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M L-H 8891

M LI TARY SPECI FI CATI ON

HYDRAULI C SYSTEMS, MANNED FLIGHT VEH CLES, TYPE ||
DESI GN, | NSTALLATION & DATA REQUI REMENTS FCR,
GENERAL SPECI FI CATION FOR

This specification is approved for use by all Departments
and Agencies of the Department of Defense.

L. SCOPE
11 Scqpe -_ This specification covers the design and in-
stallation requirements (}or Type 111 manned flight vehicle hydraulic systens.
1.2 Classification - Type [l flight vehicle hydraulic
5'4P39'F (see3. 3) shall be of the

systems for tenperature range from -
fol lowing classes, as specified:

Class 3,000 pound per square inch (psi) - Were the cutout pressure
at the main pressure controlling device is 3,000 psi.

Class 4,000 psi - Were the cutout pressure at the main pressure
controlling device is 4,000 psi.

2. APPL| CABLE DOCUMENTS

. 2.1 Issues of Documents - The following docunents, of the
issue in effect on dafe of Tnvitafion Tor hids or request for proposal, form
a part of this specification to the extent specified herein:

SPECI FI CATI ONS
Mlitary
M L- B- 5087 Bonding, Electrical, and Lighting Protection
for Aerospace Systens
M L- W 5088 Wring, Arcraft, Installation of
M L- H- 5440 Hydraulic Systems, Aircraft, Types | and II,

Design, Installation and Data Requirenents for

Beneficial comments (reconmendations, additions, deletions) and anY
Bertinent data which may be of use in inproving this document shoul d
e addressed to: Engineering Specifications and Standards Depart nent
(Code 93) Naval Air Engineering Center, Lakehurst, NJ. 08733, by
using the self-addressed Standardization Document |nprovement Proposal
(DD Form 1426) appearing at the end of this document or by letter.

FSC 1650
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Mlitary (Continued)

M L-T-5522
M L- P- 5954
M L- P- 5994

M L-T-6845

M L-F-7179

* ML-MT7997
M L- G 8348
M L- H 8446
M L- T- 8504
M L- B- 8584
M L- D- 8706
M L-F- 8785
M L- F- 8815
M L- H- 8890
M L- R-8931
M L- F- 9490
M L-F-18372
M L- P- 19692
M L- V- 25675

¥ M L- V- 81940
M L- F- 83300
* M L- C- 85052

Test Requirenments & Methods for Aircraft Hydraulic
and Energency Pneumatic Systens

pump Unit, Hydraulic, Electric Mtor Driven Fixed
Di spl acenent

Punp, Hydraulic, Electric Mtor Driven, Variable
Del ivery, General Specification for

Tubing, Steel, Corrosion-Resistant (304'3_, _Aerospace
Vehicle Hydraulic System 1/8 Hard Condition

Fi ni shes and Coatings: Protection of Aerospace
\leapons Systens, Structures and parts; General
Specification for

Mtors, Aircraft Hydraulic, Constant Displacenent

Gage Assenblies, Air Pressure, Dial Indicating
Chuck Type, Self-Contained (Asg)

Hydraulic Fluid, Nonpetroleum Base, Arcraft

Tubi nP, Steel, Corrosion-Resistant (304), Aerospace
\\l\/glhacde Hydraul i c Systens, Anneal ed, seam ess and
e

Brake Systems, \eel, Aircraft, Design O

Data and Tests, Engineering: Contract Requirenents
for Aircraft Weapon Systens

Flying Qualities of Piloted Airplane’s

Filter and Filter Elements, Fluid pressure,
draulic Line, 15 Mcron Absolute and 5 Mcron
solute, Type Il & Il Systens

Hydraulic Conponents, Type IIl, (-65° to + 450°F),
General Specitication for (Asg)

Reservoirs: Aircraft and Mssile, Hydraulic,
Separated Type

Flight Control Systems - Design, Installation and
Test Of, Piloted Aircraft, CGeneral Specification for

Flight Control Systems: Design, Installation and
Test of, Aircraft (CGeneral Specification for)

Punp, Hydraulic, Variable Delivery, General
Specification for

Val ves, Check, Mniature, Hydraulic, Aircraft
and Mssile

Valve, Sampling and Bleed, Hydraulic, Type Il Systens
Flying Qualities of Piloted V/ISTOL Aircraft
Canp, Loop, Cushion, General Specification for
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. STANDARDS
Federal

FED- STD- 791 Lubricants, Liquid Fuels, and Related Products;
Methods of Testing

Mlitary

M L- STD- 210 Cimtic Extremes for Mlitary Equipment

M L- STD- 1247 Markings, Functions, and Hazard Designations of
Hose, Pipe, and Tube Lines for Aircraft, Mssile,
and Space Systems

M521344 Fittings - Installation of Flared Tube, Straight
Threaded Connectors, Design Standard for

M533583 Tubing End - Double Flare, Standard Dinensions for

M5833584 Tubing End - Standard Dinensions for Flared

MB833611 Tube Bend Radii (Asg)

V533656 Fitting End, Standard Dimension for Flared Tube
Connections and Gasket Seal

MB33657 Fitting End, Standard Dinension for Bul khead

Flared Tube Connections

Air Force-Navy Aeronautical

AN6240 Filter - Hydraulic Replaceable Elenent Vent Tube
AN929 Cap Assenbly, Pressure Seal Flared Tube Fitting
. (Super sedes. AN920)
PUBLI CATI ONS
Navy Departnent Specification
SD-24 General Specification for Design and Construction
of Aircrart \Wapon Systens
Vol . | Fixed Wng Arcraft
Vol . 11 Rotary Wng Aircraft

Air _Force Systems Command Design Handbook
AFSC DH 2-2 Crew Stations and Passenger Accomodations

~ (Wien requesting applicable docunents, refer to both title and nunber.
Copies of unclassified documents may be obtained from the Commanding Officer,
Naval Publications and Forms Center, 5801 Tabor Avenue, Philadel phia,
Pennsyl vania 19120. Requests for copies of classified docunents should be
addressed to the Naval Publications and Forms Center, via the cognizant
Government representative.)
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2.2 Qther publications - The following documents form a part .
of this specification to the extent specified herein. ~Unless otherwse in-

dicated, the issue in effect on date of invitation for bids or request for

proposal shall apply.

Society of Automotive Engineers, Inc.. Aerospace Recommended Practices

ARP 243 Nonencl ature, Aircraft Hydraulic and Pneumatic Systens
ARP 584 Coi | ed Tubing

ARP 994 Recommended Practice for the Design of Tubing Installa-
tion for Aerospace Fluid Power System

AS 1290 Graphic Symbols for Aircraft Hydraulic and Pneumatic
Systens

AIR 1362 Physical Properties of Hydraulic Fluids

~ (Application for copies should be addressed to the Society of Autonotive
Engineers, Inc., 400 Conmonwealth Drive, Vrrendale, Pa. 15096.)

National Aerospace Standards Association, Inc.. Standard

NAS 1638 C eanliness Requirements of Parts used in Hydraulic

Systens
(Application for copies should be addressed to the National Aerospace
%gonsdagds Association, Inc., 1321 Fourteenth St., N.W, Washington D.C .

3. DESI N REQUI REMENTS

3.1 Confiquration requirements - The hydraulic system and
components thereof shall be designed to operate satisfactorily under all
conditions that the vehicle my encounter within the structural limtations
of the vehicle, including forces or conditions caused by accelerations de-
celeration, zero gravity (g).negative g, or any flight altitudes obtainable
with the vehicle, structural deflection, vibration, or other environnental
conditions. (For Navy use only, see Navy Department publications SD 24,
Volumes | and I1.) The hydraulic systen(s) shall be configured such that
any two fluid systemfailures due to combat or other darra?e. whi ch cause |oss
of fluid or pressure will not result in conplete loss of flight control. For
fixed-wing aircraft, the surviving systen(s) shall provide sufficient control
to meet the level 3 flgi ng qualities of ML-F-8785 for conventional takeoff
and landing and ML-F-83300 for vertical takeoff and landing. For rotary-
wing aircraft, the surviving systen{s) shall provide sufficient control for
return to the intended landing area (including shipboard areas).

.11 Subsystem isolation - Two or more subsystems pressurized
b)(] a conmon pressure source, one of which is essential to flight operation and
the other not essentials shall be so isolated that the sKstem essential to
flight operation will not be affected by any damage to the nonessential system
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3.1.2 Service-contractor _conferences - The contractors shal
confer with the hydraulic engineers of the applicable Service on the proposed
hydraul ic systems during the early stages of design, in order to take advantage
of exchange of information and to coordinate devel opment programs. The first
conference shall take place at the tinme when the prelimnary schematic dia-
gram is established for the vehicle. Qther conferences shall take place

uring the appropriate devel opment phases of the vehicle,

3.1.3 Functional mockup and simulator - A functional nockup
and simulator of the hydraulic system or systens shall be constructed to
determine system performance. Arrangenent “shall be made for the application
of simiated flight loads and forces, Prototype components or suitable |abora-
tory model s may be used for systems devel opnent testing. However, prior to
the first flight, testing shall be acconplished on the simulator with all
conponents incorporated, including tubing and fittings, identical to those
installed in the first flight vehicle. "Pending the availability of produc-
tion conponents, prototype conponents or suitable |aboratory models may be
used. One test on the sinulator shall sinulate a mssion profile so as to
duplicate an actual vehicle condition. Items shall operate in sequence for
a check on unusual back pressure, surges, tenperature punp pul sation, etc
The system shall sinulate startup, flight-control checkout, door closing
braking, steering, flap retraction, gear retraction, and power flight con-
trol under takeoff, cruise, approach, landing, and taxi conditions. A
ener gency nodes and system failure conditions as required by paragraph 3.1
shal I” be demonstrated, = The functional mockup shall be used to determne
the performance of the hydraulic system prior to the first flight of the
vehicle and to evaluate any significant changes to be made to the system
during production of the vehicle

3.1.4 Hydraulic system data submittal and approval - Hydraulic
system data submittal and approval requirenents for a specific nodel aircraft
wll be covered by a contract with the apprggriate procurin activity. Typi ca
information and data required are listed in 6.2, The data shall be furni'shed
in accordance with ML-D-8706 or in accordance with appropriate line items of
the Contractor Data Requirenents List (DD Form 1423), as applicable.

3.2 [ntrinsic requirenents

3.2.1 Materials - Miterials used in the manufacture of hydraulic
svstems shall be of high quality, suitable for the purpose, and shall conform
to applicable Government specifications. Materials conformng to contractor's
specifications may be used, provided it can be clearly demonstrated that they
are at least equivalent to Government specifications with respect to operat-
ing characteristics and that a savings in weight or cost can be acconplished.
Contractor's specifications mst be satisfactory. to the Governnent and contain
provisions for adequate tests. The use of contractor's specifications will

not constitute waiver of Government inspection

3.2.2 \Wrkmanship - Wrkmanship shall be high grade throughout
to insure proper operation and service life
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3.2.3 Special tools - Hydraulic systens shall be so designed
that special tools wilT not be required for installation or removal of com
ponents unless it can be shown that use of special tools-is unavoidable.

3.2.4 Nomencl ature - The nonenclature used shall conformto
SAE publication ARP 243

3.2.5 Fire hazards - The hydraulic system shall be integrated
with other systems that wTT elTmnate or isolate the systen(s) fromfire
hazards caused by proxinty of combustible gases, heat sources, bleed-air
ducts or electrical equipment, etc. Hydraulic lines and equipnent |ocated
inthe vicinity of heat and ignition sources that will cause spontaneous
ignition or sustained fire of hydraulic |eakage from these lines or equi F
ment shall be protected bY devices such as firewalls, shrouds, or equivalent
means that will prevent fluid ignition.

o33 Fluids requirenents - The fluids for all hydraulic systems
and in the test standS used 1or ground testing of the hydraulic” system shall
be in accordance with M L-H 8446.

