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FOREWORD

The purpose of tbts standard is to establish preferred test metbcde for
fluidtc devices. The tests described herein are .desigped to provide the data
necessary to predict the performance of a devtce when used in a system.
Because of the dtversity of these devices and because of the diverse uses that
can be made of any one device, a Iarge nomber of tests have been establiebed.
Some of these tests till be more important than otbem. depending on the cir-
cumstances. Not every test is meant to be used on every device. Further-
more, the standard in its present form coutains methods and procedures
directly applicable to pneumatic systems 00Iw adaptations maybe necessary
for other systems.

Criterta for determining performance cberaotmietics unavoidably imply
titilizstton of certain teet procedures, which, fn turn, suggest the use of speci-
fic types of instrumentation. Some instrumentation ta dtacuesed hera but by no
means is thta dtecussion meant to be all inolueive, nor is it the tutent of thfe
document to impose any ltmtt on m otherwise specify types of tnatrurmmtatton.

●
✏ The msthods comprising Appendix B have been compiled utilMng infonuc-

tion supplied by members of the GFCG (Government Fluidfcs Coordination
Group), NFPA (The Nattonal Fluid Power Association), and the SAE (Society of
Automotive Engineers).

●✎..’.._ .,
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1. SOOPE AND PURPOSE.

1.1 Scope. Tb@ standard establishes acceptable methods, procedures, end
~=&tion required for testfog flutdfc devioee. Bemmee of the diverei&
of these devloes end because of the dlveree uses tket can be made of aqv OM
device, a large number of tests have been dabliebad. Some of these taata
wfll he more impmtad then others depending on the circumstances. Not every
tswt is intended to be made on every davlce but only those tests which gfeld dete
of fntereet need be used at any one time. The use of the specific Inetrmnantatfcn
eeaookted with these tests is not man&tory. However, the tgpe end quelfty of
the inetmmmtetion used in the performance of these taata will be acceptable to
all concerned.

1.2 Pm’pose. The test methods descrfbsd herein have bssm prepared to serve
the follcwfng purpcaes:

(a) TO ePSOf& wftabla ccndlticna obtainable in the lebcratcq, which, in-
sofar es passtble, resemble those encoorctared by the davlce under service use.
‘I’hetae tedesmfbedhereinmeyno tbainta~retedae enstwict repreaentetfcnof
actual servtce operation at a apeciflc gaogrepbic location or altitude or War
space location.

(b) ‘TodSSC- h OUSatanded d Of the tests lw@lwd (eXC@iILSPcSSfb&
certain teats applfoeble to unique opamtieg prIncfplee) to predict the bebevlcr
of pnemnatfc ffufdic devlcee when opamM ender epeatfic ecndftione with specffio
parfcrmem?a tndiuee. Where pmdceble, tbfs tests haye bran made adeptablo to
a broad range of dsvfcee.

2. REFERENCED 120CKlMENTS.

2.1 The Iasoee of the followfng documents in effect on the date of fnvftetlon for
Mds or request for proposals forma pert cf thte standard to the extent spacffled
himvdm

SPECIF1CATION2

Mmtaly

MIL-C-45S62 Calibration System Raqutremente

●“”:

STANDARDS

Milttery

MIL-2TD-130S Fluerics TarmlnoIow and Sy’mbcb3

1
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(Copies of epecfffcations, standards, drawings and publications required by
suppifers in connection with spscific procurement functions ebould be obtained
from the procuring activity or as direotecf by the contraotfng offfcer. )

2.2 O&r publications. ‘flw following documents forma part of this standard
to the extant epocified herefn. Unless otherwise indicated, the issues in effeot
on data of fnvftatton for bide or rsqueet for proposal shall apply.

