in Fig. 3-23.
The sample is plnced in the CUPof che uscen dce lid

is closect md tie sample is hemecl al a slnw. mnslam mcc
with mntinual stirring. A smafl flame is dtiwcf into he

flame lip

I

let
Thcl

uSam Ssandtar
Gsssunun

SsLmWI

\ .\

Copyright ASTM. Rqninmcl whh pmission.

Figure 3-22. TccgClosed Cup Tester (Ref. 40)
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Fla

Tes! Cup

Heatm

Therrmmneler

Copyright ASTM. Reprinted with pmtission.

Figure 3-23. Pensk&Martens Closed Cup
Tester (Ref. 42)

cup at 2.8-deg-C (5-deg-F) intervals with simultaneous
interruption of stirring. The test flame is applied by openN-

ing the mechanism on the cover that opens a shutter. lowers

the test flame through the opening into the vapor space of
the cup in 0.5 s, leaves the flame in place for I s, and

quickfy retracts the flame, and closes the shutter. The flash
point is recorded as the tempemture of the sample at the

time the test flame application causes a distinct flash in the
interior of the cup.

Precision. Results should not be considered suspect
unless they differ by more than the amounts that follow:

MATERIAL FMSH POtNT REPL4T- RSPRODUC-
R,4NGE ABILITY lBILITY

Suspensions of 35 1043°C 2 deg C 3.5 dcg C
solids (95 10 I10”s3 (4 deg F) (6 dcg F)

I
All others Below I04°C 2 dcg C

I
3.5 dcg C

(220”F) (4 deg F) (6 deg F) I
Above I04°C 5.5 dcg C 8.5 deg C

@3.F) (lodcg F) (15dcg FJ

3-2.7.1.2 Significance of Fissh and Fire Points
Liquids. as such, do not bum, but in general they must

first be vaporized in order to bum. l%e flash and fire poims

are measures of the minimum temperature M which suffi-
cient vapor will be given off by the liquid so that a combus-

tible mixture of air and vapor is obtained. Thus the relative
fire and explosion hazards can be estimated from the flash
and fire points,

Flash and fire points me also useful for evaluation of used
liquids. If a liquid undergoes o rise in flash or tire peint
while in service, loss of the lighter fractions by evaporation

is indicated. A lower flash or tire point is an indlcmion that
the liquid has become contaminated with a more volmile
product. such its a fuel, or that some of the heavier fractions
have broken down. The flash and fire paints are also aids in
establishing the identity of unknown products.

3-2.7.2 Autoignition Temperature

The mtoignition temp.mwure(AITl is the minimum lem-
permureat which a material will ignite in air due to an exo-
tfterntic oxidation reaction without the presence of m open
flame. It is the 10WCSIwmpemture to which the material
must be raised so that the heat generated by the exothennic

oxidation reaction is greater than the hem lost to the sur-
roundings. The AIT is also referred to as the spontaneous
ignition temperature, the self-ignition tempentttm, and the
autogenous ignition temperature, Table 3-4 lists the AITs for
some common fluids.

3-2.7.2.1 Test Method for the AIT
Discussion of a lest method for the AIT follows:

Test Methods. Fedemf Test Method 1152 (Ref. 44)
ASTM E 659 (Ref. 45)

This method describes determination of tbc hot. and
cool-flame autoignition tempemoms of a liquid chemical in
air m atmospheric pressure in a uniformly heated vessel.

The apparatus shown in Fig. 3-24 is heated to a prede-
termined tempemmre. A 100-y L sample of the test liquid is
injected into the test flask with a hypodermic syringe. The
mom is darkened as the fiquid is injected. If ignition does

Erlenmeyer Flask
20Q mL

.Heaters

. Insulation

LJ- Therrnccouple

Figure 3-24. Autoignition Temperature Test
Apparatus
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nnt cam withh! 10 min. *C sample should bc cnnsidercd

nnnflnnmmblc n! the ccmpcmcm’c of the gus in tie fiusk. The

flnsk is completely purgcxl Ihc tempct-nmrc is raised nppmx-

inmtely 30 deg C (S4 dcg Ff. msdn new snmple is injec!ed.
This opccntionis rcpmlcd until ignition cccurs.

Prcciiicm. The following critcrin should kc used [o

judge tAe acccpmbility of results wih 95% confidence
a. Repcntiili[y. 2% of dw tempcmcwc in “C
b. Repcuducibitity.5%of tie tempcmmm in “C.

3-2.722 Signiticocsce

The autoignition Lcmfxmcmc is a labomtory mcasutr-

mcnt and is vecy sensitive to che prncedurc used for its

dcccrmimuion. In practice. c.utoignition &pends on many

fnccm. such m the nacucc of the surface commirrg che liq-

uids. fhc composition of b combustible air mixrurc, and

tie prcssucc us chc mu of conmct. Rcsenrchcrs cd tic US

Bureau of Mmss have found Wcl the AfT nf n MIL-H-5606

liquid incrcmcs npprccinbly with a decrcnsc in cnvironmcn-

td prcssucc below one acccosphcfc. bu! it chmgcs Ihtie with

incensing envirmuncmul pressures ubovc onc ucnnspherc

this is shown in Fig. 3-23 (Ref. 46). NOI all liquids will have

chc marked chmge in SIOF of tie AIT/pmssucc cum near

amsospimic prcs.sure shown on Fig. 3.25. Some liquids will

have 0 gradual dccccnsc in minimum spmvnncnus ignilinn

tcmpcnuurc with prcssmc incmsc md mny or may not

exhibit n slope change ncnc onc atrnosphcm. For cxnmple.
Fig. 3-26 shnws lhai lhe AIT of n chlocinamd phcnyl methyl

silicnnc liquid is csscntinlly n linear function of prcssmc.

Figs. 3-25 and 3-26 ah sbnw chat the nntmc nnd cypc of

surfnce in mntuct wilh tiese Iiquidc have little or no effect

on tie change in she AfT wishprcssmc. Also the AIT gcncr-
nlly dccrmscs with incrm..sing cnvimnmenml oxygen cnn-

tent (Ref. 47). m shown in Fig. 3-27.

3-2.73 Effects of Evnpomtion on Ffnmmabifity
(Pipe Cleaner Test)

Dkcussion of che Pipe ClenncrTCSIfollows
Test hfdMdS. Fcdcrd TcsI Mechnd 352 (Ref. 48)

SAE AMS 3 ISO (Ref. 49)
These methods nrc used to dclcfminc che cffecs of

evnpmncion on the flmnmrdility of n liquid ~tmleum pmd-

UCLahlmugh hey were initiafly dcvclopcd to dctccmk lhe

flmmcmbiliry of absmtmntnuuminls. such m wking insula-

tion. when tiey had bccomf soaked with wuious hydnmlic

fluids. A pipe clczmer. soaked with chc fluid is’ passed
rcpca!edly hugh n tlnme m n rmc of 25 cycles pcr minms

nnd che number of passes mquircd for ignition is noccd. The

fluid is then stored in m oven fnr tie time and N he tcmpcr-
amcc required by Uw fluid spccificmion. md its tlmnnmbility

is mchcckcd. Four rcpcms of rhe ccsl arc tnadc bcfncc tmd

after hcming in tie oven. The rcsuhs arc fqmccd as tie

ovemge number of cycles mxssmy for n self-sustaining
flame to bc achict,ed on tie pipe clcnncr both bcfocc and

after pmdrd cvapomtion in dce oven. A sketch nf h @l
nppamus is shown in Fig. 3-ti.

600

l\’ “’’’”
I I I I I I I I I llm

# t+

l-\ Symbol Sufhm i
lmo

\ x

\

mo
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700
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2001 I I I 1 I I
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Fii 3-2S. Spontanams Ignition Temperature of a Typical MIL-H-5606 Fluid in AU in Contact
With Various Surfaces as a Function of Test Chamber Pressures (Ref. 46)

3.21

Downloaded from http://www.everyspec.com



MIL-HDBK-118

SW ~ 1100 ‘$1 1 ! I r 1 I
I

I I I I 1 1 I [
I p-

Synlsol Sudsce lm $
x Aluminum

500 - v Serylllum *per F
n Copper

- 900 g

A Magmsium
o Pyr. - 800 2

● Slainlem SIeeI g)
+ TMium - 700 ~

- ~~300 -

- 5oo(n
E

200
1 1 1 I 1 1 t I 1 I 1 1 1 t 1 1 I . 4002

0.2 0.4 0.6 0.8 1 2 4 6 8 10 Zog

Pressure, atmospheres absoluie

FIgore 3-26. Spontaneous Ignition Temperature of a Chlorinated Phenyl Methyl Siticone in Air in
Contact With Various Surfaces as a Function of Test Chnmher Pressure (Ref. 46)
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FIgm-e 3-27. Spontaneous Ignition Temperature of Seven Hydraulic Ftuids at Atmospheric Pressure
in Contact With a Pyrex Glass Surface ns a Function of Oxygen Concentration (Ref. 47)
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, [-(’:1,..
3a.1 !0 SO.8 mm

A
(1.5 to 2 in.)

f

Burner

1
I 1’ /

Figure 3-28. Test Apparatus for the Pipe Cleaner Evnporntion Text

3-2.7.4 Fhussmability T- Under Simutntsst
Service Conditions

ThcIc m-cmany complex factom involved in mscssing tie

flammabifi~ of hydrmdic fluids. and no oac single ccst cao
be ascd to evalusfe all of IJU IYPCSof liquids under all of tie
expccccd conditions of USC.The flash and fire points arc lb

OMIOIYICSISh! b Iktle rmcmblance to accunl o~mting
mndicions. As n result several diffcmnt medmds have Lwcn

developed co LCSIchc IlammnMlity of liquids. Most of IINS.C
crsr.s WI-C designed 10 simulate conditions in aircmfl rcsull.

ing fmm n broken hydrmdic line chm is spmying liquid on!o
various sources of i~”tinn. Although che LCSISwere &vel-

OfKd -y for Ihc aircraft indmay, chcy m-c useful in
any industry in which hydraulic liquids am cxpmed to igni-

tion smarts. Tlmx of Use mm-c common of tlscss usts-the
. . .

sWY IWUOL Ibc hot nmnifnld or hnt surfnce ignition. d
the incendiary guafirc test-were ckcscritcd in MIbF-7 100,
Fluid Hydrocdic, Non@cnmble. AicmfI (Ref. 50). M
early spccificadon for n fire-rcsistam hydraulic fluid. h was

ismcd Deccmbsr 1950 and csawelled Febnmry 1958. No
pcoduccs wem ever pfcd.ccd that cnnfomccd to che specifi-
cncinn. The ti-msisumcc usts in tie spcciticacion
(dcsccibcd briefly hcc’c) arc still oscd by many compcnics
invnlvat in hydraulic fluid work. nhhough cbey vary from
company ca company.

Ocher t.=scsare described in the Iitemcurc. in various mOi-
omy specifications, and in ASTM spccinl publications.

Manyofthcse ccstsam similmianacurs buldiffcrintilr

~ and PIOCd-. A nsr!jor problem ccndimnting
indusoy mckay is b Inck of El standardization md incsr-
pmacion of fcsl cc.mdls 10 mmsurc tire rcsismnce of fluids
adsqwucly, A review of IIWgencml lypcs of tesrs and ~-

durcs and Ihe efforu townrd sbmdnrdization is given in Ref.

51.
A discussion of some of chrse SCSISfollowx

1. Spiny ignition Tests
Them me high-pressure and Inw.-prcssum versinns

of Shis WC
a. High-Prcssurs Spiny Test. (Fcdcrd Test

Mchd IX152 (Ref. 52)). TIIe liquid is pressurized co d895

IcPn (IWO psi) with nitrogen and forced Ihrough m mificc

0.37 MM (0.0145 in.) in dinme!cr. Ackmpt.s arc mndc m
obmin ignition by application of M oxyncctylene tmrh

ftacnc al various slnndmd distnnccs from lhc nntie. AI ench

position n rcpon is made citing wbecher or nnt the fluid will

ignim, will flash wilb difficuky, or flashes mtilly. If flashing

occurs, tie disumce from h orifice IUwhich UK ignitinn O;
flashing is carried downstream flom h USI flame mca and
whether the flashing is self-extinguishing or rrsuhs in a sus-

tained fire arc cdso rcpnrced. A pictorial sketch nf che higb-

pmssurc spiny ignition ox appamms is shown in 13g. 3-29.
b. &w-Prcssum Spiny Test (Ref. 4). A & is

scnrted in a metal pm filled with oil-soaked rngs nnd is
nklmvcd to burn. 7hc liquid to be trs.ccd is spmycd towtud

Ihe fit-c fmm I& reservoir of an ordinary pain! spray gun
scveml mcccrs fmm tie Iicc. Tlu increased incmsity of chc

fire is hen used as a measure of tie ftmcucmbility of she I@.
uid. A pictorial sketch of this 1OW-PICSSUICsprsy ignitinn

Icst nppmnms is shown in Fig. 3-30.

c. f.ow-Pmssurc Spiny Test. (SAE AMS 3150
(Ref. 49)). his 1OW-PI’CSSIMC,Iow-tcmpemmrc spiny ccst

s-ifirs CJICusc of n Bib nor No. 7 p~nt spray gun wish
n 1.8-men (0.07&ii.) mificc ndjusccd 10 produce a cone.

shnpcd spcay ac 275 W’n (40 psi) PICSSme. The flame somu
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P-ure Gage fluid Resetwir

‘Q d’

,,
. ...’.

PrOsaura source
Hydmdii slrui ,.,. Fluid Sprq

Figure 3-29. High-Presssss-e Spray Ignition Test Apparatus

Fluid Splq

F \
bh Sqfiy

pal al BurningRags Paint Spay Gun

Figure 3-30. Low-Pressure Spray Ignition Test Apparatus

for tie test is cotton waste soaked in engine oil. The results

arc expressed as increase, no increase, or decrease in tie
ffnmc of the burning waste when the fluid mist is introduced

into the tire. A sketch of this test setup is shown in Fig. 3-

31.
d. I.aw-Pressum? Spray Fesr. (ASTM D 3119

(Ref. 53)). Tbk test procedure calls for an airless (rotary)
paint spray gun manufactured by either Electro Engineering

Products or Napco.* The ignition source is a natural-gas-air

●The u of a product name in no way suggests an endorsement of
the product by the US Government.

laboratory bunsen burner. The temperature of the test fluid
is specified at 66°C (l SO”F). The results of the test am

~~fied ~ viOlent fk spomtilc fire. fire aI torch, or no tire.
This test setup is illustrated in Fig. 3-32, Table 3-5 lists
some test results from this method (Ref. 54). ‘Ilk standard
was camcelled in 1990.

e. low-Prcssum Spray Tes[. (Rowland and SM-
gent Method (Ref. 5 l)). This method uses an airless paint
spray gun. The gun generates a flat. welldef ined atomized
spray by pumping the liquid onto a high-speed rotating disk.
wbicb propels the liquid as small dmplels through e slot in

the side of the gun. A glassblower’s tomb 102 nun (4 in.)
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Pm5sulimd

Alr SPIW Gun
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Figure 3-31. Spray Flammability Test Setup for SAE AIMS3150
.

Inte.rc%panel
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‘~ d
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~Hfi ( J
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Suman Sumer

Cluch Pan

Figure 3-32. Spray Flammability Test Setup for ASTM D3119

from tie nozzle is the ignition source. Tlw amount of flame mre), qualitative mtlsc.r than qunntimtive -g. ~ tie

pmduccd in the spray is used as n measure of the lfnmmaMl- usc of commercial SPY gums. which pmvidcs Iittte mntml

ity of lhc Iiqaid. 7his mctiod has k advmslages of mquir- over important clmmctistics such IIS droplet size. spiny

ing otdy ekctriciv, n source of ignition. md MII ~ cloud density, onddropletveloci~ (Ref. 54).

performedin 0 Inbomwryhind. 2. Ma@ld IgnirionTcm (Fcdend TCSIMhod &353

As wbb many tcsw intmdcd IOmscs-s Ihe flnnsmn- (Rcf. 55)). [n his pmmdure IIE WS1fluid is dcippcd onto Ihe

bilily of hydmulic fluids. IIWUSISdcscribcd in c and d have surfncc of n steel ahe hi has been hmfcd co 7fMeC

significam shoccmmia gs. Tlse.sc include 0 poorly defined (1300W. (In practiceUW~mwm cm ~ v~~ m ~m-

USIcnvimmsem (nirllow, humidity, and ambient tcmpcm- pnm diffacnt fire-rcsi.wm or nonflammable fluids). After
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TABLE 3-5. LOW-PRESSURE SPRAY FLAMMAB tLITY TEST RESULTS OF SOME TYPICAL
mmuwxc FLUIDS (Ref. S4)

TEST FLUID
NUMBER

BURNER
FLUID TYPE TEMPERATURE FLAME RESULTS

“c “F

1 MIL-H-21 04 23 74 Yellow Spasmodic Fire

2 MfL-L-2104 66 150 Yellow Vloknt Fire

3 MIL-L-2 104 66 150 Blue Violent Fire

4 MIL-L-21M 66 150 Blue.WeHow Violent Fire

5 MIL-H-5606 31 88 Yellow Violent Fire

6 MfL-H-5606 66 150 Yellow Violent Fke

7 Phosphate Ester No. I 24 76 Yellow Spasmodic Fire

8 Phosphate Ester No, 2 66 150 Yellow Spasmodic Fire

9 Phosphate Ester No. 3 66 150 Yellow Spasmodic Fire

Reprinted with fmtnission. Copyrighl o by Oktahomn State University, School of Mechanical and Aerospace Engineering.

the tube has reached the Lest tempct-amm, 10 ML of tie fluid b. Does not flash or bum on the tub-s but does after
is applied over a period of 40 to 60 s. The test height and dripping fmm the tube
location on the tube cm be varied to examine changes in the c. Does no! flash or bum on the mix or after drip-
ignition characteristics of tie fluid. Results am reported as ping from the tube.

a. Flashes or bums on the mbe but does not after A drawing of the manifold test setup is shown in Fig. 3-33.
dripping from tube

Fuel Feed Tube

Figure 3-33. Hot Manifold Test Apparatus
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3. Incendimy Guqlm TCSIS.(hffL-F-7 ICO (Ref. 50)).
‘TIIe liquid is placed in a 0.9-m (3-f!) long. 16-MM (5/8-in.)

OUL$idCdi~tef dUMinUM dlOY Nbc ~ p~sti7.d tO
7000 kf% ( lCl13 psi) with nitrogen. A cnl. .30 incendhry
btdfet is fired from n range of 45 m (150 ft) into tie tube.

Observncions of burning or explosion of tie liquid arc made
aod mc rcporccd as 0 measure of the flncnmntilicy of he liq-
uid. A modification of MIS technique employs 20-mm. high-
cxplmive incendimy srnccr projectiles fired into pcnly filled
Euid conmincrs under pressure (Ref. 56).

4. Diesel .%gine Compression Ignition. (MIL-H-

19475 (Ref. 57)). h Ins been found h! high-pm$sure air

suddenfy expanding imo n confined space containing
mgnnic mmcer such ns a hydrnulic fluid can cuusc ignition
nndfor explosiml. depending on tie race of prcmscc rclensc,
volume of nir. MCI quamisy of organic mcucrknl. llc phe-

nomenon of compms.sion ignition can bc impnam in gcn-
cmling b in hydcmclic syscmns. Accumulnmrs. pmssurc
gngcs. md nthcr clnscd-cnd cquipmem act cspccinlly sus-
ceptible co this phenomenon.

TMs ccst is dcscribcd in milimty spccificntions for
hydrmdic fluids fnr naval nircmfI cmnpuh-lmmching sys-

tems. The CCSIis n mndificntion of& ASTM CFR Ccmm
nning engine us: clesaibcd in A.WM Mmuu/ of Engine Test
Mckxf.c for Rating Fusls. (Ref 58). A SMSplC of lhe liquid
is injccccd into n vnriable-compression diesel engine. md
the engine is then cunscd over at various compression mtios.
Tbc Iowcst compression nuio for combustion of che liquid is

MIL-HDBK-118

\

qmccd as n memwrc of tie fl-hili~ of dsc fluid. The
higher tie compression ratio, chc mom resistant OICliquid is
to compression ignition.

5. Shock Tubs or Pipin8 Sysrem Test. (M fL-H-22072
(Ref. 59)). In IMs pmccdurc, for o fire-rcsismnt bydm~lc
fluid. o small mcsount of SCCCIwool soaked with chc liquid is
placed al IISeclosed end of a pipe. By usc of high-prcssucc
nir and n fnst-npcning VOIVC.n shcck wave is imrocfuccd nnd
dirccccd down the pipe. Combustion of tic liquid on lbc
SLCCIwml can bc dctcmsincd by n mpid cisc in tcmpcnmcrc
of che SCCC1wonl cm by -nation al cbe end of chc USL
Sew-d rcpcnl mm m-c mnductcd. and the rcsulls me
mpocud as h mtio of k number of tics chnl 6C’C
nccurmd10 k number of ccscs cried m a given Icmpcmnnc.
‘k fewer times tie liquid bums. tie more rcsismcuit is m
shock wave ignition. Reproducibleresults have tsccn diffk-
cuIIto obmin in MISUSI.

6. Liner Flame Pmfmgalion RaIe. (MU-H-83282
(Ref. 60)). In IMs procecturc IIM cendcncy of IIW fluid co
pmpagnce n flame on n pmuus subsccnce or wicking mstcckd
is evalumed. ‘flse procedure considus Ihc fact IfuO a

decmnse in the viscosicy of the fluid ndjnccnt to the flmnc
incccnsc.s wicking and incrcnscs chc rclense of ignitnble

vIIpOfS.ne SIIMCprincip]e i5 invo]vcd in burning a candle.
The noncombustible ticking mmcrinl (in IMS cnsc, IS
ceramic fiber cmd) is snaked in cfse test fluid nnd then
plnccd on the tcs: appmmus shown in Fig. 3-34. The sacnplc

cent is ignited near one of iu.suppons with a co nsmcrcilllly

h I
—

=,. .

. .

Figure 3-34. Apparntus for Determination of Lmenr Flnme Propagation Rfste (Ref. 60)
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available match. The time required for the flame to advance

fmm the list to the second thermocouple is used to cidcu-
Iate the linear flame propagation tale in cmls. The results

indicate the rate w wh]ch a flame would propagate through
insulation or other pwous, noncombustible material that has

become saturated with the bydrmdic fluid.

3-2.7.5 Ffs-e-Resfstattt Liquids

The development of liquids that am nonflammable or

highly fire-resistant is the area of bydmulic fluid research
that is receiving tie greatest amount of attention. As late as
1950, fire-resistant hydraulic fluids were uncommon. For

safety reasons insurance companies and Government and
industrial safety agencies have encouraged the use of fire-
rmistsmt fluids in Government. industrial, and agricultuml

equipment. Fro-resistant liquids should not be confused
with ftigh-tempemhtre liquids. A fire-resistant liquid is one

that will not ignite readOy and shows little tendency to pmp
agate flame, whereas a bigb-[em~mmre liquid will not sig-

nificantly change its pmperdes al “high tcmpemturm”.
Water is a fire-resistant liquid, but it is not a bigh-tempem-

mre liquid.
One of tie fundamental properties of petroleum liquids is

their tlanmmbility. Afthough the flammability cbmacteris-
tics of petroleum liquids cm be modified by the use of spe-

ciaf refining procedures (Ref. 47) andlor the use of
additives, fluids of this ty~ btwe noI shown considerable
improvement in fire resistance over MfL-H.5606-type
hydraulic fluids (Ref. 61).

Fii-resisbmt bydratdic fluids are those formulated spe-
cificttfly to provide enhanced fire-resistant chamcteristics.

‘fbese fluids arc categorized in ANSI B93.5M (Ref. 62) and
1S0 674314 (Ref. 63) as follows:

1. High Waler Concml Ffui& (HFAJ
These are HFA solutions (HFAS) and HFA emul-

sions (HFAE) containing more than 80% water. Their ser-
vice temperature range is generally 5 [0 50”C (41 10 122°F).

The HFAE fluids-often termed oil-in-water emtdsions—

genemfly have viscosities similar m those of water and rela-

tively poor lubrication characteristics. Tberefom, they arc
usuafly unsuitable for high-pressum applications.

The HFAS fluids are true solutions, genetafly using

synthetic oils. They may contain thickeners and other tukfi-
tives that aflow their use in high-pressure systems. These
fluids require regular monitoring of the water content since

their performance characteristics depend on a reltuively nar-
row ratio of writer and additives. Some HFAS fluids contain
up to 99% water and use additives that am bbdegratfable.

Bicwides are normafly added to prevent microbial growth
Utiu can degra& the fluid and the system components as
well as generate n very unpleaxtm odor.

2. Warer-in-Oif Emufsiom (HFB):
The HFB fluids consist of microscopic water drop

lets suspended in a continuous oil phase. They genemfly

contain about 40% water, hut the figure may go m high m
60%. Their opemting rangeis5to60”C(41 to 140°F). They

contain speciaf emulsifiers, stabilizers, inhiblmrs. and bio-
tides. Vkcosiry. stability, and fire resistance arc highly

dependent on the water content of any specific formulation,
so tfis factor must be monitored carefully. Loss of writer
decreases fire resistance and increases viscosity. Excessive
water comem significamfy decrea$es viscosity.

The viscosity and lubrication of HFB fluids arc sim-

ilar to those of petroleum-base bydrmdic fluids: however,
they are generzdly hon-Newtonirm and bctve high vapor
pressures. These characteristics make pump inlet conditions

critical A common system design is to place the reservoir
above the pump so that a positive fluid head is provided.
This is often termed n “flooded suction” arrangement.

3. Wawr-Gfycof Ffuids (HFC), These fluids are usu-
ally about 50% water and 50% afcohol-ttswdly pcdyetbyl-

ene glycol. They nonmdly have an operating mnge of -20 to

60”C (4 to 140”F) but formulations maybe used to -40aC
(40”F). The viscosity cbruacteristics of these fluids arc

similar to those of petroleum-base fluids. Both their viscos-
ity and their fire resistance vary with water content, so MIS
must be closely maimained. HFC fluids am incompatible
with most paints as well as zinc- and cadmium-containing

materinfs.
4. $nrheric F/.id.s (HFD). HFD fluids are genemfly

termed synthetics, although they may be t? mixture of syn-
thetic and petroleum fluids. The most common HFDs am
pbospbnte esters nnd synthetic hydrocarbons. The service

temperature range for many of these fluids is genemfly -20
to 150”C (-l to 302°F), although the phosphate fluids arc
genemfly less stable than synthetic hydrocarbons and can.

not be used at the hlgber [empet’amres. These fluids gain

their fire resistance fmm their chemical smcttuc radtcr &m
from water content as in the other categories. The cbmacter-
istics of the HFD fluids vary widely, depending on heir for-

mulation.
None of these fluid categories sbotdd be considered non-

flammable; they will d] bum under cenain conditions.

3-2.7.6 Nonflammable Hydraulic Ffuids

In order to eliminate the losses in military vehicles
caused by both combat- and noncombat-related bydrnulic
system firm, efforts are continuing in the development of a

nonflammable hydraulic fluid. In a continuing research
effort managed by the Ai Force Wright Laboratory Materi-

afs Directorate, n fluid has been developed whose fire resis.
tance is so far superior to the commonly used fluids that it
bns been termed nonflammable (Ref. 64). The fluid has been
determined to be nonflammable to my anticipated ignition

tfma aboard an aircraft including rejected takeoff with hot
carbon brakes.

This fluid contains saturated,low molecular weight poly-
mers of cbfomtrifluonxtbylene (CITE). and it is termed n
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CITE fluid. The chemical and physical properties of CITE
wc very diffcrcn! from how of parrdcum-bsse hydraulic

fluids. The prirrrivy differences include high specific gravity,

slightly higher volatility. incompatibility with nifrile ssnls.
slightly lower bulk modulus. md slighdy lower additive scd-
ubility. Table 3-4 compares the kc rcsistmcc of (TkTE to

tit of odrcr common hydraulic fluids. TMs fluid is cfis-
cusscd in greater detail in Chapter 4.

3-2.8 VOLATILITY
Aklliquidsmrd re vn~zc when they MC heated. The

voledlity of n liquid dcscribcs the dcgrcc to which md tie

reIC u which it will vaporize under given conditions of tcm-
pcrnrurc and pressure. h is dcsimble b! n hydmufic fluid
hzwe low volarifity. Vapmizadcm of n liquid in wwice cnn
result in pump danrnge through cavitation mdo reduction in

efficiency. Thccc wc Urrcc chnmcterisrics gcncmlly used IO
indicnfc the volatility clmracrcristics of r..liquid vapor prcs-

srm. filling poinL md evnpmntion loss. All tircc arc dif-
fcrcm nspccr-s of the voluili!y of n liquid.

3-2.8.1 Vapor Pressure
Tlrcpmsmrc cxerwrf by a vafmr tit is in equilibrium

with I& liquid is knewn as vapor pressure. For a given liq-

uid this pressure is o function only of tempmuc. The mmc
volatile the liquid. tie Irighcr tie vapm prcs.sure m n speci-

tlcd tenqrcmcurc mrd tie faster tie vaporization.
The vapor prcsstrrc for a pure liquid is a physical propcriy

of rhe liquid for n given tcmpernturc. Most hydmulic fluids.
however. arc mixmrcs of scvemf componems. The vnpor

pressure of the mixmrc is 0 composite vnlue tit rcflccls Ifrc
corrrbirrcd effecrs of rhc incfividurd compmrems. Thcarcri-
dfy. Ik VIS~ ~SSIIR Of Ihe mixNm CM bt dCUblICd
from knowledge of rhc vnfmr pressures of Urc individual

COMPMUMKnnd tkuir mole fractions.
Nmrcmus mdreds have been developed to determine

the vapor pressure of pure fluids. The usc of drc.sc methods

ro determine dre vapor pressure of mixtures. such as hydmu-

hc lhidS. can introduce errors. md il is difficult to obmin
eccumre vapor pressure dun. Wren k vapor pressure is
frrcscnrcd, il is fccqucmly rhe vnfm frrcssum of tie base liq-
uid A gmph of vapor pm-mm vs tcmpmmrc for some of

rhe mom common rypcs of hydraulic fluids is shown in Fig.
3-35. fn a homologous series of liquids. the vapor prcssums
of tbc irrdividunl liquids vary inm-scly with heir molecular
weights.

ASTM D 2878 (Ref. 66) mnmins n mchcf Urm can bc
used to cstirmmc the vrqror pressure of pcwcdcum-base and
symhctic csrcr lubricating oils. This method involves hcal-
ing I& oil semplc to n pccdctcrrnincd tcmpnmrc turd hold-
ing it III b! rcmpcmmrc until 5 * 1% of UK fluid hns
evapomtcd. The evnpor-ntion rmt is then mmpm-crf with n

stnndncd VUIUCfor pure m-terphenyl to determine the appar-
ent vapor prc.s.sure.

Temperature, “F

501 OO15O2M3M
100,000

F10,000 .+4

i

lm .

10

1

‘! 0’

/1.0
/

0.1
0 2S507S1001S0 ZOO

Tetrqxwature, %

Rcprimcd fmm Fluid Powr Dcxign Handbook. p. 5. by cmncsy of
Mo.tccl Ockkcr, Inc.

Figure 3-35. Vapor Pressure vs Tempemture
of Typicol Fluids (Ref. 6S)

The isorcniscopcmethodused to dctcrtrrinc vapor PIES.

sum is dcmikd in ASTM D 2879 (Ref. 67). In lfris rrrc!lrorf
dissolved md cntrnirrcd &Mcs arc rcmowd frrrm the fluid

smmPk in k isoIeniscofrc. shown in Fig. 3-36. by bcndng a
thin film of tie sample al n rcduccd pressure. The vapor

pressure of the fluid m tic sclcchxf ccmptm,puc is deter:

mined by balmcing the pressure caused hy tie vapor of tie

~Plc Wtinst a known prc.ssurc of m irurc gns. TSIC ~.
sheped scaion 01 tie bottom of Ihc isotcnisccqx is mcd m
dcccrminc when tfrcsc plWSWC.$arc cqwd.

The vapor pressure of hydraulic fluids and orhcr low-vol-

nrility liquids is usually cxprcsscd in pascnls (millinrctcrs of

mercury). The vnpm pressure of more volatile produm.
such u gnsolinc mrd solvenrs. is often cxprc.ssed as & Mld
vapor prc-ssurc. The Reid vapor pressure is the vapor pres-

sure w 37.8°C ( IOO”FJ in kilofra.wds (pounds pcr square
inch) abscdwc. The mclfmcf of measuring M Reid vapor

pressure of o liquid is dcscrikcd in ASTM D 323 (Ref. 68)

and Fcdemf TCSIMethod 1201 (Ref. 69). 1! is dcwrrrincd by

placin8 n sample of lfrc fuel (chilled ICIO m l°C (32 to

34”F)) in a scakd bomb wiIh nir m ambiem pmssum ond

!empcmmrc w 37.8 * O.I“C (100 i O.18”F) mrd then mea-

suring the chmge of pressure in Urc bomb. llc Reid vspor
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assigned to the time axis from a calibration cuwe. The boil-
ing range dktribution cm be obtained 6um the data fmm

the cbmmatogmm.
Boiling of a hydraulic fluid in n system can resul! in sys-

tem failure or component damage. Formation of vapor in
control lines, aCNtttOm, semmmotors. and other components

adversely affects the operation of those components. Boil-
ing on the suction side of the pump reduces the pump deliv-
ery and causes cavitation in the pump.

3-2.8.3 Evaporation

Ewqmmtion loss is widely used in the United States 10
describe the volatility of liquid products such as hydraulic
fluids, lubricants, and greases. The itctunf evaporation rate ism.+.,,,, not an o~v~Jy impoti-t factor in closed-loop-hydraulic sys-

-,’: ‘ terns that are not exposed to the atmosphere, but it can be
::

importa6[ in systems wirb eservoirs vented m the iunm-::
:: \ spberc. Scvetal tests used to determine evapomlion loss
:: have been developed and adopted as ASTM or Federal Test
:: small Tip
,, . Methcds. Most of these tests are essentially tie same in tba!

W
Liquid Sat@ey ‘.

\

\+

Copyright ASTM. Reprinted wiIb permission.

Figure 3-36. Isoteniscope (Ref. 67)

pressure is a standard measure of volatility in the fuels md

solvents industry.

3-2.8.2 Boiling Point
The tilling point becomes important only for relatively

pure compounds and is noI generally used to descrilw liq-

uids that are mkNEs. It is determined by extmpdation of
vapx pressure data or by simply beating a liquid until it

reffuxes, or dkills. For liquids that are mixtures a range of

boiling points is ohtmined rather than a single tilling point.

The baling point lempemrure range of petroleum products
is notmdly determined by ASTM D 86 (Ref. 70). A 1OO-ML

sample of the product is distilled in a prescribed manner,
which depends upon its nature. Tbe tempettmm readings

taken are the initial baling IempeMNX of the sample, the
maximum bciling tempemtum, and other tem~nttures as

prescribed percentages of the distilled pmduc[ m tecovemd

in a condensing unit.
A ~ond method used to determine the boiling point for

petroleum products is given in ASTM D 2gg7 (Ref. 71). In
this method a sample of the lest liquid is introduced into a

gas cbmmatogmphic column that separates hydrocarbons in

the order of increased haling point. The temfXmNR in the

column is slowly increased. As the liquid vaporizes, tbe area
under the cbmmatogram is recorded. Boiling points are

they consist of heating a sample of the liquid in the presence
of air amd observing the nxtdt.s. They d]ffer in their ptmce-

dure, apparatus, and method of reporting results. A discus-
sion of scvcml tests follows:

1. Evaporation (Tackiness Tesf)
Test Method. Federal Test Method 353 (Ref. 72)
This test method is intended for hydraulic fluids

that contain viscosity improvers, such as ocryloid polymers.
It ambles determination of the tackiness of the viscosity
improver after the base liquid has been evaporated. Tbk

method is most commonly npplied as a quality control test

rather than as an attempt m measure potential bcbavior in a
system.

A glass slide is dipped in a sample of the fluid at

mom tempemture and then suspended in an oven. Tbe oven
is bented to the test temperature for the ptrkl of time

required by tie fluid specification. The condition of the fluid
on the slide is reported. A fluid is considered to have passed

the test if it is still oily and not bard or utcky.
2, Evaporation Lass

Test Methods. Federa5 Test Method351 (Ref. 73)
ASTM D 972 (Ref. 74)

These methods describe a test procedure used to
determine the evapomtion loss of lubricating greases and

oils at any temperature in the mnge of 99 to 149°C (210 to

300”F).
A sample of the fluid is placed in a special con.

miner, shown in Ftg. 3-37, in a bath maintained at the test

tcmpemturc. Heated air is passed over the surface of the
fluid for 22 b. The evaporation loss is expressed in percent
weight loss of the sample.

Precision.
a. Repeatability. 2.5% of k mean
b. Reproducibility. 10% of the mean.
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P&t-e 3-37. Evnpomtion Loss Test Appasntus

3. Evapomtion Lass-Hi~h Tempcmtum
Test Mdsod. Fcdeml Tcs: Mettmd350 (Ref. 75)

This MCtind is Ihc same us tbm u5cd to dcta-mine

ew@’OIiOn lass in Item (2) except for tie Icmpcmturcs for
the LCStncsd IISCnppanuus. Evnpnmtion loss dam con bc

obmincd m nny cempcmmrc in the range of 99 to 538°C
(21003 1000”F).

The rcsuhs obtained from this proccdurc cm k

nsislending due to oxidadon of IIW LCSIsample m the higher
test Icmpcmmms. Gxkfadon of the fluid can Icad 10 crmne-

ous prcdicdoos mgwding the potential evaporation chacac-
tccistics of tie fluid.

3-2.9 DEWXTY, SPECIFIC GRAVITY, AND
THERMAL EXPANSION

Liquids expend in volume. with a corresponding dccmasc
in dcnsily. when hcnccd. llc amnum of espansion vnrics
whb cnch liquid sod is n tiic prnpccty nf that liquid. The
density and the cncfficient nf cubical expansion arc closely
related tccnusc dsc coefficient of cubical cxpansinn defines
h chnngc in vohmsc (and *emforc Ihc change in Ihc dcn-

Sity) Ihl Wcum with a chrmgc in tcmpcmnu-c.

3-2.9.1 Density

Dccdy k dctiocd ns the mn.s of n unit volume of nsncc-

rinl at nny given tcmpemcw md pressure. h is expressed in
unhs of kitngmms ptr cubic meter (slugs per cubic fnm).

Density is VCIVimoonnm when cntculnting flow of
hydnmli; fluids &u@.compnncnts such M vntks. pumps.
and motors. Dcnsi!y entms into h flow-energy cquadoiss

md chnngcs in density will nffcct che rcsahs ob!aincd from
shcsc cqumions.

Density is n function of bmh tcmpcmcurc md prcssum.
An incrcmc in tcmpcmmre pmduccs a dccnmsc in dcnsiry.

Chnngcs in density duc IO espaosinn of fluids bccwccn &c
minimum md masimum systcm cempmcum can cnusc scri-
ous nmtfunctions untcss consitked during lhc &sign of II

sysccm. For n high-tcmpmuurc aircraft or missile hydmufic

system opcmting bcnwccn the cstrcnsc tcmpemmms of-54
to 2613°C (-155 and 5CS)”F), lhc fluid VOIUMCcsn bc eXpCCICd

to change up tn 35%. Gmphs of dcnsisy vs tcmpcmcum for
scvcrnl types nf fluids am shown in Fig. 3-38.

f3cnsicy atso vmics with pressure. An incrcmc in pressure

pmduccs an incrcasc in cfensiry. However. tie nnmtnl pru-
SUIU encoumemd in mnst hydraulic systcnss nm not high
enough m pmducc significant chn.ngcs in density. Pmsaucs
us high as 34.474 Wa (5000 psi). which is higher shan tie

pressures ncmmdly cncnumcrcd in hycfmutic systems. pm
date chnngcs of Icss lhnn 2.5% in IIE dcnsisy of M MfL-H-
560d fluid. As pressures incrcnsc to very high levels, @e
ond significtmt changes in dcnsiy nccur. Ttsc ASME Prcs-
mm- MscosiT Repon (Ref. 18) gives density dam ms sevcml
liquids al pressures up [0 1034 MPO ( 150.~ psi). IIYc
rcpm-i itilcntcs that changes in density up 10 35% are pm
duccd al t.hcsc higher pms.wms.

Rcseamhess m Rnck island Amend hnve mnductcd
extcnsi~re smdics of lhc effect nf hydmulic fluid dens@ on
tie pmfommncc of artillery recoil mdmnisms (Refs. 76
nnd 77). 711ey determined tins using n liquid of higher dcn-

1.5
-fhska

1.4
1

Rcprimcd fmm Fluid PmwrDu;gn Hmdbmk. P. 5. by canccsynf
Mnmcl Dckkcr. Inc.

Figure 3-38. Densities of Typical Fluids (Ref.
6S)
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sity results in shorter recoil lengths md higher pressures.

Shorter recoil length may be of vnfue in recoil systems o~r-
ming in confined areas such as combat veh!cles, but consid-

eration must be given to the higher prcssares involved. This
can be contrcdled by hardware adjustments.

Thk problem of high pressure was encountered in the
evnfumion of CITE, which has a density afmost swice that

of common hydraulic oils. in the recoil mechanism for the
105-mm gun on the M I Abram Tank (Ref. 78). The Over-

pressure prnblem was solved on an M 140A 1 gun mount by
modifying the recoil mechanism to provide deeper gmnves

in the recoil piston (Ref. 79).

3-2.9.2 Specific Gravity

The specific gravity Sg of a liquid is defined as the mtio

of its density to the density of water at 4°C (39”F). h is
expressed mathematically m

Sg = ~, dimensionless (3-22)
w

where

p, = density of the subject fluid, kglm’ (sl.g/ft’)

P. = density of water at 4°C (39”FI = low k~m’
(l,94slu!#fl’).

Specific gravity can also b-e related to the specific weight
of the fluid by

where
y, =

yw =
.

Sg = ~, dimensionless (3-23)
7.

specific weight of the suhjec[ fluid. kN/m3
(Ihlf[ ] )
spscific weight of water at 4°C (39”F)

9.80 kN/m’ (62.4 lb/ft’ ).

Specific gravity is very useful in the commercial aspect

of the petroleum indus~, Almost all liquid petroleum prod-
ucts am packed by volume—bamels, gallons. They m-e,
however. frequently shipped or sold on n weight basis. Spe-

cific gravity provides a convenient conversion factor. It is
afso useful in determining fuel loads, determining combus-
tion efficiencies, and in otier processes that dep.md on spe-
cific gravities of lhe materials used,

3-2.9.3 API Gravity

Seveml methods have been developed to express the

weight-volume relntionsh!p of a liquid as a whole number.
One such method is the American Petrnleum Instimte (API)

Gravity Scale. The scale is based on specific gmvity at
15.6°C (60°F) and reports specific gravity as API degrees
fmm O to 100. The API scafe is an arbitrary smfe with O cOr-

respondktg to a specific gravity of 1.076 and 100 corre-
sponding to a specific gravity of 0,6762. llmre fore, the

higher she API gmvity, the lower the specific gmvity of a
liquid and the less dense she liquid. API gmvity is related to

specific gmvity by

API gravity (degrees) =
141.5

– 131.5
Sg 6(Y60”F

(3-24)

where the term “Sg I$3160”F means that the specific gravity
value used in tie denominator is the ratio of the mass of a

given volume of the tiquid sample at 15.6°C (60”F) [o the
mass of an equaf volume of pure water m the same tempem-
Nrc. For example, water with n specific gravity of 1.000,

60/60°F, has an API gravity of 10,0,

3-2.9.4 Coefficient of Thermal Expansion

The coefficient of thermal expansion (formerly cafled the
coefficient of cubical expansion) expresses the change in
volume pr unit volume with wmperature. It has the units of
voll(vol.temperature). Tbertnal expansion is always accom-

panied by a chaage in density and specific gravity, and the

coefficient of expansion is usually calculated frnm densi~
(or specific gravity) data determined at various tempem-
tures. h is an average vrduc over tie nctunl temperature

range of determination and is not necessarily a linear func.
tion. The tempcmtum mnge in which the measurements are

made should be stated in afl data. Graphs of thermal expan-
sion vs [temperature for three hydraulic fluids w shown in

Fig. 3-39.

3-2.9.5 Test Methods for API Gravity, Density,
and Specific Gravity

Dkcussions of tesI methnds for API gravity, density, md

specific gravity follow:
1. API Gravity

Test Methods. Fedeml Test Method 401 (Ref. 80)

ASTM D 287 (Ref. 81)
These methods describe a procedure used 10 deter-

mine, by means of a glass hydrometer, the API gravity of

petroleum products nonmdly handled as liquids and having
n Reid vapor pressure of 179 I&%(26 psi) or less.

A sample of the fluid is brought to the prnp.m test
tempemturs and placed in t?glass cylinder. An API hydro-

meteris floated in the fluid and the API gravity in degrees is
rend from the hydrometer. The temperature of the sample is

noted. All readings are corrected to API graviey w 15.6°C

(60”F) fmm standard tables published jointly by ASTM and
the fnstitute of Petroleum (Ref. 82).

precision. The criteria lbtu should be followed to

judge the results obtained w wmpemtures of 15.6 A 10”C
(60 + 18°F) am dmt the results should not be considered
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Figure 3-39. Coefficient of Thermal Expansion

vs Temperature of Several Types of Hydmulic

Fluids

suspect uatcss they difkr by more b tie following
amounts

a. Repmtnbili!y.0.2° API
b. Reproducibility.0.5” API

2. Den.ri~ and Specfic Gmvif3-tipkin l?icapilla~
“ Pyc-ter

TCSIi%klhads. Fcdend Test Mehd 402 (Ref. 83)
ASTM D 941 (Ref. 84)

These mctiods describe tie procedure used to mett-

surc b density of hydrocarbon mmeriak IIMt can normally
be haadlcd as liquids a! *C specified tesI tcmpcmmrcs of 20

and 25°C (68 nnd 77”F). Application is msoicud m liquids

having vapor pmssums less than 80 kPn ( 1I.5 psi) md vis-

cosities less Ihnn I5-20 mmzk m 2WC (68”F). Two proce-

dures arc pmvidcd. Prccedurc A far pare compounds and
mixsums M arc not highly volmilc and Pmcedum B for

highly voltile mixtures. These MSI methods also provide n

calculation pnxedurt for convening &nsity to specific
gmvily.

A sample of the liquid is drown into lhe bicapillnry

pycnometcr. shown in Fig. 3-40. md weighed. The pycnom-

etcr is then placed in n ba!b at !he specified tempmn!um md

Wowed to come to quilibrium. The height of IIW fluid in

Rgure 3-40. Lipkin Bicopillary Pycnorneter
Used to Determine Density and Specitic
Gtavity of Liquids

each nnn is noted md the volume is dcwrmined from the
pycnometer mfihnuion. The densily and the specific gmvity

arc then calculated from the weight and volume of @e fluid

SMlple.
Precision. Re-mdIs should not be mnsidemd SUSPCCI

unless they differ by mom h the following amounts
o. RepmfrIbiliIy. 0.0001 g/mL
b. Repnxtucibiliry. 0.0002 g/mL

3. Den.ri~ and Speci& Grm,ip41ingham Pycmme-
tcr

TCSIhlethod. ASTh4 D 1217 (Ref. 85)
This methcd describes the procedare used to deter- .

mine tie density of pure hydmmrbons or pcuolcum distil-

IMCSthat boil between 90 md I IO”C (194 and 230”FI thru

can be handled nornmlly os liquids aI 20 md .25”C (68 md
77”Fj. Also provided is n calculation pmccdure for conver-

sion of density 10 specific gravity.
The fluid snmple is introduced into tie pycnome!cr.

shown in Fig. 3-41. allowed to const to quilibrium m tic

trst tempcnmmc. md weighed. The specific gmvity or dm-
sity is then cdculmcd fmm IMS weight md the previously

determined weight of wmer thm is required ta fill tie pyc-

nometer al the same mmpcmmm.
Precision. Results witi tie 25-mL Bingham pyc-

nometcr should not stiffer by more t.hnn tic following

amounw
o. RepmtnMity. 0.00LW2 g/mL
b. Repmducibili!y. 0.00003 g/mL
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Figure 3-41. Bingham Pycnometer Used to De-
termine Density and Spectic Gravity of
Liquids

4. Specific Gravi~Hydmme[er Method

Test Metttcd. ASTM D 1298 (Ref. 86)
This method describes a procedure for determin-

ing by mmns of a glass bydmmeter, the specific gravity of

crude petroleum and petroleum products normally handled

as liquids and having a Reid vapr pressure of 179 kpa (26

psi) or less. Results are determined al 15.6°C (60”F) or con-
vened to values at 15.6°C (60”F) by means of standard

tables publisbed jointly by ASTM and the btstitute of Petro-

leum (Ref. 82).
The sample is poured under prescribed condi-

tions into a clean bydmmeter cylinder. The hydrometer is

lowered into the sample so that it is floating freely away

fmm the walls of the cylinder. The observed gravity is rend

d=ctly on the hydrometer scale at the point at which the

sttrface of the sample intersects the scale. The temperature

of he sample is also measured.
Precision. The repealability and reproducibility

of tlds test method depend upon the tyfx of fluid and the test

tempemmre. A table is provided in ASTM D 1298 tbal

defines the precision of the test based on these pmameters.

3-2.10 HEAT TRANSFER Characteris-
tics

The beat transfer properties of a hydraulic fluid can be

very imponmtt to the design engineer becmtse most hydmu-

Iic systems are thermally inefficient. A large pmtion of the

pressure energy supplied to the bydrmdic fluid thraugh the
pump is dissipated by friction in the valves. motors. acttta-
tors. seals, piping. and other components of the system. All
of this dksipmed energy becomes heal energy and much of
it raises d-te liquid tempmwum. A knowledge of the heat

tmnsfer characteristics of the liquid is essentird to the deter-
mination of bow h]gb the temp-mature will rise. and wha!

type ~d size of heal exchanger will be needed to maintain
the liquid at a desirable [Mtp.3’t3Nm.

Equations used m cafculate tbe rates of heat gencmtion
and temperature rise, as well as the heat dissipation capabil-
ity of reservoirs and bezu excbmgers, are presented and dis-
cussed in par. 2-10.

3-2.10.1 Specific Heat

The specific heat of a liquid is a measure of the amount of
hem a given quantity of liquid con absorb from the system.

It is defined m the heat required to raise a unit mass of Iiq.
uid one degree of temperature. The specific heat is usually
denoted by the symbol c, or c. and its units in the S1 are J/
(kg.K) and in the English system m-e Btu/(lbm.°F). The sub-
scripts p and v indlcttte whetier the determination of spe-
cific beat is made at constant pressure m at constant volume.
This distinction becomes important in gases, which m-c
highly compressible, but liquids are relatively incompress-
ible by comparison, and there is little difference between the
two vzdues. In genend, bowever, it is common pmctice m
determine the specific beat of liquids at constant pressure

and to use the symbol c,.
For a given hydrmdic system supplying n given amount

of heat to the hydraulic fluid, a liquid with a high specific
hem will undergo a smafler tetIIpCmNm rise than will it liq-
uid with a low specific beat, Thus a high value aids in mtin-
[aining a lower op-mwing temfxtatare in a system, and in
some applications incrmses the amount of hem that may be
removed fmm a system hot spot without causing &gtmfn-

tion of the liquid.
The specific heat increases with temperature for most

hydraulic fluids, and the temperature should always be

stated with the data. A gmph of specific heat vs temperature
for several hydraulic fluids is shown in Fig. 3-42. Aftbough
specific beat varies with pressure, the change is so small
over the pressure ranges nommfly encountered in hydraulic
systems that it is neglected.

Numemus methods have been developed to measure the
specific heat (Ref. 4). Almost aO of these metbads use some
type of calorimeter (essentially an insulated flask). A known
volume of the sample is placed into the flask and a known
amount of heat is added to the sample. The change in [em-
petaturc of the sample and the nmount of hem added are
both recorded. The specific beat is then cafculnted and cor-
rections arc mnde for heat losses fmm the caJoti meter. An

apprOximntiOn Of tie s~cific heat CPOf petroleum fiquids is
given by (Ref. 87)
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Figure 3-42. Speciiic Heat vs Tempenzture of
Severat Types of Hydrmstic Fluids

~ = 4.187
— (0.402+ 0.00081 r,). LMw”C

‘Kg
(3-2s)

Wbcm
Sg = spcciiic gmvity. dimensionless
te = tcmpmnmrc.‘C.

In ti English sywcm Ibis qundon kccomcs

cP = -!- (0.388+ i3.WJ45r,) , Bcu/(lbms.°F)
&

(3-26 )
whcm

f, = tcnqscmam. ‘F.

3-2.1OJ Thermak Condss+ivity
Tkmrd cnaductiviV is one mmsuze of the ability of n

amcrinl to transfer hem. Heoz transfer in opcnning hydmu-

Iic sysmn.s is ocmmpkishcd primnrily by convection
because nf fmccd liquid mixing. However. dmnsnl conduc-

tivity is impnrmat ia tie onmfer of beat to or fmm tie phys-
ical bouadmia of bydmulic systems. A liquid having n high

dzermal conducdvity will mom rcndily pick up bee! in bot
systcm components, such as vnlvcs md pumps. mzd transfer
it to cocdcr system components, such as hen! excbnngcrs.

Liquids coaaamdy used in hytitc systsms gencndly

have tbcmml mmtucdvitics al mom Iempcmmrc nn the

mdcr nf O.IO to 0.20S W/(rnK) (0.0002 to 0.W04 BN.inJ

(s. ft’.”F)), md tfmsc vnlucs normally dccrcosc appreciably
with tcmpcm!arsincmnscs. A gmpb of ticnnal mnducdvi~
of scvernlhydraulic fluids is shown in Fig. 343.

SCvend methods of measuring hmnal conductivi~ have
been dcvelnpcd (Ref. 4). MOSI of& tndzds mnsi~ of
plncing the sample fluid between twn surfaces of kamvn
IUCOond beating one surfncc to n known kmpmuum. Ilu
tcmpemaas of dm osfur surface and k w of hem tmnsfcr
om observed. The thermal conductivity is tin cntculnled.

3-2.11 COiWVLESSfBILrrY AI’WSBULK .
MODULUS

3-2.11.1 Compreszibitity
Mbougb most liquids arc sbougbt of as inmmpmssible.

in genmcd. d} liquids arc mmpmssible m some CXIC12L
Compressibility of a liquid cnmcs the liquid sa act much
like n stiff spring. TMs spring-liie actinn CM pmducc
dclnys in control signafs. use enqy to compress Ibe fluid,
and affect tic gnin or mnplificadnn nf sswo sysscms (Ref.

88). his usunfly dcsiible to bnve tie bydroulic fluid m stiff

m possible. i.e.. to have tie comprcssibi]i~ u snmII m pas.
sible. TIIe use of hydmulic fluid in shock nbsmbcm is one
impommt exccpticm.

The coefficient of compressibility is she fmctionnl change
inn unit volume of liquid per unit change of pressure. If she

cmnpmssion pmcc.s5 is curried out slowly so ti sufficient
bent is removed to maiatnin n mnsmm tempcmmm. h
msulmnt vnfue of mmp7usibiliIy is the ismhcmml culO-
prcssibility C, given by (Ref. 4)

0.142

0,120

0.120 -

0.124 -

g 0.,,, -

- allz

I :

O.tot

0.100

!
0.0s4 -

~~md
0.0s2 -

I
F@re 3-43. l%erzoal Conductivity vs

Temperature of Sevend Types of Hydraufic
Fluids
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c,= +(;),,kpa)-(:z) (3-27,

where

VO = initial volume, m’ (f[’)
(6 V/5p), = rate of change of volume with pressure

at constant tempemture, m]ikF’a ( ft 31
(Iblft 2)).

If the compression takes place under conditions tluu
exmtct no heat, the process is termed adiabatic. or isen-
tmpic. Under these conditions the result is tie isentropic
compt’essibilify C, given by (Ref. 4)

=,= +J:);m)-g) (3-28)

where
V, = ini[inl volume, m’ ( ft’)

(6 V/Sp), = rate of change of volume with pressure
al constant entropy m3/l@t
( f[ ‘/(lb ft ‘)).

Compressibility bas the units of volumd(volume.pres-
sure). rl is common practice 10 cancel out the volume terms
and express compressibility as pressure-’. A gmpb of per-
cent volume comp~ssion vs pressure of several liquids is
shown in Fig. 344.

12 I

10

2

n
0 so 100 1s4 200

Pr~ure, MPa

Reprinted from Fluid Power DesiRn Handbook, p. 5, by courtesy
of Mamcl Dckkcr, Inc.

Fifgltt-e 344. Fluid Percent Volume Com-
pression vs Pressure of Typical Fluids (Ref.
6S)

DlffeEnCeS exist between the isothermal and the isen-
tropic comprmsihility. For normal simaticms encounte~d in
hydraulic systems, they are not sufficient to wttrmnt differ-
entiation. However, at high temperatures or pressures or for
certain liquids, the diffenmces can become significant, and
when they an added to the wide variations caused by tem-

perature and pressure. a system can he driven beyond
acceptable stability limits. (Ref. 89)

3-2.11.2 Bulk Modulus
Bulk modulus, the reciprcd of compressibility, is used

in design calculations for hydraulic systems. The units of

bulk modulus arc kPa (lb/in.’). The higher the bulk modu-
lus, the less elastic. or the stitTer, the liquid. High btdk mod-
ulus vrdue$. are usually desirable since the result is a more
stable and”less elastic system.

Like compressibility, bulk modulus can he either isother.
md or adiabatic. TfIc isothermal bulk modulus is sometimes
referred m us the static bulk modulus because it is deter-
mined at a constant temperature. The isentmpic or adiabatic
bulk modulus is sometimes referred to as the dynamic bulk
modulus. In either case, static or dynamic, bulk modulus
may be reported as the secant or the tangent modulus. The
nomes “secant” and “tangent” refer to the relationship the
values have to the pressure-volume curve of d-te liquid. (See

pars. 3-2.11.2.1 and 3-2.11 .2.2.) Them am then four bulk
modulus values possible-isothermal secant, adiabatic

(iEnfMPiC) SeCtUILiSOtheMId tMgenL and aditthatic (isem
fropic) tangent-and care must he exercised to select the
right vafue for a particular application.

3-2.11.2.1 Secant Bulk Modulus
Thesecant bulk modulus (frequently referred 10 in the lit-

erature as the mean or average modulus) is defined as the
totaf change in liquid pressure divided by the total change in
volume ~r unit volume of liquid. The secant modulus then

is the slope of the secant (drawn between two pressures) of
the pressure-volume curve as shown in Fig. 3-45. h is stan-
dard practice 10 set the initial pressure equal to atmospheric.
The secant modulus of n liquid can .he thought of as the
ttvemge pressure required m produce a given volume
change per unit volume over a given pressure range. A dis-
cussion of the two secant bulk mothdi follows:

1. lsolhennal Secant Bulk Modulus. The isothermal
secant bulk modulus B,, is the bulk modulus” determined
when the liquid is held at constant tempentture. It is the

modulus value applied to systems that change pressure and
volume vety slowly. allowing beat to flow in or out to main-
tain a constant temperature. This is the vahte of bulk modu-
lus most often reported for bydnmdic fluids, It can be easily
determined with relatively simple equipment. Its defining
quation is
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-(AW I V. dmmsionkm

Fiire 3-45. Example Representation of
Secant and Tangent Bulk Moduli

‘J=-%$),-(;) (3-29)

whezc
B,, = isalhmmd -t bulk 1220dUkU

U pmssuzsp ond tcmpemsure t.
kpiz (lb/fI’)

V. = initial vokuns. m’ ( ft’)

Ap = change in pms.sam. I&n (Iblflz)
AV = chuage in vohnnc. m] ( ft’)

Subscript I = change in pressure und volume men-

S~ M n CO12S12UII[M2pN2C.

2. Adiabatic (Isemmpic) Secret Bulk Madulus. The
adiabatic. cm isenaupic, sxmnt bulk madulus B,, is defined
by

‘-= -%0,’+2 ‘3-30)
Where

Subscripts. change in pmssum and volume mcn-

surcd m n mnsamt emrophy.

As shown in Fig. 3-45, ths isennopic md isothermal secml

bulk moduli am defined by lhe srmse sccurn line. Thc differ-

ence is thnl the dam for the issmropic madulus cm nquimd
Unda adialmdc Cm2dkions.

3-2.11.2.2 Tangent Bulk Modulus
The tangentbulk mcdulus is defined os IIE product of the

derivative of liquid pressure with respect ta volume and IISe
volume under compression. fn Fig. 3-$5 IIZCmngent bufk

2220dUk15iS SIWS]OWOf lh I1212gcnld2UWnat 0 gi~en f9Ji2sLh
is not an overage value over a range of pressures like she
sccnm but rcprcsem.s she bulk modulus m n specific senqzcr-
murc md pressure. A discussion of shc IWO Uuzgcm bulk
moduli follows:

1. Is.mhemzal Tangcm Bulk Modulus. The isalhcrnml
tangent bulk mcdulus B,, is die tnngent bulk madulus &ser-
mined when tie fluid is held m n mnstant tempcmmre. ILS
defining quntion is

2. Adiizbrmic (Isemmpic) Tan8cnt Bulk Mcduku. The
iscnsmpic or ndiabmic tangent bulk modulus t?,, is defined
by m quntion similar to dzeisaihenmd cms except dzntshe
tosnldesivn!ivc is used. The difference bcnvccn IJICisolhcr-
md und isentmpic uuzgembulk moduli is thal M data for
Ihe iwmopic modulus mum be acquired under udifsbszic
conditions rnlhcr Ihan under mnstnm tcmprnium coali-
tions. The defining qumion is

3-2.113 sonic BsslkModulus
Mast bulk modulus duus me &tennincd by IISZusc of

mcchndcal quipmmt. and tie rcsuhuznstnsnarc she iso-
IIzernsalsecure bulk maduli. Mmy hydraulic mechanisms.
however. opemzc m rslndvely high speeds md the IZUUof
mmprcssion dms not dissipale. Themforc. lhc pmcczs is
issntropic. not isothermal.Onc pmccdurc to obtain dzeisen-
tmpic bulk madulus hns been by differentiation of AK iso-
I12cnnal dam. This involvcz nuhcr complr.s analytical
praccdurcs and is not ISsimple pmccdurc. However. il has
been found that he iscnsmpic mngen!bulk modulus ma be
mcosuzcddirectly with n sonic nppmuus. By mmmring tie
speed of sound in the liquid, Use isentmpic tangent bufk
modulus is determinedby

()Bfi = C2p, kf% ; (3-33)

where
Bm = sonic bulk modulus. H% (lWfi’)

c . speed of saund in liquid mfs (fI/s)
p = density of liquid, kg/m’ (slug/fI’).
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The speed of sound in the liquid is determined by mea-

suring the time required for t?pressure pulse or sound wave
to travel h-ough the liquid. Tlis method of determining

bulk modulus approaches adkbatic conditions witi more

accuracy than any other method used, and the very nature of
the experimented prncedum rules out the existence of an iso-

tbenmd sonic modulus.

3-2.11.4 Measurement of Bulk Modulus
3-2.11.4.1 Secant and Tangent Bulk Moduli

Secant and tangent bulk moduli are usually determined

by obtaining n pressure-volume curve for the liquid. Several
expmimenud methods have been developed.

One metbcd is to compress a known sample of tie liquid
with n column of mercury. The change in position of the

mercury-liquid interface is n measure of the compression of

tie liquid. Use of capillary tubes of mercury allows ensy

attainment of high pressures on the order of 6895 to 13,790

I&s (lCSM to 20Wl psi).
Another method frequently used is to place n sealed con-

tainer of the test liquid into a pressure chnmbcr. subject the
container m pressure from an external liquid, and measure
the change in volume of the container. One of the most suc-
cessful examples of IMS technique is lhe Bridgeman

method. The liquid is placed in a bellows and compression
of tie bellows causes movement of an electrical contact

along a slide wire. Thk method bns the advantage of yield-
ing a continuous plot of pressure vs volume for tie exfxri.

ment. This method was used to determine fluid

compressibility in the ASME Pts-ssure-Viscosiy Repon
(Ref. 18) and was also used by Wilson (Ref. 17).

A metbcd commonly used in tie petroleum industry is to
pressurize a known volume of liquid by forcing additional

liquid into tie container and measuring the volume of liquid

expelled when the pressure is released. This method bas tbe
disadvantage d-m il genemtes only one datum point per

exfwimem, but it cm be done with simple equipment and

fairly rapidly.

3-2.11.4.2 Sonic ‘Bulk Modulus

Determinations of sonic bulk moduli are made using

ultrasonic speed measurements. Seveml methods have been

developed that ‘determine the speed eiIher directly by mew
surement of the speed of ultrasonic waves in the fluid or

indirectly by determining frequencies that result in interfer-

ence of the generated wave and the reflected wave fmm tie

OPPOsile side of the container. The speed can tw calculated
from tie knowledge of path lengths and signal f~quencies.

The ultrasonic bulk modulus metiods have some advan-
tages over the pressure-volume methods. They allow rapid

measurement of bulk modulus, and they are frequently more
accurate because tic measured quantities radmr tim their

derivatives arc used to calculate the bulk modulus. The
sonic mdmds have a disadvantage in that rather complex

equipment is required to measure density and sonic sped in

n liquid under pressure. A schematic drawing of a typical

aPP~m5 for mtMURMent of bulk mocbdi by sonic speed is
shown in Fig. 346.

Signal
Trigger
Delsy \

o
O.scillo.scOpe

T -

500-kHz

L

i 0+
Sine Wave

Pulser

An@lier

Prsssur+Tampersture
cell

‘1 / Heaters

Figurs 346. Apparatus for Measurement of Adiabatic Bulk Modsdus by Sonic Speed (Ref. 89)
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3-2.11.43 Estimation of BuIki Modulus (Penn
Stote Method)

Resm.rehem at tie Peh-oleum Refining hbnns!o~ of
Pennsylvania SUUeUniversity have developed o pmcedum

for the measurement and prwtiction of bulk modulus for flu-
ids (Ref. 19). By studying tie pm.ssurc-vohsmc-mmpemturc

fIsOpCtiCS Of a hm’ge mIMbCr of liquids. lhcy developed n
series of empkicul quntions used to determine she liquid

bulk modulus m any umpcmtum or pressure once the bulk
m0dulu5 is known (with high ucmmscy) al any one condb
sion of tempcnsmrc and pressure. Use of Ihcir proccdum for

pmssums in tie nmge of 6.895 to 6S.950 kpo (1 1010.000
psi) undtempernwmsofOto218°C (32 10425”FI will yield
bulk modulus da-m with m accmncy of i5%.

3-2.llAJ.1 Method
A briefoutline of k Penn State hledmd follows

1. BulkModulus-Pressure Equorion

[E,t = ii, + 5.30p, ],. kpn (lb/in.’ ) (3-34)

where
~,, = ismhersmdsccnnt bulk mudulm nt gnge pm.s-

surc p md tempcmmrs I. Id% (Win:)
F. = isothermal secret bulk mudulm m zero gage

pressure and tempcnnurc f, kf% (W in? )

P, = gage prcssum. Id% (Ibk in?).

2. Bulk Mcdulu.s-Ttmpemmre Equarion

[log (~,,~~,h) = p (12 - /,) ],, dimensionless

(3-35)
where

~,1, = isnttwsmd secant bulk modulus nt gage prm-

sms p and tcmpcmkwc 1,. kpo (lb/in?)
~fi . isothermal secnn! bulk modulus a! gage prcs-

sum p md tempcmmm 12. kf% (Ibk in?)
~ = conversion fnctor obtained fmm Fig. 347.

“C-’ (“F’).

3. Iso:hmnol 7iingcnt-Isothermal Secan! Bulk Modulus
Rclatiomhip

The isothermal tangent bulk modulus m pressure p
is qual to she isothennat secret bulk modulus al 2p within
1% error, i.e..

(F,,), = (F,,),, (3-36)

where
(B.), = ismhcrmnl tangent bulk mcdulus at prcs-

sump, kpa (lb/in.Z )
(~,,) ~ = isothermnf secant bulk mudulus w pres-

sure 2p. kl% (lb/in.] ).

MIL.HDBK-118

O.aos I ‘ , I ,Iam
0 m3swuo5mmD7m(Iv%(29) [a a (M) (775) (~ (,0,.5)

PIMam, u% (m/b’l?, to+)

Figure 3-47. Graph of Constnnt Used in Eq. 3-
35 (Ref. 19)

4. isothermal Tangcnl-lsemmpic (Adiabotic) Tmgem
Bulk Modulus Relationship

B,,
—=r=s
8,, c“

(3-37)

where

B,, = udhbmic (iscnoupic) umgem bulk modulus.
kPn (lhl in? )

B,, = isothcmud bmgem bulk modulus m pmssum p
nnd kmpcmwm t, Id% (Ibk in? )

r = mtio of bulk moduli or ratio of specific kus,
dimcnsiunlcss

c, = specific heat III constant pressure. kJ/(kg”C)
(Btu/(lbm.”F))

c. = specific hem u! consmm volume, W/(kg.°C)
(B!u/(lbm.”F)).

.,

3-2.11 .4.3.2 Example
The exnmple IIUJIfollows shoys how to solve fur the i-

tienmsf secant bulk modllh ( 8., ) III Ogngc ~S- and

tc_mpcmturc I und for ti isahennal secant hulk modulus
(B,, ) m gage pmssurs p md tcmpcmtms I.

I. Given
(B,,) = IW3.000 Id%(2 17.557 [h/in?)

I=40”C(ICWF)
p, = 7000 kPn(10i5 [Win?)

Find Fo, MOkPn(OlMin?), 40°C ( 104°F)

So!utiorr
Solving Eq 3-34 for Eo, gives

Ho, = b,, - 5.3op,, kPn

= [1 ,500.OKI -5.30 (7CKX3)] M%

= 1.462,9&l kpn (212,176 lb/in.2)
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2. Given:
~o,= 1,462,900 W’t! (212. 176 lb/in.’)
p, = 70,000 k% (10,153 lb/in.z)
1, =40”C(1CWF)
11= Ioo”c (212”F)

Find: B;,2

Solution:
Using Eq. 3-34

B,,, = Do, + 5.3op,, IcPa

= [1 ,462,900 + 5.30 (70,000)] H%

= 1.833,900 I&% (265,985 lb/in?).
From Fig. 3-47. ~ = 0.0020.

Using Eq. 3-35

log (B,,, IE,2.) = P (fz– ~,)

log (1.833 .900/Br2,) = 0.0020(100– 40),
~,1,= 1,391,2CQ kpa (201,777 lb/in.Z).

3-2.11.4.4 Estimation of Bulk Modulus (Other
Methods)

Other researcher hrwe also developed relationships for
p~dicting the bulk moduli of liquids. Wright (Ref. 90) has
developed a method for determining both the secant and
tangent bulk mnduli of petroleum oils. The methcd requires
knowledge of only the density of the oil at zem kPa (gnge)
at a given tempcmnue. By means of a series of gmphs. the
bulk moduli m any pressu~ and the given tempertmnes can
be easily determined. Density at an elevated pressure and
the given temp.mmm can then be determined by

plpo = 1- PIE,,, dimensionless (3-38)

where

PO = density at O I@a (gage) and mmpemture I,
kg/m’ (slug/ f13).

Tmhy and Wkr (Ref. 9 I) have developed a method to
predict the bulk moduli of silicone liquids similar to
Wright’s method, Their method also uses a series of graphs

to converi density M refemce conditions [o bulk m~ulus
at any temperature and pressure.

3-2.12 EMULSIONS AND FOAMING IN
HYDRAULIC FLUIDS

~ emulsion is defined as m intimate dispersion of one
liquid widin another, II is a mixture of two liquids. not a
solution with one liquid dksolved in the other. A foam is an
emulsion in which the dispersed phase is a gas rather than a
liquid, The foaming and emulsive characteristics of a
hydmulic fluid are important to system performance
because they we mechanisms by which the fluid cm pick up
and contain contansinmts that cm affect its pmpenies and
ability to function, The contaminants encountered in
hydraulic systems are solid particles, gases, and liquids.

Contamination caused by gases cm produce foams, and
contamination caused by liquids can produce emulsions.
This discussion is timited basically to contamination caused

by air (gas) and water (liquid).

3-2.12.1 Emulsion Characteristics
An emulsion is unstable and wiOcvennmlly mull in sep-

aration of its components. The time required for thk sepam-

tion, however, may vary fmm several seconds m weeks or
months. The separation time of an emulsion formed in a
hydraulic fluid is determined by the pmpenies of the fluid

and any additives il may contain (See Chapter 5.) and by the
contaminant. An emulsion of water and a hydraulic fluid is
undesirable. Ease of scpm-mien of. the water fmm the

hydraulic fluid is essential.
Water forms two types of emulsions with hydraulic flu-

ids: oil in water, in which the water is the continuous phase.
and water in oil. in which the oil is the continuous phase.

The common type of emulsion that forms in hydraulic fluids
contmninated with water is an oil-in-water emulsion. Since
water is the continuous phase, there is a drastic decrease in

lubricating ability, increased rusting. and t? possibility of
increased viscosity.

Some fire-resistant hydmutic fluids are formulated aa
water-in-oil emulsinns (HFB), Emulsion stability of these

fluids is. of coume. required.
Water can enter a hydraulic system in various ways.

Leaks in hem exchangmx, condensation of moisture in con.
miners or system reservoirs. and accidental contamination

are the usutd ways. Once the water is in the system. it is sub.

jetted to agitation in the pump and other parts of the system
where mrbtdent flow exists. This mixing prnduces an emul.
sion of tbe hydraulic fluid and waler. Water, which is mixed
with the hydraulic fluid, can cause msling, a loss of system

efficiency, defective lubrication, increased leakage. and

increased oxidation of the hydraulic fluid. The emulsion
will also affect system performance by forming slicky

slimes, which foul pumps. corrode cylinders and other ele-
ments of the bydmulic system, and, in genend, produce

unsatisfactory performance.
To reduce the adverse effects of an oil-and-water emul-

sion, it is usually desimble 10 use a hydraulic fluid tlxu bas
good water scpamtion characteristics. The hydraulic fluid
and the water sepansle quickfy in tbe system reservoir, and
the water floats to tie top or to the bottom. de@ding on the
density of the hydrmdic fluid.

Many materiats can function as emulsifying agents and
increase the tendency of a hydraulic fluid to form an emul-
sion. Small concentrations of these materials am usunfly

most effective. Materials that act as emulsifiers can be intr-
oduced into a hydraulic system in a number of ways—as
impurities in the base stock, as products formed fmm oxidn-
tion during use, and u additives that perform other func-

tions but btsve emulsifying properties. Thus a hydraulic fluid
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rhm norrcudly hm gccd wmr scpmmion chamcterisrics can
bc chmgcd while in usc in rhe system [o n hydrnutic fluid
hr will rcndily form emulsions.

h should bc ~inccd out rbm hydraulic fluids rhaI we
emulsions of wmcr-in-oil arc bchg used smisfnctorily as
fic’c+’csismm hydraulic fluids. In such types of hydraulic flu-
ids iI is essenrinl that the oil have good emulsifying pmper-
rics 50 rhc wuccr will not rmdly scparwc frum il.

3-2.222 Foaming Chacncteristics
A foam is o dispcrsinn of o gas in a tiquid. In gcncml.

fosming is undcsknble in hydmrdic systems. The prrscncc
of air in a hydrmdic fluid can came n loss of system etTi-
ciency. dcfccrive Iubricncicm. pump degradation and fnilurc.
and 10s.sof fluid by ovcrrlow of rhc foam. Air can be inrm-
dumd into n hydraulic system in scvcnd wnys. h can come
frum knkngc on rhe suction side of rhe pump. scnl Icakngc.
undersized rctum tines, remm Iincs tfW !cCnrimcc abOve rhe
fluid level. leaking accumulators. md unscpamtcd nccumu-
Icums. h can nkso be infmduced while filling the systcm
and installing new compcmcms.

Much of chc air in n hydraulic sysccm will often bc dis-
solved in & high-pressure tiquid M lhc discharge side of
tic pump. The air rfmr rcnmins dissolved in rhc liquid dms
nor cmace o foam. As tie liquid enter’s Iow-pressure arms of
rhc sysccm. however. chc cxccss air can come mu of solution
and fmm bubbles. which can & crucied wirh rhc liquid
rhcuugh ttrc sysccm. Foam can afso form in any pacI of rhc
systcm in which rhc tiquid expcrimccs cxccssive agirmion.
such as in gears. bmrings. vrdws. and ocher componcrrcs. If
rhc liquid k gocd foam-suppmssing capability. rfrc cxccss
bubbles wiU kc cnnicd 10 rhc reservoir md rclmscd.

Undisscdwcf air cmrscs icrcgcdnr action of cylindcm and
vnlvcs brmusc chc liquid no Iongcr trns a high dcgrcc of
incompressibility. h bubbles. when compccsscd [o a high
pressure, will prcducc n localized high tCMpCMNm. II can
bc shown rtmr if air is adiabatically compressed from nom
spheric prcsurc co 689 kPa (100 psi). the thmmical mm-
pmcrcucof rhc air would bc 250°C (482”F). Al n
compression of 20.685 kf%(3000 psi). the rhcorctica]tem-
~ wOuldbc 1l@3°C(2012”F). llcsc high tempcm-
mccs mny no: bc noticcrddy reflccrcd in n rise in the
ccscr$mir rcM~NI’C brn will crmsc oxidation of the sur-
rounding tiquid tifm ml the formncion of ccmrnminams.

Foaming clmmcccriscics arc usually dis.cussed in tcrrcrs of
fmmicrgwxicncy and foam srnbiliry.Foaming rcndcncyis n
mcnsumof the atdity of n liquid to form a foam under spcc-
iticd conditions hi would pmmofc fomning. II is usunfly
dcsiilc to hnvc M Iitflc Icndmcy to foam ns possible.
Foam sratiliry is n rncmurc of rhe rcndcncy of n liquid 10
rcrainmin o foam mm it has been csculdishcd. The Iowcr the
foam scnMlicy, drc fnsrer the foam will collapse md rclmsc
chc cncrnpfxd air.

Much tike emulsion chamcrcriscics. foaming chnmcreris-
rics can bc imluenccd by n number of vnrinblcs. Small

amounts of conrnminanrs and oil oxidation pmducLs of the

liquid generally incrcmc tie foaming chnmmcrisdcs.

Rcscmchers m Rock Island Acscrml have found rtmi vim.

iry., tem~m. gmnsc COntCICIlimtion.md wactr ~nmmi.
nnrcon rdl affect rhe fomning chnmcrcristics of hydraulic

fluids md liquids used in recoil mcclmnkms (Ref. 92). .
Their dam incticnrc n genend rrcnd. with exceptiom. W

incrcmcd viscosiry is nccompanicd by grcmcr foaming ten-

dmcy and foam sralitity. The liquids ccstcd showed n
dccrca.sc in focmsirrg !endcncy and in foaming sbtitiry cviti

an increase in rcmpmocurc. Conmminncimr caused by grcmc
in mud] ncnomrrs ( 110 5%) produced significant imrmscs irr

foaming tcndmcy mrd fcmm slnbility. Conmmirmdocr caused

by wmcr pmduccd ccmdc resrdrs. Very small conccnmrdons
of wtucr, 0.08%. did not hm.e much etTrxt. Wkh higher con-

ccncmdons of wntcr ( 1 to 5%). foaming ccndcncy incrmcd.
Foam stnbili~ incrcmcct nt lower tcmpcmrurcs wirh

incrcmcd water concmrmdon, but w rhe higher lctcqrcrn-

N~ rhc fmm srnhili[y dccrcascd wilh lhc larger pcrcenmgc

of waler.

3-2.12.3 Tests for Emulsion and Fouming Chosnc-
teristics

Dkcussions of emulsion and foaming chmncccrisrics rcscs
follow

1. .Enudsion Chamcrctifics
o. &mulsion Chvocwisrics oJ Smmr-Turbircc OiSs

Test Merhcd. ASTM D 1401 (Ref. 93)
This mctbcd is imcndcd to tcsl srcnrn crubhc oils

bul may bc used to test liquids of orhcr Iypc.s. The mcrbod
dcscribcs a promdurc used 10 ncmsurc Otc nbility of oil and
wmer co scparncc from cnch orher.

A 40.mL sancplc of rfrs best tiquid nod 40 ML of
distilled water arc wined for 5 min inn gcnrtunred cytinck
wirh n flat fnddle rruning al 1500 rpm. The Cimc. icr multi-

ples of 5 tin. rcq.ircd for the emulsion co bc mduccd to 3

ML or Icss is rqumcct. If rhe emulsion is mom rhan 3 ti

nftcr I h, tie rest is discontinued and rhc nmoums in ML of

oil. warm, and emulsion rmsnining arc recorded. llrs rcsulu
m-c rcfrocud as n scr-ics of four numbers-stre number of ML

of oil. rhc number of mL of wurcr, rhc nrrmbcr of ML of
emulsion. nnd rhc test rime. For cxmnplc.

Baklk
@-4f3-wo) Complcrc scption

in 20 min

40-37-3(30) Emulsion rcduccd m
3rnLin30min

TcsI wns rcrrcrinarcd.

b. Enudsifiing Tendency

Tc.s Mcdmd. Fcdcnd TcsI Mckd 3201 (Ref.
94)
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Tbk method is used [o &termine the emulsify-
ing tendency of petroleum and petroleum-lie products.

A 40-mL sample of the oil or liquid to be rested

is mixed in a graduated cylinder with a 43-ML sample of an
emulsifyhg agent (distilled water. scdhm chloride solution.

or synthetic seawater, as required by the fluid specification).
The cyliider is immersed in a bath. as shown in Fig. 348.
The mixture is sdrred at 1500 rpm for 5 min at the tempem-
tum specified by the liquid specification. The resulting

emulsion is allowed to remnin undkturbed at the test tem-
pemturc and for the time required by the liquid specifica-
tion. It is then exntnined for any separation nnd whether the

end product conforms to tic liquid specification is repnrted.
2. Foaming Characteristics

Test Methods. Fedeml Test Method 3211 (Ref. 95)
ASTM D 892 (Ref. 96)

These methods am intended m determine the foam-

ing characteristics of lubricating oils at spcified lempem-
tures. A means of empiricrdl y reading the foaming tendency

and the stability of the foam is described.
A 190-mL sample of the liquid to be tested is

placed in a 1OOO-MLgmdumed cylinder, as shown in Fig. 3-
49. The sample is maintained at a temfm’amre of 24°C

(75”F).nnd blown with nir for 5 min. The volume of foam is
measured. The sample is allowed to settle for 10 min and
the volume of fonm measuredagain. ?he test is repeatedM
93.3°C (200”FI on a second sample nnd then repeated again
on the second sample at 24°C (75”F). Foaming tendency is

Stirring
Mschanism

F

\

Graduated

“’’”%

R

::
.. . . . . . . . . . . . . . .

Bat h ;:
:;
::
::

... . . . .....

F@srs 348. Emulsion Test Apparatus

r AirIn
AhOut 4+ T>

T

\ $
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. . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . .

. . . . . .

fluid Sa~le ~ - . . .

. . . . . . . . . . Cylinder
1000 mL. . . . . . . . .

. . . . . . . . .

F@-s 349. Foaming Test Apparatus

reported as the totnl volume of foam in millilhem formed
during the 5-rein air-blowing petind. Foam stability is
reported as the milliliters of foam remaining after the 10-
min standing perind. The foaming requircmems of several
military specification liquids are shown in Table 3-6.