¥ 0331 FHuid handling - The hydraulic fluid shall be stored in
containers which insure exclusion of nmoisture and oxygen. Transfer of fluid
from the containers to the vehicle hydraulic system shall he acconplished by
the use of ground equi pment which will nminimze the length of time that air
and moisture is in contact with the fluid. Al fluid introduced into the
vehicle shall be filtered through a filter capable of removing particles in
excess of 5 mcrons.

* 3.3.2 Fluid tenperature lintations - The hydraulic systen(s)
shal | be capable of operating under any conditron encountéred within the .
operating envel oFe, i ncl udi ng the conditions specified in 3.3.2.1, wthout
exceeding the following fluid tenperature linits in any portion of the
systen(s?. The maxi mum hotspot tenperatures shall be specified in the nodel
specification. In addition, provisions shall be incorporated in the air vehicle
to mintain the fluid tenperature at levels below detrinental thermal breakdown
of the fluid and bel ow detrinental effect to other system conponents. The
system shal | be capable of full performance with the fluid at any tenperature
through the range of -20°F to + 390°F; the system performance at any tenpera-
ture between -65°F and -20°F shal|l be adequate and in accordance with the sub-
system and conponent specifications. The hydraulic systems shall operate sat-
isfactorily within the range of anbient tenperature specified in the detail
specifications for the egw pment. Qperation at these |ow tenperatures shall not
result in any permanent degradation of systen(s) or component performance.

33221 dimtic extremes - Gound operation, flight operation
and storage climtic extremes shalT he in accordance with the weapon system
procurement specification,

. A Power punps_and reservoirs - The power punps may be

either engine, nechanical transmssion or electrically driven, The reservoirs
may be of the separated or non-separated type and enploy either gas or boot-
strap type pressurization.
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3.4.1 Power _punps - The hydraulic system punp(s) shall be
compatible with the installeh vehicle system and shall not cause abnorm
or undesirable effects on the installed systemin the vehicle. In each
system the primary punp applications which normally require continuous
operation shall be provided with at least two qualified Rﬁnp designs from
separate manufacturing sources on production aircraft. | punps™qual i fied
for a given application shall be physically and functionally interchangeable
and shal | be conpatible with the systemand with each other to allow mxed
use in nultiple punp systens.

3.4.1.1 Miltiple punps, engine-driven - Miltiple engine vehicle
hydraulic systems using engine-driven punps shall have punps driven by at
l'east two engines. A sufficient number of engine-driven punps, augmented
where necessary by punps driven from other sources of power (e.g., electric
notors, auxiliary power units, ramair turbine, or pneumatic drives), shal
be provided to assure operation of control surface boost or Pomer syst ems
with any mninum conbination of engines which will maintain flight and to
assure operation of power brake systems and any other services needed during
taxiing with any mninum conbination of engines which my be used for taxiing

3.4.1.2 Punps, variable-delivery - Variable-delivery punps shal
be in accordance with ML-P-19692.  For punps the pressure differential between
the punp-case cooling port and the reservoir shall be such as to permt the
punp to maintain adequate cooling flow in any punp flow condition.

3.4.1.3 El ectric-motor-driven punps - Electric-notor-driven
hydraulic punps in accordance with ML-P-5954 or ML-P-5994 may be used, as
necessary, for either normal, emergency, or auxiliary operation of hydraulic
systens.

3.4.1.4 Energency power pumps - Hydraulic punps required to
provide enﬁrgencylpomer for direct application to flight controls or other
essential hydraulic flight requirements shall not be used for any other
function

3.4.1.5 Punp pul sation - For all pomer-generatin? conmponent s
(engine punps, power packages, transfer units, etc.), punp pulsations shal
be controlled to a level which does not adversel¥ affect the vehicle system
tubing, conponents, and supports installation. The contractor shall déter-

mne by test the effect of punp pulsations (punp ripple) on the hydraulic

system Initial tests shall be conducted on the functional mockup and

sinulator, with suitable recording equipnent, and shall cover the conplete
SEEEd range fromstart up to the maxi numspeed, pressures and flows that

the pump will be subjected to when installed in the vehicle, Adverse effects

i ncluding induced resonant vibrations shall be elimnated. Results of the
functional mockup/sinulator tests for punp ripple effects shall be docunented
forwarded to the procuring activity, and shall be verified on the first

vehicle, and any additional major corrections required shall be made prior to

the first flight
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' 3.4.1.6 Punp rotation reversal - For equipment not designed to
withstand reverse rotation, the system and conponents shall be designed so
that no single failure will permt reverse rotation.

3.4.1.7 Punp supply line - The fluid supply line fromthe
reservoir to the punp or system of punps shall be designed to pernmit ful
output capability of the punp or_system of Punps without cavitation from
a fluid temperature of -20°F. Capability of punp or system or punps to
start at -65°F fluid tenperature and to Provide adequate flow while warmng
up shall be provided. Test data and analysis shall be furnished for the
aPprovaI of the procur[n? activity, showing that satisfactory service life
of the punp or ﬁunps will be indicated under all operating conditions of
the vehicle. This information may be included in the system design report
(see 6.2.4). (Ref. 3.4.2.4 Reservoir Pressurization)

3.4.1. Punp supply shutoff valves - Pump Supply (suction) shut-
off valves shall be provided if the fire protection requirements of the
particular model vehicle specify the need for such equipment in the hydraulic
systen1 These val ves, when required, shall not be |ocated on the engine side
of firewalls or flame-tight diaphrams but shall be located as close as practic-
able to these menbers. However, the valves shall be so removed from the engine
that the loss of the engine fromthe attaching structure will not inpair the
operation of the valve. These valves shall be operable fromthe cockpit, to
both the closed and open positions

* 3.4.2 Reservoirs - Hydraulic reservoirs shall be in accordance
with ML-R-8931 as applicable. Installation of pressurized reservoirs shall
include a suitable repressurization valve for maintenance Burposes. Hydraulic
reservoirs shall be of the type listed in paragraph 3.4.2.2.

¥ 3.4.2.1 Reservoir location - It is desired that the reservoir ‘II'
should be so located that the folTowng conditions will be obtained.

(a) Astatic head of fluid will be supplied to the
h?ndhpunphanﬁ the power-driven pump or punps in all normal flight altitudes
of the vehicle

(b) The length of suction line to the punp is a mnimm
(c) Protection fromconbat damage,

~(d) If practicicable, suction lines shall be so routed
as to prevent breakln% of the fluid colum caused by gravity after engine
shutdown and during the parkin% period. \here such routing is not possible
or where the reservoir cannot be |ocated above the punp, suitable provisions
sHa{h be installed to maintain the fluid colum to the punp after engine
shut down.

. (e) If routing of the punp case drain line cannot
be acconﬂllshed so that breaking of the fluid colum by gravity after
engine shutdown is prevented, suitable provisions shall be installed
to mintain the fluid colum to the punp after engine shutdown.

. o (f) The best available tenperature and pressure
is utilized, but nmust not be installed in engine conpartments
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- (g) In aircraft with dual system reservoir positions
for the two reservoirs shall bhe sufficiently different so that malfunction

caused by violent aircraft manuever, such as negative "g" conditions, shal
0

prevent [oss of both systems through punp cavitation or supply line |oss
3.4.2.2 Reservoir types
3.4.2.2.1 Nonseparated type - The reservoir shall incorporate an

expansion space pressurized wth an inert gas excluding any fluid in contact
with air. Al vent. or relief, and repressurizing lines shall enmploy check
valves or other suitable means to permit flow from the reservoir and prevent
introduction of atmospheric air into the reservoir.

3.4.2.2.2 Separated type - The reservoir pressurization shall be
effected by any suitable method wth the exception of a gas in contact with
the fluid. Normal operation of the systemshall not introduce gas into the
hydraulic fluid, and provisions shall be nmade to entrap entrained gas which
may have entered the system and prevent its circulation. Provisions shal
be made for the removal of this trapped gas

3.4.2.3 Energency reservoir - \hen a hydraulic energency system
is used in any mlitary vehicle except trainer types, a separate emergency
reservoir shall be provided. The enmergency reservoir shall be located as
renmote as practicable fromthe main reservoir to mnimze gunfire damage
It shall be possible to fill the main and emergency reservoirs through a
common filler port, unless the two reservoirs are so far distant astomke
this requirement inpracticable. The feed and vent lines in the two reservoirs
shall be so located that rupture of either of the reservoirs or the feedlines
will not cause loss of sufficient fluid fromthe other reservoir to inpair
the system operation. Reservoirs shall be suitably protected (i.e., return
line relief valve) to prevent failure or damage when rapid discharge of the
main or emergency systeminto the reservoirs s encountered.

o 3.4.2.4 Reservoir pressurization - Reservoir pressurization
requirements are derived from either the Steady State or the Transient
Response condition. Both methods shall be calculated and the larger of the
two shall be utilized. The steady state calculation utilizes the pressure
drop in the suction line and all conponents in the suction line plus the
punp inlet requirenents. The transient response is considered to be the
amount of pressure required to accelerate the colum of fluid in the suction
line between the reservoir and the punp inlet as required by changes in
system flow demands. These cal culations shall be in accordance wth the
formula outlined bel ow

WLV.
g t (144)

Wer e: Reservoir pressure (psi)

Specific weight of the fluid (Ib/ft?)

Length of the suction line in (ft) . S
Flurd velocity in (feet per second) in suction |ine
Acceleration due to gravity (32.2 ft/sec-see)

Punp response in time (see)
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3.4.2.5 Reservoir venting - If a vent is provided in the reser-

voir, it shall be so arranged that loss of fluid will not occur thrgyghlﬁhe
vent-during flight maneuvers or ground operations of the vehicle. e
in accordance wth AN6240 shall be incorporated into the vent line if the
tenperature requirement is suitable. If afiller cap is used, the act of
removing the filler cap shall automatically vent the reservoir in such a
manner that the energy contained in the pressurizing air is not dissipated
by inparting kinetic energy to either the filler cap or the fluid contained
in the reservoir or elsewhere in the system

3.4.2.6 Gas-pressurized reservoirs - The gas pressure shall be
controlled by an externaIIK nonad] ust abl e pre?sure-r %ylatiqq d?vic to con-
trol the gas pressure in the reservoir. A relief valve shal also be con-
nected to the ?as space to protect the reservoir and pump from excessive
ﬁressure. If the pressure regulator and relief valve are conbined into one

ousing, a single failure in that unit shall not pernit overpressurization
of the reservoir. Devices that introduce air into the hydraulic fluid shal

not be used. When the gas is separate fromthe fluid by a piston or other
device, operation of the system shall not introduce gas into the hydraulic

fluid . Provision shall be made to remove entrained gas which may Kave entered
the system during servicing or operation

3.4.2.7  Reservoir air pressurization nmoisture removal equipment-
Wen engine bleed air is used for reservoir pressurization a suitable nois-

ture removal unit shall be so located as to protect the pressure regulation
lines and equipment. An adequate filter shall be provided.

4.2, Reservoir fluid level Indication - Reservoir fluid |eve
indication shall be ﬁrovided in the cockpit. Tndrcator fluid level markings
shall correspond with the direct-reading fluid level indicator markings pro-
vided on the reservoir and shall be lighted in accordance with applicable
cockpit Iighting requirements. A suitable warning light shall also be Pro;
vided to advise the pilot of a low fluid level condition. The cockpit fluid
IwelindcﬁorshdlrmteHmnMetherawHemm for the direct-reading

fluid level indicator on the reservoir itself, as this is required for reser-
voir servicing with power OFF.

3.4.2.9 Reservoir hootstrap pressurization - Reservoir pressurize- |,

tion shall be maintained in the event normal system pressure (reservoir bootstrap
pressure) is lost due to an air-lock. Mintaining reservoir pressurization will
mninmze punp pressure recovery tine.