International

ISO/R 1219 Graphical Symbols for Hydraulfc end
Pneumatic Equfpment end Acceasortes
for Fhdd Power Transmission

(Application for copies should be addressed to the American National Standards
Institute, 1420 Broadway, New York, New York 10018. )

3. ABBREVIATIONS, UNITS, SYMBOLSAND DEFINITIONS.

3.1 Abbrevk=dione, unite, symbols and definitions.

3.1.1 spacmc deffnitfone. The term “Devtce” is understood to imlude such
ikne as amplifier, active elements, passive elsmente, Megmted Oircuite ,
logio morhdee, operational nmplffiers and the llke, as well ~ ;eneore and
trenednuere. The term Wu3trumentatiun” is undere@od @ tnclude all labora-
tory fnetrumentation (electrical, fluidfc, or mechanical, *. ). Load imenei-

. tivfty end fneeneitfvi~ to P8 variations are defined in the appropriate test in
Appendtx B.

3.1.2 General. For the purpoee of this standard, the ebbrevtaticme, units,
symbols and detixdtions specified in MIL-STD-1306 shall apply. In general, the
ebbrevtatfone, units, symbols and definitions which are used in tbte standard but
are not apeojfisd in MfL-STD-1306 are common to the fltid power tacfmokgy
and have been standardised on an international basis. Reference maY be made
to IffO/R 1219-1970, “Graphfcal Symbols for Hydraulic and Pneumatic Equfpment
and Accessorfee for Flufd Power Traosmfsstone”.

4. GENERAL REQUIREMENTS.

4.1 Numbex system. The test methods are designated by numbers assigned
fn scoordsu ce with the fol!owing 9ystem:

4.1.1 ClaesiEcation of test methods. Test methods and procedures are ser’lally
numbered in the order in which they are introduced into this standard. Test
methods numbered 1001 to 1999 inclusive cover performance taste. of dtgftaI

.

.9,.,)-/

2
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elements; those numbered 2001 to 2999 inoluaive saver performance tests of
analog elements; thoee numbered 3001 to 3999 fncluaive cover performance
tests of multi-element devfces (modules, operational ampflfters, tn@graM
cimuita, etc.), both dtgttel end analog; unlees these @evices can be t@ed as
tbougb they wera a tifngle device; e.g., two NOR gates intag~ into a
“flfp-flop citioit should be tested as a flip-flop. Those numbered 4001 to 4999.
inokadve cover performance teets of sensors, transducers and eignaf genemt-
tore. Additional teat methods will be appropriately numbered and included
as they are devised.

Often two or more test methods are very eimfiar in tbefr forni or procedure
euoh as the case, for example, when the same fnput fmpedance fa bahg meas-
ured for an element having dtfferent output Ioadfng oondftiona. Tbe data ob-
tafned from such teat methods inay depend M@dy upon the particular form or
prooedore of the test method. Therefore, it ie meet important that these par-
ticulars be epetiffed. To make tbe dfetinction char one teat method is referred
ti as a eub-method of tbe other. As an example, a test method numbered
111234e~~~ of 1132!?& a bet m- Uke *W method 1132, but U @

particular feetoree as spelled out fn teat method 1234. ‘f!bte deeignatfon rosy..
be ahbrevlatad 123461132. .

4.1.2 Revisions. Revisions are nomkred coneeoutively uatng a parted to
separate the teat method number and the mvlaion number. M examplee, 1001. I
is the first revision of Method 1001; 5999.11 la the eleventh reviafon of Method
5999.

4.2 Method of reference. When applicable, teet metbbde contafned berefn shall
be referenced by epeoifying tbte standard. the method number, and the date.
The revision number ehoold mt be u.md when referenofng test methods. The
revision of interest will be that revision fn force on the specfffed date. For
example, a procurement spacificatfon referrfng to a revised test method would
Swm Mew 2030, not 2020.2.

4.3 Teat condttfons. Unless otherwfse apecffied herein or in the applicable
procurement documentstfon, all measurements and teats shall be made et an
ambient temperature of 293 * 5 K (S8° * 9“F) and at ambient atmospheric pres-
sure of 45 to 110 kN/n# (710 to 815 mm of Hg or 13.75 to 15.7 peia). Whenever
these oondftione most be closely controlled in order to obtafn reproducible re-
sults, the referenee shall be es follows: temperature 292 to 294K (66. 2s to
69.8° F), relative humidtty 50 percent maximum and atmospheric pressure from
96.0 to 104 kN/m2(735 to 760 mm of mermuy or 14.2 to 15.1 psfa). In tba
event condensation is noted anywhere within tbe test system envelope, tbe test
must be repeated under humidity-oontmlkd conditions.