3-2.13 GAS VOLUBILITY
Hydraulic fluids, like other liquids. tend to dissolve my

gnses that may be in contact with them. The amount of gas
dkscdved by a pm’tictdm liquid depends upon the compos-
ition of the gas, tbe composition of the liquid. the tcmpeta-
ntre, and the pressure. Table 3-7 (Ref. 97) lists Ihe dissolved
gas contents of several fluids at atmospheric pressure. A dis-
tinction should be made between dissolved gases and

tipped, or entrained. gases. The dissolved gases have virtu-
ally no effect on the physical properties of the liquid. They
become impor@mt only when they are evolved fmm solu-
tion in the fotm of bubbles and create a foam or a pocket of
gas in tie system, Once the gas bas evolved from solution,
the physicnl properties of the liquid-gas mixmre arc greatly
influenced by lhe resulting foam (Ref. 89).

The solubilhy of gases in liquids is genetally considered
to be inversely Proportional to the temperantre nnddirectfy
pmpordonnl to the pressure, Log-log gmpbs of gas volubil-
ity vs tem~rnture are linear over modemte ranges of tern-
Pcmturc (Ref. 89). fXSiiC. (Ref. 88) has reported that the
scdubility of gases in many lubricating oils increases with

rising tempetntum. fncreases in the volubility of nitrogen in
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TABLE 3-6. FOAMING REQUIREMEh’T OF MIMTARY SPECIFICATION L1,QUIDS
hlETHOD ASTM D 892

FLUID TEMPERATURE FOAMONG TENDENCY FOAhi STABfLfTY

“c “F RKIM Volume. ML.al end of Foam Volume. ML m end of
5-rein blowing period. nm.x Io-tin scnling pcricd

MIL-H-5&36F 24 75 65 Complete Collapse

MfL-H-276411A 24 75 7s Complete Collapse

93.5 2a3 75 COmplcce Collapse

24 75 75 Complete Collapse

MIL-H-S3282C 25 77 65 Complete Collopsc

MIL-H-46170B 24 15 65 Complelc Colhpse

93.s 200 65 Complete COIlapsc

24 75 65 Complete Collapse

MfL-H-6083E 24 75 65 Complete Collapse

93.5 2CfJ 65 Complete Collapse

24 75 65 Complete Collapse

MLH-S7257 25 77 65 Complete collapse

MLH-53 119 25 71 65 COmpIetc COllnpse

two pctmleum oils m 177°C (350”F) over that 01 mom tc.m-

pccnmrc am shown in Fig. 3-50. This figure also shows lfuu

increasing pressure hns n much grcnccr effect on nitrogen

xnlublliy in distihc white oil than dots incrmsing tempcr-
amre. [n gem-al, fnexsurc has a gremer effect on gas 501u-

bilhy than dncs tempernwrc. but not for all liquids. In Fig.

3-50 Icmpacurc is Ihe mom significmt fnctnr in the cns.c nf
hc naphthcnic oils. lncccmcs in the sOlubilily of air with

incrcnxing prcssum for smnc different types of hydmulic

fluids arc given in Fig. 3-51. h shnuld bc nnticed dm air

solubili!y in xiticnne md petroleum oils incrcnscs mom q
idly witi incrcoxing pressure lhan it dncs for the pnlnr water

b nr phosphmc-cxtcr-type fluids.
Since solubiliIY limits arc nffcdcd by L!cdI tempcmmrc

and pmxxum in n given liquid, chcmgcs in tempemmre ml
pressure cam-ring within the system cm I’C.SUIIin dissolved

gnscs being expelled from xolmion. Once IMS happens. the
evolved gnx bubbles CM cnnstimtc up to 15% nf the Ioml

liquid plus foam volume md have serious effcc!s on tie

hydraulic systcm perfommnct (Ref. S9). Pump delivery is

reduced md * pump is subject to cavitation tige. The

CO_itilitY of Ihc bydrnulic-fluid-foam mixNre is
incmmcd. iu bulk modulus dccrmscd. MCImnircd smbilky
and compnncnt life suffer. Even when system design has

provided for such eventuality, it still lnkcs time for the
enunppcd gas m be mmsponed back 10 the reservoir or sir-
oil scparwor where it can bc sepmnwd from h hydraulic

fluid. Rtpons of hydraulic systcm maffimctions hnvc fre-
quently been uaccd m air scparntinn problems. Dcnd.ended
or single-line SYSWIMsincilnr to simple bycfmulic bmkc sys-
tems m-c pm-dculnrly prone to air evolution md entmpmcnt
(Ref. 89). A small nncnunt of liquid cumulation WLII into

such systems CM help to ccliew lhc prnblem.

3-2.14 LOW-TEMPERATURE STABILITY
3-2.14.1 Genesnl

Hydraulic fluids arc often stored for pmlnngcd periods of
time al low tcmpcmmres. During (his s!mnge. the liquid

should not undcrgn my pcrmrment changcx in its pmpenics
or show evidcncc of gelling. cfysmlliznlicm. or scpamdon of
my of its compnnems. Gelling is the formmion of jelly-iii
muerinls due to coagulation of n cnmpnnent or components
nf k liquid. Crystallization is lhe fnrnuuionof crystnfsnc
crysudline mmerinl by n mmpnnent nr cnmponen& of ti
liquid. .%panninnis *C rcmovol from suspension or snlu-
tion of cnmponems of or ndditivcs in lhc liquid. Many spec-
ification liquids. however. arc dccmcd to have sntisfnctnry
Iow-tcmpcmnuc smbility if any scpamtcd componcnfs
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TABLE 3-7. DISSOLVED GAS CONTENTS OF VARIOUS FLUIDS AT
ATMOSPHERIC PRESSURE (Ref. 97)

DISSOLVED SATURATED

GENERAL NAME GAS CONTENT. volume %

Water I .5

Phosphaw Ester Hydraulic Fluid 8.0

MIL-H-5606F, Petroleum. Bttse Hydraulic Fluid 12.0

MIL-H-83282C, Synthetic PAO-Base Hydraulic Fluid 11.0

Lighl Spindle Oil 10.0

Antiwear Hydraulic Oil 9.0

High-Pressure, Amiwear Hydraulic Oil 10.0

G= Turbine Lubricating Oil I0.0

Mksile Hydraulic and Preservative Fluid 9.0

Low-V[scosity Missile Hydraulic Fluid 10.0

Oxidation-Inhibited Imulaiing oil 10.0

Castor 011 4.0

Silicate Ester 14.0-15.0

Silicone Dielectric Fluid 14.0-17.0

Electronic Liquid 27.0-41,0

Cblomuifluomedwlene Hwbaulic Fluid 18.0

From Opwator”s Manual of ‘.Airc-OmcLcr”,a Dk.olved Gas Measuring Insnwmcrt courtesy of Seaton-Wtlson, a BEI Electronics Co.

I I 1 I 1 I ...‘i-l
readily return [o solution at the lowest anticipated opemting

“i}
tempemmre.

mh!, W, cd
Low-temperatm pmpwties of hydraulic fluids become

imwxtant when smrine fluids in cold environments or when

mu. *

Reprinted by permission of Society of Tribologists and Lubrication
Engineers. All rights reserved.

F@sre 3-50. Nitrogen Sohsbility % Pressure of
Two Petroleum Products (Ref. 88)

hydraulic systems are subjected to periods of nonop-emtion
in cold environments. Formation of gels or crystals or sepa.
ration of components can cause clogging of filters, plugging

of smnfl orifices and clearances, or lack of lubrication m
vilnl components.

3-2.14.2 Test Methods for Low-Temperature Sta-
bility

DkcussiOn of several test methods for Iow-[empemlure
stability follows

1. kfscosi~ Srabili~ at Lou, Temperarurs
Test Methods. Federal Test Method 307 (Ref. 98)

ASTM D 2532 (Ref. 99)
Change in the viscosity of fluids subjected to

low temperatures is often used as a criterion of low-tem-
uerature stnbilitv. This melhod describes a procedure
used m determine the viscosity stability of transparent tlu-
ids at -53.9°C (-d5°F). In this method a sample of the
lubricant is placed in a glass-capillary-type viscometer in
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ftcptintcd from Fluid Puwr Ckxig. Hondbok, p. 7. by cmmcsy
of Marcel O&k. k.

I@sre 3-51.Volubility of Air in Liquids (Ref.
6S)

o bmh cd -53.9°C (-dS”F). The kinematic viscosity of
she sample is then demmsined. The viscometer and the

~Plc ~ ~Pt in the bmh al -53.9°C (-65”F) fOr 72 h,
and determinations of the kinematic viscosiiy are mnde
n! imcmmls koughom she 72-h period. ChMgcs in vis-

cosity wish time provide n measure of low-tempcmom
scm-age instability.

2. Gelling, Ct3walliztion. and Sepomtion
Test Meksi. Fcdmd TcsIMcdmd 3458 (Ref. 100)
This method is UW 10 dctecsnine she mxfcncy of

componcncs of finished oil blends 10 bc incompatible or to
fOmI gCISdIUiISg 10W-lCtIIpCMNmcsposurc.

A IW-mL sample of lhe liquid to bc CCSkd is

plnccd in n glass jnc and smrcd for 72 h n! M tempccmurc

required by !hs liquid specification. At lhc cnd of tie 72-h

pcried. Ibc sample is msmvcd from slornge and immccfi-
msly MMlimck visunll y for evidence of gelling, sepzmstion.

w CrYsudhzntion. U lherc is any evidence of gelling, SCpm-n.
tion, nndor crystilizution. Use liquid is rcporucf as unstnble
m she specified tcmpcrmum.

3. Turbidiw
Tess Methcd. Fcdcrrd Test Mcdmd 3459 (Ref. 101)

This mchd is used 10 &tccmine tie stability III
low cempccmum of finished liquid blends.

A 237-ML sumplc of tic liquid to be ICSmd md n

250.mL sample of n smndnrd compmcd of barium cldocide,

sulfuric ncid. sodium hydmxidc, md distilled wnfcr nrc

smmd IU the ccmpcmnuc for che number of hnms mquised

by dsc liquid spccifimtion. AI IIE end of UICstomge period.

the sbmdmd is shaken vigorous] y for 10 s. The liquid sam-
ple is also shaken vigorously for 10 s. The Wbkfity of Ihs

smnplc liquid is compzmd m him of tie smndnrd nod
rcponcd as Icss ti. more hum or qud to the smndnnk.
Also mponed is my evidence of gelling. CfystrdliZaUinn.
mxffm solidification of IIMsample liquid.

3-2.15 SEDL=TATION
Sediment is myding tint sales out of a liquid. fn

hydraulic Rui4s and Iubcicndng liquids. she definition of
scdimmt is usunlly rcsoicwf m insoluble products tlsn.1wc
prcscni in the liquid bemuse of refining or pmducdon prw
ccsscs or bemuse of chemical rcnctions duu oczmr in lhc
hydraulic system during use. .%dimencmion is usually sfis-
tinguishcd from conmmination, which is any undcsmb k
maucr. soluble or insoluble. OmI is inouduccd imo k
hydraulic fluid bccnusc of improper handling m suwnge, usc
of unclenn hydmulic syssmss. leaks in syswns. etc. (Con-

tnminudon is discussed in Chapter 7.) h is fsmscnt ns dusz.
dirt. meml. and rust pardclm picked up fcom piping and
storage VCS.SCISin most new mmmercinl hydmulic fluids ns
o rcsuh of production ond refining. In used hydrunlic kluids

sedimcmncion would include IIIese solids IIS welf m OKOII
went pordclcs. corrosion prcducls. oil osidadon fsmxfucu. or

other insoluble oil dcgmdation prcducLs.
Sc&mentmion CM bcmme quite critical in hycfmulic sys-

Lcms that hnvc clmc-lcdcnmcc moving pas or small m-i-

Iiecs. TiIc scdhmcnt can scIIIc in IIICSCurms und pcoducc a
Inrnish or sludge. which con seriously hancpcr the opcmticm
of tie systcm. Funhcmsmc. sediment cm clog fibs and
rcducc their efficiency. CnndidaCC hydraulic fluids have
been known to bs mjcctcd, even though lhcy sadsficcf all

spccificndon rcquircmcnss. bemuse they cspcriencd W.
ciml chcmicnl clsnnges m prcduce csaxivc acnoums of
setlmem.

The pmcedurc used 10 lmI for once scchmcnt.s in lubricsl-
ing liquids is given by Fcdcnd Tcsz Mdbod 3004 (Ref. 102)
md ASTM D 2273 (Ref. 103). These mcdmd.s dcscribc be “

pmcsdure used 10 dcfmmine cmce amounts Icss Ihnn 0.05
volume % scdimmi in lubcimting liquids. A 50-nsL sample

of h test liquid is mixed wi~ 50 ML of naphti in o w
scdmenl Nbc similar m tit shown in Fig. 3-52 nod ccmri-
fugcd ul a given speed for 10 min. The nsismrc is &canted
und the Scdimcni is Icfl in ti mbc. Anwhcr misturc of 50
ML mphthn and 50 ML LCSIliquid is miscd in lhe snnse CUke
nnd ngnin ccnuifugcd for 10 min. Tlsc final volume of the
scdtmem is nmcd and the results MC rcpcmcd us h VOIUOSC
of sediment/100 ML of sample liquid.

3-3 LUBRICATION PROPERTIES
3-3.1 GENE&iL

A hydcuulic fluid should be a good Iukoicnnt so Uml fic-
tion and wear in n hydraulic systcm mc mducccf 100 nsini-
mum. The cumpoomts uf n hydrnulic system contain many
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rp~loo

185- 196mIn
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Figure3-52.Trace Sediment Test Tube

surfaces which are in close contact and which move in such
relation to each other that the hydmulic fluid must separate

and lubricate. Wear in hydraulic pumps, cylinders, motor
controls, valves. and other components can result in

increased leakage, loss of pressure, less accurate control, or

faifurc. Protection against wear is often a principal reason

for selection of a pmticular hydraulic fluid since most tom.

.ponents of hydraulic systems ofxmtc at some time under

condkions that can lead to extreme wear, especially during

starting and stopping of the system.
Varying degrees of lubrication and wear-preventing abil-

ity are needed for different systems. The pump design, the
system operating tempenmues and pressures, component

design, and environmental conditions should afl be consid-

ered when selecting n hydraulic fluid.
llvo fundamental and distinct modes of lubrication are

genemOy recognized-hydrodynamic and baundttry. When
hydmdynmnic conditions exist, is liquid film entirely sepa-

rates the moving purls. In the boundary condkion, contact

mists between the mating surfaces. ‘fbe difference between

bydrodynmnic and baundary lubrication is clew however,
there is no sharp line of demarcation, but rather a gmdual

mmsition between the two.

‘3-3.2 HYDRODYNAMIC LUIHUCATION
Hydrodyamniclubrication. sometimes termed fuff fifm

lubrication, is is lubrication regime in which a liquid film

fully separates the relatively moving surfaces. Under ideal

hydrodynamic conditions of lubrication, there is essentirdly
no wear since the moving parts do not touch each other.

Under these conditions the parameters of impmance wc
liquid, viscosity, surface speed, md pressure.

Mos[ of the theo~ of hydmdynmnic lubrication is bnsed

on the ezwly work of Tower and Reynolds. Full hydrod-

ynamic lubrication offers the significant advantages of low
wear rates and low friction. Hydraulic systems should be

designed to take full advantage of hydrodynamic lubrica-

tion. The coefficient of friction in hydrodynamic lubrication

is of the order of 0.001100.010 (Ref. 104).

3-3.3 TRANSITION FROM HYDRODYNAMIC
TO BOUNDARY LUBRICATION

A given liquid film between moving parts decreases in

Wlckness as the pressure increases and/or the liquid viscos-

ity decrmses. As the film becomes thinner, a pint is

reached at which the laws of hydrodynamics no longer fully

aPPIY ~cau= Lbe effects of surface or bcmmfm-y fOme~ ~
no longer neghgible. As the film becomes still thinner, a
stnte is ultimately reached in which metal-m-metal contact

occurs. These mmsitions influence the coefficient of friction

as shown in the Stribeck diagram in Fig. 3-53. fn Fig. 3-53
the coefficient of friction is plotted as a function of the

dimensionless parameter ZVlp where Z, N. and p arc the
fluid viscosity, relative surface speed. and pressure,respec-
tively,

In the hydrodynamic region the coefficient of friction is a

linear function of ZNlp. As ZNlp decm.ws, the film thick-

Zvlp

Figure3-53.Stnbeck Diagram for Coetlicient
of Friction
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ness is rcduccd and (he cucve begins to dcvink from lincar-

iv. AS ~ip is tkrcmed fder. n point is rmchcd m which
bah boundary and hydrodynamic effects prcvnil in combi-
nmion. Furchcrcfccrmse in ZhVp will ultimately rupture tie

film md dIC curve will show a sharp brcnk upward. The
minimum point is then rcgnrdcd os tic SCM of the mmsiiion
fcom hydrodynamic to boundary Iubricmion. Thcrc is no

SIUUPtint of dctmwcntion. but chcrc is m intermedinlc zone
in which hydrodynamic and boundary C17CCLSIUC both

Present. This zone is sometimes called tic scmitluid. mixcd-

film. m elnstohydmdynamic lubrication zone.
l%e condition of full hydrodynamic Iubricmion is lhc

most dcsiil~ hmvcvcr. all of dw factors that mnke it pOs-

sible mc not nlwnys present. Sometimes speeds arc so slow
or pccssums so grem tfcm even n vcv viscous liquid will noI
prevent mccnf.m.meml COnliXL Olhcr cuscs of stopmd-

stm-t opcmlion. rcvemnls of direction. nr shnrp pressure
incrcnscs may cnusc tic collapse of MY liquid film M had

been established. These conditions arc no! cnnducivc to
hydrodynamic lubrication and occur in nfmost all SYSICMSm
one time or another.

3-3.4 BOUNDARY LUBRICATION
Boundmy lubrication is a lubrication regime lhn! rcsuks

when she fluid film between IWOrclrlivcly moving smfnccs

possesses insufficient film sircngth to prevent contact
bcm’ccn M surfnccs. When bwndncy Iubricmion exists. lhc
cocfticicnt of friction is indcpcndcm of bnch liquid viscnsi[y

and sliding velocity. Thcm am diffeccnt dcgrccs of scvcchy
under which boundary lubrication will prcvnil: some arc

onfy modcnuc and oticts MCcxucmc. Blok (Ref. 104) clns-
sifics h degrees of boundary lubrication on tie basis of lhc
mccMIcal conditions u follows (Ref. 104):

1. LcIw pccssurc nnd low tcmpcmmm. or mild bwnd-
ncy Iubricmion as found in Iow-speed SICCVCbearings. Icaf

springs, nnd hinge joints
2. H@h-SCICIpCmNICboundnry lubrication as found in

cylindm of sonsc sccarn md inmmnl combustion engines.

and in ccrmin high-speed SICCVCbrings
3. Higfs-pmssurc boundary lubrication ns gcncndly

found in cnsa involving rolling conmct m high prcssuccs

but witi Iinfc fcictionnl or CXUIWI hem
4. High pressure and high tempcmmrc. or cxtcrme

kundiuy Iubcicndon. os found in highly Ioadcd hypoid or
ockr gcm’s having high loads and n high dtgrcc of sliding
friction.

The tcmpcnsmrc nnd pmssurc at tie region of contact arc

h fncmcs chnl dctcrcnine tic severity of !hc boundary lubri-

cmion. All types of boundary lubrication arc chnrnctcrizcd
by tAe cUpNI’Cof tie liquid film and some degree of mcsnl-
twncud COntWL The conditions of bnundncy lubrication

should be nvdcd if possible bccousc of IIK resulting
incmasc in prover consumption md tie high degrees of fric-

tion rmd wcm tJmI cam.

3-3.S EXTREME-PRESSURE LUBRICATION
Extreme boundary Iubrica!ion (par. 3-3.4) in which bnti

tempcmturc and pressure MC very high is often rcfcrrcd to

as cxcrcn’qmc.ssurc (EP) lubrication. EP condhions exist in
hydraulic systems in pumps. motors. md accunfors and arc
chnmcterized by welding of potions of mating smfnccs fol- .
Iowcd by chc tearing away of rclmivcly large panicles of the

mecnl. A varicly of spccitd lubricants with pmpcrcics mi-
Iorcd to mccl Ihe scvuity of sk parsiculw npplicmion can
frcqucmly bc used when EP conditions exist. These special
prnpcccies arc genemlly derived from the mrious ncfditivcs
comnined in tie fluid (See pm. 5-6.2.). and IIW neI effccl is
an incrwsc in tie Iwd-cnnying nbilit y of chc fluid.

When EP conditions cxiw. Iubrica!ion dcpcncf.s upnn a
combination of mcchanicnl and chemical effccls. Pius of she
Iubricmion nmy rcsull from m absorbed film thnc is pmscnl

on dIc IWOsurfnccs and w from ncldhivcs in dIe liquid tlxu
chemically a[tnck ticss SUlf8KS whcm. as o rcsull of hi@
pressure nnd high sliding vclncity. exceedingly high tempcr-
murcs m.sul[. Tlw formation of rcmion products then prc-
vems scizum of che moving pans md may rcducc friction.

The tcmpcmc.m involved IMY bc appmximalcl y 4Ll@C
(900”F) or higkr. so these rcnctions arc often very mpid.

There MC vnriws dcgmcs of EP conditions and vmious
cypcs of EP nddhivcs to meet them. The cypc of additive
SCICCLCCIfnr any pmiculiv application depends on tie scvcr-

ily of Ihc bwndmy conditions. Dlffcrent Iypcs of ndditivcs
WE mcd for h@Mcmpcmture bwndmy conduons from
IIWSXusccf for high-pressure boundmy conditions. Bccnusc

of the range of conditions through which n sysccm may
opcmm. it is frcqucmly ncccsswy to include mom than 0
single addhivc. i.e.. one for the mom severe mnditinns and
nnolhcr for she less s.cvcrc conditions. Cmcnin disadvmmgcs
may rcsuh from b usc of EP tiltivcs. Some ndditivcs
may incrcmc k cmulsifinbiliiy of the fluid and make it

undcskablc for applications requiring rapid scpnrmion of
fluid and wnmr. Some of tie mom effccsive.EP nddhivcs’
also hnvc a tendency 10 react whh ccrsnin stcuctund mcuds
or with some of tic synthetic hydraulic fluids.

3-3.6 DEFINWIOXOF TERMS USEDIN
DESCR3BfNGLUBRICATINGCHARAC-
TERISTICS

711c more common UMIS used to define h Iubricming
ability of n liquid WE film strcngch. oiliness. and Iubriciiy.
71cse UMLSarc no! pmcisc. and ticy am no longer included
in ASTM D 4175 (Ref. 105). which lists smndmd ccmdnol-

ogy minting 10 lubricnnCS. ‘fle lcrms hnvc been used for
many ycnrs. however. MCIdo appear in most of Chelit.mnuc
pet-mining to h lubricating chamclcristics of liquids.

3-3.6.1 Film Strength

Film scrcngthrcfus to the nbilily of n smfncc film to pm-
vem conmct between two smfnces moving relatively cnone
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mother. [n general, the higher the viscosity, the higher the
film strength. A high film strength is primarily inferred fmm
a high Ioad-cmying capacity and is seldom d~clly mea-
sured. It is possible to incrmse the film strength of a fiquid
by using additives.

3-3.6.2 Oiliness

Oiliness is the property of a liquid thm causes films of
two liquids of identical viscosity m cxfibi! different coct%-
cients of friction. Dilincss is associated with boundary lubri-
cation and the intermediate zone between boundary and
hydrodynamic lubrication. The oiliness of a liquid can be
increased by the use of additives, which are usually oils of
animal or vegetable origin and have certain POIU character-
istics. A polar molecule has n strong affinity for tie metal
surface with which it comes in contact and for like mole-

cules. Such a molecule is not easily dklodged from its
attachment to tie surface. For moderate boundmy condi-
tions damage to sliding parts can be effectively reduced by
the use of oily agents.

3-3.6.3 Lubricity

Lubricity is the ability of a liquid 10 impan low friction
under botmdnry condiions. A fluid that forms a film of low
shear strength is said to have gced lubricity. Lubricity is a
complex function that depends upon the oiliness of the liq-
uid, the extreme pressure and amiwear pmpenies of the liq-
uid, and the ptupenies of the rubbing surfaces.

3-3.7 PREVENTION OF WEAR

Complete elimination of wear is ptnctically impossible.
Mhimum wear occurs under conditions of hydrodynamic
lubrication. whereas maximum wear occurc under condi-
tions of boundary lubrication. ‘fberc are, however, scveml

approaches by which the wear rate under boundary Iubrica.
tion conditions can bc reduced to a satisfactory or controll-

able level. The mnin fnctorc that determine the rate of wear
cm be classified into two basic types mechanical and Lubri-
cation. Proper consideration of these two factors can pr-
oduce an acceptable wear rote.

3-3.7.1 Mechanical Factom
The mechanical factorc that affect the wear rate arc tic

choice of materials, the surface finish, and the operating
conditions.

Wear cm often bc reduced by the proper choice of mate.

riafs for the moving parts. In general. softer materiafs wear
more rapidly than harder materials. Tbetr is, however, no
drct relationship between hardness and resistance to wear.
Materials also differ in Iheir nbility (o resist the various
types of wear. For example, materials selected for their abil-
ity to resist abrasion might be more sensitive to corrosion.
Tbus it is necessary to select materials that will resist the
most cerious type of wear anticipated.

The combination of metals used can greatly influence the
wear. Some metals arc very susceptible to wear when

rubbed against themselves, whereas otherc are very suscep
tible to wear when rubbed against different types of meods.
In practice. the composition chosen for a given part is influ-
enced by many factorc other IIIcn wear. Stmcnmd smcngth,
weight. cost. and mailability may force a compromise

between minimum wear and optimum performance.
The surface finish of miming parts becomes particularly

impomum during break-in or periods of initial wear. [f one

of the two mating surfaces has a rough finish initially, con-
siderable wear may take place. Although it is genentfly
desirable 10 have as smooth a surface as possible, there arc
instances when surfaces of commlled roughness m desired
so that a “’wear-in”’ or renting of parts may occur during the
initial mn~n pcricd or brink-in.

Opemting conditions of pressure. tempemture. and ro-
bbingspeed also affect wear. Increased pressure generally

reduces film thickness md incrm.ses the extent of memf-to-
metal contact and wear. High temperature may cause wear
due to a decrease in viscosity. Excessive high speeds may
result in overheating at local points. Moderate temperatures
and pressures arc therefore preferred from a wenr samd-
point. However, the optimum conditions for minimal wear
may not be the optimum conditions under which to achieve

high efficiency or maximum power frum a hydraulic system
component.

3-3.7.2 Lubrication Factors
Decreasesin fluid viscosity in n system operating under

hydrodynamic Iubricmion will decrease the thickness of tie
liquid film. ff the decrease is sut%cient to allow boundary

conditions to be rmcbed. metal-to-metal contact OCCUISand
wear increases. Therefore, viscosity would be expected to

have an inverse effect on rate of wear-the greater the vis-
cosity, tie less would bc the expcc[ed wear.

Since wear is essentially a phenomenon resulting from
friction, it is expected that additives capable of reducing
friction under boundary conditions would simultaneously

reduce wear. However, there can be instances when there is
link or no Cormhuion between friction and wear ““dcr

boundary lubrication conditions. Some additives that effec-
tively reduce friction have little effect upon wear, whereas
others reduce wear and have little effec! upon friction. This

lack of correlation is probably due to the fact that wear takes
place momentarily in isolated spots and friction is normally
measured as m average for a larger area and over a longer
time interval (Ref. I&l).

3-3.8 TEST METHODS FOR LU81UCATING
PROPERTIES

Numeruus test methods have been prcpased and several

have been adopted for evaluating the lubricating and wear-
reducing properties of fluids. The majority of these tests hcc
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been dcvclopcd for mmesints osher than hydraulic fluids,
such ns Issbricmt$. grewcs. md. in some cnse.s. solid Iuhri.

cants. However. the basic tm procedures me ndnptnble 10

the evntunsion of hydraulic fluids. and sevcrnt military spec-
itimtions for hydraulic fluids call for these sews or some
mdficntion of km.

‘flu Icst mcdmds fall into tie gencml categories:

bench-syps scsss using nonsimulnting test elcmmu. simu-
lated hydraulic systems, and the more elaborate lood-cnny-

ing and scuffing tests. Smn&rd test procedures. either
ASTM or Fedemf. have been writsm fur some of she test
IsWhcds.

None of she SCSImesbocts described in the paragraphs slum
follow give my indications of she expected “life” of o lubri-
cmm or liquid. The engineer or designer is expected IOesta~
Iisb proper Iuhricncion procedures and Iubricml change

intervals. The problems bcmm ex,en more mmplicmed in
hydraulic systems bccnuse she liquid is bmh a lubricant and

a Po=”er transfer fluid. Forhydrnulicsystems operatingwith
sophisticated hydnmtic fluids nndfor extreme opcsnting con-
ditions. frdling back on “occeptcd pnmice”’ cm be expm-

sive. eitier in unns of wasted hydraulic fluids or tiged
equipment.

3-3.8.1 8ench-Type Friction and Wersr Testes
Sevemlbench Iesss have been de~.elo~d to measure IISe

Iubricncing alilisy of tiquids. Each test employs a diftemn!
sypc of apparatus that uses n unique combimuion of !.s1 ele-
ments. The testers arc simihw in that two well-defined sur-
faces sepmnted by n liquid film arc in motion with respect IO

each osbr.r. The coefficient of friction is usually &Iermined
by measuring the mscmining force on one of she ust ele-
nwnts. Wear is determined by tie lms in weight of IISCpwcs

or by she dimensions of the wenr scnr. Boundary Iubricntion
cbamckristics arc determined by increasing tie load on tie

surfnccs until seizure ocmm.
Because of their stiffemnccs. she various bench ustcm do

not tteccssarily m!e a given series of liquids in she same

order. and results from n single ICSIprocedure cm be mis-
Iading. AIM the KSUISSobtained do not ntwnys cormlmc
well with actual opcmtion. In many insmncc.s. she rcsulls of

severrd differcm bench mm may be mkm as n whole to
dcserminc the Iuhticming Wllity of n given hydnmdic fluid.
Experience has shown hi npplicmion of most of Ike test
pmcedssres will scpwme those hydraulic fluids that me
exsrcmcly poor lubricants from those which a potentially
good lubricants.

Some of she mom commonly used bench-type tcstess and
their USI nwbods m described in the paragraphs slum fol-
low.

3-3.8.1.) Tisssken Twter
Test Methods. Fcdcmt Test Medmd 6505 (Ref. 106)

ASTM D 2782 (Ref. 107)

In the Timken USI tie Iubrica!ing propenics of fluids arc
evnhuwd by nssessing tie msuhing wew when a sue! scsl

cup (or ring) is roomed agninsl n steel test block at n spindfe

speed of 800 i 5 rpm. The test blnck is loaded against the

ICSIcup m shown in Fig. 3-54(A). The lCSIfluid is lscuccd so
37.8 i 2.8°C ( 100 i 5“F) and flowed over ti ICSIpieces.
After m initial break-in run. n prcdctmmined stmsing load is

appficd and she USI is run for 10 min i 15 s unks.s scoring
occurs Ecforc sbns time. If no scoring occurs. the mncbinc is

urdoadcd ONI ssoppcd. the SCSIpieces am changed. and the
test is restarted. On this second run She Imd is incrmsed in
44.5-N ( Io.lb) increments until scoring occurs. Once scor-

ing is observed. she load is decreased by 22.2 N (5 lb) m
desermine wheslwr scoring occms a! slnm lower Imd. The
Its: repon includes the “OK value”. which is she maximum

load a! which no scoring ncmss. nnd the “’score vnhx-. tie
load m which scaring or seizure occum.

Precision:
n. RepmtnMlit y. 30% of the mean due
b. Rcpmducihility. 74% of the mean due.

3-3.8.1.2 Almen Tester

[s! the Alsnen SCSIn cylindrical ml is rotated in o spliI
bushing, which is pressed against she rod. m shown in Fig.

3-54(B). while submerged in the sex fluid. The fsicdond
fmm is measured by o ressmining fence on the split bushing.
The frictional force is inversely fsropsionnl to she lubricm-
ing ability of Ihe liquid. Tw,o versions of Ihe Almcn USI am
conducted. & Almcn EP us! md k Almm war USL

In she Almen EP SIX the machine is run without m

nPPliCd hd for 30s m n break-in. Weights arc added evew
10s in multiples of 8.9 N (2 lb) until failure oxum as insh-
caled by seizure or sudden incmsc in torque. Tess results

am expressed as she torque and load that cause seizure.
In she Almcn wear test tie mnchinc is run witiom an

aPPfi~ lMd fOr 30 S as n break-in. Four %9-N (’2.lb)
weighss m-c added at IO-S intervals. Opesndnn is mntinucd

for 20 min. Totnl weigh! loss of she journal md she bushings

in milligrams is determined nnd is sq!orted as the wear.

3-3.8.1.3 Fnlex Tester
Tc.siMcsbnds.IWemlTest Mcdmd 3807 (Ref. 108)

Fcdesnl Test Method 3812 (Ref. 109)
ASTM D 3233 (Ref. 110).

In he Fnfex tes o cylindrical rod (@m@ is mewed

bcsween IWO hard. V-shaped bearing blocks. which am
pressed against the md m shown in Fig. 3-54(C). Friction
IOWSSCis continuously monitored. Bosh she journal md the
V-blocks arc submerged in Ihe liquid under tcsL W two
federal ICSImcsbnds for thk test use the Fdex trsur in he
evsduminn of scdid film Iubricams. However. Ute basic pm-
cedurcs of the IWOscsss MC ndnpsnble to ltse evntsmcion of
liquids. The sest cm be run in cwo ways-as n wear sc.u or

as nn extmme-pressure (Imd.cnnying) -L
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For wear testing the machine is run aI a specified load for
a specified time. ’f%e amount of wear is determined as the
amount of adjustment that must be made in the loadlng sys-

tem m maintain the desired load.
For the EPtest!he load is increased continuously until

seizareoccurs. lle test begins with break-in of 3 minm a

1334-N (30C-lb) load. The load is increased to 2224 N (5CCI
lb) and held for 1 min and then increased in 1112-N (250-lb)
increments witha I-mini-un until failumoccum. Resultsnre

expressed innewtons (pounds) oflcmdstt seizure.
The ASTM pmcedurc isa[est specificaOy for liquids. It

afso uses a journal (AfSI 3135 steel), which is locked into a
chuck by a locking pin and rotated between stationary V-

blocks made of soft, anneafed copper immersed in the fluid
sample, which has been heated to 48.9+ 2.8°C (120 f 5°F).
For one version of the procedure, the load on the V-block is

sctat 1334 N(3001b) nndautoma.ticaf lyincrcnsed continu-

ously throughout the test until fnilurt occutx or until the

load reaches 20,CCt0N (4500 lb). Failure is defined as break-
age of either the locking pin or test joumai or the inability to

increase tie load outomnticdly. The latter will occur if the
journal diameter is significantly reducedby wear.

In tie second version there is”initiaf break-in at 1334 N

(3C43lb). afkr which the load is increased in 1112-N (250-
Ib) increments over the range of 2224 to 20,000 N (500 to
4500 lb). The load is maintained constant for I min at each

increment. fn each version the maximum load at failure or.

if no failure, at 20.OCnl N (45011 lb) is reported as the fluid
mung.

In a mocMicMion of the ASTM prwedure termed the

Gamnm-Fafex test, a fluid circulation system is incorpo-
rated. The test fluid is circulated fmm the oif cup and

tbrougb a filter and then is sprayed into the journnfN-block
contact area. The purpose of this methad is 10 remove the
wear debris generated by the surface contact so that the

results are n true indlcmion of the load-camying ability of

the fluid without the influence of solid contaminants (Ref.
111).

3-3.8.1.4 Four-Ball Tester
Test Methods. ASTM D 2596 (Ref. 112)

Federal Test Method 6514 (Ref. 113)
ASTM D 2266 (Ref. 114)
ASTM D 4172 (Ref. 115).

In the fear.bafl machine (often cafled the “Shelf” Four-

BaO Tester). a 12.7-mm (0.5 -in.) diameter steel ball is
rotated in contact with three similar balls that are stationary

md clamped in n fixed position as seen in Fig. 3-54(D). The
rubbing surfaces wc submerged in the liquid to be tested.
The test can be operated as a wear test or an EP test.

For a wear test the machine is opxated at a specified tem-

pemture, load, and speed with bafls of a given materird. Fed-
eral Test Method 6514 and ASTM D 2266 me ussd to
determine the wear characteristics of lubricating greases

(A)Ihksn (B)Nrmn

-

(C) Falm (0) FOW-BS.11

Figure 3-54.Bench-Type Friction and Wear
Testers

withthe four-ball tester. These procedures require test con-

ditions of 1200 rpm. a load of 391 N, (88 lb), a test tempera-
ture of 75°C ( 167°F), and a test time of 60 min. (These
conditions can be adjusted for dh%srcnt fluids.) At the end of

the test the scar diameter on the lower three bafls is mea-
sured under a microscope. The avemge dhmeter in millime-
ters is reported and is a measure of wear under the specified

conditions.
The test method of ASTM D 4172 is virtually the same as

that of ASTM D 2266 except that it is for liquids rather than

greases. The primary difference is a standard loading option
that is 147 N (33 lb) in addition to the 39 I-N (884b) Icmdhg
specified in ASTM D 2266.

For tie EP tcs! (ASTM D 2596) the Iubricam is heated to
27 f 8°C (80 i 15”F). The test unit is initirdly loaded m 778
N (175 lb) and rotated at 1770 i 60 rpm for 10s. Successive
nms are made at increasing loads until welding of the bafls
occurs. The report includes the corrected load at which
welding occurs and the load-wear index of the lubricant.

Many vruizstions on the four-bafl wear and EP tests arc
used. Mm-Iy liquid s~cifications catl for a four.bafl test as
specified or with certain changes made in the test time, load.
speed. or temperamre.

3-3.8.1.5 Cameron-Plint High-Frequency
Friction Test

TheCamemn-Plint Wear Test Apparatus shown in Fig. 3-
55 is intended primarily for the rapid assessment of the fxr.
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Pkton Ring

Vbmlor

no

Figure3-55.Schematic Diagrnrn of the Cameron-Plint Wenr Test Appcuatus

fommncc of lubricantsand Iubricmt-meodcombinncions.[n
Ibis lest an upper specimen slicks on 0 lower plme. with n
pmcly sinusoidal motion. dciven by n vnrinblc speed motor.
The mnplisudcof the stmkc nmy bs varied from 2 to 1Smm
at frequenciesrangingfcom510 50 Hz.

Tbs lower (fixed) spccimcn is mounted in n stinks sucl

oil Luob moumed on a bmccr block. Tbc opposing (oscillat-

ing) spximcn is Icmdcd using o spring bakmce. wbicb has

MI tlpplid Id Of bemvccn O nnd 230 N. The resulting fric.
lion form mny then bc measured using 0 piczoclcciric fmce
onnsduccr with n rcsohnion of 0.0001 N. Tbc test !cmpcm-

mm maybe ndjusccd fcom omhknt tn 45WC. The Ccst nOno-
spbcrc moy afso bc rcgulmcd. and n number nf gnses may hc
immduccd to h cbancbcr which bns pmciscly regulated

bumidiV. Smndrud lest spimcns mny be used. or LCSI
specimens mny be mncbincd from opproprbme specimen

stock m required m ensure thm tie metal bmdncss nnd sur-
fwc finish of ibe full-sale mmpanems arc duplicnmd.

3-3-8.2Evnhssstion of Lubricating Pcopecties by
Pump Tests

Nom of ti bcncb LCSISgive nccurmcor complecc mme-
hoicm wiib k opccmion of hydrnulic fluids in n hydmulic

SYSIML The Iinnl CCSInf dse lubricating cbnmcwistics of
any hydraulic fluid is its amid pcrfnnmmce in n bydmulic

systesm Tbc hydraulic pump is usually tie most critical unit

ns fnc as Iubricnsing cbxmccccissics of UIChydmulic system
arc concerned Lbcrcforc. pump tests bnve been developed
and widely nccepud for sNdying lubricating pmpmtics of
bytitc fluids.

pump ccsts normally involve tic simplest bydmulic cir-

cui! ~iblc a pump. n way to mninlain sysccm pressure.
.sucb as n sclief vnk n rcscrvoic o betu cxchangec md var-

ious imcmmscms m mcmsurc sped, pressure. tcmpcmcum.
end flow rate. The test is usunlly run fnr 0 spxified pcsiod

of time wiIb n given pump. Critical pm-is of tie pump MC
exnmincd before and nflcr testing. md the nmoum of wcm

dcwmincd by cbcngcs in dimension or cbnngcs in %CigbL
In addition m dam on tie lubricating pmpcrdcs of

bydrnulic fluids. PUMP tcsIs pmvidc dam nn tie ovcrnll pcr-

fmnumcc of tie pump systcm and he funcsimml ability of
the hycfcaulic fluid. CMberbenefits include octutd &urmim-

tion of wear in n simulotcd sysccm: infonnmion on liquid

scnbility eflem nf seals npd packings. mnminn. md
sludge md she bcai md power tmnsfcc qunMies of Use liq-
uid under consrcdlcd conditions (Ref. 4).

Scveml pump tests bnve been demibcd in Ibc Iiccramrc.

All IYpcs nf pumps have been used. and tcsl mnditinns have

been widely vnricd. SOmc pump ccsts bnve been dswelopcd
specifically fnr shcnrsmbility evnlundc.n(See psr. 3-2.S.3.)
but will still prcwidc dam cm tic Iutnicming pmpcnk of the

liquid. A few nf lbe pump ccst$ Imve been wciucn into for-
mrdbtpmmdwcsn ndnrediscusscdi nlhepamgmpbstlmt
follow. .,

3-3.8.2.1Simsslotive Recirculating Pump Test
TCSIMdmrf. ASTM D 242S (Ref. 116)
This cc.st meshed covets 0 pmccdurc for .syslcm cvnfua-

tion of acmspacc bydmulic fluids.Tbc mcdmd rccomcncnds
n typical SCSIsysscm gcmncoy. shunto bc obmincd. ond mlI-
o-o1of test vnrinblcs md pmccdms m nsmm a uniform
appmncb 10 liquid scrccning and cvnhmcinn. Rccmmncn &-
ticms mnccming specific bnnhvnrc nnd rigid ICCbniqucs
hnve tmcn nvoidcd where possible to nllow k gencnd

mcthcd to bc used as Ihc smcc of the m ndvnnccs. Since tbc
mctbod wns pwposcl y gencrnlizcd, il is importantM spcc-
ificd dam bc mkcn m tit vtild compmisons of tcsI results
of various liquids can & nmdc. The method cansisss of
rccircufncivcpumping of h us liquid tbmugb n systcm
lbm closely simubmcsthe linnl systcm in which lbc liquid
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will be used. The wear and lubricating properties of the liq-
uid are determined from evaluation of criticnl pans of the
system before and aftec the test. ‘Ilk test procedure, how-
ever. is not primarily intended for wear and lubrication test-
ing it is for functional suitability of liquids,

3-3.8.2.2 Pump Loop Wear Test

Test Method. ASTM D 227 I (Ref. 117)
This test methnd describes a procedure used to measure