10
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3.5 , Ceneral system design requirements - Hydraulic systens
shal| be as sinple and ool proof as posSible and In accordance with design,
operation, inspection, and maintenance objectives specified in the vehicle
design requirenents,

3.5.1 Strength -
3.5.1.1 Additional loads - Al hydraulic systens and conponents

which are subjected, durrng operation of the vehicle, to structural or other

| oads which are not of hydraulic origin shall withstand such |oads when applied
si nul t aneousl y \Mth_anropr.iate proof pressure as specified in Table I, with-
out exceeding the yield point at the maxinum operating tenperature.

3.5.1.2 Accelerated loads - Actuating cylinders and other com
ponents and their attachrng Tines and fittings, subject to accelerated |oads,
shal| be designed and tested on the basis of a pressure equal to the maximm
pressure that will be developed, without exceeding the yield point at the
maxi mum operating tenperature.

3.5.2 Pressure limtations -
3.5.2.1 System pressures - System pressure shall be in accord-
ance with Table |, Peak pressure resulting from any phase of the system

operation shall not exceed 135 percent of the main system subsystem or
return system operating pressure when neasured with electronic equipnent,
or equivalent. Lines, fittings, and equipnment in return circuits shall be
designed for one-half the nomnal system operating pressure.

3.5.2.2 Proof and burst - The systems individual conponents
shal | be designed to wthstand the Proof and burst pressure requirenents of
Table | throughout the ambient and fluid tenperature range after |oss of
strength of materials caused by aging at elevated tenperatures for the life
of the systems or component.

3.5.2.3 Back pressure - The system shall be so designed that
proper functioning of any unit wll not he affected by the back pressure
or changes in the back pressure in the system The system or systems shall
al so be so designed that malfunctioning of any unit in the systémwll not
render any other subsystem energency system or alternate system inopera-
tive because of back pressure.

3.5.2.3.1 Brakes - Back pressure resulting from the operation of
any unit while the vehicle is on the ground shall create no greater back
pressure at the brake valve return port than 90 percent of that Pressure
which will cause contact of braking surfaces. In addition, supply pressure
to the brake system shall not drop-bel ow the maximum brake-operating pressure
during the operation of any other subsystemin the vehicle during taxiing,
| andi ng, or takeoff.

11
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* TABLE |. SYSTEM PRESSURES, PSI
NOMINAL OPERATING| PERCENT
PRESSURE OPERATING
CHARACTERISTICS 3,000 | 4,000 PRESSURE | REMARKS
Closed-Genter Type System (Variable Volume Pump)
(a) Pump unloading pressure 3,000 4,000
(b) Max. limit full flow sys. press. 2,950 34950
{c) Max, system relief valve setting | 3,850 | 4,850
at maxiowm system flow
Thermal Relief Valve Setting {(Maximm)
(a) Equal to system relief valve 150 150
max., setting plus values noted
Proof Pressure
(a) Lines & fittings press. circuits 6,000 8,000 200
{b) Hoses Proof press. values for
hose to be in accord. with
applicable detail spec.
(c) Components containing air and 6,000 8,000 200
€111l A vndar nrassiivra
adULY BUUTL pPLieOOowass
(d) Pump suction, case draim line
components and reservoir
1) Non-pressurized reservoirs 50 50
2) Bootstrap reservoirs 150% of res. oper. press.
3) Gas pressurized reservoirs 200% of res. opex. press,
(e) Components normally under system 4,500 6,000 150
fluid pressure only
(f) Collapse pressure of parts 50 50 Except reservoir and
subject to suction pressure External | External pump seal chambers
{g) Return circuits {lines, 3,000 4,000 200 Except hose, which ghall
fittings, and components) be 125% of actual max.press.
Burst Pressure (Mimimum)
(8) Lines and fittings 12,000 | 16,000 400
(b) Hoses Hose burst press. to be
in accordance with
N applicable detsil spec.
{c) Components containing air and 12,000 | 16,000 400
fluid under pressure
(d) Pump suction, case drain line
components apd reservoir
1) Mop-pressurizad reservelr 100 100
2) Bootstrap reservoir 300% of res. oper, press,
3) Gas pressurized 400% of res. oper. press.
(e) Components normally under fluid 7,500 | 10,000 250
pressure only
(£) Components in return circuits 6,000 8,000 200 Excapt hoses which shall be
(lines, fittings, & components) 250% of nominal sys. press.
Collapse pressure of parts subject 50 50
to suction pressures Exterpal | External
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3.5.4 Gound test provisions - Each hydraulic system shall
include a set of self-sealing couplings for attachment of ground test equip-
ment.  System ground test provisions shall be so designed that pressurization
of any hydraulic systemin the vehicle is not necessary in order to test an-
other hydraulic system In particular, use of only one hydraulic test stand
shal | be necessary to test the system without use of "Y' connections between
the test stand and the vehicle or use of a second ?{ound test stand connected
to another hydraulic systemin the vehicle. (For Tiltration requirenents
see 3.10.8) A central ground servicing station shall be provided for each
system that includes connections for attachment of ground test equipnent for
system checkout and flushing, reservoir bleeding, reservoir fill, and accum-
lator inert gas charging

Note: Single system operation, in nulti-system aircraft, and
vigorous cycling of the control surfaces, can cause air
to formin the other non-pressurized, or non-operating,
system(s). Gound support equipment shall be configured
to prevent air formation in the non-pressurized systen(s)
that can cause erratic or damaging system operation.

3.5.4.1 Gound test connections - A separate set of self-sealing
coupling consisting of bulkhead halves and protective caps shall be provided
at a convenient location in the vehicle, easily accessible from the ?round
for attachment of ground test equipment. The ‘ground connections shall be
conpatible with those connections supplied on ground test units in use by
the procuring activity. Electric-motor-driven punps used in energency or
auxiliary systems shall not be used for ground test purposes unless the
motor is designed for continuous operation

Note:  No existing connections specified at this tine. The
?ro%urlngdact|V|ty shal | specify the type of coupling
0 be use

3.5.4.1.1 Reservoir_pressurization connection - Reservoirs which
are normally pressurized by inert gas, a ground charging connection shal
be provided and shall consist of a fitting end in accordance wth Ms33656-4
or Ms33657-4 for attachment to a ground ghargin% unit. A protective cap
wth safe automatic venting nmechanism add a 3afety chain shall be provided
to protect the end connection when not in use. The automatic-venting
mechani sm nust prevent injury to servicing personnel.

3,5.4.1.2 Reservoir filling provisions - Servicing connection
and necessary vaIvin% to acconplish pressure filling of reservoirs froma
ground source shall Dbe provided. To preclude air introduction, filling
Eroyisions shal| be so designed that open fluid containers cannot be used.
luid shall be filtered at the fluid source. Fluid level indication shal
be provided. Reference ML-R-8931 and ML-H8890. Filling instructions
shall be provided immediately adjacent to the filling connections, The
?round test connection may be used for thIS.purPQSG, Vhere ener gency
illing provisions are incorporated the design filling procedure is
subject to prior approval by the procuring activity

3.5.4.2 Gound test data - The following data shall be attached
in a permanent manner on the aircraft near the ground test connections:
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Set ground test reservoir pressurizing valve to pSi
Set ground test stand relief valve to pSi
Set ground test stand output to gpm
Set ground test stand pressure conpensator to psi
Use hydraulic fluid conforming to ML-H 8446 ~

Gound test stand output filter shall be microns absolute
(Any other precautions or informtion considered necessary.)

NOTE :  The contractor shall fill in the above val ues

CAUTION NOTE:  The vehicle manufacturer shall provide a caution note
stipulating the maxinum safe flow for [anding-gear
ret&act|on checks during the time the aircraft is on
j acks.

3.5.5 Removal of entrapped air - Suitable means, such as
bl eeder valves, shall ™De provided tor removal of entrapped air. Disconnec-
tion of lines or loosening of tubing nuts does not constitute "suitable
means”. Equi pment and system configuration shall, insofar as practicable
be designed to automatically scavenge free air to a reservoir or other col-
lection points where operation will not be affected and where release can
be conveniently acconplished (see 3.10.4)

3.5.5.1 System air tolerance - The system shall be designed
and configured such tRat tnhe Eresence of entrapped air that is not reéemoved
or scavenged per paragraph 3.5.5 shall not cause sustained loss of system
pressure or degradation of system performance during all conditions of in-
tended vehicle operation.

3.5.6 System pressure indication - Pressure-indicatjng equip-
ment acceptable to thé procuring activity snait be provided to indicate the
system pressure in hydraulic systems or subsystems.  On engine-driven nulti-
punp sgstens, pressure-indicating e1U|pnent shall be provided for each punp
to enable the flight crew to check for proper operation of each punp with
shutdown of any engine. The pressure indicators shall be so located as to
be readily visible by the flight crew.

3.5.6.1 System | ow-pressure warning light - In addition, but '
not as a substitute fOT tne requirenent of 3.5.8, a suitable warning |ight
shal| be installed in the cockpit in a conspicuous location to warn the
pilot of low hydraulic system pressure. The |ight shall be actuated by a
pressure switch in the system  For Navy vehicles, there shall be a separate
warning light for each hydraulic system  The warning light, or lights, shal
not be actuated by any conbination of flight-control “operations under norm
operations. A momentary flicker of the warning |ight durlng ground checkout
only is permssible, provided such condition is adequately described in the
appropriate vehicle operation and maintenance manuals and provided such con-
dition does not occur during flight unless a system malfunction exists

.. 3.5.6.2 _Miintenance check gages and indicators - Pressure gages/
indicators that require a preffignt, postiltgnt, or darly check shall no
require workstands or platforns in order to read the gages or indicators.
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3.5.7 Tenperature indicators - Tenperature indicators shall be
Proyided to alert the TTrght crew of rmpending system failure due to excessive
luid tenperatures. These tenperature indicators shall be so located as to
be readable by the fIi%ht crew personnel. The sensor (pickup) in the system
shal | be approved by the procuring activity

3.5.8 Fluid quantity indicators - Fluid guantjty indicators
shall be provided to Tndrcate the rrurd Tevel in the hydraulic” systems reser-
voirs. These indicators shall be so |ocated as to be readabl e by the operat-
ing personnel

3.5.9 Fluid sampling valves
3.5.9.1 Navy - A fluid sa Iin? valve shall be provided in the
system return line that 1s comon to all acfuating circuits and shall be

IocMelesHeamoftherminretwn line filter. The sanpling valve(s)

shall be located in a readily accessible area and shall allow convenient use
of sanpling containers. Fluid sanpling valves shall also be provided in
other portions of the systemif considered necessary by the procuring activity
The sanpling valve shall allow representative fluid sanples to be taken while
the systemis fully pressurized. ~ Contamination generated by the operation

of the valve shall not be, sufficient to adversely affect tbe fluid sanple.

The valve nozzle shall be designed so that penetration of a thin plastic
menbrane cover on the sanpling container neck, when so provided, can be
readily acconplished. The valve nozzle shall include a protective caP, and
the cap shall also prevent external |eakage in the event of valve malfunction.
The cap shall be provided with a secur|tK chain, or equivalent, to prevent
loss of the caP. Sanpliq? valves shall be in general accordance with the
requirements of ML-V-81940, except that they shall be suitable for the
temperature and pressure specified in the detail specification.

3.5.9.2 Arny - Sanmpling valves shall be provided in hydraulic
systems. These valves shal | be located in each hydraulic systemat points
where the fluid contamnants can be most detrimental to the performance of
the flight vehicle. The nunber of valves required for each system and their
|ocation shall be as a%reed upon by the contractor and the procuring activity
Reference paragraph 3.1.2.