the wear characteristics of hydraulic fluids used in industrial

applications. A fixed volume of the hydraulic fluid is circu-
lated tiugh a pump rig under standard conditions of time,
pressure. and tempemtu~ for 1000 h. Dtffere.nces in weight
of the pump park at the start md finish of the test are

~~~d ~ong with the total pment loss.

3-3.8.2.3 Vane Pump Test

Test Method. ASTM D 2882 (Ref. 118)
In this test I I.4 L (3 gal) of Ihe hydraulic fluid are circu-

lated through a vane pump system for 100 h m a pump
speed of 1200 t 643rpm. The pump outlet pressure is main-
tained aI 13.79 f 0.28 MPn (2CK30i 40 psi), The fluid test
tempemtum is 65.6 t 2.8°C (150 t 5“F) for water-conmin-
ing fluids and for petroleum nad synthetic fluids with a vis-
cosity of 46 mm>ls at 40°C ( 104”F). All other petroleum
and synthetic fluids arc tested at 79.4°C ( 175°F). The result
is the totaf cam ring and wtne weight loss during the test.

3-3.8.3 Other Lubricating Characteristics Tests

Numerous other tests to evaluate the lubricating pmper-
tics of lubricants have been developed. Several of the prcwe-
dures that concentrate on the load-carrying ability of liquids
have been written inlo fonmtf test procedures. These test
standards are not primarily intended for the evacuation of

hydraulic fluids, but mention of them is made here because
they, have keen used m screen potential hydraulic fluids.
l%ey are now being used more frequently. and tic &end
toward more severe operating conditions in aircraft often
leads to the use of the same liquid as lubricant and hydraulic
fluid. The lubricating properties of the liquid then become
extremely important.

3-3.83.1 Load-Carrying Ability of Lubricating
Oils at 204°C (400”F)

Test Method. Federal Test Method 6511 (Ref. 119)
‘Ilk method describes a pmcedtae used to determine tie

Ioad-cwrying abWy of lubricating oils at 2tM°C (400°F)
with respect to gears.

Two special test gem’s are mounted in a WADD High-
Tempermmt Gear Machine a&pted to n modified Ryder

Gear-ENIco Universal Drive System. The test oil is heated
to 204°C (400”F) and the gems rmmed at 10,000 rpm in

cycles of 10 tin with uniform increases in gear load for
each cycle. The gems are examined for scuffing at the end

of each cycle. and the cycles arc continued until a set per-
centage of gear moth face scuffing is obsenwd. The load-

cntrying ability is the gear tooth load that produces an aver-
age gear tooth scuffing of 22.5%. Results are reported as the
percent of load-carrying capacity of the test oil to a refer-
ence oil.

3-3.8.3.2 Load-Carrying Capacity of Petroleum
Oil and Synthetic Ffuid Gear
Lubricants

Test Methods. Federal Test Method 6512 (Ref. 120)
ASTM D 1947 (Ref. 121)

The oil or fluid under test is evaluated in a stancbud gear
machine at a series of incrmsing loads begiming at n load
oil pressure of 34.5 M% (5 psi). The lest oil mmpcramre is
held at 74 i 2.8°C ( 165 t 5°FI while tbe test gear speed is
maintained at 10.000 f 100 rpm. After 10 min t 5 s at those
conditions, tie machine is stopped, and the test gem-s are
removed nnd extined for wear. The sequence is repeated
until the avenge scuffed urea for all 28 teeth of the test gear
is 22.5%. IIIe system is then cleaned out and charged with

fresh test oil, and the test is repeated for the reverse side of
the gem.

3-3.8.3.3 Gear Fatigue Characteristics of Ais-ctaR
Gas Turbine Lubricants at 204°C
(400”F)

Test Method. Federal Test Method 6509 (Ref. 122)
‘Ilk method describes a procedure used to determine the

fatigue characteristics of aircraft gas turbine engine lubri-
cants at 204°C (@O°F) with respect to gears. (Ilk proc-
edure is vety similar m the ASTM pmcedum described ‘in
subpar. 3-3.8 .3.2.)

Two s~cial test gems arc mounted in a WADD High-
Temperature Gear Machine a&pted to a modhied Ryder
Gear-Erdco Universal Drive System. The test oil is bested
to 204°C (400”F) and the gears rotated at 10.CC+2rpm in 10
min cycles with uniform increases in load at each cycle. At
the end of each cycle the gems are examined for scuffing.
When a p~deterntined maximum load is reached, the cycle
duration is increased m 2 h at constant load. AI the end of
each cycle the gears wc observed for development of
fatigue pits, which are large enough to be readily discernible
by the human eye,

Results are reported as the pment of load-camying abil-
ity with respect m t?refenmce oil of the test oil and the rat-
ing of each fatigue cycle in terms of the number of fatigue
pits.

3-3.8.3.4 Load-Carrying Ability of Lubricating
Oils (Ryder Gear Machine)

Tes! Method. Federal Test Method 6508 (Ref. 123)

This method describes a procedure used m de[ernsi”e the
Ioad-canying ability of lubricating oils with respect m
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gcmx. (T’hk procedurt is very similor 10 tic ASTM prwc-

durc described in subpar. 3-3.8.3.2.)
Two special test gems arc mounted in a Ryder Genr-

Erdco Universaf TesIcr. ‘fle test oil is heakd 10 76°C
(168”F). and the gems arc roomed at 10.OMl rpm in cycles of
10 tin cnch with uniform incrcnscs in gem load for cnch

cycle. The gears MC examined for scuffing at the end of
cacb cycle. and the cycles are continued until n prcsd ~r-

cem of gear moth scuffing is obscrwd. The locd.cnnyin8
abilky is that gear moth Icmd which pmduccs m nvemge
gear comb wuffing of 22.5%. Results arc rcponcd ns k

percent of Ioad-cnmying ability of cbe test oil ton reference
oil.

Pmckiocx
a. RcpcasnMliI y. Relacivc readings should nol dlffcr

from their mcm by mmc cbm 10%
b. Rcpmducibility. Relative rmdings should no! differ

from tiir mean hy more tlmn 5%.

34 CHEMICAL PROPERTIES
3-4.1 CHEMICAL STABILITY

Most bydrmdic fluids wc complex ndxmres lhat arc
nffccccd by wmpcmcure. prcxsurc. mmospbcric mndicions.

moisowc, mcuds in tie bydmulic systcm. mcclmnicnl shear,
and other external influences. Tbesc influences &fine the
opcmting conditions of che hydmulic syswm. md n hydmu-

Iic fluid should be sublc under the imposed conditions. Any
or d] of tbcsc influences can change Ibc properties of Ihe
bydcnulic fluid to such M extent tint it may become unsuit-
able for usc in the syswm for which ii vm.c intended. Thccc-
fmc. it is mandatory :hm tie system be operated with a

hydraulic fluid that does not sut%r dcgmdntion or IIMI
clmngcs only co such M extent that iw opcmsing ability is
not significnmly impimcf within n defined range of use con-

ditions.
llc smbility of many cypc.s of hydraulic fluids Itnc been

extensively studied under n wide variet y of conditions in che
Iabmncory. Oxidncion. tbensud sums. hydrolysis. mdintion.

~ MCCtilCd SUCS5due 10 shear md cavitation m-c the

WV fomcs that tend to Cdtcr lhe chemical MNR of
hydraulic fluids. Stresses duc to SJICU MC discussed in per.
3-2.5. and cnvitncion is discussed in par. 6-2.1.2.

Bccnusc of tie wide vnriecy of fluid smbili!y dam nvail-
ntde in tbc Iitcnmuc. exnmplcs of specific hydnudic fluids
arc nvoidcd in this discussion. Inscencf mlntive comparisons

am mndc of tic various chemical chmscs of hydraulic fluids
currcnti y available or under &velopment. For odditionnl
dcmils tbc spccilic refe!w!ccs should be consulted.

One of Ihc mos: difficult n.cpms of determining smbility
involves the selection of crileria of change. All hydrmdic

fluids CM nnd do undccgo changes in their properks during

use. Some of Ihcsc cbnnges affect tbc funcciotmf ability of
the fluid. some affect tic chensicnf composition. some affect
tbc UICrmal pcofxrcics. CU. Some chmgcs may be hnrmhd.

whercm others may hnvc no effect on tbe performance of

lhe hydmulic fluid. For example. changes in color indicacc n
chmge i“ the liquid: however. such n chmgc will nOl llor-.

mnlly ticct the functional ability of the liquid. On the o!bcr
hind. an increnss in acid contcm mighi result inn hydmulic
fluid too cmmsicc for further USC. or the viscmisy may

chcnge so tin! dtc hydmulic fluid no longer Fcrforms iss
function. Obviously &n. wme propcrcics have much more
impoccnnce 10 hydraulic fluid stnbilicy M others. Evm so.

the conditions to which tie bydrmdic fluid is subjccccd
detctinc which propmies IVC tie critical ones and those
most dcsimble to nscin!nin os smble as possible.

If n liquid encoumms one or more of du sucsscs or fomcs

previously mentioned, the result is gencmlly a change in
onc or mom of the following: viscosity, fommion of vcda-

tile components. formation of insoluble nmtcrinfs. or fcmnn-
tion of cmmxit.c products. Insolublcs fmmcd may mngc in

rmmrc from bmd panicles IO sludges md gums. Corrosion
products gcncmlly form m tie result of Ibcrmnl or oxidmive

decomposition or fmm bydmlysis. Volatile components can
form as he result of Oxidalive. shcrnml. or mdi”ncion elkss.
Ml Of IhC.WChM&S ME WI@’ UndCSiik Mld _-

tions should bc mkcn to avoid them or reduce their effcccs.
The stnbility of n hydmulic fluid is nfso nffccted by the

metnls used in the system. Ocpcnding on the cbcmical type

of tie liquid. ccrmin metals cm act as cacnlysIs in dse dcuri-
omtion pm.xs.s. The problem is essentially n qucsdon of
compacibili[y of chc hydraulic fluid with tie mesals of mn-

smuction. (See par. 6-2. I.)

3-4.2 OXIDATION STABILITY

Oxidation stability refem to tie abiliIY of a liquid co resist
reaction with oxygen or oxygen-conudning compounds and
is an impmmuu factor dum nffcm she stomge life of hydrnu-
Iic fluids md tic pcrfonnancc Iifc of hydraulic fluids used in
open systems (noninerwd). Oxidation results in liquid &tc:

riomtion ond is mnnifcsted by chnngcs in tin physical
md chemical chcmctecistics of *C Iubricmt.such as viscos-
ity, prccipiuuion of inscdublcs. Inquer and vnmisb fcmna-
tion. acidity. and cmmsivmcss. Wbcn the conccnmuion of
oxidntion pcoducls tmdtc5 0 criticaf wdue. depending upon
the opplictuicm. tie hydraulic fluid will no longer perform
smisfactorily. Mmy of she newer bydrmdic systems mducc
ihc damnge from oxidmion by citbcr reducing ti air mn-

tcm of lbe fluid wicb an air-oil scparamr or by using n sufcd
reservoir slighlly pressurized with nicmgen. Reservohs

pressurized witi nitrogen u unned ‘“inercccf” bccnusc *C
iners nicmgcn suwIMls she =tivc air in contact with the
fluid.

The oxidation mtcx of most type.s of liquids MC wmpcm-

Nm scnsitii,e. Ocgmdction pmducl.s incmnse with increas-
ing tcmpcmturc and. as n result. require mom frequent
hydraulic fluid replacements. The oxidation rate nlso usu-

dty incrm.ses tViIb i!ICmII.SCSin the nnmunl of air and WXICI
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contamination and with the presence of metallic particles,

dirt, and dust. In addition. for peuoleum liquids the type of

crude oil fmm which the fiquid is derived, M well as the

refining methods, may also affect the oxidation rate.
The oxygen necessary for the oxidation reaction usunfly

results from the presence of air contamination in the liquid

or exposure to air in open systems. To main useful hydmu-
fic fluid fife a! higher tempermmes, systems must exclude

air, and the hydraulic fluid must be subsmntially free of dis-

solved air prior to charging the system. The use of antioxi-

dan!s can substantially impmve the oxidation stability of a

liquid and provide prolonged shelf life for fluid storage.

practically all commercial hydraulic fluids are stabilized by
amioxidnnts.

‘fbermnl nndlor oxidative stabilities are generally the fac-

tors that limit the upper operating temfwamre of the

hydraulic fluids, depending upon the systems in which the

hydmulic fluids are used. MOSI petmleum-bnse hydrmdic

fluids are limited to less than 93°C (2CX30Flopemtion in

tion resistance mtings shown in Table 3-9 are, for o~ration
below tie recommended long duration operating tempem-
tures of Table 3-8. The polyphenyl eihers and the silicones

arc the most stnble liquids m the higher temperatures. How-
ever, most !ypcs of synthetic liquids (with the exception of
pcdycdphaolefins) arc relatively poor lubricants in compari-
son with hydmcarbon.base liquids.

Oxidation stability is an impormnt factor in the prediction
of the performance of a hydraulic fluid in an oxidizing envi-
ronment. W!lhout adequate oxidation smbility, the life of a
liquid may be extremely limited, and unless tie fiquid is
replaced frequemly. Ihere is a serious possibility of damage
to lubricated parts. Oxidation stability becomes a prime req-
uisite of liquids sewing in closed, noninerud lubrication
systems nnd hydraulic systems in which the oil is recircu-
lated if thtfe is my possibility of air leaking into the system.

There are some instances in which controlled amounts of
oxidation are beneficial, For example, on ccrudn mqafs the
presence of oxide films determines he abilily of the metaf
to be lubricated and prevent surface welding and gal fing.

open systems, whereas some are capable of 288°C (550°F) -
Complete removal of oxygen frum systems containing such

operation in closed, ineried systems. The maximum useful
tcmpemtures and the oxidation resistance of sevemf types of

metafs may cause problems when tie oxide surface films

hydraulic fluids am given in Tables 3-8 and 3.9. The oxida-
revert to bare metafs (Ref. 124). This possibility is usually
taken care of by use of additives such as tricrcsyl phosphate.

TABLE 3-8. MAXIMUM OPERATING TEMPERATURE OF HYDRAULIC FLfJIDS m

HYDRAULIC
APPROXIMATE UPPER USE LfMIT, “C (“F)

FLUfD TYPE Long Dumtion Mcderate Duration Hot Spot Short
(500-1000 h) (10-100 b) Duralion (c I h)

Mineral OLIS 135 (275) 149 (300) I77 (350)

Emulsions
Water-Glycols 93 (200) — —

Afkyl Phosphates
(Phosphate Esters)

10-f (255’) — —

Super-Retincd Mlnerd Oils,
Polydphnolefins

149-232 (300.450) 288 (550) 37 I (700)

Silabydmcr.rbas 316(600) 343 (650) 371 (700)

Polyglycok 163-177 (325-350) 191-204 (375-400) 232-260 (450-500)

D1basic Acid Esters I 77 (350) 204 (400) 218 (425)

NeOFriIY1-POlyOlEsters I91 (375) 218 (425) 288 (550)

silicate Esters I91-204 (375-41M) 246-274 (475-525) 302 (575)

Ammadc Phospbntc Esters 93 (2CQ) 204 (400) 302 (575)

Hnlogcnated Aromatics 232 (450) 302 (575) 316 (6CUI)

Silicones 218-288 (425- 550’) 288-329 (550-625) 427 (8oo)

Polyphcnyl Ethers 26JI (500) 316-371 (&30-7oo) 482 (900)

Pertluorintued Polynfkyl-Ethers 260 (500) 316 (600) 427 (800)

CTFE I77 (350) I77 (350) 193 (380)
. . . . . . . .

a Icmpcmnuc mnm aepmo on me rypc 01 pump usm. sucn m gear, vane, piston, cm.
b Depends on oxidation rcsistmcc
c Range due to mnny viscosities available

— No reliable dam
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TABLE 3-9. OXIDATION Aii VARNISHING RESISTAiiCE OF HYDRAULIC ~UIDS
(Adapted fmm Ref. 124)

TENDENCY TO FORM
HYDRAULIC FLUID NPE RESISTANCE TO OXIDATION SOLIDS OR VARNISH

Minend 011s 00cd —

Wmcr-in-MinemlOil Emulsions Gcmd —

Water-GlycOls 000d

AkkylphOSptbl~ GOOd

Super Refined Mincml 011s. Bcmcrthan mineraloils Large
Synthetic Hydrocarbons.
and Silnne.s

Polyglymls Fair Small [0 medium

Dibasic Acid Ewes Better M mineral oils Lnrge

NmpcnIyl-f4dy01 E.stem Beuer chnnmincnd oils Large

Siilcnfc E51rfi Fti [o good Snmll to medium

Ammmic Phmphme Esters Good Medium

Hnfwemxed hXllMiC5 Ewcllent to 260”C (500°F) Smldl

Silicones Excellent to 2M”C (400”F) small
Oocd above 2M”C (4CO”F)

Polyphenyl Ethcm ExcellenI to 260”C (5C0°F) small

Rffluminnmd Polynlkyl-EIhcrs EXCdklt103 16°C (~”F) None

CITE Bcmx than mineml oil Nom

No mlinhle dam. ..-__. .—
Fmm HydmuJic and l%cwmmic Power and Comml (Mffirmb’-Hill 1966) witi pmission.

343 TEERiilAL STABILITY only md vary &pending on the conditions under which she

lltennnl smbility is ti nbiliry of n liquid 10 resist decom-

position by ccmpccncum only. h determines the u]timme

mmpcmcurc limit of sccvice for a hydraulic fluid. As dedgn

kmpcmcums of new bydmulic quipmcm continue 10 rise.

h chemml smMity of lubricants md hydmulic fluids

becomes increasingly impcmnm. Much research in recent

yam has resulted in o number of crmdida!e hydraulic fluids

II@ CM opunfc for long periods at relmivcly high wmpem-

mms. Susmined high-tcmpemtum ssnbilisy of n hydraulic

fluid is a necessary chnmctcristic. Ideally. a hydraulic fluid

should ncd dcgmde significmtly between nomud system
overhauls.

Table 3-10 presents h dcwriomtion tempmmues for tie

same fluids discussed in par. 3-4.2. The polyphcnyl ctirs
nnd some silicones Imve high deteriomtion Iempecnturcs (in

aces of 316°C (60WFD. However. ~e sil~Y~~ns.

super-refined minerrd oils. and synshetic hydmcnsbons have

compamblc defcrimnsion tempcmtums md arc bmer lubri-
cnms..l%e dam prc.scnccd in Table 3-10 arc appmxinmte

tesss ace conducted. For example. many nonhydmcm%on
liquids arc less stable in* pmscnce of ferrous metals than
other mcmls.

Until 1966 mensuremcm of thermal stability had not keen
suwstilzed. but tie usual pmcedurc was LOrelacs it co
chnngc in she weight of the liquid sample. development of
acidity, formation of insoluble. or chnngcs in otba pmper-
tics such as mlor, viscosity. pour poim. md flnsh and fire
points. (Ref. 125). ASTM D 2 la (See par. 3-4.6.3.2.) is
now being used mmcmonly as n stmxfard Ic.St meshed for

thermal ssnbility of hydmulic fluids. various other lak.m’n-
tory md bench scnfe N?.csIuwc been dcvelo@. which usu-
ally involve heating shs liquid and measuring changes in lhe
pmpercics. If *e cunminer holding tie liquid is open to the
air, tie tcs becomes n combination oxidndon and !hermal
stability test. In order to septume thermal nnd oxidadvc
effecw test pmcsdures hmw been devised by which oxygen
is removed from the system and replaced by M inen gas.
such m nicmgen or helium. l%sss purely chennd smlilhy
tc.w u cm’ricd out in scrdsd systems. The liquid and cun-
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TABLE 3-10. DETERIORATION
TEMPERATURE OF HYDRAULIC

FLUIDS (Adapted ftwm Ref. 124)

INCIPIENT THERMAL
HYDRAULIC FLUID TYPE DEGRADATION

TEMPERATURE. ‘C (“f=l

Super-Refined Mineral Oils,
Synthetic Hydrocarbons,
and Silahydromrbons 316-37 1(600-700)

Polyglycols 260-288 (500-550)

Dibasic Acid Esters 274 (525)

Neopentyl.Polyol Es[em 313~(575)

Silicate Esters 288-316 (55C!-600)

Aromatic Phosphate Esters 260-316 (500-600)

Halogenated Aromatics 316-343 (600-650)

Silicones 3~9.370 (625.698)

Polyphenyl Ethers 399-454 (75C!-850)

Perfluorinaled Polydkl-
Ethem 454 (850)

From H?dmulic and Pneummic Power and Conrml (McGraw-Hill
1966) wiIh pmnission.

tainer are placed in a chamber that is evacuated and then
flooded with nitrogen or other inert gas. This procedure is

repeated until little, if any, oxygen remains in contact with
or is dksolved in the test liquid. The containers are then
hewed for a given period of time and the change in the liq-

uid measured.
his best to determine the thermal stability in an operating

system similar to tha! for which the hydraulic fluid is

in!ended. Pumploop tests have been devised tha! can be
operated for extended pmiods m elevated tempemtures, but

they are often impractical because of size and expense. Thus
the sealed bomb tests are often used because the test condi-
tions of interest nearly duplicate those in hydraulic systems.

3-4.4 HYDROLYTIC STABILITY

Hydrolytic stability refers 10 the ability of hydmulic flu-
ids to resist reaction with water, Undesirable formations of

solids or acidic and corrosive mntetids may result, or n sla-
ble waler and oil emulsion, which degrades lubricating abil-
ity and promotes rusting and corrosion, may form.

Since it is rarely possible m exclude moisture completely
fram any lubricant or hydntulic system. hydrolytic stnbility
is m important requirement of fluids. It fiects the life of
liquids both in the original storage containers and in the

hydraulic system. In storage, mois[ure may come in contact
with a hydraulic fluid if storage drums are not properly
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sealed. Wkhin dte hydraulic system. temperature chmges

cause reservoir breathing and condensation of moisture dur-

ing shutdown periods. Even in supposedly “sealed sys-

tems. moistu~ is difficult to exclude because of seals,

fittings. and other possible leakage points.
Until the advent of synthetic liquids. little consideration

was given to hydrolytic stability because of the outstanding

hydrolytic stability of petroleum oils. However, stability of

synthetic fluids and of some nddkives in hydraulic fluid for-

mulations must be considered. Table 3-11 presents data on

the relative hydrolytic stability of several classes of hydmu-

Iic fluids, The most moisture sensitive of these hydraulic

fluids are the silicate esters, Hydrolysis of these fluids pro-

duces a silicate sludge. which readily clogs filters, servo
valves, and capillmy passages. Great care is needed to

ensure that no water is present in the system prior to charg-

ing with this type of fluid.

3-4.5 RADIATION RESISTANCE

It has been only since the early 1950s that the radiation

resistance of hydraulic fluids has become important. In the

design of modem weapon systems, aircraft. and mechanical

devices, hydraulic systems ace frequently exfxcted to be

exposed m nuclear radiation. Of all system components,

only the elastomeric seals use mom susceptible to cbtnmge

by radiation than the hydraulic fluid. (Refer to par. 6.2.2.2

TABLE 3-11. Hydrolytic STABLLITY
OF HYDRAULIC FLUfDS

(Adapted fmm Ref. 124)

HYDRAULIC FLUID TYPE
COMPARATIVE

RATfNG

Super-Refined Mineral 011s,
Synthetic Hydrocarbons,
and Silahydmcmbons Excellent

POlyglycOls Good

Dibasic Acid Esters Fair

Neopentyl-Polyol Esters Fair

Silicate Esters Poor

Aromatic Phosphate Esters Fair to God

Hafogennted Aromatics Excellent

Silicones Excellent

Polyphenyl Ethers Excellent

Perffuompolytdkylethers Excellent

cm Excellent

From Hydraulic md Pneumatic Power and Comml (Mffirnw-Hill
1966) witi permission.
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foc radiation effects on eln.stomcrs.) Since conventionally
used hydcmdic fluids and lubricants arc cspccinlly suxccpti-
blc. the effccls of rndimion on dseir pmfocmnnce should bc
mn.sidcccd in the design of aimcm nll systems. Them is,
however. no general requircmcmfor mdiacionrcsiscnncein
MOSIhydraulic fluid spccificmions.

llte imcnsity of h effecfi of hydrolysis cm pcsroteum
products dc~nds on che amount of radiation nbsorbcd. tie
fmmulation of che fluick md ambient conditions including
ccmpccncurc. pccssurc, and tie gnscous composition of she
acmospkrc. Gcnemlly. IIm cffecss of mdiolysis cm k sum-

morizcd as (Ref. 126)
1. llK liquid darkens md ncquinx M amid. oxidized

odor.
2. The hydmgcn content dccmmscx and tic density

incrm.scs.
3. Gsxcs such as hydrogen nnd light hydrocarbons

evolve.

4 physical pcupcnics chongc. higher and lower
molcccdac weight mmpmmds forms, and IJU olelin content
incrcmc.s.

5. BoIII viscosity and viscosity index incscmc.
6. Polymcri?.mien OCCW. gels form md n hard. brinle

solid fimdly rcsuks.
Radiation cxpoxurc is mcosurcd in rocmgens. Howe~cr,

incidcm mdintion is important only if it is absmbcd.

Absmbcd cndincion Icvek MCexpressed in teems of tie md.
A md is defined as 100 cfg absorbed per gmm of absorber or
I sad= 0.01 J/kg.

Accmding to BOIL the following gcnercdizcd effects of
incrcnsing levels of raciolysis can k expcc[ed (Ref. 127}

1. Below 10* md them arc no geneml problems.
2. 10’ to 107 md have same effect on methyl silicnccs.

tdiphmic dicsccrs. and ptmsplmcc esters and cause polymers
in solution to &gmdc. For most other fluids ocher envirms-
mcnud fnccms m-c mm-c important.

3. Rndkuion in tic mngc of 10’10 10’ md cnuscs m
adverse effect cm tie oxidation and thermal stabilities of all
fluids. ‘J%c pcckoccmncc of dicstms mcd some mineml oils
bccomcs marginal in thk mnge.

4. Rndiolysis in the 10’- [o 10*-md range bas a signif-
icant effect on chc chccnml md oxidation stnbililics of most
fluids. A few mincnd oils, nJong w.ilh nliphmic cste!s md
armnacic csIcrs, may still k usable m tiis Icvcl.

5. Polyphenols. polyphcnol cstcm. or tdkylammmicx

~ Wuiti in k range of 109101010 ~.

6. Above 10’0 md viclunlly aJl fluids arc rcndcrcd us.c-
less.
Fig. 3-56 shows IJSCranges of radiation doses leading to fnil-
um of varioux baxc fluids.

Considcmtde work has been done on tic repression of
mdhcion damage to o~anic liquids by ncklitivcs (Ref. 127).
The pmscnce of additives. such us mtioxidnms and foom
inhibitms. may offer a sliglm repression of the cffecls of
radiation. GencmJ1y. bctccr rcsuks arc nchievcd by cnreful
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Figure3-56.Radiation Limits for Various
Base Fluids (Ref. 127)

selection of base stock tim by trying m imprcwc mdiacion

rcsissnnce with nddicivcs.
In gcnemL clnstomcrs arc cwo to tcn times mom su,xcpti-

ble to mdimion cfnnmgc thm arc hydraulic fluids. 7hus IIW

sclccsion of scnl mmeriak cm k signiticmdy mmc ctiicd
tim tie sclcclion of the fluids.

3-4.6 CHEMICAL STABILITY TESTS
A lnrgc number of CC.SLS10 dclcrminc tie chemical stabil-

ity of hydraulic fluids have been pmpmcd and dct.eloped.

Their number @mdvariety arc almost overwhelming. Some “ “
tests rue comprchcmive in thm they evnlualc the o~cndl stn- “

bility of the liquid over a wide mngc of conditions. CXhcm

cur very nmmw in their scope in ttml they cvnlumc Ihc sla-
biliiy of onc pmpsy of the liquid over a mom Iimiud mnge

Of conditions. All of he ICSLS.howe~rer. arc of cwo bnsic
modes of opcmdom ( I ) tests lhm measure changes in

sclcc!cd pmpcrsics of IIE liquid kfot? and after CXPJSLKCco
controlled conditions md (2) CC.USdum measure chc effects

of the liquid on n conmdlcd system compcmcm or ic.st SFCC-
imcn. fZmncplc5 of the Imtcr type am pumplmp tcsfs M
mcasucc shc effect of liquids cm ihc pump. and oxicfadon-
ccmosion W.SSS.which men.wrc IIIC”chnngm in mcods

exposed to tic liquids.

Since Ihcrc is n wide vnriccy of tcsls. only a few of the
mmc widely accepted pnmclurcs MC discussed here. These
[c.sts can be divided into fit,e arms of npplicaciotx gencrd
indicmors of liquid stillity. o.xidadon stillisy rots. thcr-
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mal stability tests, hydrolytic stability tests, and radiation
resistance tests. The inclusion of a test in one particular cat-
egory does not mean it @ limited to that category, only that
its predominant use is in that general arm.

34.6.1 Indicators of Liquid Stability
A large number of the tesls for liquid stability consist of

determining the values of various properties of the liquid,
subjecting the liquid to controlled lest conditions. and then
mewming the changes in the selected properties. Those
pmperdes most often used as indicators of changes in liquid
stability am color, viscosity, flash and fire points, neutmliza-
tion number, cm-bon residue, precipitation number, and ash
conten[. The viscosity and the neumdizmion number are the
most commonly used indlcatom Vkcmity test methcsls
have teen described in par. 3-2.1.10, and flash and tire
points have been discussed in par. 3-2.7.1.1. Details of the
test methods for precipitation number and ash content can
be found in ASTMS D 91 and D 482 (Refs. 128 and 129,
respectively).

3-4.6.1.1 Color

Test Methods. Federal Test Method 102 (Ref. 130)
ASTM D 1500 (Ref. 131)

TMs method describes n procedure for the visual determi-
nation of the color of a wide variety of petroleum pmducw,
such u lubricating oils, heating oils, diesel fuel oils, md
petroleum waxes. Although the color of a hydnndic fluid
may have no correlation with its functional ability, a change
in color generally does indicate n change in the fluid and can
be used as an indicator of possible stability changes.

A measured sample of the test fluid (dilu:ed with ketu-
sene when samples are darker tim ASTM Color No. 8) is
placed in a standard glass sample jar in a colmimeter, and
its color is compared to the color of standard glass panels.
The color of the sample is reported as the number of the
next darker glass standard.

Precision. The data that follow should be used to judge
the acceptability of results. Results should not be considered
suspect unless they dfier by more than the following
amounts:

a. Repeatability.0.5 color unit.
b. Reproducibility.0.5 color unit.

3AI.6.1.2 Neutralization Number
Test Medmck ASTM D 6&l (Ref. 132)

ASTM D 974 (Ref. 133)
ASTM D 3339 (Ref. 134)

Cbartges in acidity or alkalinity are often used as mea-
sures of the deterioration of liquids, particularly in stnbllity
tests for oxidation and corrosion. Oxidation of most organic
materials can tesult in the formationof acidic compounds.

The term“neubalizationnumber”is often used to express
an acidity or alkalinity of lubricating liquids and bydmulic
fluids. h is defined as either the number of milligrams of

potassium hydroxide required to neutralize all of the acids
present in one gram of the sample or the equiwdent (in mil-
ligrams of potassium bydmxide) number of milligrams of
hydrochloric acid required 10 neutralize all of tbe bases
pment in one gram of the sample. The neutralization num-
ber is a general term that can refer to tbe results of different
tests. so the test method and the pH of tbe find solution
must be specified.

Three widely accepted test procedures used to determine
the neuwalkation number of liquids have been developed.
The methods were developed primarily for pmoleum-base
matcritds, and they may give fictitious results when certain
synthetic materials arc used u hydraulic fluids. i.e., the
results may actually indicate the saponification of an ester.
excessive hydrolysis of addkives, etc’. It is suggested that
tie test method recommended by the manufacturer of a syn-
thetic liquid be used m indicate changes hat have occurred
in a particular synthetic liquid.

A shcm discussion of each test method follows
1. Neurralizlion Number by Pofemiomctric i’hmion

Test Method. ASTM D 664 (Ref. 132)
This method describes tie procedure used to deter-

mine the acidic or basic constituents of petroleum products
and lubricants. The method resolves these constituents into
groups having weak acid, strong acid, weak base, and strong
base ionization properties if the dissociation constants of tie
more strongly acidic or basic compounds are at least 100U
times those of the next weaker groups. In new and used liq-
uids the Constiments tlmt may be considered to bnve acidic
characteristics include organic and inorganic acids, estets.
pbenolic compounds, Iactones. resins, sahs of heavy metals,
salts of ammonia and other weak bases, acid salts of polyba-
sic acid, md additional agents such as inhibitors and &tii-
gents. Constituents tbitt may be considered to have basic
pmpenies include organic and inorganic bases, amino com-
pounds, salts of weak acids, bnsic sak.s of polyacidic bzwes,
salts of heavy metals, and ulditiorml agents such as inhibi-
tors and detergents.

To determine neutmlizaiion numbers by d-is
method, the sample is dksolved in a mixmre of mluene and
isopropyl nlcohol containing a smnll amount of water. II is
then titrated potentiometrically with alcoholic potassium
hydroxide or hydrochloric acid solution using a glass-indi.
eating electrode and a cdomel reference electrode. The
potentiometer readings are plotted against the respective
vohtmes of titrating solutions, and the end points for each
acid or base group are taken at inflections in the resulting
curve. When no definite inflections are obtained, which is
often the case. end points are token at meter readings cotm-
sponding to those found for standard nonaqumus acidic and
basic buffer solutions.

Definition of the terms used to designate the various
measured values are

a. Total acid number. The quantity of base
expressed in milligrams of potassium bydmxide that is
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required 10 neucmfim nll ucidic cnnstinccms prcsc.m in one

glum of SMlple
b. Strong acid number. The qumtity of bnsc

cxpm55cd in cdigmms of pmns.sium hydmside that is
required to neutcnlizc the strong acidic constituents pmscm
in one gram of snmple

c. Tomf base member. The quantity of ncid
expressed in terms of he quivnfem numberof milligcnms
of potassium hydmxidc tit is ccquimd to nmnmlizc nll
basic constimeno presentin one gramof sample

d. Srmng 6me numkr. The qunmiry of ncid
expressed in unns of the quivnlem number of milligrams
of potassium hydmxidc dud is required to nmnrrdizcthe
strnngbasic CCI~UNent5present in one gramof sunple.

Tbc result.sorc rcfmrtcdas chc Iotnl acid number.

strong acid nucnbcr, total bmc number. nnd strong kc

number.
2. Neurmfi~rion Number by Color+dicaror 77tmrion

TcsI Mctbnds. ASTM D 974 (Ref. 133)
Fcdcml Test Method 5102 (Ref. 135)
Fcdcrnl Test Method 5105 (Ref. 136)

This mcthnd is intended to determine the acidic or

basic comscicuens in pccmleum pmducm and Iubricmu that
arc soluble in mixmrcs of toluene and isnpmpyl alcohol. h
is applicnblc co dcm-mining ncid5 or bases that Imve dissOci-

scion constants Imgcf chnn 10+ in waler. Exccemely weak
acids or bnscs having dissncimion constnnts snudler b

10+ & not imcrfcrc. Salts rcna if their hydrolysis con-
stants m-c Iargcr Ilmn 10+.

To dccansinctie told acid or scmng bmc number.
tic sample is dissolved in 0 mixnu-c of toluene and isoprw

pyl alcohol cnmnining n small amount of wnccr. md hc
rcsuldng single-phmc snlution is titmtcd at mom tcmpcm-

nmc with stnmfmd alcoholic ba.sc. or nlcoholic acid solution.

t’C.WCCtivelY.to the end point itilcnlccl by the mlor clmnge
of the adclcd pnnphtholbcnzmw snlution (orange in acid
and green-bmwn in base). To detccmine the strong ncid
number.a s5parcucportion of he sample is exuncccd witi
ho! water md the aqueous excrna is titcntedwith potnssium
hydroxide snlution using methyl ortmgc M on indicator.

Tltc acid nucnbcr. strong acid number. or wrong
k number is cnlmdnccd and rcpmccd ns chc number of
milligrams of potassium hycfmxidc required tn ncucmfizc

am gram of the sample md is identified by chc notation
“ASTM D 974-”.

3. Acid Number qf Penvleum Pnxiucts 6y Sem”m”cm
COhr-hdiccctOr 3irmci0n

TcsI Method. ASTM D 3339 (Ref. 134)

~S ~1 IYIdd mcmurcs the acid number of oils
obtnicud fcum lnbmmo~ oxidation m..w.s using smnllcr
nnmuncs of fluid sample dmn she D&4 ml 0974 ccst nwh-

ods discussed previously. 1[ has s~cific applicnsion in
ASTM D 943 (See pw. 3-4.6.2.2.), in which smafl nliquocs

of oil acc rcmowd pcciodicnlly for Ccsting.

MIL-HDBK-118

To dcccncsinc the ncid number. n snmple of ths oil is
dissnlvcd in n solvent of toluenc. isopropyl alcohol. nnd
wmcr. The solution is Ihen cicmmd al mom kmpcnuurc in a.

niwngen otmosphcrc with potassium hydmxidc in isopropyl
alcohol until tie mixomc turns n stile green mlor. The
colnr is considered stable if it clam no: change back to n yel- “
low or yellow-gmcn color witiln 15 to 20s. The ncid num-

ber is mpnrced as @e quantity of ptmsium hydroxide
mquic.cd to tiuacc acids or safts prcscm in the sample having
hydrolysis constrmts larger than 10-. The ncid number is
expressed in mg of KOH pcr gram of sample. The re@t is
rcpmccd u Acid number. (Test Method D3339) = (RcsulI).

34.6.1.3 Carlmn Residue
Thecarbon residue left after evnpmncion and pyrolysis of

n liquid can give some indlcmion of the rclntive coke-form.

ing prnpcrdcs of tie liquid. The medmds prcscntcd were

originally inmufcd for the smdy of fuel oils nnd mntm oils
that came in contact wih wrcmcly hol surfnccs. & h
tcmpcmmrc mngcs of hydmulic fluids immense, hmvevcr,
the carbon residue and ~e hmdcncy of the hydnudic fluid to

coke or form sludges bccomcs impnrtant to systcm &sign.
Tlvo gencml methnds of dctccmining cncbcm residue u cur-
rently used: shc Conmdsan md lhc Rnmsbcmom.

TcsI Methcd.s. Conmcfson.Fcdcnd TesI Method 5001

(Ref. 137)
ASTM D 189 (Ref. 138)
Rnms&wom-Fcdcml Test McH S002
(Ref. 139)
ASTM D 524 (Ref. 140)

These methods &cribc pmccdwcs used to dcccrmine the
carbon ccsidue left after cvnpmntion and pyrolysis of an oi!.
Thy arc gencmlly applicable m rclncively nonvolatile

petroleum prndua.s M partially &compose on distilfndon
ut ncmnsphcric pressure. Rcculcum pcuducts containing nsh-
forming consticucm.s, such u dctcrgcncs. have an crmnc-

ously high carbon residue thst dcp.znds upnn chc smoum of
ash formed.

1. Conrudson Tesf. In lhc Ccmmcfson ccst o weighed
quantity of the somplc fluid is plnccd in n crucible and sub.
jcccccl to dc.sccwcive distillation. The A&c undergoes
cmcking md coking nmccions during a fixed period of
scvcrc hcndng. AI tie end of tie hcadng pcriud. tbc crucible
witi the residue is caolcd in n desiccator md weighed. The

rc.sidue remaining is cnlcuhccd m a pmentuge of tie origi-
nal sncnplc and rcpoctcd us the Ccmrndson carbon residue.

2. RamsbOmwn Tcsf. [n the I?amsbmtom ml a sample
of the liquid is plnccd in n glass coking bulb having n capil-
lnry opening. The bulb witi lhc specimen is plnccd in a
mccnl furnace at nppmxinmlcly S49°C ( 1020eF). The 5nm-
ple is quicWy hcnccd 10 tie point w which all volndle macccr
evnpomus out of the bulb witi or without dcsompnsition
while the heavier residue mnctining in the bulb undmgocs

cracking and coking rcnctions. After n spccificd bracing

3-59

Downloaded from http://www.everyspec.com



MIL-HDBK-118

period. the bulb is ~movcd from the bath, cnaled inn desic-
cator, and weighed. The residue remaining is calculated as a

percentage of the original sample and rep-reed as the Ranss-
botmm cmbon rssidue.

3-4.6.2 Oxidation Stability Tests
A large number of oxi&tion tests have been praposed,

and all of these tesw involve exposing the liquid to air or
oxygen at elevated temperamms in order to accelenue the
mte of oxi&tion. Since certain metals, such as imn or cop
per, arc catalysts for oxidation, many tesi prncedums

involve the use of these metals. Two general techniques am
ussd to indicate oxidation stability. The first involves mea-

suring changes in liquid pmpenies caused by the test. The
second involves determining tie amount of oxygen Umt hns

been removed from the air or the system. Relating the oxy-
gen consumed to time gives the rate of oxidation. A few of

the more widely accepted proceduresare discussed here.

34.6.2.1 Oxidation-Cors-asion Test

A discussion of two test methods follow%
1. Test Medmds. Federal Test Method No. 5308 (Ref.

141)
ASTM D 4636 (Ref. 143)

Probably the mnsl widely used test for oxi&tion

smbility is the oxidation-corrosion test. ‘Ilk test method is
used to test hydraulic fluids and other highly refined oils to
determine their ability tn resist oxidation and their tendency
to corrnde various metals. The test is also used as an accel-

emted long-term stomge test.
Five different metal strips-one each of copper,

steel, aluminum alloy, magnesium alloy, and cadmium-
plated steel-are carefally cleaned, polished. and weighed.

The* metal strips are assembled in a pattern, tied together.
and the assembly immersed in a sample of the oil. The oil is
held at 120”C (250°S9 for 168 b while air is bubbled

through it. The strips am then removed. cleaned. and
weighed, and the resulls are recorded as changes in weight

per unit area of surface. Each strip is exnmined for any evi-
dence of pitting. etching. m stains. In addition, the oil siun-
ple is examined before and after the test, and percent
changes of neutralization number and viscosity are deter-
mined. Scveraf variations of the test w used with differen[
metal specimens, nn#Or test tcmpemtures, andlor test times.

2. Tesi Methods. Federal TesI Method 5307 (Ref. 142)
ASTM D 4636 (Ref. 143)

This est method is very similar to Federal Test
Mcthnd 5308 discussed previously. The test methcd

includes n standard test procedure and two alternative prc-
ccdures. The sumdard prncedure uses wmher.shapsd speci-
mens of titanium, magnesium, Iow-cmbon steel. M50 steel,

bronze, silver. and aluminum. This test uses 2@3 ML of test
oil aI selected mmpcmtums nmging from 100 to 360”C (2 12
to 680°F). Od samples am withdmwn and checked for

cbmsges in total acid number and viscosity perimhcally
thrnugbout the test. Corrosiveness of the oil is determined
by loss in metal weight and micrmcopic examinations of
the metal surfaces.

Alternative Procedure I uses the same type of metal
specimens, but there is periodic oil sampling. The effects of
oxidation are determined by comparing the finaf viscosity
and acid number with the values b-efore the test began.

Alternative Prnccdurc 2 uses square metal speci-
mens of copper, steel, aluminum, magnesium, and cad-
mium. Other metals may be tested if desired. There is no
pericnic sampling of the oil, so only the initial oad final vis-
cosities and acid numbm am compared.

The results of the tests are reported as the change in
viscosity of the initial and find samples at 40 and 100”C

(104 and ‘fi I“F), the initial and fired mud acid numbers, the
weight change of each specimen, the appearance of each

specimen, and the volume pemnt of sludge in the oil.

. 3-4.6.2.2 Oxidation Characteristics of Inhibited
Mineral Oils

Test Metbcd. ASTM D 943 (Ref. 144)
This test was developed to measure the effectiveness of

antioxidant additives and to predic! lubricant life. The pl-o-
cedure is actually a comblnmion oxidation and hydrolytic
stability test. Given amounts of the test liquid and waler are
placed in a large test tabe. and a coil of irnn wire and copper
wire wound together in intimate contact is completely
immersed in the test mixture. The test tube is placed in a
bath M 95°C (203”F), and air at 3 Ub (0.79 gal/h) is bubbled
thrnugh the test Iiquitiwater mixmre. The test liquid is samp-
led periodically to determine changes in acidity. A mpidly
increasing acidity is taken as the end point of the test. The

formation of sludge deposits on the metal coil can also be
used to rote liquid stability. This procedure is particularly
useful in determining the effectiveness of inhibitors in
petroleum products used as steam turbine lubricants. Since
many of these same matcrizds arc used as hydraulic fluids,
the results of the steam turbine oxidation test are often con-
sidered in the selection of petroleum-type hydrmdic fluids.

34.6.2.3 Evaporation Tests

Evnpation Inss tests, described in par.3-2.8.3. provide a
measure of cmidation stability. These tests are primarily
designed to measure the liquid volatility, However, if the .
temperature at which the test is carried out is high enough
that oxidation occurs, the total weigh[ loss experienced by
the sample is a measure of the oxidation stability-volatility

of the liquid.

3-4.6.2.4 Tbhs Film Oxidation Tests

A frequent occurrence in the ovralion of bydrmdic sys-
tems is expnsure to the atmosphere of n large area of mend
surface covered by a thin film of bydtmdic fluid. One such
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case is tie exccmion of m acma!or md. Normal oxidation
!cscs involve che usc of datively smafl surface-m-liquid
rshx. A ICXlused to deimcnineoxidation pm~riics m Imge
surfncc-to-tiquidmtios has been developed by the Pemsyl.
vanin SIIUCUnivemity PccmlcumRefining hbum!o~ (Ref.
4). The pmccdurc involvex pmxing air nnd oxygen duuugh
o Nbc conmining n large amountof meld chain and n mat]
onmunl of liquid. Chnngcs in tiquid pmpcr-ticsoccurring
llk a SpCCifiCCCSIperiodm mmmwed.

3-4.62.S Dorcste Oxidntion Test

The Domte Osidacion Text is one of IIICmm-cmmmon
nbsorpcion+ypcoxidation teas for hydraulic fluids. Oxygen
is sirculmcd through che tiquid. which is mninmincdunder
spccificd conditions. The loud amount of oxygen obsorbcd
k @~ 10 fitin h mcio of oxygen-tmliquid. The
nmountof oxygen Ihnlmust be added to the sysccm to main-
min a desired pmxsurcis n measure of h absorbedby che
liquid. Test &n am usually accumulated in terms of che
ammmtof oxygen absorbedper unit time. Sevend variations
of this test me dcmiled in Ref. 4.

3-4.63 Thermal Stability Tests

3-4.63.1 Penn Stute Bomb T=t

The Pem Sow Bomb Tes! dcscribcd in MIL-H-2760I
(Ref. 145) is a widely used lhernsrdsoMiIY text. A 20.mL
sample of lhc tiquid is plnccd in n stainless SICCIprcssw
cylinder with a 46-ML capacity. Cmnlystxof 12.7-mm (0.5.
in.) dinnwcr ball bearings of M-10 tool smcl. S2100 sue],
andcmvatbronze m-cafso placed in the cylinder.The system
is pwgcd with nitrogen, smtcd at atmosphericprcssucmmd
ti ce.stbegun. A tcm~nuurc of 37 l°C (7@YF) md n nitr-
ogenprcsmrc of 138 W’n(20 psi) arc maimnincd for 6 h.
Cbangcx in viscosity. weight of tie cmalyst ball bcruings.
and ocid or baxc numberarc rqmrcedas a measure of !her-
nml smbitky of tie tiquid. Moditicotions of ICS1tCICIpCMNCC
and ICXIdurodon hove been mndc co apply IMsCCSImcdmd
m other fluids. A smaller stole vcmion has been developed
using a 2.&nf. sample and no mclnl cntnlysLA sminfess
steel prcssum vessel with 0 5-MLcafncity is med.

34.63.2 Eigh-Tempemture Test
Test Mectmds.Fcdmd Test Method 2308 (Ref. 146)

ASTM D 2160 (Ref. 147)
This mckd cfcxccibcso pmccdurc used IOdetermine &

~ su!bilicyof hydmulic fluids. The volotile dccompo-
siticmproducesMCheld in continuous ccmmctwiti tie liq-
uid during chc ICSt.‘fle mcihod dots not mcamrc che
temperomrcIIIwhich oil fmgmenu begin to form but will
indicme bulk frogmcmmionoccurring al n spccificd tcmpcr-
amm and tcxdng priud.

A sample of he liquid is placed in n glnss ccxtcell. md
Ihc test ccl) and i!s mntcnu arc dcgasscd 10 mfuce oxidm
tion md bycfmlysis.The cell is tin scaled undern vacuum

md held m 260 IO316°C (500 to 6fJ30F)for a periodof 24 h
(6 h forASTM D 2160). The sample is obxrved duringtie
tc.wfor evidence of imolublcs. scpwmion. m oticr chnagcs.
The test rcpon includes (I) m.stumpcmcum md tion.
(2) visual nppmmnce of tie liquid md tcs cell. and (3)
chnngcs in neumdizncionnumhcrand viscosity of tie Iiiuid
sample.

34.6.3.3 Sustoined High-Temperature Stubility
Texts

Thers are no smodardizcct0ss1pmccdm-cs for suscnincd
high-kmpcmturc smtdity. IISsuch. When n hydraulic fluid
is king considered for use for long pcriocfs in n systcm
operating mar its uppertcmpcmcureIimi however. normal
thermalsmbilily ctalamoy not bc sufficient m indicnlc prcb
able pcrfonmmce. In such instnnccs ii is common to CCSIIIX
liquid in n pump loop opemting in o high-tempamurc envi-
mnmcnl. The pumploop Icsi pmccdums. discussed in pas.
3-2.5.3 (ShcnrTcsIs)or 3-3.8.2.1 and 3-3.8.2.2 (Lubriauicm
TCSIS),are ndnptnblcto high-lempemmrc CCXIS.The prom.
dure is to enclose lhc loop in an oven md opmme tic test
continuously m tie &xii tcmpcmmrcfor 100 co IO(B3h.

3-4.6.3.4 Low-Tempesaturw Stuhility Test

Ahhough the lcnm Yhcrmal smtiliry’” usunlly implies
high-tcmpcrmure smbility, problemscan occur with hydmu-
Iic fluid slabitky al low tempcmcurrs.Refer m par. 3-Z 14
for ndiscussion of Iow-temptmom stability and dsc various
nppticableICXCS.

3-4.6.4 Hydroljlic Stubility T-
Hydmlydc stabitily is determined by cspming II!C

hydraulic fluid 10 wruer and measuring the changes b
occur under various envimnmencal condkions in select.cd
pmpcrlics of tic liquid.A problemthmoften occum in Um.sc
ccsls is mninmining sufficient contnct mrcnbccwcen water
and liquid to obtin n mccuumble reaction. Scvcml of the
mom common ICXISuc dcswibcd.

3-4.6.4.1 L@emge Bottle Test
Test Mcchods.Fe&ml Tc.wMethod 3457 (Ref. 146)

ASTM D2619(Rcf. 149)
This mclhcd is mcd m dcccrminc the m.sislancc of fin.

ished fluids to mction when in concnctwith wnccr.h con-
sims of plncing 75 g of fluid md 25 g of distilled waccrin n
200-mL (7-02) bcvemge bautc. A clcancd and u.eighcdmp
per suip is placed in the bottle md immersed in tie fluid.
The bonfc is senlcd nndplnccd in n rotmingmccbtim IIW
CUrnschcbolctcend over cnd al 5 rpm for 48 h in an oven at
93’C (200”F). The conmincris then removed from Ihcown.
allowed to cool, and examined. Any inscdublcs formed MC
removed by cmoifuging. Tlseoil and wnkr layers MCsepa.
mtcd and cxnmincd for ctmngcs in neutiizndon nmnbcr,
viscmily. msdcolor.The weight chnnge of the mppcr stripis
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also reported, and the physical condition of the

ohserwd.

34.6.4.2 Other Hydrolytic Stability Tests

ssrip is

To determine the hydrolytic stability of fluids whose rate

of hydrolysis is low or m predict hydrolytic smbllity in
closed systems at high temperatures. z!metaf bomb must be
used in place of she beverage bottle. Test procedures me
quite similar m those used for the beverage bottle lest

except that no meud strip is added. Shakhg assemblies,
such as those available from tbe American Instrument Com-
pany, arc well-suited for thk test. These particular assem-
blies oscillate a bigb-tempenmme. high-pressure reaction
vessel through a *15deg arc m 36 cycles per min. Retlux

tests present another general technique. Procedures have not
been standardized. but the essential features are [bat mea-
sured amounts of water and fluid are placed in a container
and bested to the temperature m which the oil boils. The
vapors are condensed. and refluxing is continued for a spec-

ified period of time. Changes in the fluid are dewmined,
and the development of any acidity in the water layer is
measured. These data are used as an indication of bydmlytic
stability.

Simple storage tests are also a measure of hydrolytic sta-

bility. Measured quantities of fluid and water are placed in a
bottle or other container, agitated, and stored IIIdesired tem-
peratures for a desired period of time. TIM snmples are
examined pmiodicdly to determine changes in appearance
and. m the end of tbe test. are examined for the formation of

insoluble, gels. or other physical and chemical changes.
Various sypcs of metals. ela.stomem surface coatings, etc..

can be added to the test containers to delermine their effect.

3-4.6.5 Radiation Resistance Tests

The usuaf test methods used m determine radiation resis-
tance of bydmulic fluids are based upon radiation expxure
followed by determination of changes in the liquid. fn most
of these tesw fluid properties, such as viscosity and neutral-
ization number, are measured before the test. The fluid is
subjected to n given amount of rndiation exposure and the
properties are measured after exposure. Changes can vw
fmm complete destruction of the fluids and loss of structural
integrity to minor variations in various pmpenies. This is a
static test method sbat gives considemble information on
performance of fluids exposed to radiation.

Bolt (Ref. 127) refers to several lest methods, although
none are currently standardized. In one method fluids are

held at 3 16°C (600°F) and exposed to various levels of ntdi-
ation. The percentage of gamma rays md fast neutrons is
varied by using dhTerent absorbers. In another procedure

fluid samples are exposed to 1.9x 10’ rad in a reactor. For
separate tests the fluid temperatures are varied between 18
and 220”C (64 to 428”F) with air present. In yet another

procedure fluids m exposed to 5 x 10Utad under helium aI
tempemmres ranging from 27 to 204°C (80 to 400”F).

3-5 CORROSIVENESS
In its broadest meaning corrosion refers m the deteriora-

tion of a mesallic surface by chemical or electmchcmiccd
action, The corrosiveness of a hydraulic fluid relates to its

tendency 10 promote or encourage corrosion in n hydraulic
system. It is obviously desirable m maintain the conusive-
ness of a bydmulic fluid at m low a level as possible.

The corrosiveness of a hydraulic fluid. uswdly at its low-
est value when the fluid is new and unused. can be affected
by a number of variables. such m temperature. load, mois-
ture, chemical nature of the liquid, oxi&tion stnbifity, the
tyfx and amount of degradative products formed. the dis-
persion of the products in the system, and numerous other
vmitbles. Only a few of these variables. however, arc
parameters of tie liquid. Variables, such as tempemture,
load, md expostm [o moisture, are mechanical factors of
the system and can-through proper system design and the
use of the correcI hydraulic fluid-be controlled within a

range of acceptable limits. Fluid pm-ametms-thcw VI@

ables that relate [o the corrosiveness of the liquid, such as
chemical nature and oxidation stability-are fundamental
pmp-srties of the liquid and cannot be varied except hy she
usc of additives. Additives are discussed in Chapter 5.

3-5.1 CHEMICAL CORROSION
Chemical corrosion is probably the most prevafent type

of corrosion that exists in fluid power systems. Although
chemical corrosion stmrs tapidly, it may often become slow
as soon as a layer of corrosion products forms on the metal-
lic surface. If, however, the layer of corrosion products is
being cotstinuafly cracked or ~moved, corrosion continues
at its original rate. Of the various types of corrosion. the swo
that occur in most systems are oxidation and acidic corr-
osion. Oxidation is limited to the surface of metals and its
results are exhibited by an accumulation of metal oxides.

Acidic corrosion refers to the deterioration of the memftic
surface caused by the metaf acmally being dissolved by
acids and wnsbed away, leaving is pitted surface.

Rusting is the oxidation of the bmse iron in metal struc-

tures. The oxidation is usually catalyzed, or increased, by
the presence of dissolved air and water in the system liquid.
Theoretically, prevention of oxidmion is the easiest corr-
osion action to control. Simple exclusion of air and mois!ure
from the system could eliminate resting. However, because
it is almost impossible 10 exclude completely. all nir and
moisture fmm a hydraulic system. numemus additives we
used as oxidation and corrosion inhibitors. This is dkcusscd
in detail in Chapter 5.

Oxidation of the hydraulic fluids while in use produces
acid-type prcducts that cm rapidly incrense the corrosiv-
enessof the fluid. It is, therefore, desirable m maintain a high
level of oxidation stability in the fluid. There are numemus
inbhiors that cm reduce the acid comosion tendencies of a
hydraulic fluid. A discussion of the various corrosion itihi-

mrs and their mode of action is presented in Chapter 5.
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The corrosive Iendencics of n liquid frequcncly incrmsc

in tie prcsmce of various mclrds llsm act as cmrdysts. Cop

per is n common exnmplc. Many liquids become much more

conusive lbnn usual in tie pmssnce of coppcc thus sr.veml

of Ihc ccsl procedures used to drtermine the corrosion pmp

erdcs of liquids usc a copper caodyst. The problem is bc.si-

cnlly one of Iiquid-mecnl compmibility and is discussed in

par. 6-2.1.

3-5.2 ELECTROCHEMICAL CORROSION

MmosI my chemical reaction can bc cnllcd elcctmchem-

icnl. but the cci-m is usually Iimimd to situations witi spc-

tiafly sepamccd mdlc and cmhodic m-ens so thxu corrosion

is nccomplishcd.b y elccnic current flowing for ISpcrccptihle

distance Ihrough she metal. h is not ncccssnry to Imvc swo

mcmls for clccscuhemicnl corrosion. All tlmI is needed is

tic mcod. n cmuerird of n diffemm elecoic potenticd, nnd a

mnductnncc path bccwcen Ihcm. A cmcusion product or liq-

uid can bc tie soumc of she second elecsric pccntinl (Ref.

Iso).
GaJvnnic cocmsion is pcobably the MQSIcmsmmn form of

elcco-achcmiad cocsosicm. Gnhmic comosion occurs when

di@mihu MCMS in ctccoicnl ccmmc! wilh ench oticr art
exposed to an clccoulyce. A ant. called o galvanic cur-

rent. tin flows from onc metal 10 tie OIhcr. Galvanic cm7c-

sion is that part of the resulting corrosion of the mdlc

(Pmitive) mcmkr of he metal couple.
Mnny hydraulic fluids am no! good CICCOOIYCESwhen

new and do nos pmmocc galvanic or elccuochcmicnl co-

sion. However. contaminants tit enter or form in tbc fluid

during usc and some !ypcs of addkives may give che liquid

clccomlydc pmpcrck. .%veml precautions can be cnkm to

rcducc shc elccci-ochcmical nction of lhc galvanic couple

and reduce the corrosion. e.g.. using similar memls. insulnf -

ing the metals. or eliminating Ihc electrolyw. Thess sups

arc frcquencly impractical and odur prccnuticms. such as

using corrosion inhibitors. must be taken.

3-53 CORROSIVENESS TEsTs

Numerous lest mcshnds Isavc been pcuposed and cfcvcl-

opcd to dcccrminc tie corrosive pmpecdr.s of liquids.

Ahhough most of tie tests arc universal in that Ihcy me

&signed for my w of liquid or lubricant, ccrsnin tesIs

have hem developed specifically for gear Iubricmts. for

hydrmdic fluids. or for mher special liquids. These corm.

sivcncss tcsss fall into Ihrcc gcneml calegori- (1) meml -

Iiquid tits in which a MCIIIIsurface is exposed co dse liquid

for a given lengsh of time al given conditions. (2) fog or

humidky cnbinct ICSISin which n soip of metal is cowed

wi!h IJU liquid md exposed m extremely humid conditions
for n pmdeterncincd period of time. md (3) engine m.su in
which tic liquid is tested in n gearbox of an engine under

mnb-cdled conditions.

3-53.1 Nfetol-Liquid Corsmsiveness Tats

A huge number of meml-liquid comosivencss ICS.ISIsnvc
been developed. Most of IIIcsc ICSISam similar in IIMUn
mcud sample is exposed to tie liquid under conbullcd re-
nditions. The mcud is then cxnmsined for evidence of corr-
osion and the liquid is examined for chmgcs in propcrdcs.
These ccm CM also be considered Iiquid-mcud cmnpcdbil-
ily U.ms. lVO of the more common types of Less me
described and arc nomcl in Tnblc 3-12 along wi!h odtcx ICSIS
of che same type. The ncccptnblc cm’msims limits for scvmd
milicmy spccificmion hydnmdic fluids as dececmiocd by chc
oxidmion-currosion wsI (or vm-imions) am given in Table 3-
13.

1. Oxidarion-Cormsion TesI
Tcs: Medmds. Fcdend TcsI Mcdd 5308 (Ref. 141)

ASTM D 4636 (Ref. 143)
llesc !csIs arc dcsmibcd in dcsnil in par. 3-4.6.2.1.

2. Copper Corrosion (Copper Strip) Test
TcsI Metmds. l%knd Test MeIIIod 5325 (Ref. 15I )

A.WM D 130 (Ref. 152)
his meshed describes n pmmdurc USCCI10 deter-

mine Ihc con-mivencss to mppcr of fuc.ls. gasolines. clean-
ers. fuel oils, cmd olhcr petroleum pmducls. A polished
copper soip is immersed in a 30.mL sample of he liquid
md heated m tie umpcrmuc’c (normally 50 or 100eC (122
or 212”F)) and for cbc time (nsmmdly 2 to 3 h) called for in
tic liquid specificmion. Al du completion of tie lCSIperiod,
the copper strip is removed md compmtd with a series of
~mr scrip corrosion smmimds (avnilahlc from ASTM).
The results arc reported as the numk of the cocmsiofl smn-
dmd with which tie test soip compares. Smndmcls vmy
from n No. la (slight mmish) to No. 4C (corded glassy or
jet black).

3-53.2 Humidity-’l)~ Corrosiveness Tests

FIN 4001.3. ASTM D 1748. md Usecm’cmion mu ewd-
uncion pmccdurc (CREP) are described briefly. A table pm-
vidcs n quick refercncc for several otir ICSSS.

Scvend mrrosivencss test pmccdurcs using a fog or
humidity cabinet hmvc hem developed. The lescs arc similar
in tit a nseud specimen is coakci with lhc test liquid and
placed in n cnbinel wilh COMOMLhigh humidity. In socnc
insmnccs tie fog is ucmcd with vnrinus chemicals 10 simu-
late ncsunl conditions. i.e.. sodkm cldoridc nddcd to simu-
Imc scmvntr. ‘fhcsc ICSLSarc nol basically mrcusiventss
@w IIEy m pcimarily imcnded to dewmine tie pcmcccive
qualities of a liquid against corrosion in o corrosive environ-
ment. Ilucc of k mom common lcs: pcuccdurcs am
described below and Iiwcd in Table 3-14 with other ce.wsof
Ihe Slucsc[ypc.

1. RUSI Pm fecfion by Metal Pmscmatives in cfu
Humidity Cabinet

TCSIMethods. ASTM D 174S (Ref. 157)
- TC.SIMethod 5310.2 (Ref.
158)
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TABLE 3-12. LIQUID-METAL CORROSIVENESS TEST METHODS

TEST METHOD I TITLE I PROCEDURE

FIN 5308 (Ref. 141) Corrosiveness and Oxidation
ASTM D 4636 (Ref. 143) Stability of Light Oils

(Meud Squares)

I

FIN 5325 (Ref. 151) Copper Corrosion by Petroleum
ASTM D 130 (Ref. 152) Prcduct.s (Copp-m Snip Test)

Fl_M 5305 (Ref. 153) Corrosiveness of Lubricants at
Z3Z.C (4500fq

FTM 5321 (Ref. 154) Corrosion of Lead by Lubricating
011s

I
Ff%f 4011 (Ref. 155) Rust-preventing Characteristics
ASTM D 655 (Ref. 156) of Steam Turbine Oil in the

presence of Water

Ff’M 3457 (Ref. 148) Hydrolytic Stability
ASTM D 2619 (Ref. 149) (Beverage Boufe Test)

Five metal strips-copper. steel,
afuminum. magnesium. cadmium-
plated steel—immersed in test liquid
for 168 hat 121”C (250”F) with air
agitation

Polished copper strip immersed in
test liquid for 2 [o 3 h at 50”C
(122°F) or ltXI°C (212”F)

Copper and silver strip immersed
in test liquid for 50 b at 232°C
(450”F)

Strips of lead nnd copper rotated
in test liquid for 1 h at 163°C
(325”F) and air bubbled through
liquid

Cylindrical steel specimen
immersed in test liquid-water
mixmre for 24 h at 60°C ( 140°F)

Copper strip immersed in
water-test liquid mixture for 48 h
at 93°C (X30”Fl

Although these methnds are specifically intended coupnns are coated with the test oil formulation. a COITC-

for metnf preservmives, they can be used for other fluids as sion-inhibited nonflammable fluid (formulated CTFE), and

well. In the test, steel coupons are pmpmed 10 a p!escrited
surface finish. dipped in the test oil, and suspended in the
humidity cabinet. The cabinet temperature is mainmined M
48.9°C ( 120°F). The test may be continued for n predeter-
mined number of hours or until failure. One mst spot larger
than 1 mm in dinme[er or four or more mst spots of any size
constitute failure.

2. Pmtecti0n&71f Spra.v
Test Metbcd. Federal Test Me!hod 4001 (Ref. 159)

TMs method is intended to determine (he ccmrnsicm
resistance of a fluid in the presence of n salt-type atmo-
spbete. Steel test specimens are coated with the tesI fluid
and suspended in n fog chamber, The fog consists. of an
atomized spray of a solution of either 2010.05 parts or 5 *
0.05 parts, depending on the process specification by
weight, scdium chloride and 80 t 0.05 or 95 * 0.05 parts

distilled water. The tempemtum in the chamber is kept
between 33 and 36°C (92 and 97°F). The test shall be con-
ducted for as long as required by the liquid specification.
Criteria used to determine whether the candidate liquid
passes or fails the test are [o be supplied by the liquid speci-
fication.

3. Corrosion Rate Equivalent Procedure (CREP) for
CTFE Hydmdic Fluids

Test Method. MIL-H-531 I9( ME) (Ref. 160)
In this procedure, which is a part of the specifica-

tion for CTFE, separate precleaned and preweighed metal

an uninhibited CITE base stcxk. The last two are reference

fluids. The three coupons are suspended in the 92 + 1‘C

(198 * 2“F) vapor phase of distilled water for 1 b. The cott-

pons are hen cleaned. dried. and reweighed to five decirnd

places to determine the weight change due to corrosive

attack. The coupons are also visually examined. Duplicate

tests arc run simultaneously in identical apparatus. A weight

chnnge of greater than 20 mg or a visual rating of less than 8

is considered a failure. The visual rating is b~sed on a rating
of 10 for a standard sample of inhibited CTFE to O for the

uninhibited base stock. Afthough developed for CTFE. MIS

procedure can be used for other bydmdic fluids.

3-5.3.3 Gearbox and Engine Corrosiveness Tests

Several tests have been develo~d to evaluate the cotrn-

siveness of lubricating oils in engines and gearboxes. These
tests were not developed for bydrmdic fluids ‘and are not

often used in their valuation. However, one ytch test, Fed-
eral Test Method 5326 (Ref. 162), can be used to provide

some information abnut the cotrnsion-preventive cbamcter-

istics of hydmtdic fluids. In this test distilled water is added

to the fluid in a Spicer differential assembly. The unit is

opemted at a test temperature of 82°C ( 180”F) and a speed

of 2500 i-pm for 4 h. The unit is lhen stored for the perind of

time designated in the fluid specification. At the end of that

time tie unit is opened and examined for corrosion.
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TABLE 3-14. HUMIDITY TYPE CORROSIVENESS TESTS

TEST METHOD PARAMETER PROCEDURE

Fl%f 5310 (Ref. 158) Rust protection
by preservatives

FTM 4001 (Ref. 159) Corrosion Resistance
in SdI-Spmy Atmosphere

T

Specially prepared steel plates arc dipped in the test
liquid and suspended in a humidity cabhnet at
48.9°C ( 120°F) for n predetermined number of hours
or until rust appears.

Specially prepared steel plmes are dipped in the test
fluid and suspended in a salt fog in a humidity
cabinet at 33 to 36°C (92 to 97”F).

One specially prepared metal coupon is coated witi
comosion.ifi]bhed CITE another coupon is coawd
with uninhibited CTFE. A lhkd is cowed with the
test flujt AU tie are suspended in a humidky
cabinet at 92 * l°C (198 * 2“F) for one h.

I FTM 5322 (Ref. 161) I
Corrosivity A brass clip-on sheet disk is coated with tbe test

liquid and plnced in a humidity cabinet at 27°C (80”FI
and 50% relative humidity for 10 days. I
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148. f%feml TC.SIMCIIWJ No. 3457.2, ‘“Hydmlysic SwbiJ-

isy-. Fccfcml Test Mcthcd Smndnrd 79 lC. MeIlcods C#
Tesring Jdwicams. Uquid Fuels. and Refaced Pm.d-
ucm 30 Scpmmbsr 1986.

149. ASTM D 2619-88. Smndanf Test Mdmd for Hydm-
Iyfic Stabi/i~ of Hydnzdic Fluids (fJevemge Bon/e
Mefhcd). hwrican Scciesy for Testing and Moccrink.
Phhddphk. PA. 1988.

150. H. H. Uhli8, Corrosion Handbook. John Wiley and
Sons, fnc., New York. NY. 1948.

151. Fcdeml Tes: MeIJMcINo. 5325.4. “Copper Corrosion
by Ruuleum Prcduct.s (Copper Suip Test)”. FcdcmJ
TCS.I MCIJMCI SIMdiud 79 lC. McIlmds of Testing
Lccbsicams, Uquid Fuefs, and Relased Pmducts. 30
scpctmber 1986.
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152.

153,

154,

155

156.

157.

158.

159,

1w,

161

162

ASTM D 130-83, Skmdanl Tesr Method for Dereclion
of Copper Corrosion From Peonleum Products by the
Copper Strip Tarnish Tesr, American Scxiety for Test-
ing and Materials, Philadelphia. PA. 1983.

Federal Test Method No. 5305.1. ‘“Corrosiveness of

Lubricants at 232°C (450”F)”, Federal Test Method
Wamfmd 79 IC, Medwds of Tesring .bbn”cants, Liquid
Fuels, and Re/ared Produc[s. 30 September 1986.

Federal Test Method No, 5321,2, “Corrosion of Lead

by Lubricating Oils”, Federal Test Metiod Standard
791 C. Merhods of Testing Lubricants, Liquid Fuels,
and Re/awd Pmducm. 30 Seplember 1986.

Federal TesI MeIbod 401 I .4. “Rust-Preventing Char-
acteristics of Steam Turbine Oil in the Presence of
Water”, Fedemf Test Method Standard 79 IC, Methods

of Tesring Lwbn”conrs, Liquid Fuels. and Related Prod-
ucts, 30 September 1986.

ASTM D 665-83. Test Method for Rust-Preventing
Characwrisrics of Inhibited Mineral Oil in the Pres-
ence of Waler, Americzm Society for Tesling and
Materials, Philadelphia. PA, 1983,

ASTM D 1748-83, Stmdani Test Me(hod for Rust
Protection by Me/al Presen,arivcs in the’ Humidiiy
Cabinet, American Society’ for Testing and Materials,
Philadelphia. PA, 1983.

Federal Test Method No. 5310.2, “Rust Protection by

Metal Preservatives in the Humidity Cabinet”, Federal
Test Method Smndard 791C, Me/hods of Tesring
Lubricants, Liquid Fuels, and Re/ak-d Pmdltcrs, 30
September 1986.

Federal Test Method No. 4001.3, “Corrosion Prote-

ctionby Coatings Salt-Spray (Fog) TesI”, Federal Test
Method Ssandard 791 C, Methods of Testing Lubn’-
con(s, Liquid Fuels, and Relared Pmducjs, 30 Septem-

ber 1986.

MD--H-53 1I9(ME), Hydraulic F/uid, Nonflammable,
Ch/omrrijluoroethy/ene Base, I March 1991.

Federal Test Method No. 53?2.2, “Corrosiveness of

0,1 on a Bimetallic Couple”, Federal Test Medmd
Standard 79 lC, Methods of Tes!ing .hbricants, Liquid
Fuels, and Rekmed Pmducfs, 30 September 1986.

Federal Tesl Method No. 5326.1. “Corrosion Prote-
ctionby Gear Lubricnms in tie Presence of Moisture”’.

Federal Test Method Smmdard 79 lC. Me(hods of TesI-
ing Lubn”cams, Liquid Fuels, and Relafed Products.
30 Sep\ember 1986.
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CHAPTER 4
TYPES OF HYDRAULIC FLUIDS

This chapter concermjluid categories and formulations. Fluids are compared by physical and chemical cfcaracterisrics,
Jire resistance. and primary base stock (petroleum and nonpetroleum). Advamages and disadvantages of each ~pe are dis-
cussed uc well as gpica! applications. Thcjinal portion OJthe chapter comainc tables that swmnan”:e the specification.c of
a number ofjluid.c fhm are or could be used in hydraulic applications.

4-1 INTRODUCTION
The broad mnge of fluids described as hydmulic fluids

cm k best understood by categorizing them in their nntu-
nd groupings. Mmy of *CSC groupings or clnssilicmions
are used throughou! this chnpter to aid the render’s under-
scnndlng and ussimihstion of the various types of hydraulic
fluids. Specilic fluids within lhe Depanment of Defense
(DuD) system or in industry often fnfl withh more b one
classification. Thus the render should review each of the
clnssikicaticms presented before choosing n purticulnr Iyps

of fluid for a particular application.

4-2 CLASSIFICATION OF HYDRAULIC
FLUIDS

A wide range of liquids is nvuilablc for usc in bycfcmdic
systems. and it is dc.simble to employ o clnssilicmion sys-
tem to assist chose using hydmulic fluids to determine
whether n liquid under considemtion IMY function satisfnc-
turily for a particular application. However. the task of se-
Icccing the most meaningful classification system is cOm-
plicntcd by sevemf factors. The nrcns of applicnlicm of hy-
draulic systems and tie type of equipmen! used have hc-
come so dkrsc that n classification useful in one men of
application hns little or no mcming in onother. In addition.
che increasing number ocsd [YPCSof hydraulic fluids nvnil-
able add LOtie cnmplexicy of che ask. In simple. low-pr-
f-ce hydraulic sysIcms for which opcmting pammelers

. m-c not severe. nfmosl any liquid—water. wow-base liq-
uids. mcurnl pccrcdeum pruducIs. or the more sophisticated
synchecic liquids-may be used with varying degrees of

sai.sfnccion. In arms in which dx opemting pommcters rue
very severe. only a limited number of liquids may be con-
sidered and selection must be made with considecnblc core.
10 nddition. cbcm ore liquids that w used primarily for
pusposes other tim as hydmulic fluids but which have

PIO@fi Pcrmitig Ihcm to be employed as hydmulic flu.
ids in many applications.

Because of the wide and vastly different arms of appli-
cation, it is not surprising that hydmulic fluids have been
classified by nsnny different systems based on their differ-
em cbcuncteriscics. such as physical prupcrcies. chemicnl
Iypcs. opemdng ctqxsMlities. usngc. or specific applicmions.
Although nnne of the.w groupings fully describe the prnp-
enics of n bydmulic fluid. they arc still used md nssis! in
selecting fluids for application in specific areas.

4-2.1 CLASSIFICATION BY VISCOSITY

A classification based on viscnsity ranges wns one of Ihe
earliest mechnds used since petruleum pmducIs wem the
only hydraulic fluids widely used md viscosity wns the
most imporcom pmpcrty of this class of hydraulic fluids.
The viscosity method is nccepud and used as a means of
classifying pctruleum-base hydraulic fluids by the fluid
IIIUIIUfUCNI’C13.lhc automotive indusuy. hydrnulic compo-
nent mnnufncturccs. und hydmulic system designers and
builders. Hydraulic fluids grouped in his mmner arc gen-
erally specified as suitnble for use in n given application
within n specified viscosity rnnge. For nonpeuulcum-base

syntlwic fluids, however, u clnssilicmion based on “viscm-
ity mngc nfune is no! sufficient because of the imfmrcacme
of other properties.

4-2.2 CLASSIFICATION BY CHEMICAL
PROPERTIES

Chetcsicnfclassification of hydmulic fluids is extensively
used by technical personnel. such as chemists md pctrn-
Ieum engineers. Chemicaf classification a.ssisu their plC-
dicting of Ihe geneml characteristics of n new hydraulic
fluid or developing a new hydraulic fluid for a specific

npplicniion. In chcmicnk compounds such as hydraulic flu.
ids, the physical pmpcrcies ore dependent upon the com-
pound structwe: nccunliigly. the physical properties of cwo
chemically similar fluids may not k the same. In faCL
within u given class uf hydrnulic fluids in which the cbccni .

CUIpmpcrcics me similar. tie physical properties may vary .
gseally.

4-2.3 CLASSIFICATION BY OPERATtiiG
TEMPERATURES

When cln.ssifyinghydrnuficfluids according tn opcrncing
chnrncteristics, tie most common operational pnmmeter
used is che opcmtimml tcmpccmum range of lhe hydnudic
fluid. The acrospcc industcy md ihc Air Force are tie @n-
cipd usecs of chc classification system based on opcmtional
tempcrntures and have established tie following sysccm
types (Ref. 1k

1. Type 1.-53.9 1071.l°C (+55 iU ldS3°0
2. Type [1.-S3.910 135°C (-65 m 275”F).

Akhough MS cln.ssificntion system hns pruved vnfuable
md useful IOsome users. it dcus no! identify other proper.
tics of cbe liquids. and one IYpS may include several cbemi.
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cal classes. Type I liquids include some petroleum hydtu-
carbons, phosphate esters. silicate esters, emulsions, wnter-
bttse liquids, polyalkylene glycols, and hnfogenated hydro-
carbons, Type 11 liquids include petroleum hydrocarbons,
synthetic hydromrbons (polynlpbaole fins), and silicate es-
ters; however, Type 11 fluids do not meet Type 1 require-
ments.

In general, there me commercial bydmulic fluids readily
available that operate satisfactorily over the temperature
ranges of Types I and II. Classification of bydtmtlic fluids
and systems based solely on operational mmpcmture ranges
is not satisfactory in many cases. such as in industrial sys-
tems. since there is no need for a -53,9°C (-d5°F) opem-
tional temperature requirement. It is important. however.
that every hydraulic fluid have n definite operational tem-
pramre range established. Rnowledge of these temperature
limits is necessary in order to select a hydraulic fluid for a
specific application.

4-2.4 CLASSIFICATION BY
FLAMMABILITY

Hydraulic fluids may be classified m flammable, fire-
resistam. and nonflammable, Flammable fluids tend to ig-
nite readily and bum vigorously, even after the ignition
source has been removed. Although their flammable char-
acteristics vary somewhat, most all petroleum-base bydrau-
Iic oils fall into this category.

The definition of tire resistance is far from absolute. but
generally, a tire-resistan[ fluid is one tlmt is difficult to ig-
nite and shows little tendency to propagate combustion,
espscidly compared to petroleum-base fluids. As described
in Chapter 3, there me four bread categories of tirc-rcsis-
tmtt fluids based on general formulation characteristics: ( 1)
I@b-wmer-content fluids (fIFA), (2) water-in-oil emulsions
(HFS), (3) water-glycol fluids (HFC), and (4) synthetic flu-
ids (HFD). The actual flammability chamc[eristics of these
fluids vary widely, but all of them will bum under certain
conditions.

Although fue-resistant fluids provide definite advantages
for specific applications. their generaf use and especially
their retrofit into existing systems in which petroleum oils
arc being used require careful consideration. For example,
the water content of the HFA and HFB fluids poses severe
low- and high-temperature limitations. The HFA fluids
generally have poor viscosity and lubricity characteristics.
The HFC fluids have belter low-temperature capabilities
but still are limited to a relatively low maximum tempem-
ture to prevent evnp-omtion of the water. These fluids afso
have some fairly restrictive compatibility problems with
seal materials and many metafs and paints. HFD fluids can
and do provide a replacement for mineral oils with no re-
ported compatibility problems.

A nonflammable fluid cm be defined as one tbnt will not
ignite and will not support combustion. Water is tbe only
tndy nonflammable fluid that is cttrmntly available for use
as a hydraulic fluid. There are, however, a number of ob-
vious dkadvmtages to the application of pure water, such
m temperature limits, evaporation, freezing. viscosity, lu-
bricity, and corrosion, During the 1970s and 1980s, the Alr
Force, through the Wright Aeronautical Laboratories,
worked to develop a nonflammable bydmulic fluid for mili-

tary applications. The resuh of MS effort was a fluid based
on cblorotrifluornethy lene (CTFE). Although CTFE is noI
truly non flnrrtmable in the classical sense of the term, when
compared with flash pnint. fue point. m!toignition tem~ta-
ture, gunfire resistance, horizontal flqnte propagation rate,
and other flammability properties of existing fluids, it was
termed a non flmnmable hydraulic fluid. The reader is re-
ferred to Ref. 2 for detailed information on this fluid. Table
4-1 compares the specification properly requirements of

Ibree typical fluids-cm flammable, one fire-resismnt, and
one nonflammable.

One method used m ‘late” the flammability of hydmu-
Iic fluids is to use a vulnerability rating as shown in Table
4-2 (Ref. 2). As is seen fmm this table. this mung assigns
a point value up to 20 for the desirable character-istics of
fluids with reduced th-nmability. Table 4-3 lists tie actuaf
values of their flammability properties for tbe fluids pre-
sented in Table 4-2,

Among the more recently developed methods used to
assess the flammability characteristics of hydraulic fluids is
the flame propagation rate test detailed in subpar. 3-2.7.4.
This test bas important implications for military applica-
tions because it provides an indication of bow rapidly a fi~
will spread in noncombustible materiafs Lhat have become
saturated with hydraulic fluid. The use of fluids with a low
propagation t-ate may often aflow hydraulic fluid tires to be
extinguished in time m save the equipment in wbicb they
are used, whereas a high propagation rate could aflow a
conflagration m develop before a fire could be extin-
guished,

4-2.5 CLASSIFICATION INTO PETROLEUM
OR NONPETROLEUM HYDRAULIC
FLUIDS

One of the most widely used classifications of hydraulic
fluids is based on a separation into two genemf classes: pe-
troleum and nonpeuvleum. However, bydmtdic fluids in the
pdrcdeum class may contain additives, even synthetic ad.
diiives, without cbnnging their classifications. The

nonpetmdeum andlor synthetic class of hydrtudic fltd& in-
cludes a considerably wider range of liquids since it con-
tains those derived fmm nonpctrnleum-bme liquids as well

as the synthetic-base liquids produced by major chendcaf
reactions, although the bnse materiaf for some of these Iiq
uids may be a petroleum product.
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IAJ5LE 4-1. CUNU’AIUSUN (JF HYLJKAUIAU EIAJIIJ YKUI’CK”l Y KI$QUIKIMICA 1“S (KH. Z)

CHARACflilUSTIC

Viisily. mm21s
-54°C (-65.2”F). Illnx
-41Y=c (-40”F). m

400C ( io4e~
I00”C (2 I2°F). min
135°C (275”F). tin

pour POk, ‘C (“F). mm

SPccilic Gmvity

Bulk Modulus, kpn (psi). min
lsc.thcnmd SCCIUILOI06.9X IIY kPo
(O to 10.COOpsi) m 40”C ( 104°F)

Wnm, %, mm

Tom! Acid Number. mm

Evnpmntion Loss.%. mm

Vapor Prcssurt 0112 I ‘C (249.8”F) torr, mm

Gxidndon Corrosion Test””

Copper Corrosion. mm

F03ming Chnmcwislics
24°C (75.2”F), 5 min vol. ML
after 10 min. vol. mL

Swelling of Synduxic Rubber. %“*”

Lubricity. Wear scar. Dhmcler. mm. mm:
lokgf load
40 kgf load

Flash POim, “C (“F). min

Fire him!. “C (“F). tin

Aumignition Tcmpcmwc. “C (“F). tin

tfigh-Tempcrawe, High+ressum. Spray Ignition

Atomized Spray. Gpm flnme

Hau of Combustion. kfkg (kca!kg). mm

Ho! Manifold Ignition
Stsmn, “C (“F). tin
spray. “c (“F)

MIL-H-6083

3,500
SW

13 (rein)
4.3*
NR

-S9 (-74.2)

0.86*

1.45 x I(Y
(210.000)

0.05

0.20

70.0

NR

Puss

3a.

65
0

19.0-28.0

NR
I.0

82( 179.6)

NR

226” (438.8)

Fail-

Sustnins”

4.2 X llY (10.050)*

482* (899.6)
760* (1400)

MIL-H-16170

13.000*
2,600

19.5 (mm)
3.4

2.1”

-54 (-65.2)

0.85°

1.38 x I@
(200.000)

0.05

o.~o

5.0

NR

Pass

NR

6S
o

15S3-25.0

0.30
0.65

218 (424.4)

246 (474.8)

343 (649.4)

Pnss

Sustains*

4. I X lW (9820)*

315* (599)
704* (1 299.2)

MIL-H-53119

2.9 (38”C)

OTW

-60 (-76-)

I.7

1.~4 ~ Ion

( 180. 137)

0.02

0.60

NR

100

Pass

3a”

65
0

25.0-40.0

NR
0.8

None

None

646” (1 194.8)

PIK5*

Nommctive*

5.5x K?(1325)*

925 (1697)
9B* (1697)
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TABLE 4-1 (cent’d). .

cHARAcrmLsT2c MfL.H-6083 MfL-H-46170 MIL-H-53119

Bdhtic Test (20 mm). HEIT Mist Fkeball,* Mist Fnball* No Ignition
Residurd Burning

Overall Vulnerability Rating (100) (Ref. 3) 32 49 100

Values given arc s~ificalion rquirmmm unless noted 0.5‘<typicalvnfucs”’(*),
NR = Not required

HEIT = High.explosive incendiiuy unccr
● Typical values

● * ~~~ Te~, Me&~ S~W 79, C, Me&& 5308

MfL-H-60g3 and MIL-H46170 arc tested at 121”C (249,8°f9,
MU-H-53 119 is tested m 135°C (275”F).

,.,.

● ** MIL. H.6033 and MIL-H46 170 am lcsmd with NBR-L rubber.
MU-H-53 119 is tested witi Won GLT.

+3a is a rating number taken fmm ASTM D 130. (A mdng of In is for new. shiny. and bright copper.)
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4-2.6 CLASSIFICATION USED IN THIS
HANDBOOK

The classification system used in this hnndbouk com-
bme.s h two classification systems dcsccibcd in pars. 4-2.2
and 4-23. The major division in this clnssificntion is pctm-
Ieum-bme and nonpetroleum msdlor symhctic base. TIM
latter cntegory. however. is subdivided into chemical
classes to uid identification of the wide range of pmpcrties
of Umc hydmulic fluids.

Compnmtive or rclmive rutings of same of the geneml
characteristics of rbc differcn! cln.ws of bydmulic fluids arc
shown in Table 44. h must kc remembered thnt these mt-
ings arc only n genmuf overall curing of the hydraulic fluid-
basc stink in ea$h CAMS.and wide vnciaiion mny bc found
in specific liquids. particularly when Ud&tivcs arc used.

Fm rcsismnce is one of tie characteristics to be consid-

eccd in the selection of hycfcuulic fluids for milimry nppli-
cations. especially for combnt vehicles nnd uircmft. ln-
cludcd in Table 4-4 is o mting of Ihe fire rcsismnce of the
various fluids. This is n difficul! chnrncteristic to cmcgorizc

by a single listing because of rhe widely varying rcsfmnscs
of tbc fluids to the differcnl tests used to u.sscss flmnnmbil-
i~ cbmuctcristics. Thus the ncting in the rnblc is. of neces-
sity. very genemliid. l%e rcuder is referred 10 Tables 4-1.
4-2, und 4-3. us well os Rcfs. 2 md 3, for more definitive
infocnmtion on tie lirc rcsisrcmcc of individual fluids.

A description of lhe general pm~rtics md chnructcris-
tics of tic different clusscs of hydmulic fluids is given in
subsequent parngrnphs. Included al the cnd of rhc chapter
nrc summnrics and sfmificution datu of militacy or govcm-
mcnt spccificntions for typical liquids in the respective
ckssscs (See par. 4-6.). Rquirccncnts such os composition.
usable cempcmturc range. md Iypicnk usngc urc listed.
There arc spccificncions for hydmulic fluids other rhm tic

spccifictions listed. NO nttcmp! was made to list sWifica-
tions for sI1 liquids or oils that could bc used u hydrnulic

“ fluids. TiIc hydrmdic fluids mrd lubricants sclcclcd om thnsc
must w-idcly used or those representing tie range of prup-
crdcs in specWIc cln.wcs of hydraulic fluids. h should bc rc-

mcmbcrcd that the spcciticmion values wc only limiting
vducs md that specific hydraulic fluids may differ consid-
cmbly fmm these vnlucs. Also it should bc noted chat km
are many nonspccificution hydmulic fluids in all classes
that may have prcqscrries qunl or superior to the sfrccilicn-
tion Vnfucs.

4-3 PETROLEUM-BASE HYDRAULIC
PLUIDS

Rtmlcum-base hydmulic fluids wem umong the fmt liq-
uids used os bydrutdic or pvcr rmnsmission fluids. The
usc of pctcule”m-bmc hycfmulic fluids fur surpnsscs tiut Of .

all other classes including the synrhetic und nonpctmleum
C1OSSCS.However. the wide variety of mntecials produced
fmm diffec’cnt gmdcs of crude oils md ndditivcs rncdccs a

summary of their pmpcrries difficull. In gcnemf. these flu-
ids arc considered to give outstanding pcrfommnce. lung
life. grind lubricating chnmctcriscics. and protection agnins!
rust. oxidation. comusion, sludge. and foam formation. Of
course, not all fluids in thk class have nll of rhesc chwuc-
rcristics. but duuugh dection of k pmpcr gmde of pccm-
Ieum-base fluid und additives. tie desired pmpcrsics mm
usuully bc obmincd. l%csc fluids gcnemfly have n high vis-
Cosi[y index (W) (oppmxicmwcly 100). which is frequently
nchleced by VI improvers so that they my be used over a
wide mmpemtum mnge. They hnvc pnur points as low ns

-67.8°C (-90”F) and flash points as high as 204.4°C
(400”F). The fuc puinrs of these fluids gencmlly range fmm

.c93.3 to 287.8°C (c200 to 550°F). Vkcusiry and viscosity-
rcmpcmtum chnnuteristics vary over a wide range.

MOSIpermlcum nnd many chemical manufacturing mm-
pa,nies markc! n huge number of pccroleum-bwc hydraulic
fluids, mrd ticse companies CM provide information nn

specific pmpcrtics or applications of their products. There
arc numerous milirmy or gol.emmem spccificmions cOvcr-
ing different types of pcrruleum-bme hydraulic fluids.
Some of tie mom widely used liquids arc rkcscribcd in rhe
spccilicmion summaries and spccificmion data sheers in
par. 4-6.

4-4 NONPETROLEUM-BASE
HYDRAULIC PLUIDS

4-4.1 PHOSPHATE ESTERS

Phosphoric acid esters, commonly referred m w phos-
phate esters, rcsuli fmm the inser’ricm of phosphorus into

orgmic mnlecules. TIM rcdting compnunds have pmpcr-
tics thn! make them useful as hydmulic fluids. Muny mem-
bers of tic class of chemicafs cisfled phosphucc csrcrs have
excellent rirwrcsiscnnt Propcmics nnd sufilcicnt stability to
bc used us hydmulic fluids.. The Iire-rcsismm pmpmcy in-
crcnses with decremin8 molecular weight due to the dc- .
crcn.sing mtio of carbon 10 phospbums. Thus rhe Icss vis-
cuus phosphacc esters have the higbc.sl spunmncaus ignition “
tempcmcurcs. Phosphate csccrs arc not nonflmnnmblc. ‘fhcy
will bum if rhc soucce of energy is sutTcienfly great and Ox

conditions arc favomblc (Ref. 4).
The oxidation stability of phosphate e.srcrs. in genecnf. is

fuir tn gund. Under modcmte concfiinns rhey arc mascmably
srnble and cm bc imprnved with antioxidant Mcfitivcs. The
thermal sIobility of phmpbmc cstm varies widely. &pcnd-
ing on the molecular smrcturc of the specific csler. The
viscosily.tempemwre chmnctcristics of most phosphmc

esters are ccmsidercd medium to good. In IMs respect IIEy

me quivafent to the bctrer pcmleum pmducrs. Vkcosity
of IJWpfmsphmc ester hydraulic fluids is geneml)y low, und
on m quivnlenl volotilhy basis their viscosity chumctcris-
tiCS~ SUpCciOltO tb05c Of Parnleurn-bmc pl’OdUCt.S.SOMC
phosphate esters cm bc used os n mild. extreme-pressure
lubricant odditive.
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The hydrolytic stnbili!y of phosphate esters is only fair.
Hydrolysis of cm ester rcsuhs in mvemion to starting com-
pounds, acid and nfmhol. In hydraulic equipment phosphate

esters not only act as the power transfer medium. they nfso
provide wm.r prntcction in pumps md vnfves. h is industry
practice to add phosphoms compoun& m pctmleum ptud-
ucts or to synthetic fluids as wear prevention agents. Thus
it is naturnl that phosphate esters offer gmemkly gad wear

PMpefie-s. Phosphate ester fluids haven solvent action on
mcm petroleum pints. enamels. md varnishes. but cnacings
ore nvnilnblc that resist this nclion.

The military specification requirements for n typicnl
phosphnte~ter-base hydraulic fluid arc shown in the sum-
mary and specilicmion dam sheet.s in par. 4-6.

4-4.2 SILICATE ESTERS

This class of hydrnulic fluids has mnny pmpertics simi-
Inr 10 thnsc of the phnsphnfe esters bccnusc bnth arc esters
of inorganic iuids. The principal differences between the
IWO classes m-e in thermal stability, hydrolytic stability.

Iubrimting chamcteristics. Ilnmmnbility. md viscosity-tcm-

~ I’Cltiotips. Silicate esters have excellent thermal
sudilisy and, when pmpcrly inhibited. gncd oxidmion sto-
bility. The silicate esler class of symhetic hydraulic fluids
used in ocmspace upplimtinns was developed for use in n
liquid mnge fmm -54 IO 2fM”C (-65 to 399”F). ‘flmy have
excellent viscosity -tempemturc characteristics. Inw pnur
point. Inw vnlntility. nnd fnir Iubrimting properties. Silicate
esters possess only fnir oxidmion stability and arc similar
to hydm.auban hydmulic fluids in their susceptibility to
attack by nxygm; however, it is easy to improve this prcqs-
ersy with tie proper odditivcs. The lubricating prcqsmdes of

silicate esters am nnly fair. but with careful selec[ inn of
materials and operating cnndhinns, these hydraulic fluids
will provide smns degree of lubrication. Genemlly, silicate
esters am fairly god solvents. Although they do no! dis-
solve many plnstics or synthetic elastomers. they do tmd tn
hnrdm mnst elastomers after prolonged expnsure at el-
evated tempmnmms. The mnjor &ticiency of this class nf

fluids is poor hydrolytic stability (msismnce to hydrolysis)
(Ref. 5).

In nddition to their use as hydraulic flui&. the principal

USC-5fOr Sihca!e esters are us hem transfer fluids. dielectric
coolants. snd weapon lubricants. A typical militnry spcci-
ficatinn for silicate ester fluid is given in the summary nnd
tic specification dam shcm in par. 4-6.

4-4.3 0RGAh7C ACID ESTERS

This clnss of fluids is emplnyed principally ns lubricants
fnr gas turbine engines. instrument Iuhrimms, base stock
for syntbctic greases. md tn o limited extent os a base stnck
for hydrmfic fluids. Their use as jet engine lubricams dams
to the early 1950s nnd they arc nnw the bass for csscntinfly
sfl jet engine oiIs (Ref. 3). Mnrc recent applications w as

the fluid compnmts in high-performance grcnsa, ns nddi-
tives in polynlphnolelin-bme nutomntive and industrial
products. nnd n.s the rubber swell ndditive in the MlL-H-.
83282 fluid. Two types of organic estem arc used: dibnsic
mid esters. or diestcm. and hindered polyol estem.

Diba.sic acid esters have excellent Iow-tempcmnuc flu- “
idity md very low pour poims. The viscosity indices arc
usually high. frcquemly above 143. md they am shear
stnble. The hydrolytic stnbility is not u gnod as thni nf
highqunfity mineml nils. Dtesters have good lubricating

PI_OPCfim. gWd thcnsml and ntidntinn sinbility. nnd.lower
volatility than mineral oils of compamkk viscosity. They

nfso have the ability m suspmd ~tmtial deposit-fnrming
mmcrinks and thus keep imemnf machine surfaces clean.
Other npplicminns for diesters arc in high-performance
grm.ws and m componcms in automotive engine nils.

Pnlyol esters hnve better high-tcmpcrmum stnbility thnn
the diesters. Low-tempem[ure pmpmies and hydrolytic
stnbility am about the same, but viscosity indices may LW
Inwer. Volatility is qunl or lower.

The militnsy specification requirements fnr typimf Or-
gnnic ncid esters nm given in the summary nnd dam shccss
in par. 4-6.

4-4.4 POLYSILOXANES

The silicone liquids. as n clnss. possess high viscosisy
indices (up tn 300 nr mnrc). which make them attractive as
base stocks for symhelic Iubricnms or ns bydmulic fluids.
These liquids hnve been used os hydmulic fluids. either
nfnne nr ns compounded hydraulic fluids. Other chsmctcr-
istics that mnkc the silicone liquids ideal for hydmufic flu-
ids under severe operating condkions nrc

1. 71ey have pmpcriies that do not chnnge apprecia-
bly under n wide range of tempemturc nnd mmospbmic
conditions.

2. They arc chemicnkly inert. nontoxic. fro-resistant,
wnter-repcllmt. and bnve low volatility.

3. They resist pcmmnem viscosity ctige under se-
vere mechanical stmssa.

4. They have good oxidation smlility.

5. TIIey we available in a wide rnnge of viscosities.
6. They have very grind diclcmic pmpmties.
7. They arc mmpatible with many conssmctinn mmc-

rinfs.
8. They have low chemical solvency pmpcrties.

These liquids arc afsn less flnnunable thm pcsmleum oifs
of similnr viscosities but do noI rtsisl ignition in mmny
flammability tests. A main disndvamnge of silicone liquids
is thm they have low surface tension (high wmpmssibility),
which permits excessive sprmding on metal surfaces. AS a

msufL effective ndhermt lubricating films dn not form. fn
nddition. silimms have n paw response tn wear. and fric.
tinn-mducing addtives. Their high degree of cornpms-sibil-
ity nfsn mnkcs them pow hydraulic fluids.
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Summaries of federal and military specification require-
ments for typical silicone fluids and data sheets for these
specifications are in par. 4-6.

44.5 GLYCOLS

This class of hydraulic fluids is frequently referred [o by
scveml names including pcdyglycols, polyafkylene glycols,
and polyetbers. Polyglycols am polymers made from elftyl-
ene oxide, propylene oxide, or their derivatives. Tftese gly-
COIS, or polyglyccd liquids, me used extensively m base
stocks and as components for synthetic lubricants and hy-

draulic fluids, such as air conditioner lubricants, heavy-duty
brake fluids, and components of tire-resistant, water-base
hydraulic fluids. These liquids are characterized by bigb
viscosity indices, usuafly over 150. good low-temperature
fluidity, and pour points in the range of -20 to -50”C (-4
to -58”F). Inherent oxidation stability is fair to good but
can he improved with ifilbiors. Thermal stability also can
be extended with inhibitors to a point far higher than that
of comparable mineral oils. Volatility is low and flash .
points are quite bigb, above 200”C (392°F) in most cases.

Military specification requirements for a typical glycol-
type hydraulic fluid are given in the summary and specifi-
cation ,data sheet in par, 4-6.

4-4.6 POLYOXYALKYLENE GLYCOLS

The polyoxyalkylene glycol class of hydraulic fluids has
many of the same ptupenies us the polynfkylene glycol liq-
uid discussed in subpar. 4-4.5. In some cases tbe
polyoxyalkylene liquids have somewhat superior pmper-
tics. Most of these fluids have a polyoxyethylene or
polyoxypropylene base and are characterized by a very bigb
viscosity index resulting from the chemical structure of the
polymers. Tite high viscosity index is a natural quafity, not
attained from the use of additives and therefore not subject
to shear in service. Also they am cbnmcterized by low pour
points, good thermal stnbllity, fair-to-good oxidation stabil-
i[y, good water tolerance, good corrosion resistance, and
compatibility with rubber and oiher mmeriafs in brake sys-
tems. These fluids are considered particularly useful m
hydmtdic fluids forautomotive bmkesystems (However,
they bnve been found to be corrosive in some applications.)
and for Ittbricwing large, high-tempemtttt’e gears and bear-
ings, such M are found in the plastics, rubber, and paper
industries.

A summag of miliuuy specifictttiott requirements for u
brake fluid containing this class of liquid and a data sheet
of specification properties arc in par. 4-6.

4-4.7 WATER GLYCOLS

This class of bydratdic fluid is a solution of water, gly-
COIS, thickeners, and additives [o provide viscosity and
other properties desirable for satisfactory use in bydrmdic
systems. Tbe bulk fluid temperature is limited m a maxi-
mum of 49°C ( 120°F). Temperatures above 60”C (140”F)

may cause difficulty because of excessive evaporation of
water. Air retention in this kind of fluid is more pmnottnced
Lbmt with petroleum oils. An amply sized reservoir sbotdd
be used with ndequate vents and effective baffles. The re-
turn line sbotdd be located us fur as possible from the pump
intake to allow maximum denemtion, Also it is particularly
imfmruutt that water-glycol fluids dkchiuge below the fluid
level to avoid air entrainment.

Tbe viscosity of these fluids are fairly low, but with
proper additives they may be used satisfactorily at fairly
low operating temperatures in systems such as aircraft hy-
drmdic systems. Typical viscosity indices for these fluids
are in the range of 140 to 160, tbe viscosity of all water-
glycol fluids varies with water content. To control viscos-
ity, avoid,,$xcessive loss of water since this reduces fire
resistance and causes abnormally h]gh viscosity, and use
pure water, e.g.. distilled water, steam condensate. or deion-
ized water, to avoid introducing barmftd iron, lime, salts, or
other foreign materials into the system.

Due to the corrosive nature of the water component of
these fluids, proper additives must ix used to make the flu-
ids compatible with most common construction materiafs.
such as steel, brass, and copper. These fluids genemlly al-
mck zinc, cadmium. and magnesium and often form sticky
or gummy residues. These residues can plug strainers or
orifices and cause vafves and pump parts to stick. Parts that

= plated or heavily alloyed should be tesmd before hci”g
used with water glycols or approval by the manufacturer
regarding fluidlmatericd compatibility should be obtained.
Certain alloys of afuminum may be subjected to corrosion.
Anodizing of aluminum puts effectively reduces such cor-
rosion.

Antiwenr and lubricity additives can make these fluids
suitable for use in hydraulic systems and machhes at mod-
erate pressures. However, at bigb pressures or loads, service
and maintenance problems increase. The additives con-
tained in water-glycol liquids genemfly are compatible with
the various seal and packing materials used in systems de-
signed for petroleum-type fluids, but these fluids have a
solvent action on most petroleum paints, enamels, and var-
nishes. Comings are available that resist this action.

Military specification requirements for n typical water-
glycol-type bydrmdic fluid arc given in the summary and
specification data sheets in par. 4-6.

4-4.8 EMULSIONS

These water-oil mixtures arc another class of liquids that
depends upon the water content for their fm-resistattt prep.
erdes. These liquids, wbicb hnve mmy characteristics simi-
lar to the water-glycol liquids, me available in two general

types: oil-in-water (HFA) or water-in-oil (HFB). HFA flu.
ids have water us the continuous phase. and lhe oil is
present in lesser amounts as the dispersed medhm. Many
problems are associated with the water pbnse to include
corrosion in both the liquid and vapor phases and ftigb wear
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hscauss of poor Iubricnting chnmcwristics. The other Iypc
of emulsion. she writer-in-nil mixture. or invert emulsion, in
which the oil is Ihs continuous phase and the writer is the

dispersed medium, hns considcmbly different and generally
better chnrncteristics. These emulsions have good-to-nc.
ceptable corrosion and Iubricn!ing properties as well os tire
misousce. emulsion stnbility. high viscosi[y index. and film
strength. and shey have good system cooling, compmibility
with most nsnterinfs, oxidation stability. and reasonable ma-
tsrinf cost.

Wnur-in-oil emulsions do not have high load capscity or
good lubricating characteristics, but if fire resistance is
nsedsd for safety. tiess liquids can be applied. The usable
tempemturs range of these liquids is genemlly bc!wecn 5
and 60”C (4 I and 140°F). However. they mny be used
somewhnt beyond this mnge. AI this lime, there me no
military specification requirements covering this class of
fluids. but thers am seveml commercird products ~hat IUS
widely used.

4-5 NONSPECIFICATION AND
POTENTIAL HYDRAULIC FLUIDS

4-5.1 PETROLEUM-BASE PLUIDS

Most petroleum md many chemical companies produce
h@omrbon or pctrssleum-bass hydraulic fluids thm m-s no:
qunhtied undsr mititmy or federal specifications. However,

WY Of ~CSC liquids hwe properties genernlly similar to
the spsciticmion liquids md MC useful in hydraulic system
applications. The list of thsss products md nmnufac[ursm
is too extensive to list in this handbook. so it is recom-
msndsd tkuu individual manufacturers be contacted for in-
forsnntinn concerning the prnpcnics md applicnticms of o
spscilic hydmulic fluid.

Mmy pstmleum mmmfacturers have extensive pmgrnms
directed toward the development of improved petroleum-
base hydraulic fluids. The impmvemcms sough! w in the
area of extended operating temper-aturs range. tire resis-
tance. improved dwnmf md oxidmive stnhility. &tier vis-

cosiry-volasilily chnmctmislics. hater mqmnss to odditives.
and better Iow-tcmpcmtum fluidity. Improvements arc be.
ing obmincsk by n combination of ssvernl procedure. includ-
ing chemicaf conversion of selected mineml oil fractions.
such 8s hydrocmcked mphthcnss. isomcrized wnx. olky-
Intsd ammmtics. md polymerized olefms: uss of odvanced
rstining techniques (superrctining, vacuum fmc!ionntion.
dsep dewnsing) nn selcctsd cmds stocks md a selection of
improvsd inhibitors and additives. Petroleum fractions have
bcsn prcduced that am capable of extended use at mmpem-
turcs up to 343.3°C (650”F) and have o ussful life of more
than 50 h at 371.1 “C (700°F) in essen!inlly oxygen-free
systems. New pmducss in this clnss of hydraulic fluids am
consmmky being developed. so it is nnt practicrd to specify

fXOPCfSYlimits hem. However. the developmental hydrrm.
Iic fluids gcnemkly have propenies supsrior to [boss of the

specification fluids. This result is. of coume. the objective
of the research effons.

4-5.2 NONPETROLEUM-BASE HYDRAULIC
FLUIDS

4-5.2.1 Phosphote Exters

Three types of phosphate esters wc used os lubricants
(1) triiuyl phosphate esters. (2) triolkyl phosphate esters,
and (3) mixed nkkyl WI phosphate esters. e.g., dkyl dimyl
and dinfkyl aryl. The oimyl phosphaw c.wem us most com-
mercially significant m lubricants ond arc used today as
tire-msismm hydmulic fluids in turkincs and n wide cto-iety
of osher tire.pmne applications.

TIIe basic pmpcrties of trinkkyl and nlkyl m-yl phosptmtss
nrc similar to the oinryl type. Most of tie early tire-m.sis-
mm hydraulic fluids fell into the uinlkyl category, bw pres-

ently ~ey wc mnrs likely to lx of the trimyl vnricry. Mixed
alkyl royl fluids frequently MS found in aircmf: hydmulic
fluids. Phosphate esters vnry widely in thcnnrd stability
depending on tie moleculnr SOUCIUISof the specific c.stcr.
Generally, triaryl phosphate esters am more smble thm
those in the alkyl my] group. Bulk tsmpsmmres of 150 to
180”C (302 to 356”F) me acceptable for trimyl phosphate,
as oppossd 109010 120”C ( 194 IO 24g”F) for the ntkyl nryl
group.

The major advanmge of the phosphate esters as n class of
hydmulic fluids is their tire-msissnm properties combined
with their nbility 10 lubricate moving pm-w, especinfly steel

on steel.
Some phosphate ester formulations rsquirs special pm-

cautions in handling due to poteminl toxicity problems.
Precautions am nddmssed in par. 7-6. Some of tie names of
commsrcinl liquids of tie phosphate-ester-type widsly uxsd
by industry are

1. S&ydro/ Hydmu/ic Fluid (Monsanlo Compony).
Type IV is the clnssificntinn of approved fluids per the nir-
fmme manufacturers’ mntcrifd specifications. A Type IV
fluid is o mixture of nkifdmtic and ammnsic phospb$uc sstus
with additives. such os viscosity impmver. acid occeptor,

mst inhibitor, corrosion inhibitor. nmioxidam, nntifoam.
nnd mnierosion. The airframe mnnufacmrsrs” hydraulic
fluid specification &tines two clnssss of Type IV hydmu-
Iic fluids. The classes are as follows: (1) Class 1, low dsn-

sity (Skydrol LD-4 fluid) and (2) Class 2. high density
(Skydml 500 B-4 fluid). Skydml LD-4 has the inherent
weigh! snvings of the Class I fluids. Skydml 500 B-1 hns
handling chamcteristics ~hnt are perceived by hydraulic

system personnel 10 be beneficial (Ref. 6).
2. HyJeI IV-A (Chevron Inlemarionol Oil Company,

Inc.). This fluid is mid m be fonnulnud m eliminote
sswovnlve cmsion m elevated tempemmrss. Pumping char-
acteristics. fire resistance. thcrmnl stability, material com-
patibility. and miscibility nre nll prs.sen!ed os meeting or
exceeding nirfmme mnnufncmrsrs”requircmems (Ref. 7).
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3. Fyrquel (Stouffer Chemical Company). Fyrquel
fire-resistant hydraulic fluids are said to he additive-free,
pure nimyl phosphate estem produced for a wide variety of

applications for which the highest standards of tire resis-
tance, purity, and performance are required. They arc used
in many industrial applications for which fire safety is an
important concern. Common applications include recipro-
cating air compressors, glass and metal furnace hydraulics,
“CMcracker” slide vafves. gas and steam mrbhe main bear-
ing Iuhricants, vacuum pumps, and high-pressure hydrau-
lics, The manufacturer-listed advantages of these fluids
include

a. Wide range of viscosities for virtually every ap-
plication

b. Operational M bigb temperatures and pressures
c. Lubrication propenies as good us or better than

those of petroleum oils
d. Emily mnimtined m promote longer service life
e. Low volatility resulting in reduced fluid loss
f. No viscosity chnnge due [o mechanical sbenr
g. No additives to deposit in tie system. (Ref. 8)

4. Durad (FhfC Corporation). Triatyl phospha[e es-
ters are nonvolatile, fire-resistant. oily liquids that possess
the characteristics necessary for air filter use (Ref. 9).
Tricrcsyl phosphate by FMC was one of tie first products
used as a fre-rcsistam filter coming. FMC developed gelled
phosphate ester systems, which etilbit both tlixotmpic and
pseudoplastic flow. There exist many different classes of
geUed phosphate esters used as flame-retardant plasticizers.
The classes are as follows:

a.
b.
c.
d.
e.

ter)
f.

ester)

&
ter).

Rronitex 100 (triwyl phosphate ester)
Rronitex 200 (triwyl phosphate ester)
Kmnitex 3600 (alkyl aryl pbospbate ester)
Rronitex lTP (miphenyl phosphate ester)
Rronitex 1840 (tbixotropic triiuyl phosphate es-

Rronitex 1884 (emulsifiable trinryl phosphate

Kronitex 1886 (tbixotropic triaryl phosphate es-

In addition m these typicrd commercinf products, phos-
phate ester liquids are compounded with many different
materials to produce new liquids for different applications.
Some of these liquids are compounds of several types of
pbospbate esters and additives; others me compounds of
phosphate esters and other liquids, such as chlorinated sili-
cone liquids, In general. the purfmse of sbese developmen-
tal oils is m improve or extend tie opcmting temperature
him and the range of certain cbamcleristics, such as lu-
bricity, wear prevention, and viscosity index.

4-5.2.2 Polysiloxanes (Silicones)

‘fbess compounds are silicone-containing materiafs being
investigated for applications as hydraulic fluids. Their

molecular structures contain onfy silicon-to-carbon bonds
and silicon-to-oxygen bonds. The organic groups of these
fluids may be pamtinic or aromatic hydrocarbons with mix-
tures of alkyl, aryl. tdkylaryl, or arylalkyl groups present.

In general, these liquids have pwr lubricity and arc very
compressible, but they have excellent Viscosity-lempcramre
propcrdes. Some additives have shown pmntise of improv-
ing selected chiuacmistics. For example. some polymers
effectively incrmse the viscosity. tricresyl phosphate and
sodium petroleum stdfonate both act m antiwear additives,
and sodium and potassium amides are effeclive nntioxi-
dams. Because of superior themmf ?.[ability md chemicaf
inertness. the polysiloxmes appear to be a premising base
stock for bydrmdic fluids used in the temperature range of
-17.8 to more than 371 ‘C (O tn more ham 700°F). Typical
properties of polysiloxnne fluids are pour point, -32°C
(-25”F); flash point. above 260°C (500”F); specific grav-
ity, 0.86: and viscosity, 37 mm% at 37.8°C ( 100°F).

4-5.2.3 Silahydrocarbons

Silabydrocarbons have excellent tbernmf stability, vis-
cosity index, and low-temperature flow characteristics.
These fluids are called silabydrocarbons to reflect their
hydrocarbon behavioral characteristics without the hydr-
olytic instability of silicate ester fluids or the poor bulk
modulus properties of polysiloxanes. The outsmndktg ad-
vantage of silnhydrocarbons is the 227°C (440”F) flash
point coupled with excellent low-temperature viscosity
properties. Silahydrocarbons are promising fire-resistant
hydraulic fluids.

4-5.2.4 Poly (cbloropbenyl methyl) siloxane

Silicone fluids are notoriously poor Iuhticants due m
tbcir lack of solvency powers and their tendency to displace
or compete witi smatl ccmcentmtions of lubricant additives
for metal surfaces, Many attempts have been made to over-
come this deficiency. One of the most significant improv-
ements made in antiwear properties bas been tbmugh the
molecular addition of chlorine to tbe phenyl groups of a
poly (pbenyl methyl) siloxane fluid. Tbe poly
(chlorophenyl methyl) siloxane fluid used con fnrms to
MfL-S-8 1087 and is described as a telracbloropbenyldi-
methyl siloxmte copolymer containing 3 mole fraction per-
cent tetmcblomphenyl siloxane. This matericd is available
in only one viscosity grade (50 nun% at 25°C (77”F)) and
is used as received. A pcdy (chlompbenyl methyl) siloxmte
formulation with vastly improved an!iwear qualities has
become attainable tbmugh the use of additives in relatively
low concentrations. This fire-resistant hydraulic fluid was
developed at the Naval Air Development Center for future
military aircraft and was designated Nadrmd MS-6 (Ref.
10). The restdtmt antiwear properties are still not compa-
rable with those of pcuoleum fluids m other synthetic flu-
i&, such as polytdphnoletins and phosphate esters.
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4-5.2.5 Hologermted Hydrncnrbons

4-5.2.5.1 Chlomtrifluoroetbylene (CTFE)

Chlornuitluorocshylcne (CTTE) fluids m satumtsd. IOW
molscuku weight oligomms of chlorotritluorocshy lene with
she gcnemf formula CI(CFICFCI).CI. Their chemical nnd
physicnf pmpsrties are quite different from those of the
hydrocarbon hydmulic fluids tint nre used presently as
milimry hydrrmfic fluids. The mnjor problems initially as-
sociated wiih use of chlorntrifluorocthy lene as the base
fluid for n nonfkwmnnble hydmulic fluid (NFH). such as

high &nsiy, volatility. elastomer compatibility, compress-
ibility. md additive solubifity. have been c.ddresssd by ex-
tensive research and development efforts. The Air Force
WrighI Aeronaudcnl tirumriss has pcrfonncd she tnnjor.

iry of research and dsveloposcm on CTFE. os well ns on tic
accompanying 55.2-MPn (M300-psi) hydmulic SYSICISISfor
its uss in advmccd nircrnft systems.

Various military groups have invc-wigawd the use nf

CTFE for their specific applicniions. The NFH develop-
nssm effort, according to Belvnir Research. Dsvelopmem.
md Engineering Center (Ref. 2). has continued wi!h che
god of implementing NFH in the Armored Systems Mod-
emizaiinn (ASM) Pmgmm.

4-S.2.5.2 Perffunrinated Polymers

The psrtluminntsd polymers am stnble. high-tem~cncurc
liquids capable of use in the mnge of -4S.6 m 311. l“C
(-50 to 700”F) chat do no! form sludge or OU. even in the

presence of air. 7%sss liquids have excellcm flow chnrnc-
tcristics. omsmnding thermal and chemical stability. and
gcncmfly good corrnsion characteristics and am compatible
witi most metnfs and ssal mnterinls. Perffuorimued poly.

msrs am comosive with cermin metals above 260”C
(5@3”F). provide liule or no protection agninst rusting of
ferrous metals n! relatively high humidities, and have high
densities. TIJsss fluids m vsty compressible (mom so thm

CITE) msd am not very gnod lubricants. Very limited od-
ditive technology is available today for thcss fluids.

Peffluorhmted polymas MC also termed ~rfluoropnly-
nfkylecber fluids. Two specific Iypss of pcrfluompolyalkyl-
echer tluids-hexnkluoropmpy lene oxide (HFFKI) and lin-
cu pcrtluompolynlky lcther-hnvc exhlblted the most
promising properties. Hexntluoropropylene-oxide-tmss ffu-
ids am bassd on chs polymerization of hcxnffuoropropy lene
oxids. whcrsa.s Iinsnr Pmffummpolynlkylcthcm cm based on
che photolytic oxidation of tstmffuoroethylcne. Thssc flu-
ids have shown the potential to satisfy the advmced nem-

SPSCS~ui~mefl~. The Pcr’fluoropd yafkyle~ers-substi.
mted Wrtluommyl phosphines-nrs an excellent clnss of
nmioxidant-nmicorrosinn additives chnt extend the upper
tempemmrc oxidntive and [hcrmnl stability of the HFF’CS-
ba.se fluids 10 343.3°C (650”F) and of ihe linear
pcrffuompnlynfkyl clnss nf fluids m 287.8°C (550”F). How-
ever. cwo of their undesirable pmpsrtiss for which cherc is

no impm*emcnl anticipated by using addi[ives IUS bulk
modulus. which for pcrffuompolynlky lethers is nppmxi-
mmely 70% that of nther functional fluids, and density,
which is npproximntely double hat of oticr fcmctiomd flu-

ids (Ref. 11).

4-5.2.6 Polyolphoolekins

Polynlphmdclins. or oletin oligomers. MS pnmftin-like
liquid hydrnmrbons with unique combinations ofhigh-sem-
fsemmrc viscmity m.mtion, low vnlmility, very low pur
point. md n high degrss of oxidntion rssistancs. Thsss char-
acteristics rcsul! from the wax-free combination of reln-
tivcly unbnmchsd molecules of prcdstcrmincd chnin Isnglb.

Shear scnbifity is CXCCllCnLas is hydrolytic slnbfity. DIE to
the smumted nature of ths hydrocarbon. dIc tbensmf smbil-
ity is natumlly gouf. Volmili[y is low and rssuhs in low
evnpnmtion loss a! elevated mmpsmmrcs. These broadly
based chnmcteristics mnkc Polynlphaoletins uniquely suit-
nble for n wids mnge of lubricant applications. such as au-
tomotive engine lubricmns. nutnmotive gear lubricants.
mnomotive hydraulic and transmission fluids. aviation hy-
dmulic fluids. power mmsmission fluids. long-lived air
compressor oils, high- fempemtm-s gear and bearing lubri-
cants in induscrid service. and dklectric cookmts. In addi.
[ion. Pcdynfphnnletins m’s used as Iire-rssistmt hydrnufic
fluids because of their low COSLavnihibility. and excellent
characteristics. MIL-H-83282. a synthetic hydrogenated
polynfphanlefin. is used as m nircrnft hydmulic fluid and
hns an optmtional wmpemrum rrmge of 46 to 204°C (-51
to 399” F). and MI L-H-46 170, n corrosion-inhibited.
polynfphaolctin-base fluid. is used for ground vehiclss and
hm an opsmtiomd tempcmmrc range of -54 [0 121eC (-65
m 250”F). MIL-H-83282 ffuid replnced nsinernl-nil.bass
MIL-H-5606 hydnsufic fluid. which hns MI opsrndonnf cssn-
pmlmmmngeof-5410 135°C (-65 to 275°F). in many, but
no! all. applications. MIL-H-5606 is still used if a -54°C
(-65°F’J opcmtionnf capability is cnnsidsred e.ssentinf. The
Air Force Wright Labormnry has developed MIL-H-87257,
n low-temperature replacement for MIL-H-5606. MfL-H-

87257, a symhctic hydrogenmsd polynlpfmolcfii. is used us
M aircraft hydmulic fluid in the opsrmional tsmpsmmm

‘8e Of ’54 In 135°C (-65 m 275eF).

4-5.2.7 Polyphenyl Ethers

Lubricants based on polyphenyl ethers have outstanding
high-temperature nxidntion and mdiation resistance.
Polyphenyl ethers nrs thermally stable to nbnve 450”C
(842°F) msd have excellent resistance 10 oxidation at el-
evmed tempcmturcs. However, they have Klgh viscosity at

norssml ambient wmpemmrss. which tends In rssnict their
use. Pnlyphenyl ctbcm cnn be used in lhc presence nf strong
acids lsecnuse of ticir high chemical stnbility (inen befmv.
ior). Principal nrsas of use am in vncuum diffusion pumps,
lubrication of electrical contnccs in which noble meods m-s
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used. and any lubrication points exposed to bigb levels of
radiation, The major drawback of pol yphen y) ethers is their
high melting point, These lubricants are solid below about
50°C ( 122°F) nnd require special prebeming devices w the
fmint of use. Also they have a bigb cost.

4-5.2.8 Liquid Metals
Liquid metals have some possible usage m bydmulic flu-

ids for special applications Mvery hlgb tempemmres (up 10
816°C ( 1500°F)). The liquid meml that has been investi-
gated most, identified as NAK-77, is a mixture of sodium
and potassium. This liquid is silvery in appearance (simi-
1Wto mercury) and highly reactive with oxygen; therefore,
it must be used in closed. oxygen-free systems. The mixture
melts at about -12.2°C ( 10”F), atomizes in nir al mom tem-
permure. md ignites spontaneously in nir M 115°C (239°F).
If waler is present. fiAK-77 reacts violendy; il releases
hydrogen and sufficient beat to ignite botb [be hydrogen
and the NAK-77 if any oxygen is present. Its surface ten-
sion is about twice tint of water. and its specific gravity is
slightly less than thiu of water. The viscosity of NAK-77 is
about 0.50 mm% at 46°C (115“F), and tie friction coeffi-
cient is high, about 10 times that of light oil.

Hnndling and usage of liquid metals are difficult since
the bydrmdic system musl be hermetically sealed and con-
min nn inert gm. If NAK-77 bums. it is nonexplosive un-
less wmer is present, but the fumes are toxic.

4-6 HYDRAULIC FLUID SPECIFI-
CATIONS

4-6.1 INTRODUCTION

The subparagraphsdmt follow contain information from
the specifications for (be hydraulic fluids mentioned in the
preceding paragraphs. The specifications discussed in the
subparagmpbs that follow and their classifications nre listed
here:

1. Petrhleum-Bme Liquids
MIL-F-171 I lB(OS)
MIL-H- 1767X3
MIL-H-27601A(USAF)
MIL-H-46001 D
MIL-H-5606F
MIL.H-6083E
MIL-H-81OI9D
MIL-L-17331H(SH)
MIL.L-2104F
MIL-L-46 167B

2. Synthetic Hydrocarbons
MIL-H-46170B
MIL-H-g3282C
MIL-H.87257

3, GlycollWater Glycol
MIL-H.22072C
MIL-H-5559A(AS)
SAE J 1703

4. Silicone
MIL-B-46 176A

5, Polyphenyl Ether
MIL-L-g7100(USAF)

6. Polysiloxane
MIL-S-81087C
VV-D-1078B

7, Phosphate Ester

MIL-H-19457D(SH)
8. Chlormriffuometby lene Polymer

MIL-H-53119(ME)

4-6.2 MIL-F-17111B(OS): POWER TRANS-

MISSION FLUID

4-6.2.1 Descriptive Summary

a. General Description. This liquid is n power transmis-
sion fluid suitable for use in naval ordnance systems involv-
ing mecbnnical- or tibrous-type filters or centrifugal puri-
fication. 11is noncorrosive to bearings and hydraulic sys.
terns and will not cause clogging of oil screens or vafves.

b. Operaring Temperatures. Tim opemting tempermure
mnge of tiis fluid is -34 to 4°C (-29 [o 39.2”F).

c. Chemical Compnsirion, The tinisbed liquid is a pctrc.
Ieum-base fluid plus antiwear agents and other approved
addkives that improve the viscosity. tem~rmure, nnd lubri-
cating properties of tbe fluid,

d. USC-S.The fluid is used for tbe hydraulic tmnmdssion
of power, pnnicularly in naval ordnance bydmulic equip-
ment.

e. Limitations. A maximum operatin8 temperature of
4°C (39.2”F) may be a limitation for some applications.

f. Preparing Activi~.
Commanding Officer
Naval Ordnance Station

Standardization Bmncb (Code 373o)
Indian Head, MD 20640-5000

g. h4i/ifa~ Designation, Not reported
h. NATO Designation. Code No. H-575.

4-6.2.2 Tabular Data

Tabular data for [his fluid me given in Table 4-5, which
is Iccmed M the end of this chapter,

4-6.3 MLL-H-17672D: HYDRAULIC FLUID,
PETROLEUM, INHIBITED

4-6.3.1 Descriptive Summnry

a. General Description. These fluids are pemoleum-base
bydmulic fluids containing amiconmsion md antioxidnlion
additives for use in hydraulic systems. This hydraulic fluid
is nm m be used if fire-resistant fluid is required. This
specification-MIL-H- 17672D+overs three types.
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6fi/imsy Symbol NATO Symbol 1S0 Viscosity Gmde

2075-T-H — 32

211 O-T-H H-573 46

2135-T-H — 68

b. Opemling Tempemmres. Not rcpossed
c. Chemical Compasi(ion. This fluid is n blend of virgin

Pctrcdeum-base hydraulic fluid stocks and odditiie agents
in order to meet the rcquircmems of MI L-H- 17672D.

d. Uses. Hydmulic fluid npplicntions for which a high-
gmdc :Jbricnting oil with mticomosion and amioxiclmion
pmpessies is desired.

e. Umim!ions. This fluid should not be used in systems
in which n tire.rcsiscam fluid is required.

f. Prcpan’ng Activicy
Commander
Nnvof Sea Systems Command (SEA 5523)
DoD Smmiacdizmion Prc.gmcn md Documents Division
Washington. DC 20362-510 I

g. Mi/ita~ Designation. llucc separate milimry symbols

suc given for e~h viscosily gmdc dsis specification COWS,
hey am 2075-T-H for ISO Viscosity Grade 32.21 IO-T-H
for ISO Vkcosi[y Gmdc 46. md 2 135-T-H for ISO Viscm-
ity Grade 68.

b. NATO De$ignarion. Only military symbol 21 IO-T-H
has n NATO symbol. his H-573.

4-63.2 Tabular Data

Tabulardam for @ fluid am given in Table 4-6. which
is located 8s h cod of IMs cbaptcr.

4-6.4 N9XL-H-27601A (USAF): HYDRAULIC
FLUID, PETROLEUM-BASE, HIGH-
TEIWPERATURE, FLIGHT VEHICLE

4-6.4.1 Descriptive Summary

a. Gencm/ Description. This is n @roleum-base hy-
drmdic fluid.

b. Opcmting Tempemtures. The opcmling tempemture

mnge of IMS fluid is 40 to 285°C (-40 10 550”F).
c. Chemical Composition. The materials used m com-

pound tie hydraulic fluid consisl of and arc limited to II
pamffmic base stock of mlund hydrocarbons. Additives am
Iiiust to tie following ngcm.s: oxidation inhibitors. such
as o hindered bk-phenol. md mniwcar ngems. such as
tricrc.sylphosphnte. Any use of other agents must bc UP.
pmvcd by she pcocuring nctiviiy.

d. Uses. TMs hydraulic fluid is intended for usc in [hc
hydcaulic sysIcms of flighl vehicles.

e. Limitations. Not rcpmted
f. Prepan”ng Acrivis3z

ASD/ENES
Wright. Pnfterson A:r Force Base. OH 45433-6503

g. Military Desigamion. NOI scported
h. NATO Designation. Not rcpcmed.

4-6.4.2 Tabular Dam

Tabular dam for his fluid are given in Tnble 4-7. which
is located at [be end of shis clmpter.

4-6.5 MIL-EI-46001D: HYDRAULIC FLUIDS,
PETROLEUM-BASE, FOR MACHINE
TOOLS

4-6.5.1 Descriptive Summary

n. Gcncrr.d Dcscn”p!ion. h~IL-H4M101 D cows four vis-
cmity gmdcs of pcsroleuns-base hydmulic fluid insr.ndcd for
use in hydmulic systems of metal-working mnchine”mols.
The four viscosity grades offered arc as follows:

Gsnde 1—ISO VG 32
Grade 2—1S0 VG 46
Gmde 3-1S0 VG 68
Gmdc 4-1S0 VG 150

b. Opem:ing Temperatures. Not rcpxted
c. Chemical Composition. Tbesc hydmulic fluids nrc

dmived from pcuuleum fraciions. They IMY bc virgin m
rcrcfincd stocks or a combimtion Umcof. Functional addi-
tives. such as amiwens. oxidation inhibitors and corrosion

inhibitors, arc allowed os necessary 10 mcel spcciticncion
rcquircmcncs.

d. Uses. These fluids MC imcndcd for usc in hydraulic
systems of mesnl-working tools that require mliwear oils.
Corsmion-inhibiting md oxidnsicm-rcsistnm Iubricadng oils
(R md O oils) of equivalent viscosity grades md wiIhom
nntiwenr ndditivcs are described by hf IL-H-17672. The
selection of viscosiiy gmdc and Iypc of hydraulic oil should
bc bmcd on lbc rccmmncndnsion of lhe machine 1001 nusnu-
factuscr.

c. Limitations. Not reported
f. Prepan”ng Activity

Commnndcr
US AI’My Belvoic Rcsemch. DcvelopmcnI. and Engineering
Center
AlTN: STRBE-TSE
ForI Belvoir. VA 22060-5606

g. Milimry Designmion. Not rcporced
h. NATO Desi&mriOn. Not rcpcmed.

4-6.S.2 Tabular Data

Tabular cfntn for Ibis fluid arc given in Table 4-8, which
is Iocatcd al tbs end of this chapter.

4-6.6 hlIL-H-5606F HYDRAULIC FLUID,
PETROLEUM-BASE; AIRCRAFT,
hfISSILE, AND ORDNANCE

4-6.6.1 Descriptive Summary

a. General Description. This is a pctrcdeum-bme hy-
dmulic fluid IIW can bc mcd over n fairly wick Umpemturc
lunge.
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b. Operating Temperatures. The operating temperature
of MIS fluid is -54 m 135°C (-65 to 275°F).

c. Chemical Composition. The fluid consists of petro-
leum pmducIs wi[b additive materials to impmve low-tem-
perature flow and viscosity-temperature characteristics,
resistance to oxidation, and amiwear properties of the fluid.
Pour point depressants may he used.

d. Uses. The fluid is intended for use in automatic pilots.
shock absorbers, brakes, flap-control mechanisms, missile
bydrmdic servo-controlled systems, and other hydraulic
systems requiring synthetic sealing mnterial. It is dyed red
for identification purposes.

e. Limitations. None reponed
f. Preparing Aclivify:

ASDllZNES
Wright-Pat[ers.on Air Force Base, OH 45433.6503

g, Mi/im~ CJesignalion. OHA
h. NATO Designation. Code No. H-515.

4-6.6.2 Tabular Data

Tabular data for this fluid are given in Table 4-9, which
is located at tbe end of this chapter.

4-6.7 MIL-H-6083E: HYDRAULIC FLUID,
PETROLEUM-BASE, FOR
PRESERVATION AND OPERATION

4-6.7.1 Descriptive Summary

a. General Descn”prion. This liquid is a petroleum-base
hydraulic fluid with the addition of viscosity-temperature
coefficient improvers, oxidation inhibitors, and corrosion
inhibitors.

h. Operating Temperatures. The operating temperature

Gmge of this fluid is -54 to 135°C (-65 to 275°F).
c. Chemical Composition. Thk hydraulic fluid is derived

from petroleum fractions thnt may be virgin or rcretined
stocks or n combbtation thereof. Functional additives. such
m amiwmtr, oxidation inhibitors and corrosion inhibitors,
m-e mixed with the base stock m needed m meet the speci-
fied requirements of this fluid.

d. Uses. This bydmulic fluid. which has a lempemture

~ge Of ’5410 ] 35°C (-65 10 275”F), is intended for “Se
as an operational fluid in applications in wbicb corrosion
protection is required and t? determination has been made
that Lhe hydraulic fluid FRH specified in MIL-H-46170
cannot be used. These applications include use in recoil
mechanisms and hydraulic systems of rotating weapons or
aimin~ devices of mclical and surmort eauiQmenl. excevt. . . . .
combat armored vehicles or equipment that require FRH.
This bydmulic fluid is also used as a prcserwmive fluid for

aircraft hydraulic systems and components in which hy-
draulic fluid OHA specified in MIL-H-5606 is used as an
opemtiond fluid.

e. Limitations. Not reported
f. Preparing Aclit;ity

Commander
US Army Belvoir Research, Development. and Engineering
Center
AlTN: STRBE-TSE
Fort Belvoir, VA 22060-5606

g. Military Designmion. OHT
b. NATO Designation. Symbol C-635.

4-6.7.2 Tabular Data

Tabtd~.data for this fluid wc given in Table 4-10, which
is located at the end of this chapter.

4-6.8 MIL-H-81019D: HYDRAULIC FLUID,
PETROLEUM-BASE, ULTRA-LOW-
TEMPERATURE, METRIC

4-6.8.1 Descriptive Summary

a. Genera! Description. This is a petroleum-base hy-
draulic fluid for use in aircraft, missile, and ordnance hy-
draulic systems.

h. Operating Temperatures. The opemting temperature

range of this fluid is -70 to 1cooc (-94 m 2 I ZOF).
c. Chemical Composition. This bydrmdic fluid consists

of petroleum products with additive materials to improve
tie viscosity-temperature characteristics, resistance to oxi-
dation and corrosion. and antiwear properties of the fin-
ished fluid.

d. Uses. Intended uses are automatic pilots, shock ab-
sorbm. hmkes, flap-control mechanisms. and other systems
requiting synthetic seating material.

e. Limitations. This fluid is not interchangeable with any
other grade or type of hydraulic fluid except MfL-H-5606
in emergencies.

f. Preparing Ac[ivity
Commanding Officer
Naval Air Engineering Center
Engineering Specifications and Standards Department
(ESSD Code 93)
Lakehurst, NY 08733

g. Military Designation. Not reported
h. NATO Desigmmion. Not reported.

4-6.8.2 Tabular Data

Tabular data for this fluid me given in Table 4-11, which
is located at the end of thk chapter.
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4-6.9 iWIL-L-17331E(SH): LUBRICATING
OIL, STEAM TURBINE AiiD GEAR,
MODERATE SERVICE

4-6.9.1 Descriptive Summary

a. Gencml Descn’ption. Ilk is n steam turbine lubricn!-
ing oil for usc in main turbines md gears. auxiliary turbine
imudhuions. ccmiin hydraulic equipment. general mechnni -
cnl lubrication. nnd air comprcssms md for MC as o genemf
mcctirctd lubrican!.

b. Opemting Temperatures. NOI trporced
c. Chemical Composition. This Iubricnling oil is n stnble

homogeneous blend of virgin pccroleum lubricating oil
stncks plus ncfdbive ngents. if necessary. to meet the rc-
quirmncntsofMIL-L-17331. However. tie use of ntiltivcs
10 imprnve the viscosi!y-tempcmturc chnmc!eristics of ihe
bssc stocks is not pmmitccd. nftbough ndditiws. in qunnti-
tics up co 0.5%. nmy be used to meet che pour puim rcquirc-
cmu. Additives. if used. shrdl nol contain chlorine or zinc
mnteriafs.

d. L/res. This lubricant is intended for use in main nnd
nuxikicuy turbines and gears. air compressors. nnd cermin
hydmulic quipmenc. as well as for geneml mechmicnl lu-
blicmion.

c. timirations. Not reported
f. Prepan”ng Activi~

Cocmcmndcr
Naval Sea systems Command (SEA 5523)
DoD Smndmlizmion Progmm md Documcms Division
Woshingmn. DC 20362-5101

g. Militav Designation.2190-TEP
h. NATO Desi8narion. 0-250.

4-6.92 Tabular Data

Tabulardntnfor this fluid nrc given in Table 4-12. which
is 10COLMIat the end of cbis chapter.

4-6.10 MU,-L-2104F: LUBRICATING OIL,
lh’TERiiAL COMBUSTION ENGINE,
TACTICAL SERVICE

4-6.10.1 Descriptive Summary

a. Gewm! Descn”ption. This spccilication cove= four
gmdcs nf engine oils suitable for Iubricntinn of rccipmcnt-
ing intend combustion engines of both spnrk-ignilinn and
compression-ignition types and for power tmnsmission
fluid applications in tactical equipmenl.

b. 0pemtin8 Tempemtures. NOI rcponed; however, the
fnllnwing recommended ambient temperature rnnges for
use me given

Viscosity Grade Erpected Am6ien1 Tempemmre, ‘C (“F)

low -25105 (-13 [040)
30 -10 to above 30 (I5 to abnve 90)
40 -5 to above 30 (25 to above 90)

15.W40 -1 E m above 30 (O to nbnve 90)

c. Chemical Composition. Tbcse engine Iubricming oils
m-cdcriwd from Pm-cdeum fmctions, symbc.cicnfly pmpamd
cnmpuunds. nr n combination of tie two types of products.
They may be virgin nr rercfined stocks or n combination
tiereof. The stocks shall bc compounded wid! functional
nddhives such os dctcrgems, dispcrsnms. oxidminn itilbi-
mrs. nnd corrosion inhibitors. needed tn meet cbe spccificd
requirements. No carcinogenic constituents am prcsem.

d. USCJ. TIIe lubricming oils covered by MIL-L-2 I04F
arc intended fnr the crankcase lubricmion nf rccipmcnting
spark-ignitinnnnd comprcssinn-ignitinn engines used in W
tYPcs of Miliw Lnclicnlground equipment nnd fnr the
cmnkcasc lubrication of high-speed. high-output. supcr-
chnrged compression-ignition engines used in all ground
quipmem. The oils arc also intended for che same applica-
tion in power wnnsmissicms. hydmulic systems. snd
nnnhypnidgear units nf construction eqUipIIUnL materiafs
handling equipmen!. and tactical ground equipment. The
lubricating oils covered by this spccificntinn meet service
clnssificmiom CD and SE of SAE J 183 and arc intended
for rdlconditions of opcmtional service, as dctincd by np-
propriote lubrication nrders. when tempcmturcs arc nbnve
-25°C (-13“F). The Grade 10W oil is nnt to bc used in
high-output. two-cycle compression-ignition engines.

e. Limimrionc. Nnt rcpcmed
f. Preparin8 Activiy

Commander
US Army Belvoir Rcscmch. Dcvclopmcm. and Engineering
Center
AIT?J: STRBE-TSE
Fon Belvoir. VA 22060-5606

g. Milim~ Desi8nalion:

Viscosity Gmde h~ilirary Symbol

SAE IOW OEIHDO-10
SAE 30 OECKJG-30

SAE 40 oEiHoo40

SAE 15W-10 Omfoo- i 5/40

h. NATO Dcsignmion:

Viscosify Gmdc NATO Grade

SAE IOW o-237

SAE 30 0-238

SAE 40
SAE 15W-40 0.1236

4-6.10.2 Tabular Dntn

Tnbulm dntn for this fluid arc given in Table 4-13. which
is locmcd at the end of this chapter.
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4-6.11 MIL-L-46167B: LUBRICATING OIL,
INTERNAL COMBUSTION ENGINE,
ARCTIC

4-6.11.1 Descriptive Summary

a. General Description. ‘Ilk oil is one grade of engine
oil suitnble for lubrication of reciprocating internal combus-
tion engines of both spark-ignition and compression-igni-
tion types and for power transmission fluid applications in
ground equipment for all Iypes of service when ambient
temperatures are in tie range of -55 to 5°C (-67 [041 “F)
and for use in arctic regions as an all-weather power tmns-
mission fluid for tttcticaf ground equipment.

b. Operating Temperatures. The operating range of thk
oil is -55 [0 5°C (-67 to 41”F).

c. Chemical Composition. The engine Iubricwing oil is
derived from petroleum fmctions. synthetically prepared
compounds, or a combkation of the two. It may be virgin
stock. re.retined stock. or combinations thereof. Additives
included detergents, dispersants. oxidation inhibitors, and
corrosion inhibitors as necessary to meet the requirements
of MIL-L-46167B.

d. Uses. This lubricating oif is intended for tie crankcase
lubrication of reciprocating spark-ignition and compres-
sion-ignition engines used in all IYIX.Sof ground equipment.

It is intended for crankcase Iubricntion under all conditions
of service, us defined by appropriate lubrication orders.
when ambient temperatures are in the range of -55 to 5°C

(-67 to 41°F), The lubrication oil is not to replace Grade
10W. MIL-L-2104 Iubricmm in areas in which ambient lem-
pcnttures will not be below -25°C (-13“F). In addition, this
lubricating oil is intended for usc in arctic regions as an all-
weather (year-round) power transmission fluid for military

ground equipment.
e. Limitations. Not reported
f. Preparing Acfivily

Commander
US Army Belvoir Resstuch. Development, and Engineering
Center
AlTN: STRBE-TSE
Fort Belvoir. VA 22060-5606

g. Mi/i/ag Designation. OEA
h. NATO Designation. O-183.

4-6.11.2 Tabular Data

Tabular data for this fluid am given in Table 4-14, wbicb
is located at [be end of this chapter,

4-6.12 MIL-H-46170B: HYDRAULIC FLUID,
RUST-INHIBITED, FIRE-RESISTANT
SYNTEETIC-HYDROCARBON-BASE

4-6.12.1 Descriptive Summary

a. General Descn’ption. This liquid is a synthetic bydm-
cnrbon-base bydmulic fluid. There are two types of this

fluid-Type I is undyed md Type U is dyed red for aer-
ospace use.

b. Operating Temperatures. The operating range of this
fluid is 40 to 135°C (-4010’275”F).

c. Chemical Composition. This bydrmdic fluid consists
of a synthetic by&octtrbon-base stock (alpho-olefin poly-
mer) and contains additives to meet the tecbnicrd requirc-
mems of the finished prcmluct. ‘ilk fluid contains no resins,
gums, fatty oils, oxidized bydmmrbons. chlorine. or silica.

d. Uses. The Type I bydrmdic fluid of MfL-H46 170B is
intended for use in tbc recoil mechanism and hydraulic
systems of a lank. If this fluid is used in any other ground
equipment mechanisms or systems. a study should be made
to determine its applicability in such mecbnnisms or sys-
tems, particularly in the am of elastomer compatibility and
operation at hlgb and low temperatures. The fluid is mst
inhibited and may be used M a preservative medium for
hydraulic systems and components. The Type II fluid is
intended for use in aerospace test stands.

e, Limitations. A study may be necessary to determine
the applicability of thk fluid.

f. Preparing Acliviry
Commander
US Army Belvoir Resas’cb, Developmem, and Engineering
Center
AlTN: STRBE-TSE
Fort Belvoir, VA 22060-5606

g. Mi/i(ag Desigmmion. FRH
b. NATO Designation. Code No. H-544 (Type 1).

4-6.12.2 Tabular Data

Tabular dots for this fluid are given in Table 4-15, which
is located at tbe end of his cbnpter.

4-6.13 MIL-H-S3282C: HYDRAULIC FLUID,
FIRE-RESISTANT. SYNTHETIC
HYDROCARBON-BASE, A2RCRAIT,
METRIC

4-6.13.1 Descriptive Summary

a. Genera/ Description. This fluid is used in aircraft and
missile bydmulic systems. Also it can be used in airborne
engine compressors and related equipment.

b. Operating Temperatures. The operating range of thk
fluid is -40 to 205°C (40to401 “F).

c. Chemicul Composition. This fluid consists of a syn-
thetic bydmcwbon-base stock with additives as necessary
to meet the requirements of MIL-H-83282C. However. the
fluid cannot contain any resins, soaps, gums, fatty oils, or
oxidizsd hydrcxmrbons. Additionally, no pour point depres-
sants or viscosity index improvers may be used.

d. Uses, This hydraulic fluid is intended for use from
40 to 205°C (40 to 401°F) in automatic pilots, sbmk ab-

sorbers, air compressor gearboxes. brakes, flap-control
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mechanisms. missile hydraulic servo-controlled systems.
and other hydraulic systems using symhctic sealing mnu-
riill.

e. Limimrions. NoI rqwced
f. Prepan”ng ActiviW

Commander
Naval Ab Systems Command (AIR 51 122)
Washington. DC 2036 I-5110

g. Milimry Desigmmion. NOI rqaned
h. NATO Designation. Cafe No. H-537.

4-6.13.2 Tabular Dntss

Tabulardam for this fluid arc given in Table 4-16. which
is Iocatcd at the-end of clrh chapter.

4-6.14 MIL-H-872S7: HYDRAULIC PLUID,
FIRE-RESISTAA’T, LOW-
TEMPERATURE. SYNTHETIC
HYDROCARBON-BASE, AIRCRMT
AND MISSILE

4-6.14.1 Descriptive Summary

a. Gcswml Descn”ption. Thk is n symhetic hydracmbcm-
basc hydraulic fluid for use in tie -54 to 135°C (+5 to
275”F) tempcrmum range in nirmnft md missile hydmulic
Syslcms.

b. Opemting Temperanwes. The opcrntinB [empcmturc

range of ChiSfluid is -5410 135°C (-65 ICI275°F).
c. Chemical Ccwnposirion. This hydraulic fluid consists

of n synthetic plynlphncdetin hydrocarbon base stock with
addicivcs as ncccssury to meet cbc ccquiremcnts of MIL-H-
87257. However. LMsfluid cannot contuin any resins, soaps,
gums. fmsy oils. or oxidized hydmcarbcms. Additionally. no
POW point dcprcssnnts or viscmity index impravers may bc
used.

d. Uses. This hydraulic fluid is intended for usc fram
-54 to 135°C (-65 to 275”FJ in mnomtuic pilots, shack nb-
surbcrs. air compressor gearboxes, brukcs, ffap-contrul
mechanisms. missile hydmulic servu-conmulled systems.
and ocher hydmulic systems using symhe[ic sealing mntc-
Cid.

e. L.imimficms. Not rcporscd
f. Preparing Acriviry

ASD/ENES
Wright-Pnffcrs.on Air Force Bmc. OH 45433-6503

g. Milita~ Desigmtion. No: repurrcd
h. NATO Desigmlion. Code No. H-538.

4-6.14.2 Tabular Data

Tabulardam for his fluid arc given in Tuble 4-17. which
is Iucmcd at the end of this chupter.

4-6.15 hfIL-H-22072C(AS): HYDRAULIC
FLUID, CATAPULT

4-6.15.1 Descriptive Summary

a. General Descn’pjicm. This liquid is a tire-rcsismnt.
water-base fluid for usc in catapult systems.

b. Opemting Tempcrmures. NM r?+mtcd
c. Chemical Composition. This is a water-glycol.bust

fluid and mny contain additives m pmvidc lubrication. mr-
rasion prevention. md viscosiry-tempcmturc charncteris-
Cics.

d. Uses. This hydraulic fluid is intended for usc as n
power crcmsmission medium for hydmulic.nctuutcd syslcnss

in navul uircmft Inunchlng cntnpults.
e. fimitarions. l%k fluid may soften md remove mast

commonly used paints.
f. Prepan”ng Acriviry

Commmder
Nnwd Air Systems Command (AIR 51 122)
Washington, DC 20361-5110

g. Military Dcsignarion. NOI rqa-icd
h. NATO Designation. Cudc No. H-579.

4-6.15.2 Tabular Data

Tabular dam for MS fluid arc given in Table 4-IS. wbicb
is Iacntcd m the end of this chnpccr.

4-6.16 NIIL-H-5559A(AS): HYDRAULIC
FLUID, ARRESTING GEAR

4-6.16.1 Descriptive Summnry

n. Gcncml Descn@licm. Thk liquid is an e!.hylene-gly-
col-bnse fluid intended for use in oircmft orrcsting gear
systems.

b. Opemting Tem+wmtures. Not rcpurced
c. Chemical Composition. The fluid is o blend of e!hyl-

ene g]ycol. water. u-iethnnohunine phosphate. nod sodium

mcmptobcnzochhzolc.
d. fhes. This hydraulic fluid covered by MIL-H- “ “

5559A(AS) is intended for usc in uircmft amcsiing gear
syslems.

e. Limifarions. Thk fluid is not in!cdwmgeablc wicb any
other type or @c of hydraulic fluid. h wiU frcczc M about
-1 8°C (O°F) when undiluted.

f. Preparing ActiviW
Commander
Nnwd Air SysIcsns Command (AIR 5 1122)
Washington. DC 20361-5110

g. Military Designation. NOI rc~ned
h. NATO Designation. Not rcponed.

4-6.16.2 Tabular Data

Tubular dasn for this fluid arc given in Table 4-19. wbicb
is Iucnted nt the end of his chnptcr.
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4-6.17 SAE J 1703: MOTOR VEHICLE
BRAKE PLU3D

4-6.17.1 Descriptive Summary

a. General Description. lttis liquid is a motor vehicle
brake fluid of the nonpetroleum type for use in the bmking
system of any motor vehicle, such as passenger cars, trucks,
bus, or trailers.

b. Operating Temperatures. Not reported
c. Chemical Compos;rion. The materials used are such

that the resulting product conforms m the requirements of
SAE J 1703.

d. Uses. For use as a motor vehicle brake fluid
e. Limitations. This fluid is not intended for use under

ntctic conditions. Jt is designed for use in braking systems
fitted with rubber cups and seals made from ntwuraJ robber
(NR). styrene-bumdiene robber (SBR), or a terpolymer of
ethylene, propylene, and a diene (EPDM).

f. Preparing AcliviIy
‘Society of Automotive Engineers. Inc.
400 Commonwmftb Drive
WarrendaJe, PA 15096

g. Mi/i(a~ Designmicm. Not reported
b. NATO Designation. Not reported.

4-6.17.2 Tabular Data

Tabular data for this fluid arc given in Table 4-20, which
is located at the end of this chapter.

4-6.18 MIL-B46176A: BRAKE FLUID,
SILICONE, AUTOMOTIVE, ALL-
WEATHER, OPERATIONAL AND
PRESERVATIVE, METRIC

4-6.18.1 Descriptive Summary

n. Gene-ml Description. This fluid is a silicone-base
hydraulic brake fluid for use in hydraulic brake systems at
mnbient temperatures ranging from -55 to 55°C (-67 m
131”F).

b. Operating Temperatures. The operating temperature
range for this fluid is -55 to 205°C (-67 to 40 l“F).

c. Chemical Composition. This fluid contains at least
70% by weight of a diorgmo polysiloxane. 1[ has a bluisb-
purple color. No carcinogenic constituents me present.

d. Uses. TMs brake fluid is intended for use Man opcnt-
tionnl fluid and n preservative fluid in automotive hydmu-
lic brake systems.

e. Limirmions. Adequate flushing of the brake system
must be accomplished m remove all traces of the previous
types of brake fluid. If these fluids are not completely re-
moved. the cmrosicm-pmtective and -preservative proper-
ties of the silicone fluid are negated.

f. Preparing Acliviw.
Commmtder
US ,%mty Belvoir Research. Developmcn[. and Engineering
Center
AlTN: STRBE-TSE
ForT Belvoir, VA 22060-5606

g. Military Designs/ion. BFS
b. NATO Designorion. Code No. H-547.

4-6.18.2 Tabular Data

Tahubtr data for this fluid arc given in Table 4-21, which
is Iacmed at the end of IJtischapter.

4-6.19 MIL-L-871OO (USAF): LUBRICATING
OIL, AIRCRAFT TURBJNE ENGINE,
POLYPHENYL-ETHER-BASE

4-6.19.1 Descriptive Summary

a. General Dcscriprion. This liquid is one grade of air-
craft gas turbine engine Iuhricwing oil.

b. Operaling Temperatures. The operating temperature

~gc fOr tbk fluid is 15 to 300”C (59 to 572°F).
c. Chemical Composition. The composition of this lubri-

cating oil is not limited except that the base stock is essen-
tially bis (phenoxypbenoxy) benzene.

d. Uses. This lubricating oil is intended for use in spe-
cific models of aircraft turbine engines and power equip-
ment requiring a polypbenyl-ether-bw.e oil.

e. Limitations. This fluid is not suitable for use below its
minimum operating temperature of 15°C (59°F).

f. Preparing ActiviW
ASDfENES
Wright-Paiterson Air Force Base, OH 45433-6503

g. Military Designation. Not reported
h. NATO Designation. Not reported.

4-6.19.2 Tabular Data

Tabular data for this fluid are given in Table 4-22, which
is located at Lhe end of this chapter.

4-6.20 MJL-S-81087C: SILICONE PLUID,
CHLORINATED PHENYL IMETHYL
POLYSILOXANE

4-6.20.1 Descriptive Summary

a. General Description. This liquid is one type of cblo.
ritmted phenyl methyl pcdysiloxane fluid witi a high tfter-
mal stability for use over n wide temperature range.

b. Operating Temperatures. ‘fbe operating temperature

~ge Of MS fluid in contnc! with air is -75 to 2200c (_103
to 428°~ and in M inen atmospberc is -75 to 260”C (-103
to 500”F).

4-20
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c. Chemical Composition. ‘Ilk silicone fluid is n methyl
chlomphenyl polysiloxnnc conforming 10 the mquircments
of MI L-S-8 I087C.

d. Uses. This fluid is intended for use in lubricating.
hydraulic. damping. and rclmcd applications over IXwide
tcMfXmNm range including

1. Hydraulic systems and servomechanisms
2. Crankcases and gearboxes for mechanical drives

md compresses. engines. md pumps

3. Boll. sleeve. and pivot bearings in inswumems.
electronic equipment, ond electrical motors

4. Clocks and timing devices

5. Ffuid umssmissions.
e. timimtionr. Substitution of tiis fluid in systems of

components designed for other fluid types should be
rwoided. unless service performance confirms iu suitabil-

ity. This silicone fluid is not intended for geneml-puqsose
applications.

f. Preparing Activi~
COmnsnn&r
Naval Air Systems Commmd (AIR 5 I I22)
Washington, DC 20361-5110

g. Military Desi8mrion. Not reporsed
h. NATO Desi8ffafion. Code No. H-536.

4-6.20.2 Tabular Data

Tnbulnr dam for tftk fluid are given in Table 4-23. which
is Iocafed al tie end of fhk chnpter.

4-6.21 W-D-1078B: DAMPING FLUID,
SILICONE-BASE (DL\lETHYL
POLYSILOXANE)

4-6.21.1 Descriptive Summary

o. Gencraf Dc$cripJion. Thess liquids are dimethyl
polysiloxme silicone-base damping fluids having viscosi-
ties of 0.65 dmough 2.500.000 mmVs.

b. Opemting Tempemmres. Not reported
c. Chemical Composition. This fluid is o dimeihyl

polysiloxme fluid available in n wide range of viscosities.
No visible suspended matter, wafer. or sedimem is atlowed
in the fluid.

d. Uses. These fluids are intended for use as damping

fluids. WWMIJucer fluids. lubricants. heat mmsfer fluids.
stielecsric fluids. mold release ngems. water repellents. hy -
dmulic fluids. md protective dressings md imprcgmmts.

e. Limitations. This fluid cmnot be mixed with MY other
lubricating oil or hydraulic fluid. Before his fluid con be
used as o rcplncemcnt for mother fluid, tie sysfem in which
ii is to be used must be disassembled and all parLs cleaned
with fresh scdvem. Oimelhyl polysiloxmcs arc not effective

Iubricmts (steel against steel) at high loads. These fluids,
Parsiculurly in tie lower vixcosi!ies. tend to cause cermin
clnstomers to shrink and harden. Considemtion should be

MIL-HDBK-118

given 10 tie Iypc e!n.womer used when in confnct with thcx
fluids.

f. Preparin8 Activi~n
Commander
Naval Air Syslems Command (AIR 5 I I22)
Washington. DC 20361-5110

g. Military Designation. Not reponed
h. NATO Designation. lle following damping fluids arc

i&ntified by corresponding NATO code numbers

Gtade in mm:ls NATO Code Number

10 S-1714 “
50 S-1718

100 S-1720
7.500 S-1724

20.000 S- 1726
Ioo.ofm s-172g
2ciJ.000 S-1732

4-6.21.2 Tabular Data

Tnbulnr dam for IMS fluid arc given in Toble 4-24. which
is Iocmed m tie end of this chnptcr.

4-6.22 iWIL-H-19457D(SH): HYDRAULIC

FLUID, FIRE-RESISTANT,
NOA’NEUROTOXIC

4-6.22.1 Descriptive Summm-y

o. Gcnem/ Descn”ption. ‘fMs is n fitt-rcsismm hydraulic
fluid for hydraulic systems tint am accumulmor loaded and
opcmte above 4137 kPn (600 lbh.z).

b. 0pemrin8 Temperatures. No! rqwscd
c. Chemicaf Compcmifion. The fluid is n stable, homoge.

ncous formulation of Icniwy butylnted triphcnyl phosphate
und such other ingredients as are required for conformance
10 Ml L-H- 19457D(SH). Additives to pefmil conformance
10 tie viscosity requimmenfs of tie fluid am not permitted.

d. Uws. This fluid is intended for usc as w fire-resismm
power unnsmission fluid for accumulator-lowlcd shipboard

hydraulic systems ha! operate M pm.ssures exceeding 4137
kPn (600 Ibfin.z) gage.

e. Limitations. This fluid moy soften and deteriorate .
most commonly used paints. eln.stomers. and elecfsictd in-
sulating mmerinls md therefore mquircs Uu usc of compm-
ible mmctinls as nccexmry. Special handling prmedurcs am
required when using thk fluid. This mnlerinf is not mdsfnc-
Iory for usc on board submarines.

f. Preparin8 Ac/ivii3:
Commander
Nnvnl Sea Systems Command (SEA 55Z3)
DoD Strmdrudizmion Pmgrmn md Documenfs Division
Washington. DC 20362-5101

g. Mi/im~ Desi8nafion. Not rcporfcd
h. NATO Desi8nafion. Not reported.
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4-6.22.2 Tabular Data 4-6.23.2 Tabular Data
Tabubx data for his fluid are given in Table 4-25, whlcb Tabular dam for this fluid are given in Table 4-26, which

is Iocaled at the end of his chapter. is located at the end of this chapter.

4-6.23 hfIL-H-53119(ME): HYDRAULIC 4-7 VISCOSITY-TEMPERATURE
FLUID, NONFLAMMABLE, GRAPHS
CHLOROTRIFLUOROETHYLENE-
BASE

The pages that follow present ASTM viscosity-tempera;
turc gmphs of the hydraulic fluids discussed in [he preced-

4-6.23.1 Descriptive Summary ing paragraphs. These gritphs are listed in the same order as

a. General Description. This is a chlorouiffuomethyl- the preceding military specifications,

ene-base hydraulic fluid for use in the hydraulic systems of Graphs of Ihe following hydraulic fluids arc nol included

selected armored vehicles. because specification requirements were not sufficient to

h. Operating Temperatures. The operating temperature plot a curve, i.e., viscosity was specified at only one tem-

mnge of this fluid is -54 to 135°C (-65 to 275”F). perature m the hydraulic fluid had no viscosity require.

c. Chemical Composition. .Thk fluid consists of a base ments: VV-D.I078B, MIL-H-5559A(AS), MIL-L-2104F,

s[ock that is a mixture of chlorotrifluoroethylene (CTFE) MfL-H.17672D, MIL-H-46001D.

oligomers and additive materials to improve tie lubricity 1. Petroleum-Bme Liquids

and antirust characteristics. Recycled CTFE is not m be MIL-F-1711 IB(OS)

excluded from use, Additive materials that improve the -
Iow-mmpemture flow and viscosity-temperature chatacter-
istics—pour point depressants and viscosity index improv-
ers-are not permitted.

d. Uses. This fluid is intended for use in selected ar-
mored vehicles for which requirements for vulnerability
ttduction and crew survivrtbifity arc specified. Use applica-
tions am in gun recoil mechanisms, turret control systems,
braking and steering systems of tracked vehicles, tsnd in
other bydrnulic systems using synthetic sealing materiafs.

e. l-imitations. Thk fluid is not a Ylusb and til~ replace-
ment for MIL-H46170 (FRH) m MfL-H-6083 (OHT). The
user must determine the applicability of a nonflammable
hydraulic fluid. pzmicuhuy in the areas of lubricity require-
ments, seal compatibility, metilurgy, and system fluid flow

requirements.
f. Preparing Activiry:

Commander
US AmIy Belvoir Research, Development, and Engineering
Center
ATTN: STRBE-TSE
Fort BeIvoir. VA 22060-5606

g. Mi/irary Designa~ ion. NFH
b. NATO Designation. Not reported.

4-22

MIL-H-27601 A(USAF)
MIL-H-5606F
MIL-H-6083E
MIL-H-810 19D
MIL-L-17331 H(SH)
MIL-L-46 167B

2. Synthetic Hydrocarbons
MIL-H-46 170B
MIL-H-83282C
MIL-H-87257

3. Glyccd/Water Glycol
MIL-H-22072C
SAE J 1703

4. Silicone
MIL-B-46176A

5. Polypbenyl Ether
MIL-L-87100(USAF)

6. Pcdysiloxane
MIL-S-8 1087C

7. Phosphate Ester
MfL-H-19457D(sH)

8. Cblorotifluometbylene Po)ynier
MIL-H-53119(ME)
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Temperature, *C

Figure 4-1. Viscosity-Temperature Groph of Petroleum-Bnse Liquids
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Temperature, “C

Figure 4-1 (cent’d)
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Temperature, “C

Figure 4-2. Viscosity-Temperature Gmph of Synthetic Hydrocarbon Liquids
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Temperature, “C

Pigure 4-3. Viscosity-Temperature Graph of Glycol/Water-Glycol Liquids

4-26

Downloaded from http://www.everyspec.com



MIL-HDBK-118
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Temperature, “C

Figure 4<. Viscosity-Temperature Graph of Silicone and Polyphenyl Ether Liquids

4-27

Downloaded from http://www.everyspec.com



1Co,cca
50,0W
20,000
10,OOO

5mo

2030

: 1000

“E ~
Em

.2
8

100

2=
.; 30

E20
z 15.-
*

10
8,0

6,0
5.0

4.0
-70 -w -so -40 .30 -30-10 0 10 ZO3O4O5O6O7O8O lWJ 120 140 1601602002W 2402602603W

Temperature, ‘C

Figure 4-5. Viscosity-Temperature Graph of Polysiloxane Liquids
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Temperature, “C

Figure 4-6. Viscosity-Tempemture Gmph of Phosphate Ester and CTPE Liquids
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TABLE 4-5. MIL-F-17111B (OS): POWER TRANSMISSION FLUID

PROPERTY VALUE TEST PROCEDURE

Color. max. ~ ASTM D 1500

Specific Gravity NR

API Gmvity, deg NR

Viscosity, mm%
-35°C (-3 I ‘F), mm 1000 ASTM D 445
-20”C (-4”F). mm 5CHI

40”C ( I@l”F), min 25
10IYC (2 I2“F), min 8

Pour Point, “C CF). mm 40 (4) ASTM D 97

Nemmlizndon Number, mg KOH/g, max 0,3 ASTM D 974

Water Content, % max. 0.0 ASTM D 95

Evaporation Loss, %.6 h.! 66°C ( 150°F) 20 ASTM D 972

Flash Point, ‘C (“F), open cup l@l (219) ASTM D 92

Fire Point. “C (“F) 113 (235) ASTM D 92

Autoignition. Tempm-mum, “C (°FI NR

Bulk Modulus, Pa NR

Specific Hem, J~g.K (Btu/lb.”F) NR

‘l%ernmf Conductivity, W/m.K (Btu.inls.in?.°F) NR

Corrosiveness and Oxidation Stability, max See par, 4.5.5 of
mass change. mg/cmZ, 336 h rd 93°C ( 199°Fl fluid specificcdion

Sleel NR
Aluminum Alloy NR
Magnesium Alloy NR
Cadmium Plate NR
Copper
pitting, etching, and corrosion m 20x None aflowed See fluid specification
Pement viscosity change at 99°C (210”F) 25 ASTM D 445

and -1 8°C (O”F). max
Neutralization number increase, max 0.5 ASTM D 974
Insoluble material or gumming. weight 0.5 See fluid specification
Color, % ma.x 5 ASTM D 150+3

Shear Stnbiliv
Viscosity change m 38°C ( IllOnF), % mm 5 See p=. 4.5.6 of

fluid qxcitication
NeutmJization number, change allowed o,~ ASTM D 974

(tom.d on next page)
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TABLE 4-5 (coot’d)

DDl_IDCQTV vAr Ifc =CT DD-nI lDC. ..”. -.. . .

Ilurmid SInbility, 37eC (98eF). for 72 h

Rust F4evemion

Rubber Swell. %

Lubricity, mm

F03ming .

.Nonsge StnMlify

. —.-

No change 10 gelling,
sepmmion. or
crystallization

No evidence of ms!

NR

1

NR

NR

, H s , ,.-. -”k,.k

see par. 4.5.3 of
fluid specilicmion

ASTM D 665

ASTM D 2266

NR. Not Rqonsd

4-31

.

Downloaded from http://www.everyspec.com



MIL-HDBK-118

TABLE 4-6. MIL-H-17672D: HYDRAULIC FLUID, PETROLEUM, INHIBITED

PROPERTY VALUE TEST PROCEDURE

2075.T-H 211 O-T-H 2135-T-H

Color Repon* Repon* Repon* ASTM D 1SIX

Specific Gravi!y NR NR NR

API Gravity, deg Report* Rewrt* Repon* ASTM D 287

Viscosity. mmzls
-54°C (-65”F), max NR NR NR
-IO”C (-40”F), mm NR NR NR

40”C ( 104”F), tin 28.8-35.2 41.1 -50.6 61.2-74.8 ASTM D 445
100”C(212”F), min NR NR NR

Pour Point, “C (“F), mm -29 (-20) -23 (-10) -18 (0) ASTM D 97

Neutralization Number, mg KOHlg, ma?. fJ,~o 0.20 0.20 ASTM D 974

Water Cement, % None None None ASTM D 95

Evaporation Loss, % NR NR NR

Flash Point. ‘C (“F) 157 (315) 163 (325) 171 (340) ASTM D 92

Fm Point, “C (“F) NR NR NR

Autoignition Tempermwe, “C (T) NR NR NR

Bulk Mcduhm Pa NR NR NR

Specific Heat, J/kgK (Btu/lb.”F) NR ‘m NR

Thermal Conductivity, W/nrK (Btwin/sin?°Fl NR NR NR

Corrosion, Copper Strip 1 1 1 ASTM D 130
at 100°C (212°F), mg, appeamnce mm

Corrosiveness and Oxi&tion Stability, mm
mass change, mglcmz, 168 b

Steel NR NR NR
Aluminum Alloy NR NR NR
Magnesium AOoy NR NR NR
Cadmium Plate NR NR NR
Copper NR NR NR
pitting, etching. and corrosion al 20x NR NR NR
Percent viscosity change at 40”C NR
Neutralization number increase, mm

NR NR
NR NR NR

Jmoluble material or gumming NR NR NR

(tom’d

4-32

on next page)

Downloaded from http://www.everyspec.com



MIL-HDBK-118

TABLE 44 (cent’d)

PROPERTY VALUE TEST PROCEDURE

2015-T-H 21 IO-T-H 2 135-T-H

CMkfndon Test. time required to reach neutndizotion 1000 Im 1000 .% fluid
vntue of 2.0 mg KOH, h specification,

APpcdlces A and C

Afier lCX)Oh
md ASTM D 943

Toml sludge. max. mg Im 100 103
Total iron. max. mg 100 100 Ilm
Total copper. max. mg 100 100 100

Shear S!nbili~ NR N,R NR

Thenmd Stnbili[y fiR NR NR

C0pp5r Corrosion NR NR NR

Rust Prevention NR NR NR

Rubber S%.41. % NR NR NR

Lubricity. mm NR NR NR

F03ming. 65 65 6S ASTM D 892
Tendencylstnbility. volume to collapse. ML

SIOmge Slnbility NR NR NR

NR = Not Kcponcd
● Octamimdon is made 0s a mama of pmdum idcntihdm.
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TABLE 4-7. MIL-H-27601A (USAF): HYDRAULIC FLUID, PETROLEUM-BASE,
HIGH-TEMPERATURE

PROPERTY VALUE TEST PROCEDURE

Color, tin Saybolt 20 ASTM D 156

Specific Gravi[y, 15.6”CJI 5.6°C (60°F/600F) NR ASTM D 287

Vkcosity, mm2/s
-54°C (-65”F) NR” ASTM D 445
40°C (40°F), mm 4000
-17.8°C (O”F) 385

98.9°C(2109F) 3,?

288°C (550”F) NR,.

Pour Point, “C (“F), max -53.9°C (-65”F) ASTM D 97

Neutralization Number. mg KOHJg, mm 0.10 Fed Std 79 lC’
Method 5105

Water Content, %. mar. 0.01 ASTM D 1744

Evaporation Loss, % NR

Fi’mh Point, min. “C (“F) 182.2°C (360”F) ASTM D 92

Fire Point. “C (T) NR

Autoignition Tempmmm, “C (“F) NR

Bulk Modulus. isothennrd See fluid specification,
subpar. 4.5.7

Secant, O to 6.9 x ICYkpa (O to 10,MM psi) 1.379X I@
at 37.8°C ( 1CF3’’F),kpa (psi), tin (200,000)

Specific Heat. J/kg.K (Btu/lb.”F) at 2.03 X 10 (0.484) See fluid specification.
93.3°C (2@3°F) min subpar. 4.5.5

TbetmaJ Conductivity. Wlm.K (Bm.fuh.ft2.0F) 0.11 (0.063) See fluid specification,
at 204°C (400°F), min subpar. 4.5.6

Corrosiveness and Oxidmion Stnbility, ma?. See fluid specification,
mass change, mg/cm]

Titanium
subpar. 4.5.1

0,2
Steel 0.2
Silver 0.2
copper 0.6
Pitting, etching. and corrosion M 20x NR
Percent viscosity chmge at 37.8°C (1OO”F) -5 to +20
Neutralization number increase, ma?. 2.0
Jnsoluble malerial. per 10U ML, g 0.1

Shear Stnbility NR

‘fhertmd Stability
Vkcosity change m 37.8°C ( IOO”F), 25 See fluid specification,

ma?. % subpar, 4.5,2

(tom.d on next page
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TABLE 4-7 (coot’d)

PROPERTV VALUE TEST PR~URE

Copper Corrosion NR

RUSI prevention NR

Rubber Stvell. % synthetic mbbcr (MIL-R-25897) 10 see fluid spccilicndoo.
IU21M* l“C(41X3i2”F) for70h subpar. 4.5.3

Lubricity, nun
t-cd kgf

Fed SKI 791

1
Mdmd6514

0.21
10 0.30
40 0.65

Foaming 7s ASTM D 892
Tendency. ML. 5 min at

23.9°C (75”F) 75
93.3°C (2C4YF) 75
23.9°C (75”F) nflcr lest m 75

93.3°C (200”F)
SmbHiIy. 3 tin al

23.9°C (75”F) Complete C011W5C
93.3”C (200”F) Complete collapse
23.9*C (75”F) after test a! Complete CO11OPSC

93.3°C (2CO”F)

Stomge SInbility NR

NR=Nol Kqmfcd
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TABLE 4-8. MIL-H-46001D: HYDRAULIC FLUIDS, PETROLEUM-BASE,
FOR MACHINE TOOLS

PROPERTY VALUE TEST PROCEDURE

Grade 1 Grade 2 Grade 3 Gmde 4

Color 2.0 3.0 3.0 5.0 ASTM D 1500

AH Gravity, deg at 15.5°C (59.9°FJ 30 [0 28 to 29 to 27 to ASTM D 287
33 32 31 30

Vkcosily. nun%,
40”C (lCM”F) 28.8 to 41.41o 61.?. to 135 to ASTM D 445

35.2 50.6 74.8 165

Pour Point. ‘C (“F). mm -12 -12 -12 ASTM D 97
(10.4) (10.4) (10,4) (2;2)

Neutmlization Number. mg KOH/g. mm 1.5 1.5 1.5 o.~ ASTM D 664

Water Content, 70 NR NR NR NR

Evaporation LOSS,% NR NR NR NR

Flash Point, ‘C (T), min 188 196 196 221 ASTM D 92
(370.4) (384.8) (384.8) (429.8)

FR Point, “C (T). min 216 218 218 ASTM D 92
(420.8) (424.4) (424.4) (4;’!8)

Autoignition Tempemture. “C (“F) NR NR NR NR

Bulk hhduhls. Pa NR NR NR NR

Specific Heat. J/kg.K (Btu/lb.°Fl NR NR NR NR

Thermal Conductivity, WlrnK NR NR NR NR
(Btu.inJs.in?.°FJ

Corrosiveness and Oxidation Stability NR NR NR NR

Shear Stability NR NR NR NR

l%ennal Stability Cincinnati
Milacmn, Prmxdure #

Percent Viscosity Change. mm i5 fi is i5
NeutmJkmion Number Change, m.75 m.75 m,75 iO.15

mg KOH/g. mm
Precipitme or Sludge, 25 25 25 25

mg/10Q ML, max
Steel Rock

Visual Condition NR NR NR NR
Deposit, mg, mm 3.5 3.5 3.5 3.5
Metal removed. mg/200 ML. mm 1.0 1.0 1.0 I ,0

Copper Rod:
VisuaJ Condition 5 5 5 5
MetnJ Removed, mg/200 mL, mm 10.0 10.0 10.0 10.0

[conta on next pagu
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TABLE 4-8 (cent’d)

PROPERTY I VALUE I TEST PROCEDURI

Gmk I

Copper C0nu5i0n NR

RUSIPrewntion. 24 h I Pn.ss

Rubber Swell, %
I

NR

Lubricity. nun
I

NR

Fcmning
Tcn&ncy. ML 5 min at

24°C (75”F) No limit
93.5°C (200°F) No limit
24°C (75”F) after test al’ No Iimil

93.5°C (200”FJ
SInbiliw. 3 tin at

COllnpse
93.5°C (20D9F) Complete

collapse
24°C (75”F) after ICSIm Complete

93.5°C (200”F) collapse

Stomge Stnbility I NR

Grade 2

NR

Pass

NR

NR

No limit
No limit
No limit

Complete
Collnpse

Complete

Complee
collapse

NR

Gmde 3

h’R

POss

NR

NR

No limit
No Iimi[
No limit

Compku
collapse

Compleu

COmplctf
collapse

Gmde 4

h’R

Pass

NR

hrR

No limit
No limit
No limit

Complete
collapse

Complete

Complete
Collnpsc

NR

ASTM D 892

NR . NOIRcpaned
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MIL-HDBK-118

TABLE 4-9. MIL-H-5606F: HYDIUULIC FLUID, PETROLEUM-BASE, AIRCRAFT,
MISSILE, AND ORDNANCE

PROPERTY

Color

Specific Gravity 15.6°C/l 5.6°C
(60.o”F/60.o”F)

Viscosity, mm%
-54°C (-65”F). mm
40”C (-@”F), mm

40°C ( 104”F), min
ltYJ°C(21 2°F). min

Pour Point. “C (“F), max

Neutralization Number. mg KOH/g, mm

Waler COntenL ppm, mm

Evaporation Loss, %,6 hat 71°C (159.8”FI

Flash Point. ‘C (“F), min

Fn Point. “C (“F)

Autoignition Temperature, ‘C (“F)

Bulk hfOdUkIS, Pa

Specific Heat. J/kg.K (BtMb.”F)

Thermal Conductivity, W/m.K (Btu.in./s.in;.°F)

Corrosiveness and Oxidation Stability, max
mass change, mg/cmZ, 135 * 1“C (275 i 2“F)

Steel
Aluminum Alloy
Magnesium Alloy
Cadtnium-Plated Steel
Copper
pitting, etching, and corrosion at 20X
Percent viscosity change at 40”C ( 104°F)
Neutralization number increase. mm
Insoluble material or gumming

Shear Stability
Percent viscosity change at 40”C ( 104°F)

and -40”C (-40”F)
Neutralization number increase, mm

Thermal Stability

VALUE

Red

NR

2500
600
13.2

,:,. 4.90

--60 (-76)

o.~o

100

20

82 (179.6)

NR

NR

NR

NR

NR

ML2
m.2
i53.2
+f3.2
M).6
None

-5 or +20
o,~

None

No change fmm
reference fluid

o,~

NR

TEST PROCEDURE

ASTM D 287

ASTM D 445
ASTM D 445
ASTM D 445
ASTM D 445

ASTM D 97

ASTM D 664”

ASTM D 1744

ASTM D 972

ASTM D 93

ASTM D 4636

See fluid specification,
subpar. 4.5.5

(cent’d on . ..[ page)
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TABLE 4-9 (cent’d)

PROPERN VALUE TEST PROCEDURE

Copper Strip Corrosion. mnx 72 h at No. 2c ASTM D130
135 f 1“C (275 i 2“F)

RUSIprevention NR

Rubber Swell. % 19.0.30.0 Fcds!d791c
MeIIsod 3603

Lmbricity. (average wear scar), max. MM 1.0 ASTM D4172
Condition B

Foaming. 24°C (75.2”F) AStWt D 892
Tendency. ML al end of 5 min. mm d5 mL
Smbili!y. ML. n! end of 10 min Complete collapse

Stomge StnbiliSy No separation or Fedstd791c
crystallization: must Mcdmd 3.%5

meet as new
requimmcms after I2

monshs stomgc

h’it = MI Rcpncd
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TABLE 4-10. MIL-H-6083E: HYDRAULIC FLUID, PETROLEUM-BASE, FOR
PRESERVATION AND OPERATION

PROPERTY VALUE TEST PROCEDURE

color Red

Specific Gmvity, 15.6°C/15.6°C iO.008 fmm original ASTM D 1298
(60.0”FA50.O”F) sample

Viscosity, mm%
-54°C (-65”F), max 3500 ASTM D 445
-40”C (-tfl”F), mm 800

40”C (104”F), min 13

Pour Point, “C (T) -59 (-74.2) ASTM D 97

Neutralization Number, mg KOH/g, max. o,~o ASTM D 664

Water Content, %, mm 0.05 ASTM D 1744

Ewqmmtion f-ass, %, 22 h at 100”C (212”F) 70 ASTM D 972

flash Point, ‘C (“F), min 82( 179.6) ASTM D 93

Fire Point, ‘C (“F) NR

Autoignition Tempemture, ‘C (“F) NR

Bulk Modulus. Pa NR

Specific Heal, J/kg.K (Btu/lb.°F) NR

?hemwd Conductivity, W/m.K (Btu.inJs.in?.°F) NR

Corrosiveness and Oxidation Stability, ma?. Fed Std 791 C
mass cbmge. mg/cm2, 168 b al 12 l°C (249.8”F)

Steel
Method 5308

m.2
Aluminum Alloy m.2
Magnesium Alloy ~,~

Cadmium-Plated Steel ti.2
Copper N.6
Pitting. etching, and corrosion m 20x None
Percent viscosity change at “40 C -5 or +20
Neutralization number increase, mm 0.2
Insoluble mnterid or gumming None

Shear Stability
Percent viscosity change m 40”C ( 104”F) 2 See fluid specification,

subpar, 4.6,4

‘flen-naf Stability NR

Coppw Strip Corrosion, mm, 72 b at 100”C (2 12°F) Less Ihan 3a ASTM D 130

on next page)
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TABLE 4-10 (cent’d)

PROPERTV VALUE T13T PROCEDURE

Rust Prevention NR

Rubber Swell. % 19.0 to 28.0 Fedstd791c
Medmd 3&33

Lubricity (average wear scar). mm I.0 ASTU D4112

f%sming ASEU D 892
Ten&my. ML m end of 5 min. mm

24°C (7S.2”F) 65 ML
. 94°C (201 .2”F) 6smL

24eC (75.2”F) nflcr test al 65mL
94°C (201 w)

SUbiliIy, ML IIIend of 10 tin
24°C (75.2°F) Complete collnpst
94°C (201 .2”F) Complete collapse
24°C (75.2°F) after test n! Complem collapse

94°C (201 m=)

StOmge SInbility No sepamdon or Fedstd791c
aysullisnlion: must Medmd 346S

mce; u new
requirements after I 2

months smnsge

NR. NoIRqoned
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TABLE 4-11. MIL-H-81019D: HYDRAULIC FLUID, PETROLEUM-BASE;
ULTRA LOW TEMPERATURE, METRIC

PROPERTY VALUE TEST PROCEDURE

Color Red

Specific Gravity NR

Viscosily, mum%
-70”C (-94”F), mm 0.008 ASTM D 445
-54°C (-65”F), mm 800X I&

40°C ( 104”F), min 7.0 x I@
100°C(21 2“F), min 2.5 X IW

Pour Poinl. ‘C (“F), mm -75 (-103) ASTM D 97

Neutmkation Number. mg KOtf/g, mm 0.20 ASTM D 664

Water Content, ppm, mm 200 ASTM D 1744

Evaporation Loss, %, max 4 h at 70 + 1“C ( 158 t 2“F) 12 ASTM D 972

Flash Point, “C (“F), min 95 (203) ASTM D 92

Fm Point. ‘C (°F) 110 (230) ASTM D 92

Autoignition Temperature, ‘C (T) NR

Bulk Modulus, Pa NR

Specific Heat, J/kg.K (Btu/lb.°F) NR

Thermal Conductivity, WlrmK (Bm.in./sin?.”F) NR

Corrosiveness and Oxidation Stability, mm Fed Std 791 C
mass change, mg/cmz. 168 b at 12 I“C (249.8°Fj Method 5308

Steel jf)~

.khn’ninum Alloy m.2
Magnesium Alloy m.2
Cadmium Plate m.2
Copper M.6
Pitting, e!cbing, and corrosion at 20?. None
Percent viscosity change at 040 C ( 104°n” -5 or +20
Neutmlization number incre=e max 0,2
h-soluble material or gumming None

Shear Stability
Percent viscosi!y change at 40°C ( 104’W) No change from ASTM D 892

-40”c (-40”F) reference fluid
Neutralization number increase 0.2

Thermal Stability NR

Copper Strip Corrosion, max. 72 b at Less Iban 2 Fed Std 791 C
120 + 3°C (248 * 6“F) Method 5325

[mnt.a on next pngc
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TABLE 4-11 (cent’d)

PROPERTY VALUE TEST PROCEDURE

Rust prevention NR

Rubber Swell. % 19.0 to 28.0 FcIStd791C
Method 3603

Lubticity. mm. nmx I.0 ASTM D4172

Foaming. m 25°C (77”F) ASTM D 892
Foam volume. ML at end of

5 min blowing pcricd. mm 65
10 min wtling period Complete collapse

.!%omge StnMity No separation or Fed Std 791 c
crysudlizalion: must hlethod 3465

meet 0s new
mquircmcnts nftcr I2

months stomge

NR=NoIRqmrtcd
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TABLE 4-12. MU-L-17331 H(SH): LUBRICATING OIL, STEAM TURBINE AND

GEAR, MODERATE SERVICE

PROPERTY I VALUE / TEST PROCEDURE

color NR

Specific Gravity NR

Viscosity. mm%
4,4°C (40°F), max 870 ASTM D 445

40”C ( I04Y=) 74-97
100”C (2 I2°F), min 8.0

Pour Point. “C (“~, mttx ,:,--6 (~o) ASTM D 97

Neutrahzation Number. mg KOfUg, mm 0.30 ASTM D 974

Water Content, % None ASTM D 95

Evaporation Loss, % NR

Flash Point. “C (“F). min 204 (’lCO) ASTM D 92

Fire Point, “C (“F) NR

Autoignition Temperance, “C (“F) NR

Bulk Modulus, Pa NR

Specific Heat. J/kg.K (Btu/lb.°F) NR

Thermal Conductivity, Wlm.K (Btu.inJs.in?.”F) NR

Oxidation Test. time required to reach 1000
neutralization value of 2.0 mg KOH, h
After 1000 b:

Totaf sludge. max mg 100
Total iron. mm mg 100
Totaf copper, max mg 100

Corrosiveness and Oxidation Stability, max mass change.
m~cm’, 168 h at (give condhions and tesI metals)

Steel NR
Aluminum Alloy NR
Magnesium Alloy NR
Cadmium Plate NR
Copper NR
Pitting, etching, and corrosion m 20X NR
Percent viscosity change at 040 C NR
Neutmlization number increase, mm NR
Insoluble material or gumming NR

Shear Stability NR

Thermal Stability NR

(cent’d on next page)
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TABLE 4-12 (cent’d)

PROPERTV VALUE TEST PROCEDURE

Copper Corrosion m 100°C (2 I2“F), Wpcanmcc. nmx 1 ASTM D130

Rust Prevention NR

Rubber Swell, % NR

Lubricity. mm. (I5 kSfI 0.33 Fcd Std791 C
Method 6503

FOm-ning
TendcncylSmbility

ASTM D 892
(Option A shall

scqucncc 1, mL. max 65m
Scqucncc 2. .L. mm

not bc used.)
65m

Sequence 3. mL. mu 65n3

Slomge Slnlility NR
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TABLE 4-13. M2L-L+2104F LUBRICATING OIL, INTERNAL COMBUSTION
ENGINE. TACTICAL SERVICE

PROPERTY VALUE TEST PROCEDURE

Grade Gmde Grade Gmde
low 30 40 15W-10

color NR NR NR NR

API Gmvity, deg NR NR NR NR

Viscosity, mmVs.
100”C(21 2“F) 5.6-<7.4 9.3-<12.5 12.5 -<16.3 12.5-<16.3 ASTM D 445

Pour Point, ‘C CF), mm -30 -18 -15 -23 ASTM D 97
(-22) (o) (5) (-9.4)

Neuwalizmion Number,.mg KOEWg. mm NR NR NR NR ASTM D 664

Water Content. % NR NR NR NR

Evaporation Loss, % NR NR NR NR

Flash Point. “C ~F). tin 205 z~o 225 215 ASTM D 92
(400) (428) (437) (41 9)

Fn Point. “C (“F) NR NR NR NR

Auloignition Tempemturc,.W (-i NR NR NR NR

Bulk Modulus. Pa NR NR .NR NR

Spccitic Heat, J/kgK (BWlb”FJ! NR NR NR NR

Tbennd Conductivity. WAmK NR NR
(Bm.in.ls.in?.”F)

NR NR

Corrosiveness and Oxidation Sudbiity” NR NR NR NR

Shear Stability NR NR NR No See fluid
change specification,

in subpar.
viscosity 4.6.2

Tbennal Stability* NR NR NR NR

Copper Corrosion* NR NR NR NR

Rust Prevention* NR NR NR NR

Rubber Swell, % (Buns N) NR NR NR NR

Lubricity. mm* NR NR NR NR

on next page)
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TABLE 4-13 (cent’d)

PROPERTV VALUE TE.ST PRGCEDURE

Grade Gnuic Gmdc Grade
low 30 40 15W-40

Faming ASTM D 892
Tendency. ML at end of 5 min. mm

24* 0.5°C (75.2* I“fq ~> 25 25 25
93.5 + 0.5°C (200.3 * I“F) 150 150 150 150

24* 0.5°C (75.2 i l“F) 25 25 25 25
SmbiliIY. ML. m end of 10 min

24 k 0.5°C (75.2 i I“F) Complete Complete Complete Complew
Collap= collapse Collapse collapse

‘93.5 * 0.5°C (28.3 f I‘F) Complete Complete Complete Complete
Collllpsc mllnpsc mllnpss mllupsc

24 f 0.5°C (75.2 i l“F) Complew Complete Complete Complete
collapse Collnpsz mllnpst collapse

I
Storage StnMliIy” NR NR NR NR

NR. NoIftqmd
● llds fluid is prinwily qualified m m engine Iuhrimting oil md mmy of he s!nndmd hydrmdic oil test! arc ou mquimd to be

. .
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TABLE 4-14. MIL-L-46167B: LUBRICATING OIL, INTERNAL COMBUSTION
ENGINE, ARCTIC

PROPERTY VALUE TEST PROCEDURE

Color NR

API Gravity NR

Vkcosity, mm%
-55°C (-65”F). mm 75.m ASTM D 445
40”C (40”F), mm 8800

40”C ( 104”F), min NR
10+3”C(21 2°f9, min 5.6

Pour Point, “C (“F), max -55 (-67) ASTM D 97

Neutmlization Number. mg KOfUg, ma?. NR

Waler COntenL % NR

Evapomtion Loss. % NR

Flash Point. ‘C (°F), min 220 (428)

FE Point. “C rF) NR

Autoignition Temperature. “C (“F) NR

Bulk Modulus, Pa NR

Specific Heat. J/kgK (Btu/lb.”F) NR

Thermal Conductivity, W/m.K (Btuin./sin?.°F) NR

Corrosiveness and Oxidation Stability* NR

Shear Stability NR

Thermal Stability* NR

Copper Corrosion* NR

Rust Prevention* NR

Rubber Swell. % (Buns N) 0105 See fluid specifications,
par. 4.6

Lubricity. mm*

Foaming NR ASTM D 892
Tendency, ML at end of 5 min. max

24 i 0.5°C (75.2 i 1°F) 25
93.5 i 0.5°C (200.3 i 1“F) 150

24 i 0.5°C (75,2 i I“FI 25

(cent’d on next page)
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TABLE 4-14 (cent’d)

PROPERTY VALUE TEST PROCEDURE

Smtdiry. ML at end of 10 min
24 i 0.5°C (75.2* l“F) Complete collapse

93.5 i 0.5°C (2C0.3 i 1“F) Complete cOllnpsc
24 i 0.5°C (75.2 k I“F) Complete collapse

SIonlge Sblbifity ?lR

NR = Nm Rcponsd
● This fluid is pimarily qualified 8s m mgim lubricating oil, md many of k standmd hydraulic oil tests arc ml mquimd IObe

performed. Thus. he rmdcr is .fermd to he spcificmion to obtain specific mginc test rcquirmtwm.
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TABLE 4-15. MIL-H-46170B: HYDRAULIC FLUID, RUST-INHIBITED,
FTRE-RESISTANT SYNTHETIC HYDROCARBON-BASE

PROPERTY VALUE TEST PROCEDURE

Color NR

Specific Gravity NR

Vkcosily, mm%
-54°C (-65”F) NR ASTM D 445
-$O”C (-40”F), mm 260U

40”C (104”F), max 19.5
1@3°C(212”F), min 3.4

Pour Point. “C (°F), mm .“:54 (-65) ASTM D 97

Neutmlimtion Number, mg KOH/g. ma?. 0.2 ASTM D 974.

Water Content, % 0,05

Evaporation Loss, %, ma 5.0 ASTM D 972
(22 hat 149°C (300”F))

Flash Point, “C (“F), tin
Type 1 218 (424) ASTM D 92
Type U 204 (400)

Fn Point. “C (°F) 246 (475) ASTM D 92

Autoignition Temperature, “C (“F), min 343 (649) ASTM E 659

Bulk Modulus, isothermal 1.379x IIY(200.000) See fluid specification,
secant. O to 6.9 x I&k% (O to 10,OOOpsi) suhpar. 4.6.3
at 40”C ( 104”F), Wa (psi), min

Specific Heat. J/kg.K (Btu/lb.”F) NR

Thermal Conductivity, W/m.K (Btu.infs.in.l.OF) NR

Corrosiveness and Oxidation Stability. mm Fed Std 791 C
mass chnnge. mg/cm’, 168 h at 121“C (250°F)

steel
Method 5308

m.z
Aluminum Alloy KL2
Magnesium Alloy m.z
Cadmium-Plated Steel
Copper

io.z
iO.6

Pitting, etching. and corrosion at 20?. None
Percent viscosity change at 40”C ( 104°F), mm
Neuwalizntion number increase, max

+10
0,30

Insoluble material or gumming None

Shear Stability NR

Themmd Stability NR

Copper Corrosion NR

(cent’d m
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TABLE 4-15 (cent’d)

PROPERN VALUE TEST PROCEDURE

RUSI F’mvention, 100 i 1 h, M 49 f l°C (120A 2“FI Pmuction for ASTM D 1748
snndbln.wcd md
polished sccel

Rubber Swell. %. symhetic tubber NBR-L I51025 Fcdscd791c
Mcchcd 3603

Lubcici!y. mm. mm ASTM D 2266
lokgf load 0.30
40 kgf Imd 0.65

Foaming NR ASTM D892
Tendency, ML m end of 5 min. mm

24°C Cf5.2”F) 65
94°C (201 .2W-J 65
24°C (75.2°F) after test at 65

94°C (20 I.2”F)
ShMity. ML, m end of 10 tin

24°C (75.2”F) Complete collnpse
94°C (201 .2”FJ Comptctc colhpsc
24°C (75.2”Fj nfccr test at Complete collapse

94°C (201 .2”F)

Smmge Stability. after 12 momhs No scpwcuiom no Fcd SuJ791 C
Cryslnllizmiom clear Mctmd 3465

md !mnspmn!

NR . Not Rcpnncd
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TABLE 4-16. MIL-H-83282C: HYDRAULIC FLUID, FIRE-RESISTANT,
SYNTHETIC HYDROCARBON-BASE, AIRCRAIW, METRIC

PROPERTV

color

Specific Gravity

Viscosity, mm%
-40”C (40°F), mu

‘WC (I CM”F),mill
100°C (2 I2“F), min
205°C (40 I‘F). min

Pour Point, “C (°F), mm

Water Contenl. ppm, max

Evaporation Loss. %, mm
(65 hat 205°C (4131”F))

Flash Point, “C (“F). min

Fire Point. “C ~F), min

Aumignition Temperature, ‘C (°F), min

Bulk Modulus, isothermal
secant. O to 6.9 x ICPWa (O to 10,COOpsi)
al 40°C ( 104”F). kpa (psi), min

S~ciIic Heat, J/kgK (BWlb°F)

Thermal Conductivity. Wlm.K (BnuinJ*in?.°F)

Corrosiveness md Oxidation Stability, mu.
mass change, mglcmz, 168 h at 135°C (275°Fl

Steel
Aluminum Alloy
Magnesium Alloy
Cndmium-Plated Steel
Copper
Pittine. e!chine. and corrosion at 20x
Percc~t viscos~~y change m 40°C ( 104”F), mm
Neutmliztuion number increase, mm
Insoluble material or gumming

Sheru Stability

Thermal Stability

COp~r Corrosion

VALUE

Red

NR

2200
14.0
3.45
1.0

-55 (-67)

0.1

100

20.0

205 (401 )

245 (473)

345 (653)

1.379 x ILY(200,000)

NR

NR

10
0.20
None

NR

NR

NR

NR

TEST PROCEDURE

ASTM D 445

ASTM D 97

ASTM D 664

ASTM D 1744

Fed Std 791C
Melhod 350

ASTM D 92

ASTM D 92

ASTM E 659

See fluid specification,
subpar. 4.5.4

Fed Std 791C
Method 5308

RUSI Prevention

(cent’d on next pn~c
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MIL-HDBK-118

TABLE 4-16 (cent’d)

PROPERTY VALUE TEST PROCEDURE

Rubber Swell. %. h’f3R-L 18.0-30.0 Fed SKI 791 c
Method 3603

i-h-icily. mm. mm
1 k@ load

ASTM D4172
0.2 I

10 kgf load 0.30
40 kgf load 0.6S

Foaming. au 2S”C (77”f=J ASTM D 892
Tendency. OIL M end of 5 min. mm 6s
Sfnbility. mL, at end of 10 tin Complete collapse

Smmge Stability. after I 2 months No separndoru no Fcd Std791C
cryslnllizniiom clear hfetbcd 3465,

and Iransparenf

.

.,
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MIL-HDBK-118

TABLE 4-17 (cent’d)

PROPERTV VALUE TEST PROCEDURE

Rubber Swell. symbctic rubber NBR-L, % 19.0-30.0 Fut Suf791C
Medmd 3606

Lubricisy. mm. nmx ASTM D4172
1 kgf load 0.21

10 kgf Icmd 0.30
40 kgf load 0.65

Foaming. IU25°C (77°fl ASTM D 892
Tendency. ML m end of 5 tin. mm 65
StaMliIy, ni. al end of 10 nsin Complefc collapse

StOmge StnMlity. nftcr I2 month No sep&ntioIx no Fcd Std 791 C
ctysmllizntiow clear Medmd 3465

and smnspamnt

NR. NaRqmmd
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TABLE 4-18. MIL-H-22072 C(AS): HYDRAULIC FLULD, CATAPULT

PROPERTY VALUE TEST PROCEDURE

Color 1.5 [02 ASTM D 1500

Specific Gmvity, at 20°C (68°F) I.O41O 1.09 ASTM D 1298

Vkcosity, mmVs
-18°C (O”F), mm 1764 ASTM D 445

38°C ( 104”F), min 39.6 [o 45.1
54°C(130”F), min 21.7

Pour Point. ‘C (“F) NR

Neutralization Number, ,mg KOfUg. mm :’” NR

Water Content. % 50+ l.5 or -6.5 ASTM D 95

Evaporation Loss, after 4 hat 70 + 3°C ( 158 i 5“F) Shall not become hard See fluid specification,
or resinous subpar. 4.6.5

Flash Point, “C rFJ NR

FLre Point. “C (W) NR

Autoignition Temperature, “C (“F) NR

Bulk MOduhM, Pa NR

Specific Heat. J@K (Blu/lb.°F) NR

‘fhcrnml Conductivity. Wlm.K (Btu.inJs.in?.°F) NR

Corrosiveness and Oxidation Stnbility, max NR
mass change, mglcmz

Shear .Wtbility NR

Thermal Stability NR

Copper Corrosion. (static) 70+ I“C ( 158 * 2“F)
for 720 h, weight change, max 4 mg

Rubber Swell. %, 168 h at 70 t 1°C (158 t 2“F) See Table 11of Fed S[d 60 I
fluid specification MeUmd 6211

Lubricity, mm NR

Foaming. after 10 min of collapse, mL, mm 10 ASTM D 892

Sontge Stability, 12 months at 25 * 6°C (77 * 10”F) No formation of See fluid specification,
twinous gums or subpar. 4.6.12
sludge; no fluid

separation or change
in fundamemal color

of color

NR = Not Reported
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TABLE 4-19. MIL-H-55S9(AS): HYDRAULIC FLUID, ARRESTING GEAR

PROPERTV VALIJE TEST PROCEDURE

color NR

S@liC Gmviv, 15.6°C/15.6°C (6WF/60°Fl 1.111 to 1.123 ASTM DI132

Viscosity, mm21s
37.S”C (IOOWJ 9.0 Fcdsld 791 c

MeH 305.4

Pour Point, “c (“I=) NR

Neutdizntion Numb, mg KOHlg. mm NR

Wnler Conunt. % NR

Evaporation Loss. % NR

Flmb Mint, “C (“F) NR

F~ pOiiL “C (“n NR

Aumignition Temptmture. “C (“~ NR

Bulk Mmlulus, Pa NR

S@lC Ha J/ks.K (Bnulb.°F) NR

Thmmnl Conductivity. WAmK (Bm.inJs.in?.eF) NR

Cm’rc&Vencss and Oxkiafion Stability. max NR
mass clmnge. mgkm>

shear Smbility NR

Tbcmml Stlllility NR

cOpJla Ccn-msion NR

Rust ~VCUtiOn NR

Rubber Swell, % NR

Lubricity. Mnl NR

Foaming NR

Storage Stnbility NR

NR=Nat R+dcd
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TABLE 4-20. SAE J 1703: MOTOR VEHICLE BRAKE FLUID

PROPERTY VALUE TEST PROCEDURE

Color NR

Specific Gravity NR

Viscosity. rnds
-40”C (-40”F), max 180Q ASTM D 445
100”C(21 2“F), min 1.5

Pour Poim “C (“F), mm NR

Neutmhzation Number, mg KOfUg, mm NR

Wtttcr Content, % NR

Evapomtion Loss.%, mm 80 See fluid specification,
168ht2h andlOOt 2°C(212*3.60F) subpar. 4.7

Flash Point, “C ~F) NR

FE Point, “C (“F) NR

Autoignition Temperature, “C (°F), min NR

Bulk MOdldUS, Pa NR

Specific Heat, J/lcg.K (Btu/lb.”F) NR

‘flermaf Conductivity, W/m.K (Btu.in./s.in7.°F) NR

Corrosiveness and Oxidation Stability, mm See fluid speciticmion,
mnsscbmge. mglcm], 70+ 2°C (158 i 3.6°f9 for subpar. 4.5
1201 10min

steel 0.2
Afuminum Alloy 0.1
cast LrOn 0.2
Brass 0.4
Copper 0.4
Pitting, etching, and corrosion at 20x NR
Percent viscosiiy change at 40°C ( 104”F), mu
Neutmkation number increase, INX

NR
NR

fnsoluble material or gumming NR

Shear Stability NR

Thermal Stability NR

Copper Corrosion NR

Rust Prevention NR

Rubber Swell, % *

(con[’d on
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TABLE 4-20 (conI’d)

PROPERTV VALUE TEST PROCEDURE

Lubricity. nun. nmx NR

NR

.!%mge SInbilily I NR I

NR=Na Rqmncd
* Mnny nnucrid mmpatibility ICSISam mquimd see fluid spccificmion

. .

. .
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TABLE 4-2L MU-B-46176A: BRAKE FLUID, SILICONE. AUTOMOTIVE. ALL-WEATHER,

OPERATIONAL AND Pl&SERVATI%, METRIC

PROPERTY VALUE TEST PROCEDURE

color Bluish Purple

Specific Giivity NR

Vkcosity,.nndls
-55=’CI(+7”F) Soo ASTM D 445
loo’’c(2l2”~ 2.1.3

Pour UT ~F), max NR

Neutmhatiion Number. mg KOfUg, mm NR

Water C4mtmm. % NR

Evafmmdamlmss, % NR

Flash PoinL% (“F) 204 (400) ASTM D 92

Fm poinL WC (“F) NR

Autoignitiom”Tempcmtum, “C (°FI NR

Bulk MOdufiUS, Pa NR

Specific Hem, J/lcg.K (BWlb.°F) NR

‘fhennal Camductivity, W/m.K (Bm.in./s.in~.°F) NR

Cormsiven=s and Oxidation Stability, max See fluid specification.
mass cbangc. mg/cm2, lCHI+ 2°C (212 + 4°F) for subpar. 4.6.5
120* 10miin

St.+ 0.1
Aftium Alloy 0.1
cast freon 0.1
Bins!+ 0.2
copper 0.2
Pitt@. etching, and corrosion at 207. NR
Pcrcum viscosity change M 40”C ( 104”F), .max NR
Neuh’xilization number increase, mm NR