3.6 Utility system design requirenents - Al hydraulically
operated services (excluding TTTght confrols covered by 3,1) that are
essential to the acconplishment of the basic vehicle mission (bomb-bay doors
in-flight refueling, gun drives, etc.} or essential to land and stop the
vehicle (landing gear, brakes (excluding Types | and IV brakes, etc.?).shal
have provisions for energency actuation. No single failure of the utility
system shall result in loss of the vehicle

3.6.1 Definition - The utility system shall include all systens
used for the normal operation of anﬁ service on the vehicle, excluding the
systens used for the operation of the vehicle primary control surfaces.

3.6.2 %gglication - The general requirements of 3.5 and sub-
paragraphs thereto apply to the utility system

3.6.3 Weel brake systems - Weel brake system shall be in
accordance with M L-B-8584.
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3.7 Flight-control system design requirenments - Flight-contro
systens which require hydraulic power for operation shall conformto ML-F-9490
for Air Force or ML-F-18372 for Navy, as applicable. In dual flight-control
systems, both systems shall be so designed that a ground test stand may be
connected to either one of the flight-control systens and that system may be
operated without adverse effect on the dead system such as overflow of the
system or failure of any part thereof. In order to accomplish this objective
automatic bypass of the fluid in the dead system from one side of the actuator
to the other side shall be provided

3.7.1 Definitions - Primary flight controls include those con-
trol systens used to operate primry vehicle control surfaces such as ailerons
rudders, elevators, stabilizers, or conbined function surfaces.

3.7.1.1 Power - boosted flight-control system - A power-boost ed
flight-control systemis a reversible control system wherein the pilot effort,
which is exerted through a set of nechanical |inkages, is at sone point in
these |inkages boosted by a hydraulic power source.

3.7.1.2 Power - operated flight-control system - A power-operated
flight-control system s an irreversible control system wherein the pilot,
either electrically or nechanically, actuates a power-control servomechani sm
This nechani sm actuates the primary control surface or corresponding device
A system of this type may have electrical or electronic pilot input nodes.

3,7.1,3 Conbined flight-control/utility system - A conbined
flight-control/utility system (combined system is a system that supplies a
portion of the power required to operate the flight-control system and also
supplies power to the utility system

3,7.1.3.1 System isolation - \Whenever hydraulic power is required
for primary flight controls, a conpletely separate, integral, and adequate
thrauIic system shal | be provided to supply only the primary flight controls
This hydraulic system shall' not be used to Supply any other System or com
gpnent in the vehicle, unless approval is obtained from the procuring activity
his hydraulic system shall be as sinple as practicable and shall contain a
m ninum nunber of components. Dual actuator systems may enploy the conbined
flight-control/utility SYSten]fOF one-half of the power, in which case the
flight-control system shall be given pressure priority hy neans of a suitable
valve. In addition, the combined flight-control/utility system shall be so
designed that the portions of the systemrequired for operation only during .
the takeoff and Iandinﬁ phases of flight (e.%., Iandin% gear or wing flaps)
naY be isolated fromthe rest of the system by means of a suitable shutoff
valve in the pressure line, controllable from the cockpit, and check valves
in the return lines so located that a rupture in any portion of the utilitr
system will not cause loss of fluid fromthe reservoir when the system isola-
tion valve is closed. \hen isolation valves are used in a combined flight-
control/utility system to isolate nonessential flight functions the system
shal | be designed to preclude inadvertent isolation, during taxi or ground
operation, that would result in loss of wheel braking, nose-gear steering,
or other critical functions

3.7.2 Application - The general requirenents of 3.5 and sub-

paragraphs thereto apply to the flight control system For flight control
operational state classifications refer to ML-F-9490 and ML-F-18372.
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3.7.3 Hydraulic power failure - In vehicles where direct
mechani cal control sufficient to obtain vehicle controllability to Fass
the emergency requirenents of ML-F-8785 cannot be acconplished follow ng
hydraulic power failure, an emergency power source shall be provided,
supplying controllability requirements

3.7.3.1 Energency system application - The nmeans of engaging
the enErFency power system shall be either manual or automatic: however,
they shall be of the sinplest and nost reliable nature possible consistent
with the requirements of the vehicle, Manual engagement is preferred, when
suitable. Automatic engagement of the energency power system shall not be
used unless specifically approved by the procuring activity. If the vehicle
has a single engine, the emergency power source shall be independent of the
oPeration of thi's engine. on nultiple-engine vehicles, the emergency source
of power shall be on a different engine than the primry source of power.
In some cases, it is permssible to utilize the utility hydraulic system as
the emergency source of power, if it is acconplished in such a way that
there is no interconnection with the flight-control power system and no
single failure can cause loss of hoth systems, Consideration shall be
given to the possibility of out-of-fuel Iandings wherein none of the engines
are operating. Inasnuch as some turbojet engines will not windmll enough
to provide adequate flight-control power supply during landing, it my be
necessary to provide emergency power sources not deFendent upon engine
operation. In vehicles which are capable of being |anded w thout engine
power, this condition shall not be considered an energency, and provisions
shall be made for landings with one of the power systens failed while out
of fuel. When designing for this condition, extreme care must be exercised
not to reduce the reliability of the power systems, It shall always be
possible to reengage the flight controls or return themto normal follow ng
operation of the-emergency hydraulic system and where a ramair turbine is
used as the source of emergency power, it shall be capable of extension,
operation, and retraction under any flight conditions

3.7.3.2 Di sengagenent and bypassing - Were direct mechanica
control is utilized followng primary hydraulic system failure, or as made
necessary by other system design conditions, provisions shall be made for
automatic, direct bypassing of the fluid-fromone side of the primary flight-
control actuator to the other. \Were the actuator can be disengaged from
the system bypassinﬁ will not be required. For dual actuator systens,
where necessary, both systens shall provide automatic bypass

3.7.4 System separation, survivability & clearance - Were
duplicate hydraulic systems are provided, these systems shalT be separated
as far as possible to obtain the maximm advantage of the dual systemwith
regard to vulnerability fromgunfire or engine fires. \Were practicable,
dual systems shoul d-be on opposite sides of the fuselage, the w’n? spar,
or sin1|ar|y separated. In-any case the systens necessar% for safety of
flight shall be separated a mininumof 18 inches, preferably in a plane
perpendicular to ground fire. \here it is deemed necessary, in a particular
aircraft nodel, for these systems to cone together, as in a dual tandem
surface actuator, that actuator shall be protected fromthe threat to a
degree specified by the procuring activity. Adequate consideration should
be given to the clearance between noving fliﬁpt-control-s stem conponents
and-structure or other conmponents to insure that no possible conbination
of tenperature effects, airloads, or structural deflections can cause
binding, rubbing, or jannin%]or any portion of the primary flight-contro
system For additional flight control system details refer to ML-F-9490
and ML-F-18372.
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3.7.5 Subsystem pressure - Subsystems which use a pressure
| ower than the full system pressure shall be designed to withstand and
operate under the full pressure or shall have an adequate relief valve
installed downstream of the pressure reducing valve if the full pressure
woul d be detrimental or dangerous. This relief valve may be incorporated
into the same housing as the pressure reducer, provided that the relief
val ve nechanism is independent of the mechanism of the pressure reducer.

3.7.6 Power sources - Vehicle primry flight-control
hydraulic systens shalT have engine-driven punps as their source of power,
unless sufficient justification-exists for using other power sources-and
|s_3ﬁe0|f|cally approved by the procuring activity. Helicopter primary
flight-control “systems shall have transmission-driven punps as a source
of power so that power will be available during auto rotation.

3.1.7 System tenperature -The hydraulic flight control
actuators shall provide the required actuation rates under mninum and
maxi mim in-fIiPht fluid and anbient tenperatures, The flight critical
conponents shall not bind or jam under any conbination of in-flight fluid
and ambient conditions including si ngi]le failures, such as relief valves,
worn punps, failed valves and other heat generating failures. The effects
of differential fluid tenperature in tandem units shall also be denonstrated.

3.8 Energency system design for utility system requirenents
3.8.1 Types - Were energency devices are required in
hydraulic systems, the gmergency systems shall be conpletely independent

of the main systemup to, but no necessarily including, the shuttle valve,
the actuating cylinder, or motor. The system shall be so designed that
failure of an actuator in one subsystem shall not prevent the operation
of or cause the failure of hoth normal and emergency actuation of another
subsystem  These emergency systems shall utilize hydraulic fluid, com
pressed gas, ge_s-%eneranng. devices, direct mechanical connection? or
gravity. Mechanical connections may include electronechanical” units.

Use of other types of emergency systems shall require specific approval
of the procuring activity.

3.8.2 Hgh-1ift devices - \Were safe operational |andings
cannot be accorrrﬁlished wthout the use of hydraulically operated high-
lift devices, they shall be powered by two independent” hydraulic systens
or be provided with a suitable emergency system

3.8.3 Emergency-line venting - The emergency line from the
shuttle valves shall be vented to the reservoir or to a |owpressure non-
surﬁl ng return line when the emergency systemis not in use, except as
authorized by the procuring activity. en shuttle valve |eakage is not
critical, the line my be vented to the atnosphere. After use of a com
pressed-gas enmergency system the system shall be bled directly to the
atrmosphere rather than to the reservoir.

3.9 Conponent desi gn requirenents - Al conponents used
in the system shall conformto ML-H8890 and applicable detail specifica-
tions.
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3.0.1 Standard conponents - Standard conponents shall be used .
in Preference to nonstandard conponents wherever they will performthe func-
tion required by the system operating needs. \here no applicable AN or MS
standard conponent exists, a nininum size envel ope conpatible with the per-
formance, installation, inspection, and maintenance requirements shall be
used. \Mere non-standard conponents are used envel ope drawings and speci-
fications shall be provided that are suitable for conpetitive procurement.

3.9.2. - Qifices - Oifices larger than 0.012 inch but smaller
than 0.070 inch in dianeter shall be Protected by adjacent filter elements
having screen openings 0.008 to 0.012-inch in diameter. Orifices smaller
than the above range shall be protected bg adj acent el enents having open-
ings smaller than the orifices and shall be subject to aBprovaI of the
procuring activity. Qifices and filter elements shall be strong enough
to withstand system design flow and pressure up to and including blocked
flow without rupture or permanent deformation.

3*9.3 Actuators essential to safe operation of the aircraft -
Were two or more independent hydraulic systems are utilized to power serv-
ices essential for safe flight ge.g., primary flight controls), the actua-
tion and control devices shall be designed and constructed (either Parallel
or series configuration) so that no single structural or hydraulic failure
will cause loss of nore than one hydraulic system or allow transfer of
fluid from one systemto another. ~Alumnum shall not be used as a struc-
tural or fluid containment material for the actuation or control devices
in Navy vehicles.

3.10 Component _installation requirenments .

3.10.1 Installation design practice - The hydraulic system
conponent installation requirenments sPecmed In the follow ng subparagraphs
are considered to be representative of good design practice; however, it Is
recogni zed that variations from these practices will, in many cases, be
necessary due to specific installation exigencies. Al installation of
standard parts or components shall be designed to accommodate the worst
dimensional and operational conditions permtted in the applicable part or
conponent specification or AN or M5 standard. Al conponents shall be in-
stalled and nounted to satisfactorily withstand all expected acceleration
| oads, wench loads, vibration effects, etc. Al conmponents shall be in-
stalled in a manner to prevent their use as handies, steps, etc.

31011 Reverse installation - Al system conponents shall be
designed so that reverse installation cannot occur. Nonstandard conponents
may be used, if necessary, to conformto these requirenents.

. 3.10.1.2 ~ Pilot's cockpit and conpartment - No conponent contain-
ing hydraulic fluid shall be mounted in the pifot"s cockpit or crew conpart-
ment without approval of the procuring activity.

3.10.2 Accumul ators - If practicable, accunulators shall be in-
stalled in areas of controlled tenmperature environment. Consideration shall
be given to installations which will provide protection for crew nenbers,
passengers and adéacent vehicle subsystens against accunulator rupture. Ac-
cumul ators shall be charged with an inert gas only. Installation with the
?as side down should be considered in order to permt easier checking for oil

eakage past the piston and removal of oil or water fromthe gas side. ‘
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NOTE: Critical performance paraneter is the tenperature envel ope
of -65°to 390°F.

3.10.2.1 Measurement of accumulator gas Pressure - A permanent
pressure gage shall be attached to the gas side of the accumulator, A
gage indicating accunulator gas pressure shall never be used to indicate
equival ent hydraulic pressure.

3.10,2.2 Accunul ator _accessibility - In all accumulator in-
stallations space shall be Provided around the gas charging valve for use
of a ML-G 8348 high-pressure, gas-testing gage assenbly and for standard
fitting connections to charge accumul ators.

3.10.2.3 Accumul ator _instructions - Instructions for servicing
the accunulator with gas pressure with the accumulator oil chémber di scharggd
shal| be provided immediately adjacent to the accumulator, Adequate infor -
tion shall be included to indicate the proper gas preload pressure throughout
the tenperature range for which the accunulator will be serviced.

3.10.2.4 Accumul ator location - The accunulator in the vehicle

shal| not he located near a hot air duct or other similar conponent that
my fail and result in the accunulator overheating.

3. 10. Actuating cylinders - Hydraulic actuating cylinders
shall be so installed that they do not interfere with the adi?cent S [ucture
and are readily accessible for maintenance and inspection. possible, the
cylinder should be installed in a protected area, or if exposed, be protected
from flying debris during landing and takeoff.

3.10.4 Bl eeder valves - Bleeder valves shall be so |ocated
that they can be operated without necessitating renoval of other vehicle
conponents.  Such installations shall permt attachment of a flexible hose
so that fluid bled off may be directed into a container.

3.10.5 Brake valves - Brake valves shall be installed in ac-
cordance with M L-B-8584.

3.10.6 Check valves - Check valves shall conformto ML-
V- 25675.

3.10.7 Directional control valves - The installation of direc-

tional control valves shall be conpatible with the control valve performnce
such that the system operation will not be affected by back pressure, inter-
flow, or pressure surges which night tend to cause the valves to open or nove
fromtheir setting or cause themto bypass fluid in other than the intended
manner .
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3,10.7.1 Directional control valve handle installation - Al
installations of directional control valve handles shall conformto AFSC
DH 2-2 for the Air Force and the Arny, and for the Navy as approved by the
Cockpit Board of the Naval Air Systems Command. Wen the effective handle
length exceeds 0.8 inch, limting stops, external to the valve, shall be
?FOVi ded. These stops shall be capable of withstandi n? 75 pound-inches
imt load and shall be so positioned that no load will be applied to the
internal valve stops, unless the valve has been specifically designed to
handl e subject Ioads.

3.10.7.2 Mil tiple control valve systems - In systems which in-
corporate two or nore directional control valves, provision shall be made
to prevent fluid from being transferred inadvertently, at any possible valve

setting, fromthe cylinder ports of one valve into the cylinder ports of
anot her valve,

3.10.7.3 Control valve actuation - Control valve operation may
be direct, such as push-pull rods or cable control, or indirect, such as
electrically operated controls. Push-pull rods shall regwre a-mni num or
no adjustment. Cable control shall be designed to provide mninum adjust-
ment and positive control. Al controls shall be designed to prevent over-
travel or undertravel of the valve control handle by use of external or
internal stops. Electrically operated valves shall be provided with mechan-
ical override control mechanisms wherever practicable and at the option of
the procuring activity,

3.10.7.4 Control valve wiring - Electrically operated control
valves shall be wired In accordance wth ML-W5088.

3,10.8 Filters - Line filters, when installed in the vehicle
sKstem in close proximty To an accumulator, shall be installed upstream of
the accunulator. Pressure-drop indicators shall be provided on the filter
assembly; the indicator shall be easily visible to servicing Personnel.
Wen a screen or filter is provided either internally or in close proximty
to a conponent, suitable provisions shall be made for removal of the screen
or filter for cleaning or replacment. Sintered-type elenents shall not be
used. Filters shall not be installed between the system reservoir and the
punp suction port unless specifically authorized by the procuring activity.

3.10.8.1 Navy vehicle filters - All filters installed in the
h}/draulic systen(s) shalT Dbe in general accordance with the requirenments
of ML-F-8815 (5 mcron absolute type) except that each filter elenent
and the filter assenbllﬁ/ shal | be suitable for the tenperature and pressure
specified in the detail specification, Filter elenents shall be the dis-
posabl e (throwawap, depthtype unit. These filters shall be used to filter
all the the circulating fluid in the system In all aircraft delivered,
the system contanmnation |evel shall not exceed the particle size and range
listed as class 8 of Table | of NAS 1638 as determned in accordance with
method 3009 of FED- STD-791.

3.10,8.2 Air Force and Arny vehicle filters - Al filters in-
stalled in the hkl/ldraulic systen{s) shall be in general accordance with the
requirements of ML-F-8815 (15 mcron absolute type) except that each filter
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element and the filter assenbly shall be suitable for the pressure and
temperature specified in the detail specification. Filters incorporating

el ements having absolute ratings |ower (finer) than 15 microns may be

used subject to approval of the procuring activity. These filters shal

be used to filter all circulating fluid In the system The acceptable
contamination level for aircraft delivery shall be specified by the procuring
activity

3.10.8.3 Filter locations - Filters shall be provided in the
following locations as a mninum requirenent. Qther filter locations shal
be provided at the option of the procuring activity.

3.10.8.3.1 Pressure line installation - Anon-bypass-type filter(s)
shal| be installed in” the system pressure Iine and shall be so located that
all fluid from the vehicle punp(s) and the ground test equi pment pressure
connection will be filtered prior to entering any major equiPnent or com
ponents of the system In nulti-punp systems, each punp shall have a sepa-
rate filter installation.

3.10.8.3.2 Return line installation - A bypass-type line filter
shal| be installed inthe return Tine. AT fluid entering the return circuit
shall be circulated through the filter prior to entering the return line to
the reservoir and/or punp suction line

3.10.8.3.3 Reservoir fill line installation - A non-bypass-type
line filter shall be installed to filter all flurd entering the system
through the reservoir fill connection. The-absolute filtration rating
shall be in agreement with paragraph 3.10.8.1 and 3.10.8.2 respectively.

- 3.10.8.3.4 Punp-case drain line installation - Each punp-case
drain (bypass) line shall have a bypass-type filter i1nstalled.

3.10.8.4 Sequencing valves - Were hydraulic sequencing is
critical, each sequence valve shalT be protected from contamnation in each
direction of flow by a suitable screen-type filter element. This el ement
my be included as a part of the sequence valve assembly.

3.10.9 Fittings - Al tube fittings (other than connections
at production break pornts, to removable components, and where needed to
facilitate maintenance) shall be permanently joined enploying no screw
threads or simlar nechanical means and shall require approval by the pro-
curing activity prior to installation in the applicable vehicle. In addi-
tion, suitable repair and replacement methods 1nvolving failed tubing and
fittings shall be established for each vehicle nodel and shall be included
in the applicable vehicle publications. Separable fittings (e.g., a screw
thread design) shall be used on removable conponents where needed to facili-
tate maintenance and production. The tube fitting designs shall be selected
primarily on the basis of high-reliability and |ight weight, and shal| be
qual i fied br a conprehensive test program Consideration shall be given to
selection of fittings and installation equipment of types which are already
in the inventory of the using service. Suitable repair and replacement
nethods involving failed tubing and fittings shall be established. No
thread |ubricant other than hydraulic fluid specified in 3.3 shall be used
on tube fittings, unless specifically authorized by the procuring activity
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03.10.9.1 Universal fittings - Universal fittings shall not be
used in hydraulic systems unless witten approval is obtained from the
procuring activity.

3.10. 10 Flowdividers - Flow dividers shall not be used if the
effgpt.of a malfunction of the flow divider would result in an unsafe flight
condi tion.

3.10.11 Flow requlators - Flow regulators my be installed in
the hydraulic systemTo Trmt The rate of fluid flow The direction and
rate of fluid flow shall be clearly indicated on the flow regulator and the
adjacent structure. Regulators used under continuous dynamic conditions
shal | not adversely affect the operation of the hydraulic system

3.10.12 Protective devices - Hydraulic fuses, circuit breakers
reservoir level sensors, or other simTar devices my be used to meet sur-
vivability requirements established by the procuring activity. The specific
application of such devices shall be subject to the approval of the procuring
activity. Premature or inadvertent shutoff or any other malfunction of such
devices during any flow or pressure variations or any conditions of system
oEeratlon is a design requirement. The function and reliability of such devices
shal | be demonstrated in the functional nockup and simulator. (Ref. par. 3.1.3)

3.10.13 Snubbers - Pressure snubbers shall be used with all
hydraulic pressure transmiters, hydraulic pressure switches, and hydraulic
pressure gages. Pneumatic pressure gages are excluded fromthis require-
ment

03.10.14 . Manual ly operated punps - Were a manual |y operated
punp is required, either a hand-actuafed or foot-actuated punp shall be
selected, based on trade-off studies. In installations where the punp can
be operated by personnel in a standing position, strong consideration shal
be given to a foot punp to mininze physical exertion.

3.10.14.1 Manual |y operated punp installation - The handle of the
hand punp shall be so arranged that 1t wTl nof be necessary for the pilot to
| ower or turn his head fromthe line of necessary flight vision to actuate

the punp.

3.10.14.2 Manual |y operated punp suction line - No screen or filter
shall be used in the suction Tine of the punp.  The suction line shall be of
suitable dianeter and length to insure priming a dry punp and obtaining full-
rated flow at -65°F tenperature with 12 conplete cycles at a rate of 2
cycles Fer mnute. The punp circuit shall be capable of full prining and
rated flow in flight at the highest altitude at which punp operation is
essential and intended

3.10.14.3 Manual |y operated punp check valve - A standard check
valve shall be provided in the pump pressure Iine.

3.10.14.4 Hand punp handle length - The effective operating handle
length of hand punps shall be such that the handle load shall not exceed 75
pounds, The sweep envel ope of this handle travel at the handgrip shall not
exceed 18. radial inches.
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3.10.15 Flexibl e connections - Wenever relative notion exists
?etmegn two points, metal coiled tubing in accordance with ARP 584 is pre-
erred.

3.10.15.1 Hose assenblies - Hose assenblies shall not be subjected
to torsional deflection ﬁtmﬁsting) when installed, or during system actuation.
No hose clanp type installation shall be used in hydraulic systems. If
possible, additional installation space shall be provided to permt replace-
ment with spares of slightly larger space envelope requirements

3.10.15.2 Hose support - The support of a flexible line shall be

such that it wll never tend to cause deflection of the rigid |ines under
any possible relative motion that may occur. Flexible hose between two
rigid connections naY have excessive motion restrained where necessary but
shal |l never be rigidly supported as by a tight rigid clanp around the out-
side diameter of the flexible hose. Extreme care should be used in the
selection and placement of the supports to assure the flexible line is not
restricted and does not rub on structure or adjacent nmenbers during any
portion of its excursion.

3.10.15.3 Hose bend radii - The mininmum radius of bend of hose

assenblies shall be a function of hose size and flexing range to which the
hose installation will be subjected. The mninum bend radit for hoses shall

be as listed in the applicable hose specifications

3.10.15.4 Hose protection - Hose shall be suitably protected
against chafing where necessary to preclude damage to the hose and to, the
adjoining structure tubing, wring, and other equipment. Hose assenblies
(including end fittings) of anphibious aircraft which are subject to salt
water inmersion shall be adequately protected

3.10.15.5 Provisions for hose elongation and contraction - Hose
assemblies shall be so selected and installed that elonqation and contraction
under pressure, wthin the hose specification limts, wll not be detrinenta
to the installation either by causing strains on the end fittings or excess-
ive binding or chafing of the hose
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3.10, 16 Lock valves - Use of lock valves to hydraulically
| ock actuating cylinders shall require aﬁproval of the procuring activity.
where lock valves are used, provisions shall be made for fluid expansion
and contraction throughout the tenperature range. . Were several actuating
cylinders are mechanically tied together, only one lock valve shall be used
to hydraulically lock all actuators so tied together.