fn.soltdble material or gumming NR

Sbcar %abi13ity NR

Thermal SIxiMlity NR

copper Calm&on NR

Rust Prwumion NR

Rubber S-11. % ●

(tom’d cm
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TABLE 4-21 (cent’d)

PROPERTV VALUE TEST PROCEOURE

Lubricity, mm, mm NR

FWlning NR

Storage SuMily NR

NR . Not Reported
“ Extensive mbba swell infommion u given in Table 2 of MIL.B-46176A. and the reader is rcfcncd to tluu tile
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TABLE 4-22. MIL-L-871OO (LEAP): LUBRICATING OIL, AIRCRAIT TURBINE
ENGINE, POLYPHENYL-ETHER-BASE

PROPERTY VALUE TEST PROCEDURE

Color NR

SpcciIic Gravity at 38°C ( 100”F)/16°C (60”F) 1.180to 1,200 ASTM D 1298

Vkcosity. mm%
-51 ‘C (-60°F), mm I7,000 ASTM D 445

37.8°C (l OO°F) 330 to 375
98.9°C (2 IO”F). min 12.5

26J3°C (50fJ”F), min 1.0

Pour Point. ‘C (“F), mm .“- 5 (41) ASTM D 92

Neutmliza~ion Number. mg KOH/g. mm. 0.05 ASTM D 664,

Water Content. 90 NR

Evaporation Loss, %
6 h at 3CKI”C(572°F), ma?. 35 ASTM D 972
6 hat 260°C (500”F), mm 15

Flash Poin!. “C ~F), tin 275 (527) ASTM D 92

FLre Point, “C (“F) NR

Auloignition Temperature, “C VF), min 610(1130) ASTM D2155

Bulk M@dldus, Pa NR

Specific Heat, kJ/lcg.°C (Bm/lb.”F)
260”C (500°F), min 0.45 (o. I 1) ASTM D 2766
160”C (320°F), min 0.40 (o. 10)
60”C ( 140°F), min 0.35 (0.08)

Thermal Conductivity, Wlm.K (Btu.in.ls.in.2.0F) NR

Corrosiveness and Oxidation Stability. max Fed Std791
mass change, mg/cm~, 48 h m 320”C (608”F)

Steel
Medmd 5307

~,~

Aluminum Alloy M.2
Pitting, etching, and corrosion at 20x NR
Percent viscosity change at 40°C ( 104”F), ma?. -5 to 25
Nemmlization number increase, mm 0.2
Insoluble material or gumming NR

Sbenr SIability NR

Thermrd Stability NR

Copper Corrosion NR

RUSI Prevention NR

Rubber Swell. % NR

,.”..,.4 ------ -... -,,.”,,, . “1,,,..,p%.,
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TABLE 4-22 (cent’d)

PROPERTV VALUE TEST PROCEDURE

Lubricity. mm. mm NR

Foaming ASTM D 892
Volume. 5-rein ma-ndon. ML

24°C (75”F). ma% 625
93°C (200”F). max 250
24°C (75”F) (afLcr Ic51al 93°C (2CWF)), mm 625

m tbc end of 10 tin settling period
24°C (75”F) 5s0
93°C (2WF) None
24°C (75”FI (after us! a! 93°C (200%)) 550

Storage .Nnbility h’R
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TABLE 4-23. MIL-S-81087C: SILICONE FLUID, CHLORINATED PHENYL METHYL
POLYSILOXANE

PROPERTV VALUE TEST PROCEDURE

Color, ma 0.5 ASTM D 1500

Specific Gravity at 25i25°C (77177”F) I .03 to I .35 ASTM D 1298

Vkosity, mm%
-54°C (-67”F), mm 3500 ASTM D 445

40”C ( I04”F), min 48 IO 58
100”C (212°19, min 15 [019

Pour Point, “C (“F), max -75 (-103) ASTM D 97

Neutralization Number, mg KOiUg. mm 0,05 ASTM D 974

water content, % NR

Evaporation Loss, % NR

Flash Point, “C (“F). min 288 (550) ASTM D 92

Fn Point. ‘C (“F). min 340 (644) ASTM D 92

Autoignition Temperature, “C (“F) NR

Bulk Modulus, Pa NR

Specific HeaI. J/kg.K (Bm/lb.”F) NR

Thermal Conductivity, WlrmK (BtwinJ$in?.”F) NR

Corrosiveness and Oxidation Stability, max Fed .%d791
mass change, mglcm~. 72 h M 205 * 3°C (401 * 5°F) Medmd 5308

SIeel io.lo
Aluminum Alloy M.1O
Sminless Steel nl.lo
Titanium M.lo
Anode Silver m.]o
Pitting, etching. and corrosion m 20x None
Percem viscosity change m 40”C ( 104”F), ma?. ?LO.1O
NeutmliziMion number increase. ma,x o,~o

Insoluble material or gumming NR

Shear Stnbility NR

Thermal .%bilhy NR

Copper Corrosion NR

Rust Prevention NR

Rubber Swell, % NR

(tom’d on next page)
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TABLE 4-23 (cent’d)

I PROPERTY I VALUE I TEST PROCEDURE I

Lubrici!y.mm, max. 50 kgf load 0.60 ASTM D2266

Foaming NR

Storage SlnbiliIy so to 60 see fluid specification.
Vkcosi~ after 6 wk at 40°C ( I04”F), mm% I I subpar.4.6.7 I

NR. Nml@encd
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TABLE 4-24. W-D-1078B: DAMPING FLUID, SILICONE BASE

(DIMETHYL POLYSILOXANE)

PROPERTV VALUE TEST PROCEDURE

color NR

Specific Gravity, 25”C125°C (77°F~70F) See Table 4-24A ASTM D 1298
and D 70

Vkcosity. mm%, 25°C (77”F) See Table 4-24A
For grades 0.65 ti.gb 100,000 ASTM D 445
For grades 200,000 through 2,500,000 ASTM D 10S4

Pour Point, “C (“F), mm See Table 4-24A “ASTM D 97

Neutmlization Number, mg KOH/g See Table 4-24A See fluid specification,
subpar. 4.5.6

Water Content, % NR

Evaporation Loss. % NR

Flub PoinL “C rF). min See Table 4-24A ASTM D 92

Fm Point, “C (“F). min NR

Autoignition Tempemtum, “C (on NR

Bulk thdu]us, Pa NR

Specific Heat, J/kg.K (Btu/lb.”F) NR

Thermal Conductivity, Wlm.K (Btu.in.ls.in?.OR .NR

Corrosiveness and Oxidation Stability NR

Shear Stability NR

Thermal Stability NR

Copper Corrosion NR

Rust Prevention NR

Rubber Swell, % NR

Lubricity, mm NR

Foaming NR

Stomge SIabilily NR

NR = NOIRepm!ed
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GRADE

0.65

I .0

1.5

2.0

5.0

10.0

20.0

50.0

100

2CQ

350

500

I,mo

5.m

7.500

12,5al

20,000

30.0CV2

40.om

W300

Ioo.mo

20W30

1,0c43,mo

2.5m300

MIL-HDBK-118

TABLE 4-24A. SELECTED PROPERTIES OF W-D-I078B FLUID

Vfscosfm,
mm21su

25°C (n”F)

0.65’

1.0’

1.5’

2.0’

5.0’

10.0’

20.0’

50.0’

ICKY

2W

35W

5@

Low

5.(KW

7,5fJY

12,50CP

20.OW

30,00W

40.00W

60,0fYY

100.000’

200,000’

I,ooo.mo’

2,500.COO’

SPECMC
GRAvfTY.
25”C125”c

(77”Fn7”F)

0.76 I

0.818

0.851

0.872

0.9 I5

0.935

0.950

0.960

0.966

0.%8

0.%9

0.971

0.971

0.971

0.97 I

0.971

0.972

0.973

0.973

0.973

0.973

0.973

0.974

0.974

POUR POINT,
“c (“F).

nulx

-68 (-90.4)

-68 (-90.4)

-100 (-148)

-54.4 (-66)

-53.9 (-65)

-53.9 (-65)

-53.9 (-65)

-53.9 (-65)

-47.2 (-53)

-47.2 (-53)

-47.2 (-53)

-$7.2 (-53)

-47.2 (-53)

-44.4 (+8)

44.4 (-48)

44.4 (-48)

—

—

—

—

—

—

—

—

FLASH POINT.
“c (“F).

min

4 (25)

38 (lCO

54(130)

79 (175)

121 (250)

163 (325)

2CLI(400)

302 (575)

302 (575)

302 (575)

316(600)

302 (575)

302 (575)

316(600)

316 (600)

316(600)

316(600)

316 (600)

316(600)

316(600)

316(600)

316(600)

316(600)

316(600)

‘EulRAuz4Tfol
NUMBER

nmx

0.05

0.05

0.05

0.05

0.05

0.05

0.50

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

I-01- of *IO%
Tel- of S%

4-67

Downloaded from http://www.everyspec.com



MIL-HDBK-118

T-E 4-25. MIL-H-19457D (SE): HYDRAULIC FLUID, FIRE-RESISTANT,
NONNEUROTOXIC

PROPERTV VALUE TEST PROCEDURE

Color NR

Specific Gravity NR

ViscOsiIy. mum%
40’%2 (104”F) 38.5 -45.5 ASTM D 445

10W!C(21 2°F), min 4.8

Pour Poinn, ‘T ~F), mm -18 (o) ASTM D 97

Neutintion Number, rng KOWg, mm ..”- 0.1 ASTM D 974

Water Cmment. %, max None ASTM D 95

Evapmadmn Loss,%, at 100°C (2 12°19, mm 0,3 ASTM D 972

Flash Paii “C (“F) NR

Fke PoiGmC (“F) NR

Autoignidirm Temperature. “C (“F) NR

Bulk Morbdk., Pa NR

Specific RicaI NR

llermaf CZmductivity, W/m.K (B!u.inJs.in.2.0F) NR

Cormsiverness and Oxidation .Nability, mu See fluid specification,
mass change, mglcmz,55°C(131°F) for 168 h

stall
subpar. 4.5.3

0.2
Ahnniinum Alloy 0.2
Btass 0.2
Zinc 0.2
Pitdnrg. etching. and corrosion at 20x None
Pement viscosity change at 40”C ( ICM”F),mm NR
Nemmdization number increase, mm o,~

Inso?Jn%le mnterkd or gumming 0.5

Shear StahSlity NR

‘fhcrnud S6nbdily NR

Copper Gmmsion, mglcm’, max 0.3 See fluid speci~cation,
subpar. 4.5.2

Rust Prevention NR

Rubber Smell. % NR

Lubricity,.mm, mm 0.60 ASTM D 2266

(cunt’d on next page)

4-68

Downloaded from http://www.everyspec.com



MIL.HDBK-118

T~LE 4-25 (cent’d)

VALUE
TEST PROCEDV

PROPER~

65
KIT4 D 892

Foaming
Tcn&nCy. IX24°C (75”~. d-. ‘m Complete COllaW

!j~iliiy. after 10 min Of f- cO1lnW. d
NR

Slomge Stilliv
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TABLE 4-26. MIL-H-53119 (ME): HYDRAULIC FLUID, NONFLAMMABLE,
CHLOROTRIFLUOROETHYLENE-BASE

PROPERTY VALUE TEST PROCEDURE

Color NR

Specific Gravity NR

Viscosity, mm%
-54°C (-65°F), mm 1200 ASTM D 445

38°C (IOO”F), min 2.9
135”c(275”F), min 0.60

.Pour Point, ‘C (“F), mm -60 (-76) ASTM D 97

INeutmlization Number, mg KOH/g, max 0.6 ASTM D 664

Water Content, ppm, ma.x 200 ASTM D 1744

tEvapomtion Loss, 7. NR

‘Flash Point. “C (W) NR

‘FE Point, ‘C (“F’) NR

,Autoignition Temp.aature. “C (“F) NR

IEIulk Modulus, isothermal 1.242 X 1W(180,137) See fluid specification,
secret m 27.6 MPa (400tl psi). Id% (psi) subpar. 30.5

Specific Heat NR

llermal Conductivity, W/m.K (Btu.in./s.in.Z. OF) NR

Corrosiveness and Oxidation Stability, mm Fed Std 791
nnass cbmge, m~cm’ Method 5308

Steel ~.~

Aluminum Alloy ict.2
Magnesium Alloy io.2
Cadmium ~,~

Copper +f3.6
P1lting. etching. and corrosion m 20x None
Pement viscosity change at 4@C ( I04”F) 5.0
Neutralization number increase, mm 0.2
Insoluble material or gumming None

Shear Stability NR

TChernml Stnbility See fluid specification,
Percent viscosity change at 40”C ( 104°F) 5.0 subpar. 30.3
Neutralization number increase 0.2

lRust Prevention NR

Elubber Swell,%, Viton GLT fluorocarbon elastomer 25 [o 40 Fed Std 79 I
Method 3603

(conta on next page)
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TABLE 4-26 (cent’d)

PROPERN VALUE TEST PROCEDURE

Lubricity.mm 0.8 ASTM D4172
Condition B

Foaming
Tendency. at 24°C (75”F). ML. mm 65 ASTM D 892
Stnbilily, after 10 min of foam collapse. mL Complete collapse

Smmge SmMity Pass Fedsld791
Melhod 3465

. .
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CHAPTER 5
ADDITIVES

lle numcmwchcmicafs and compxnds thtx IMY be died to hydmulic@d base stockc to impmve pnnicufarJ7uid char
acwi.srics am prmented. 7hs cfccmim! composition of r.wifitives and the imemcriom of van’ous elemcnss are discussed

S-1 INTRODUCTION

Fummfly defined. m udditiw for hydruukic fluids and
Iubrimnts is a cnmpmmcl nr mmponmt cfml mhunccs some

PIWCIW Of. or iICSiX!tUsome new pc’npeny to, che buse fluid.
A bzse scnck bydrnukic fluid lhm cannot meet the opccn-
cional mquircmcnw in n given hydraulic sysmm frquencky
can & modified !Ju’uugh he usc of additives w tit lhe

mnge of sucisfuctory opemdon of tie base liquid cm bc
exmckecl to meet mm-c severe requirements. In the fnrcnula-
tion of a hydrmchc fluid. addhivc mmponcms may mnsti-
NIC fmm less thn 1% 10 as much as 35% of che final

composition of lbe liquid. Tbc mom important dusses of
additives iocludc oxidadon inhihiuws. cnnwsion inhihimrs.
vismsicy index impcuvers. fmms inhibkms. md Iubriciy

M2usnccm.
k! tic sdcction of nddkhs und formukuinn of n fluid

c,ncb additive must be compatible witi *C base stuck. other
uddicivm. md syswm mmpuncms. Esmnplcs of problems
of cumpacibikity tkumcm be mmumemd ore cimd through-
out tAis chapter. Solubikity of additives in ti base stcck is
an imporumt Iimitinn of tic use of some uddicives at low

-~.
Ahhuugh general thmrics can lm clcvcloped for chc mnde

of action of different kinds of additives. m nddhivc cffcc-
cive in one hydraulic fluid may nnt bc qunkly effcmive in

mmchcr. The range of renditions a hydraulic fluid may
cncnumer during smrnge md use determines tie selection
of uddicivex. Therefore. che formulmion of n hydraulic fluid
musi tie incn account n wide vnriccy nf fuctum md tie

effectiveness of each akhive must be verified experimm-
tnfly. Sevecul of he common shcmccncdngs of hydrmdic tlu-
icfs md I& Lcchncdogy und udditivcs developed to

rnx=m for tftcm arc dkcussed in cku Rtitir of MS
cbgcr.

S-2 OXIDATION INHIBITORS
knemit-onmentsthatcomics evm smallrmsoums of Oxy-

gm. tic oxidud~’e scnbility of n hydcnufic fluid limits its usc-
fuf life nncf its upper tcmptmcure value. Therefore. additives
cm inbibicom h! increase dtc rmiscnncc of tie fluid m tic
chmdcnk changes nssncimsd with oxidntinn me v.ay impOr-
Ci311L‘fhc ultinsm changes Ihul muy be cnmunceced as u
t-cd nf oxicfutive dcteriomdun include chnnges in visms-

iv lbc pmcipitncion of insoluble, including lncquus and
vansiQu and m increase in ucidity and mcmsivemss. Dur-

ing mnxidemcion of cfsc oxidmive smbikity of n hydrmdic

fluid. umnmpanying corrosion effects shmdd not be. IUUI
usually W nm. considcmcf indcpmdcmly of oxidadon. f%
Ihk reasnn lobmnfory screening of oxidadon inhhimcx usu-
ally cnnsiders bnti changes in ncidi~ of tie hydmulic fluid
nnd chc mrmsion of mcml samples in mnmct with the fluid.

S-2.1 MODE OF ACTION OF ANITOXtD/4NTS

[n nrdcr co cnnsider tie mude of action of umioxidams

pmpcdy. some knowledge nf k mechanism nf oxiducive
dcgrndmion is mccsscuy. Liquid phase oxidndon is mnsid-
cmd n fmx radicrd pmccss undergoing Ihc usual sups of ini-
tiation. pmpagmion. and mmhudnn.

Initial oxidadon rmctions in hydrmdic fluids am mast
nfcen thcrnmlly activnled. hut Aey may ukso be induced by
light ionizing rndincion or ocher means. Tcnninadms occws
with lhc formation of nonmdicnls. such as afcohols. nkfe-
hydex, kcmncs, und olefins. which m-c ufso suscepcibfc co

oxicfmion and may produce ncids. sludge. and vnrnish.
TIIc aumcncnkytic nature of chc oxidadon reaction is due

m the cnudysis of he mraion caused by tie fmc radicals
genemted in k reaction. Nsu. when acidic nsmcinls fmm
ns a consequence of oxidation in o hydcnukic fluid b is in
comnct with ntmfs, mcud cm-msinn cm ncmr with the fcu-
mnticsn of metul ions. which can bmmcu snlublc in the fluid.
Thr.sz mad ions. pssciculnrfy Ibnse of irun. lend, nnd mp
pm-beryllium, me cmnfysts in che oxidnciun fmxexs. The
scnbiliIy under oxidmive cundhions of di-2-echylhcxyl seba-
cuce IN I 75°C (347”F3 in the pmscncc of vnriuus metals
illuscmtcs his cuudycic effccc no cmafysl. i 25 & mppcr, 20
h: copper kcryllium. 30 h: steel. 115 h: ond nfuminuns, 120 h
(Ref. l).

Ahhough mccuf ions me pmoxidums w Iowcr tmspma-
CIUC.Sin hydmcnrbun liquids, hey am funcdon u ancinxi-
dams in higher tcmpemnuc fluids. such IIS xikimnes,
pnlypbmyl ecbecs, md fluomcsum (Ref. 2). At higher tcm-
pcmtums in Ihcsx fluids, the mctnf inns presumably alter he
mums of IIIe hydmpcmxidc reaccimss md produce num-udi-
Crd plucfucls.

S-2.2 CLASSES OF AIITIOXIDAIW’S ANl
SYNERGISM

Antiuxidnnls arc effective in one nf three SVUYS
1. Meud dmctivncom minimise lhc mcnkycic effect nf

uncc amounts of memf inns in he fluid.
2. Free rudicnl naepttm break tic chin rcaccinn in

the propagation step.
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3. Hydroperoxide destroyem inhibit the formation of
free radcals in tie hydmpemxidc decompositions.
A combination of antioxidams that seines seveml of these
purposes may be used.

5-22.1 Metal Deactivators
Themetal deactivators most commonly used are seques-

tering or chelating agents. These include N, N’-distilcyli-
dene diamine. mermptothiadiazole, quinizarin, md alimrin.

Metal deactivation is also used to inhibit the oxidation of
motor oils and involves the formation of protective films on
meud surfaces.

5-2.2.2 Free Radical Acceptors

.Aminesnndphenols arc most commonly used as free rad-
ical acceptors and arc effective in many base stocks. Hin-
dered phenols. such as butylated hydmxytoluene (BHT).
intercept deleterious radicals m form sinble, hindered mdi-
cals, which arc not prone [o propagation. Hindered andkr
aromatic mines. such as phenyldpha-naphthylamine, opcr-
me similarly 10 the hindered phenols. Amine amioxidmm
are usunlly stable to higher temperatures than the phenolic

ME (Refs. 3 and 4). bu! both arc dependent on the molecu-
lar weight and structure of the additive.

5-2.2.3 Hydmpemxide Destroyers

A variety of sulfur, selenium, and phosphorus-containing
compounds can function as hydropemxide destroyers.
Effective materials include phenothiazine, phosphorus pen-
tasulfide-olefin rmction products, zinc dialkyldithiophos-
phates (ZDPs), sulfurized olefins, alkyl polysultides, di-
alkylphosphonates, tridkyl phosphates, zinc dinky] ditiio-
carbanmtes, nllcyl trhbiocarbamates, and rdkyl selenides.
Phenothinzine is particularly useful m higher temperatures.
As amioxidants. zinc didkyldithiophosphates effectively
decompese fxmxides, even a! high tempemmre. The ZDPS
themselves decompose thermally to products that are even
more potent antioxidams ihan the parent compounds. The
&composition lempcraturc is dependent on the chemical
SU’UCNrEof the nntioxidrmts. ZDPS bnscd on phenols are the
most stable and arc followed by those derived fmm primary
tdcobols and finally by those derived from secondm’y alco-
hols.

S-2.2.4 Synergism

TIIecombhmd effect of two or mo~ inhibitors is often
greater than the sum of the effects of the individual inhibi-
tors. ‘flis synergistic effect has led to the common pmctice
of employing two or more oxidation inhibitors. NOI only
can synergism wcur by the reinforcement of inhibitors
tbmugb their effectiveness in different phases of tie oxida-

tion methanism, but it also can occur by the second inhibi-
tor regenerating the tlrs.t. For example, synergistic effects
observed at 150°C (302”F) when d]idkyl pbospbonates arc

used with sterictdly hindered alkyl phenols are attributed to
the phosphonates transferring hydrogen to tie oxidized phe-
nols. Extremely effective synergistic antioxidant systems

cm be constructed from the proper combination of phe-
nolic- and amine-type antioxidant (Ref. 5).

5-2.3 EXAMPLES OF THE USE OF inhibi-
tors IN VARIOUS HYDRAULIC
FLUIDS

The effectiveness of various chmses of materials as Oxi&-
tion inhibitors in different kinds of hydraulic fluids and cer-
tain problems attendam with their use can be illustrated by
the results of recent research. Since oxi&tion rates increase
mpidly with lempemture, inhibitors useful a! hlghcr temper-
atures have received considerable attention.

5-2.3.1 Highly Refined Mineral Oils
Tbe n21Nd inhibitors in mineraf oils arc removed when

mineral oils me exhaustively hydrogenated or superretined,
and the oils become even more susceptible to oxidative
deterioration. On the other hand. the highly refined mineral
oils show better response to additive modhicmion than the
less highly purified oils. Satisfactory inhibitors at 177°C
(350”F) arc pbenothitine. phenyl-1-naphthylarnine, and
cadmium diamyhiithiocarbanmte (Refs. 6 and 7).

5-2.3.2 Silicon-Containing Ffuids

Dk?@mines are efieclive antioxidant in siloxanes at
205°C (4CO”F9 but cause sludging. At that tempemmm phe-
nolic nmioxidants m-e ineffective and selenides cause severe
copper corrosion. When a sufficiently high degree of
nuclear alkylation is introduced into the sbucturc of the di-
mylamines. sludge formation can be avoided (Refs. 8 and
9).

Chtomphenylsilicones have been reponed to bc ade-
quately stabOized M 260°C (5GU”F) against oxidation with
iron octoate (Refs. 6 cmd 10). Aromatic compounds conmin-
ing three or mo~ ring systems, e.g.. 1,2-benznmhmcene amd
pymnc, also effectively retard the oxidation of a chlomphe-
nylsilicone (Ref. 10). Ao impmved synthesis procedure for
silnhydromrbons bas been developed (Ref. 11). Silahydm-
cnrbon fluids do exhibb appreciable improvement in low-
tempcmmre pmpmties without effect on any of the desirable
high-temperature properties. These new sihhydrocartmn
fluids arc suitable for applications for which petroleum-base
or synthetic hydrocarbon fluids cnnnot meet the pmfor-
mance specifications due to thermal ador rheologicd defi-
ciencies. Hindered phenols are effective antioxidant in

silahydmmrbons (Ref. 11).
The presence of tmce metals can bcwe a profound effect

on the oxidmive stability of polydimetbylsiloxanes and
polymetiylphenylsiloxanes (Refs. 6, 12, and 13). At

2CN3°C(392°F) lead, selenium. and tellurium accelcm!e oxi-
dation. Organic selenides, aromatic andnes, and phcnothia-
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zinc prolong tie life of sikimne oils swo to five times. but
tie life of IIWoils CM be exwnded eight times with tie u=

of iron or copper chelates of disnlicylnlclhy lenedinmine or
dissl@nlpropylenedimninc-Ibc snlubilizcd meud ams as
m inhibitor. TIIC use of tbk inhibitor in poorly ventilated
systems tmdcr oxygen-deficient conditions. botvever. leads

to b pmcipitiuicm of the metal us du reduced meml oxide.
Ccrium complexes have been found not to be subject to IMs
Iiiouion (Ref. 14). Pmce.wcs have been developed 10 mod-
ify silimnc oils wi!b cerium complexes tbm mist the stablki-
zndon tempcmsum from 325[O40WC(61710752”F) (Ref.

I5).

S-233 Ethers

Tetmphcnylti; md bis(ppbenoxypbenylkliphcnyltin per-
form well as nntioxidnnts for polyphcnyl 0131610 343°C

(600 to 650’F). In addition. pbis(oiphcnylsmnnoxy)bm-
zinc. mcud mhs of N. N’-dipbenyldithbcalc acid.
oiphusylb~muth. copptr oxides. mcud acetylncetonamx.
mcml ditbiocnrbammcs. @ad tie nickel md cobalt chelates

of N-phenyl-5-niIrnsok@kiminm hme been shown 10 be
cITccsive in prdy(phcnyl esher) systems (Refs. 6, 16.17, and

18).
Tris@nmlluomphmyl)p4ms.pldne. ois(f!mmfluomphmyl)-

b- n~titis(~bdwmmtyl)phpti. A OiXpI-
(WnMum@mxy)temflumpknyl]pbmpMnc effectively

eiimime the oxidative dcteriormicm LhnIcccurx above 2&3°C
(5CKW) in Pmfluompnlyalkylelher liquids. These ndditivcs
hnve very pnnr volubility in Pmtlunrnpolyalkyldher fluids:
bmwxvcr. tkir eiTmtivcncss in improving h oxiddnmcmw
sion smbllities of these fluids bus led IO development of

iMPtOvti OdditiWS. Tbcxe additives. whlcb have tie “II@
p’c$eny of Cmnpfew. Solubilily in Ibc fluids.. hsve shown <Rec.
tivcncSs in bOlh Lhebc.ulfllmmpmpy lmc-oxide-base d kincar

@ypmfllmImlkyklhcls (Ref. 19).

“ S-23.4 Polyalphoolefin (PAO)

AnuoxidmIs cmmnnnly used with PAOS rue aIkylmed

phenol. bu!ylnud bydmxytoluene. msd pp’dinxtyl diphmyl-
nminc. These nmioxidnms opcnuc much the same as in
pcordeum & oil. as free mdcul acceptors.

The inbibimr efficiency of n phenol is nmrkcdly increased

by subxtiswion of nkkyl groups in Ihc two onho and pm
positinns. A variesy of hindered phenols w produced com-
-nfly ond employed as inhibitors in mmsformcr, tur-
bine. nnd engine oils and in bydrnulic fluids.

Bulyhued bydroxytoluene CM be stored al ambient tem-
pcmmre over long periods of time. Some yellowing of some
forms of !Ais nddhivc IMY appenr. but it does not necessar-
ily affect pcrfmnsance.

S-3 CORROSION INHIBITORS
AMI mmdand afkxdine earth mcml snh of higb-molec-

ulnr-weighl nkkmyl and petroleum sulfonic acids hnve long

bcm widely used as dispcrsnms and corrosion inhibitms io
n number of applications, such m in lubricating oils.
greases, and ruxt-preventive coatings (Ref. 20).

S-3.1 DEFfhTTfONS

Corrosion is k dctm’iomtion thrnugb chemical cbrmge of
o mcud into one or mnm of its oxides, hydrnsed oxides. cnr-

IsOxylales. fluorides. Carbmlnm. or other compounds. The
special case nf he deterimndon nf iron or sfecl by moist air

(nxygen) is crdled rusting. Rusting cannot -in sysIcms
fmm which oxygen is rigorously excluded. Corrnxioo nf
meml mmponems in mntnct witi o hydmulic fluid may

occur duougb the action of wtwer and nir prcscm in tie fluid.
through she actinn of lubricant decomposition pmducu. or
tbmugb the direct cbemicd action nf tie fluid on the mm!
surface.

A corrosion inhibitor is m addkive b prxven!s or
decm.nscs mrmsive aunck nn metals. Ahhougb its funcdon
may be one of directly protecting the meml surface. an addi-

tive may fimctinn as n corrosion inhibitor if it inierfems
with nny of tie processes IJInSultimmcly culminate in corrO-

sion. For tils reason tie pmcm of inhibltig mmosion
md oxidation wc intinuucly relined.

Not nnly do oxidadon products cnu= mrmsion, but nfso
cormsinn products nmy pmmotc Oxi&tiOn. The intetdepen-
dcnce of nxidmion and comosion inhibitom can be illus-
trated as follows. An mtioxidam M muds k
autoxidndon of o fluid prevents tie formation of cm’rcsive
acids. Amine nnlinxidnrm cm react wiIh and neuu’rdizc ccr-
min ncidic mmerials. but nmmiuic mines do not effectively
neumdiz.c cm’boxylic ncid. n commnn corrosive oxidation

product. In mmy screening @IS fnr bydmulic fluids and

Iubrimnls, oxidation and corrosion w considered concur-
rcml y.

S-3.2 MODE OF ACTION OF RUST INIUB1-
TORS

Rust inbibitom arc effective IIuough the formndnn of . .
clnscly packed bydrophoblc monomolecuku knyers cm the

surface of the ferrous mcml m be protected (Refs. 21
Uuougb 26). Most nrgnnic mnlcmles UmI have an ndsmb
able PO1O.Igroup auncbed m o bydmphobic chain arc effec-
tive rust inbibhmx. The higher molecuhu weight polar
compounds am less soluble in oils but btwe a @.ser teo-
dc~ to ndsmb on n metal surface and are therefore mm-e
effective m rusi inhibitors. TbCSC closely packed films prc-
vcm the pcnesmdon of water.

Salts or soaps of bigb-molalm-~eigb! =uboxylic
ncids-such u nnpbshenntes or sulfonic acids. pardcuknrly
IIU petroleum nmhogmy sulfonic acids. as well as barium
dinonylnnphtbalcne sulfomm (widely used in MIL-H-6053

ond MILH-46170)-Iuc useful md inexpensive additives
for lubricant mmpnsitiom. 71use soaps. disprscd in mn-
pnlav solvents. form COllrndaf syslm.s. The soaps are
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adsorbed on the metal surfaces and are in equilibrium with

low concentrations of soaps in solution, which, in mm. me
in equilibrium with the soaps in the colloidal micelle.
Although the complex equilibria arc not fully understood,

considemtion of the system as one in equilibrium allows the
explmmion of some of the phenomena associated with the
use of these IUSI inhibitors. These effects include tempem-
ture mnge limitations in the use of the inhlbitom, mechmi-
crd removaf and resealing of coated surfaces, Ieachlng of the

inhibitor fmm solution with water, and depletion of the
adsorbed layers by dilution with hydmulic fluids that do not
contain the inbibltor.

The colloidal soap micelle also serves as a “sink” for cOr-

msive acids formed as products of oxidation, Sequestration
of corrosive acids by tie soap micelles offem an explanation
of why the soaps are better inhibitors tinn the correspond-

ing acids. Combination of the soap micelle with the corm.

sive acids occurs tbmugh cooperative micelle formation or
through hydrogen bonding.

5-3.3 LtMfTATIONS IN THE USE OF RUST
INHIBITORS

Since the most effective rust inbibimm have low sohtb&
ity in the base oils, precipitation during storage may occur
when inhibitor concentrations exceed 0.5 [o 1.0%. Prccipi -

tmtion accelerates a! low temp-mmwes because volubility of
the inhibitor decreases with decreasing temmrature. Corn.-.
pounded lubricants may experience significant losses in
their ability to inhibb rusting after six months of storage
because of the precipitation of the inhibitor. Inhibitor insol-
ubility is frequently evident by the development of a haze in

the oils.
Because molecular agitation in a liquid increases as tem-

pemtum. increases, the volubility of the additive and there-
fore its tendency for resorption fmm the metal surface

increase with tempemture. Stnted differently, raising the
temfxmture of the oil increases the minimum concentration

of the additive necessary to achieve adequate protection.

Usually, a tempemnm is rmcbed above which a tust-inhib-
iting additive is not effective al any concentmtion. The max.
imum temperature for the complete inhibition of resting for
seveml acids in a petroleum oil increases in the following
order Iinoleic, 46°C ( 115”F); undecylic, 60°C ( 140°n,

myristic, 74°C ( 165”F): and stenric. 88°C ( 1900F) (Ref. 21).
The scduhility of the additives in the oil decreases in the
same order.

The adsorbed monolayer can be rupmred by abrasion or
wear and leave nmas vulnerable to corrosion. If sufficient

inhibimr is present in the hydraulic fluid. it will he read-

sorbui in the scuffed location. The mte of repair will be
greater for the less viscous oils.

The presence of water as a contaminant in a bydt-atdic

system may result in the leaching of the monomolecular
layer from the surface of Ihe metal or the inhibitor from the

hydraulic fluid. The polar nature of most inbibltom allows
some solublli[y in waler, wh]ch results in the leaching, even
though the degree of volubility maybe small.

Since the adsorbed monolayer is in equilibrium with the
inhibitor in sohttion. addition of makeup fluid containing no

inhibitor to a hydraulic fluid may ultimately result in the
desot’ption of the monolayer and loss of rust-inhibiting
properties. Monolayer of compounds having rust.inbibit-
ing propmdes can usually be removed by exhaustively
washing the surfaces with solvents.

5-3.4 EXAMPLES OF RUST AND CORRO-
SION INHIBITORS

Many classes of compounds are effective as rust inhibi-
tors, namely: sodium and barium dinonylnaphttmfenc sul-

fonates; carboxylmes. including soriitan monooleate; and a
variety of other compounds (Ref. 21). Also zinc dMkyl-

ditbiophosphates (ZDPS), metal ditiiomrbarrmtes, phosph~
rized trod/or sulfurized tetpenes, dkynyl succinic acids and

their derivatives. propoxylmed or etboxylmed alkylphenols,
substituted imidazolines, and sulfonates arc repormd as
effective rust inbibbom (Ref. 27). Hydmxyarylstearic acids
function as both oxidation and rust itilbitom (Refs. 28 and
29). Nitrogen compounds-such as tines or amides, cer-
tain phosphoms compounds (especially esters of phospho-

ms acids), and dicnrboxylic acids made by reacting olefins
with maleic m-thydride-,we also effective rust-preventive

additives (Ref. 30).
Impurities present in m additive may have an adverse

effect on a hydmulic system. When concentrations of inor-
ganic salts. such as calcium chloride or calcium sulfate, are

pment in toncentmtions as great as 0, 12% in a dinOnyl-
rmphthalene sulfonate, corrosion caused by galvanic action

may occur (Ref. 31).
When itdibitom are selected m prevent comosion, the

identity of the specific components of the metal-liquid sys-
tem must be considered because an additive that pmtecb

iron IMY itself corrode copper or silver. An example of the
need for a specific inhibitor for a particular system is per.
Iluompolydkyletber fluids, which have proven corrosive to
ferrous and titanium alloys in oxidative atmospheres at
260°C (500”F). Perlltorcmrylphosphines and phosphine

oxides used as additives prevent both degradation of the
Pmi3uorofmlyalkyletber fluids nnd tie consequent corrosion
of metal under these conditions up to 343°C (650”F) (Refs,

32 and 33).
Dfferent classes of inhibitors must be used in polar fi”ids

in which water is either a part of the composition or soluble
to some extent in the fluid. For example, 0.2% of sodium

niuite and 0.8% of disodium phosphate dcdecabydmtc
function as corrosion inhibitors in glycerol-water hydraulic

fluids containing 40% glycerol (Ref. 34).
For inhibiting corrosion of tin, steel, aluminum,cast iron,

brms. and copper, in contact with ethylene giycol and 1,2-
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pmpylenc glycol. chc following combimtions have proved

sacisfnctmy 0.5% bomx and 0.5% hydmquinonti 0.5% ui.
ctbnnolnmine and 0.5% potnssium hydroxide: and 0.5% 1.5-
dihycfcuxyrmphhlenc and 05% potnssium hydroxide. The
mmt sadsfnctory inhibitors for sysIcms containing n-
buumol cue 03% bydmquinonc with 0.5% potassium mer-
cnpmbcnzmbiazole (Refs. 27 and 35).

S-3.S VOLATILE CORROS1ON fNEUBITORS

The polar rust-inhibiting compound. dcscribcd in par. S-

3.4 arc effcccive mdy on fercmu surfnccs cmunmd by the
hydmufic fluid. Corrosion MCIcust in ocher pmcs of tie sys-
ttm can he inbibiccd tigh lhc usc of volntile mrmsion
inhibimcs, which mdily sublime ac ordkmry ccmptmturcs
md deposit ISmonolayer on cxpcd mewl surfncc.s. These

inhibilocs mt ofcm vmti soluble md can be washed fmm
the surfncc with wncer. AfdIOugh chk ccclmique of corrosion
inhibition is most frcqucmfy used in cmmcccion with pack-

@g (Ufs. 27 and 36). nqumus hydraulic fluids CIM k
inhibimd in bah Ucc liquid md vapor phwcs wilh dlisoprc-
pyl-nium niuitc (Ref. 37).

S-4 VISCOSITY INDEX IMPROVERS

S-4.1 MODE OF ACTION

Addition of caoin polymers 10a hydraulic oil increases
h viscosity of tie oil Chcuughout its useful tcmpcmturc
mngc md imprcwcs its viscosicy-tempcmmrc rclmionship.
The contribution of 0 polymer to chc viscosily of 0 pOlymer-
oif blend rclnccs dircctfy 10 che effcccive hydrodynamic vol-
ume of chc pcdymcr. The hydrodynamic volume of tie poly-
mer. in turn. mimes to chc degmc of solvation of tie
polymer by chc base oil (Ref. 38). Higher ccmpcmnucs
favor bctccc solubilify of Ihc polymer in Ihc oil: hence chcre
ME becur sc.lvadon md MI “cxpwcded” macromolecule.
L4Jwcr cccnpcmcums fnvor conbnction of Ihe nmcmmOle-
acle, or scsud differently. lhe formation of a convoluted
species. In cbis way Oce effective conuibution of tie poly-
mer co &. viscodty of tie polymer-oil blend is gmmer m

higher cempcmcurcs. Not ofl polymccs differ in their conui-
buticm co viscosity as different tempemmms. but lhcy mny
lx rcfcrccd 10 as viscosicy index (VI) impmvas because of

tie inccmsistcncics of she km and Davis viscosicy-incfcx
system (Ref. 39).

Tlu chickening power of n polymer incmsc.s M the

molecufnc weight inc- mcl conscqucncfy, as iIs effec-
tive hydrodynamic volume incrm.se.s. The Chickening power
is usually pmpordmml 10 lhc nmlcculnc weight to lhe 0.5 to
0.8 power (Ref. 40).

S-4.2 LIMITATIONS

h order co maintain n spcified viscosity in a bydmulic
fluid w n given tempcmmre. o Iowcr viscosicy md thcrcforc
mm-c voladle be fluid must bc mmpc.um.fed witi n pcdy-
mcr chicksncr bccnucc the effect of Uts ncfditive is m

incnass chc viscosity nl nll ccmpemcums. fn applicmions for
which low voladli~ and low viscosicy MC required, tie use

of polymer W!ckcners is Iimitcd.
A second Iindmtion of che usc of VI improvers is IAeir’

susceptibility to sham In a hydmufic-lluid-polymer blend.
the cxcended polymer coil may become mienmd unda high

shear stress with n consequent loss in viscosiry. Sicuc dst
original pol ymcr configumtion rcfmms when h shear
force is mmovccf. she lerm Ycmpmvy viscosi!y loss’” Ins
been applied to IMs phenomenon. An alwrmue tam. ‘“mien-

mion viscosiry loss”. has been offered in order to diffcrcnti-
ofc the effca fmm tie same effect Ifuu may rcsull fmm
Yhixocropic viscosiry 10ss”” of mineml oils below their
cloud point (Ref. 39). Afso. under high shear scrcss tie fmly-
mer chains mny ruplurc with 0 cmcscquem permanent loss

in viscosity of polymer-cMckencd oils. This change. which
is not n &polymerization, is mom pronounced in blends dmd

concnin Isigh-molcculnr-weight. or mom viscous. polymers.
Lower molcculm weight polymers me less susccpdblc m
‘“prrmanem vissosisy 10ss”.

The tcrcn “shear stability” encompass both ccmpm-nry
and pcrmnncm viscosity Ios.scs. Labmcmory methods used co

pmducc ncdccmcd shearing of polymer-thickened oils
have included a mechanical pump Imp in which a pump
rccyclcs tie fluid Uuough m orifice and o sonic oscillamc
Icst. Since Ihc sonic oscillator ml OIiers some ndvmuagcs
over ti pumploop le.% MI AMcrican Society for Tcscing
md Mmcrinls (ASTM) sonic shear stillity mdmcf hns

been developed (Ref. 41). Smdics of h sonic shcm test
have fmmd IM.! shear brafcdown of * polyisobmylencs
could bc blocked by water mnmncinadcm bu! lhn! che sbmr

smbility of polymahacrylmcs was not significmtfy nffcmd
under similar mnditiotcs (Ref. 42). The shear scabiily of

polymeihncfylmes and POlyisobwylenes varies invccscly
with tick nbilky to impmve the viscosity index (Ref. 43).

TIM nbilisy of an addhive to improve he vismsily index

dccmscs witi npplicd shsw scrc.s (Ref. 44).
Sources of high energy other lfum shear can afso induce

degmdmion of polymer tickcnem. These smmcs include

high tempannuc.s, ukmscmic degmdndon. and gamma irm-
dincion (Ref. 45).

Final Iimilmions of tie usc of pcdymcric mmminls am
their solubilisy in shc base fluid and she mmpacibilicy of

compounded fluids with possible mnmminnms. ‘I%USh
polymeshaccylnus have m nclvnmoge as VI impmvcrs in

dicstcr-base fluids. The additives arc not pcccipimud when
che hydraulic fluid is accidenmlly concnminalcd by pClCU-
Ieum oils or the common volmile solvents used m clean
hylmulic SYSICMS(Ref. 46).

S-4.3 EXAMPLES OF EFFECTIVE

POLYMERS

The VI impmvers Ifu3cImve achieved Che gnmlcst mm-
mcmiol impmumcc can be cmtgocizcd in two groups (Ref.
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47): Group I polymers are of the hydmmrhon type, which
includes olefin copolymers (OCP) and hydmgermted sty-

rene-diene copolymers (HSD), and Group 2 polymem am of
the ester type, which is represented predominantly by the
polyalkylmetbac~lates (PMA),

GCP-type VI impmvers am prepared via a Ziegler-Nzma

polymerization process. General] y, the monome~ are mm
domly distributed afong the chain of the polymer witiout
much branching. Styrcnediene copolymers are mtionicafly
polymerized and then bydmgenated to eliminate double

bonds and impmve oxidation stability: thus they yield the
HSD V] impmvers. PMA VI impmvers me made by free
radical polymerization of various afkyl melttncrylales
including methyl, butyl, dodecyl, and octadecyl metbacry-
kue. The alkyl monomer ratios and molecular weighi of the
polymers m balanced for optimum volubility and shear sta-
bifity for the intended application (Ref. 48).

OCP-type VI improvers require pour point depressants in
order 10 meet the low-temperature viscosity specifications
described earlier, whereas PMA VI impmvem do not
require pour point depressants because hey am pour point
dcpressnnts. Although tdl groups of VI improvers undergo
some chemical and thermal degmdation. PMAs are some-
what more susceptible than their hydrocarbon coimterparts.

Multifunctional VI improvers are a new w of product.
which bas only been developed and marketed in the 1980s,
They differ from conventional VI improvers in that they

provide petfommnce pmperdes in addition to VI impmve-
ment. Dkpermnt olefin copolymers (DOCP) and dispersant
piymetlmcrylates (DPMA) are well-known examples of
multifunctional VI improvem They are prep.wed by chemi-
cally attaching various functional moieties onto Ibe pOly-
mers. Amine molecules may also be incorporated to impart
dispersnnt andlor antioxidant characteristics, and phenolic
molecules may also be incorporated to improve antioxidant

properties (Ref. 49 and 50).

5-5 FOAM INHIBITORS, EMULSIFIERS,

AND DEMULSIFIERS

Additives useful as foam inhibitors, emulsifiers. and

demulsifiers have in common their ability to modify

(inc=me or dcmea.se) Ote stability of an interface bitwee”
two phases in a fluid system. Foaming results fmm the for-
mation of stable gas bubbles in the liquid phase, and emul-
sion occurs with the formation of two stable liquid phases,
one dkpmsed in the other. Foams md emulsions are sinbi-
lized by the presence of an adsorbed film at the interface
bmveen the two phases.

5-5.1 CE4RACTERISTICS OF FOAMS AND

THE MODE OF FOAM INHIBITION

The mechanism of foam inhibition is frequently tbougbt

to involve changes in the interracial tension baween the liq-
uid and vapor tbmugh changing the concentration of polar
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impurities in the region of the vapor bubble. A number of
other iheories on the stability of foams and the inhibition of

foams have been reviewed by Zuidema (Ref. 51 ),
Synlbetic fluids that area single chemical compound cm-

not foam because no impurities xe present: however. even
highly refined Par&urn fluids have the inherent capability
of foaming because they are mixtures. problems with foam

arc mo~ likely to arise when polar impurities are present. fn
addition to direct contamination these polar impurities cam
come from any of several sources. Accumulated acidic oxi-

dation products or the addition of additives can cause fwun-
ing. For example, mst inhiblmrs frequently contain polar

groups nnd are potential foam smbilizem. A secondary
effect is that the possibility of inbiblting foaming may be
ditninisbe#.by tie presence of other additives. llms an anti-
foam additive is less effective in a polymer-containing liq-

uid tbm- in one” that does not contain a polymeric additive
(Ref. 52).

The foaming chnntcmristics of a liquid cm depend on a
number of operating characteristics. m well as on the sys-
tem design. Primarily because of its effect on viscosity, tem-
pemture is also an impormm fac~or in foam stability. The

collapse of the entrained air can depend in pan on the ability
of the liquid to flow into the void, thus a lower viscosity
would favor control of foam. Although liquids decrease in

viscosity with increases in temperature, foaming at bigber

tempemtures can be a serious problem because of the large

coefficient of thermal expansion of vapors relative to Iiq.
uids, Thus it is reported that at higher temperatures foams
are more difficult to control in lower viscosity mineraf oils
and synthetic hydrocarbons than in h]gh+iscosiry materials
(Ref. 1).

Several side effects of foaming can be observed. Foaming
of an oxidation-susceptible material at a high temperature
increases the gas-liquid contact am and consequently the

rate at which oxidation occurs. Afthough foaming is usually
associated witi air, it may afso occur when impurities am
pm.ent ad the gas phase is the vapor of the fluid. particu-
larly in regions of n system in which the local pressure

drops to the vapor pressure of the lubricant. Since tiese are
the same conditions that lead m cavitation, the two phenom-
ena am related and a foam inhibitor may well serve as a cav-
itation inhibitor.

5-5.2 EXANWLES OF FOAM INHIBITORS

Methyl silicone oils, e.g., those with viscosities in the
range of 50.Gi)O mml/s at 38°C ( 100”F), are effective foam
inbibitom at the remarkably low concentmtion of 10 ppm.
They arc generafly considered “insoluble” inbibitom

because to bc effective, they must be presmm in an amount
that exceeds their sobdility. If the silicones are present in an

amount tlmt does not exceed their sohtbility or if the insoht-

ble particles u larger than 100 y m (0.W4 in.), they pro-
mote foaming (Ref. 53). Dimetbylsiloxtutes and polyetbcm
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arc being usd as nntifnacns in molor oils. Since the mnccri-
nfs w not wry oil snlublc. &y scparme from tie oil on tic

SLUflICCof bubbles and Cu= lhC bubbles to mptlll? by

reducing &e surfncc tensions (Ref. 27). Ocher dcfoamcrs in
tie pmcnt titemcurc include hc cafcium snaps of wnol olcin.

!lse sndium nfkyl csccrs of sulfuric acid, potassium olcmc,
end cstcm of sulfomtcd ricinolcic acid (Ref. 5 I). -r

ncfdicivcs arc hntogemtcd compounds. orgmic sulfmcs.

f)D!yCS~, Pnlyhydmxy cslcrs. Polyhydroxy cdcnhols. and
hydrnxyamincs (Ref. S2).

S53 EMLfLSIFIERS AIID DEMJLSIFIERS

Emulsions consist of lwo immiscible or partly miscible
tiquid phases. a dispcmcd phnsc of snsatl particles in n con-
dccuous plmsc. Since the lubricating prnpcrcics of m emul-

sion apprnximmc & lubricating prnpctics of the

continuous phmc, ccnnin waucr- in-oil emulsions have
ccccivcd nncncion u fire-rcsismm hydmulic fluids (Ref. 54).

These emutsions. which usually contain nbnut 40% waler.
arc stii by emulsifying ngcnts tiiu arc chmnmccizcd
u molcculcs having onc grnup of moms tint is hycfmph! tic
md n sccnnd group of moms lhm is olcopbitic. A molcculc

so cmcscrucud is capable of orienting itself at an oil-water
icucrfncc. dccmasing lhc intcrfncint lension, nnd stabilizing
Uu emulsion. ‘fhcsc tiltivcs. which may frcqucntty bc

mgnnic acids or snaps. cun bc sclcctcd frnm known classes
of nocdotic. onionic, or ctuionic sm-fncc active agents.

hkrc often in hydcaulic sysccms nddicivcs tit induce

dcccudsiticndon arc required. Icnpucitics tint cnusc foaming
can also muse cmutsions if wntcr happens to bc present in

d!c sysccm. If tic wnccr is emulsified and cnmcnt bc readily
ccmovcd chmugh cfminngc. Iubricrwcd pans can bc dam-

sgcd. Polar impurities can inftucncc the dcvclopmem of
ciihcr wnccr-in+it or oil-in-wmcr emulsions.

The selection of 0 suitnblc dcmulsif@g ngcnt depends in

pare on wkticr an oil-in-wnccr or n wnccr-in-oil emulsion
must bc ccnmccrncccct. An odditivc tit slnbllizcs m Oil-in-
wnca emulsion will gencmll y dcsccoy n waler-in-oil cmul.

sion. and vice vccsn. Thus mm dcmulsificm ore atso sw%cc
nccivc ngcnts. Some exnmplcs of specific ncfditivcs arc

pmrolcum sulfonic acids. or srdts: dimcrizcd. unsnnmncd.
nliphacic mncmcarboxylic acids md sulfomwct cnstor oil
(Ref. 7).

S-d LUBRICITY

S-6.1 HYDRODYNAhffC VS BOUNDARY

LUBRICATION

Lubricity is n mcnsurc of lhc obility of n lubricant to
rcducc tie friction or war bccwccn two sotid surfnccs in

contact with each dscr. The lubricant may bc cnllcd upon co
mducc friccion in onc of scvcnd ways. depending on tic
film lhickncss md the pacdculnr conditions under which tic

sysccm is opcmcing. llvo impmmm vnrhblcs arc ccmpcm-

Iurc md pressure. whtch in turn intlucncc chc film ticknc.ss

of lhc lubricant bclwccn the IWOsurfaces &ing Iubricmcd.
When lhc film IMckncss is grcafcr hn 0.635 pm (25 x

10+ in.). the mndc of lubrication is hydrcdymunic. Under
Ihcsc renditions Lhc moving surfnccs never come in concncc
with cnch mhcr. md (he friction is hugely dcccrmincd by the
viscosiiy of h Iubricndng fluid. The only ndditivcs of

impmmcc in hydrodynamic Iubricmion arc polymer nddi-
tivcs bemuse Ihcy incrcnsc the viscosity of the fluid.

As k pressure or ccm~mcurc bccwccn ti Iubriuccct
surfnccs is incrcnscd. tic Iubcicacing film cm bccnncc sufti-
cicmty chh thnt mcud-m-cnccnl conmct noms and bmmdnry
Iubcicacion dcvclnps. lfndcr chcsc conditions chc fluid is n

can’icr for bnundnry nr cxucme-fmcssurc mfdickcs and o
Cnublm.

[f pour gcncnccric confomdfy of surfnccs cxisis, hc cffccc

of chc clmtic dcfocncndon of lhc surfncc.s musi bc cnnsid-
crcd. Ilk Iubricndon rtspnnsc is termed clnstohydmdy-
nnmic (EHD) and is chamctcri?..cct by che cnndicion in which
elastic dcfocnsncion of Ihc surfnccs plnys n significant cnlc icc
the hydmdynmnic Iubricacion.

S-&z orLm’Ess, MwnVEAR, AND

EXTREME-PRESSURE ADDITIVES

Addicivcs for bnunctmy Iubricacion arc divided into lbrcc
snmcwhat indcfinicc clnsscs oitincss agcms. antiwar nddi-
tivcs. nnd cxcrcncc-pccssurc nddhivcs. llc classification is
& on Ihc bask of Ihc scringcncy of che tcmpcrucurc ard
pmssurc mquicmncnts ccmpcmnn-c is Chcmom imporsnnt of
the contributing fnmms. Encb of chc lfcrcc clnsscs of addi-

Iivcs is effcctivc insofar m it mdlics 0 lubricacccl swfscc.
rcduca chc ffiction, or pmucl.s ti surface frnm damaga

S-6.2.1 OiIincss Additives

~ti=S RdditiVCS. which = USUOt)yCffCCCiVtM IOW
ccmpcrnrurcs and pressures, arc @r mnlcculcs tix can
fnccn monnmnlccular films on 0 Iubricnccd surfncc. The
mnsl frcquc.nlly cilcd cxmnplc is oleic acid. Olcic acid
fnrms an oriented film dud has n rclmivc]y high energy of
displnccment at chc imcrfnm of ti lubricant and the mcml
by adsnrpcinn of tic acid pnrdnn of lhc molcnde on tbc
meld surfncc.

S422 Antiwenr Additives

hiost convcntionnl mtiwcnr ncfdicks wnrk by forming
lnw-shcnr films on mctrd surfncc.s. Hnfogmnccd nlkam,
parsiculmfy chlnrinnccd mnccrinfs, wcm used ofen ti cmc
time. They hnvc been rcplnccd, hotvcvcr, by mmc cffcaivc
and Icss cnmnsivc nmccrints for all but single-use cnscs,
such as cuuing oils. Ttu overwhelming number of anciwcar
ndditivcs m-c bmcd on compounds containing sulfur acxtlor
phosphnms cnpaldc of dcpnsicing pnlysulfidc or phnspluwc
films on I& surface involved. FOrcmns: ncnnng chcse u the
zinc diafkyldithinphnsphxc.s and ccicrcsyl or criphenyl pbos-
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phate. Under high pressures and tempenwmes, phosphoms-

contnining addhivcs are thought m reduce wear effectively
through their abOity to form iron (11) phosphate and ils
hydrate on the metaf surface (Ref. 55). The formation of tie
iron (ff) phosphates has been nm-ibuted to the presence of
polar impurities, perhaps acidic bydrcdysis products. of the
phosphate (Refs. 56, 57, and 58). Other salts of ditliophos-
pbotic acid, such as 0,0-diesIers. that have also been used
as antiwear adcfiives include the following: tetndkyl aqtmo-
nium. calcium, magnesium, zinc, nickel, and cadmium.

Seveml sulfur-molybdenum compatnds have also been
shown m be effective antiwea additives (Ref. 59).

A new group of synthetic antiwear additives has been for-
mulated in recent years (Ref. 60). These products for

bytfm.lic fluids (commonly MfL-H-564)6 and MfL-H-6083)
have been developed to ovenmme possible adverse health
issues concerning the nonsynthetic arttiwenr additives.

5-6.2.3 Extreme-Pressure Additives

Extreme-pressure additives are used under the most

severe conditions and are usually sulfurized or cblorinnted
organic materials. Compounds containing henzylic sulfur

m PticulwIY effective. Under condltiotts of extreme pres-
sure or temperature, weldlng of the two mating surfaces can
occur witi consequent seizure, galling, or scuf6ng. In a
lubricant containing an extreme-pressure additive, when

high tcmpcmtures that can produce welding are approached.
the additive presumably undergcms a chcmicnf reaction with
the metal surface to form n metal chloride or sulfide film
that protects the surface. The sulfur-containing addkives
protect the surface and may be used with lead naphthenate
m obtain it protective lead-sulfide coating. Other salts of
dithiophosphotic acid, such as O,Od]estem, that have also
been used as extreme-pressure agents include the following
tetndkyl ammonium. calcium, mngnesium, zinc, nickel. and
cadmium.

5-6.3 FRICTION MODIFICATIONADDITIVES

Friction modfters are surface active agents that are
closely relaled to exueme-pmssure additives in structure
and retie of action. Examples of friction modifiers are
amides derived fmm chlorinated fatty acids, glycerol esters,
and sulfurized oleated tallow oils (Refs. 6 I and 62). Addi-
tives dutt deposit molybdenum dkdfide ( MoS ~) are also

effective friction mcdtiers (Ref. 59). Friction modiliem are
currently tilng used at treating dosages from 0.5 to 1.0
Wt%

5-6.4 CLASSES OF LUBRICITY ADDITIVES

Lubricity additives function through their action at the
surface of the metal to be lubricated; tiere fore, lubrication
of different metal combinations may require the use of dif-
ferent addkives. AO base stocks are not equally susceptible
to additive modification, and the effectiveness of antiwear

additives can he modhied by the presence of other additives.

For these reasons n vev large number of comp-mnds and
materials have been investigated s potential boundary
Iubticmts in bydmtdic fluids.

5-6.4.1 Additives for Mineral Oils and Esters

Ester-base fluids and mineral oils are readily susceptible
to additive modification by a variety of materials. Pbos-

pbates and phosphates. particular y tticresyl phosphate, have
received considerable attention as additives (Ref. 8). ,Acid
phosphates and even phosphoric acid show antiwear prope-
rties in the proper concentration. but too large a concentm-
tion of phosphoric acid can lead [o chemical erosion (Refs.

1 and 6). Pbospbates and phosponates containing long alkyl
chains provide good lubricity and. in addition, function as
antioxidmtts (Ref. 63). The effectiveness of uicresyl phos-
phate is reduced in the presence of polar compounds, such
as petroleum sulfonates. which have a greater aftlnity for
metnf surfaces tim does tricresyl phosphate (Ref. l). Metal

dithiocnrbanmtes function as amiwear additives in ester flu.
ids but not in mineral oils. fluorinated esters are as suscepti-
ble to antiwmtr additives as non fl.orirmted estem (Ref. 64).
but many additives arc not sufficiently soluble to be used in
the fluorinated esters.

5-6.4.2 Additives for Siiicon-Containittg Ffuids

A great many atfdkives that m effective in minetuf oil
and ester fluids am ineffective in silicones, silicates, and
siloxanes. Silicones show especinfly poor additive suscepti-

bility for lubricating steel-on-steel. The wear properties can
be improved in ester-silicone blends, but such a high pro-
portion of ester is required that the good bigb-tempcnttm-e
pmp.sties of the silicones are lost (Refs. 1 and 65).

Silicon-containing liquids are usually not susceptible m
modification by arttiwem additives. There is evidence itmt
the silicon reacts preferentially with the metal to be lubri-
cated futd forms a coating cm the metal that is no longer
reactive with the mttiwear additive. Silicones and silicntes

themselves cm be used as additives in esters and mineral
oils to obtain mttiwear properties; a fact whlcb suggests that
a soft, inert silicon-iron alloy forms (Ref. 1). Some attempts
have been made m mocOfy the chemical structures of sili-
cones m impmve their wear properties. Friction and wear
stud]es of chlorinated methylpbenyl silicones show an
improvement over nonhdogenmed methylphenyl silicones.
but high friction and wear are still observed with hard steel
cm soft steel and soft steel on soft steel (Ref. 66). In addi-
tion, the chlorine-modhied silicones experience a second
limitation of being poorer lubricants for steel on copper
above 204°C (400°F3 thm are unmodified silicones (Ref.

66). A great improvement in the lubricity of chlorinated
phenylmethylsilicone was found when the liquid was
cooked with tin tetmchloridc (Ref. 12) and when formulated
with dibutyl-cfdorendate fluorosilicone fluids m rcpmted
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to have at last equivnfem went performance on the Shell

Four-Ball Escrcme-f4cssum Tester to di-2-cthyIhexyl scbw

CJMe(Ref. 67).
A Iinaf class of sikimn-conuiining fluids. the Mcanlkylsi-

fnnes. have betser ndditive susceptibility tim the silicones.

sikuus. or siloxnnes. Although ccuaalkylsilanc+asc fluids

excccd snrgel wear limits. shcir wcnc pmptics can bc

iCIIPITWCdwith phosphates. phosphitcs. phosphonntcs. phos-
phucabiomes. and suffomwcl pcouleum dcrivuives (Refs.

8 and 6S).

S-dA.3 Additives for Aryl Ether Fluids

A vnciecy of ndditivcs effectively impart impmvcd wear

fmS~CS 10 polyphmyl dsers (Ref. 16). These nddhivcs
include bis(cyclopcntilcny l)tiomium bis(crichlomaceomc)

and iss polysulfidc derivative. dlphcnyhin bis(uichloroace-

tntc), bis(triphcnylphosphine) nickel dichloride. nnd psrcic-
ulnriy crichloroacetic ncid. Tricrcsyl phosphn!e at *C 5%

level is nfso effective in nryl ethers (Rcfs. 65 and 69).

S-7 POUR POINT DEPRESSANTS

The pour point is the lowest tempcmcm at which an oil
wikk puur or flow when it is cooled, without disturbance

under n specified set of conditions (Ref. 27). Pour point
dcprcssnncs lower Ihe puur puim of an oil. This is parsicu-
lnrly importnnt for nsccting nsuny Iow-tempcruturc specifi-

cmions msd fur proptr pccfommncc of tie lubricant in cold

Ckimaccs.
An oif thnt does not rmdily ccysudlizc may bc cooled 10 n

cccnpcmncrc nt which she viscosity bccorsscs so great lhnl the
oil will not flow under Ihc cmsditions of tie pour point test.
This vismsity. oc glassy pour point, is inherent in We chem-

ical nmurc of the oil msd CM be md!ficd only thruugh che

blending of oils or mixing of oils with kight diluencs.
Pete-oleum oils thm contain a small fscrcenmge of wnx

may - m flow at a much higher tcmpmcurc due to the

focmation of o network of was CIYSCUIS.Such n “%m.xy”puuc
point may lx Iowercd chmugh che usc of ndditives. A num-

ber of csplnnstions have been offered for the mock of action
of tbcsc dditivcs. but their effect is thought m dcpmd on
tie nkili~ of the addilil,e to mdlfy the cqwallizmion pru-

ccss so dim mom md snmfler ccysods with n higher volume-
Io-sucface m-m mtio MC obtained. The modified ccystals do
no! form networks so easily (Rcfs. 49 and 70).

Most of the commercial pour puim cfcprcssnnts MC
otgnnic polymers conmining from C,. to Cm cnrkmn side

chnins. !he length of which dqcnds on the particular appli-
cation (RCf. 7 l). Materiafs that arc used as cmnnscc’cinl
ndditivcs include the polynkkylmphthnkscs. pulymethncry-

Inu.s, md sfkylmcd fmlystyrencs. Esncnplcs of mnserinls
used ns pour paint dcprcssnnts include dcriwdizcd nlkyl

MCbwqlti Copolymers. olefin copolymers, vinyl
r.sur mpolymcm. alkylatcd plynlphaulef ins polystyrene.

esters from nmleic nnhydrids-stymne copulynsas. nnd nlky-
bmed mphthylmes.

Pour point depccssam.s nrc extremely pntcm additives.

Common treating dosngcs mnge from 0.1 to 0.S WC%of the
additive concemmccs.

5-8 ELASTOMER SWELL ADDITIVES

11is .ieskMe CkU ekwonscfic serifs swell m some extent
(about 5%) when they arc in contnct with n hydraulic fluid
in ofdcc 10 sml the systcm mom effcccively. Ccnnin fluids.

hmve~,cr, notably the silicnccs md siloxnncs. MCpoor tubber
solvents but gmd solvents for robbec plasticizer. The result
is thm the plnsticizcr cm he excmcsed fcom the mbhu with

m~uenl shrinking msd hnrdming.
The approach to snlving his pcoblem is addition of 5 m

15% of compounds to the fluids tit cm SCIns rubber plasti-

cizers (Refs. 16.72. md 73). Esccrs. such as butyl olsute. di-

2.c!bylhcsyl scbsmte. nnd dibutyl phthnlnte. md cecsnin

ncomatic compmmds have been most commonly used in this

npplicntion. With such large quantities the function of the
added ISUUCridis not so much an ndclitive as n nsodificacion
of dsc base liquid hcuugh blending. In so morJf@g II liquid

S-id attention must bc giwn to chnngcs in its pbysicnl
propcmics.

S-9 HYDROLYSIS IN’HIBITORS

Silicnte esters undergo hydrolytic dcgcmdnsion to produce
products that arc bosh corrosive md insolubl~ cnrboylic
nnd phosphate csccfi seldom yield insoluble products on
hydrolysis. The primary interest in finding ndditivss that
will COITCCItlm$c undcsimble pmpcrdcs hns &n in mnncc.

tion witi silicate- md disiloxnne-bmc fluids. nfthcmgh phos-
phmcs, phosphonnces. and cnrbocylmcs have rcccivcd some
attention. PrOpcdy inhibhcd. silicate fluids hove *

shown co have accepsnble hydrolytic stabilities (Ref. 73). h!
designing a hydraulic fluid. it is often prcfcmble co modify
~c ~heficd SOUCti to obtain hydrolytic stillilY *

thnn 10 use inhibitors.
Without inhibitom numy silimtcs tarnish copper and

Clcposi[ snme silica under mnditinns of hydrolysis as

93.3°C (200eF). btu ttddhivcs. such us mcstd phenaccs. phe-
nyl. a-nnphshylacnine (Refs. 64.74 and 75). N. N’dibmyl-

p-phmylcnedincninc (Ref. 9). and p.p’-diccsyldiphcnyl-
amine (Ref. 74). me effective m n concmccndnn of O.1% in
stnbllizing tie fluid. Since the mcmsnsic amincs arc cffccsive
inhibilum in mncentmtinns Icss than those required for thcii

usc as untinxidnms. the additive scmcs a dual pwpuse.
Dlphcnylmnine md phenothkine am less effective. and
phcnolic inhibitors are ineffective (Ref. 75).

The inhibitors low their effectiveness nfser a mcn-
pmmcfcd hydrnukic fluid is exposed to the rubber swell tesL

presumably ns 0 rcsull of the lending of h plasticizer from

the mbkcr (Ref. 9). The additives nrc nnt effective in hydm
lytic SOlbikiV USIS al 204.4°C (@O°F) (Ref. 72).
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5-10 CAVITATION INHIBITORS

Cavitation is n poorly understood phenomenon. There m-e

few dnta available in the literature on the use of additives m

change the cavitation resistance of hydraulic fluids. The

usual procedure used in order to avoid damage [o structural

parts of the bydtatdic system fmm cavitation in the hydmu-

Lic fluid is 10 use materials that are resistant. Softer meuds

~ Pl~tic~lY deformed; hard. brittle metals are pitied.
Hard, tough metals, such as cobaft chromium afloys, are
vety resistant to damage (Ref. 72), Mechanical modbica-

tions may also he used, such as pressurizing the reservoir or

lowering the position of the hydraulic pump.
There has been some development work. however. on

cavitation-inhibiting additives. Studies in the Iitemture sug-

gesl that if the cavities consist of a vacuum or tie vapor of

the liquid, they will collapse with more energy release than

if they contain some foreign gas, such as air (Ref. 76). The

work that bas been done on cavitation inhibitors has been

“directed toward “filling” the cavities with t?“foreign gas”.
One of the most successful cavitation itilbitors is water.

Altb&tgh repons are contradictory as to the performance of
water. it was used in one stttdy at a ratio of 1:200 in a

hydraulic fluid to reduce cavitation erosion in control wolves
(Ref. 77), The hydraulic fluid was a commemial phosphate

ester liquid. Results ind]cnted almost complete elimination

of the cavitation damage that had been occurring with the

“unwatered hydraulic fluid. Theoretical work on the use of
water in o phosphate ester indicated that 0.5% water would

increase the vapor pressure and reduce the cavity collapse

pressure (Ref. 76).
Several repons summarized in Ref. 76 have shown that

some additives, as well as some contaminants, increase the

actual damage fmm cavitation. The consensus expressed in

the literature is that every ptupemy of a liquid has a two-fold

and opposing effect on cavitation and the resultant damage.

The various effects are often in[emcting and complex. The

limited available data suggest that many of the candidate

additives for cavitation inbihition may reduce the total

amount of cavitation present but increase the resulting cavi-

tation damage.

5-11 BIOCKDES

Biocides arc additives designed to inbibii the growth of
microorganisms in liquids. ?he Air Force, Army, and many

petroleum companies have sponsored research concerning
micmblml attack and growth in petroleum products used as

fuels (Refs, 78 and 79). However, here has been almost no
work on microorganisms in hydmtdic fluids. In general,

hydraulic fluid specifications contain no requirements for

infibtting mictubhl growth. e.g.. the Ak Force does not

rCPOfi ~Y problems, but microbial deterioration of hydmu-
Iic fluids might be a problem. In some instances. it may be

necessary to add an inbibltor or a bbcide to prevent growth.
For a biocide to be successful and desirable, it must

1. Have low toxicity to tie skin or upon inbafation
2. Be soluble in hydmtdic fluids and their additives
3. Be noncorrosive m metals
4. Be economically suitable. i.e., either inexpensive or

effective in ve~ low concentration
5. Have no &grading effect on other propenies of the

liquid. such as viscosity, stability. and fire resistance.

Afthough numerous effective inhibitom are available. none
satisfy all of these requirements. Many potential inhibitors
are toxic to humans, and many that am effective arc too
expensive or require such large concentrations that they
change the properties of the liquid.

Because mnny liquids used as hydraulic fluids and all jet
fuels am hydrocarbons, the hiocide reseamh results for jet

fuels me, in general, applicable to bydm.mrbon hydnudic
fluids. Ethylene glycol monomethyl etier (EGME) and
dietbylene glycol monomethyl ether are water-soluble addi-
tives that are as effective M bbcides in jet fuel. It has been

reported that as little as 0.05% by volume keeps micmor-
gnnism growth to a minimum (Ref. 80). In some instances,

other additives. such as mtioxidants or antiwting com-
pounds. have been found to have a secondary effecI as bio.
tides (Ref. 81).

5-12 SUMMARY OF ADDITIVE EFFECTS

ON FLUID PROPERTIES

Fluid additives are used to improve certain fluid prope-
rties. Table 5-1 illustrates lbe manner in which severaf differ-
ent fluid properties influence n hydraulic system.
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TABLE 5-1. FLUID PROPERTIES AND CHARACTERISTICS AND THEIR

PRIMARY SYSTEM IIYPLUENCE

nufD pftOPER_fY oft cwwmzfusnc I PRIhiARY INFLUENCE

Bufk hladuhls System Stiffness

viscosity I power Losses. Film IMckness, OpmuiOmd Llmil

Dmsily System Weight

Spccilic Hen!

Thcmml Conductivity i Heat Exchanger Des$
I Thermal Chamcwislics

;n

Tknud EIpml sion I Reservoir Sizing

Viscnsiry Index I Viscosity at Tempcm nuc Change in Fluid

NeutmJizntion Number I fluid Oegmdntion indicator

1
Lubrici~ I Component Wenr

Compatibility Sysmm Ma!erifds

volatility I Cnviumion md Evapnmdon

Toxicity I safety

Fooming Crwi!mion md Evnpmdon

F~ Resistance I safety

Pour Point fluid flow

Freezing Point CJpcmtiod Limit

Boiling point Opcmdonrd Ltmil

Flash Poini Opemdonal I&nil

StOmge .qtillity storage L1mil
I

Chemical SInbility Formation of Breakdown PmductslComosion

TknmJ SInbiliry Deteriomtion of Fluid F?opmies

Mechanical (Shear) .smtili!y Loss of Lubricity md Viscosity

Contamination SuhiIity Degmda lion
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CHAPTER 6
GUIDE TO SELECTION OF A HYDRAULIC FLUID

171i.cchapter begins wirh a discussion ofj?uid compaibili~ with syskm ncuferiafs. This u followed by pamgmphs des+b-

~g VPi~ fluid Per applicatio~ with evkis on the Juid nwimmcno for each application. The chapter eti w“zh a
chsckfist 10 aid in derennining the chamcteriitics of oJ7uid nseded for a specific application. An example is prwfdsd 10 &m-
onstmte Ilw use of the ckckfist.

6-0 LIST OF SYMBOLS

HGR . hem gcnenmion mm W (Bcu/h)
Ap = pmssum ~ F%(lb/in?)

Q = flow ram. m Is (gnlhin)
C, = specific hm. J/(kg.K) (Bm/(lbm.R)j
M = MUSSffOWCUCC.kg/s (Ibti)

AT = Lcmf)crncuc’etip, K (R)

6-1 INTRODUCTION

Correct and pmpussful selectinn of n hydmulic fluid is
vitnl co ovcrnll system opmncion. Ilk chapter prcsenls nn
ovcmiew of major npplicnfions for hydraulic fluids md he

conditions CJMIcficm!e tie use of n particular fluid. Fluid

~@bifiy ti~ h system must tit be ensursd. ~S
includes chc bnsc UUKIJ: surfuce cnacing, such IIS plncings
and pains. elasmmccx and ocher fluids with which the sys-
mm fluid will come into COfllWL

Applicntiowspccific uses of hydcnulic fluids must be
undersmnd and amoun!cd for. Even thuugh muny hydcuulic
fluids are suimble for many applicncions. individual npplictl-
tions ofccn require specific fluid chnmcceristics. The hydmu-
Iic system deigncr must be knowledgeable abouI hydraulic

fluid rc+immcnts and selection guidelines.

6-2 COMPATIBILITY

A hydraulic fluid must be cnmpmibk wiIh lhc mmcrinls

used in IIW hydrnuJic sysccm. which includes mcuds. plns-
cics, surface mcuings, elnsmmccs, md nccnsinnnlly ocher

mukrinls of cnnsnuccion, lubricam.s, and otier hydmulic
fluids. If tbe hydmulic fluid in any WY ncmcks, dcsunys.
dissolves. ur changes IMY pan of h hycfmulic sysfcm. tie
sysccm may bccoms inoperable. Conversely. my changes in
the hydraulic fluid caused by interaction with lhe system
mnfmink can nku cause system mnffunctiun. Therefore.

CO@ btilY of n hydraulic fluid witl! usc sysem -S
Um! he fluid should not acmck the sysmm md the system

should not aunck OK fluid.
Compatibility must be considered fmm sevend pnims of

view. FmI, chc hydraulic fluid should be compatible with

he bydmcdic systcm. Of primary concern is compatibility
widI the metals of mnsmcccion md the eluscomers used for

sealing. Af50 impmcnm nm be various surfncc crcncments of

nmecids in cm ncm he syscmn. such M paints msd special

smfuce finishes. Second. the hydraulic fluid should ~“ com-
patible with IIE system envicunrnem. Brcnknge. lcaksge.
md spillage all LOCIfrequently bring tie hydraulic fluid imo

conmc: with iIs immedintc CIWiIUflITML Of co- hem

arc paints. fabric or plastic linings or mm-s. in.suhuion of
elcccricnl wiring. and su-uccmal muterinls used near the

hydraulic system. Thh’d. IIM hydraulic fluid shuuJd be com-
patible witi ohr liquids and Iubi’icmcs it may COUUULOf

concern hem are addtivc susceptibility. usc of subsdmcc
hydmukic fluids. msd cboims of lubricants for che sysfcm.

Each of chcsc fnctnm musi bs examined buth individually
md in cumbinnciun for cnmp~tibility with tic bydrnulic

fluid.
Octmninmion of tie compatibility nf n hydrmdic fluid

wilh lhc hydrnulic syslcm is oflcn difficulL Because of I&
wide range of opcracing mnditiuns nncl tie large number of

pnssible mmcc’ink. chcrc hnve been vety few %fend nr

Americm Sncicty for Testing md MmcrinJs (ASTM) tcsc
pmmdures developed to &Icrmine ccsmpsdbiliry. Wkcn 0
question of compacibilily arises, Chenormal test pmmcfum is

tu expose tie rcmcerinl in qucsciun to chc hydmdic kfuid-
undrr simulated service conditions. if pnssibl~ deter-

mine changes in he mmeriaf. One unique fnmt uf Ibis type

of fnmcedurc is Ihnl emphasii is placed on the nmcerinl and
nut on the hydraulic fluid. The question hen arises WIICAICI

compatibility is u pmpcmy of the hydraulic fluid or of h.
nmfcrhd. Because compmibifity is an icncncctioo between a

hydraulic fluid and numcmus otier muuerials, hycirmdic

fluid spmificndnns usually include n limited number uf
requirements on mmpacibilhy. The most frequently cnmun-
cmcd examples am mquircmcms on chc swelliig of mbbm.

AJsu must hydraulic fluid specificncions require duu all I@
uids qualified under he specification be mnqxuible witi
ench ohm.

6-2.1 EYDRAULIC FLULD COMPATIBILITY

m nfETALs

Cumpncibility of n hydraulic fluid witi Au mcuds used in
n hydmulic system is most impnruml. Cm mu.sI be mken

b system design excludes OJl mccafs duu ME danmged by

tie liquid ur b clegmcfe h liquid. liquid-metal cornpsd-
bilily. in ils suiccest sense. includes only chemical inmrreln.

tiua.sbipx hnwever, chc mpic is bmsdened here m include
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any influence the hydraulic fluid may have on metal fatigue

and cavitation.
Cop~r. silver. bronze, aluminum, steel, magnesium, and

~Y other meIUIS arc commonly used as stt’ucNml materi-
als in hydraulic systems. Most petroleum-base hydrmdic
fluids are not normafly affected by these nutteritds, afthough
some metals, especially copper, act as catalysts after degm-
dation statm in some petroleum liquids. Many of the newer
synthetic fluids may not be compatible witi one or more of

the conventiomd metals, For example, diester fluids, such as
the Ntime engine oil MIL-L-7808 are affected by copper
and its alloys above 93°C (200”F), AI 2643°C (5012”F), which

is 93 deg C (200 deg F) above its maximum usable tempera-
tarc, such a diestcr still has a life of 8 to 12 h in a sealed sys-
tem. ff a small piece of bm.w or copper is present. the fluid

is reduced ton thick. black, molasses-like substance of high
acidity and foul tier witbin an hour (Ref. I).

Liquid-metal compatibility can be measured by a number

of tests. These techniques usually involve exposing the
metal to the liquid under a variety of conditions md deter-
mining any chnnges in the liquid or the mctafs. Many of the

tests mentioned in par. 3-4.1, “Chemical Stability”’. or par.
3.5, “corrosiveness”, are quite useful and have been widely
used. Dficulty often arises in attempting m relate test con-
ditions to actual service conditions. Many conditions that
occur in service cannot be anticipated and inco~orated into

the test. One example is galvanic corrosion. Hydraulic flu-
ids may kcome electrolytes between dksimilar metals dur-
ing use and cause considerable corrosion. h then becomes
necesstay to smdy metal-to-metal couples in the presence of

candidate hydraulic fluids. Most fluid III~UfaCNI_FfS have
conducted extensive research into the tiquid-metal compati-

blfity of their products. and data are avaihtble to pmspe.ctive
purchasers. In most cases hydraulic fluids arc compatible
with all common meads used in construction of bydrwdic

systems, and the fluid manufncttmm provide data only for
those instances in which the fluid and metal are not compztt-
ible.

62.1.1 Metal Fatigue and Stress Corrosion

Metals fail through fatigue when they are subjected to

excessive Iocaf stresses, either cyclic or unitfimctiomd. In
both cases the fatigue life of n metal can hr. affected by its
envimnmenL If the environment is corrosive, resistance to
fatigue is reduced (Ref. 2). The resultant damage from the
combktiuion of corrosion and stress is worse than the dam-
age produced by either individurdly. ‘fWo b~ic types of

combhations of stress and corrosion arc Kcognized stress
corrosion, in which the stress is static and tensile and fatigue
corrosion, in which the stress is cyclic. The mode of failure

io both instances is similar. As a resul( of fatigue, corrosion,
or n combination of the two, small pits or cracks am prO-

duccd in the metaf. The corrosion then acts cm the bottom of
the crocks or pits in such a way as to prcduce a greater stress

concen!mmion than would be produced by stress alone. Fnil-

urc recurs from the progression of the cracks across a sec-
tion of the metal.

For each metal lbe degree to which it is tiected by stress
corrosion is associated with its environment. The hydmdic
fluid constitutes the environment “seen” by the metals in the

hydtmdic system. If the hydraulic fluid is corrosive to the
metafs, the fatigue resistance of the metafs is reduced. How-
ever, the environment frequently will not be as corrosive to

the metal if the stresses are absent. Even with the potentially
serious results of metal fatigue and stress corrosion, the

effect of the hydraulic fluid on the fatigue life of a metal is
not a problem that occurs very often.

6-2.1.2 ,jCavitatiOn

Cavitation has been defined m the “process of formation

of the vapor phase of a liquid when it is subjected to

reduced pressure at constant ambient tempcmturd’ (Ref.
3), Cavitation damage occurs when the resultrutt vapor cavi-

ties in the fluid collapse near a metal surface when exposed
tO bigb pESSlllt

Cavitation damage is often more severe if the cavities
consist of a vacuum or of the vapar of the fiquid rather than
if they contain some foreign gas, such as air. The trend is
toward the use of pure fluids afong with high-pressure dif-
ferentials and bigb.fmquency vibration: thus cavitation

beconies m increasingly important problem.
Cavitation damage occurs when the moving fluid carries

the vapar cavities or air bubbles into a high-pressure area of
a pump or other component. Due to the bigb pressure, the

cavity collapses. One result of this cofhtpse is i3significant

heat generation, which can scorch the fluid. Although this
involves only a microscopic area of tie fluid, it can result in

damaged fluid structure and increased oxidation rate.
Damage 10 the pump can occur if the vapor cavities or

bubbles reach the internal surfaces of the pump before they
collapse. Thk leads to erosion damage, usually in the form

of pitting. ‘fwo possible mechanisms are suggested as
causes for lbk damage. One is the high-pressure shock
wave that occurs during the collapse. Pressures in these
wave have been estimated m over 7 x 106 !&%( 106psi), llM

second mechanism is a high-velocity microjet of fluid that
occurs because of an uneven pressure dktribution at the
metal surface. This causes n jet to shoot through the center
of the cavity, The jet reaches a high velocity and creates a

small pi! when it impacts the surface (Ref. 4).
Cavitation damage can occur in almost any component in

a bydnmfic system. However, the damage usually occum
where the required high pressure-low prcssum-h@ pres-

sure sequence occurs often, mpidl y, nnd with high-pressm
differentials. The components most subject to damage arc
the hydraulic pump, ventutis, ~d valves.

Cavitation in VenNIiS accurs when the bigb fluid velocity
in the throat drops the pressure below the vapor pressure of
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the liquid. Cnvibmion in vnfvcs noms in a manner similar 10
that in vencucis. Once mwicntion is cstnblishcd in n pump,
valve. or venturi. the flow nuc rcnmins consumt unless some

physicnl chnnge is made. such as incnm.sing tie tit open-
ing in a venclui.

There arc nummmus vnriablcs Ihm nffcct cnvicmion cfnns-

agc. .%mc vnrinblcs nrc mcc~lcal factocs of che systcm

design and some u pmpcrcics of the fluid. Mcchaniml fnc-

tocs include succinn pmssurc. venting. liquid velncity, film
lhicknrs. Icmpcmturc. and surface roughness. Liquid prop

ercics IlsnI nffcct cnvicncion arc vapor prcs.wc. viscnsity.
density. bulk modukus. surfncc ccnsion, md ndditivcs. The

effect of chcsc vwiablcs on cavitation is given in Ttilc 6.1.
Tnble 6-1 highlights the dcsimblc fluid pmpcnics tii

shmdd bc spccificd co help minimize cavitation. llesc pcup
crdcs am low vapor prcssucc. high viscosity. md inwmscd
surfnce tension. In general, ticsc prnpercics help m keep tie

fluid from rmching its filling point and changing to n

Vnpml?us Stmc.
When cnvimdon of n fluid is bcfieved m bc occurri ng. the

dcsigncc is cnmioncd not to be misled if fnam (caused by nir

cncminccl in lhc fluid) is observed witiln the ccscwoir. As

scncccf previously, cnvicaion wiIhin n sywem is usuafly
Iodized and a ccsult of low pressure or rcpmtccl low-high
pmssm-c Cycfing.

6-2.2 ELASTOMERS

Afmnsl afl scds and palings used in a hydmukic sysccm
nrc nude from elnscome~ymhctic or nanmd mbbcrs. An
clnstomer is a nsmerid exhhking Iinfe plastic flow cmd
quick md ncruly complecc recovery from m extending
fmce (Ref. 5). Such matcrinfs me .suafly modified by addi-
tives. fillers. nnd other mmpcxmding ingrcdkncs and Cfsm

curd tn make o finished eln.stic compound. The number of
basic elnstnmers is small. bul che vtie~ of finished mm-
pounds Iha[ cm be made is nfmosl infinite. his usually pa5-

siblc 10 chcasc an elastomer lypc and develop n cnmpound
cnmptuible with tie hydraulic fluid of imcrcst under ony
nmncnl envimnmcntd renditions.

The hydrnulic fluid usuafly has mom effect on dx A sw
packing compound tim tie compound hns on the hydcmdic
fluid. In most inscnnccs ~ mmpcnmd is nfmcst incn as fnr
as any hnrmful effects on tic liquid am mnccmcd unfess
additives in tic scnl mmcriafs arc cxcmcccd by cbc liquid.
However. snmc liquids ncmck and dcscmy some sad mlucci-

oks. The usurd nwhcd of determining whethcc o liquid and
m elns:omcr arc cnmpwiblc is m nscnsm-c sclccccd pcupcr-
tics of tie eloscomcr before and after immcrsinn in k liq-
uid. ~e common pmpercics used to cnmpam or evnhnce
vnrious elastomers arc dcscribcd in Tnblc 6-2. Ocher proper.

tics of impmmncc no: kiswcl in Table 6-2 arc mmmive

TABLE 6-1. EFFECT OF MECHANICAL AND LIQUID VARIABLES ON
CAVITATION (Ref. 3)

VARIARI.I? I CAVITATION I COh4hENT.--. —— . . . . . . . -- . .. .—. .

fECHANICAL FAffORS

Incccnsing Suction Rcduccd lncrcnscd pccssurc mninmins 0 positive
lhrssurc prcmuc UCchc pump inkci.

Veining Rcduccd Venting rcduccs cnvimcion if it dcaccwcs chc
system and ccmov~ high-vnpor-prcssucc
dissolved gnscs.

Incrca.sing Liquid Inmcn.sed
Velocity

Reducing Lubcican! Incrcti Cavicmion incm.se.s pcobably because the
Film Thickness film is in cnmprcssinn Ond p-urc

diffcrcnccs arc Iargc.

Incrcnscd lncrenscd Covitntic.n md cnvimtion damage probably
Tempcmcurc incrcn.sc tic co higher vapor pressure.

Incrcnscd Surfncc Incl-cmcd Ctwiuuion probably incrcmcs bccnusc of tie
Rcwghsccss crcminn of mnrc high-low-high pressure

sites.

LfQUfD FAaORS

Lower Vapor Pccssurc Rcduccd

Higher Viscnsity Rcduccd

Higher Dcnsicy Inmcnscd

High Bulk hhduhls Inccascd

Incrascck Surfocc Reduced
Tension
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TABLE 6-2. PROPERTIES OF ELASTOMERS

PROPERTY I DEFINITION

Hardness Hardness measured in points on the Shore A durometer scale
calibrated to a dummcter readbtg of 100 points on fktl glass

Tensile Strength The force in MPa or psi required to mpmre a standard
specimen

Ultimate Elongation The incrc~e in length, expressed as a percent of originrd
length, n standard specimen will undergo before bmking

Modulus The stress at a predetermined elongation, usuafl y 100%

Volume Change The change in volume expressed as a percent of original
volume of an elastomer nfter contact with a media. e.g., hy-
draulic fluid

Compression Set The percent of original deflection by w“hicb an elastomer fails
m recover in air after a fixed time compressed under specified
load and temperature

effects on metals, tear strength. abrasion resistance, thermaf tomers with regard to compression set or cold flow and to

resistance, permeability, coefficient of thermal expansion,

and ccmfficiem of friction.
The greatest difficulty in evaluating liquid-elastomer

compatibility is the selection of test conditions. Seals are

subjected m a wide variety of o~rating pammete~ includ-
ing viuiahles such m temperature, pressure, load, speed,

abrasion, and dynamic conditions. In addition, changes in
the chemistry of the liquid that occur during use are caused

by oxi&tion. thermal mocesses. corrosion. and contamina-

tion. There are sdso different requirements for static or
dynamic seals. Evaluation of dynamic seals must consider
the complete range of conditions expected in sewice

because a change in conditions within the expected range
may have an effect on the compatibility. In general, the find

determination of liquid-elastomer compatibility must be
made in the intended system (or a simulated system) over

the anticipated range of operating conditions.

6-2.2.1 Basic Elastomer Materials
Many elastomer materials have been developed for use m

seeds and packings for hydraulic components and systems.
A brief description of each of the 12 most commonly used

basic types of elastomers is given in the paragraphs that fol-
low (Ref. 5). Some common trade names and recommended

uses are given in Table 6-3. a compttrmive rating of various
properties is given in Table 64, and Table 6-5 lists dnta on

the compatibility ratings of several commercial bydmulic
fluids with the elastomers described.

1. Nirri/e or Buns N (NBR)
Temperature Rmge: -54 to 135”C.(-65 m 275”f9
Tfis elastomer is n copolymer of butadiene and

acrylonitrile. As the nitrile component increases, resistance

to ~trcdeum-base liquids increases, but low-temperature
flexibility decreases. Nitrile is the most widely used elns-

tomer to&y. Nitrile compounds are superior to most elns-

tear and abrasion resistance.
2. SBR Rubber (Buns S or GRS)

Temperature Range: -54 to 107”C (-65 to 225”FI
SBR rubber, a copolymer of styrcne and butadienc.

is best known under its former designation of Btma S or

GRS. which refers to the US Government robber made d“r.
ing World War II. SBR and natumf rubber account for
~most 90% of world rubber consumption. These IWOmttte-
rinls are not generally used in seals, except for those in autw
motive brake systems.

3. Btuyl Rubber (IIR)
Temperature Range -54 to 107”C (-65 to 225”F)
Btttyl robber is an all-petroleum product made by

copolymerizing isobutylene and isoprene. Bmminated and
chlorinated butyl tubbers are also available. Inner tubes and
the inside layer of tubeless tires account for most of the
butyl mbher consumption. Butyl has excellent resistance to
permeation and is used in vacuum applications.

4. Chlomprene Rubber (Neoprene, CR)
Tempemmre Range: -54 to 149°C (-65 to 300°F)
Chloroprene mbixrs (known as neoprene) am

bomopolymers of chlomprene (chlorobutadicnc). They
were an early synthetic rubber. Chioroprene tends to crystal-

lize inn stressed condition at low temperatures,
5. Ethylene Propylene Rubber (EPM. EPDM)

Tempentmre Range: -54 to 149°C (-6510300”F)
EPM bas found widespread use because of its excel-

lent resistance to the expensively used phosphate-ester-type
hydraulic fluids.

6. Fluomc.rbon Rubber (FKM)
Tempmmm Range: -2910204°C (-20 m 400”F)
Fluorocarbon rubkm were firsI introduced in the

mid- 1950s and have grown to major importance. They with-
stand tempemttms as high as 316°C (600°F) for short @-
ods and u low as -54°C (-65°F) in some static uses. Also
they exhibit maximum resistance 10deterioration.

64
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TABLE 6-3. COMN1ON TR4DE NAME AND RECOIMMEFJJED USES OF BASIC TYPES OF

ELASTOMERS (Ref. S)

L
ELASTOMER

Niuile or Bum N
(NBR)

SBR
(Bum S or GRS)

Bwyl Rubber
(IIR)

Cldomprcnc Rub&r
(Nmprcne, CR)

Ethylene propylene
Rubber (EPM) md
Ehcylenc PcOpylene
Dicne Rubber (EPDLM)

“1

TRADE NAMES AND MANUFA(XLIRERS*

Chcmigum Goodyear Tlrc and Rubber Co.
Pnrncril Naummuck chemical
Hycnc Go&rich chemical Co.
Kcymlc Potysnr Ltd.
Ny Syn Copolymer Rubber & chemical

Corp.

(Too numerous)

Polysar Bwyl POlystlr Led.
Bucnr Bulyk COlumbiO Cnrkn Co.
Exxon BuIyl Exxon chemical Co. USA

Ncoprcnc E. L dupom de Nemours Co.
Bumclor DISNgi]
PecO-

Texncoprcne Peu&Tcx Chemicnf Co.

Nordcl E. L duPont dc Nemoum Co.
Roynfene Uniroyal
Vtstion Exxon Chemhd Co. USA
Epsyn Copolymer Rubber & chemical

Corp.
Epcnc B. F. Goodrich Co.

RECOMMENDED USES

Synthetic hydrocarbons
hfIL-H-83282
MIL-H46 I70

Pcu-cdeum oils
hlIL-H-5606
MIL-H-6083

Wmcr
Silicone gc’ca.scsand oils
Di-ester-base Iubricams

(hlILL-7808)
klhvlcnc-d~col-base fluids

Automotive bmkc fluid
Alcohols (low molcculiu weight)
Waler

Phosphalc-ester-t ypc hydcmdic fluids
(Skycfcol. Fyqucl (Celhdube).
Pydmld)
Ketones (MEK. ncttone)
Silicone fluids and grcnsc.s

Refrigenuws (Freon. NH,)
High-aniline-point pcu-oleum oils

hfild acid msisumcc
Silicate .scr Iubcicnms

Phmpbn!caccr-& hychmdic fluids
(Skydcul. Fycquel (Cehdubc). Pydnud)
sIr.am (10204°C (@O”F))
Water
Silicone oils and gmascs
DIluce acids
Dihnc rdlmlics
Ketones (MEK, ncctonc)
Alcohols
Automotive broke fluids

. .
(mm”d on mm P@

71tc usc of unckcmums ond mmufnccumrs’ nnmcs in no way implicx endomcmcm by du US GOwmmcm.
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I

ELASTOMER

~uoromrbon
tubber (FKM).
md
‘erffuomcarbon Rubber

Polyac@te Rubber
:ACM)

Polyuredme
Rubber (AU. EU)

Pbospbonitrilic
Fluoroekslomer

Silicone Ribber
(S1)

fluomsilicone
(FSI)

Epicblomhydrin
Rubber (CO. ECO)

TABLE 6-3 (cent’d)

TRADE NAMES AND MANUFACTURERS*

Viton E. 1. duPont de Nemours Co.
Fluorel Minnesota Mining & Mfg. Co.

(3M)
Ktdrez E. 1, duPont de Nemours Co.
Kel-F 3M (formerly Kellogg)

cyamcryl American Cymmnid Co.
HYcar B. F. Gmdrich Chemical Co.
Krynac pO@lr, Ltd.
Tbificril lMokol Cbemicrd Corp.

Adiprene E. 1. duPont de Nemours Co.
Cyamprene American Cyanamid Co.
Dkogrin Disogrin Co.
Elastotbm Tbiokol Chemical Corp.
Fonnez Wkco Chemical Corp.
PaJltuhane Upjohn Co.
Vibmthane Uniroyal

Eypel F Ethyl Corp.

Sila.wic Dow Coming Corp.
No made name Gencnd Elecfric
No trade name Union Carbide & Carbon
No trade name Stauffer Cbemictd Co.

Siln.stic L.S. Dow Coming Corp.
Sylon 3-M

Herclor Hercules. blC.
Hvdrin B. F. Goodrich

RECOMMENDED USES

Synthetic hydrocarbons
MIL-83282
MIL-H-46 I70

Pelroleum oils
MIL-H-561M
MIL-H-6083

D1-ester-base lubricants
MIL-L-7808
MIL-L-6085

Silicate-es!er-base lubricants
MLO 82011
MLO8515
0s-45

Silicme fluids and greases
Hdogennted hydrocarbons

(carbon tetmchloride,
tricbloroetbylene)

Selected phosphate ester fluids
Acids
Chlorouifluomtbylene (Cf_FE)

Symbetic hydmmrhons
Petroleum oils
Chlorotrifluometbvlene

High-aniline-point oils
Dry beat
Chlorinated di-phenyls
Military aircraft fuels

JP-4
1P-5
1P-8

Miliuuy aircmfI fuels
JP4
1P-5
1P-8

ke w of ux& names and mmufacturm’ names in no WUYimrdies mdorscment by du US Government.
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7. F/uomsilicone (FSi)
Temperature Range -62 to 177°C (-80 to 350”F)
Fluomsilicone robbers combine the good extreme

tem~raNrc properties of silicone rubber with fuel and oil
resistance but b~ve mlaiively weak mecbaniccd properties
compared to other eln.stomem

8. PolyacWla(e Rubber (ACM)
Temp.mmm Range: -18 m 177°C(O10350°F)
ACM rubber has outsmnding resistance 10 p.etm-

Ieum fuels and oils. There am numerous types of ACM rub-
ber available; no are pblymerizmion products of acrylic acid
esters. The greatest usage of ACM robber is in automatic
transmission and power steering gear seats.

9. Polyurekne Rubber (AU, EU)
Tempmsmm Range: -54 to 93°C (-65 to 200”F)
Polyumthanes have superior mechanical and physi-

cal properties. They cannot, however, withstand water.
acids, ketones, and chlorinated or nitm bydmcarbons. They
have poor compression set and tend to soften excessively
tdmve 121°C (250° F). Because of the many polyurethane
mbter compounds and because the minimum tempemmre
at which each may be used varies fmm compound to com-
pound, no lower te.mperamre rssti’iction can be stated.

10. Si/iccme Rubber (Si)
Tempmamre Range: -115 to 121°C (-175 to 250”F)
Silicone elastomers are made fmm silicon. oxygen,

bydmgen, md carbon. They have pm tensile strength, tear
resistance, and abrasion resistance; bowever, they have
excellent resistance to tempermm exlmmes. especially d~
beat. Silicones m-c not resistnm to petroleum liquids bul am
resistant to many of the synthetic liquids.

11. Epichlomhydrin Rubber (CO, ECO)
Tempemtum Range: -54 to 135°C (-65 to 275°F)
Epichfombydrin is n recent oil++sistant polymer

class addition. The two basic classes. homocopolymers
(CO) and copolymem (ECO), have excellent resistance 10
bydromrbon oils, fuels, and ozone. It has good higb-temper-
iuure resistance but only fair compression set at 149°C

(300’’F). ‘Ilk and the corrosive nature of epichlombydrin
am limiting factors in some applications,

12. Phosphonirn”lic Fluoroehmomer
Tempcmtum Rsnge: -5410 135°C (-65 to 275”F)
Phosphonitrilic fluomclnstomer, also known as poly-

pbospbazene, is a semi-inorganic elastomer, characterized
by a pbospborus nitrogen backbone with pendant fluorine-
containing organic groups mtncbed to the phosphorus. This
elastomer is usually vulcanized by reacting with peroxides.
Pbospbonitrilic Ruoroelassomer provides low-temperature
flexibility md high-temperamrc stability, toughness, nrtd
grind bydrncarbon oil or fluid resistance. The potential

~ge of aPPficatiOns for this elastomer, although extensive,
cm be limited by its relatively high production cost.

6-2.2.2 Effect of Radiation on Elastomers,
Plastirs, and Resins

Seals, packings, O-rings, and similar bydmulic syslem
components using elmtomem, plastics. or resins may be

subject to dnmaging mdkttion, Elastomers are much less ml-

emnt of mdkuion than hydraulic fluids. In facl, hydmulic
fluids are generally two to ten times as mcfhtion resistnm as

elastomers (Ref. 6). ‘fhercfore, the seals, packing, O-rings,
and similar bydmulic system components are typically the
“weakest link” in the hydraulic system against radiation

effects.
The major source of radiation is nuclear weapons. The

ty~s of mdimion typically of concern are gamma radiation

and neutrons. Absorption of equaf amounts of energy pro-

duces equivalent changes in the mechanical pmperdes of
seaf material. regardless of the ty~ of radhwion emitted

(Refs. 7 and 8), These mechnnicd properties include hard-
ness, elongation. and tensile strength,