3.10.17 Mtors - Al motors shall be accessible for mainten-
ance and inspection, Proper case flow connections to the reservoir shal
be provided. Installation of hydraulic motors shall be such that the notor
hou3|ng shal | not be subjected to overpressurization. Shaft seal drain
shal| be vented to prevent return of this fluid to the hydraulic systens.

3.10.18 Relief valves, systemand thermal expansion -Wth
specific approval of the procur|n%)act|V|ty, rel1ef valves may be incor-
porated as-part of another unit, Provided they conplg with applicable
relief device to prevent bursting of, or damage to, the systemin the
event the normal pressure regulation device in the system mal functions;
or, in a blocked line condition to relieve excessive pressure due to
either thermal expansion of the fluid or overload forces on actuating
?n|tsh Therefore, relief valves shal| not be used as the sole means of

imting pressure in a power circuit but shall function only as a safety

val ve

3.10.18.1 System relief valves - Provisions shall be made to
insure that Bressures In any part of the ﬁomer systemwi |l not exceed a
safe [imt above the cutout pressure of the hrdraulic system  Pressure
relief valves, as specified herein? shall be located in the hydraulic
sKstenlmherever necessary to acconplish this pressure relief (see Table I).
The system relief valve shall have a capacity equal to or greater than the
combined rate of flow of punps where fixed-displacement punps with conmon
cutout regulators are used, or equal to or greater than the rated flow of
t he Iargest punp when variabl e-volume pumps with a common pressure |ine
are use

3.10.18.2 Thermal expansion relief valves - Relief valves shal
be installed as necessary to prevent excessive pressure rise and system
damage resulting fromthermal expansion of hydraulic fluid. Interna
valve |eakage shall not be considered an acceptable method of providing
thermal relref. (For relief valve setting, see Table I.)

3.10.19 Restrictor valves - Adjustable orifice restrictor
valves may be used in experimental vehicles but only fixed orifice restrictor
valves shall be used in service test and production vehicles. For one-uay
restrictors, the direction of restricted and unrestricted flovshall be in
di cat ed o? the restrictor valves. (For orifice filtration requirements
see 3.9.2
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3.10.20 Self-sealing couplings - Hydraulic systems shall be
provided with self-sealing couplings for each engine or nechanical trans-
mssion driven punp and so located that the powerplant or nechan'ial trans- .
mssion section can be readily removed for smvimrg. A suitable coupling
shal| be used in each line %0|ng to each punp. Self-sealing couplings
shal| also be provided on all hydraulically operated brake installations
where it is necessarr to disconnect the brake line in order to renove the
wheel . The self-sealing coupling shall be attached to the brake, and it
wM!MpWQMewrmwemeM%lwmthm?thCwmmg Sel f -
sealing couplings shall also be provided at all other points in the hydraulic
system which require frequent disassenbly or, where convenient to isolate

arts of the systemas in jacking and servicing one landing gear only.
gufficient clearance shall be ?rovided around the couplin? to permt con-
nection and disconnection. Self-sealing couplings instalTed adjacent to
each other shall be of different size or be otherwise designed that in-
advertent cross connection of the lines cannot occur.

3.10.20.1 Airframe break points - Wen self-sealing couplings
are provided at airframe break points, especially in flight-control systens,
and where disconnection of such a coupling or couplinﬁs w |l adversely affect
the operation of any of the systens, adequate means shall be provided to pre-
vent the inadvertent disconnection of the couplings. Such means shall also
provi de adequate indication when a coupling connection is inconplete. If
the means of preventing inadvertent disconnection are not absolutely posi-
tive, the system shall be so designed that a hydraulic lock resulting from
an inadvertent cougllng di sconnection will not he the cause of an aircraft
accident. Means shall be provided to prevent damage to the system due to
thermal expansion of the fluid if a pressure trap Is created when self-
sealing couplings are disconnected

3,10.21 Shuttle valves - Shuttle valves shall not be used in

installations in which a force balance can be obtained on both inlet ports
sinul taneously which may cause the shuttle valve to restrict flow from the
outlet port. ~Wiere shuttle valves are necessary to connect an actuating
cylinder with the normal and energency systems, the shuttle valve unjt
shall be built into the appropriate cylinder head. \ere the above in-
stallation cannot be made, a shuttle valve may be located at the actuator
Fort. In the event neither of the above installations is possible, a

ength of rigid line is permssible between the cylinder port and the
shuttle valve, provided that the rigid line and shuttle valve are firmy
attached to the actuating cylinder. Flexible hose shall not be used be-
tween the actuating cylinder port and the shuttle valve. Wen energency
line venting is required, see paragraph 3.8.3.

3.10. 22 Pressure switches - Pressure switches may be installed
in hydraulic systems where the regulation of hydraulic pressure is requited
by controlling an electric-nmotor-driven punp or other applications approved
bK the procurlng activity. Adequate precautions shall be taken to prevent
chatter or cutorf. Pressure switches shall be approved by the procuring
activity
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3.10.23 Swivel joints - Swivel joints may be used where rela-
tive notion exists between two pornts (see 3.10.15). Life test data shal
be submtted to the procuring activity for approval. \Were lines or
fittings are used to drive swvel joints, they shall be adequately sup-
ported and shall be of sufficient strength to insure a satisfactory
operating installation

3.10.24 Vents - All vent openings or fluid exposed to breath-
in? action through vents shall be protected by filters. For reservoir,
reference paragraph 3.10.20.6.

3,11 Tubing -
3.11.1 Tubing materials - Tubing shall be either corrosion-

resistant steel confornin?. to ML-T-6845 or ML-T-8504. Hiﬂher strengt h-
to-weight ratio steel or titaniumtubing my be used with the approval of
the procuring activity. Tubing nounted on shock struts shall be corrosion-
resistant steel. The mininmumwall thickness in any alloy or tube size
shall be not less than .020 inch

3.11.2 Tube sizing - Tubing size is a function of severa
parameters. (One of the more inportant paraneters is pressure drop

General Iy they should be sized to permt approximately 107. of system
operating pressure drop in the total pressure transmssion system i.e.
punp to actuator, and a 107. drop for the return systemat the m ni num
rated fluid temperature, Unless otherw se specified the rated tenpera-
ture is -20°F.  This pressure drop analysis shall utilize the data |isted
in AIR 1362 "Physical Properties of Hydraulic Fluids”. Another inportant
paraneter is fluid velocity which results in pressure surges and splées

and is discussed in paragraph 3.5.3 “Fluid velocity linitations". ~AddI-
tional paraneters are located with respect to the:” (1) punp pressure line
this high energy line is sensitive to resonance conditions devel oped from
punp ripple, structural vibrations and engine vibrations, and (2? structura
defections between connecting end points, and (3) specific [ocal applica-
tions.

3.11.3 Tubing fabrication -
3.11.3.1 Tubi ng bends - Bends shall be uniformand shall be in

accordance with MS33611.

3.11.3.2 Tubing and fitting identification - Al hydraulic oi
lines shall be permanently marked in accordance with ML-STD 1247. (For
| pplications in systens where environnental tenperatures do not ﬁenit the
use of markings in accordance with ML-STD-1247, the contractor shall pre-
pare an identification sFeC|f|cat|on and submt it for approval to the pro-
curing activity.) A sufficient nunber of hydraulic lines shall be marked
In conspicuous |ocations throughout the vehicle in order that each run of
line may be traced. This marking shall indicate the unit operated and the
direction of flow, such as "Landing gear up", “Flaps down”, etc. These
markings shall be repeated as often as necessary, particularly on |ines
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enterin% and enmerging from closed conpartments, to facilitate maintenance
work. (The directron of flow shall be clearly indicated on the |ines
leading to and from each conponent requiring unidirectional flow such as
check valves. If the lines are not visible, a permanent marking on the
structure imediately adjacent to the conponent shall be provided which
indicates direction of flow through the conponent for proper installation.)
Were fittings are located in nembers such as bul kheads and webs, each
fitting location shall be identified (placard) as to systemfunction, wng
the sane terninology as on its connecting line. (Especially conspicuous
identification shall distinguish dual parallel systems piping where they
are in close proximty to each other.)

3.11.3.3 Tubing flares and assenmbly - Tubing flares shall con-
formto MS33583 or MS33584. When rnstalling tube connections care shoul d
be exercised to keep the wench torque used to assemble each joint within
the limts specified or Ms21344, Aumnumalloy fittings shall not be used

3.11.3.4 Tubi ng pre-stress (Autofrettage) . Each cold drawn
stress relieved titanium tube assendbly shall be pre-stressed by the | pplica-
tion of pressure to within approxinmately 5% of the mninumyield strength.
This Process naY.be perforned on the bench or in the aircraft. This process
can also be apB ied to other tubing materials such as stainless steel and
al umnum The benefits to be derived fromthis process is inproved fatigue
life and ovality reduction.

3.11.4 Tubing installation - ﬂmiw shal| be installed in
accordance with ARP 994
3.11.4.1 Location of hydraulic tubing - Hydraulic lines shal

not be installed in the cockpit or cabin and shall be renote fronlpersonne
stations. In addition, hYdrauIic lines shall be located remotely from
exhaust stacks and manifolds; electrical radio, oxygen, and equipnent |ines;
and insulating materials. In all cases, the hydraulic lines shall be below
the aforementioned to prevent fire fromline Ieaka?e. Hydraulic |ines shal
not be grouped with l[ines carrying other fhammable fluids in order to prevent
inadvertent cross connection of different systems. Hydraulic drain and vent
lines shall exhaust in areas where the fluid will not be blown into the
vehicle, collect in pools in the structure or be blown onto or near exhaust
stacks, manifolds or other sources of heat. Tubing shall be located so

t hat dana?e will not occur due to being stepped on, used as handhol ds, or

by manipulation of tools during maintenance. Conponents and |ines shall be
so located that easy accessibility for inspection, adjustment, and repair is
possible. Hydraulic tubing shall not be used to provide support of other
aircraft installations such as wring other aircraft tubing or simlar
installations. Attachment of so-called marriage clanps for spacing of such
installations is |ikew se prohibited

3.11.4.2 Tubing connections - Were two or more lines are
attached to a hydraulic conponent and incorrect connection of lines to the
component s possible, the two [ines shall be sufficiently different to
prevent such an occurrence. :

3.11,4.3 Tubing supports - All hydraulic tubing shall be sug-
ported fromrigid structure by tube clanps in accordance wth ML-GC 85052
clanps or by suitable nultiple block-type clanps. Were tenperatures
make the ML-C 85052 clanp unsatisfactory clanps suitable tor the .
tenperature Involved shal|l be used as approved by the procuring activity.

Supports shal|l be placed as near as practicable to bends to mninze
overhand of the tube. Recomended spacings between supports are
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shown in Table Il, except that where tubes support fittings, such as unions
and tees, spacings should be reduced approximtely 20 percent. Vhere tubes
of different diameters are connected together, an average spacing distance
my be used. In any event, installation shall be in accordance with
3.11.4.4 and 3.11.10. Provisions shall be made in support locations to
acconmodat e chan%e in tubing length caused by expansion and contraction.

In order to facilitate inspection and repair, tubing shall not be bundled

toget her.
TABLE 11 HYDRAULI C LINE SUPPORT SPACI NGS
NOM NAL TUBE OD .
(I NCHES) ( MEASURED ALONG TUBE) (| NCHES)

1/8 11-1/2
3/ 16 14
1/4 16
5/16 18
38 20
1/2 23
5/8 25-1/2
34 27-1/2

| 30

1- 14 31-1/2

1- 12 32-1/2
. ]

3.11.4.4 Installation clearances - Where tubing is supported to

structure or other rigid menbers, the cTearances shall be In accordance with
ARP 994.

311,45 Straight tube lines - Straight tube lines between two
rigid tubing end connections shall not be used

3.11.4.6 Designed notion in tubing - Looped or straight tubing
shall not be used between two connections where there is designed relative
l'inear motion. Coiled tube and torsion-tube installations of corrosion-

resistant steel tubing shall be designed and installed in accordance wth
the data given in ARP 584

3.11.4.7 Installation of small size tubing - !f tubing in
sizes smaller than 1/4 inch outside diameter (-4 size) IS used in hydraulic
systems, particular care shall be taken to properly install, support, and
protect it, and it nust be shown that proper operation of the systemin
which such tubing is used will be possible at -65°F tenperature

3.11.5 Tubing in fire hazard areas - Wthin powerplant com
ﬁartnents and at other locations where fires are likely to occur, al
ydraulic tubing shall be corrosion-resistant steel, unless the tubing is
separated from the en?ine,or potential fire area by a flametight barrier.
VWhere separable tube Tittings are required, they shall be corrosion-
resistant or carbon steel

30



Downloaded from http://www.everyspec.com

M L-H 8891A

3.11.6 Drain lines - Drain or vent lines coning fromthe
punps reservoir, or other hydraulic conponents shall not be connected to
any other line or any other fluid systemin the vehicle in such manner as
to pi;nit mxture of the fluids at any of the conponents being drained or
vent ed.

3.11.7 Mounting |ightwei ght conponents - Lightweight com
ponents that do not have mounting provisions nmay be supported by the
tubing installation provided that the conponent is rigidly installed
and does not result In destructive vibration or cause other adverse
conditions in the tubing installation. Clanps or sinilar devices nay
be used to support such units to structure, provided that naneplates,
flowdirection arrows or markings, or other data is not obscured and
that the supporting menber(s) do not affect the operation of the unit.

3.11.8 System protection from combat damage - Redundant
systens shall be separated a mninmum of 18 inches, preferably in a plane
perpendicular to ground fire, or be protected to a degree specified by
the procuring activity.

3. 11, Bonding - The vehicle hydraulic system conponents and
[ines shall be bonded to the aircraft in accordance with M L-B-5087.

3.11.10 Vibration - The conplete hydraulic system including
lines and conponents, ~shalT Dbe designed to withstand the effect of vibra-
tion punp pulsation, and shock |oads encountered during service operation
of the vehicle.

3.11.11 Corrosion protection - Al tubing in exposed areas,
such as wheel wells, weapon bays, and cove areas, shall be adequately
protected against corrosion, particularly under the sleeve at the fit-
tings, in accordance with ML-F-7179 or procedures approved by the pro-
curing activity.

4, QUALITY ASSURANCE PROVI SI ONS

4.1 Responsi bility for inspection - Unless otherw se speci-
fied in the contract,” The contractor Is responsibie for the performance of
all inspection requirenents as specified herein. Except as otherwise specified
in the contract, the contractor may use his own or any other facilities suit-
able for the performance of the inspection requirements specified herein,
unless disapproved by the Governnent. The Governnent reserves the right to
perform any of the inspections-set forth in the specification where such
Inspections are deemed necessary to assure supplies and services conform
to prescribed requirements.
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4.2 Inspection - The hydraulic systeminstallation of one
of the first conplete experinental and production vehicles shall be subject
to inspection for conformance to the requirenents of this sPeC|f|cat|on Ry
engineering representatives of the procuring activity. It I's expected that
this inspection will be performed at the contractor's plant concurrently
with simlar engineering inspections of other systems of the vehicle
Detailed arrangements for the inspection will be the subject of correspond-
ence between the procuring activity and the contractor.

4.2.1 Vibration - The hydraulic system of the first flight
vehicle shall be test-to first flight to determine if any destruc-
tive vibration occurs as the result of any and all conbinations of engine
and hydraulic punp speed, and hydraulic punp flows and pressures. Hy raulic
lines, hoses and their supports, fittings, and all conponents shall be
checked. Corrective action shall be taken on any discrepancies.

4.2.2 Gound and flight tests - Gound and flight tests
shal | be conducted in accordance with ML-T-5522, nodified as necessary,
except that this specification shall be used where any reference to ML-
H 5440 is mde therein

4.3 Ceaning of parts and systems - To assure that the
hydraulic systemis free of contamnation, all parts of the hydraulic
system shal | be thoroughly cleaned prior to installation and each new
hydraulic system shall Dbe operated at least 10 times in order to insure
filtration of all C|rcu|at|n% fluid. Gound equipnent which is used for
this cleaning process shall be provided with filters with the same, or
finer degree, of filtration used in the vehicle system Dead-end |ines
in the system shall be properly connected with junpers to conpletely
clean such lines. If the filter element in the hydraulic systemis
used during this operation, it shall be replaced.

. PACKAG NG

This section is not applicable to this specification.

. NOTES

6.1 [ntended use - The design and installation require-
ments covered by this specification are anIicabIe to manned flight
vehicle hydraulic systems such as the utility system the flight contro
systen] various subsystms, and conmponent installation procedures for
type 111 (-65° to +390°F) tenperature range. The requirements of this
specification are general as applicable to hydraulic systems and are based
on Service experience to date. Requirements of this specification may be
wai ved for specific applications upon Fresentation of substantiating data
to the procuring activity, | s | pplicable, and approval by such | ctivity
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6.2 Subnittal of data - To obtain approval of the
hydraulic system data subnittal and approval requirenents for a specific
model vehicle will be covered b¥ a contract with the appropriate %o-
curing activity. The data shall be furnished in accordance with ML-D-

8706 or in accordance with appropriate |ine items of the contractor data
requirements list (DD Form 1423). Applicable data in the followi ng sub-
paragraphs should be included in conpliance with 3.1.4.

6.2.1 Hydraulic system analysis and design study - The
data listed in this paragraph should be submitted for evaluation of design
studies of a proposed new vehicle dunnF the prelimnary design and defini-
tion phases of a research, experinental or prototype vehicle. The con-
tractor should submit a report covering such design studies and analysis
as are required to establish the design parameters of the h%/draulic system
of the Froposed vehicle. The design analysis should show that the hydraulic
system fulfills the needs in")osed by the weapon system requirenents, = This
report should include the followng information and data:

(a) Hydraulic system schematic or block diagram

o . (b) Pressure and flow rates versus tine for each
mssion profile along with the load analysis.

_ (c? A thermal analysis with fluid tenperature
versus time curves for fluid tenperature (including hotspots) for
typical mssions.

(d) Nonflammable (or |ess flammable) hydraulic
fluids should be considered in the interest of reducing the potential
fire hazard in a combat environment. The fluid selection should be
based on a trade study to insure that specific inprovements in safety
and survivability are realized without excessive penalty in hgdraulic
system performance, operational capability, or cost of the vehicle,
The trade study should consider reliability and all |ogistic aspects
over the expected life of the vehicle including supply and maintenance
as well as Inpact on support and service equipnent on the flight [|ine,
in repair shops, and overhaul facilities.

(e) Analyses or trade studies should include the
fol | owi ng:

(1) Optimum approach to permanent tube joining.

(2) Optinum separable tube fitting design.

(3) Whether tubing materials having a strength-
to-weight ratio higher than that of ML-T-6845 can be used successfully,

consistent with (1) and (2) alone, and be available within the tine con-
straints of the program schedul e.
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6.2.2 Devel opmental and/or preproduction data - The fol | ow
ing data should be submitted during the development phase of the hydraulic
system and shoul d be suitable for use @ Production procurement data

(a) If it is determned by the prelimnary service-
contractor conference (see 3.1.2) that ML-H8890 is not adequate for a
specific vehicle, the contractor shall prepare and submit for approval a

general specification for conpogents simlar to ML-H8890. Thi docPFem
shal | specify the ﬁerfornance, esign, and testing requirements for a

conponents in the hydraulic sYstem and @l so shall”be the controlling
t o

docunent for conponents not otherwise covered by an applicable conponent
specification

(b) Hydraulic system schematic diagram in accordance
with 6.2.3.2 should be subnitted for approval

(c) Hydraulic system design report in accordance wth
6.2.4 should be submitted for approval

(d) Hydraulic systemground and flight test report in
accordance with ML-T-5522 should be subnitted for approval

(e) Detail specifications and tﬁst reports for the
fol I owing Conponents shoul d be subnitted for technical review and approval:

(1) Punps and motors.

(2) Flight-control actuators and servos

(3) Flexible connectors including hoses
(if nonstandard)

(4) Packings and packing installations
(if nonstandard)

(5) Fluids (if nonstandard)
(6) Fittings (if nonstandard)

NOTE :  Qther conponents that may require surveillance, in view of
the criticalness of the particular itemto the pr%per functi oni ng
of the weapon system may be specified after the ydraullc system
schematic diagrams have been reviewed. Tne list of surveillance

items will be established during the service-contractor conference
(see 3.1.2).

(f) Cross-sectional assenbly drawi ngs, in accordance

with 6.2,5 of all nonstandard hydraulic conponents should be submitted for
i nformation

(g) Afailure node and effects analysis of failures
and malfunctions affecting performance and safety shall be subnitted.
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6.2.2.1 The following procedure should be adapted by the
contractor for conponents not listed under 6.2.2(e):

(a) The contractor should certify, upon conpletion of
validating tests, that the hydraulic canponent conforms to the applicable
mlitary or contractor-prepared specifications approved by the procuring
activity and is satisfactory for use in the particular vehicle weapon
system hydraulic system

. (b) The test reports, as well as the specifications
and other applicable engi neer|n?. data covering the hydraulic system com
poneuts, other than those specitied in 6.2.2(e), should be retained by the
contractor and should be available to the procuring activity upon request,
with the excePtlon that all the cross-sectional assenbly draw ngs shoul d
be submitted tor information.

, (c) The contractor should list in a status of equip-
ment list those conmponents that are contractor certified for data avail- \
ability and conpliance with the applicable Governnent-approved specifications.

6,2.3 Production data - \Where changes have been made in the
hydraulic system over the developmental hydraulic system the devel opnental
data required in 6.2.2 should be submtted.

6.2.3.1 Functional test specification - A specification in-
corporating the necessary functional tests of the hydraulic system of
productllon vehicle should be submtted to the procuring activity for
approval .

. 6.2.3.2 Schematic diagram - The schematic diagram shoul d con-
sist of one copy of the conventional size and one copy approximat eI% 11
inches in height. The arrangement of the schematic diagram should be such
as to present the systemin a clear and easily readable form wth conplete
s.ubsxst.ems grouped and |abeled accordingly. Enphasis should be placed on
sinplicity and clarity of presentation, with [ocation in the vehicle being
of secondary inportance, mencl ature of each unit should be nmade adjacent
to or in the vicinity of each unit. In addition, the schematic diagram
shoul d contain the follow ng information:

(a) Qperating pressure of all systems and subsystens.
(b) All relief valve reseat and full flow pressures.

o (c) Initial gas pressure of accumulators and their
normal capacities.

(d) Pressure range of pressure regulators.

(e) Dianeter, wall thickness, and material of tubing.
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(f) Total and reserve fluid capacities of reservoir,

or reservoirs, and the system reservoir pressure; and method of pressuriza-
tion.

(g) Displacenent of fluid in cubic inches of each
actuating cylinder for both extension and retraction.

(h) Actuating cylinder pistonhead dianeter, rod
diameter, effective piston area, and total and working stroke of each
cyl i nder.

. (i) Displacement per revolution and number of requited
revolutions of hydraulic motors for each half-cycle of operation and the
torque load required for each unit.

(j) Type of power-driven punp and displacenent, in-
cluding flow rate curve showing engine and punp rpm for all phases of
fIightgsuch as takeoff, cllnb,gcrugllse, and F|)arrT1]?1|I nS. P

(k) Indicated fluid flow direction through all
hydraulic |ines.