Befo~ selecting a material for usc in n radioactive envi.
mnment based solely on its hlgb radiation tolerance, other
environmental conditions must be considered. For example.

afthough polyurethane ranks high in radiation tolerance, its
limiting maximum tempcmture, water resistance, md cmn.
pression set resistance may make this n prior materinl choice

in some applications (Ref. 9).

6-2.2.3 Test Methods for Elastomer-Liquid
Compatibility

The usual prwedure for determining the compatibility of
an elastomer with a pnnicular liquid is to measure changes

in various properties of the elastomer after immersion in the
liquid. The most commonly used indicators of deterioration

of an elastomeric compound are excessive volume swell or
shrinkage, a large decrease or increase in hardness. and an

extreme change in tensile strength or elongation. Many of
the changes, such as loss of hardness and tensile strength.
that various media came in an elastomeric compound can-
not be considered deterioration of the compound. Of!en

such changes are tempo~, the compound remrm to its
original state after removal from the media. +s0 certain
changes, such as swelling of rubber, are often required for
satisfactory operation of the system. Almost afl seal &signs
require a definite amount of swelling to effect a complete

smf, Table 6-6 lists the rubber swell limits of scvemf ~jli.
tary specification bydmulic fluids.

6-10
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TABLE 6-6. RUBBER SWELL LIMITS OF MILITARY SPECIFICATION
HYDRAULIC FLUIDS

&4[LlTARY
SPECIFICATION

FLUID

Pctmleum-Base Liauids

MIL-F-1711 IB(OS)

MIL-H-17672D

MIL-H-27&31A(USAF)

MIL-H-46001D

MIL-H-5606F

MIL-H-6083E

MIL-H-81019D

MIL-L-1733 lH(SH)

MIL-L-21@$F

MIL-L46167B

Synthetic H@m.mrbons

MIL-H-46170B

MIL-H-832S2C

MIL-H-87257

GlymUWoter Glyml

MCL-H-22072C

MIL-H-5559A(AS)

SAE J 1703

Silicone

MlL-B-Id 176A

Palyphenyl 13hcr

MIL-L-87100(USAF)

POlysiloxane

MIL-S-81087C

VV.D-I078B

Phosphnfe Ester

MIL-H-19457D(SH)

Chlorc.u-ifluomctiylenc Polymer

MIL-H-53119

t= Not Rqmrted
From Fc&rnl Test Mcthcd SIMdmd 791C

TEST METHOD OR
TEST DESCRIPJION

NR

NR

See fluid specification.

NR

MeIIMx! 3603+

Medmd 3603*

Methd 3603°

NR

Scc fluid specilicmion.

.%x fluid sptcificmion.

Method 3603”

McUmd 3603*

MCIIWJ 3&33”

See fluid specilicn!ion.

NR
● *

● *

NR

NR

NR

Method 3603”

Me!hcd 3&33”

3_YPE OF RUBBER

NBR-L

NBR-L

NBR-L

NBR-L

Bum N

Buns N

NBR-L

NBR-L

NBR-L

“0- ring pcr
MIL-P-25732

Vhn

15

19

19

19

0

0

Is

18

19

● ☛

2s

30

28

28

5

.5

25

30

30

● ☛

25 40

.

. .

. . Nu— mtbm swdl mquircmems exist. See fluid s~ilicnlion.
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Stxndard test procedures for various propeties of elas-

mmers can be found in ASTM standards (Ref. 10). How-

ever, two general test methods have been developed

spccificafly to determine the effect of liquids on ela.stomem

(1) ASTM lest for “Changes in Properties Resulting From

Immersion in Liquids” (Ref. 11) and (2) Fedemf Test Meflt-

ods for ‘“Swelling of Synthetic Rubber” (Refs. 12 and 13).
These two test procedures are discussed in the paragraphs

that follow
1. Changes in Pmpenies of Elastomers Resulling

Fmm Immersion in Liquids
Tesl Method: ASTMD471 (Ref. 11)
This method is uxd to estimate the comparative

ability of tubber and mhber-like compositions to withstand

the effect of liquids by examination of the material after

remowd fmm the liquid. It leaves the selection of the test

condhions of tempenmme and time 10 the parties involved

but recommends the choice of one of eight test tempemmres
and one of four test periods. Three specimens of the ela.st-

merit material are imme~ed in the liquid in a test tube for
the time and at the tempemture specified. After immersion.

the specimens arc examined for changes in weigbL volume.

tensile strength. elongation, and hardness. All changes are

mp~ed m a percentage of the original wdue.
2. Sw,elling of Synthetic Rubbers

TesI Method: Federal Test Method 3603 (Ref. 12)

Federal Test Method 3604 (Ref. 13)
These test methods describe a procedure used to

determine tie swelling effect of lubricants on synthetic ro-

bber.Method 3603 is for petroleum products in general and
Method 3604 is for aircmft turbine lubricants. The basic

procedures of the test methods, however, are adaptable 10

other prcducts.
The volume of standardized test rubber sheets 25.4

mm x 50,8 mm x 1.9 mm ( 1 in, x 2 in. x 0.075 in.) is deter-

mined by water dkplacement. The rubber sheets are

immersed in the specimen liquid for 168 h at the specified

temperature and then removed, cleaned, and the volume

again determined by water dkpbtcement. Any change in
volume is presented as a percent of the originrd volume.

6-2.3 COMPATIBIL~Y WITH COATINGS

Compatibility of hydraulic fluids with paints and other

surface protection coatings is a problem that is often

ignored in the early design stages. Although it may have
been previously determined that a candidate bydmdic fluid

is compatible with the materials used in the system. it is still

necessrq m determine its compatibility with the surface

coatings it may contact. The number and types of coatings

m-c many-painted. nnd]zed. phospbatized, tritrided, and

plated.

6-2.3.1 Compatibility With Paints

Paints are probably the most common surface coatings
encountered. Although paints are normally exterior m the
hydraulic system. except in rare cases in which reservoim or

other components have painted interior surfaces. their com-
patibility with hydraulic fluids must be considered. Hydmu-
Iic fluids can come into contact with painted surfaces from
spillage during filling, fmm leaks, and from ntpture of
hydraulic lines,

Many synthetic liquids have n softening or stripping
action on paints that wc resistant to petroleum oils and
fuels. Phospbtme ester fluids, commonly used in commercial
aviation, have a marked stripping action on conventional
paints. Wmer-glycol solutions also have a softening and

stripping action on many paint finishes. For these and other
synthetic bydrmdic fluids. the more resistnm synthetic fin-
ishes must be employed. e.g., epoxy-resin paints. The effect

of various types of hydraulic fluids on standard oil- and
fuel-resistan[ paints is summarized in Table 6-7. The dnta

presented in Table 6-7 are genemlized. and in every case
compatibility of a panicular paint with the candidate
bydmulic fluid should be checked.

The reader should be aware of M1L-C-53072A(ME)
(Ref. 14). which describes the chemical-agent-resistant

comings (CARC) used on tactical military equipment. This
specification details the chemical formulations used for
primers and topcoats. If the comprttibility of a spccitic fluid
is in question, the manufacturer of the fluid should be con-
tacted. Knowledge of the chemical composition of the ptim-
ers or top-mats should be supplied m the manufacturer as
well.

6-2.3.2 Compatibility With Other Coatings

The compatibility of hydraulic fluids with surface cottt-
ings other than paints bas received very little attention.

Other surface coatings would include metnl phttings, anod-
izing, nittidkg, and phosphate finishing. Tberr. rue essen-

tially no data available on these topics either in the general
Iiter.uure or on hydraulic fluid manufacture’ datn sheets.

TAHLE 6-7. EFFECT OF HYDRAULIC
FLUIDS ON STANDARD PAINTS=

HYDRAULIC FLUID TYPE [ EFFECT ON PAfNTS
Mineral Oils I None

●StMdm’d painu arc petroleum fuel- md oil-misram
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The lack of dam mutd lend to the conclusion (hat compm-

ibility with these surface finishes is not a prddcm. How-

e~er. bCCauSCdwsc finishes cut eiIhcr mcmkkic or a chemical
conversion of h base mcud. tic question is one dint should

bc considered in dx d.cterminntion of liquid-metal compmi-
bikily.

6-2.4 C031PAT3BILITY WITH OTHER
LUBRJC&XTS

The mmpasibilhy of n hydraulic fluid with otier lubri-

cnms it may conmct musl ah be considered. Other lubri-
cams include subslimtc hydraulic fluids. lubricating oils.

~ ~d solid film lubricants. MosI hydmulic systems in
operation mdny use components not lubricated by k
bydmulic fluid. Thus for the system to ofstmte satisfactorily.
il is essential tit b bydmulic fluid be compatible witi any

of h Iubricmm il may conmct. eitir accidenudly or by
design.

The compatibility of one hydraulic fluid wilh another is n

problem IM does not occur often. w it is frequently forgot-
ten. The problem is pritily of concern in mplncing one

hydrnulic fluid with nnmher. when nnnnddkive petroleum
hydraulic fluids were the only ones nvnilnble. changing 10

nnnsber hydmulic fluid wm m easy maim. The adven! of
extensive use of additives md the synthetic liquids. how-
ever. made substitution of hydraulic fluids somewhat more

difficu!L Many of & synlhelic fluids me completely incom-
patible with one another or wiIh fxtroleum fluids. However.

the fluids desaibd in MILH-83282. MIL-H-87257, and
MIL-H-46170 arc totally miscible and mmpatible with

those in MIL-H-5606 md MIL-H-6083 and cm be intcr-
cbanged with no difficulty.

Water and oil emulsions m-c often cnmpxible with min-

end oil fluids in tiI dtey tend 10 absorb small amounts of
tic oil into I& emulsion. Reduction of tie fire-rc!nnhg

ppfim is the only resulting hams. Several militmy speci-
ficr,doo bydmulic fluids arc required [o be mmpmible with

certain other fluids by not separating or forming gums. pre-

cipitous. or gels. TMs rquiremenL however. mny dcacli-
vnu impm-mnt addkives nr cause the loss or reduction of

impm-umt pmpcrdcs.
Them w no standard ASTM or Fedcml Test Mdmds

avnilnble hi determine dimctiy the compalibiliIy of one

hydraulic fluid witi mother. Simple mixing tcss with visual
obserwuion to determine scparmion. emulsification. fOnns-
tion of solids. etc., arc nnnnally used m semen for compati-
bility. However. lhere arc SW@ll’d lest mclhnds 10
desmmine h mmpatibility of lubricating oils md solid film
lubricnms with hydraulic fluids. TWOof them am discussed
in the parngmphs tit follow.

1. Compatibility oJTurbine-Lubricating Oils
Test Mcthsd Fcdeml TcsI hlethod 3403 (Ref. 15)
This method is used to dew-mine tie compatibility

of aimrnfI turbhie Iubricnms wiih specific referee Iubricmts.

Although the test pmcedurc is ti!gned for aircraft turbine
Iubricnms. it mm Ix used to test tie compwibiliry of bydmu-

Iic fluids wilb any referee liquid.
Three mixtures of 200 ML arc prcpwcd with the us:”

liquid md the mferce liquid. These mixtures contain 20.
100. or 180 ML of referee fluid. The mixmms arc agismd
by vigorous shaKng md then hr.mcd to IOO”C (2 12“F) for
168 h. Next k mixtures me coded. agitmed agnin. and

centrifuged (al 600 to 700 rclalive centrifuge force) for 10
min. The amount of 5CdkIIenL if any. is recorded. ‘flte H
tempcmmtm and mixmre mtios cm be changed m Jit he
!ypc of fluid being tested.

2. Fluid Resistance of DG .&lid Film ldficams
Tcsi Method: ASTM D2510 (Ref. 16)

Tlis method is used to deb-mine k msislnncc of
dry solid film Iubricmu to loss of odhesion after exposure
to various fluids. A 5.1.10 12.7-pm (0.0002- to 0.0005 -in.)

tick film of tie solid lubricnnt is sprayed on bmb sides of n
76-msn x I 52-mm (3-in. x 6-in.) modked rduminum pnel

and cured. Ilvo @.I panels with solid film lubricnm am
immersed one-half of their length in n k.st fluid a 23°C
(73.4”F) for 24 h. The panels arc hen cleaned with nnphthn
md examined for sof!cning. lifting, blistering. cracking, or

peeling. Lubricnm adhesion is tr..smd by pressing n stip of
masking tape on the dry film lubricant nnd removing it mp-
idly.

The less fluids listed in the procedure arc aircraft mr-
bine oil (M[L-L-780SJ), aircrnft engine-lubricndng oil
(M IL-L-6082E. Gmdc 1100), aircmfI twbkc nnd jet fuel
(hilbT-5624N. JP-4), md pcrmlcum-base bydnudic fluid
(MIL-H-5606F). The gerund pmcedum of the test method.
however. is ndnfxnble to MY fluid.

6-2.S COi$fPATIBILtTY WITll ADD3TTV33

Liquids for fluid power systems may contain additives to
improve she viscosily index. to suppress fotmalion of fcxum

rmd emulsions, to combat comosion. etc. If Ihc.proper chcml
icnks arc not used. one ndditive nmy cnuntsmct Ihc desired
effects of mother or tsmy rencl wits mcdher to form insOlu-

ble subsumm M muld be more harmful dmn M original
problem. Additi\.es must remain snluble in the fluid iu dl

~@ @mpemIums md shnuld not tract witi componcm
psns or cmunminmls. Chemicals must not be indiscrimi-
nately mixed with m oil. Hydraulic fluid suppliers should

be consulted on special pmblcms. Additives arc discussed in
grater detnil in Ch@cr 5.

6-3 FLUID SELECTION CONSIDER-
ATIONS

The vnriousnspem of fluid selection IM dcscnninc one
fluid is “better” shnn mother for a specific application are

WY ~ vlll’id. WaIti would make an excellem by~]ic
fluid if ccm of tie fluid were he only cnnsidermiom it is
obviously very inexpensive md quilt IIbUndIUILAkso it does
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not bum mm! is thus truly nonflammable. However. it pro-
mo[es rust and corrosion, has a very limited operating tem-
perature mmge, foams easily, tends to leak rather than seal.
and dissolves minerals. Mixmres of water and emulsifying
agents do fnnppen to operate well as fire-resistant hydraulic
fluids, as described in previous chapters, but generally water
alone wifl mot sufice as a bydmulic fluid. The system
designer mmst then ask what fluid properties are most
important fbr a given application and what fluid will pr-
ovide these properties. The material that follows addresses

these qusrimns.

6-3.1 TWPE OF APPLICATION
The spcrification of a hydraulic fluid necessitates an

understamfimg of the essential requirements for tie fluid. the
functions the oil must perform in the system, and the cate-
gories of f3tids fmm wbicb to choose, In the pamgraphs that
follow. tbrqpccific fluid requirement for common applica-
tions W k discussed. The discussion will include the fol-
lowing apftllicmions:

1. Ftxawr tmnstnissions
2. Limcm md rotary UCNat0t5
3. PrO@sion systems
4.. Steming systems
5. Bmking
6. OnmxQl systems
7. -k absorbers
8. C@pults
9. Arresting gear

10. Gun drive mechanisms.
AN of these mpplicntions have the general fluid requirements
of Iubricatiimt, compatibility, good filterability. gcd water
and air scprmadon, and corrosion protection. These general
t-equiretmams arc not dkcussed in Lbe subsequent parn-
gmpbs.

6-3.1.1 Ffower Transmission-Fluid Coupling
A fluid wupling is a device that replaces the mechanical

link bctwccn a prime mover and an output mechanism
(commonly’m gearbox) with it fluid link. The fluid link nor-
mally consists of a hydraulic pump that is driven by the
prime nrwmr and a hydraulic motor IIMt drives the output
mec~fpumps and motors me discussed in Chapter 2.)
TIIe pump zmd motor am usunkly arranged as a closed Imp
system tamed a hydrostatic transmission (HST). A closed
loop system is one in which Ure fluid, instead of returning
fmm the I@raulic motor 10 n reservoir, rctums directly
from the bydimulic motor outlet to the pump inlet.

‘fhe pqperties of a bydmulic fluid that are significant in
its use in t3inid couplings me

1. Buflk Modulus. A high bulk modulus is desirable in
fluid coupkiings to ensure a sliff power transmission

medium. This is especially important if the system is servo
operated mrsubject to rapid reversals of direction or erratic
loading.

2. Temperatum Range. Because there is no reservoir to
aid in cooling the fluid in a closed loop system, the fluid

tends to operate at higher tempenmnm Iban in open loop
systems. Heat exchangem are often required to maintain the
fluid mmpetamre at an acceptable level. Ilk bigh-tempera-

NIe operation requires a fluid wilh good thermal and oxida-
tion stabilities.

3. Wscosity. A high viscosity index is desirable
because of the wide temperature rnnge through which these
fluids must perform,

6-3.12 Actuation—Linear and Rotary

Linear UCtuatom are those devices that convert fluid
energy inlo a linear mechanical output. whereas a romy
actuator c.mverts fluid energy into n mtm-y output. Linear

and mtnry t!cmotom are commonly referred to as cylinders

and hydraulic motors. respectively. Actuators are discussed
extensively in pars. 2-4.1 and 2-4.2.

The fluid requirements for these devices tend to be

defined by the conditions under wbicb the devices are

applied rather than by the applications themselves. For
example. a bydmulic cylinder used in a high-temperamre

application would require a fluid with good bigb+mnpcnt.
mm chmacteristics: however, tttk requirement stems from
the high-temperature conditions and not from its use in a
cylinder. Likewise, an actuator used in a semo system or in

any system in whlcb there arc high-frequency input com-
mands or rapid fluctuations of the load would require a fluid
with a high bulk modulus.

6-3.1.3 propulsion

Fluid power is used in many propulsion applications. In
marine applications propeller pitch controls and, in smaller
vessels. propeller drives are often hydraulically operated.

The pitch of aimraft propellers and helicopter rotor blades is
usually controlled by fluid power. In jet engines hydmuli-
crdly activated thrust reversers and thrust vector nozzles are
widely used. Hydrostatic transmissions arc common in

ground vehicles,
Pertinent characteristics for fluids for these applications

are
1. Bu/k Modu/us. A bigb bulk modulus is required in

these applications to provide good fluid stiffness and rapid
response to high-frequency input commands and load fluc-
tuations.

2. Shear Srabi/iry. Operating pressures at or above
30,1XICtIcPa (4300 psi) require gcd shear stability.

3. Temperattm Range. Most of these applications
require closed loop systems: therefore, good thermal sutbil-
ity and good high-temp.mmu-c performance am required.

4. WscosiIY Index. Because these systems are on

equipment that may he waned in very low environmental

tempemtures and then opem[e at high fluid temperatures. n
high viscosity index is desired.
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5. ffyfmlyric Smbi/iry Fluids used in marine applica-

tions have a grater than nonmd potential for wnur contam-

ination. Therefore. fluids for hew applications require n

high hydrolytic Stilkify.

6-3.1.4 Steerkslg

Ilsc term “steering’” genemfly invokes ground vehicles.
but hydrnulic steering syswns arc okso used in marine and

aircmtl Ilpplicadons.
The unique fluid mquircments for IIESC applications arc

1. Bulk ModIIhM. A high bulk mcdulus is required to
provide good systcm stifhss and good syswm msponsc.

‘Ilk is espccinfly true in aircraft flight mum] sysmns.
which am USUd]y scwo opctmed.

2. Hyfmfyric .Wobifisy God hydrolytic smbiliry is
required for marine npplicmions.

3. Tempsmtum Range. Some steering system comp.-
nams on ground vchiclcs MC Iocatcd in the engine compzrt-

mcnt nf the vchiclc. Therefore. fluids for these applicmions

require good dssnnnl stability. gwd oxidmion rcsistnnce.
md gcmd tdgh-tcmpcmture characteristics.

4. Vicosiry Indc.r. Bemuse tbcse systems may bc

swat w low fluid wmpcmtm’cs and o~mscd at high fluid
tcmpcmmrcs. a high visccssity index is required.

6-3.1-S Bsaking

Braking systems arrcsl lhe mntinn of n vehicle by con-
verI@ k kinetic cne~ of the vcbicle to herd energy. gen-

cmtly IIwOugh frictinn benvecn ranting md nonrmming
brake segments. In ground vehicles the brake systcm is usu-
afly self-conmincd and scparmc from other hydraulic sys-

tems. Conversely. aimmft braking systems usually arc n pm

of h aimmfI hydrnutic system md shnrc the SMSC fluid
with W of the ohm hydrnulic devices.

Spchl fluid rcquimmm for braking systems arc
1. Tcmperorurs Range. Bccnuss lhcss fluids arc sub

jccted 10 very high tcmpmsums. they must hnve good ther-

mnf smbitity. goad oxidation msismnce. and good high-

kmpmno-c pcrfarmnnce Clusmcteristics.
2. Ccsrmsion Pmrection. The fluid formulation should

PIUUCI from corrosion k ho: IIIMCrintS witi which tiy

cam in contact.
3. ffydmfyric Smbilify. Broke SYSICM.Sarc frequently

subjccccd m wmcr mntamimoimu Lhcmfore. good hydm-

Iytic ssnbiliry is required.

6-3.1.6 Control and Contsul Systems

Hydraulic conbul systems ore similnr m ntftcr types nf

bycbmfic systems in tbm they commonly usc pm.ssurized
fluid m opmmc ncmmrs-Iypicnlly hydroulic cylindm.

Their prinuuy dsfxutures fmm otier systems am the stiff-

ness and fmsfuency response required. parciculnrfy in nerw
space applicndons.

The unique fluid requirements for ticsc applications arc
1. Bulk Modulus. In Idgh-pcrfonmmce. comtcu aircmfl

tie requirement for o stnble phmform for weapons conocd

and nrdmmce dslivery requires hm IIE fligh! control sur-
foccs lx held rigidly in place with no flutccr and dsa! my
acrufyrusmic distwbsnces bc immcdhcly and —Iy

dnmpcd. The high nmncuvemhility requirements dcnsand

ha! he cnnsml surfncc.s respond immedimely and accu-
miely 10 command inputs. These conditions mquirs that dte
fluid hnve n high bulk modulus.

2. Tempemmm Ronge. TtIC control SYSUDUfor aerc-

SfUUCvchlCICS INly & exposed to n wide range of environ.
mental and opcmdng tempcmsurc.x therefore. the fluid musi

be opcmblc through n wide mnge of mmpcmnuc.s.
3. kfsccwity hufa. A high viscosi~ index is required

because h fluid is exposed to n wick range of tcmpem-
tul-es.

4. 771crmuf and CJ.xidulicm Smbi/iries. in some acrc-
space comml applicmions tie hydrnulic syslcm comgments

am Ic.mted where very high envircmmenml tcmpensmms arc

CXptricnced. This situation requires high tiemud and nxih.
tion slnbllitics.

6-3.1.7 Shock Absnrbers

The geneml terns “shock nbsorlms” can refer to numer-

ous cushioning devices. The nsosI common of dmsc devices
nrc k shock ahsorhcm used in automotive suspension sys-
Icms. recoil mcchnnisnss for large guns. and aircraft landing
gem ~wk SOUB. Shock absorbs arc dhmscd in W. 2-

12. which itscludcs figures m illusome tie mccfumisms.
TtIe pmperks nf n hydnsulic fluid that RIE most perdnem

10 its usc in shcck absorbers are
1. kfulk Mcduh.s. If the shock nbmber is m bc filly

rcgenemdve. tic hydmdic fluid should bavc n high buIk

mcdulus so tit n minimum nnsounl of energy is stored in
tie fluid in order 10 produce a springback of tie shock
nbsmbcr. A liquid spring stem.s atl of iLsenetgy in b wotk-
ing tiquid and wnuld themforc require a Inw hulk modulus.

2. Densisy. The densi~ of M working kiquid is o

mnjnr faccm in k mu u which the liquid will pass tiugh
an orifice. e.g., lower density gives a higher flow mm and n
faster woke. A higher densisy fluid. on tie o!hcr band, can
be used for a shorwr somke bw cnus.c.s higher working ~

sums W lower density fluids.
3. Shear Smbi/ify Fluids in shock abmrbms experi-

ence high shear num thcrefom, they shmdd have a high

shcnr SMhitiCy.
4. V7cosify index. Rapid opcmtion of a shock

nbsorbcr cm genetic o significnm amount of hr.ac IINMn
high viscosi~ index is required.

6-3.1.8 catapults

Catapultsm-cused nn tit cnrrims m assisi in acder-
nting aimrnft 0s flying sped over Ibe very shon mkcaff dis-
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tnnce available on the carrier deck. The ktuncb mechanism
is retracted by a cable and drum device (essentially a winch)
driven by a hydraulic motor.

The special requirements for hydraulic fluids used in cat-
npul! systems are

1. HYdm/Y1ic Smbi/i~, Good bydml ytic stability is

required because of the potential for water contamination.
2. Rust and Oxidation. The potential for water con-

tamination coupled with the salt tunmspbere make good rust
and oxidation protection essential.

3. Law-Temperature Performance. Akcrnft carriers
may be, required to operate in vety low-temperature condi-
tions. llerefore, the fluid must have gmd low-temperature
pmpenies.

4, Wscoxip index. The requirement for 10w-lempem-
ture operation requires a high viscosity index to prevent an
unacceptably high viscosity at low opemting temperatures.

5. Chemical S[abili&. The possibility of contamination
by salt requires god chemical sutbility.

6-3.1.9 Arresting Gear
Arresting gear is used to decelerate tircmft both on air-

craft carriers and land. The units on aircraft carriem usually
use a linear cylinder with it series of pistons that close off
flow orifices as the cylinder is extended by the pull of the
aircraft on the attached cable. This is termed a “dhninishhg
orifice” system and is in reality a rather sophisticated sbmk
absorber.

Arresting gear on land normally employs large, liquid-
filled drums containing countemotnting wtrhble tu~lnes. As
the arresting cable extends, the mrbines spin in the liquid.
The pitch of the turbine blades increases as tie speed
increases. Thus the maximum resistance occurs at maxi-
mum aimmft s~ed. which is uswtfly a! the initial barrier
engagement.

l%e important characteristics for fluids used in arresting

gear m
1. Hydmlyric SrabiliN. Exposure to the environment

presents the possibility of water contamination: therefore,
good hydrolytic stability is required.

2. Shear S(ability. The design of the mechanisms sub-
jects the fluid m high shear. Thus good shear stability is
required.

3. Thermal Srabili~. Because tie mechanisms dissi-
pate the kinetic energy of the aircraft as hem, good tltermaf
stabOity is required.

4. Oxi&rion Sfabi/i~. The hem generated by the opm-
ittion of the arresling gear requires the fluid to have good
thermal stability.

5. bw-Temperature Performance. The systems must
perform properly. even when exposed to low ambient tem-
penmtres. Good low-temperature performance is required of
the fluid.

6. Rust and Oxidalion Resistances. These devices
(especially land systems) may be inactive for long periods

of time. Rust and oxidation resistances are required to pr-
otectthe system hardware during these periods.”

7. Den$iry High-densiy fluids are normally used to
reduce tie flow rate through control orifices.

6-3.1.10 Gun Drive Mechanisms

Some large caliber. rapid-firing gun drive mechanisms
am hydmtdicrdly opemted. ‘f%esc mechanisms rotate the
mtdtiple-bamd assembly and drive the ammunition feed.
Fluids used in this application require the following qttali-
ties:

1. Thcrrmi Smbi/ity. Good thermal stability is
required because of the high heat to which the fluid is
exposed.

Z Oxidation .%bili~. The hem expmurc also makes
good oxidation smbdity necessary.

3. Temperature Range. The fluid must perform well
over a wide tempemnm range.

6-3.2 IMPORTANT PROPERTIES OF FLUID
BASED ON APPLICATION

The complex and varied nature of hydraulic systems can
often require conflicting properties of hydmdic fluids. An
obvious example of tbk is the need for a low-viscosity fluid
for Iow-tempetaturc applications and n high-viscosity fluid
for high-temperzmure applications for tie same system.

Compromises must be achieved and will often vary cm a
case-by-case basis. Table 6-8 is presented to aid tie
designer in making these system-based decisions.

Table 6-8 provides a summary of various fluid properties
and the effects water-base and synthetic fluids have on some

aspects of a system (Ref. 17). The reader should be cm.
tioned that system chmtges may be needed if fluids are
chnnged. Table 6-9 compiles fluid properties and chwacter-
istics presented thmugbout thk chapter, relates them to their
resulting primary influence, and directs the reader m any

rtppmpriatc applications that require the cbantcteristics
listed.

6-3.3 COMPATIBILITY WITH SYSTEM
COMPONENTS

The major aspect of hydraulic fluid compatibility and
system maw-ids is ensuring that interactions wilb the
metallic and elastomeric compounds of the system arc mini-
mized. Pm.. 6-2.1 and 6-2.2 presenl specific compatibility
requirements, Even so, the designer is cautioned against
specifying system materials that do not exhibit pmpe.r tom.
patibility with each and every material. Subtle issues. such
as compatibility with cleaning agents, am extremely impor.
tam, e.g.. the now commonly undemmd reaction of trace
amounts of balogenated solvent cleaner with trace amounts
of water (Refs. 18, 19, and 20). The oxygen content of water
reacts with this common cleaning agent and promotes rust
witbin servovalves or other system componenm
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6-3.4 TEI19PERATURE RANGES

A disringuititng pcupmryof Au various hydrmdic fluids
is opcmring tcmpemmm range. Tlrk is the range of temfrcrn-
rurs in which rhe fluid may opmntc wiilrom significruu
change in viscnsity, lubricity. or density and withoul scparn-
tion of ingmrfiencs. Table & 10 fiws sumc common hydmulic
fluids with thcii dcdgmcccf military spccificncion opemting
ccmfrcmmrc nmges. (AfsO scc Ch5ptcr 4.)

TABLE 6-10. OPERATING TEiWPERATURE
RANGES FOR MILITARY SPECIFICATION

FLUCOS (SOURCE: ML-SPECS)

FLUID

ktmkum.Bnse Liquids
MIL-F-171 1lB(OS)
MIL-H-17672D
hffL-H-2760 IA(USAF)
MfL-H-4600i D
MfL-H-5606F
hUL-H-6083E
MIL-H-81OI9D
MfL-L- 17331 H(SH)
MIL-f/2104F
hifL-L46 167B

ynchccic Hydmmrbms
MfL-H-46170B
MIL-H-S32S2C
MIL-H-S7257

ilyccd/Wake Glyd
MIL-H-22072C
hlIL-H-5559A(AS)
SAE J 1703

ilicone
MIL-B-46176A

Myphcnyl Ether
M1L.L871OO(USAFI

blysiloxnne
MIL-S-S 10S7C
W. D-1078B

tmpbatc Gccc
MJL-H-19457D(SH)

ldonm-ifhcorncthylerrc Polymer ~
MIL-H-531 19

Nft=Norl@caccd

“c

-34 to 4’
NR

-40 cn 28!
NR

-54 to I 3!
-54 to 13!
-70 to 1of

NR
NR

-55105

4(0 13!
4 to 20!
-54 to 13!

NR
NR
NR

-55 to 20!

15!0300

-75 to 22(
NR

NR

-5410175

“F

-291039

4010 55(

-65 cn 27!
-6510 27!
-9410212

-67104 I

4s2 to 27!
-10104OI
-65 to 27!

47t0401

59 to 572

.103 1042;

45 to 35C

6-3.4.1 Environmental

The envic’cmmcnt in which the hydmulic sysccm is mcd

cun cause snnrc significmt rcmpcmturc effccrs. Any em+.
mnmcntnfly unprntccccd system. e.g.. vic-nmfly afl mncinc.
mobile. and ncmspsce applications. is subject to cficnadc
tempcmmm swings. Tempcmmrcs below the pmcr poim of “
rhc fluid can mndcr she fluid unpumpable. damage pumps

duc 10 cnviunion. and crcncc unncccprably high pressure.s.
High envirunmenml tcmpcmmrc.s can raise rhc fluid rmnpcr-
amc 10 IMU ~ rcconrrnendcd limits. Thk is cqxcinfly
critical for the water.cnnraining, fire-rcsisram fluids bsrnusc
of the effects of wmcr cvnpomtian. If the fluid tcmpcmmre
is elewmcf initiafly. inefliciencics in sysccm opccncion mm
easily cnusc rhc fluid to cxcccrf she opcmcing limit and marlt
in viscnsiry loss, tierrcmf dcgmcfacion. md nccclcrr@d oxi-

&tion mccs. High envirormrenrnf tcmpcmmrcs & &gmdc
the effcctiwwss of air-oil hem exchangers Thk resull
cactus bccnmc the hat transfer rare is 0 function of the
rempcmnuc rfiffercnce AT bcwccn the coding nir and Ihe
oil. (Cocdecs arc discussed in pm. 2-10.)

Criricaf high-rcmpcmmrrc effccrs may afsa occur when
rhc sysrcm is Iocmcd near n major hem snumc. Acr induscrinf

cxnncple is the sysrcm rhnl opcmtcs the pouring ladle of a
blast furrmcc. Its prnximicy 10 rhe furnwc plnccs the system
in n very hoscilc tcmpcmcum envircmmcnt. fn mobile cquip-
mem applications systcrns Icmucd within she engine ecKlo-

surc IMY be subjcccccf to unfnvncable rcmpcmcure
renditions. Grgine-cfriven pumps md assncinrccf plumbing
mnwncd on gas mrbhe argincs. cspccinfly rhoss emkldcd
in the airmnfl fmchge. rcrny experience unacceptably high
tcmpcmmrc.s. In 051of chcsc applicndons the envirunmcrnnf
effcas cm be minimized by providing rhmnml sfrkkfing or

cooling airflow.

6-3.4J Hydraulic System

A hydraulic pump converts mcchmrknf energy from a
prime mowr into energy in rfrc hydraulic fluid. Anypfacc in

Ure sysrcm where there is n pc’cssuce lnss withnui LIEaccom-
plishment of nrcchmicnf work. cfrc fluid encfgy is dissipaccd
n.s heat. Tlrcsc prcssurt Iosscs rcprcscnl incfficicncics in lhe
dc@gn and opccmion of rhe system or in inrfividunf compo.
nems.

The primary sources of hcm gcncmdon arc the fluid mn-
duirs. Row control dcviccs. cecmin pmssum control vnfvcs.
md MY Iypc of intenrcd Icakngc. In fluid conduhs (lrmcs.
pipes. md robing). prcsmrc lows result from friction

frcwxn k inwnnf surface md the fluid. chnngcs of dir-cc.
tion (bends. elbows. ccc.). and changes in CCOS.Sscccion. As
dismrsscd in par. 2-11.3. I&SC losses md the cnmcquent
hcnt genecncion arc ddy rclaccd m rhe fluid velociry in

tie conduiL The Iosscs MC nrinimizcd by pmpcr line sizing
and o sys!em Inynut chat mquircs as few changes of cfimc-
tion os pnssible. Whcm dimccion changes am necessmy. chc
lnrgcr the nun mdks. the Iowcr the pmssmc drop will bc.
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‘f%k indicateS that bends nttherdbzm elbows should be used
whenever practical,

Any resttictor-type flow control device can represent n

major pressure drop in the sgstem. Likewise. pressure-

reducing valves, counterbakmcu and brake wives, as well

us undersized dkctiond connml devices represent signifi-

cant pressure drops. Relief valwm often MC the most signifi-

cant pressure drop in any system ,using n tixed-displncemem

pump.
The beat genemted as a resuilt of these pressure losses is

found from

HGR = &pQ, W (6- 1)
where

HGR . bca! gcnetatiom n-ate, W
Ap . pressure drop, LWmz

Q = flow tate. m]/=

[n the British system

HGR = 1.48 A@Q, BntRI (6-2)
where

HGR . hem genemtiom rate, Btwlt
Ap . pressure drop, lf#h~

Q . flow rate. gaflrnin.

The tempctatu= rise AT due’lo a pressure drop is calcu-

lated fmm

AT . HGb!
—, K(R)
CPM

(6-3)

where

HGR = heat genemtiommate, W (Btw’h),

C, = specific heat. JKfkg.K) (LStu/(lbm.R))

M = moss flow rate..lkgk (Ibrnh).

AI] quations presented in tfiis paragraph apply to any

PIESSUE loss, regardless of the scmrce, that does not produce

mechanical work.
Ftuid power systems shouliE be designed to minimize

Iong-term pressure drop situations. If this is not passible, a

fluid formulated for high-te~mture operation may be

~quired.

6-3.5 HYDRAULIC FLUIID SUBSTITUTION

ALTERNATIVES

Battlefield conditions often tquirc the use of unconven-

tional solutions to logistical problems. The potential for use

of an alternative fluid in vehidles offers opportunities 10

achieve mobility, even if pertlmmsnce is degrmied. The

paragmphs that follow present Lpnssible options for hydmu-

lic fluids and means to overcome common hydraulic system

failures, which result in loss of fluid. The reader is cau-
tioned that the following nfterations and repairs are for

emergency situations only and could possibly damage the
bydmtdic system. Thm the information is presented as a ref-
erence and a guide only.

6-3.5.1 Application Options

Use of any fluid other than that specified for an ztpplica-
tion is not unconditionally recommended, even in emer-
gency situations. The existence of hazardous handling
condbions. Iltnmutbility. or extreme high system tempem-
ture opamion could render a “quick fix” less advantageous
than abandonment of the vehicle. However, n complement

of fluids often exists that can be satisfactorily used for emer-
gency, shtrt-m-tn application. The advent of enhanced sur-
vivability techniques by the use of battlefield damage

assessment and repair (BDAR) methods has justified this.
The M 1IOA2 self-pmpclled howitzer has had a hydraulic

fluid substitution alternative assessed (Ref. 21). Table 6-11
presents the fluid alternatives defined as possibilities for the
Ml IO. This ryp of table can be generated quite readily
from experience or fmm the data presented in par. 4-6. Use
of substitute fluids requires extreme caution and should be
limited to emergency situations.

6-3.5.2 Battlefield Damage and Repair Options

The need for hydraulic fluid substitution aftematives is
obviously due to the fact that the bydt-mdic system is low on
oil or hns lost all of its oil, Hydraulic hose and tttbe failures
often account for this loss of fluid and without correction of
the situation would render any use of an alternate fluid use-
less. Thus many techniques for hose and tube repair have

been developed (Ref. 21).

6-4 SELECTION CHECKLIST

In the process of detetmiting the type and chamcteristics
of a fluid required for a particular application, a relatively
small number of questions must be considered. The answers
to these questions may not lead to the specific fluid to be
used. but they will provide o list of fluid properties and char-
acteristics required to achieve the expected p-afonmutce
and reliability fmm the components and the fluid.

When these fluid parameters bnve been identified, ttle-
VIUIIspecifications can be reviewed to determine whether n
suitable fluid exists in the milirary inventmy or whether one
is commercially available. If a suitable fluid is not available,
either system requirements must be relaxed or a new fluid

must be developed.
The system conditions and the fluid and system consider-

ations [o be considered me shown in Table 6-12. Note that
the system conditions are questions posed fmm a fluid spec-
ification standpoint. To tid the reader further, Table 6-13 is
included as a quick reference for hydmtdic fluid selection.

Selection of the best fluid for a spscific application must be
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TABLE 6-11. HYDRAULIC FLUID SUBSTITUTION
FOR M11OA2 (Ref. 21)

PREFERENCE
RANK

Basic Fluid

I

2

3

4

5

6

7

8

9

10

11

12

13

14

ALTERNATE
FLUID

hflL-H-6083E

MIL-H-83282C

DEXTROf@ 11

hiIL-L-46167B

MIL-H-46170B

MIL-H-5606E

MIL-L-2104E
(ofMfOO-30)

MIL-L-21@4E
(Omoo- lo)

SAE 10
Motor Oil

MI L-L-23699C
(Turbine oil)

MIL.L-7808J

MIL-A-461S3
AnCifmczc. Clhylenc

glycnl

Etiylenc glyccd
nd wmcr. 50.50 mix

Wncer

Diesel fuel

guided by k mquircmerms of tic npplicatiom *US no sin-
gle fluid ix the btsI choice foc alf applications. A comparison
of symhetic fluid propccdcs compiled from a bread spcc.
Cclccnof Cccbniccd — is shown in Tnble 6-14.

65 SELECTION EMMPLE

As a simple example. consider n snmkl backhoe tit o~r-
accs with a relief vnkve sccdng of 13.790 kk% (2CS20psi). The

tixcd-displnmncnl gear pump is moumcd on n power mke-
ofl (PTO) unit. The backhoe is left parked n! *C job sicc.
sOmcdmcs for cxtmdxd periods. When opcmting. Ihe pump
flow dumps over OK relief valve. cxccpt while tic bucket is
moving. and gencmccs cnnsidcmble hcnl.

When the chccldist from Tcddc 6-12 is used. Questions 1.
3.5.8 (pump prcsxum plnte). 10. md 1I arc answered affir-

SEAL
IOiMPATIBfLtTV

Compatible

Compscible

Compatible

Compatible

Compatible

Compatible

Compatible

Compatible

Compatible

Modemle

Mncfcmcc

Compwiblc

Compndble

Compatible

Compocible

VISCOSITY mn~
TO BASIC FLUfD

.%mc

Snme

.%mc

.%m

Same

Sme

Higher

Higher

Higher

silmc

Snnlc

Lower

Lower

bwer

Imwer

nmcively. Thcrcfom. tie fluid musl have chc following char.
Ilclcl-iscicx

1. Appmprime viscosity (SCIby pump nmnufnccurer)
2. High viscosity index
3. Good Iow-kmpcrncurc chmncccriscics (pour point.

c!Od pOkL cCC.)
4. Gncd hydmlydc scnkility

5. WIdc tcmpcmcurc mnge
6. Rust mu! oxidncion (R&O) inhibitors
7. Compatibility witi copper

8. Grind lubcici~
9. Amiwcnr additive

10. GOOd shear Slnbiily
II. Good tiencud stability
12. High hcm capacity.
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TABLE 6-12. FLUID SELECTION QUESTIONS

SYSTEM CONDfTION

1. Is the system exposed to climatic changes?

2. Is the pump or any part of the system engine mounted.
in the engine compartment. or near any major heat
source?

3. Is the system exposed to high humidity, rain, marine
environment. or water wash down?

4. Is tie system exposed to chemicals or chemical
V’apcm?

5. Is the system exposed to dirty or dusty conditions?

6. Is high system stiffness required (high-frequency
inputs, servo systems. flight controls. etc.)?

7. Is the fluid used in a shock absorber or recoil
mechanism?

8. Dms the system contain any zinc. cadmium.
aluminum, or copptr alloys?

9. Isa fire-resistant or nonflammable fluid required in
the system?

10. DWS the system operate at high pressures?

11. DIXS pump flow dump over the relief valve or
undergo significam pressure drops without doing
mechanical work?

12. 1ScOmpo”e”t contaminant sensitivity a concern?

FLUID AND SYSTEM CONSIDERATIONS

Viscositv. viscosity’ index. Dour mint. cloud mint.
hydrolytic stabilit~. [emper&ure”mnge “

Viscosity. viscosity index, thermaf smbility. heat capacity,
fire resistance

Rust and oxidation (R&O) inhibitors, hydrolytic stability.
setied reservoir, desiccant breather

Sealed resewoir

Seafed reservoir. high-efficiency filters

Bulk modulus, rapid air release

Vkcosity, density

Fluid compatiblilty

Fire resistance pmpertics, metal and setd compatibility,
viscosity, antiwear and lubricity, tempemture range, water
content monitoring

Viscosity, antiwear and lubricity, shear stability, thermal
stability

Viscosity, viscosity index, shear stability. thermal stability

Ultraclean fluid. filters. purifiers. etc.
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TABLE 6-13. QUICK REFEREh’CE FOR SELECTION OF A HYDRAULIC FLUID

HYDRAULIC
FLUID

MIL-F-1711 IB(OS)

MIL-H-17672D

\iIL-H-27601A (USAF

MIL-H4WID

MIL-H-56C6F

MIL-H-6083E

MIL-H-81019D

MIL-L- 17331(SH)

MfL-L-2104F

MIL-L-46167B

h41L-H-t6 170B

MIL-H-83282C

OPERATING
TEMPERATURE
RANGE. “C(”F)

-35104
(-29 [o 39)

NR

-40 to 285
(-40 10 550)

NR

-5410135
(-65 [o 275)

-5410135
(-65 10 275)

-70 to 100
(-94 to21 2)

NR

NR

NR

-4010135
(-40 tO 275)

-IO to 205
(~10401) ~

FfASH POINT
“c(”F)

104(219)

157to 171
(315 10 340)

182.2(360)

188[0221*
(370 to 429)

82( 180)

8?( 180)

95(203)

204(400)

205(401)*

220(42S)

204t0218”
(400 [o 424)

205(40 I )

RUST
NHIBITE[

Yes

Yes

No

Yes

Ycs

Yes

Yes

Yes

Yes

Yes

No

‘Multigmdcs of IMs oil exist. Scc he fluid s~ificntion or par. 4-6 for mom information.

COMPATIBLE
ELASTOMERS

Set Table
6-5 for all

flui&.

BASE STOCK
MATEfUAL

Pdrdeum

. Peuuleum

Pet’Oleum

ParOleum

Petroleum

petroleum

Petroleum

Pcuoleum

Petroleum

Pcnmleum

Synthetic
hydrccmbon

Symhctic
hydrocarbon

[cmu”d on next ~) .

6-23

Downloaded from http://www.everyspec.com



MIL-HDBK-118

TABLE 6-13 (cent’d)

HYDRAULIC
FLUID

MIL-H.87257

MIL-H-22072C(AS)

MfL.H-5559A(As)

SAEJ1703

MIL-B-46 176A

MIL-L-871CKI(USAF9

MIL-S-81087C

W-D- 1078B

MfL-H-19457D(sH)

ML-H-531 19

OPERATING
TEMPERATURE
RANGE, ‘C(°F)

-54 to 135
(-65 [0 275)

NR

NR

NR

-55 to 205
(47 [0 401)

1510300
(59 (057’2)

-75 to 220
(-103 to 428)

NR

NR

-5410 I75
(-65 to 350)

FLASH POINT
“c(”F)

160(320)

NR

NR

NR

204(400)

275(527)

290(554)

See Table
4-24A.

NR

NR

RUST
VHIBITEO

NO

Yes

No

Yes

Yes

No

Yes

Yes

Yes

Yes

Compatible
ELASTOMERS

See Table
6-5 for all

fluids,

BASE STOCK
MATESUAL

Synthetic
hydrocarbon

Water glycol

Water glycol

Water glycol

Silicone

Polyphenyl
ether

Polysiloxane

Polysiloxane

Phosphate
ester

Chlorotrifluoro-
etbylene
polymer
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CHAPTER 7
STOIUGE AND HANDLING, CONTAMINATION, AND

CONTAMINATION CONTROL
Pmpcr pmcedwm and prccacdionrjior fhs smmge and handling ofhydrmdic@ds am discussed Pmcedums and teas for

comandnasian cotctml arc also pmsenced, Chemical and biafogical (CB) agents as consamimmcs am addressed in dem”L

7-1 CONTAINERS
7-1.1 INTRODUCTION

The fumcion of hydmulic fluid comainers is simply to

contain the hid during unnspm and stnrngc. Tlte cnnminer
must be strnng md cighi enough cc. assure pcutcction of ils

conccrms, nnd it must prcscrw the original cleanliness of the
fluid Factncs impor!nm to the d@gn and selection of con.
taincss for n s~ific hydraulic fluid include the conusincr
matcrink md dimensions md the storage mndit ions to
which it will ht subjcctcd. Alsn of importance rue smmlnrds

far prnpcr Inhcling and guidelines for tic. purchasing and
ocdering of mntnincm.

7-12 C0,NTA2NER MATERL4LS

Mus&inl nnd militncy mquictments for materials for
bydrmdic fluid mnudncrs vncy. bw lhc usual nsmminl is
seal w nfuminum. In gecseml. military hydrnulic fluid spa-
iliauioos for mntnimcs of onc gallon cm Icss require h!
they hc ftnckngcd in cmml cans. 2S gnge or lighter. nnd cOn-

fmcn to Fccfmd Spccifimcion PPP-C-% (Ref. 1). Hcnvier
gagcstccl isusedfnrmmaincrs of 5- nncf 55-gnf mpacitic-s.
b imtmce, 55-gsl dcicns must comply with Federal Spsc-
ifimdnn PPP-D-729 (Ref. 2) nnd range fmm 12 In 18 g~

w~ must cnmpfy with Fcdunl Spxi6mti0n
PPP-P-704(Ref.3) ncscJmngcfrnns 24t02dgngc.

Exceciuc WacingS for Mifimry plupmcs Umn13y mcsfcnm
m Fsslmd Spaifimcion lT-G5 15 (Ref. 4) foc quick+ing

mnmcl CmUsinm Ofmsgsflsm nrlesaregccmldly

-ti~~w~ lVe@ncssJOlivedmll
scrnm. Elccc’iOr cmtingsfscl .Iusedepndonthc

mcmufnmlu-cr.s fncfa’mcc and frequently imqmace n
mlnr mdc tn distinguish the mnmms.

[ncmior matings nr Iii me mmcnon in hydrmdic fluid

Conmilccrs IMdc fm commeminl use. espainlly the 55-gal
chums. For military specification fluids, however, inserinr

coatings or Iinas genendly arc not requited, When intcrinr

coatings or lincm nm used. they must hc of 0 mmerinf thnl
will not react with k hydmulic fluid.

7-1.3 CONTAINER SIZES, STORAGE, AND

MARfUXG

MIL-STO-290 (Ref. 5) includes &tnikd infnmsmion

rcgm’diig Ihc mquimd mcthnds of packngiig. packing. Qud
mmking of hydraulic fluid mnudners. Table 7-1 I@ and

Figs. 7-1, 7-2, msd 7-3 illummc npplicnblc dam Rgnrding

size.
Stnmgc conditions am frequently includccf in bydtmdic

fluid specifimtinns. Fnr esnmple, bydmulic fluid speci6rn-

tion MfL-H-5606 stnus M “prinr cn use in the inkndcd

quipmmt. tbc product may be scnmd under moditions nf

revered or uncnvercd sconsge in gmgsnphic nrcns ranging in

-W- fmm -57 tn 49°C (-70 m lw~- ~. ~.
Hydctudic fluid specifimtinns ofcm include M scnmgc stn-

bfity rc@mssnts tlmtnliquid mustcmec mbecnmcqunli-
licd under the specifimtinn. For cxncnplq in MILH-5606 a

cnndidntc liquid must pass the folfowicsg smmge Crsc ~

fully blmdsd pmcfucc shall show cm sepamcims of ingredi-

emscmremof aysdhinn,s.l mffbccfmrsndtmn+

parent wti exmnimd visually, nndshdlmnfocmmcbe
mqu imcncncs [w fmcbicl tbissp2cifimtinn] nfccr 12mnntfls

TABLE 7-1. HM~C FLUID CONTAINER SIZES (Ref. S)

CONTAINER y~AZ TYPE CLASS CAP DESIGN SHAPE

cm I pint v 4,8 Hermetically sealed cylindrical
can 1 qunrt v 4.8 Screw cap, Sfmul. nr spa id clnmm Oblong
can Iqulm 1 Hemsetimlly sealed Cylindrical
Can 1 gallnn v 4.8.9 screw cap. Spcu nr spa id clnwrc Oblnng

““m I Hcrcnctiadly sealed Cylindliml
>n screw cap , Spnul. nr Splx ial closure Cylicsdkical

.— >0 VI Screw cap, spout. m S= id chum cylindrical
I S5 mdton [11. Iv R Bung Cylindrical—

1
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Figure 7-1. One-Gallon Screw Cap Can, Type
V, Class 4 (Ref. 5)

Figure 7-2. One-Quart Hermetically Seafed
Can, Type I (Ref. S)

stomge us s~ified in. [FED-STD-79 lC Melfmd No.

34455 (Ref 7)].”.
Marking instructions required on hydmulic fluid contaia-

em for miMatY u= are given in MIL-STD-290 (Ref. 5).

References given in MfL-STD-290 (Ref. 5) speci~ the col-

ors and types of inks (Ref. 8), kquem (Ref. 9), and enam-

F@tre 7-3. One-Pint Spout Top Can, Type V,
Class 8 (Ref. S)

els (Ref. 10) to be used for marking containem. The
information normally required cm large containers and its

prnper location am illusmated in Figs. 7-I md 7-5.
Caution, waning. aad instruction markings are some-

times required on containers. For example, MIL-H-27601

(Ref. 11) comniners must include the follnwing markings:
“fNSTRUCITONS: Destroy all markings on this mntainer
wheo empty. Do not mix with any fluid except thcoc of

MfbH-27601 and -aas.”.

7-2 CONTAMINANTS

Fluids used ia hydmufic systems must meet high staa-

dlu-ds of purity in Olxfcr to Sasurc an acceptable degree of
pefiortmmce, reliability, and component Me. It iss- ~

Ref. 12 that at least 75% of afl hydmufic system failures am
the result of contsmimud fluid. The vast majority of these

failures can be pmventcd by an aggressive contamination
control pmgmm that includes the following elements:

1. Contaminant exclusion. Prevent the entry of cOn-

tiant.s into the system.
2. Contaminant removal. Have bigbqunlity system

fillmtion.
3. Fluid monitoring. .%wnple the system fluid for anaf-

ysi.s regularly.
4. Minimizing contwnirumf effects. Select system

components known m have high contaminant tolemnce.

7-2
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SR3CE /dl~E FOR CLOS1.rRES _

(B) side t.k!dngs

F- 7-4. MnAings on Top and Side of 55-gtd Dmm (RL% 5)

5. E&u&m. Ensure lhnl cdl mnintninus nnd o-

mm haven good underslnnding of ths cause.$ md effects of
fluid cnnuunimuian.
llm-cnm — “spumes of fluid contnminntion, but

m _ nml bnnding of new tluids mntribws sig.
nifimnlJytO lbec@mimld on fsroblstn.

7-21 SOURCES OF CONTAMINATION

Cl’
. .

can Oliginlm flunl Knnoy diffamt

—llErnnjorsouTas m the Mnnuflxlsou. lbs envi-

Mnn?mr, mimmnce C6riviria. intcrnsf gcnanfion, nral

fluid servicing.
Cdmin@s cnnc!nlaasystemin nlnnywnys. fnlpmp

afystnredar inqmpcdyhnadJed Iluidscnneonoibute vay
high Ievefs of pnrdctc and liquid wntaminndon during oil

suvicing. Tests have shnwn lhm n rypiml new fluid comnins
nn average of river 5000 particles per ti duu m-c 5 pm and

~ (Ref. 13). This level fnr exceeds tie fimhs mcom-
~ by IIIDSt COIIIpOIKIItINUIUfDCNIWSfOI & Ofxrn-
tioo of rhcir fmdwnm.

Regnrdks of lhe cnndition of tie new fluid in its originnl

conminer, improper stm-nge of Ihe container after it has been
opened nnd lhc use of d~ containers to transfer tie fluid tn
the sysfem cause serious mmnnrinadon problems.

In ndditinn m king intmrducsd by fluid servicing. con-
taminnm can enter the system dmsugh the reservoir

brwhcr (if &sed), the md wiper suds nn hydmulic cyth-
&rs. nnd mnlnminnud replncemcnt eompotmus.

7-2.1.1 Ingested, Injected, ond Generated Con-
tnmimlnts

CoOmmimnts in rbc fluid cm be clnssitisd mending to
Solln!c nsingestrd,injmut,o rgmenud. dcpmfing upon
Ifulnenm bywhicbtbscanmminm Ienmredlhesysmm.

w- Mminnntsarculmc lhnrauertisysccnl fmnl
rbccnvimMKnL lhspIimn?y prO&lion fmmingadnnfies
ingnodsystem design sndsoMd mnhmmcepmcdce%

Idmffy,0 Sy6tun Sbolddbe designed 10p?cvsm ingestion.
-fhemosleffadv etechniquc’i srbcus’eof nseated-oir
lhnldnu nnt%mnIbc in”uImlnl nir. AJImuuive methods
includ21hcusc0f — bmnkcm (relief vnfvss) or bigb-

efficiency bmntficr filters (including dcsicmuus in arms in
whlcb high humidhy pmscms n significant mnismr’e hnz.-

nrd).
lnge.sticm by WY of cylinder mds can be reduced by

using higbfy effective rod wiper sads. The nbili~ of such

seals tn exclude solid panicles from the syskns can be evnf-
unti h’ough W u of SAE J 1195 (Ref. 14). fn some
npplicndcms bonfs an effectively excluds con~
bnwever. Ihcss devices must be cnrefuIly maintained m
ensure h they do nnt become mnmminnm rmps tmher
than amtnminmu mchufem. During mnimmumce ncdvities.
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Gross Wt. Cube

(A) Side

Ovemae Addmse (when agpiiitie)

Premutionwy Maldnge
flash l%int (when applbbte)
SheU Life (when apptiitie)

Regulatory Mddngs

)

(B) Opposite Side

Figure 7-5. Marfdngs on Sides of 5-gal Tight-Head Paif (Ref. 5)

alf open fittings, conduits, and ports should be capped or
plugged to p~vent ingestion.

fnjection occun when the contaminants enter the system
either in uumufactum or in opcmtion through human

miens. It is very dit%cuft to ensure that contaminants do
not remain after manufncw, the customer can be protected

m some extent by invoking a “mff-off CkldiM.W require-

mmt” fcu components or systems. Tbe -merit of cOm-
panmt ckanlimess lcvefs can be ammqdishuf by using the

appqrke secdons of SAE J 1227 fItef. 15).
Anotba major - of comaminan t injection is con-

taminad fluid Pmtcction from this problem begins with

the proper storage and bnndling of new thick.. Sin= it is

bighfy fikely that bwge containers will motain signiticam
levels of particufatc contnminadon. it is required that the
fluid be tikercd prim to USC.MMy users filter the fluid con-

tinuously with a portable filter unit once the container has
hem opened. Fluid is txansfemcd fmm the container to the
system by tbk same unit. The use of a quick disconnect

instead of a standard filler cap provides another method of
preventing contaminant injection.

Anotbcr common injection problem occurs during the
overfmuf of components. A dirty environment. dirty tools,
and even the technician’s bands can leave mntandnants cm

eve~ part of the component. Test bmcb fluid is oftm a
major contamimmt soume that leaves a newly overhauled

component filled with contamination that is subsequent y
injected into the systems. Managers of overhaul facifitics

must insist upon a clenn operating environment and even
extreme mention of the technicians in order to preclude
contaminating the components on which they am working.
Education is a major part of this effort. but it should be

=MP~d by the pmpcr cmpbmis. Test bmcbcs should
include tiftas with VUY high beta mdngs (See par. 2-7.) to
prevent cross4x@mdmd0n of cnmponenb.

lle intcrnaf generation of contaminants is tbc mmdt of
scveml factors, such as tbe fluid, opemdng pmsures, level
of fluid con mminadon, and cavitation and aeration. fn a
pmpet-iy dc@ned system the fluid mmnndnadon level is
the most criticaf factnr. Simply stated. camaminadon bmcds
contamination. Existing pmticlcs, whether tbcy am dirt m
metaf, cause wear, which generates more patdclm. T%e
basic rule for ptevmting internal generation is “Keep it

Clean, and Keep it Cool”.

7-2.1.2 Moisture Contamination During Stoiage

Moisture is one of the greatest enemies of bydmufic flu-
ids and systems, except for aqmous-type bydrzudic fluids
and the systems designed to use them. fn genemf, spcsitd

arc should be taken to make containers waterproof, espe-
cially when they are stored without protection from the
weather. fntmduction of moisture into watcrprwf cOntain-
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em by “bmmMng” md con&nsmion is n problem whenever
cancaincrs are cxposecf 10 fmqucntfy md widely vnrying
tcmpcmcwcs. Far Ibis fmsan scornge conditions under
which such problems mn - shcdd be avoided. Conmin-

cn scaccd oca-ofdcors should be scored on hcii sides ta
prcvc.nt wmer fmm scmsding on anmicser Cops. Cmmsimc

lids A bungs shmdd be pecicdim.lly cbccked for cighasess.

7-2.13 Contamination Accocscpcutyfng Additivss

hlspucicics -panying nctdilivcs arc. in Ihc Scricccsl

se=. a manufacmring pcoblem but one t-bncmay ulcinumcly
belong co cbc hydcaulic fluid bnncflcr. For cxacnple. it has
bem mporccd M an additive in same -H-5606 ffuicfs
has on occasion bem foand co conmin 0 casmmitumt solu-

ble in ti oddicivc itsctf but insoluble in the finished bydmcu-
Iii fluid (Tlcf. 16). Some additives for hydraulic fluids can
- mnsidcmblc mncnndnadon problmcs when moisture
accumulates in the hydraulic fluid. Hydraulic fluids witi

mrmsion inbibicors tend to form a slime with moismrc con-
caminadon (Ref. 16).

Mnhagnny sulfonacc IUSI inhibitors. widely used in fin-

ished hydnsdic fluids. MIS afso bc o soumc of conouninm-

tion. i.e.. cusdng and scninias of SLCCIin a hycfrmdic sysfcm.
Some ccsabogmy sutfonnccs mncnin inaqumic wnccr-soluble
sak, such m cnfcium cbfaside ond calcium sulfncc. rnnging

fmcn 0.02100. 19%. Dma show cbrd M maccntmdon of

& ~B dOCSnot appmr to affcCS the rust pmvmtion
~ of Illc mntmgmy suffoanscs. bat their presence
does pmducc mrrcoion by gnlvnnic action. Use of pecro-
Icum bydmulii fluids mnmining sulfcomccs with ISrc.bmively
high cfdaridemntcncof0.12% pcoduad sysccm mntfunc-

cioos, wfccrms usc of pcccoleum bydmulic fluids coating
Suff- Whh fess Chbn0.03% of Ihc saft pernlicsed siui5-
faccasy Opccndcm (ftcf. 16).

7-2-2 TYPES OF CONTAMINANTS

_t%ctISCClyiM@tkbt GllldWKdyti=t hydrautic
onids csu be ekdtiti USutbel solid @CiC os h@d COO-
tsminmmlllcmoss wmnsoannd cwsctsoubfesome liquid

t is water. tan Ii@id mnmminmts include nlt
famign tiquick both miscible MCIimmisciilti Mid panicle
mmamimmcsarc seff-dctlncd. ‘t%cyarc impurities dins may
Ciltcerbecbmlimu y rmcdve whh bydrnufic fluids or tbnc
llMyfwf bydmufic SySLCIM.

7-23.1 Water as a Contnnsincmt

Ahbmgh wmer was cttc first liquid to bc used in a

-lc Sy5Ccnl it is gmecn.lly n harmful contaasinnnt
f.Rcf. 17) in mcrent saphisdcnccd bydmulic sysfcms.
Depending on fhc pcopcrdes of fhc liquid under considcr-

adcm. wnccr will dbcr form an emulsion in tie bydsnulic
fluid (up coo cccmin pcmcnmgc) or bc pminlly immiscible
whb che bycfrnulic fluid i.e.. snmc wuccc will be ftancing on
lhc surfnce of cbe bydnuclic fluid or scnling m chc hattom of

he conminc.r. Immiscible. or free. quamitics of _ in a

bydmulic fluid arc usually tic rcsuh of camlcss bnncfliig

and cause ctmccagc co bocb tic bydmulic fluid and chc sys-
tem. Unwnmed WOCCIin o hydrmctic fluid tmcfs 10 a mufci-
OJde of prablcms ics ccrcns of hydraulic system damage mat
fn.ilurc. Tbc wocst Ibrcau of wnccr cmmminnlion me ics csx-

msivc effccss and cbe subscqumt fluid andlar syscccn cm-

mmicsadon wicb csa-msion particles.
Onc cfnricicncicm concerning _ and bydcacdic fluids

must be nsncfc, bowevcr. in ccamin tim-rcsiscnnt bydcndic
fluids. waccr is n welmmc ingcedimt ond makes up from 30
10 70% of chc liquid. Such l%c-rcsiscnnl hydm.ufic thidS at

fmmesf by an cnsufsion of wnccr cfispmed in n scmod liq-
uid, such m oil or n gfyml. fn Cbcsc liquids che dkincsion

bccwemwaccr asnnccded ingrcdicntnnct wUcra5acms-

tnminnm is clear.
A distinction must bc made benvccn oil-in-water ccnul-

sions and water-in-oil emulsions. Akhougb n tile soludon
can be mnde by dispccsing oil in wnccr. pmblmss with mr-

msion and wcnr are mom apt to occur with this type of
emulsion. “Inveme”’. or wnur-in-oil. emulsions, on the other

bnmf. offer tbc fire-scsiscnnt qwdicy of wncer while rccniniag
tbe lubcimcing nod aatimcmsion quafitics of the ail. fn
inverse emutskm.v waler is Cfu dispcrsat pbasc smd oil is Ihc
cominuoas plum. In oil-in-wnccr emulsions * siCunCionis
revcmcd-dtc oilis~dispcrscd phmc. and tiwmcristi
mminuocss phase.

7-2.2.2 Solid Particle Contncninnnt

Of ntl mncnmincmcs solid pardclcs am dmse mass fce-
qumcty of mnccm. Tbcii mmsurcnscnt is uscmfly decer-
mincd nccmcfing co size and aumbcr. 7%s clcacdkss of a
bydrmdic fluid is mcmaOy rcpmtcd IIS tbc Aacive “solid

panicle Clcmdkms-.

Solid @Ck mc15tmicwM arecicker 0fchc6bKmscu
nmfibrous vaciccy. Fhcous pscticlcs haven lc@nA@-

cc.crrntio gmucrtban 10cnl. Non6bmcISsnlid pardclcmn-
tmdmuts includc nufsMiclcs nocinlfcc 6brUusctsss_'fb4ir

irregcdm sbnpesma.keit Ecssm-y code6actkcis sizeby
Cbcirlnrgestdimnsmn “ ifmiuasmpic snafysisisusedmby

m Cquiwdent Spfscriml dj~ if mnamacic pmticle

mlmccrsnrcuscd.
TIIC unit of memumnscm for satid pmticlc mnmminadoo

is tbc micmmeces (IlbOla 39 millianlhs of m inch). The nor-
mal human cyc ems dcccct panicles as small 8s 40 Wm.
However, mnmminam panicles IISsmall as 03 pm CM bc
of mnscm.

B-of h wicfc vnricv of hytilic 17tids id Ibek

equally wide variety of npplimcicms, Ibem arc many sCnn-
dmds of fluid clmntincss. MILH-5606F mquims lbal b
following pmticle size mngcs be ICKI(Ref. 6). Tbcrc uc co

bc no mom Ltmn 10,000 pamiclcs between 5-15 pm. no
mom b 1,000 pmticlrs bctwcm 1635 pm. and no more

IIUM5 pacticlcs over ICS3ym in 100 mLof ffuid
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Indeed if Continalion levels arc to be establisbcd for a
hydraulic fluid. ii is best to refer to the data frum the manu-

factumx for the most reliable indication of the contamina-

tion limits and tu consider the deign of the system(s) in
wbicb the liquid wiff be used. ASO it is imponant to remem-

ber that what may be a “clean” fluid in one application may

not be “clean’” enough for mtotber. The specific application

of a fluid is ulways the ultimate factor in determining con-

tamination hits. Other common spxiticntions for cOntml-

Iing and specifying solid particle contaminant levels include

MfL-STD-1246, National ACIUSpaCeStandard (NAS) 1638,

and 1S0 4402 fRefs. 18, 19, and 20).

7-2.2.3 Liquid Contaminants Other Than Water
In addition to solid paticlc and water contamination.

contamination from oiher liquids, both miscible and immis-

cible, can occur. Liquid contaminants in hydraulic fluids are

often a result of mixing (accidental or intentional) two or

more bydmdic fluids. Accidental mixing often occurs when

replacing the bydrmdic fluid in a system with another
hydraulic fluid without a thorough cleaning of the sywem.

Liquid contamination of a hydraulic fluid can nfso occur

when transferring the liquid into unclean containem. In gen-

eral, such tmnsfcrs should be avoided. [n some cases, bow-

cver, military specifications indicate that two different

liquids are conqmtibk and IMy be mixed. Such a tnixtum

muy be mn.sidmed usable kauss it does not form resinous

gums, sludges, or insoluble solid materiafs bowever, the

liquids in the mixture arc contaminated in the seine that the
liquids may no longer retain their originrd characteristics.

Such cbamctuistics may b criticaf in certain applications

that require a “clma” fluid.
CcmhuIdn8b “on of II hydmulic fluid by oifs or solvents

used in cmon the bydmufic system fmquentty uccurs. This

type of cnnbmtiaab “on reduces tbe effectiveness of the

hydraulic fluid by changing CtititiC6, such @ vixm-

ity, tilty. and Iubricadag abiity, UI by attacking system

cmnpunems, such us seals. However, the oil or solvent may
have no chemimf effect on the bydmufic ffuid itself, particu-

fdy ia lhe cases of pctmleum-base bydmufic fluids and

pcuuleum &action oifs or solvenLs (Ref. 16).
Chemical contamination of a bydmtilc fluid is generally

a rarer ocsurmnce and can be difficult to trace. Some

insmnccs of chemical contamination have been explained

by deposits of cleaning compounds left cm surfaces, by reac-

tion of an additive with seafs or filters, or by other such

unusual instances. A common cleaning compound found in

hydraulic fluids is cbforbuucd sulvents. Numemus cases

have been reported of corrosion of bydmtdic compmen~

that resulted from the presence of tie amounts of chlori-

nti or Imlogenated, solvents (Refs. 17, 21, 22, 23, and
24). h is genemfly accepted tfuu cbforinated solvents must

be kept below 200 parts per million (ppm).

7-2.2.4 Microbiological Contaminants

Micrumganisms can grow in bydmutic fluids tn some
extent. However, most of the problems asmciated with this
type of contamination UCCUIin the handing aod usc of avia-
tion fuels, and most of the resmrcb work pcrtaim tu tie
effect of micmbIOlOgicalfy contumimud fuels. The prublem

tfc.wwes a discus&on in relation to hydr-aufic fluids, how-
ever, because micrnblologicrd contmniaadon can occur in
bydrmhc fluids. If sticient quantities of the organisms are
dfOWCd 10 glTIW tmcbecked, they .XUIClOg 6]W$ lE.WiCt
small oriticc.s, and cause poor operation of close-tolcrsnce
parts.

The gIuWb Of MiC1’WWtiStflS Cm bC WCCklted by the
pmence of other comaminmts in the hydmulic fluid. Water
contamination, for example, pruvidm an cnvbnnment nec-
essary for the gmwtb of living organisms. fn most CUS,
elimination of micmbial contaminants with biocides dues
not solve the underlying contaminant problems that origi-
nakfy conmibuted to gmwtb of the micruorgrmisms (Ref.
25).

7-2.3 EFFECTS OF CONTAMINATfON
Contamination in n hydmutic system damages the

bydrmdic fluid und the system iu which it is used. The
degree of contamination usunIly begins at a low level and
increases because of the formation of contaminants ia the
system itself, espcciafly did pmticle contiarm caused
by system ww, oxidation, and corrosion.

7-23.1 Effects of Contamination on the

Hydtaufic Fkuid
Meafly, contamination should be excluded totuffy or

removed immediately upmt entry or genemdon. Any con.
IMmlation, Egardlcss of type, that is alfowed to remain in
the fluid can ag-gmvate Ox cmxaminadon prnblem by fur-
ther &gmding the fluid l%e destructive effects of cmttami-
nation areoftea ofa”chaiarmctioo” natumaudpraduce
further damage m the tiquid (except cfdmiaated solvents cm
other wurkiag ffuids). Afthougb this is not always the case,
it is easier tu prevent damage by avuidiag contandaadon
tbrnugb prupcr bandfiag aud storage techniques than it is tu
rmdmtbe rep’aimtha tmaybemquimd Z1. $ar’cmftofusing
Conmmiaakd fiquid

Them are a numknsr of situations ia wbicb cuntnudnants
can gmw even within a closed nod seated system. one
example of the ‘“chain reaction” that can uccur is the effect
of IIIOiSNE in bydrmdic fluids without anticormsion addi-
tives. Corrosion particles resulting frum moisture, in effect,
act m wear panicles, whlcb expmc clean metaf surfaces that
subsequently become conuded (Ref. 16).

7-23.2 Effects of Contamination on the
Hydraulic System

AOcomponents in the bydmulic system am susceptible m
the destructive forces of fluid contamination. Solid particles
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Cnmcwmrmdjnuunin & Air nnd vapor cmsc pitting md

erosion. Acids cnusc etching nnd corrosion. Chemical cOn-
mmination dcstmys or dcgmdcs the fluid suucnu’c with

nu’YiOg fiects. Wster in pctmlcumd Systmss OfTccls vi9-
CC6@ and lubrkhY, degrndcs ndditivcs, md CM pmmotc
rustsod conmsioo. Tbc list goes on ahnmt indcfioitcly.

FnrIMcs CM be cmdcly catcgorid by their size dative

tothcsizu of thetluid flowpa!hsihrougb IIEcompmms.
l’hcycan kclargcr lbmlhctlow palh, nppmxilNucly Ihc

MMC & or dgldficlldy dcr m shown b Rg. 74.
Each rcladve size poses o diffcrcot type of comnminmion

problcm.

fS8C @tCS can block pens and orifices. my cm
also -ommsicnl mtdfincticm in dirmiond md prcs-

swc control wdvcs. This mdfuncdon-oftco Icrmcd cuinci-

dem jnmming—xcurs when a panicle is rmppcd by the

moving mccbmism as it moves from onc position to

tlnOIkr. An CXal@ would be a -C p.31’tiCk Iodgcd

bclwccn 0 poppcl and its scat Ihm prevents Ihe full closing

of IS !cIicf vafvc. Ancdhcr pcmible cxnmplc is n particle

_ bt-n tic spool land d tic fluid pm edge of a
servo VdVe as shown in Fig. 7-7 (Ref. 26).

Pardclcs thnt arc npproxilnalcly Ihc Slunc Sk as the

cl— between two moving Suftwcs cm cause both jnm-

ming nnd wcnr. Jnmndng occurs when the Imge, hnrd psrti-

cfc bcmmcs wedged between tbc surfoccs (uswdJy in n

vnlve). Unfcm it am bc dislodged by cycling h vnlvc or

cmsbcdbylhe system forms. thcspocd wiUjnmmdcmbc
Cleared onfy by di50sscmbly.

Anmhcr pmblcm with lhis size pardcle is ctming and

gouging of Ibc two Surfnccs as the panicle psscs IhnJugh

b clcmnnce A mmc sgiom wmr prcblem CCCUISwhen a

wry hard panicle cnlcm the clcm-mcc bctwccn two disskni-

Iar rmatcrink of which onc is much softer W tic odur. h is

Iiily IhnI Ihc pardclc wiU bcmme emW in the softer

mnIminfmld ncl13saclmingl oolngniOsIl hclmdcrm Iucrid.

llismcdcoccurs vayollco in bydmuliccylindcm nndpis-

@WIX nccwsldnlors lhlu have Clnslomc?ic or soil mcud
seals.’rbesenf sactnstls e”toolhddcr”in Ihcsccsscs.

Ahbough it would scam tJM psrticlcs signi6cantJy

Sllldk IhlIl IbC flOW @ wmdd bc ~hdVCly iIUIOCUOUS.

RIM RM Edge

spALand

Pigure 7-7. Jnmming of Volve Spool by Pmti-
cles (Ref. 26)

(c) Pal-l&ltilyfwtuml&%mlh

Figure 74S. Relntive Particle Sues
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they can be extremely detrimental to very close-tolerance
wolves, especially zero-lap or line-to-line servo valves. High

concentrations of these particles-usually 10 II m and

smakr-form contamination termed silL When flowing

through very small cleamnccs at high velocities, silt can

erode spool lands rnpidly and render the valve inoperable.

Fig. 7-8 shows before and after photographs of a servo
vafve thnt was subjected to a high level of silt in an operat-

ing systcm.
Contamination-related system malfunctions can be clas-

sified as degradation, transient. and catastrophic. Tmutsient

failures m discussed previously, me frequentl y the result of

(A) New Surface of a Servovalve Spool
(500X Magnification)

(B) Damaged Surface of Servovalve Spool
(5oOX Magnification)

‘tie usc of photos, graph, md text audtorizcd by Man Cnldsmith.

Ftgut-e7-S. Example of Servowdve Spool
Damage by Contamination (Ref. 27)

particles tilng trapped by the moving mechanism. They can
often be cleared by cycling the valve.

Oegmdadon and wenr me Iong-tetm deterioration of the

system hardware. ‘fhk is the most common failure mode fnr
virtually W components. Pump flow rate degrades because

the internal clearances are incmaauf and increased slippage

results Valve leakage incmn.scs bemuse radiaJ clatmnces,
binds, poppets, seats, etc., are worn OUL cylinder speed

declines due to wear of the cylinder bard.
CNasuuphLc failures m-e often the culmination of 10ng-

tenn, uncbeckcd degradation, jammed valve mechanisms.
or blocked otitims. More often, however, catastrophic fail-

um.s resuh from material problems, maiot.mance mdpmc-

tice (such m “tweaking” the system relief valve). or aims-c
and misuse.

Contamination-relttted failures can be eliminated by n
well-planned and -executed conttimmitn control program.

An imporumt part of the contmninittion-removd phase is

the selection of system filters. The degrke of protection
required depends on the contaminant sensitivity of the sys-
tem components. Normally. filtration is selected to ensure

that the system contamination level does not exceed the
acceptable level for the most sensitive component. In some
cases, bowevcr, it is more effective to provide a dedicated

fitter for tie most sensitive component than to try to main-
tain the entire system at the level required to protect that one
componenL

Component contaminant sensitivity can be expressed 0.s
the omega rating of the component. Omega mtings w the
results of tests designed 10 determine lhe degradation,
increased leakage. or propensity for jamming of the compo.

nent when opemted in fluid that has been contaminated to a

known level. The staadatd tests for contaminant aenaitivity
am fisted in Tidde 7-2. Other com~nent tesk am fisted in

Ref. 28.

TABLE 7-2. COMPONENT
CONTAMINANTsENsmlvlTY

TESTS(Ref.28)
COMPONENT

Hydraulic Accumulators

Hyimdic Motom

Hydraulic Pumps

Hydraulic Resavoim

Vldves

TEST
SAERPJ 1227

ML-M-7997
NFPA T39.25

NFPA RS T3.9.18

SAE RPJ 1227

1s0 6404
See also Ref. 28.

Reprinted with permission. Copyright 0 by Oklahnma Stare Uni-
vemity. Schonl of Mcchnnic.4 and Acmspace Engincczing.
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Many compoment manufocmrcrs arc now specifying the
fluid clcdincss rcquiremcms in terms of he 1S0 Solid

Conmminam Co& (Ref. 29). This makes h selection of
Liltcm Ibc mspcmsibitity of the w mom so than in previous
Siolldom in which Ihc Du3nufncolrcr Spccificd Ibc filter

~.

7-2.4 CONTAMINATION ANALYSIS

mmquimdcknntims of a bydrmdic system is mlncive
and k dcpendcnl on the design of the Pacciculnr system.
Ahbcmgh Ibc criteria fnr Clmnlk’ss my Vmy for diffcmnl
SySUmS. Ihc mclfmds of contaminmu mmsurcment arc bmi.
tally dike. Mchxts of s&i panicle contaminant nwnsure-
ment involve counting. sizing. nndlor weighing of he
prticks in o given volume of fluid M@Jnxt.s mcd m dctir.
mine h amount of liquid conouninarm present in hydmulic
fluids usually involve chemical or physical procedures. such

cu disdtfndon. scpanuion with n solvent. m isolation of Ihc
conumdmmt by chemical rcnction.

7-2.4.1 Solid Particle Contmnimlion fMeu.mre-

ment by Counting

Tbc most mmmon mcifmd mcd m assess did particle
cnn!andnmt levets is panicle counting. Normally k pmi-
cle sizes w mcmumct nnd the number of pmdclcs is

rcflmmd in Sxfid size mgcs. The rcpml may Shnw Ibe
nuokr of particles InXween CcrOtin shs, e.g., 5 to 10 pm.
Orthcnmober ofpardclcscquntto andtmgcrdmnnspeci-
ticdsi2c, c.g..210 pm.

l%c mosl commonly used mctfmds for particle counting
arc microscopic munting and ammmuic countcm. ‘f%esc
meUto& me dcscrilmd in the subpamgrnphs ti follow.

7-2.4.1.1 IWmmscopic Ptulicle Counting

7-2.4.1.1.1 Description

O=@clbc~mlpn@wicy ofndcmmpicpnnick
wlmdng. olcfcm-edm=wfKOati coo6nmdonormo-

. .
t imigbcmquirescbaf ~~w~
mmidecdwbmtbisi.s mmssm’y, lhc8uidispmsat

Immbmnc tilmr. Wba’c pm’dctcs impiogc nnd
=: bsd=md@stim .Vi5ud
emmimldun oflbcpnrliclcs mllbcmmdmme. IbClnssify

Pardclcs. tisizea odnwnbcro fpmdclcss hmddbedccer-
mincdby oseofnnk—osco pc md a cnlibmed reticle. Vmi.
ous rcdclcs can be used. including the ncular micrnmekr
witi n linear scnfe, tic globe and ckle twiclc. the proton

reticle (disc type), md lhe splh-imnge eyepiece. A stngc
micKmuccl is Oclcn Used 10 calibnnc Ihc retictes. An

-ttd grid cm tie mcmbnme allows the Ioml number of
pm-licks prr5cnt [0 be AmlJIed by Souiscicnl Inctbnd% Thk
is ncconqdisfud by counting h numbm of pmicla on a
mpmsamdvc number of grid sqmum ond esdmadng the
tood numk of panicles present on Ihc llXl imprinted grids
on the membrane. The following smndards control micro-

scopic pmiclc Coundng SAE ARP-59g and ASTM F 312
(Rcfs. 30 md 31).

7-2.4.1.1.2 Generol Pmcedum

The .%m@ PrepmuiOn PmCduC USCdfor Vircwlly tdl

fizc ~~g is i~ti~ m ~ sxficd in SAS
ARP-598. ns me & Micmscnpic Cn5ibmdo0 and PiudcIc-

Cnundng Pmccdurcs. Mast Inbmmmies use n splil-image

eyepiece to size panicles in Oldu to relic+ q- @
boredom. * micmscqic counting is pafmmcd in a clean
mnmwhcm dustpmticlcsinthc tircanoma fkctthenmo -
k of fmticles in b sample. In mnst imomccs, ti ~
dure rc+ires onfy IM tie tmgm psnick or I& number of
psniclcs gmatc.r than 100 ~m be identified by Ibc micro-
scope (Ref. 30).

7-2.4.1.2 Automotic Pmticle Counting

7-2.4.1.2.1 Description

The sizing and counting of panicles to give n qunntitndvc

_lllcnf Of Ihc Conlmnimtion level of a Il”id hm &n
pmfonncd since the mid 19505. In early days k measure
mm was dominated by microscopic mctbcds. but aut~
nmdc particle counui-s were dcscincd to replace this timc-
cmmuning. nonmpctitivc. and ncmrcpmducibk method.
Today, Ihtlt ~ SCVCd tief)tldde lW0r71111iC~dng SYS.
mm rwoitnble to the user, md tire is o nadumd (ANSI B
93.28M) and an infcmndnnal (3S0 4402) standmd by which
such SySkMS clln k dibnlkd 10 giVC ltflmkibtity
between munt.m in diffemm Inbomtmics within 6% (Refs.
32 and 20). ‘k confidence b cm be gnincd in k accu-
IUCy Of p311iClCSk disoibmions mcd 10 ll?lkt fluid cOO-
mminndcm Ievets is cvidmmd by h ptwnkncc of parciclc
cOml= lfUG@OUt lbc industry.

7-2.4.L2.2 Procedure

Automatic pnrdck cuuntcrs me used to perform @idc
Si2cdisoikdon luudysis lltcpardclc ccNncer isiilsIsetco
thedesimd thrrsbold kvels.Tltecawris Embcdamitk
corrcct flowmtc. isadjusced lhc sample issbrkn, &aer-
nccd, and. if nm?5smy, diluted. TIEmnlple isnm Ifnough
Ibc panicle coumcr 131hcspcdedf lownuc.nndtbeomn-
tXr Ofpm-tick pcrmiIfilitcr Ofsamplelueacb mkrmnecer
sizemngei5&cmlid. The Cuunkl-suscdtomca.smelhc
fluid cnnmminnd on level sbmdd bc the ls!cs! smndard pro.
duction mmkls and mminely cnhbmkd for sizing panicles

Xr~5m~Vm.Ins@d~@cl=_
thnn 0.St05pmcan bccoumcd.

7-2.4.1.2.3 Results

The information ohmkted fmm the automatic pmick
cmmurs is given on 0 digital primmn nf the number of par.
ticks per milliliter grcnler lhnn each dcsignnfed sk @cc
Ihcsc moms arc available. they can bs graphically dcpictcd
on n Sotid Contamination Chan and a Ckmfkss Co&is

7-9

Downloaded from http://www.everyspec.com



assigned. such as 1S0 4406 (Ref. 29). MfL-STO- 1246 (Ref.
18), and NAS 1638 (Ref. 19).

7-2.4.13 Semiqumttitative Pmticle Analysis

In addition m the quantitative techniques described in the
previous pamgmphs, there arc wniquantitrdive techniques
that can be used succewfully for on-site mafyscs. One such
method employs a fluid sampling set containing a mem-
brane filter. Fmm a sampling valve permanently installed in
the hydmuhc system 100 ML of fluid is passed through the
membmne. The membrane is removed fmm its container
and placed between two glass slides that have been spe-
cially cleaned. A solution is used to render the membmne
~SpWtXIL

The prepared membrane slide is then viewed under a 50-
~wer microscofx and compared with master slides that

have been contaminated m known levels. A determination is

made as to whether the sample slide is cleaner or tiler than
the master slide. Since the contamination levels of the mas-
ter slide are known, classification wirhh a particle count

range Cm he achkved. Thk system is also useftd as a Go/
No Go tcol; one master slide represents the upper limit of
contmninzuion allowable for a specific system. Refs. 33, 34
and 35 pmvidc the details of thk procedure.

Another semiquamitative mctbmi is commonly refmcd
to u the “parch test”. This method also requires that the

=Ple Rtid bt Pasti through a suitable membnme. In this
case, mUur than a microscopic analysis, tbe color of the

s.mnPIC membmne is compared with a set of color patches
repm.wnting Wrious contamination levels, The primary
comparison factor is patch color nuber than actual particle
counts.

7-2A.2 Solid Particle Contamination lUeasmm—

ment by Weighing

7-2A2.1 Description

Ttd9 method, commonly refcn’cd to as “gmvimebic aml-
ysis”, provides a means of awes-sing the total contaminant
weight entrained in a fluid. It does not dikferentistc between

pmticIe sizes above the pm Sk of tbe membrane used to
collect the contamimm t. The pmccdmc is accomplished by
foUowing ICpUtdde St&UldWdSsuch as SAE ARP 785 and
1S0 4405 (Refs. 36 and 37). The gmvimemic analysis of a
fluid is particularly valuable when the concentration of par-
ticles entrained in n fluid is too great for appraisement by
particle counters or when the upward deviation of the pard-
CICsize distribution curve at the small size end suggests an
unconmollcd system for sill-size particles-the extent of
which cannot always be assessed due to limitations of pard-

cle-sizing equipment.

7-2A22 General Prwcedure

‘fhe total weight of the paticulatc contaminant is deter-
mined by filtering a known volume of liquid through two

superimposed, identical, prcwcighed membrmms. cnd the
fluid remaining in the membranes is flushed thmugb with a
prefikered sOh’enL The net weight-total membmne weight
less tsm—&ff erence after filtration between the two mem-
bmnes gives the total solid contaminant t weight in the 61.

tcmd fluid. It is customary to express the gmvimetric level
of a liquid in units of mg/L. Sometimes lW ml. of fluid is
used as the rcfemnce volume in the aerospace industry. For
relative! y clean Eui& the use of 0.45-Km pore siz.c mcm-
bmncs is common. However, for thick fluid or a shy of

tine, sik.ize particles, larger port size media am employed,
e.g., 0.8, 1.2, and even 15 pm.

7-2.4.23 Results

[n genemf, a low gravimetic level—lc55 tbsn 5 mg/L--
usuaily means tbc system is acceptably clean and a high

gmvimetic level—above 100 mg/L-means an intolcmble
situation. The gmy zone between acceptably clean and
into[emhly contaminated depends upon the shape of the par-
ticle size distribution curve. If the particle size distribution
indhwes proper control of the larger particles, a gmvimetric
analysis will reveal the larger particles and a particle count
will reveaf m what extent the silt-size particles have been

allowed to multiply. Whenever the particle size disuibution
indicates pm control, a gmvimetric nmfysis should be cnn-
ducted (Ref. 38).

7-2.4.3 Solid Particle Contamination MeasuIY+

ment by Combmed Counting sttd

Weighing Methods

If solid particulate have been analyzed by counting and
weighing, it is possible to get an estimate of the paticufate
type by relying on &ta &velo@ fmm the contaminant test

indusby. fn shorn the particle density and size distribution
both affect the mrrelation between counting and weighing.
Thus, provided a baseline cmrckation can be &ti pard-
cle cmmdn8 and weight mmsumment alone msy provide
indications of con taminant composition

The technical information available on tbe stdamf test

mntamimmt air cleaner fine test dust (ACFTD) provides
such a baseline correlation (Ref. 39). Table 7-3 shows tbe
data that correlate the number of padclcs greater than 10
Urn for ACFfT) aod the weight of equivalent concentm-
tions. FuIUImmom, ACFITI bas a density of 2.8 s/mu’ snd
is representative of what is considered “normal” envimn-

menudly induced dust.
TIE usefulness of Table 7-3 is that if annlysis of a hydrau-

lic fluid gives particle counts and conmminmt weights that
foUow correlate to this table, the solid contaminant can be

estimated to b of a composition equivalent to envimnmem
dust (Ref. 38). Note that although this is only an approxim-
ation, it is quite useful for a t%st intcrpretadnn of any did
contaminant datm It should also lx noted that iron-base
wear debris is appmxinmtely tbrce timm mom dense than

ACFl13.
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TABLE 7-3. ACF1’D PARTICLE COUNT
ANfl WEIG~ EQUIVALENT (Ref. 18)

12EEEEE
140,000

85.CW3

14.000

45CX3

2,400

1,400

5s0
280

140

70

40

14

7

I .4

0.7

0.14

ACF7D
X3NCENTRA’fTON. mg/1

lfm

do7

lm
32

17

10

4

2

1

0.5

0.3

0. I

0.05

0.01

0.005

0.001

7-2AA Liquid Contnminnnt Men.surwnent

Dtkminacion of the anscmnt of liquid mnuunimmt

_ ~ a h-c fluid cm bccmne a difficult pddms,
sspacsfly if Ihc COclulmimmc is soluble cc miscible in tic
bydmdic RuM. Since xmm mans of mensuring liquid mm.
tncnioancs invnlve chccnicnl maccions, it is usually 0 pm-cq-
u~ltc m knnw whrd kind of mntnmimum arc king

memurcd so chat the prnpcr reagents can bc used. ‘he pmt.
km is somcwbal simplified. however. bccnusc Che mast

common liquid cnnmmimm tiswncer. PrnAum5usdco
decemmc other Cypm of cuncnminams m-c usually specific
to* ckcmicnl nscum of cbe b-lc fluid ‘ffuse gcncnd

pcudums do wmk WCll for Clccmminndon of Cbfnrimucd
mlvcm cnncnnsimm“on in many, if not all. bydnsufic fluids.

fflbelunmmofwllccrcmmunbn t-ion hydrmdic
fluid ix Imgc. mcbniquts smb as difucicmwhh n mlvmt &d
Wiflmpznuc lfcemstericunan immiscible layer cm be med.
Wbmcbcscmcmt ofwrmrprcsml issnlafl. oncofnwpm.
acfurcs is genemfly used. Onc dcpmds upnn h physical
x~ Of_ by reins m enccniningnonscdvcnt and
CheOChcrcm a cbcmicnl mmcion.

1. TesI ~or Ilbmr in Petroleum and Other Bituminous
Mareriafs

Text Mcthnds. Fcdccrd Text Mehcl 3001 (Ref. 40)

ASTM D95 (Ref.41)
Tbcse nsechads are used 10 dcccrmine the water mn-

ccnt of bimminous ncnkrinls by dislillncion with n wntcr-
immiscible, vnlacile solvem. The sample is hcaccd under
rcflux wi~ n waccr-immiscible xolvcm. which ccdstills
wilh Ihc wnccr in k sample. COn&nscd mlvmt and water
arc motinuously scpamtcd in a cnqx the waler scwlcs in tie

gmchnlcd section of the tap and the mlvml rccurns to lbc

still.

2. Tesl@ Wxer Wh Kad Fischsr Rmgcw
TcsI Mechnds. Fcdcnd TssI Mcchod 3253 (Ref. 42)

ASTM D 1744 (Ref. 43)
Tlscsc mcchcds mvcr che procedures used co dccamim

waccrinlhc —cmciOn 0f50cn Ks30ppcninliquid
pscmlmm pcuducc5. The pmdurc, rcfcnuf co as tbc Xarl
Fischer Mcchnd, or mmc vorindon of it. W widely used co
demndnc the cmiscurc mmmt of many muminls. Although

Ihe CCS1Scmdm-ds Iiil Cfcc pmccdum Onfy fnr pccm!mm

pmducls, i!cnnbc uscdonmost nmkialsfnr wbicbche

w~ wlll n~ P~u~ rmcdom b give fake mdings,
Sufficient Xo.d Fwher rcngcm is dilwcd wkh pyridinc m

ncjust i!s snmcgch m n waccr equivalent of 2 m 3 mg water
pm ti of solution. Fifty ML of tie sample is dilulcd wilh

50 ML Of MCdlnnokchfomfonn (1 pall Co 3 pm’ls by VOl-
unsc). The sample is hen ndcfcd 10 Ihc adjusted SOlutinn. If
wntcr is prcxcm. the xcdmion will no longer be dry. A second

ndju.scmcnt with Xcul Fischer reagent is made until the water
quivnlem of 2103 mg wnccr pm mL of xolution is again

rmchcd. The mnoum of moismrc prescm is tin dcwncincd

by the nnmunl of mngen: used 10reach Ihe second end pninL

7-2.4.5 Chemicnl Amsfysis

Cnnmninnm mccnined in sy.ucm fluid msuhs fmm Lmcb
war and nmlwenr pmccssm. OfIcn Ucc -1 of wcac
dcbcis Ancive !0 Chc anmum of ingwx.scd or cnvimmnccmd
contaminant needs co be asscxscd. Dcccrmining chc mOmn-
umion of elements rcprr-scntcd in I& enmcined fluid mn-

Iocninmn md mnincaining on nccumLc l’cmld Ofthcsc
mncemmdons over Ihc Iifc of n s.ystcm pnsvidc a mcchod

fnr mmgnixing nncmnf and abnocmal mncficions snd acm-

afly prcdicdng incipient fnilurc mndcs. WiUs meb qumdcn-

Iive dam it is even pmsible, in many im~ m _
which mmpoilcnt is accusdly failin&

Pmcdcrm uscdcoescmcc fhcidsmlplcsfcocnqecadng

Sysccms nndamdy utllesnforlh cpmxenc eofkcyekxncms
hnvc Lmcn svefldeve!opcd and even ~byw
-P ~ ~~. --~ x-my =ms
(PfXE) is m X-my spccmsmpic kcbnique, ** m &

Used for nmdcscmcdvc. simultaneous Uculfysis of all Iypcs
of smcp!cs. such us pnwdcrs, roil. mliti fluids, snd acrmol
filccm. PIXE acmfysis can Wcunuely mscss pa’dclcs up co
150 pm in size (Ref. 38).

The PIXE technique is based on physics. no: cbemi.scry.
Beginning with pure hydrngm. ti elcccrnn fmm h bydm.
gen atom is 6cpmncc& tin an nccelcmcor dt’ks IhCPCSSCMS

Cn high speeds. The resulting ultra clean pmcon bmm is
oimcd m che mrget sample.

Wilhin minutes of cxpmurc m h b, a compumr ~

duccs dncn about chc entire spcccrum of inorganic elements
in tie @get. not just about o single elemcm. Became each

element pmdutx.s n unique chamctcristic X my. the dam
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PfXE produces can be likened m a fingerprint of the ana- Table 7-4 presents common sources of elements entrained

Iyzed sample. in a fluid and identified by PfXE analysis.
For fluid mzdysis PfXE provides a quantitative analysis The identification of cbforioated solvenu is afso nece.+

that dctemnincs the composition of the wear debris or con- saty in snmc applications. Cbforine or ffuurine bm ban,
tnndniUM5 that exisL The resulting dam include the fOllOw- and without mnh’nl continues to be. immduced into bwfmu-
ing fic systems during compunent cleaning f.fiefs. 17, il. 22.

1. fn situ detection fiits for 72 elements (sodium
through mzmium)

and 23). fmfmred analysis is a common technique used tu

2. Pemntage of mass of detected elements
i&mify chlorine m fluorine in the cnmosion pmducLs fmm

3. A bar graph for easy visual comparison of reludve
hydmufic components (Ref. 17), but gas chmatngmphy is

mom sensitive.
pmpnnions.

TABLE 74. POSSIBLE SOURCES OF ELEMENTS IN OIL (Ref. 38)

1. Aluminum (Af) 13. Mmeanew (M.)
pistons, bearings, busings, pump vanes, blower or Steels, shafts, vnfvcs, corrosion, blowers (exhaust and
turbocbager. washers, shims intake systems)

2. ~ (Sb) 14. Jvfolvbd emnn (Mo)
Bnbbit bearings, greases Additives, piston rings. electric motors

3.- (B.) 15. w (Ni)
New oils (dispersam red/or detergent), grease, Shafts, valves, antifriction bearings, gears, rings, turtine
water components

4.- (B) 16. ~ (p)
New oils. cnnlam. seafs, dust, fuel, dilution New oils (zinc ditbiopbosphme), cbforinated

phospboms amiwear additives, gears, cnolant leaks
5. fxnliWk(cd)

Bearings, platings 17. U (Si)
Sand, d~ dust. antifoam, antifreeze, gasket scnlkg

6.- (C@ compuunds
New oils (dkpemam ador detergent), water.

S== 18. ~ (Ag)
Antifriction brings, silver solder, wrist pin bushings,

7. ~ (Cr) gear teeth. shafts
Plated parts (primarify piston rings), andfriction bcar-

~f$. shafts, g=l’s, scar?.. bcnrillg cages, gas tlubiics 19. s (Na)
Some new oifs, ccdant, ssftwater, grease

8.- (Co)
Bearings, b.ubiie components 20. m (.%)

BabbIt tigs, pflltill, SObk, cOOh?lS,tit ph$
9. Qfffl?f (C@ pistons, rings

Bearings, bearing cushions, bushings, thrust washas.,
vafves, guides, injector shields, oif cooler tubes, wet 21. ~(Ti)
clutches. coolant (copper radiator), gears Wear nm-hke engines, springs, vnfves, having hub.

compressor discs, turtine blades
10. h (Fe)

Rings, crankshaft. cylinder wafls, valve train, pistons, 22. Vanadium (V)
nntifriction tearings, gear tin. shafts, clutch plates, By-prmfuct heavy fuel oil, cccosionally wear metaf,
wasbem, rust, WateI turhiie blades, wolves

11. J&ml(F%) 23. ~ (Z@
Babbit or copfxr-lead bearings, platings, leaded gear AntiOxidanL .mnicomnsive, antiwenr agent. hearings,
lubes, leaded gasoline, grease, paint. seals, solder plating.s, gears, ds, Conlrlnt leaks, grease

12. UM-SMium C@
New oils (dispemam rmdk detergent), bearings,
superchargers, water
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Identification of constitucm compounds in oils or msult-

mt cwnssion pmducss am dso bc done by various other

nscifmds. Among b wc gas cbmmnto~hy. spark

same mass spccbmsctIY, and energy dispersive X-my
scanning elcctmn micrmaspy. The actual uchniquc used
fcv amdysis depcndc upon IIX cyp and nccumcy of dim

SOUgfILbut iIS ldl cnscs an individual who is familiar with
h specific tcchniquc shcsdd be consuhcd for guidance.

7-2.4.6 Spectsmmetric (Spcctmgmphic) Atmlysis

SpccuOgmphicoil annfysis is 0 common mcam of identi-
fying h cbcusicnl nmdysis of wear pcrticlcs in hydrmdic

fluids. ?Ms uclmiquc is pcrfcnmcd by Iuomic absorption
(ASTM D 4d28 (Ref. 44)) or by dtc inductively coupled
plrmnn (ICP) sccbniquc (ASTM D 495 I (Ref. 45)). A

review of spcctmgmphic oil analysis follows.
011 nndysis by mcnm of s~opy dates back 10 lhc

19405. when tbc milsoad industry dcmonsumcd the value of

emission spccsmgmphc for dcmcting wear particles in lubti-

cnting oils. When direct reading spcctmmetefs were inlrO-

duccd, hey wem nccepmd rdmosl universally. The validhy
and mcfulncss of such war panicle analysis depend on

bow rcprcscnostive the sample is and tie sise of tie pmticlcs
cwmincd.

h is gencndly accepted Ihm spcctmmcoic mellmd.c arc

blind m fxmiclcs outside IJSCnmge of 03 to 8 kim. AJSO m

smdysis cn.nslot rcffcct the Si7.c cc number of pm-licks, but
can mlnlc palls PC? miuion. Emission Speclmscopy lmsl
atomic absmption spectroscopy MC both common in oil

nndysis becnusc Ikscycan identify nnd nscmurc Ihc cOnccn-
oadon of cmmincd clemcms.

Evcty spccougmph ccms’isci of h_cc fundmsenti units: n
slit, 0 dispersing clcm&t (prism or diffraction grating), and

ncnnscrn ormhcrmocdingdcvim PJmcuncmofnsoucce

ofmdindon-hmc. am. ofspwk-isnligmd svilhtisJiL
wbicbaccs ssonm-mwiscg mlbnt(aftcrd ispcrsion) is

fCCmcd UsgiVedleqIccSml bcs, insngcs Ofthc SliL
fn dsc emission spcctmgsnph disma light sium the SMS-

pl-ciccd bynnorc orspmk-isfacuscsf lbrc.ugbm

cmrsnceslitinlbc ~m. l%is kight. which fxnc-

SmlcSlbc sliLfdis Onagmtc, wbcrc itisdispcrscdnnd
rcflemcd. fn tbc tic nbrption spcctmgmpb dilution of
tbc fluid sample with mcsbyl imbulyl kctcme is pcrfmmcd

MCIIfsc diluted MIssple is mspirwcd.
The acmid pmccss of nIOadzmiOn invohm I’educing Ihc

solution to a fine spray. dixscdving. and finally vaporizing by

moms of 0 Ilnnsc. The vnporimdon of the metnl fsmiclcs
dcfmsds upon their rcsidcncc time in the flame, flame tcm-

~. and the gas composition of tie flnmc. lle spec-
rmm rcmlts from Ihc tillity of nloms in the vapor slam 10
absorb nsdimion al ccrsnin welldcfincd cbmnctcristic wnve-

Icngths.
The inductively cc.uplcd plnsmn technique msd atomic

absmption (AA) Icchniquc of spcctmgmphic oil mnfysis for

dctcmsinmion of wcnr mcuds nrc dcscribcd. The rmdcr
should nom thm UICSCkctilques - ptrdclcs up to

~~xi~ely 8 Vm in si~
1. inductively Coupled PJasma

Test Medmd. ASTM D 495 I (Ref. 45)
TJsk ccsI mclbod is spplimble for Ihc dctcminadon

of crkkm mngncsium. md zinc fmm 0.001 to 1 mass %.
of bcrium from 0.3 to 10 mass %. and of phosphoms fsum
0.01 to 1 mass % in ncw hdnicndng oils. Sidfur CM k
dclcmsincd in Ikscconccnh-mien range fmm 0.1 to 5 mnss %
in o similar mnnncr for Iksmc instruments IJUUcan c.umd

heir wofing wnve!c@ to 180 nm. llusc elemcms arc
cmsmincd in some odditivcx used as dcfc+lcnts. amiOsi-
cJMts. antiwcm ogcms. etc. ‘fhii us! mctbcd pmvkk 0
mum of dctcrnsining Ihc conccmnuion of Ibc5c elcsnws,
which gives an indication of lfse additive comcnf in lhcsc

oils.
A msI specimen is weighed msd tin cfilutcd wilh

mixed xylems or nther suitable snlvcms on a wei@-by-
wcight basis. Standm-dc arc prcpm’cd in the sansc mer.

The solutions arc introduced by using a pcrisudtic pump or
free aspimtinn 10 m inductively coupled plasma atomic
emission spcuumetcr (ICPAES), and elcmcmd dctcnnina-
ticms am nmdc by comparing smndnrd and sample nmmic
emission intensities m wavelengths msocinlcd with dtc
desired clcmcnts..

2. Atomic Absorption
TCXIMethod. ASfU D 4628 (Ref. 44)
This usl mclfmd is applicable for the dclcnnkuion

of mms % barium fmm 0.005 m 1.0% md tic. cadciuns.
and mngncsium from 0.002 10 0.3% in Iubricnsing oils.
These clcmcms me conmincd in some ndditivcs IbnI act 8s
detergents, ontioxidnnls, nntiwcnr agcms. ct. Thii ICSS
mclbod pl-ovidcs 0 -of dckmlinin gIbc conccnnalinn

of & MCMS. which gives m indicsdon of Usc additive
comcnt in Ihcsc oifs.

Asam@eiswci@cd and bmcoilisnddcck to025g

loud weigbL F@ ML of kcmscnc solution ccmtaining

-umn.snn i_onsuppmSsaninrc nddcd. mdtbc
sample and oil nm dixmlvcd. (WARJWJW2 COmbuxdilO-
Vnpw Hnnnftd) SImdudl m SimiJmly prcpamd by nfv,’sys

ridding oil if nc4xsmry to yiekd a loud weight of 0.25 g.
Thc5s solutions arc burned in Oscfh.mc of an atomic 0b5mp-
tion spccuaphowcnctcr.

Onc of the 1- smfc miliuvy implcmcnmdom of
speclrognsphIc oil analysis is LIMO@ h Joim Oil Analysis

program (JOAP). llw objcctivc of tie effort is “IO improve
Opcmtiowd rcndiItcs.v of cquipIsscnL pmmofe mfe!y. detect

iwfiing compmcnt fnilum, conscm lutiag ~
hydraulic oils lhrcmgb applicmion of on-condition oil
change. and pmvidc n qwdhy mmrnncc (QA) tool for com-
Pnent repair and ovcrbmd” (Ref. 46). Ilii comprchcmive

-h is complemly dncumcmcd in the refcrcnccd mgu.
Indon. and IJU mndcr is mferrcd to lhis dccumenf for MJscr
infosssmdon.
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7-3 CONTAMINANT EXCLUSION

Three fundmnentd mmles exist that cmmibute to fluid-
bnme contaminations in a bydmdic system (Ref. 26). They
a-c

1. Injccred. Contaminant that is usually intrnduccd
during manufacturing or in tie field during maintenance,
repair, or overhaul operations

2. Ingested. Contaminmt that is introduced frnm the
etwirnnment through bmatbets, cylindem, scafs. etc. Dust.
air, water, and micmmganisms are the most commonly
ingested contaminmts.

3. Genemred. Contaminant that is cnused by wear of
trihnlogical elements or results fmm conditions internal to

the system, such as corrosion formation.
The source of the dominant contaminant type in a fluid

WMPle is dependent upnn system operating time, the ingres-
sion rate, and the c~pabitity of any contaminant-exclusion
devices, such m filtered caps, breathers, and rnd wiper seals.
77x domimmt contaminant found within a system provides
n gwxl indication of conmminam source significance, i.e.,
in[emal system cleanliness, tribological wear mndes, duty
cycle severity, environmental bardutess, and the effective.
ncss of exclusion &vices.

The age, type, and condition of the machinery or equip
ment also nff.xt the contaminant type and characteristic.
New mnchmety will usunlly nlsn have a preponderance of
huger sized implanted particulate contnminmtt in addition to
smaller contmnimmt, whereas weU-wom systems wilf often
show extt-emel y hlgb levels of small partictdale solid con-

taminant. A catnstrupbically failed piece of equipment can
bavc gross debris frnm related components or systems. Also
nonpardcufate contaminants may be present, such as water,
and should be accmmtd for.

Significant gnins cm be made by excluding contaminants
fmm a hydmtdic system. lf injected nnd ingested contnmd-
Mntsarcm himid, they dn not have to & removed by t3l-

tmdon and they dn not promote cm add to the level of
generated cnnmmimtn t. his twofold grtio often justifies

additional cnsts to clmn compnncnts and systems and insti-
tution of new system cleanliness standards.

74 CONTAMINANT REMOVAL
@ILTRATION)

A filter employs a m=banical means, i.e, a pnrmts or per-
meable medium, to capture and retain insoluble, includes
fme air and water, but not dissolved contaminants in the
fluid. In general, filters work on the basis of size but can be

supplemented by adsorption. cnafescence, magnetic field,
etc., mmbnds. Sepamtms, however, isolate and remove con-
taminants of rdl type, on the basis of their physicaf pmpcr-
ties, such ns differences in specific gravity, wetting
cbamctetistics,’ vapnr pressure, magnetic pmpmtks. and
electric charge. rather than solely on size. Filters and sepam-
tors are expected to (Ref. 28)

1. Capmt-e contaminants
2. Re.sisl dcsm’pticm under rated flow, surge. and ter-

ti pressure conditions

3. Possess sticient capwity to give an acceptable
semice life

4. Require minimal pressure Inss
5. Possess cnmpmibtity with the service envirnntnmt

and duty cycle.
Filter aswsment techniques involve complex tests that
place stringent demands on cleanliness, parameter mca.sum-
ment, and pmess contrnl.

The field of fduntion is vmy large and Ref. 2S is recom-
mended m a comprcbensive source of the physics (process)
of tiluation. The fOUOwing is a review of common filtration

specifications. The descriptions that follow should help the
hydraulic system designer cbmse application-specific filter
assessments before making a final filter sel@inn. Note that
afl tests will probably nol be necessary for tdl applications,
but that by performing a few key assessments, the chances
of specifying the best filter will be maximized.

1. Collapse w Burst Resistance
Re@ence. 1S0 2941 (Ref. 47)

AS a tiktr CapOtltS and RtiIIS C0nUtMin~15 the dif-
fenmtinl pressure inc- exponentially. If this pressure
differential continues to increase unchecked, the element
will finally burst nr collapse. depending on the dmction in
which the fluid flows tbmugb the element, inside out or out-

side in. An element design must resist sufllciently bigb dti-
fcrential pressure to permit it to operate under contaminant
loading, cold start-up, and surge flow conditions. Because a
break in the filter medhtm can be dknstrnus for many sys-
tem components, the collapse or bursl resistance vidue
should always exceed the expected maximum dlffercntizd
pressure level at the pnint of filter bxmtion.

2. Material Compatibility
Refcmnce. ISO 2943 (Ref. 48)

MaWinfused as61tuutcdia pnWxscs vnri0uschar-
nctmistics tbst can mnkc it age mpidly under hot symem
fluid cnrtditions, dissolve in the system fluid, or lnx its

shuctuml sbqw by dkscdution of the epnxy or ghtcs holding
the element tngcthcr. Hence dctuiomdnn of the element
fabrication mnterinf can take scvctal foruw embrhtlement.
dissolution, amdlor disintegration. Materiaf compatibtlty is
not a quality that mt element can be ns.mtmcd to possess
because of vtious system co@ttmions. Mtueriaf compati-
bility is mu ctiticnf to the system requiring pmtectio% there-
fore, it should& verified.

3. End Load Resistance
Refetmce. 1S0 3723 (Ref. 49)

Filter elements in sewice can exprience excessive
amounts of axinf compression due to hydrostatic- and
mechanical-type end loads. ‘flms the user must know the
probability of the element surviving such treatment before
tinnlly selecting and installing a filter. ‘flte end load rating
required for a given application depends on the filter hmts-
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ing tilgn and IAc method wed to A the element in place.

End loads am mnsidembly bighcr when surface gnskccs mc
used m scaf Ihc elemam in the housing. Af50 a flow rrscic-
cion kccwcfn Ibc element and Ihc filler bowl am cmncc
hydrostic cd loads sufficiency high m crush Ihc ebIcnL

4. Ffosu Fti”gue Rcsismnce
Reference. ISO 3724 (Ref. 50)

Tbc flow Faciguc T- is a cyclic Row endunmcc—

typccsc flmcimpOses vminblescm5se30n Uscscmctumof
tifilccr medimn7hc flcx@requimd bychistcais
designed 10 Simuhlcc Ibc pmssurc or flow flucccmcimls cxpc-
riectccd by systems subjccccd co cold scnrcs or n vm-inble

w c@e El~ dcsdnml for such dynamic machine
system - must contnin suppmting nmccrhd cm both
sides of Ibc medium co minknizc Chc dsplacenwmi wnpli-
Cudc tmdm cyclic conditions. Any failure in Ihc medium can
quickly Icad 10 sizable crocks. breaks. md rupcurcs, which

~ j-m ~ enti CmKancinadon conlrd tim Of
the sywcm. ‘Tim number of flow faciguc cycles M element
should & cxpectcd to complete depacds upon the System
however. n value of no less lhan 10.000 cycles should be n
qtilfyiig minimum for mosl skndy flow applications. A
wduc of MO.000 cycles or more is the mdcr of nmgnifudc
for lmlsl rccmn-line mccr Oppticadons.

5. Muftipus (Becaj Filtmtion Tess
Reference. LSO 4572 (Ref.51)

This imcrnadomdly appmvcd ml was cbe 61S.Ico
mccive” ~~=ttkmxmti”d.
dnddy” of he “h@ @h” asscccmcni mcchoc& ii B tie
“61crndon redo” inslencl of “efficiency- as chc figm-c of
mcriI-in Ibis Cnsc, Ihc “beCn redo”. ‘l-be beln USCmscssa
Ihrcc fimhmcnml aspcccs of filte~ sepamtilily. cOncmni-

~ -W ~ em 10ss. TIM lest was de-signed for
%ne”61tcc% wiIbbcCn wducsbecwcc02 and7Sbccnuseit
employs snnqdc bock and M cxcccmd panicle counter co
c+ “ Parciclcscpnmcion. fluid smnplcsarcc xcmcccdai

Ihetwc+mucpcdll cnnclacvmimlscimucm mspondingccl
Cbc fdfmving pcamgcsofncc pmssuredmp, wkcicbiscbc

Skiff -tawmsccrmin dnndclcmlefwscccl prasmc
drqx2Cni410%.20%.40%, nndso%. AirclcmlfinccrsC
dMisi@cccdma6hmyIbm@muClbc CEsc,mdn.slhc
Cmmcofhec cscimpks,ccmmmicmn t not removed by k
filccris tmdcipnsscdundfitccncbc3 tkcccrmind pressureof
lhc6hcr.AncxCmsicmOf tbcbccncrsccxi.scs intbcfocmof
miII-k CCCCIMdiSSZdkdlhC%-hOe &Ui”tiL~Olk

W=sofdl emlcscsmchcsmnc. exccpccfmcchc upper
tit of IhC io-lii bc~ Ccst has been exccndcd another O*
of mngnicucfe to 750 bccm

6. Filter Prcssum versw Flow Characteristics
Rcfemnce. ISO 3%S (Ref. 52)

The DAmycqumiOn smcc5chmlhepmssurc dmp

- a filter mediucss imcemes with incrcming flow mcc.

lbickmss or cmcumity of h mdii fluid vkccsicy (or
reduction in tempcmmrc), rcduccd Iilccc mc4 md Iowcr

ummpm’e sizcoftimcdilms. of COumc, dlcscpms.sulc

flow chnmclmi.scics refer to o “clam” elemem and nsscmbly.
Whtn a filter is becmning Ioadcd with ccmtmnimsm in ser-
vice. Ihc pressure drop incrccucs co collapse or burst prcs-

Sum. This fnucedum was dmigncd co —Chcrcdsncc
m flow chmugb a filccr duc co kinetic and viscous effcc~.
17Kpressluc dmp-lhc filmrmwsumst ldsmkwnce.
This cm bc n paccicuhfy valuable us for dccmmhing tllccc
elcmcni and bypass vn.lve compmibilicy by cxccnding lhc
test co include the chnmcceriscics of che bypass vcdvc as well

as of Ihc filter.
7. Gfass Bead Filter Sievabilify Tess

Reference. MIL-F-SS 15 (Ref. 53)
Alonccicnc killcmwcrc ccmsidcrcd cokcnolbingmmc

Ihnn sieves, i.e.. 0 cwc.-dimcnsioml mllccdon of cfiscrccc
holes. Thii belief fostcced dtc mnccpi M if chesize of k
holes in a fikcr mcchum is known. tie Sk of the conuuni-
mmt tit cm pass is rdso known. Bmcd on this sicvabiicy
criccrion, a numtm of Iikcr specifications wcm pmposcd

during tie 19505 and 1960s. when chc use of wim cloth
media was very popular. Some organizations pccsist in
using the sievabilily criterion becnuw of che long hiscmy of
usage it possesses. In this test a single-pass. blowdown

CXPOSM’COf ChCCcSIfiller 10 a spccificd slumy conm.inimg a

splfi~ ghss bead sin disu’ibwion &~ I& dcgrcc
of filmuion. AfCcr pmce%sing tie effluenl fluid lbmugh a
mcmbmne. lhc panicles passed by the tr.sl 6hcr cm bc mm-
lyzcd for tie “Inrgcsc hard spbcricnl pmicle” or ocher mdng
schcmcs concnined in chc various m.adlcd “obscdutc racing”
spccifimdons.

7-5 CHEMICAL AND BIOLOGICAL

CONTAMINANTS
Thcmn “Inmmnms Ifml me chemical and biological (CB)

ngencs Imve been fmmu!aced to kiU or inmpacimcc human

Ix&. i.e. Ibcy w mtipcmmmcl subsumccs Scch can-
Inmimlnwc cmybcabsmbcdb yccmlin ImWlin&sucba5

paints, Mn’icancs. and fobrics. adcmbcd ~-=-
fnccs, and rccnimd in crcvicu, scams, conmvidcs. and even
-fnlsmfnccs. -fllcycmynls obcnbcmbcdoradsmbed
by dust. mud. or vcgccncion. which may ndhcm co equip
MCCllW’f~.~yCMlbCCCMCSf~ Copcmmmclby
dirccc mncnct and tluougb mpmizadon ond suhscqacm
inbakncion, ingestion, 0s infusion. Fmlhcmmm smnc
ngents, if obsmbcd into 0 mnccrid. may slowly* over
m extended time and dms consdtucc o vapor and mnmct

Imzmd of long dumcion.

7-S.1 SOURCE OF COIfTAM5h’AT’ION

Conlmninmion, wiihin the mnccm of Ibis ImndbOOk.
mcnns M CB ngems adhere co or enccr n piccc of equip
mem or a vehicle. COmmninrction nmy result from a direct

acmck by chemical nndhr biological weapons. or it may
result from cxposum co a wind-mricd agent fmm mocha
urn or from moving over ground or vegccncion Ibm has
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been contaminated. Regardless of the cause, the result is the

same. Terrain andfor quipment are contaminated and. in

hum become potentiaf sources of contamination to persOn-
nel in the area.

7-5.1.1 Chemiud

Cbetnimf contaminants (agents) am synthesized chemi-

cnl.s. Aftbough thousands of chemicaf agent cidkklc5 have

been de.s@ted and tested for military use, only a few of
them have been found to be of ptacticd militmy vafuc.

Some of the criteria used in the selection of suitable agents

m
1. Low cost
2. Toxicity in extremely small concentrations
3. Toxicity through various routes of enoy into the

bcdy
4. Long-term storage stability
5. Time rquired for onset of symptoms and duration

of effect
6. Care of dissemination in practical munitions. (Ref.

54)
Chemical conmminants or agents can be classified

according to their chemicaf structure, pbysicaf and chemical

ptuperties, and mode of action as nerve, choking, blood,

hliitcr, incapacitation, vomiting, and riot control agents.

l%cy nfso can be classified 85 pmistent or nonpersistent

&pending on the length of time they remain on surfaces.

They tdkt primarily the lungs. the eyes, and/Or the skin:
they may cause long-term heafth hazards or may only inca-

pacitate for a few minutes. TIIe severity of the effect

&pends upon the concentmtion of the agent, the toxicity of

the agent, the amount ‘wsfemed to a wrson, and the physi-

caf condition of the person exposed (Refs. 54 snd 55).

7-5.1.2 Bfologicaf

BioIogiwJ contaminao tscmlbe bmadfycategoriz.edas

dismsc- or iffncss-causing agents. They arc fiving Otgan-

isms and incbde bacteria, fungi, pmtcma, ricke~ia ~d

viruses. Transfer can k by inbafation, ingestion, or through

a break in the skin. Their effects can range Ilom mild inca-

pacitation to dcnth, depmling to a l~ge dee upon the

physicaf condition of the exposed petson and tie specific

type, main, and viability of the agenL
The major pmhlem with such agenw is that they may sur-

vive for a long wriOd of time if envimmnentnf conditions

are favorable. ff trapped in secluded or isolated arms that

nortnalfy would not represent exposure hazards to person-

nel. they may & uncovered at a later time and contaminate

maintenance pm.onnel. The problem is complicated by the

fact that the bazm’dous dose varies widely, depmding upon

the specific biological agent. and by the danger that the
agent or its disease may be transferred from one infected

person to another (Ref. 56).

7-5.2 TYPES OF CONTAMINATION
7-5.2.1 Chemical Agents

Cbetnicaf agents can be classified according 10 their
modes of action as bfistcr,nerve, blood, choking, and inca-
pacitating. A brief discussion of each of these groups fol-
lows. For additional detail see Ref. 55.

Bfister agents mainfy attack lhe skin and eyes through
absmption and the mspitatory system thoygh inhnfadon.

‘fix effects of blister agents on skin mnge fmm itching,
inflammation, and burning to the formation of huge watcr-
tilled bfistcrs (ulceration), depending on the degree of expo-

sure.
Nerve agents in vapor or aerosol form can be irthafcd, and

in liquid form they can enter the body through the eyes or

by skin absorption. Afso poisoning can occur by ingesting
food or water contaminated with nerve agents. The mute of
entry is important with Egard to the time required for the

onset of symptoms. Onset is more mpid when nerve ngenb
are inhafed. The degree of poisoning is dependent on the
concentration of tbe agent inhafed. TIIe initial symptoms of
nerve agent poisoning include imitation of the eyes, contrac-
tion of he pupils, and deseriomtion of vision. The follow-on
symptoms are headache, increased production of mfivu a
runny nose, tightness of the chest, and difficulty bmthing.

Blood agents attack victims via the respiratory system.

Because blood agents must be inbnfcd to be effective, they

nre typically tfelivemd in vapor or aerosol form. Ldmlntion
of a low dose of blood agents causes a f.dng of wmknr.-ss,
giddiness, headache, confusion, nausea. and sometimes
vomiting and rapid breathing. These symptoms can be fol-

lowed by either a decrease in respiration tlequency (apnea)

or by panting and Emdfy by cotM m death. Inhalation of n

high dose of blood agents causes a rapid onset of this same
sequence of symptoms. The victims can coffnpsc and die
withii mioutcs of exposure.

Choking agerm irritate the eyes and atmck UICrespimtmy
system, i.e. the throat. respiratory - ~ 1- ~

have been no tqot’fs of poisoning msuldng from choking
agents iotmduced via skio absorption or iogesticm BecaIM

choking agents affect dy the respimtoty system Ibey
am delivered in either vapor or mmsol form The symptoms

of choking agent poisoning include roughing (sometimes
with bloody pbfegnt), choking, tigfmms of the chesL sbaf-
Iow breathing, and pulmonary edema Chfminc gm and
phmgene arc classified as choking agents.

incapacitating agents enter the body via ingestion or

infmhtion. The most common type of incapacitating agent
is quinucfidinyl bcnzifate (BZ). The initiaf symptoms of BZ
poisoning usuafly appear hvo to four bows after exposure.
Symptoms include tfeteriotmion of clmc-mnge visio~ dty-

nc.ss of the mouth, and pafpitmicm of the heart. The skin
becomes dry, the face shows n marked reddish hue. and skin
tempemture rises. After tbme to six houm. the ccntnd ncr-
vous system is affected. A loss of balance and tfifhcultics
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mmdioming vasious muscular movements occur. The
inunedk mensmy &lcriomIes considcmkdy and the victim

tecmcm con~ as to time and space.

7-S.22 Biological AgenLs

-RvO categories of biologiud ngems are microorganisms
and toxins. Microorganism m Slmdl, usually single-cell
Iifefmms thtoinfect thebostm dcnuses ickncssmddewh
by acmcking a mitical organ of the body. Microbbd agents
include bctria. visusu rickeusi& and fungi. Toxins am

mmpl= _ wtid products of living organisms
including microorganisms. animals. and plmts. Toxios me
cbemicnf in IIICsense M hey do not reproduce themselves

and have no infcccive pmpmics. Because of iheir biological

C@O. hwevm. toxins MC classified as biobgicnl agems.
They cam enter the bndy IbrOogh thz respimtow tract.
lesions cm he skin. by ingestion. or even by absorption

disedy Ituuugh the skin. The estent of Ihc effects depends

upon h dmge. There 1M%be accumuhnivc effeas from
some toxins.

7-53 EFFECT OF CONTAMINATION

7’tlc _ IhuI ICSIIh frMSl Ckllkd acmck uc USUdly

~g~ IIS Mid v-. or nerosol. Liquid hazards
msuh priomrily from pcrsisum agcms disseminrd by
nainl IdniqWs. 7ius.c Icchniqucs, sonWimcs called
~.. .

dswmmwion cecfmiqucs, include tie usc of sprny

tanks or missiiss ond bombs. which release MU chemical
payloads before iMpICL The liquid droplels that MC formed
upon release fall to earth with Iiule vnporizndon and pcmist
for IUSexkoded time. Liquid dropleIs are mnm pmsistent

Ibno vnpms or musols. Dqx2miing on tie type of agent and

stcnospbaic onsditio&. liquid WCIILSmay pcrsisI for dsys
or weeks. Liquid droplets prodmx both scmodmy vapor,
i.c, mpmimlion tifrdlingto emlb,nn dmntnctbamds

SOsncliquid llgausdmnn8e MddegIndc cquipLllalImtd

s.@ems.lnsNsrc cnsalhcngeots omyd.cta'ionlte systclm
coamkfuncdocdng feveLtiquidngcnLs, ifdepdcdmsm

pmus~finnls.cmk~bmw msmrinl
mnts’ix acd make dCccmUuninSdOn ~dL ‘fluM ths cms-

~~t~~@~Y~W~
to bandledue ropountinl mnfnctbnzards buIals0mnyb3t.u

dcsmbngcnn tmdcnuse avnporhaznd for rmextendd
dmc. Avapo?bnzmd isnpardculIsI tkucnlinawnnnenvi-
IWIIcEnL fn eddhion. the contaminnmd vehicles. Imsks, and
other equipment may spscnd mntamimtion to other tutus if
nc4 properly damcmndnatcsk.

The mosI severe vapor and aerosol Immrds result from
the usc of nonpersistent agents. Thee ngcnfs vaporize mp-

idly upon dissensinadon md disperse over large avcns.
Agen! vapors especially if highly conccnonlcd, can also be

sbsocbcd imo nuuaiul mnuicr.s. Dc-sOrption of dsorbed
agsnts may her produce prolonged msidunl vapor hazards.
TIE &sorbed agents may k more hazardous to personnel

(hnn Uadilidy believed bxause nftcr several houm of
mnsbu soldiers. who arc ucmwnrcof agentdcsorption may
* off cumbcKomc pmtectivc gem and thus MY
m- ~mlv~ IOIhc toxic vapors.

Binlogicnl agents CM be dissanimtcd in IUCUSOLIiquid.
or solid form. Such agenls geoendly nffsct ocdy living
O~lUliSUU md & not dnnca& or degrade mated qusdily.

7-5A METHODS OF DETERMINING

CONTAMINANT
Thempid UCUIascorme identification of chemical ngenls

is es.senshd for initiation of mumemwmwm and dmJnti-
nndnn. The equipnsem nemssmy IOd?Iecl and monitor bin.
Ingicnl ngcnw is Iimitcd in both qumctiry and quality.
Equipment is avnilnkde 10 detect k pmssncc of &mnicsl
ngems in vapor md liquid from. Ahhough chcse kits am not

Wlgncd to &ICCI chemical agents in hydraulic fluids, they
will dcfeci lhe presence of agents on and ormmd conodncss

of fluid. Descriptions of ths vwious chemical dctccticm

means arc given in MIL-HDBK-783(EA) (Ref. 55).

7-5.S DECOh’TAMlh’ATION

A decssnmminamw bc defined x a subsmncc whose
ptupose is lo detoxify. physically remove, seal. or olhawisc
INlkCblrdCSS 0 cuncmni01311L,%kbO@ lhSC SUbW13CCS
effectively neuoalizc or remove ccmmnsimmm some of
them hnve ndveme chemical or physical cflacs on I& nsnfc-
rids to which IhCy IUCOPpkd. ~e tMSOCLSf03 ~ .-

mtion are the fn[lowing

1. prevent or reduce famlhies and incnpdadon
2. Reduce pcrfo— de-an caused by IIMbur-

den of ncccsswy pmtcctive measures
3. cOmfxnSm for llle Iimitnlimls of pIuLxdvc equip

mcnt and
4. Avoid b sprmd of ccxomninndon (f&f. 57).

7-5.S.1 Methods

fSl&lUlld.~ll@O!dUXIUhUUh5dmMUbOdS OlObC
classified ioto three brad caegorics nf biological, cbcud-

admufpbysimk pmusses. Biological &cmsmmimcion
pmmsses am mcbods such as cdl-f= enzymdc systems.

fi~nniwos. IdgrK, Md SlaIc+f-tbe-ml gdc Cngi.

na.-~hvek Cimdinlbekiccmmmin
m8nrd 10 IMU @dnf usc u chemical and biological
agent decmmmsinnms (Ref. 58). Biological methods for
agent daonmminndnn may hold pmmiss for future W.
however, they w not sufficiently developed for realistic
application al this time. physical and chemical mcihcds of
decoommirouims am used. The Rlatiooship between the pri-

mary CB Wenfs MUItie chemical md physical dannmmi-
nndnn methods is given in Tnble 7-5 (Ref. 55).

Chemical and biologiad dccontinsdon nwhods
involve chemical processes fnr agent mmovnl, neutmlizn-
tion. or desructinn. In chemical methcds he ngau unda-
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TABLE 7-5. CHEMICAL AND PHYSICAL METHODS FOR DECONTAMINATING CB
AGENTS (Ref. 5S)

kf!711iOD

chemical

physical

DECONTAM3NANT

DS2 (STD)

STB (sTo)

Household Bleach

HTH

ASHISLASH

Mask-Sanidz.ing Solution (STD)

Sodiun Hydroxide

Sodium Carbonate

Hcxnchlommclamine

Ammonium Hydroxide

Chlommine-B or -T

Dichlommine-B or -T

XXCC3

C8 Em.lsion (STD)

CD- 1

Perborate Solution

Incineration

Weathering

Soap Solution

Iodine

Formalin

Detmchlorite

Pemcetic Acid (PAA)

Ethylene Oxide (~0)

Carboxide

HyamiiRs

chlorine Dioxide solution

HoI Water

steam

Organic Solvents

Dry Heat

Dry Stints

EFFECT OF DECONTANUNANT ON CB AGENT
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~ ● = has some dccontaminab “on e.ffccc O = not effcctiv~ ? = effectiveness not koown.

goes a rmction Umt alters its chemical nature. Oxidation and in— S*1Y at a PH above 8. Under alkaline conditions
hydrolysis arc two primary chemical reactions used to the reaction rate is pmptional to the concenhation of

decontaminate chemical agents and toxins because the hydroxide ions. The reaction rate usually incmzses tenfold

chemical nature of these molecules makes them susceptible with each additional pH unit. Tempemtmr also influences

to oxidmive and hydrolytic attacks. Oxidation. chlorination, these rates.

and reduction me the primary chemical reactions that have Tbme types of chemical methods have been studied

SUCCC5Sfllllydestroyed llliCIOO~tiStll.S. extensively for application to chemical agent decontamina-

fn geneml, the stronger the oxidizing power of a chemi- tion. These methods arc chemical reactants, incineration,

cal. the faster the rcnction me between that chemical and and weathetig. The chemical m.actants currently in the mil-
agent. The hydrolysis rate has mom variables involved and iW ~ventOV are given in Table 7-5 (Ref. 55).
is depndent upon fie chemical shuctures of the dccontmni- [ncinemtion is a process of thermal oxidation, i.e., burn-

mmt md agent and on reaction conditions such as PH. tcm- ing or combustion of materials in an excess of air and at

pcratum, solvent and catalysis. The hydrolysis mte very high temperatures of 400 to 1200”C (752 to 2192°F)
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under tightly mnn’ollcd grss-flow condkions. Toxic agents
CM IX lhcrnmlly dccmmpmcd by incineration wilh no fOrc-

sccnblc toxic cd -IS (Ref. 59).
Wmthcring is ea impnrmnt dcconmminnd on pmccdum

dmy~tie aofctim iftimtitimmmt
a fnctor. Bnih chcmiad and physical decon~ “on pm-
- IUZ0fSCIUth8 during WmtbCM& The chemical ~
- of wmlbcring muse dcgmdndon of chemical ngcms
by hydrolysis. oxidation, and pbomdcmmpnsitinn. physical
wcmhuing includes timud wqsmntinn and ncmdnn.

physical demnmminati CM mctinds MC thcoc by which
@c CB ngcm undmgnes a change io ik physical smm. These
mctbcds iocludc hcnmd dcmmpcitinn scpnmdnn by
mmodcp=sme.llnd smpdnn pmmsscs Bccausc physicrd
mclhnds involve a change of physical sw rather than any
cbcnial cfumgcs, physical dmonmmiruuinn alone gener-
nfly dncs not destroy CB agents.. The ngcm hazard may be

rcnmvcd frnm lhc cnmmnimucd surfncc. but the chemical
nnturc of k CB ngem rcnmins uncbangcd. Some physical
metbcds. however, nlso promote ckmical rmctions thm
destroy lhc agenL Physical dcconmmimtion mcthnds nrc
divided into oqueous and nmmqumus npprmchcs. ‘Ms
divisinn was mndc bemuse mnst milimy equipment can be
gmupcd into Wnmr-scmitivc cquipmem and wmcr-rcsistam
s@p~L

Aqueous apprnachcs to physical decontmsimdcm of CB
ngcnts involve the usc of cquipnscm nnd wmcr m rcnmve

CB agents by bntb mccbnniml fmcc, i.e., pnssurizcd nquc-
om snlutions MC used, md snlubilization. ,4qumus

~~ ~ve lhc oddcd bmcfit thm lhey include chemi.
mf dccnnmmimdnn pmmsscs for those CB agents tfm arc

subject tn hydrolysis.. Hot mum and smam arc the IWO
fielded aqueous dccnntmnimuinn methods.

Nomqucnus appmdcs to pbysicnl deccmmminntion.

i,e. pbysimd pmcascsthntuscnn wntcr, can bcgmu@in

four priocipal CnLcgn?ics. TtUsc Lntcgorks ME
L Oqfmic Solvcms
z Dry beat
3. Wmtkirlg

4. w~

7-5S.2 Comtofmr Desfgss tn Emhossce Deeontomi-
Ssntioo

Conmimrdcsign cmlontbe bmedupnnthcpmbrdde USC
nf any single dccnn mminnm bccnusc nf &c lack of a univcr-

ml dcmnmminam nnd bccausc it is impnssiblc m predict tie
Iypc nr mmgmy nf ngcot UmI will be encnuntercd. Dc.sign-

cmmustbc nmmrcoftie nnmmnndpmpcrdcs nftienmge
Ofdccnnmminanls lhatmayhnvctn bcuscd, nndlhcy
sboufd cnnsidcr these fnctnm when pmctimd. csprcitdly
wbcn selccdng mntmkds (Ref. 60). prime mnnng the deter.
mining facmn m-c

1. The prnpcnics of M agent
2. The initinl mntnminadon dcmity of the Went on *e

conmincr

3. The environmcnmf cnmfitions
4. The sorptivc prnpcrdcs of he wnminer

5. TIIe physical fmnucs of the mnmincr.
DcSignisimpommt bccnuscpmpcrdcsign ammduccrhc

Unmunt of eon mminmus rcrmdning on the cnmnincr. Design

UUl b IlffCCl IfU intcrmlinn of IJICcnvironmcn twilblbe

agcOL Thmc &sign cnnsidcmdnns SlmLdd be eonsidemd b
mdcrtnrcach oprncdmf nndsnfeenmprnmise. Thcsemn-
Sidcmdcms me mmminlfmming selsction. design enn6gurn-
tion, and mntmninatinn ovoidrmce.

Deconmmimbilify of the mnminer can be impmvcd by
Sclming lbecomcct mmmildsmldcmtings. Snmemmrinfs

cm bc diffimh or inspossiblc to dccnnmminnk Thus h
msc of dcconmnshdnn should incrmsc WiIb Sclcctiml of a

mnlcrinl thmdncs notnbsmb dtcmnmminnms. Tbcdcmn-
mminmion pet.s.s is much cnsicr bccnusc M cnnmmimwds
CM bc wn.shed off cm cnsily brnkcn dnwn into nnmoxic

mmpnnems (Ref. 6 I). TIIe sclcednn of a suiodde coming
should ah bc used m simply dcconmminniion. Conmincn
that musi bc mndc of nuucrinfs thm absorb nnd nap mnmm-
inrm[s should bc cnmcd witi a nonabsnrbing mmcrid m
nuke Ihem msy 10 dcconuminmc.

11is cmcntin! duo any equipment ilcm bc msy m dccno-
mminme. md configurminn tilgn Iccbniqucs sbmdd be
used m nccnmplish this gmf. FmI. n dc4go should be

Sclcclcd Ihal rcduccs Ihc nccessibilify of mnmminnms m tbc

cnmpmcnfs. Scmnd. mch compnncni thm is —i m
mnmminnn Lsshould bcmadcnssmnmhnnd uniformns
pnssible. Rnugh surfnccs on castings nnd similiu mmpo-
nents shmdd bc eliminated. Tldd. the inmrfnccs bcrwcm
puts sbnuld bc designed to eliminntc cracks and traps for
cnnmmimmts. The spaces bctwccn mmpnncm sbmdd bc
small enough to k scaled cm huge ennugb to dlmv dccml-

mminmion bctwccn Ihcm (Ref. 60).
Mnny rnmponcms of military cquipmcm cmmot bc (1)

designcdlndmimltc mmsinwhicfs cmlmmhm can enl-

lees.(2)nmdcout0fn cm.wnsitive mnthds, or (3) cosmd so
that decnnouldm30 “on Cfiicicmy is cnhsned ff pn55iik

Suclsimms sbmddbc cnclmcdbyapmtccdve strucouetn
diminamtbcIhrcmbamrdMd6ub5qmot dcmmmiW-
tinO. Additinnaf pmmcdOn mnbcprnvided msuchitemsby
using mnmnsinadnn nvoidmcc MWr9 (cACS).

7-5A53 Effects of Decontnsninonts

Dcmnmminnms nm subsmmcs Uml rcnmvc, nbsnrb, w
detoxify CB ngcnts. They include liquids. slurries, nnd pnw-

dcm. No one dccnnmmimm t is cntisely effective ngninst afl
CB agents, nnd sasc dcmnmminams MC mnm effective
agninst some agents thm agninst olhcrs.

7-5.S3.1 On COntniners

fn rcccm ymrs. much attention has been given to ti
elkts of & CB conmnsinams, or agents. and @ii nssnci-
amd dccnmnminn.ms on matcrinls used to mostmcl militmy
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sys[ems and equipment items, e.g.. containers. When the
effects of CB agents and &contaminants upon materials are
examined, it is impmtant to focus upon tie function of that
material or the compnent and?or subsystem that the nmtc-
tial is used to construct. On= a fttnction bas hem estnb
Iishcd the properties of the mnteriaf ~ti~ @ FfO~g
thrd ftutction can be determined. Testing can then be per-
formed 10 determine the effects of exposure to Cft agents
and &contaminants upon critical properties.

Cbemicnl decontmninants are, in general. corrosive and
either acidic or caustic. Because of their reactive tutttuc,
they can deteriomte and adversely affect the container,
equipment andlor surfaces they arc intended to clean For
example, dammtminating solution No. 2 (DS2) has advemc
effects cm several polymeric materials. such as elastomers,
adhesives, plastics, and coatings. Generally, metafs are not
adversely affected by DS2.

7-5.5.3.2 On Hydraulic Ffuids

Documented cases of the effects of specific decontami-
mmt.s on hydraulic fluids have not been reported. Much of
tie general information regardhg decontamtinant effects on
containers can be applied [o hydmtdic fluids.

Tlis area certainly requires additional investigation, but it
can be stated witbout reservation that any materials used for
decontamination should be restricted from contact with
hydm.uhc fluids. One such situation is the use of a soap-and-
wnter-b= cleaning solution.

7-6 PRECAUTIONS

Exexising certain precautions in the stomge and han-

dling of bydmtilc fluids is vital to the safety of personnel
and to the protection of the fluid. The introduction of con-
taminants into hydrmdic fluids md contact of the fluid with

inmmpadble materials am both to be avoided. However,
bazmds to personnel from explosion, tie, skin poisoning,
ingestive poisoning. and vapor inhalation arc of even more

concern. Anyone who stores and bundles hydraulic fluids
sttotdd ftdly undemtand the hazards he faces and folfow all
recommended safety precautions.

7-6.1 EEALTE HAZARD

Skin poisoning, ingestive poisoning, and exposure to
vapors and sprays of hydraulic fluids are common threats to

bydmufic fluid handlers. Other dangers m-edue to tie explo-
sive or highly flammable naturr of some liquids. Most
hydraulic fluids. however, do nol pose a serious health haz-
ard. For specific information cm the hazardous nature of a
particular fluid, the fluid tItUtufaCNRI should be consulted.

7+5.1.1 Precautions Against Poisoning

llvo easily avoided hazards of handliig hydraulic fluids
are skin poisoning and ingestive poisoning. Skin poisoning
is the irritation caused by repeated handling of a hydraulic

fluid. and ingestive poisoning is caused by accidental swaf-
Iowing of a bydmdic fluid. Although swallowing of a
hydraulic fluid is very rare, poisonous bydmulic fluids
should be clearly marked. FmI aid procedures should be
ascertained from the i_tIUtIUfXN~’S data or from cautionary
information located cm the fluid container. TWo vcv com-
mon hydraulic fluids, ML-H-83282 and MIL-H-5606, did
not cau$c dcadt when administered otally m dmmally ta
Iaboratmy mimals. MfL-H-5606 was &terndned to be a
moderate skin irritant (Ref. 62). Although most bytbatdic
fluids, including synthetics, arc not harmful to b= skin.

prolonged contact should be avoided because many of the

ingredients and additives may tend to dry out the skin. his
effect is not long lasting if the exposure is not prolonged.

7+5.1.2 Precautions Against Dangerous Vapors
and Sprays

Vapors and mists from many hydraulic fluids are gener-

ally irtkuing and cause coughing or sneezing. For these rea-
sons prolonged inhalation of hydraulic fluid vapors m
sprnys is to be avoided. Even when the effects of short
exposures are known to be nontoxic, indkcct damage to the
respiratory system could occur because of frequent or

repeated irritation. Vapors from bydrmdic fluids am most
k-riming when the fluids are at high tcmpetantres because

the fluids may decompose and give off toxic vapors. ‘flen
and at alf times vapcm fmm hydmdic fluids should be
avoided by working itt well-ventilated areas or by wcnring
protective mo.sks.

Breathing the gaseous emissions of heated hydraulic flu-
ids may be hazardous. This is especially true in confined
spaces in wbicb fumes cannot readily escape, e.g., in ships,

submarines, mtd tanks (Ref. 63).

74.13 Precautions Against Carcinogens ortd

Nettmtoxins

Carcinogens are those agents wbicb cmtse or incite can-

= WOti in organic tissue. Cancer growth may begin long
after exposure to a carcinogenic agenL ‘fhis delayed growth
makes singling out a bydnudic fluid as the cause VWy difti-
cult. Thus bydmtilc fluids containing additive chemicals
known to have carcinogenic potential sbmdd be clearly

mnrkcd. Since some forms of skin cancer may restdt from
prolonged expostm to otherwise harmless chemicafs, exp
sure sbotdd be avoided.

Neumtoxins am poisons that affect tie nervous system. A
primary neurotoxin found in rmmy hydraulic fluids in vary-
ing amounts is nicrcsyl phosphate (T@). Altbo@ tbe
amount of this comp-mmd is not limited in the military spx-
itications, the ratio of the orttmisomer, triortfmresyl phos-
phate (TOCP), is limited to 1% of the total TCP used. Many

ot-gstmphosphortts compounds have been found to cause
delayed neurotoxic effects in man (Ref. 64). Similar effects
were demonswated in Iabomtory animals after exposure to
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TOCP by Bert-sford and Glee.s in 1%3 (Ref. 65).
Whm LCSfCdfor toxicity on Iabmmory animals, MIL-H-

5@6 and MILH-832S2 hydraulic fluids dcnsonstmccd no
ncumtoxic effems. The rcsufcs of this H indimcc IhIU nei-
rhcc fluid should pm any hazard co cvmkm$ ducing produ-
ctionor usc (Ref. 65). However. more mcfnt scudic-s indimlc
problems wiIh inhahuion and e.spmme (Ref. 66). Phm-
phwc-mter-base fluids concnining nlkyl and myl phmphrtccs

shoufd & thCUQU~y inVCStigti fOI daI!gcwu9 kVdS Of
nmmroxins befmz usc in a hydraulic sysccm hat mny
expose psmmnel In tbc fluid.

7-(G? DANGER OF EXPLOSION AND FIRR

Dmgct duc us cxp!o+an of hydrmdk fluids is possible
during scmage, Imndling, oc usc in n hydm.tdk sysccm. The
“explosive limits” of o subsrmcc arc ti IOWCSIand highm

mncmuations of Urc vapon of k substnms in the nom
sphcm @ will form n tl-le MiXN1’C (Ref. 63).

Hydnudic fluids should no! bc stored where tie rcmpcmmrc

my bXOMC high enough to ignite them. A common pm.
caution rhat shmdd bc taken is to stors IIWhydmulic fluid in
an m-m rcmcwcd from all pos.$iblc SOUICCSof ignition and
fmm mcm in which pcmmmcl or cquiprncm would be

cndangcccd should h smrcd liquids be accidcnudly
igniccd

F~ and c.xplmion prccmnions arc cvm mom imporlnnt

in dimcr handling of hydmufic fluids. Ikmcing or draining of
fluids mar — of ignition. such as dirul flames or hot
surfncc% is inviting dimwcr. Even fire-rmisrnm fluids can
ignite and mntinuc to suppocl flame if conditions arc fOvOr-

abls bowevcr. ncndlammuble hydraulic fluids cnnnOL
ScriOUSfirchazmdsc ammmrwhma Iiquidisinusc inn

hydraulic E.ySCClll.Bcdu.$c of Ihc hi@ p?CSSIR in cOm~
mum of he systcm if dICsyuem fnifs, i.c%bmkcn hmc.
k = CWP@. ~L hydrmdickhkk WII6vy SyS-
rmlcmlspomnw mldmmdings lbnl INIybc hot mou@
tocaumignitiOn. fflfleliqrlid iscaduc@. Ihcspmymn
slsocnuscskmcc-rs inelccoicnf sysccnmwbich, intum.
cImcansc ignitiOcl.PrcmudOnsngninscrhismcl0f6rcha2-
cadSICb rrspcmsibfity of rkc sysccm de-signer. ff pmsible.
cbcpmbaldcp ainrsofsymcmf nifumsbaddbc sicmuccfso

UIUI. sbodd a M occur. the hyti,c sprny WW not be

a@ m POtmdal ignition scmmes.

7-d3 CONTALNER DISPOSAL

The dispsal of all mntincn must bc done in mcordnnce
witi ti disposal rcquirccncnts for I& fluid thm the mn-
tnincr holds. lluu is. if a Ilnmmnble or bnzmdous mmerial
mcunincr mntins msidud liquid. tkc mnminer must & dis-
pmcd of by M appmvcd bnzmdnus mnccrinl disposal UniL A

fluids mafcrid safery dmn shat (MSDS). which is supplied
by I& fluid cmmufnccumr and must be nvnifnble co all pcr-

sormcl using the fluid. dcs@ucs whc!hcr n fluid is flmnmn-
blc or hnmrdous and lisIs the ncccswy Prccnuticms to

follow when handling tie fluid and disposaf of the mn-

tniner.

7-dA OTEER PRECAUTIONS

The us .%-lnyhas cstnblii a CB dcfcmc pmgknnlm
rcducc h thrcm pascd by CB ngmt mntamimmion. The

P= focmcs ml Ihe following
1. PrOrecdon (individual. collccdvc. and cquipnscm

and Supplies)
2. Dctecticm (idmtikimdon. monitoring. and warning)
3. COnmminnriOn cOnsml (mmnminadocr avaidamcc

md dcmnrmnimo “on).
The ovmdl objcccivc of his pmgmm is to pccvmt CB lmz-

mds cc co rcducc Mlr effrxrs.
Pmmccion gmcmlly can be divided into k mtcgark

indtvidunl. mllcmive. and milirzwy equipment md supply

pmmction. The purpnsc of individual pnxeccinn is co PIWCCI

personnel against CB hazards md allow ~em co pcrfmm
rhcir mission witinut inwnuption. The individual protivc

cquipmem (lPE) of tie US AMIy includes mmks, hoods.
clothing. glows. and fomvcw. Collective prmccrion pro-
vides an agml.free environment w n group of pmsmmel cm

mny OUI a mc:icd missinn without k burden of wcsring
IPE. Collcctivc pmtccdon also frmvidcs n clean arm in
which pcrmnnc.1 cm m.sI. WI. drink nml sleep until lhcy

musl exit m pcrfonn csscminl asks cursidc Ihc pmtccdvc

enclosure EuuiDmmt msd suDDliU, CR.. fmcl cunta. and

CB attnck. “
Chcmicrd ngem detection. idcmifmdon, and warning

(CDIW) arc vi!nl m m imcgmtcd CB dcfm.sc pmgmm and
provide Ifrc mccsmry infommcion on Ihc Iypcs and levels of

ngcnrs in n CB mvirmmscm. This “dmmndan is “hnpormm
tocmmmdcm mdpcmonnclin rhcarcmsohcpmpcr

muntcrcnmsurm can be rnkcn m fn-event nndhm minimiz

CB hnzmds. (See subpar. 7-5.4.)
cnrrruMinUO“nn mntml is a pmamtiomry nccion tskm

bcfcucoraftsr CBaclmkinonkcr copmvmlorminimiu the

effcccs of CB bnzmd.s. ‘flsese ac.ciom tilde Wc=dWm
well as isohuing pmsmmel and cquipmcnl from the CB

cWimtUWnL R’otcction u implcmsmcd kcforc a CB aunck
and involves prolccticm of fmmnncl and covering or ccal-

ing of cquipmcm and supplies. PcOtecrion prcvan.s pcmOn-
ncl ond military itmss from beiig mnrmnhccd ifacB

a[rnck should occur. [snbccion entails marking mniaminafed
arms and msoicting pcrsomel and equipment from dmsc

mm until the level of mnmminati on no longer pmcs n
ChmU

One of the mnst effective msnns of Prwccrion from
unknown or undefined b pod by hydraulic fluids is m

obmin md smdy a fluids nuucrinl safely dam ~ An
MSDS is produced by lhc fluids mmufncrurcr. is mquircd

by law m bc supplied to all individuals who come in cmuact
witi the fluid, ond is ti SOUICCof infmmadon aboul the

7-21

Downloaded from http://www.everyspec.com



MIL-HDBK-118

harmful effects of n fluid. An MSDS sheet should be used to
determine the proper handling ptucedtu-c for a fluid, the pro-
jective clothing ncces-szuy when handling the fluid (if neccs-

WI’Y).hOw tO and how IZOIto dispose of the fluid, limits of
exposure to the fluid. and a host of other related items.
which usually include the telephone number of the fluid
mmmfacttuw.
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mttiond Ctrgazization for Standardization. Stockholm,

Sweden, 1977.

L.C. Lipp, “Hafogenmed Solvent-Induced Conusion in
Hydraulic Systems”, Lubrication Engineering 35, 2,
72-9 (Febmm-y 1979).

R. J. Cappell. “Failure From Corrosion of Hydraulic

Actuators”, Mareria/ Protection. 30-5( 1962).

Carl E. Snyder, Jr., et al., “Investigation of AU Fome

MIL.H-5606 Hydraulic Syskm Malfunctions Induced

hy Chlorinated Solvent Contamination”, Lubrication
Engineering 37,457-61 (Attgus[ 1981).
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Automotive Engineers. Warrendale. PA, August 1992.

S. A. London, “MicmbiaJ Activity in Air Force JeI Fuel
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61-9 (1964).

John G. Eleftherakis, “Conmmincutt Sensitivity Assess-
ment of Electmhydrmdic Valves”’, Paper No. 891867,

SAE Technical Paper Series, Society of Automotive
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A. Goldzmith, “Fluid Power Systems Rcliabiity Sec-
ond Sight Design”, ‘fhertmd (lmtml Systems, Ltd.
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‘llze Bazic Ffuid Power Re.semcb Journaf” 20, The

Fluid Power Re.semcb Centez, OWafzoma SW Univer-
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sensitivity.)

1S0 4405-87, Hydraulic Fluid Powe+Fluidz—
Method for Coding Level of Contamination by Solid
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tinn, Stockholm, Sweden, 1987.

SAE ARP 598 B-86. Determination of Particulate Con-”
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PA, 1986.

ASTM F 312-69. MedIud for Microscopical Sizing and
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riafs, Philadelphia, PA, 1969.
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APPENDIX A
CROSS-REFERENCE OF FLUID POWER STANDARDS

A-1 INTRODUCTION When referring to stnnti md specifications. cnsum

This sppcndix mntains a Cross-mfercnce of fluid puwcr that tbc Iatcs revision of that sts.adn.rd is bciig used. Stan-

stnndnrds including tcmsinology. component stancfadsa- dmds urc nomsnkly reviewed (and oftco revised) every five

tion, and compunem snd fluid tcscing pmccdurts. Stnndanls yeum tbercforc. my dnfecl document mom tbnn five years

ssc @upcd by bnmcf categories. such as nccumulntors. old may have n mom rcccm revision. IIYS SKIUUSof my scms-

bibliogmpbics and cyliidem. Whhin each caccgory, spccilic dnrd CM bc nscennincd from tbe responsible stassdnmf.sar-

subjects am Iistcd in numerical order. keying on tie No- gmizntion.

tional fluid Power As.sccincion (NFPA) smndnrds numbers
where m NFPA stmsdnsd for the subject exists.

A-2 CROSS-REFERENCE TABLES

A-2.1 ACCUMULATORS

SUBJECf’ NFPA ANSI 1s0 SAE ASTM Fk-M*

Accumulncor Pressure Rnckg T3.4.7M* ● — — — — —

Pmccdurc for Hydmpneummic T3.4.1OM — — — —

Accumulator Use

Accumulator Pm.$surc Volume Ranges. T3.4. 11M — ISO 5596 — —

Cbnructcristics und ldcntificntion

—

A-2-2 BIBLIOGRAPHIES

SUBJECf NFPA ANSI 1s0 SAE ASTM FrM

Meoicndon T2.10.S — — J917 — —

A-ulntms 13.4.8 — — — — —

Hydraulic Vafvcs T3.5.27 — — —

fluid PCIWCSCylinders T3.6.36 — — — — —

Tube Finings and Conducom 13.8.11 — — —

Hydnudic FUmPS and Mutum 1%9.2 I — — —

Fdtrscion and Contamination T3.10.12 — — — —

fkecvoin and Power Unim T3.16.9 — — — — —

Scnfing Ocviccs T3.19.22 — — — —

Quick Acdoo Couplings 73.20.7 — — — —

Fluid Power Hose. Hose Finings,
and Hose Asscmbkics T3.26.1 — — — —

COmfss-esscd Air Oryer T3.27.4 — — — —

Fluid Imgic T3.29.4 — — — —

●FrM=fcdaak lcsImcIhcd
●* M. use of metric (S1) dinscasioning

A-1
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A-2.3 CONDUCTORS, FITTLNGS, AND ASSOCIATED HARDWARE

SUBJECT NFPA ANSI Iso SAE ASTM FrM

Metric POII Dimensions and Design

Hydraulic Hosd Fittings

Hydmulic Tuk Fittings

Hydraulic Tube Fitting Test

4-Bolt Split Flnnge Dimension
md Design

Hydraulic O-RLng Seals

O-Ring Face Seal Fkting Test

OD of Tubes nnd ID of Hoses

Normal Pressure for
Connectors md Related Components

Seamless, High-Swcngth Alloy
Steel Tubing

High-Strcngtb Fluid-Power Tubing

Hydraulic Hose Assembly Test
Requirements

Square Flnnge Connection
Dimensions (40 to 400 bar)

Square Welded Collar Flanges
Dimensions nnd Identification

Hydraulic Line Welded Tubing

HydrnuEc Line Se~ess Tubing

Tube and Fitting Assembly
Pressure Rating

Quick Action Coupling Terms

Hydraulic ~lck Action
Cnupling Test

Qick Action Coupling Flow
Pressure fJrnp Test

Quick Action Coupling
Pressure Rating

Agricultural Quick Action
Coupling Interface Dimensions

tnterchaogeable. Industrial,
Quick Action Couplings

Hydraulic Quick Action Coupling
Surge Flow Test/ShotI Duration

T2.8.2M

—

—

T3.8.3M

T3.8.19M

—

T3.8.20M

T3.8.22M

T3.8.23M

T3.8.24M

T3.8.25M

T.3.27M

T3.8.2SM

—

T3.15.lM

T3.15.2M

T3.15.8M

llzo. 1

T3.20.2M

T3.20.6M

T3.20.8M

—

T3.2O.1OM

T3.20. 1lM

—

—

—

—

—

—

—

B93.59M

B93.60M

—

—

—

—

—

B93.4M

B93.1 lM

—

B93.2A

B93.42M

B93.6M

—

—

—

B93.68M

ISO 6149

—

—

—

DIS 6162*

—

—

1s0 4397

1s0 4399

—

—

DIS 6605

DIS 6163

DIS 6163

—

—

—

—

DIS 7241

—

—

1S0 5675

DIS 7471

—

—

1516

1514

—

J518

J515

—

1517

—

—

—

J517
J343

—

—

—

—

J 1065

—

—

—

—

J1036

—

—

—

—

—

—

—

—

—

—

—

—

—

—
—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—.

—

● DIS . dmft intematinnal stmdnrd

A-2
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T3.20. 12M

13.20.14

73.20.16M

T3.29. 1

T3.29.2M

T3.29.3M

—

—

—

B93.69M

—

—

—

—

—

—

—

—

—

—
—

—

—

—

—

—

—

—

—

—

—

A-23 (Cent’d)

SUBJECT NFPA ANSI 1s0 SAE ASTM m

Quick ActiocI Couplings Surge
Flow Tcstllmng Dunuion

Hycfmukic Tools Quick Action
Couplhlg

20-mm Quick Action
Agriccdturaf Coupling

Pmxxum .Wvkch Terms

Pmssurc Switch Prexsurc Racing

Rated Ovcc’c’ange Pressure Switches

Hydrmdic Tubdtfosa
Dhrtmsions and Designs

(37” Ffnc.#27 Flnrclcss Fittings)

Hydraulic Hose Finings

Ffex-lmpulxe Test Procedure
for Hydmulic Hose Assemblies

Selection. Inxmflntion. md Maintenance
of Hose and Hose Assemblks —

Power SIcwing Prex.stu-c Hose —
—
—

Power .Wecring Return Hose —

Hydraulic Bmkc Hose Asscmblie
Nonpcfroleum-Bose fluids —

Iclenticicmion Codes for Fluid Conductors
S.OdCmncccOrs —

FermecJ Tubs Ends for
Hass Connections —

Flsms foc Tubing

Sssmfcss Low-Carbon SICCI Tubing
Annuded for Bending MCI Flaring —

WeMxd and &cd Drown fmw-Carbcm

Stil Tubing Annenfcd for
Bending md Flaring —

Welded Low-Carbon Steel Tubing —

BrnzcclDouble Wnfl lmw-Cm-bon
SICCITubing

Welded flash Concrollcd Low-Carbon

SICel Tubiog Normalized for Bending,
Double Flaring. and Bending —

Automotive pipe Fillings —

—

—

—

—

DP 8434°

—

—
—
—

—

—

—

—

—

—

—

—

—

—

J516

J1405

J 1273

J188
J190
J191

J189

J1401

JS46

J962

JS33

J524

J52S

J526

J527

J356

J530

—

—

—

—

—

—

—

—

—

—

—
—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—
—
—

—

—

—

—

—

—

—

—

—

—

●DP=dmftpmposal
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A-2.4 CYLINDERS

SUBJE~ NFPA ANSI 1s0 SAE ASTM FTM

Cylinder Bores and Piston Sizes

(Inch Series) T3.6.1

Cylinder Dimension Code T3.6.2M

Cylinder Bore Rod Sizes I?..6.4M

Cylinder Stzwic Pressure Rating T3.6.5M

Cylinder Slittic Pressure Rating T3.6.5M

Cylinder Mounting Dimensions T3.6.7

Cylinder Acccssoty Dimensions T3.6.8M

Miniature Cylinder Dimensions T3.6. I lM

Cylinder Port Sizes T3.6.17M

Metric Cylinder Dimensions Compact
Series T3.6.28M

Tte Rod/Bolted Cylinder Pressure
Rating T3.6,29M

Telescopic Cylinder and Cylinders of
Nonbolted End Construction T3.6.31M

Large Bore Cylinder Mounting
Dimensions T3.6.32M

Cylinder BorefRod Dkwnetcrs (Metric
Series) T3.6.33M

Cylinder Bore/Rod Diameters (Metric
Series) Mobile Equipment Supplement T3.6.33M

Cylinder Bordfbtf Diiunctcrs ([”ch
Series) T3.6.34

Normnf-Pressure Cylinders T3.6.35M

Cyfinder Buckf@ Strength Test T3.6.37

Hydraulic Cylinders (160 bar) Medium
series —

Hydraulic Cylinders (250 bar) Mounting
fXmensiOns —

Hydraulic, Single-Rod Compact Cylinder
Tolerances (160 bar) —

Nonferrous Pneumatic Cylinder Tubes —

Piston Strokes (Metric Only) T3,6.46M

Piston Rod Ttwatds T3.6.48M

Hydraulic Cylinder Ratios —

Hydrmdic Cylinder Mounting
Accessories (160 bar) T3,6.51M

B93.3

B93.lM

B93.8M

B93.1OM

—

B93.15

B93.29M

B93.34M

—

—

—

—

—

B93.52M

—

—

B93.53M

—

—

—

—

—

B93.56M

B93.61M

—

—

—

1S0 6099

—

—

—

—

—

—

—

1S0 6020

—

—

—

1S0 3320

—

1S0 3321

1S0 3322

—

1s0 6020

1s0 6022

DIS 8131

1S06S37

1s0 4393

1s0 4395

1S07181

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

(cent’d on next page)
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MIL+IDBK-118

I A-2.4 (Cent’d)

I SUBJECT NFPA ANSI 1s0 WE ASTM FrM

Straight Tbrcad and FJmge Pon
SInndimhalioo T3.6.S4M

Mill Cylinder .smdmdkndon T3.6.56

Hydraulic Cylinder Rod End
Plain Eyes

Hydraulic Cylinder
Rod End SpcricnJ Eyc4 —

Steel Tube Spccitictions

Hydmulic Cylinder Accessory Mounting
Dimensions (160 nnd 2S0 bar) —

Hydnsulic Single-Rnd Compna
Cylinders Accessory Mounting

Dimensions (160 bar)

Hydraulic Single-Rod Compact Cylinder
Rod End SPCrictd Eyes
Mounting Dimensions ( 160 bar)

Hydsmdic Single-Rod Cylinder
Tolensnccs ( 160 and 230 bnr) —

Linear Actuator Rcd ScnJ Test T3.19.12M

Cylinder Rod Wiper SenJ
Ings’cssion TCSI —

Hydraulic Single-Rmt Cy[indcr Port
Dimensions (160 bnr mcdkm) —

HydrauJic SingJc-R~ Cylinder Port
Dbensions (2S0 bar medium) —

HydsnuJic Singl~Rcd Cylinder Pori
DtiOns (160 bnr compact)

HydrmIJic Sin81&Rod Compnct Cylinder

Mounting Dimcosinos (160 bar)
Zsommthmsmnun

—

—

—

—

B93.62M

—

—

—

1S0 6981

1S0 6932

1s0 4394

DIS g132

DIS 8133

DP8134

DIS 8135

—

—

DIS g136

DIS g137

DIS 8138

DP8141

—

—

—

—

—

—

—

—

—

—

J1195

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

A-2S FILTRATION AND CONTAMINATION ANALYSIS

SUBJECT NFPA ANSI 1s0 SAE ASTM FrM

Extracting Fluid Snnsplcs T2.9. IM B93. 19M

SMSple Containers T2.9.2M B93.20M

Cmmmsination Reporting T2.9.3M B93.30M

Pnrciclc Count Proccdurc 12.9.5M —

Particle Counter Colibmtion T2.9.6M B93.28M

classified Tcs[ Cnlibmtion T2.9.7M —

Hydmulic Systcm Cleaning —

A-5

[s0 4021 J 1227 — —

ISO 3722 — — —

DIS 3938 Jl 165 — —

— — —

1s0 4402 — — —

— — —

— — D4174 —

(cont”d on next page)
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MIL-HDBK-118

A-2.5 (Cent’d)

SUBJECT NFPA ANSI 1s0 SAE ASTM FrM

Roll-Off Cleanliness

Reservoir Sampling

Particulate Count Mcthud

Jn-Line Pnrticle-Counting Methud

Solid Contamination Code

fluid Contamination Gr-avimetric
Methud

Cleanliness Levels Component
Assemblies

Counting Method
Under Transmitted Light

Counting Method Under
Incident Light

Hydraulic Filter Separator Terms

Hydrutdic Filter Separator Gmpbic
Symbols

Hydraulic Filter/Separator Housing
Pressure Rating

Hydraulic F@r Element
End Load Test

Hydraulic Filter Element Buih-in
Contaminant

Hydruutic Filter Element Integrity

Hydraulic Ftlter Element
Collapsdfkrst Test

Hydraulic Ffiter Element
Contpatibtity Test

Hydraulic Filter Element Flow
Fatigue Test

Hydraulic Filter Fke Element
Mtdtipass Test

Hydraulic Filter Element
Determining

Pori Size of Wire Cloth

Hydraulic Filter Element
Multipass Silt Contrul Test

HYdulic Filter Coarse Element
Multipass Test

Unsteady Flow Filter Test

T2.9.8M

T2.9.9M

T2.9. I lM

T2.9.12M

T2.9.13M

TZ.9.14M

T2.9.15M

—

—

T3.10.3

T3.10.4M

T2.1O.5.1M

T2.1O.8.2M

T2.1O.8.3M

T3.1O.8.4M

T2.10.8.5M

T3.1O.8.6M

T3.10.8.7M

T3.10.8.8M

T3.10. I2M

T3.1O.8.8M

T3.1O.8.16M

T3.10.8.18M

T3.10.8. I9M

B93.54M

B93.44M

—

—

—

—

—

—

—

—

—

—

B93.21M

—

B93.22M

B93.25M

B93.23M

B93.24M

B93.31 M

B93.46M

B93.32M

—

—

—

A-6

—

—

—

—

1S0 4406

DIS 4405

—

DIS 4407

DIS 44o8

—

—

1S03 123

—

1S0 2942

1s0 2941

1S0 2943

JSO 3724

1S0 4572

—

1S0 4572

—

—

—

11227

—

—

—

—

—

J1227

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

F312

—

—

F313

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

(cent’d on next page)
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I MIL-HDBK-118

A-2.5 (Cent’d)

SUBJECT NFPA ANSI 1s0 SAE ASTM FrM

Hydmulic Filter Bypass Valve Tcw 13.10.9.1 M — — — —

Hydmulic Dlffercntinl Pressure
Indicator Test T3. 10.9.2M — — — —

Filtmdon and Ccmtnmimtion
Bibliogmphy T3.10. I2M — — — — —

Hydraulic Filter Flow Rming T3.1O.14M — 1s0396s — —

Hydraulic Filter Requirements T3.10.16M — f.3LS7744 J93 1 — —

Finite Life Hydrnulic Film Pressure
Rndng T3.10.17M — — — — —

Filter Artwork Univemnl Symbols m.lo.18 — — — —

Absorbent Filter Performance TC.SI T3.1O.19 — — — — —

Filter Water sensitivity ChamcIerislics T3. 10.20 — — — —

12.9. 13M

T2.13.lM

T2. 13.2

T2.13.3

T2. 13.4M

T2. 13.5M

T2. 13.7M

—

—

—

—

—

—

—

—

B93.5M

—

—

B93.63M

—

—

—

—

—

—
—

—

—

A-7

A-2.6 FLUIDS

SUBJE(X NFPA ANSI 1s0 SAE ASTM Ff-M

Solid COnlnminnnt Code for Fluids 1s0 4406

Fire-Resisumt fluids

Fm-Re.siscMI Fluids Trade Names

Hydmdic Fluids Index

Hydraulic Fluid Disposnl

H@ Wntcr CcmUm Fluids

petroleum Fluids Bulk Moduli

Fn-RcsistnnI fluids Anticonusive
Power

Hydrsulic fluid Compatibility

MiOcrsl Oils C2sssikndon

Minmd oils (EmluIel-istics

F~-RCSiSIMI Fluids Guidelims

Viiity Clnssilicstio”

Sayboh Viiosity

Vkcosity vs Tcmpcmturc ChmCS

Cnlcu!ndon of Vkcosity Index

Vkosity vs Shear Chmteristim

Dkscl Injector Method
Tapered Plug Viicomcter Method

Cloud Point

PmM Point

ISO 674314

—

—

1s0 6073

DP 4404

DP 6072

DP 6074

DP 6075

DIS 7745

ISO 3448

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

J3@3

—

—

—

—
—

—

—

—

—

—

—

—

—

—

—

D 445

—

D 341

D 2270

D 3945
D 4741

D97

D97

—

—

—

—

—

—

—

—

305

304

9121

9111

—
—

201

201

(mm”d on next page)

Downloaded from http://www.everyspec.com



MIL-HDBK-118

A-2.6 (Cent’d)

SUBJECT NFPA Ahsl 1s0 SAE ASTM FrM

Pour Slahility

Diluted Pour Point

Cloud Intensiiy at Low Tempemmrc

Freezing Point

Flash Point
Pensky-Mnrtens Closed Cup
Cleveland Open Cup
Tag Closed Cup

Fire Point

Effecl of Evaporation on Flammability
(Pipe Cleaner Test)

High-Pressure Spiny Ignition Test

Low-Pressure Spray Ignition Test

Manifold Ignition Test

Evapomlion

Evnpomtion Loss

Evaporation Loss-High Tempcmture

API Gmvity

Density and Spccitic Gmvity
Llpkin Pycnometer
Binghnm Pycnometer

Specific Gmvity (Hydrometer)

Emulsion Characteristics

EmuMfyiig Tendency

Foaming Characteristics

Vkcosity Stability at Low Temperature

Gelling, Crystallization, and Separation

Ttildity

SechmentntiOn

Lubricity Tests
Tlmken Tester
Falex Tester
Four-Ball Tester (Extreme Pressure)
Four-Ball Tester (Antiwear)
Recirculating Pump Test
Pump LOOP Wear Test
Vane Pump Test

—

—

—

—

—
—
—

—

—

—

—

—

—

—

—

—

—
—

—

—

—

—

—

—

—

—

—
—
—
—
—
—
—

—

—

—

—

—
—
—

—

—

—

—

—

—

—

—

—

—
—

—

—

—

—

—

—

—

—

—
—
—
—
—
—
—

—

—

—

—

1S0 2719
1S0 2592

—

1S0 2592

—

—

—

—

—

—

—

—

—
—

—

—

—

—

—

—

—

—

—
—
—
—
—
—
—

—

—

—

—

—
—
—

—

AMS 3150

—

AMS 3150

—

—

—

—

—
—

—

—

—

—

—

—

—

—
—
.
—
—
—
—

—

—

—

D 1015

D 93
D 92
D 56

D 92

—

—

—

—

—

D 972

—

D 287

D941
D 1217

D 129g

D 1401

—

D 892

D 2532

—

—

D 2273

D 27t72
D 3233
D 2596
D 2266
D 2428
D 227 I
D 2882

203

204

202

—

1102
1103
1101

1103

352

6052

3119

6053

353

351

350

401

402
—

—

—

3201

3211

307

3458

3459

3004

6505
3i307
31312
6514

—
—
—

(cent’d on next page)
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MIL-HDBK-118

A-2.6 (Cent’d)

SUBJECf’ NFPA ANSI 1s0 SAE ASTM m

land Canying Ability
Lubrimcing Oils —

OCIU Lubricnms —

Gas Turbine Lubricants
Ryder Gear Machine

Liquid StnMlity TssIs
color —

NeutmJizadon Nunsbcr by —

P015mi0cnctric Titration

NeutcnJization Number by
COIOc Indiccunr TiCrnIiOn

Acid Number by Semimicm —

Colnr Indicator Tttnuion

Carbon Residue
Concndson —

RanssbOtcOm —

Oxidcuicm Stnbilisy TCSI
Oxidndon-Comosion Test —

Oxidation Chansctcristics of .

Inbibitcd Mincnll oils

171ecmd Stnbiicy —

Hydrolytic StcMity
(Bevensge BOCIJCTc.sI) —

Cmmsivencss TCSI.W
COrmsion nnd OxiMnciOn Stability —
Cnppcr Strip Cormsinn —

Cnmssion al 232°C (450T)
w Corrosion —

RUSI pl’CVCIUiSl~ICMU Turbiie Oils —
Bevasge Botck Test —

—
—
—

—

—

—

—

—
—

—

—

—
—
—
—

—

—
—

—

—

—

—

—

—

—

—

—
—
—
—

—

—

—
—

—

—

—

—
—

—

—

—
—
—
—

—
—

—

D 1947
—
—

D 1500

Dd64

D 974

D 3339

D 189
D 524

D 4636

D 943

D2160

D 26i9

D 4636
D 130

—

D66S

D2619

D 1748
—

6511
6s12
6s09
6508

102

5106

5102

5105

5001
5002

S307
5308

—

2508

3457

530s

HtmsidiIY-~ Cormsivcncss Tests

Humidity CnbiiI —

PrOccccion-sdt Spiny

532s

5305
5321
4011
3457

5329
‘ml

A-2.7 INSTALLATIONS AND SYSTEMS

SUBJE~ NFPA ANSI 1s0 SAE ASTM Fi-M

NFPA/JIC Hydraulic SystcmS T2.24. I — — — — —

Hydrmdic Power Equipment — — 1SOM13 — —

Application m Transmission and Control

—

Svstcms

A-9
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MIL-HDBK-118

A-2.8 PUMPS, MOTORS, POWER UNITS, AND RESERVOIRS

SUBJECT NFPA ANSI 1s0 SAE ASTM FTM

Fluid-Borne Pump Noise Measurement T2.7.2M

Airborne Pump Noise Levels T2.7.4M

Airborne Motor Noise Levels T2.7.5M

Pump/Motor Flmgc/Shaft Dimensions
(fnch Series) T3.9.2

Pump Sound Test T3.9.12M

PumplMotor Terms ‘I-3.9.13

Motor Sound Test T3.9. 14M

PumpiMotor Test T3.9.17M

Pump Tesi T3.9.17M

Pttmp-Contatninant Test T3.9.18M

Pressure-Compensated Pump Test T3,9.20M”

Hydraulic Pump/Motor Bibliogmphy T3.9.21

Pump/Motor Pressure Rating T3.9.22

Motor Contaminant Test T3.9.25M

Law-Speed, High-Torque Motor
FlangcfShaft Dimensions T3.9.26M

Pump/Motor Flange/Shaft Dimensions
(Metric Series) —

Polygon Fhmge DlmensiOns T3.9.28M

Pumplhlotnr Parameter Definitions T3.9.29M

Pump/Motor Geometric Displacements T3.9.30M

Method of Test for

LAad Sensing Pumps T3.9.33M

Hydrmdic Reservoir Requirements T3.16.2M

Power Utdt Dc@O Practice T3.16.2M

Hydraulic Power Unit Requirements T3. 16.3M

Hydraulic Reservoir Pressure Rating T3. 16.8M

Hydraulic Reservoir Bibliography T3. 16.9

Power Unit Installation Requirements T3. 16. 10M

Reservoim-Special Requirements to
Accommodate High Water Content T3.16.llM
Fluids

Motor Low-Speed Characteristics —

—

—

—

B93.6

—

—

—

B93.27M

—

—

—

—

—

—

—

—

—

—

B93.57M

—

B93.lgM

—

B93.41

—

—

—

—

—

—

—

1s0 4412

1s04412

1s0 3019

—

—

—

DIS 4409

—

—

—

—

—

—

—

DP 3019

1s0 3019

Iso 4391

ISO 3662

—

—

—

—

—

—

—

—

DP 4392

—

—

J744

—

—

—

J745

—

—

—

—

—

—

—

—

—

J745

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—’
—
—
—
—
—
—

—

—
—
—
—

—
—
—
—
—
—
—

—
—Motor Test SutrhbiIity — DP 4392 J746

A-10

Downloaded from http://www.everyspec.com



MIL-HDBK-118

A-2.9 SEALJNG DEVICES

SUBJECf NFPA ANsl 1s0 SAE ASTM FrM

Scaliig Device Terms I-3.19.1 —

Radial Scaling Device Dhmcn.sions T3.19.4M —

Method for Mcnsuring Stnck Heights 13. 19.SM B93. 17M

Exclusion Dcviccs CrwiIy fXmeOsions T3. 19.7M B93-35M

Piston Ring Groove Dimensions 13.19.1 IM B93.36M

.%fiq Dcvicc Test %3.19.12. B93.62M

Exclusioo Dcvicc TcsI T3.19.15M —

Radiak. Comprc.ssion-Type Piston Rhg
Groove Dimensions 13.19.18M B93.32M

.%fing Dcvicc.s Bibliogmphy ‘f3.19.22 —

Wetu Ring Groove fXmensicms 13. 19.23M —

Piston Sud Dimensions md Tolernmcs — —

Plnstic-Fnccd Seal Dimensions ond
Tolemnccs — —

piston Sad Housings lncorpmadng
Bcnring Rings T3. 19.26M —

CJRng D-nsions Metric Series T3.19.27M B9338M

ldcndfkndon-Elastomctric Mmerinfs T3. 19.28M —

Rotmy ShafI LivTypc Scnfs
Dimensions md Tolerances 13. 19.29M —

D-Rkg QunliIy Accepumcc Critcrin T3.19.30 —

CMLilIg DcsigO Criuriil — —

O-RinSBoss Scrd Size —

W@ Pump Flanges sizes —

Fluid Cmn@bfity Wkh EkL5C01CSC1’iC
— —

ROlaryshnfIUpType Scn19

Hydraulic Cyliidcr Housing for Rod
WIpa Mngs in Rccipromdng

Apfdimdons DP6195

A-2.1O TERMINOLOGY AND SYMBOLS

Slfwfrr NFPA ANSI [s0 SAE ASTM FrM

fluid power Terms T2.1.l B93.2 — — — —.

T2. I .2 B89.2 DIS 5598 — — —

Gmphic Symbols T2. I.3M Y32.10 ISO 1219 — —

Fluid Power Dhgmms — — DP 1219 — —

Normal Pmss.res (Metric Only) T2.1 .4M — 1S0 2944 — — —

fso 5597

LSo 3939

—

—

—

—

—

DP 7425

DP 7425

ISO 6547

1s0 360 I

—

1S0 6194

DP 3601

DP 3601

DP 3601

DP 3601

DfS 6072

DP 6194

—

Jl10

—

—

—

—

Jl195

—

—

—

—

—

—

—

—

—

—

J515

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

A-II
(cont”d cm mm WC)
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MIL-HDBK-118

A-2.1O (Cent’d)

SUBJECT NFPA ANSI 1s0 SAE ASTM FTM

— — — — —

— — J 1322 — —

— — — —

Fhtid Power Mechanic-Technicim.
Engineer Job Responsibilities

kferred Metric UniE

Voluntnty Metric Language Usage

Identifying Metric fluid Power
Components

Cylinder Terms

Hose Terms

Pttmp and Motor Terms

Hydraulic FilterlSeparalor Terms

Dmfting practice

FfU Terms

Sealing Devices Terms

Quick Action Couplings Terms

Fluid Terms

Sutndwd Reference Atmosphere

TZ.2. 1

TZ.1O.1M

T2.1O.2M

T2. 10.4M — — — — —

— — — — —T3.6.3

T3.8.26

T3.9.13

T3.10.3

—

T3.127

T3.19. I

T3.20.1

— J517

—

11124

—

—

—

—

—

—

—

—

—

—

—

—

D4175

—

— —

—

Y14.17

—

—

B93.2A

— —

— —

—

—

—

—

—

—

—— —

— DP 8778 — — —

A-2.11 VALVES

SUBJECT NFPA ANSI 1s0 SAE ASTM m

Hydraulic Valve Interfaces T3.5.lM

T3.6.lM

T3.5.2M

T3.5.2M

T3.5.9M

T3.5.14M

T3.5.15M

T3.5. 16M

T3.5.24M

T3.5.26M

T3.5.28M

T3.5.29M

T3.5.30M

T3.5.31M

B93.7M

B93.7M

1s0 4401

—

—

—

— —

— —Hydraulic Valve Interfaces 200 bar

FJuid Power Valves
Comection Symbols

Hydraulic Valves Marking

Hydraulic VaJve Interfaces 315 bar

HydrauJic Valve Metering Test

Hydraulic Valve Leakngc Test

Hydraulic Flow Control Vd ve Test

Hydtatdic Relief Valve Testing

Hydraulic Valve Pressure Rating

Hydraulic Valve Differentiitl-Ffow
Characteristics

Hydraulic Valve Electrical Connecto!

Hydraulic Direction Valve
Response Test

Mounting Cavities for
Hydraulic Carwidge Valve

B93.9M

—

B93.40M

B93.66M

—

—

—

—

—

—

—

—

J 1235

—

—

—

—

—

—

—

—

—

—

—

— —

— —

— —

— —

— —

— —

— —

— —

B93.49M

—

J1117—

—

— —

— —

— — —

DP 7789— — — —

(tom’d on next page)
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A-2.1 1 (Cent’d)

SUBJECT NFPA ANSI 1s0 SAE ASTM FrM

Eksricd Plug Connector
Chnmctcristics and Requirements

Cylinder Actuator Mounted
VOJve Dlmemsions

Valve Mounting Surfcwcs Code

for Identification

Hydmulic Vnfve lnterfoccs
Antirotation Device

Hydmulic Valve tntcrfnce
Auxillnq Porl

Modular Stack Vnfve Dimensions

Hydraulic Valves Controlling
flow md Pressure MeIIIods of Test

Hydraulic pressure Control
Valve Mounting Surfaces

Hydraulic Flow Control Valve
Mounting Surfnce.s

Hydsnulic Pressure Relief
Valve Mounting Surfnccs

2-Pin Efecrricnl Connector

Chrunctcristics and Rquircmems

Hydraulic Vnh’c h.SSU~

Dlmmntid Flow Cha17UUris:iCS

Hydrdic kVOVLlhC Test McIhOdS

2-POn Hydraulic Slipin

Caruidgc Vrdvc.s

Rekief Vsfve fntcrfm

T3.S.32M

T3.533M

T3.5.34M

T3.5.3SM

T3.5.36M

T3.5.37M

—

—

—

—

13.5.43M

T3.5.44M

T3.5.45M

T33.46M

—

FJ93.65M

—

—

—

—

—

—

—

—

—

—

—

1s044fm

1S0 5783

DP 7790

DIS 6403

DP 5781

01S 6263

DIS 62154

DP 6952

DIS4411

DIS 6404

DP 7368

— — —

— —

— — —

— —

— —

— —

— — —

— — —

— —

— —

— —

— —

— — —

— —

— —
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APPENDIX B
ACCUMULATOR SIZING WORKSHEETS

B-1 INTRODUCTION

7ttewdsbceU pmsxnmdin Ibixnppcndixmn bcusedm
demminetimitdmum —Ufntm VOllunc I-e@red 10

paform specific limctionx The —ufnmr selection will

be basal on b syxtem dUIYcycle and IIE syxkm opcmdng

arcpmvidedtosizc —Ullums fm he ful-

Iuwing Spplimriunx
1. lncmmklg flow capacity
2. Holding prcxsure
3. Enugcncy Operntiun

Tnbles arc included m facilimfc the cumplction of he
workxhaLs. These workshecf.sam nsodded after those prc-
xcnkd in the Accomubor SsIection Manual fmm Gmer
Hydmldics (Ref. 1).

B-2 INCREASING FLOW CAPACITY

‘k xhnn-mm fluw capxity of no existing sysum can kc

~by~a-ysti-mutirtimti
byinxodIinS n@erpump. ThcfmXicnl xizelimimdcmof

rewictx ibis applimdon m n Sdl volume of
fluid &tiV& S! n bisb flOW~. tif~, W UPfItim-
tions me fnimmily for hmlc cylii operation.

lnOnlsr tOuseunammmMor for IAis function. durc
IUUX!be xumc idle time during dte cylinder duty cycle to
nuowtis yxomltumcbnrgcfbs —ufutm. Also the
fmlnPmux4k_le0f -tiOpm M3bati
UK~-+mmti~km.

Tbs fuuowing mfarmluiml is rcquimd
1. Minimmn OpemdagpsSIuG

kPa (Mm’) P,=—
zMaximmn SuOwOble pmsssue.

M% (lL#in’ ) P,”—
3. Ruup flow mm, msls (g@ Q=—
4. Wlme of oil mquircd for cylinda

ofsedom m’ (in.’) vc. _

5.*fetis tc=_

6. f)wcfl time durios cycle. S to. _

7. Normal opmtins tempcmtum.. “C (“F).
(USC 37.8°C ( ICCITI if tempmuure
is unknown.) T=_

We lhcse p?lrnmctersIn findIbc following Vnluc$
1. Required nccumufnmrOUIPUtvolume, V. in b S1

Syslm is

VA = Vc -(Qfc), m’

b I& English Syxtcm

VA = Vc -3.85 (Q.tc),in?

Note lf(Q.It)< V,, m WxumuhW cnlmolbc u.sedforlhe
Upplicatiml.

2. prcsxtu’e mdo PR = Pllpl ,
dimensionless PR=_

3. Adiabmc“ exponent nfmm’lhble B-1,

dimcnsionfcss I!=_
1

()
:

4. Dwhnrgc coefficient.~= 1- A ,
PR

dimcnxiunless. f=—
The nccumufatorsizz am now be calculated from

1.24V.
v* = —, m’ (in.’).

f
This due V, qm.sems the snudlc.s ncccpmblenaumw

lam vulumc fur he qsplknlkm. Acxumulalm manufactur-
ers nommlly produce smndnmfsti. Ihc.rcfum.the HI
IUI’SCIS& dmuld be SCkckd.

B-3 HOLDING PRESSURE

l%rsystems inwbich acylbdermustbebefd inpoxition
underprcsxurcfor longperiods oftime. mucnndmmcan
bcusedu. mninmin presxum nndcompcnsufc forlcaknge
Thuxtie pump cankeunlmdedorpump ffuwcnnbc used
to upcrnteuthcrbmnchcs of Ihesysfcm.

sixin.g an LwCumlluur for Ibix purpme requires be fOl-
Iowing infmmndun

1. Prcxsummquirsd tuholdheload,
kPn (ml?) P8=—

z Rr.lidvnlve lxrpumpcmnpmsm
pressure setting, kpis (lWin.’) P2” —

3. _ rate, m’fmin (in.slmin) Q.=—
4. ‘flmc Uiclmdmuxtb cbcld,min. I=_

fJ=—~~~
1. PrCSSUmmdOPR=PzlP8.

dimsndutdcxx pR=_

1

()

l;
2. Diih’&CCCffiCiCtIL/= I - — ,

PR

dimensionless f=—
3. Vohlmc of Imlkxup Uil required fmm

tie accumulator. m’(in? ) vL=_

l-he mquirxd volume v of k —ulntur CM now be

adcuhucd from

1.24VL
v= —, ms (in.’).

f
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B-4 EMERGENCY OPERATION

Emergency opetzwion of all or a portion of the system
may be required in case of a power 1035or pump failure.

To size an accumulatorfor this situatiom determine
1. Minimumpre.s.wmmquimd to

operatethe system. Id%(psi) p, =
2. Relief valve setting, W%(psi) p, =
3. Totalvolume of fluidrequiredto

opcnmethe components. m3 (in.’) V,. _
4. System operatingtcmperntum,K (R). T = _

Use these values to 6nd
1. ~ssuremtio PR=P2/P,,

dimensionless PR=_

2. Adiabatic expnent n from Table B-1,
dimensionless n=—

1

()
;

3. Dk.cbrge cocfficient,f= 1- ~ ,
PR

dimensionk.s. f’—
Calculate the nccumtior volume required from

1.24VR
v. —, m3 (b.’).

f.
Accumulators used for this purpose should be pmcharged at
70 to 80% of p,

REFERENCE

1. Accumufafor Selection Manual, BuIledn FPWB-2,
Grccr Hydcudh. fnc., Chatsworth,CA. 1980.

TABLE B-1. ADIABATIC EXPONENT FOR NITROGEN GAS n

AVERAGE PRESSURE SYSTEM TEMPERATURE. “C (“F)

P, +Pl
—. kpa (lb/in.’) 23.9 (75) 37.8 (103) 60 (140)

2
76.7 ( 170) 93.3 (2GU)

689.5 (IWO 1.4 1.4 1.4 1.4 1.4

1034 (150) 1.4 1.4 1.4 1.4 1.4

1379 (200) 1.4 1.4 1.4 1.4 1.4

1724 (250) 1.5 1.4 1.4 1.4 1.4

2068 (3CQ) 1.5 1.5 1.5 1.5 1.5

2413 (350) 1.5 1.5 1.5 1.5 1.5

2758 (400) 1.5 1.5 1.5 1.5 1.5

3447 (500) 1.5 1.5 1.5 1.5 1.5

4137 (dCo) 1.5 1.5 15 1.5 15

4S26 (700) 1.5 1.5 1.5 1.5 1.5

5516 (800) 1.6 1.5 1.5 1.5 1.5

6205 (900) 1.6 1.6 1.5 1.5 1.5

6895 (Ire) 1.6 1.6 1.6 15 13

8618 (1250) 1.6 1.6 1.6 1.6 1.6

10.342 (15LM) 1.7 1.7 1.6 1.6 1.6

13,790 (2rF30) 1.8 1.7 1.7 1.7 1.6

17,237 (2500) 1.9 1.8 1.8 1.7 1.7

20,684 (3CKIO) 1.9 1.9 1.8 1.8 1.7

Note In cdmlndng n factor, .X next bigbcr average pmssurc and next lower system kmpemure, i.... if avcmge pmssurc is 9653 Wn
(1401 Min.’) and systcm@mpcmmreis51.7°C (lM”F). n should bc 1.7. ff system tempmmre is unknown. usc 37.8°C (lCUI”f9as a gencrcd
rule.
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GLOSSARY

A

Absofcsf#Psvsmcm.711esu mOfmmsphccican dgllgcpl TS.
sin-c.

Ahsofccfe VicOsig. T& fame mquimd to move a plnne mm
fuaovcranotlm plancsmfme acthcmteofl cmtswhm
tbc. surfnms arclcm* nnd Ommpnnusd byalnyerof
fluid lmninthi~tbis forccisknown ssthcpoise.

Accccms&mr. A tluid ~ stoca& chamber in which
Iluidpmssum encrgymn bestm-cdmdfmtn which i;mn
bc witfsdmwn.

A&f Number. 17K quantityof base, uprcsscd in milligrams
of potassiumhydroxide, that is rcquimdto ncutmk the
midic ccmsticumts in 1 g of sample,

Acfuamr. A dcvicc used to mnvers fluid energy into
mechanicalmotion.

A&?W’e.Achcmiadc mnpmmdormmpounds nddcd toa
liquid to change its pmpcrtk

AgenI. Ttuml wncfarcmntminlmfming to either n chmsi-
cnl or bmlogimls~

AiMap S&scd. A solenoid that is senkd to Prsxcnt lmk-
Sgcoftbcliquid inmthepkmgcrcnvity.

Aqueocu Decontamha& “n. fielnovl do fncbanicadclc biO-

Iogiad bamrd with a water-base solution.

w- Rssmrc. Pmssum exectcd by tbc atmosphere
St any Sptci6c locaciow Sm lever ntsnmpbcsic pressure is
Sppmxilmucly 14.7 psicL

Aato&nfhI hqwsztm (~. The thmqxmtwe at WbiCb
aliqldd plmedml obmccdsmfncc Willignitecpmtanc.
w.

Ax&f Pisfon GmsmsctVofcsm#f4mqs.ApmnPsvilbafmed

~-~~--~ti~
sxcspandlef mthcdrivcsbatl.

Aiaf Pi@c V&b Wfccnm Pump. Anaxidpismnpump
svitb an adjustable, mntmfkd volumetric outpw

B

Lfcuti. Mh-ocwgnnismsoftm mmposed of a single cell.

Base Number. Tbc anmunt of acid. expressed in terms of
the equivalent number of mifligrnms of potmsium
hydmide. ccquimd to ncutmdiz ofl basic constituents
pl-csencinI go fsnmplc.

Beta Ming. A mdmd of sating filtcs pcsformnncc.

BiLxLh. AdditiVCS dcsii to inhibit the ~tt@l of micm-

Organisms in liquids.

Bio&gid Agenf. Either mi~ms or mxim thni

- msufdtks to humlul bcii and hnve military appli-
Cndoms,

B&&fzr Accrcmufamr. An nmumufnmr in which the liquid
msdgssmcsepmmed bynncxpandabk bkfdcsorektis
%.

Boiling Point. k Icmpcmmm d svbich a fftid reffuxcs or
disciusUcdccCnlcfuflySpccificdmnditiom.

Bufk Mndufus. Tkc nxipccml of mmprcssitsility u.suaUy

=_inp.sdsor_pa _ M

Bypass. An tdmcnafc rcmtc that provides presage for n liquid

MOUnd a COllqmnmL

Bypass Fikr. A filter tlmt rcdvss onfy n pmlion of ihc

mml fluid flow, mminuous mixing of the filmrcd md
untiltcrcd fluid cnsums that afl of it is cvcntualfy filmted
in n rc.monnble pcsind of time.

c
thI-@cl@d vds’e. A VllfVC ill Whkh thc Sf)d k flOsi-

tioncd mcdnmkdly by a cam.

~n. A @MO— of fmmatimofawicksinaliq-
uid mmss which LIE Uquid can omve with M@ vefoci~,

pmduas n Immmm effect on any object it strikes. h um-
ldly 0CCU13where ~ k tOWd VdOCity hi@. (h-
imtion gencndly ccw.ses mise and damage m sysmm
mmponcncs.

Cent@ise. A unit of nhmlute viscosity

Cmlirtokc. A unil of kiMUVldCvismsky.

Centr@LPIPsxnsP.Apunqstbnt huanin@crsomtiog in
abm.sin~liqldd ismnisdcuollndthc paiplny oftbe
hmsiq md dischugaf by centrifugal force.

C&k Me. Ati~ti~kflmofflti htiti-
tion msfy and self-closes m pmvsm nay flow in the opp

site climccion.

CfOSti fk- t’hh A WdVCtht ill tfu CCO~ p05iti0u bls
all pacts Clascd.

Cfomf hp Ffccid Power. A fluid power _ in which
fluid circulates fmm the pump m the actunmr (UscInfly a
hydraulic motor) and dimdy back m the pump without
P3ssing through a rcsavo~ mm-nudfy imfudcs some

~ ~~1 vdViW. If ~ -Oil is inclmlcd. it ~
used exclusively us n rcpbishmem smusx.

cbud Poiclf. ’f7utmlpcnlmrc ncwhicbwnx Or Othcrdis-
solvcd soficls timt prccipimteduringcldling underspcci-
ticd renditions.

Coe.fcnt OJThermal Eqmstrfan. ‘flu chnnge in weight
per uni[ volume per&g change of Wnpcmmm
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Compressibility. The reduction in volume of n liquid when
pmssum is applied compressibility is usually measured
in terms of tie bulk modulus, which is the reciprocal of
comprcssiblhy.

Conduction. l%e process of enecgy hztnsfer as heat through
n stationary medium.

Com7uI. A device used to regukttc the functions of a com-
ponent or system to which it is usualfy conncctt@ may be
integral or remote.

Cmwectin. The prncess of energy hansfer as heat between
soli& nnd moving fluids.

Convsion Inhibitom. fnbibitors that act by reaction with

metal surfaces to form protective coatings on the metal.

Cyfinder. A device used to convert fluid energy into linear
motion; usually consists of a movable element. such as a
piston and piston rod, plunger or ram operating within a
cylindrical bore.

D

Decontaminants. The substances used m remove or detox-
ify a cbemicaf or biological hm.atd.

Deconkmindw n. The ptuce.ss of removing, ncutrnliig,
containing, anddetoxifying n cbemicaf or biological haz-
ard.

Dens@. The mass of n nmteriaf occupying uttit volume at a
specified tcmpcmtutw its dimensions arc mass per unit
volume.

Diaphmgm Accumulator. ,4n accumulator in which the liq-
uid and gas arc separated by a flexible diaphragm.

Directional Vafve. A valve whose primary function is to
direct or prevent flow through selected passages.

DoubbAcdng Cyfinder. A cylinder that moves in either
direction due tn fluid flow and pm.wure.

Doubklhd Rod Cyfintfer. A cylinder with a single piston
and with a rod extending from each end.

E

Efecbic Co~l. A control actuatedby an electrical device.

EmuMon. An iotimatc dispersion of one liquid within
another.

F

Fihn Strength. Tbe ability of it liquid to maintain a film.

fWter. A device tbmugb which a fluid is passed to separate
materiaf held in suspension. The filter medium is the
material that removes the solids and consists of mitterkds.
such m pafm cloth, finely woven screen, simmed metals,
or tinely divided solids such m clay and activated cbar-
Coal

Fire Point. The tempemture M which a liquid wiU bum con-

tinuously when ignited by a small flame under carcfufly
specified conditions.

Fire-Resistant Ffuid. A Euid db?icult to ignite md that

shows little tendency to pmpagnte flame.

Fixed-Dispfacenwnt Motor. A rntary motor in which the
displacement per revolution is fixed.

F&h Point. The tcmpcmhtrc at which a liquid gives off
sufficient flammable vnpom to ignite butmot 10 continue
to bum when ttppruacbcd by a smaff flame under utrc-
ftdly specified conditions.

Ffaw-Confml Vufve. A vafve whose primary function is to
control the flow tate.

Ffow-Dividing Vbfve. A valve that divides the flow fmm a

single source into two or more brunches.

Flow-Dividing, Pressure-Compensah”ng Vhfve. A valve
that divides the flow from a single sottrm into two or
mom branches at a constant ratio mgmdfr..ss of the dbTcr-

ence in the resistances of the branches.

Ffow Rate. The volume of a fluid flowing per unit of time.

Flow Vefocify. The mte of speed at wbicb a volume of fluid
passes a particular point in a passage.

Fluid. A substance that yields to any pressure tending to
after its se. Fluid, by strict definition, includes both
liquid md gas.

Ffuid Power. Power mmsmitted md controlled thmugb use
of n pre.ssuriz.ed fluid.

Foam. An intimate mixtttm of gas and liquid occupying
much more volume than the liquid alone.

Foam Inhibitors. fnbibbors that modify (increase or
dectease) the stabiity of an intctface between two phases
io a fluidsystem.

Fouts Way Vbfve. A valve having four conhullcd working

PW6 W usualfy end in four external prims.

Freezing Paint. The tcmpemhme at which a fluid changes
hum liquid phase to solid pha.sc.

Fricdon. Resistance to motimu fluid friction is that friction
due tn the viscosity of the fluid.

G

Gear Pump. A pump having two or mom. intetme.shing
gems or lobed members enclosed in a suitably shaped
housing.

H

Hafogenated-Qpe Fluid. A fluid composed of hafngenated
organic materials; may contain additinttd itmnunts nf
other cnnstitucnts.

Heat Exchanger. A &vice used to hansfer heat fmm a hnt
fluid to a cold one witbout the two coming in contact with
each other. When used M a fluid ccaler in a hydmtdic sys-
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km, it may take tie form of either a nest of pipes in n
suitablecomainerIIMUUghwhich cmlant flows or a radin-
tnr.

Hose. A flexible conduit used to convey fluid.

Ifydrurdic ConOO1. A mntml actmued by liquid pmssum

@raufic Ffuti. A fluid suitnhlc for usc in bydrnulicSyS-
CuILs.

Hydrau& Power $’Wem. A mcnm of energy tmnsmkinn
in which a rcladvcly incnmprcssiblc liquid (hydrmdic

fluid) is used rd m cnagy-cmnsmiaing mediam.

H#ro~ Stab@. Resiatancc to pa5Msllt change in

Pmp=-dUdbY achsmid-tiOn tilbw@.

H#rnpn enmafic. The mmbinntinn of hydrnulicand pncu-
auuic pmva in n Unit.

1

Impmvem. Pcrfornnmccadditives thnl .mahlc & fOmmln-
tion of multigmdcoils.

fnhibilor. Any suhsmncc Ihntslows. prevents. or modifies
chemical reactionssuch as mnmsion or oxidndon.

[tinsiti. A dcvicc which inmases Ihe working pressure
OV= lhzlt&tiVCTCdby n _ -. FOlCXlll’llpl~a
device in which o low prcssam acts nn n Imge piatnn

dircctfy coupled tn 0 snmllcr piston which tin pmducc5
abigherprcsum.

Ixentc+c. HwiOg Ihc snmc pmpudcs in all directions.

lsathcrntaf. Dcscriiig a mdition of cnasumt tcmpmoue.

K

I@lcmdc Wm$icy. Tbc mdo of absoluta viacndly to Iha
dcnshy of a llaid. I%c unit of kinemntic vistosily is the
scOk V*insCnkes muhiplkdbychadcn.siIyaItlw
Ccattcmpasm cqunlstbcabmlute viacnaityinpclisa

L

bninarFba. Aflmvsituacion iawbichmndna amxaasa
mOvclnentOfnnel.aycrof lluidupOn MOtlle?.nlisiscyn-
~tifbaa~ “ ffow.

U/@ Level Control. An mCOIMIiCmeans by which the
fluid vohnm of a —irnrolnk iscihcrl-cplcniabcdnr
dmined.

Mvicify. A mcasu of tic nkility of lubricrum m mducc
IIM friction m war bmvcen two solid surfnccs in mntc.ct
with cacb other.

ni

Mechanical c3ntd. A mntml actunfcd by Iiim, cams.

gcalls, screws., cmOlhu Mcchnnicnl Incnns.

Mofar. A &vice ad to convert fluid energy into mcchrmi-
cal mocinn.

N

Neutmfi@on Number. A mcmurc nf tie acidhy or basic-

ity of n Iiqaid defined as miUigmms of potasaiam
hydmxidc rcquimdto neutralizelhe ncidity in 1 g of fluid
or the equivalent of tlu Msiily sxpmscd simikfy.

No@mmabfc Ffxtfd.I&Iyfluid that will not @it&

Nonrtpmztor Accumu&tar. An aaumafatm in dticb a

mwwwtitiy~ Ilkliquidinlbc
~ ~.

Akfcar RdaWian. Pmtictdnle and ekmmgnmc “ mdia-
tino cmiaal from nfomic nuclei in vwioas nudcar pm-
— ‘k importnntnaclcnr mdiadom. fmnna weapon
stnndpOiiLw@mandh@ck. galmmlrays. nnd
neuouns.

o

Open tip FluLi Power. A fluid pnwer sysfcm in which all

fluid fmm accuacors, dm.ins. and nuxilii circuks returns
to n rrscrvoir where it is picked up by k pump to bc

rccimdlucd.

Opemting l+cssuc-e. l%e pmssurc nt which a SySICMnpa-

Utes.

O* &fer Fluid. A Iiuid cmnposcd of estem of cmbmc,

bydmgcn, d OXygrn UKIy_ ddithld -L5

of ok mnsthucats.

Osciflatmy hfofor. A mcmy actunmr giving m angufar

movcmcm of less than 3d0 &g smnctimes mfcmcd m as
a mtmy hydraulic accuator.

OXLLztinn. A chemical rcnction of oxygen with a Iiqui&

rcsldls in lhe fnnmdm of Oaidadon pmducm, which can

- Cbnnga in properties.

Oflllenuid totllcchemimf cbnngcsnadatcd WifbOsi-
dalioa.

~nscabilig. fzcsiaolnc etnpcnmmcm changcsin
pmpcniescnased byncbunical I?aainn with oxygen.

P

Pcovfcum Ffuid. A fluid compmed nf pmukum hydmcar-
bmW may mntain nddhinml onamats of ahsr mn.stitu-
enta.

Phaspti Ester Ffuid. A Iluid composed of phosphate

cstcm nmy contain additional nmounts of mk constilu-
ems.

Pilot fir. A mbc or hmc lhnl mnduas cnotml fluid.

F@tg. All pipe, mbiig. hnsc. and fitdngs.

piston Accumulaiar. An amumulnlnr in which a mm-
prcsscd gas opcrrdcson n piston IJmInppliss fomc to che
smmd liquid.
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PLWon Cyfiftder. A cylinder in which the movable element

bas a greater cross-wtiond arm thm the piston rod.

Plunger Cyfinder. A cylinder in wbicb the movable element

has the same ctuss-sectional arm as the piston rod.

Pncumalfc Control. A control wNiMd by air or other gas
pressure.

Poise. The stmtdad uttit of absolute viscosity in the centi-

meter-grant-second system expressed in dyne seconds
per square omtimetcr.

PoIyaffgfsnc Gfycol Fhd.s. A fluid composed of polynl!@-
ene gfy.xds or dcrivative~ may contain additional amounts

of other constituent.

Pour Point. The lowest tempcmture at wbicb a liquid wiU

flow without dkmutmtce under n specified set of comfi-

tions.

Pour Poinl Depressants. Addhives that act to lower the
jmur point of an oil.

Pressure. Force per unit mew usually expressed in pascafs
or pounds per square inch.

Pressure Drop. Ii-m amount of pressure difference, m the

pmssum required to force fluid thmugb a component.

Pressure hss. The fall in pressure due 10 hydraulic friction
in n component or circuit.

J4vporfianal SoIAuid. A solenoid in which the plunger
position is controlled by the current applied to the coil.

Pump. A &vice that converts mecluuicrd energy into fluid

energy.

Pump CmWol. Ccmtmls applied to bydmulic pumps to
adjust their output or dtition of flow.

Pump Sfipwge. fntcti leakage in a pump tium outlet to
infel side.

R

Rd. A meamm of exposure to nuclearntdiadoruone tad is
equafto loocrgabsorbcd pcrgmmofabsti(l lad=
0.01 Jfkg).

RadiaJ Pfston Constant Vofunw Pump. A pump with a
fixed volumetric output md having multiple pistons dis-
poxd radildfy.

Radiaf Piston Vhrhble Volume Pump. A radhl piston
pump with an adjustable volumetric output.

Radiafion. The process by which beat flows from a bigh-
tempemturcbody to a lower temperature bdy when the

bodks arc separated in space, even when a vacuum exists
between them.

Radiolysis. Exposure or subjection to nuclear twhtion.

Reciprocdrtg Pump. A pump bating reciprocating pistons

to pressurim fluid.

Resemoir. A container for fluid bum whlcb the fluid is with-

dtawn and ~NIII.d after circulation tbmugb the system.
The memoir may & open to the ntmospbet%or it may
& ClOSdand pRSSIUiWd.

Reynobis Number. A dimesionlc.ss number used in con.sid-
emdmts of fluid flow and given by the equation R. =
(velocity)(pipe diametcrlkinematic viscoshy. Wlen the
Reynolds num!xr is below 2000, larnimu flow gmcndly
exists at higher vaftw-s, flow maybe either Imninw or ~-
bufent, but the higher the value, the less likely the flow
wilJ be latninac

Rotqv Motor. A motor prcducing continuous rotary

motion.

Rust Inhibikm. Inhibitors that specifically work to prevent
the corrosion of ferrous metals.

s

Sayboft Univermf Second (SUS). The time in seconds
required for L50ML of liquid to flow thmugb a standard

orifice at a given tempwature.

Screw Pump. A pump having one or more screws rotating
in a housing.

Seaf. A materinf or device designed to prevent leakage
between parts, moving or stntic.

Senw Con&oL A control actuated by a fecdbnck system that
compares Ihe output with the reference signal d makes
corrections m reduce the difference.

Servomechanism. Any mechanism that uses power tmtgnifi-
cmion and in wbicb a mezms of relating the sped and
travel of the input and output is incorpomted.

Shear. A measure in a fluid of the form component tangent
to a surface.

SiJimte Ester Fkid. A fluid composed of ot’grmic sifi-.
may contain additional amounts of other mnstitumts.

SiJimne Ffrd. A tluid mmpsed of sificrm=, may mntain
additional amounts of other constihtmts.

Sing&-Acting Cyfinder. A cylindm in which the tldd pes-
sure is applied in onfy one direction.

Single-End Rod @Jinder. A cylinder with a m-dextending
from one end.

Wend. Ao ebxtmmagnet consisting of a wire-wound cd
with a moving plunger that moves when the electric cur-

rent is switched on.

Speci& Gravify. The ratio of the weight of n given volume
of fluid to the weight of an C@ volume of water.

SpeciJt flea. The heat required to raise a unit mass one
deg of temperature.

Spring-Loaded Accumufafor. An accumulator in which the
compression energy is supplied by a spring.

.%bifily. Resistance to permanent changes in pmfmties
under normal stomge nnd use conditions.
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S&tk Fressccre. The pressure Ifml exists if there is no
motion in the liquid.

S&@ Stafe Ffow. A flow sitcmdon wherein conditions such

m ~ CUWUUWC. MCI velocity III every point in
be Euid & nnt change.

S&k8. The scnndmf unitof kinematic viscosity in the ccmi-

meter—gmwumd systcnu expressed in squnm ccntimc-

-f=~

SOwiner. A filter mnde frnm wim mesh cbnt is capable of
removing the Iacger particles of snlkb fmm a fluid

S&cam&w Ffow. A flow situation is which mntinn @mm
m n mnvecncnt of one layer of fluid upnn another. See
afw faminnc flow.

Suction Frurure. The prcsmuz of the liquid ut the inlet of n

w.

Switch Frcsrcue. A switch opccntcd by pressure nnd used tu

(0) mntml pmssucc bctwccn prcdeumcincd limits. (b)

stml or slop a sequence when 0 ccrmin pmssurc is

I’cmchcd. and (c) 8.5a safety &vice.

Synfhefic FfIcid. A fluid ht. by definition. is nonpmmlcum
but mny cnntain nonfunccinnnl onmunts of petrcdeum.

Spcci6adfy. pccmits pmrkun Cnbe used as n carrier for
n ccmsdcur.m. i.e., un ndditivc, etc. bu! excludes @ru-
leum used furmy bcnefh of its pmpalics per se.

T

Tlwrmaf Stabifig. Rcsiitance tu fmmmnent changes in

pIuflcc’tics - 60!dy by heat.

Thermostat. A &vice used to conbul tcmpcmmre either by

switching 00 and offan electric cccrmnt w by npudng and
clnsing a valve in a liquid lk

lbque. F+me applied cluwgb a rotmy path of mndon.

Zb.cfc$.Any puknnm. secmscdpccducc fcvmnmkmmgnw

iscn. nnimaf.n rpfncmccmy fxpmducedby w* W-
thais.

7khfmf Ffow. A Enw simndnn inwhich the liquid pmi-

cfcsamveinamndmn-.

~0-Sfa& ~. A Plllllp with twO ~ pclnlpiclff ek-

mcncsmmectcd innserics. 71upcincncy smgemnybc
usctfmcnsurc cbacthe sanndmainsm.ge isnucsmc-vcd

fnr fluid, cu it may pmducc much of the prcssum rise

thcwghnul Chcpump.

v

Vbrccccm.Afxessum tfmtislcssihnnchc pmvniliq$atmn.
spheric pl-essm-c.

Vafve. A &vicc used m mmrcd the Ilnw me. dimcdnn of
flow, IX pmstu-c nf a liquid

V’, ConstanI Vofume pump. A pump having a fixed vnl-
umetcic output with mukiple vsncs within a suppnrdng
I’ncnrertcnsa ficlaal.lclring.

Wne, Vti~ Vofrcme Fccmp. A vane pump having suil-
IlbIe - nf changing h volumetric OUtpUL

Vapnr f’c-emure. The pmssum exerted by a mncmial under
cnnsidcmcion at n specified cmcpcmturc.

Vtife-Disp&cemenc Motnr. A rutmy mutnr in wbicb the
displaccrctcnt per mvolucion is odjuscnble.

Vicomerer. A device used m mcn.wrc viscnsity.

Viicosify. The resistance of n fluid to flow w the internal
rcsistunm m flow existing ketwcen two liquid faycm
when lhey MCmnved relative m each ntbcr.

Viscosity Inda (W). An ccnpiciad number @u indicatrs
the Vi5m5ity—cccnfxmmmcharncceriscicsnf a fluid

Watifig.TkpmpemyofnEui dtbntcfcscriks tbcdegmY

tn which it wilf mpurizc under givco condit.iomnf tml-
~~~