(1) Reservoir pressurizing system source, operating
pressure, and schematic diagram of plunmbing.

(m Sinple schematic diagram of |inkage show ng
mechani cal disconnects, downlocks, and uplocks, and other data to tie
the mechanical systemto the hydraulic system for analysis. .

(n) A sinple schematic wiring diagram of the
electrical portion of the hydraulic system ?i ving current |oads and
gescu bi ?g functions. (Thi's diagramand dafa may be on a separate
raw ng.

(o) Nane and part nunber of all units. Standard
part nunbers should be indicated where applicable, Nonstandard units

Sh,?gld al so include name of manufacturer and the manufacturer’s part
number.

) Connections for testing with auxiliary or ground
test power systems should be indicated.

(q) Tubing and hose lines should be identified in
accordance with AS1290.

(r) Hydraulic components should be shown in sinple
schematic form Miltiple position units, such as selector valves, should
clearly indicate internal fluid portinﬂ. Flow path of selector valves
shoul d" be shown for each position of the valves. Hydraulic conponents
shoul d be shown in accordance with AS1290.
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o _ (s) Maxinmum and normal system tenﬁerature (estimted).
In estimating maxinum and normal system tenperatures, the followi ng con-
ditions should be specified:

Location of tenperature.
Altitude

Anbi ent tenperature
Conpart ment tenperature
Engi ne power setting

1
2
3
4
5
6) Tine duration of flight at maxinmum system

(1)
(2)
(3)
(4)
(5)
(6)

t enperat ure.

(t) Pressure and tenperature pickup locations to be
installed for instrunentation purposes in accordance wth ML-T-5522 shoul d
be indicated on the copies of the schematic diagrans subnitted to the pro-
curing activity.

(u) Hydraulic system block diagram (This may be a
separate sheet of the schematic diagram)

6.2.4 Hydraulic system design report - The hydraulic system
design report should be submtted prior to or with the final schematic
diagram The report should incorporate sufficient design calculations and
data to verify that the hydraulic system design conplies with all design
requirements. A hydraulic system tenmperature survey (minimm through
maxi mun) should be included considering the location of the hydraulic system
in the vehicle. The time of flight at” maxinum system tenperature and condi-
tions under which this temperature occurs should be included — Compartment
tenperatures should be estimated. For primary flight-control systens, peak
and avera?e flow rates and the power spectrum should be indicated, Duration
of peak flow rates should also be indicated. The mnimum tenperature at
which full performance occurs should be deternined by the contractor and
submtted for approval.

6.2.5 Hydraulic system nonstandard conmponent cross-sectional

assenbly drawings - The cross-sectional assenbly drawings for each non-
standard hydraulic component should contain sufficient information in,orFer
that an evaluation of the unit can be made. Such information should include
the applicable specification, the material protective finish of each part,
and bearing data. This information may appear as a witten addition to the
drawi ng. Reason for the use of a nonstandard conponent, where a standard
exists, should be subnitted with the component draw ng.

6.2.6 Functional nockup design report and test program - A
report describing the general design of the functional nockup and the
anticipated test-program should be-subnitted to the procuring activity for
approval not later than 30 days prior to beginning construction of the mock-
up, in order that any nodification of the mockup or revision of the test
program reconmended by the procuring activity may be included.
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| NDEX

Accel erated | oads

Accel eration effects
Accunul ator accessibility
Accunul ator gas pressure
Accumul ator 1nstructions
Accunul ator location
Accunul ators

Actuating cylinders

Actuators essential to safe aircraft operation

Addi tional |oads
Applicable documents

Back pressure, system
Backup r|nPs

Bl eeder valve |ocation
Bl eeder valves, air
Bondi ng

Brake pressure limtations
Brake valve installation _
Bypassing & disengagenent, power failure

Check valves

Cassification, systens
Ceaning of parts & systens
Cockpit  conpart nent

Combi ned system definition
Conponent  desi gn

Conponent design practice & installation
Component installation
Conponent reverse installation
Conponents, standard
Conferences, service-contractor
Configuration requirenents
Connections, flexible

Control valve | ctuation

Control valve wiring

Control valves, nultiple
Corrosion protection, tubing
Couplings, airframe break points
Couplings, self-sealing
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Par agr aph Page
Dat a: .
Conponent assembly drawi ngs, nonstandard 6.2.5 38
Rata subnmittal & approval . 3.1.4 5
Devel opment and/ or * preproduction data 6.2.2 34
Functional test specification 6.2.3.1 35
Mockup design report & test program 6.2.6 38
Production data 6.2.3 35
Schematic diagram 6.2.3.2 35
System anal ysis & design study 6.2.1 33
System design report 6.2.4 37
\T/ygma! subnttal data 6.2 33
Ibration test plan 6.2.7 38
Definition, utility s?/stem 3.6.1 16
Definitions, primary flight controls 3.7.1 17
Desi gn requirements 3 4
Design, general System 3.5 11
Directional control valve handle installation 3.10.7.1 22
Directional control valve installation 3.10.7 21
Di sengagenent & bypassing, power failure 3.7.3.2 18
Drain |ines, connection of 3.11.6 30
Dual system separation 3.7.4 19
Energency |ine venting 3.8.3 19
Emergency power punps 3.4.1.4 7
Energency power source 3.7.3 18
Energency provisions, utility systens 3.8 19
Energency system flight control 3.7.3.1 18
Emergency systems, utility 3.8 19
Entrapped air, removal of 3.5.5 15
Filter |ocations 3.10.8.3 23
Filter requirenents 3.10.6 22
Filters, Arny & Air Force aircraft 3.10.8.2 23
Filters, Navy aircraft 3.10.8.1 22
Filters, pressure line installation 3.10.8.3.1 23
Filters, punp-case drain line installation 3.10.8.3.4 23
Filters, punp suction line 3.10.8.3.5 23
Filters, reservoir fill line installation 3.10.8.3.3 23
Filters, return line installation. 3.10.8.3.2 23
Filters, sequence valve 3.10.8.4 23
Fire hazards 3.2.5 6
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Par agr aph Page
Fitting identification 3.11.3.2 28
FlttinPs 3.109 23
Fl exi bl'e connections 3,10.15 25
Flight-control system design 3.1 17
Flight-control /utiiity system definition 3.7.1.3 17
Flight tests 4.2,2.2 32
Flow dividers 3.10.10 24
Fl ow regul ators 3.10.11 2
Fl uid 3.3 b
Fluid flow effects 3.5.3.1 13
Fluid handling 3.3.1 6
Fluid sanpling valves (Navy 3.59.1 16
Fluid sanpling valves (Arny 3,5.9.2 16
Fluid tenperature limtations 3.3.2 b
Fluid tenperature lintations, flight operation  3.3.2.1 6
Fluid tenperature limtations, ground operation 3.3.2.1 b
Fluid tenperature flight control 3.1.7 19
Fluid quantity indicators 3.5.8 16
Fluid velocity limtations 3.5.3 13
Cages, maintenance check 3.5.6.2 15
Gound test connections 3.5.4.1 14
Gound test data 3.5.4.2 14
Gound test provisions Z’f g% 14
Gound tests e 32
Qunfire protection 3.7.4 18
Hand punp handle [ength 3.10.14. 4 24
Hgh-lift devices 3.8.2 19

Identification~ lines & fittings 3.11.3.2 21
Inspection, hydraulic system installation 4.2 32
I nspection, responsibility for 4.1 31
Intended use 6.1 32

Li ght wei ght  conponents, nounti ng 3.11.7 31
Lines, drain 3.11.6 30
Line installation design 3.11.4 29
Loads, accelerated 3,5.1.3 11
Loads, structural 3.5.1.2 11
Lock valves 3.10. 16 26
Low-pressure warning |ight 3.5.16.1 15
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Par agr aph Page
Materials, general 3.2 5
Mockup, system 6.2.6 37
Mtors installation 3.10. 17 26
Mot ors design 3.5.2.3.2 13
Miltiple control valve systens 3.11.7.2 22
Nonencl at ure 3.2.4 6
Nonstandard conponent draw ngs 6.2.5 37
Not es 6 32
Oifices 3.9.2 20
Power-boosted flight-control system definition 3.7.1.1 17
Power failure 3.7.3 18
Power-operated flight-control system definition 3.7.1.2 17
Power punps, conpatibility 3.4.1 1
Power punps, variable-delivery 3.4.1.2 1
Power sources, flight control 3.7.6 19
Pressure gage, accunulator gas pressure 3.10.2.1 21
Pressure ?ages & indicators, maintenance check 3.5.8 16
Pressure Timtations 3.5.2 11
Pressure regulation 3.10.11 9
Pressure regul ators 3.5.2.4 13
Pressure swtches 3,10. 22 21
Pressures, system 3.5.2.1 11
Primary flight controls, definitions 3.7.1 i
Primary flight-control power sources 3.7.6 19
Protective devices 3.10.12 24
Pump check valve, manual |y oPerated 3.10.14.3 24
Punp manual |y operated installation 3.10.14.1 24
Pump pul sation 3.4.1.5 1
Punp rotation reversal 3.4.1.6 8
Pump suction line, manually operated 3.10.14.2 24
Punp supply shutoff valves 3.4.1.8 8
Punps, electric-motor-driven 3,4.1.3 1
Punps, energency power 3,4.1.4 1
Punps, manual |y oper at ed 3.10.14 24
Punps, nultiple engine-driven 3.4.1.1 1
Punps, variabl e-delivery 3.4.1.2 T
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Quality assurance provisions

Relief valves

Relief valves, system

Relief valves, thermal expansion
Report, nockup design

Requi rement s

Reservoi r fiIIin? connection, ground
Reservoir fluid Tevel indication
Reservoir |ocation

Reservoir nmoisture removal

Reservoir pressurization .
Reservoir pressurization connection, ground
Reservoir venting

Reservoirs .

Reservoirs, gas pressurized
Restrictor valves

Reverse installation, conponents

Schematic diagram

Scope : .

Servicing instructions, accunulator
Shutof f valves, punp supply

Shuttle valves

Sinulator, system

Snubber s

Special tools

Strength

Structural |oads

Subsystem isolation

Suction-line flow

System air tolerance

System anal ysis & design study
System design, general

System design rego[)t.

System design - Submittal & approval
systemisolation, primry flight control
syst em Pressures

system pressure for subsystens
system pressure indication

system pressure limtations

System protection from conbat damage
Swivel joints
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Tenperature indjcators 3.5.7 16
Tenperature linmtations, fluid 3.3.2 6
Tests, ground and flight 4.2.2 32
Tube lines, straight 3.11.4.5 30
Tubi ng 3.11 28
Tubing bends 3.11.3.1 28
Tubi ng cl earance 3.11.4.4 30
Tubing connections 3.11.4.2 29
Tubing, corrosion protection 31111 31
Tubing, designed notion 3.11.4.6 30
Tubing flares & assembly 3.11.3.3 29
Tubing identification 3.11.3.2 28
Tubing in fire hazard areas 3.11.5 30
Tubing, installation of small size 3.11.4.7 30
Tubing location 3.11.4.1 29
Tubing materials 3111 28
Tubing size 3.11.2 28
Tubing supports 3.11.4.3 30
Tubing pre-stress 3.11.3.4 29

Universal fittings 3.1
Uility emergency systens, types 3.8.1
Uility system apPI|cation 3.6.2 16
Utility system definition %gl

Wility system design 16
Venting, energency line 3.8.3 19
Vibrat|on 3.11.10 31
Vibration test 4.2.1 32
Vibration test plan 6.2.7 38
Var i n% light, system |ow pressure 3.5.6.1 15
\Wheel Drake systens 3.6.3 16
Wor kmanshi p 3.2.2 5
TABLES
TABLE | stem Pressures 12
TABLE I draulic Line Support Spacings 30
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