w

W.k.r-G&cof Ffui&. A fluid whose mnjorCOIIStimMCS~
writercud one cu mum gfycnl cmpolygfywk mny mnmin
ndditinnnf-m of Odlcr Wnscimmcs.

Wi~ &mckfOn -. A ~ Mud5im of
wntcr-nif: mny mnmin uddicionnl nmnunts nf otbcr mO-
Sdtuenm.l%ccenm tumcypcs: (I)nif-in-wlwcr. acalwen-
tionnf. snluble oifinwidcbaifis dispaxd ina

mndnccca pb85enfwntm nnd(Z)wntm-in-nif. adispcr.

simnf wwerinacominunuspbmenfnil.

W@t-L&ufcd Accumu&for. An naunmMm in -
weights upply form cub and liquid.

Wf Arncahue Solfnofd. A sulecmid IJISCw n cylindciad
plungernpmuing inside 0 mbc 611cdwith system fluid
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INDEX

A

Acctuntdntor, 2-26
pltcumntic-kmdcd, 2-28
sizing, 2-30. B-l

spring-lwufcd.2-28
weight-lmdcd. 2-27-2.28

AcWums, 2-12—2-2 I
hydmdndc tmnsmissions. 2-20-2-21

llxcd-displmcmcni pump and motor, 2-20
fixed-displuccmcm pump md vnrinbledisplaccment

Muter. 2-21
varinbledisplnctment pump und 6xeddkplncemen!

MOfor. 2-2 I
vtuinblcdkplnccmcnt pump and motor. 2-21

Iiicar. 2-12
Upplicntions. 2.12

Cushioned or noncushicmcd. 2-14
dud. 2-14
mounting. 2-14.2-15

nonmuuing 2-13
pistmL2-13

phlll~, 2-13
l-uwdng, 2-12
singfe.2-14
mndcm, 2-14

muuy acnmom or gnxors. 2-16, 2-20
gear motors, 2-16-2- I8

CI’WXIIISsnl.2-17
gear.on-gear, 2-11
@wturtypc, 2-18

limitcdrOaldOn mOtm’s,2-18

Pismo IyTK..2-l9
vsnc IyPe.2-18,2-19

Imv-cpccd. bigbmrquc mclmm. 2-20

Piston muIum,2-19
sxial piston type, 2-20
mdinlpistun type.2-20

muuy pi.uml lype. 2-20

VCUEMOOJIS,2-18
Additives

amiwcnr. 5-7
biocidcs. 5-10
cavitation inbibitms. 5-10

Ccmc6ion inbibitom. 5-3-5-5
dcmulsiliem, 54.5-7
elastnmu swell. 5-9
emufsiliem. 5-6,5-7
foam inbibimm. 5-6
friction mndificndon, 5-8

hydrolysis inhibitors. 5-9
oiliness. 5-7
oxidalion inhhkms. 5- I

puur puint dcprcsmms. 5-9
viscosity index impmvem, S-5

Antioxidwms mode of nCUmL S. 1
Chsses of, 5-1

Antiwcnr tiltivm. s-7
API gmvity, 3-32

IC.SItwOmdL 3-32
Auloignilion tcmpcmturc. 3-20

us: mcthud. 3-20

B

Bamlcfield -c M6 l’Cpti OptiOllS.6-20
Bela mdn& 2-3
Bcvcmge bmlfe WI, 3-61
Bioci&. 5-10
Biological conmminnnts. 7-15,7-16.7-17
Boiling prim. 3-30
Bmmdnry Iubriauiom 3-47.5-7
Bulk mOdUhlS, 1-7.3-35-340

cstimndon of. 3-39.3-40
mcnsummcnt of. 3-38

-t. 3-36.3-37.3-38
sonic, 3-37.3-38

Om&nL 3-37.3-38

c

Cmtiun residue, 3-59
Gutridgc VUk, 246
c0vio3dmL 6-2
Cnviuuion inhibitum, 5-10
CfKmiad Cmmsion, 3-62
Cbcmiad prnpu’dss, 3.53
Cbcmicld Slnbility. 3-53

lcsls. 3-57
cnrtmn rnidue. 3-59
mlor. 3-58
ncutrnliznlion number. 3-58

Cldorooilhmruetbylcnc (CfFE). 4-13,4-29
Clnssa of lubrici~ additive.s, 5-8

IVYIctbcr fluids. 5-9
mineml oils nnd c.ucm. 5-8
silicon-conmining fluids. 5-8

Clus.sificntion of hydmulic fluids. 4-1

1-1
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by cbemiud properties, 4-1
by flammability, 4-2
by operating temperatures, 4-142
by viscosity, 4-1
petroleum or nonpetdeum, 4-2
used in tbk bandboo~ 4-7

Cloud @m. 3-15
Coefficient of thermal expansion, 3-32
Compatibility. 6-l

filter and fluid, 2-25
with metals, 6-1-6-3
with system components. 6.16
with system materials. 1.%1-6

Compmssibility, 3-35
Conduction, 247
Connection between pump and drive motor, 2- 11—2- 12
Containers. 7-1

materials, 7-1
sizes, storage, and marking, 7-1

Contaminant exclusion. 7-14
Contaminant removal (filtration), 7-14
Comaminams, chemical and biologicrd, 7- 15—7-20
Contaminants. natural environment

analysis. 7-9-7-13
effect of, 7-6-7-9
Sounx.s. 7-3-7-5
types, 7-5-7-6

Contamination, 1-9
Contamination analysis, 7-9-7-13

chemical analysis, 7-1 I
combined counting and weighing methods, 7-10

liquid contamimmt measuremen~ 7. I I
particle mcasummeht by counting, 7-9
particle measurement by weighing, 7-10

sp=~metic (spectrographic) anal ysis, 7-13
Convection, 2-47-2-48
-Ion inhibitors, 5-3-5-5

vokadle, 5-5
Corrosiveness, 3-62
Corrosiveness tests, 3-63
Cost, 1-8
Critical volume resewoir. 2-22

D

Decontamination, 7- 17—7-20
Demulsifiers. 5.7
Density, 1-8,3-31

IN methods, 3-32, 3-33
Density, specific gravity, and thermal expansion, 3-32

Dkectioncd control valves, 1.2—1.3
Domm oxidation trot, 3-61

E

Effects of contamination. 7-6-7-9,7-17
comainer design, 7.19
deconmminmion, 7-17
effed.s of &contaminants, 7-19
on hydraulic fluid, 7-6
on bydmulic system, 7-6-7-9
methods of determining Contaminant. 7-17

Elastomer nuucrials, 6.4
test methods, elastomer-liquid compatibility, &10-6. 12

Elastomer swell additives, 5-9
Electrochemical corrosion. 3-63
Emulsified, 5-7
Emulsions. 4-10

invert (water-in-oil), I-7
oil-in-water, 1-7

Emulsions and foaming, 343
emulsion chtu-amcristics. 3-I 1
fozuning characteristics, 34 I
tests for, 3-4 I

Equivalent length, 2-54
Ethers, 5-3
Evrqxm-ation, 3-30
Evapomtion tests, 3-60
Exh-cme-pressure additives, 5-8
Extreme-pressure lubrication, 347

F

Film strength, 3-47-3-$8
Filter, 2-22—2-26

Beta rating, 2-23
classification, 2-23
nwlmds, 2-23-2-25
pmsum drop, 2-25

radnw, 2-23
replacement or cleaning intervals, 2-25

Fm resistance, 1-7
Fm-rcsistam fluids, 1-7
Fn-resistant liquids, 3-28
Fittings, 2-5 1—2-53
Flammability characteristics, 3-17

autoignition tempenmure, 3-20
significance, 3-21
tesl meth~ 3-20

effects of evaporation (pipe cleaner lest), 3-21
flash and fire points, 3-17

significance, 3-20
test methods. 3-17

Fhmmahility test under simulated service conditiom, 3.23
Flow, huninar, mixed, and turbulent, 3-7

I-2
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FlOw+mWcd valves. l-3
I%id

aV17ihlbi@ 1-8
cil-ruk I-2
Cmlqsadbtily Widl

additives, 6-13
ccmtings, &12.&13
eblwmas. 6-M12

mclal.s. 6-1-6.3
olhacsuIiIIKs.6- 12-6-13
Olhu Iubricnms, 6.13
oh system components, 6.16

painIs. &12
Sysuns mluerinfs. I-5-1-6

COnducmrs
finings. 2-5 I
hme. 2-51

pipe. 2-5 I
Nbing. 2-51

COnudnu diSpOSld. 7-2 I
cmmsmimuion. I-9
danger of explosion and fire. 7-21
disposal. 1-8-1-9

fire msislancc msd nonflmmnabilily. 1.7
bandlhlg. 1-8
bcnhh hazards. 7.20
Usu!bmliss. 1-2
nonpetmlcum base, 4-7411

emukions.4-10
glycols.4-10
hnfogenmdhydmcnrbons. 4-13
liquid msuds. 4-14
O* acid cslei$, 4-9

pbOspfWc aLsrs,4-7,4-11
POlynlpbnolcfins. 4-13
polyoxyldkylene gfyads. 4-10

p01yf@ylcfbcss,4-13414
Pcdysdoxsncs,4-9,4-12

siJabydmmb0m%4-12
sificmesscsn.4-9
wnIerglycOfs.4-lo

pctmlculsl base. 4-7
physical fnupmiu, 3-2
POWmstandw@A-1
power symbols. I-2

PI’CMUUO~in stmnge and Imndling, 7-20
rcquircmems, 1-5
selection amsidcmdons.6-13-6-20

actundon. linear and rotnty. 6-14
mmsting gem. & 16
bmking, 615
cma@.s,6-15+$-16
conspatibiliIY witi system components. 6-16
consml and control systems. 6-15
gun drive mechanisms. 6-16

MIL-HDBK-118

PWCI transmission. fluid coupling. & 14

propufsi~ 6.14
shock ahsotixm, 6- IS

sting. 6- I5
Icmpcmmrc ranges. 6-19
type of application. 6-14

selection checklist, 6-20
selection exomple,621
Wibilify. 1+
Subsduldon ahmnluivu. 6-20

Fluid specifiauions, 4-14
MIL-B-46176A. 4-20. @
MIL-F-17111B (OS).4-14,4-30
MlbH-87257, 4-19.4-54
M1bH-17672D, 4-14,4-32
MIL-H-19457D (SH). 4-21.4-68
MIL-H-22072C (AS). 4-19.4-56
MIL-H-27601A (USAF), 4-15.4-34
MIL-H-4sW01 D. 4-15.4-36

MIL-H-46170B. 4-18,4-50
MIL-H-53 119 (ME). 4-22.4-70
MI L-H-5559A (AS). 4-19.4-57
MIL-H-560SF, 4-15, 4-3K
MILH-6083~ 4-16.4-40
MU-H-81019D. 4-16.4-42
MIL-H-83282C. 4-18.4-52
MIL-H-87257, 4-19.4-54
MIL-L-17331H (SH). 4-17,444
MfL-L-2104F. 4-17.4-16
MIIA-46167B. 4-18.4-48
MIL-L-8711X) (USAF).4-20.4-62
MILS-81087C.4-20,4-64
SAEJ1703.4-20,4-58
w-o.I078B.4-21,446,4-67

Fmm inhibitm.5-6
Freeradial~ 5-2
Freu.ingpOim.3-15
Signifi-of, 3-17
kslmdhOds.3-17

Frictionmodification additives, 5-8

G

GasSOhdli@.3-42
Ckmbox and engine corrosiveness m.sts, 3.64
Gearpumps

r.xulnrd. 2-2
helical. 2-3, 2-I
berringhcme. 2-I
internal. 2-4
spur, 2-2—2-3

Genenucd contaminants, 7-3
Glycols. 4-10
Gun dsive mcclmnkms, 6.16

I-3
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E

Halogemmd hydromrbns, 4-13
Heat exchanger, 2-22,246-2-50

air-cooled, 2-49
wittcr-cooled, 2-49-2-50

Heat genemtion, 2-9,246.247
Heat transfer, 2-47-249

chamctcristics. 3-34
specific heat, 3-34
thermal conductivity, 3-35

coefficient, 248
conduction. 247
convection, 2-47-248
mdiation, 2-48

HFA, 1-7
HFAE. 1-7

HFAS, 1-7
HFB, 1-7
HFC. 1-7
HFD. I-7
High-tempcrattur test, 3-6 I
High water-base fluids, 1-7
Hlgldy refined mineral oils, 5-2
Hose, 2-51,2-52.2-53
Humidity-type corrosiveness tests, 3-63
Hydraulic

cylinder, 14
fluid

comptwability with melds, 6-1-6-3
substitution ttltemativcs, 6-20

fluids. See Fluid
fuse, 2-33
motor, 1-4
power

advalttagc’$ 1-1

disadvantage, 1-2
tlx5, 14-1-5

system. 6-19-6-20

Hydrodynamic lubrication, 3-46,5-7
Hydtulytic

inbibkms, 5-9
Stifity, 3-56

tc.sm 3+51, 5-9
Hydmpctuxide destroyers, 5-2
Hytbustmic tntrtsmission, 2-20-2-21

1

Indicatom of liquid stability, 3-58
fnge.wed contaminants, 7-3

injected contaminants. 7-3
httensi6er. 2-21—2-22
Invert emulsion. 1-7

MIL-HDBK-118

L

Lacquer and insoluble material formation, 1-7
Linear variable differential transformer (LVOT), 2-42
Liquid contaminant measurement. 7-11
Liqttid metals. 4-14
Liquid spring, 2-56-2-57
Lnw-tcmperatum pmperdes, 3-15

cloud paint. 3-15
freezing point. 3-15
pour point, 3-15
significance of freezing and pour points, 3-17
test methods. 3-16

Imw-tcmfmtmm stability, 3-43
test. 3-61

methods, 3-44

Lubrication properties, 3-45
fabricating properties by pump tests, 3-51

other Iubticaiing cbmmcteristics tests, 3-52
pump lcmp wear m.% 3-52
simulative recirculating pump test, 3-51
vane pump test. 3-52

Lubricity, 1-6.3 -48,5-7
additives. 5-8

M

Metal &ttCtiValOm, 5-2
Metaf fatigue and stress comosion, .5-2
Metal-liquid corrosiveness tests, 3-63
Motor, 1-4, 2-11,2-12,2-16-2-20

N

Netttndimtion number, 3-58
Newonian fluids, 34
Nonflammable hytftwdic fluids, 3-28
Non-Newtonian nutterials, 34
Nonpchuletun-base hydraulic fluids, 4-7,4-11
Nons.pecificadon md potcntinl hydmufic fluids, 4-11
Nuclear mdkdon. 1-9

0

Oiliness. 348
addhks, 5-7

Organic acid esters. 4-9
Overall heat transfer ccm%cient, 248-249
Oxidntion, 1-5, 1-6

characteristics of inhibited mineral oils, 3-60
inhibitors, 5- I
stability, 3-53

tests, 3-60

14

Downloaded from http://www.everyspec.com



MIL-HDBK-118

fcst. 3-50-3-61

P

Penn SUtetmmb W341
Rrffum’imncd polym-s, 4-13
Mtluoropnlynlkylclhcr. 4-13
Petrobrn—kmc hytilc fluids, 4-7. 4-I 1
Phcsphalc Uma 4-7. 4-II
Pifm. 2-51.2-522-53.2-54
Pmumluic power, 1-1
mly (Chlnmpfunyl Iculhyl) Siloxnne. 4-12

f%lyalPhaole6ns (PAO). 4-13,5-3
FWyoxyalkylene glycols, 4-10
Polyphcnyl eihers. 4-13-414
Polysiloxnnes (silimncs). 4 I 2
PQlupJinL3-15

dcpmslmls. 5-9
kure. I-6-1-7

cnmpmwuion, 1.3

comml valves. I .3-1-4
loss

equivdenl length. 2-54
in pipefim, 2-53-2-s4

Pmpm’donnl snlenoid, 24!, 2.43
Rulql% 2-2–2-1 I

gem, 2-2-24

exmmal 2-2
helical. 2-3
herringbone, 24

SPIU. 2-2—2-3
internal

ccacauseal.24

-.24
piston, 2.6-2-10

axialfi.mn,2+2-9
b nxis, 2-8.2-9

in-ti 2-7
mdial piston, 2-9,2-10

mmting piston. 2-10
screw. 2- I 1

Vnac. 2-5-2-6
MmuXd. 2-6

ImMnnd. 2-s

Radiation, 1-9,2-48
rcsismnc~ 3-56

tests, 3-62
Rndiolysis. 1-9
R-k. 2-22

mpacily. 2-22

critical Vohmlc, 2-22
os n hem exchanger, 2-50
types, 2-22

Rod clnsifiauion. 2.13
ROM-Yactuator. 2-16. See also Hydmulic maim.
Rupture disk. 2.33,2.35
RUSIinhhitms, mndc of ncdon, 5-3

s

Sedimcnmdon, 3-45
Samvn!ve, 243, 244,2+
Shock nhsmbm, 2-55-2-56

hydmulic. 2-5G2-56
hydmpneunmdc, 2-56

Silnhydmmrbons, 412
silicate cswa-s. 4-9
Silicnn-cnmnining fluids. 5-2
Solenoid 2-40-2-43

air grip. 2-41.2-42
pmpOtliOtld. 2-42.243
Wel lmnn[lue. 2-41, 242

Solid panicle conumninadon mcasm-cmcm
by combined counting nnd weighing mdhods, 7.10
by cnunting, 7-9
by weighing. 7-10

Soumss of mnmmination, 7-3.7-15-7-16
biological, 7-16
chemical 7-16

Specific hem, 3-34
Specific gmvity, 3-32

test mclhclds, 3-32.3-33,3-34
Smbmlv.I-6
Stomg;” I-8
Su.unimdhigh—tmqxmhmStillity @& 3-61
symbols.1-2,1-3
synergism, 5-2
Synlhetic fluid. I-7

T

Tempcnuu~ I-5
‘f& mciflods

API gmvity, 3-32
nu!oignition lcm~mtum. 3-20
filling point. 3-30
bulk mndulus. 3-38
cloud Point 3-16

coefficient of thermal expansion. 3-32
density and specific gmvity. 3-32
eln.stomcr-liquid cumpmibility. 610
emulsion and fnaming, 3-1 I
fln.sh and fit-c point, 3-17
freezing point. 3. I7

I-5
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low-temperature stability, 3-61
oxidation-corrosion, 3-60
pour point. 3-16
viscosity, 3-14
VOktdlity, 3-29
wear. 3-49

‘f-hertnal
conductivity, 3-35
strdility. 3-55

tests, 3-61
TMn film oxidation Wxs, 3-60
Tubing, 2-51.2-52

~pcs of contaminants. 7-5,7-16
biological agents. 7-17
chemical agents, 7-16

liquid contaminants other than wawr, 7.6
mictubkdogical contaminants, 7-6
solid particle cOntaminanL 7-5
water. 7-5

Valves, 2-30-246
acuation, 2-39-2-45

cam, 240
manual, 240
pilot fluid. 245

Pptionti solenoid, 2-42-243
servomechanism, 2-4>244
solenoid, 2-40-242
spring, 240

mounting. 2-45-2+6
CtltWi@Cblocks, 246
in-line mounts, 245
subplate mounts, 245.246

types, 2-30-2-39
directional control 2-33-2-37

check 2-33-2-34
dexleration, 2-36-2-37
four-way, 2-34-2-36
shuttle, 2-34.2-36
tbIU-Wtly, 2-34.2-36
lvm-way, 2-34,2-36

fiOW<OOtMl, 2-37—2-39
flow divider valves, 2-39
globe and needle. 2-37—2-39
Positive-displacement metering, 2-38,2-39
prc.ssure-compensated flow-control, 2-38
simole orifice. 2-37

MIL-HDBK-118

pressure reducing. 2-33
pm.ssurc relief. 2-30-2-31
tllphl~ disk. 2-33.2.35
sequence, 2-32
utdoading, 2-31.2-32

Vane pump. 2-5—2-6
Vapor pressure, 3-29
Vkcosity, 1-5,3-2

absolute. 3-2
of blends of two liquids, 3-11
index, 1-5, 3-10

improvers, 5-5
kinematic, 3-3
measurement 3-5
other scales, 3-3
test. 3-6
unit conversions. 3-3

Vkcosity-pressure pmperdes, 3-12
Vkcosity-shear properties, 3-13

permanent viscosity loss due to shear, 3-14
tempmmy viscosity loss due 10 shear, 3-13
test methcds, 3-14

Viscosity. temperature

cocfficien~ 3-10
graphs. 4-22429
pm@ies, 3-8

ASTM viscosity-tcmpemturc charts. 3-8
ASTM SlOfJC,3-8
test methods, 3-11
viscosity index. 3-10

Volatility, 1-8,3-29

boiling point. 3-3o
evq)m-lttion, 3-30
WlpOr pt’L?.5SUR,3-29

w

Water glycok, 4-10
Water-glyccd fluid. 1-7
wear

Almen tester, 349
bench-type friction and wear tc.stcm, 3-49
Camemn-Plint high-frequency friction tesl. 3-50
Fnlex tester, 349
four-ball tester. 3-50
lubrication factors, 348
mechanical factors, 348
test methods, 348
Tmkn tester, 349

Iem”mxnttm-compensated flow-control, 2-38
p~SUR. COlttMl, 2-30-2-33

brake, 2-33
counterbalance, 2-32
hydraulic fuse, 2-33,2-34

1-6
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MIL-HDBK-118

Additives

Bulk modulus

clasai60&m”
Cloud point
_mv

cOmpmAbtiIy
Gmmimuion
Den5ily
Emukion
Fm misuuxe
Flashpoint

F-g point

Annym
Nnv@S
Airkll

SUBJIXX TERM (KEY WORD) LIS1’iNG

Chiiddiiu far aclcction
Lubricationpmprties
Ncwm.liion number
No+wdeam base
Pctm!eum baac
Physical propaties
Rnu point
Spccifiauiona
Sin-age
Tempermure
Vuccsily
Volluilily

Preparing activity

Army-ME

(Pmjm915@ll18)

Uaa activities

Army-ALAR.AT’.AV,Mf.~=~
Na@, W MC, OS. M, SH. YD
A.ir FOl’ce 1079,82.84

ST- I
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