~ ●✿✎✌✎
3
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4.3.1 Permissible tempemture and pressure varfatfon in environmental cbam.
hers. Wwn chambers are used, specfmens uoder test shall be located only withtn
=working area defined as follows:

(a) Temperature varfatfon wfthfn workin area: ‘fbe controls for tbe cham-
ber shall be capable of mafnkatnfng the temperatsu’e of any single reference potnt
wtti the working area wiWn M percent cf ~e absolute temperature scale.

.

(b). Pressore yarfationwithfn worldng area: The controls for the chamber
shall be capable of mainizdnlng tbe ohamber absoluts pressure wifhfn M wroent,

(c) Locaf tempera- v=fatfon wfthfn workfng area: C!bau@rs shall ha
so constructed tit at any given Ume the temperature of all points wfthin the
worktng area shalf not devfste from each otfw in te+mtie (d-s KsJv@ by

,..

more than 2 percent

4.3.2 Instrument mdfbration. Celfbrstfon of all test equfpment used in the
perfo rmance testing shelf be fn accordance wltb MIL-C-45662 and wltb the ro-
qatmments included fn Appendfx A. Additionally, all electrical test aqaipment
shall bs calfbnlted at perfodfc fntervale and all acceptable equtpment sl@l dfs-
play a record of the csIfbration dates and responsible .$nfivfdual or actfvity.
‘rhe tntarval shall be based on the class of eqbmt and fta Matory. C~~-
tton cheek readhqm ebalf agree wftb the values recordedfor each control devfce
withfn the accuracy requfremente of 4.6.2.

4.4 fMen@Uon. For test m@hnde whfchlnvolve observation of the effects of *
appli~-ntah rotattonej rctea; abceleratfone,, or external fogcee
wbtdkmust be refated to tbe orimtatfon of the devfm, soch orientation and ‘“’ ““
direction shall be identified se folfowe:

4.4.1 Sfngle sxfs. In a sene!ng devfce wfti.a sfngle senettlve axfs (or axf.e of
ro~tton), the sensitive axis shall be epeciffcally designated and the other two
axes are to be dedgnated fo such a way that:tbe axes form a rtghthanded co-
omffnate systami i

4.4.2 Box-sbaP ea. In a box-shaped packags confafrdng substrata planes,
mooniing surhees, or ~, the orientatfim wi~’ respect @ applied displace.
menta, rotations, ra*e, acceleratfone or external forces ebsll ha epacfffcally ,,

deefgnat@.

4.5 General precautions. The foilowfng preeatfons shsll.be obeerved fn the
tesgng of devices:

4.5.1 Test-induced mechanical defects. WMle a set of tests for mechatrical
~ *es mt forma part of this st@ard, test specfmene subjected to rs-
_ c~ec~oIW @ *co*@fons d- tbe testfns Pre=fures.ehalI be
exadned for leaks and fractures. Such test-related mechanical d6fec@ shall
be lncludsd fn repoltsd data.

.:. .
)

*
4:
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4.S.2 Test methods and circoita. Unless otherwise etated tn the spectflc test
method, the methods and ctrcutt-s shown are given es the basic roaasurement -
matbod. They are not naoeseartly the only method or ciroutt wbfcb can “b used.
T@ euppIfer sM. demonstrate to tl@procuring activity that altaxnate methods.
or c~uits which he may deeiiw to use are equivalent end give results withtn
the desired accumcy of measurement (see 4. 6.2).

& a preliminary couslderatfon, it should be menttoned that faat-mov@
flutd can oause erroneous fnt.erpretattons of pressur4 readin@. TM usual
.prad,h is to xneasure prqssures from an arpansion tank tnserted * th ~
‘for the purpose of alowtng the ftow to a neglfgfhle magnftude. A compltoation
can arise here too, however, because ‘of the possibility of totaf pressure losses
due to the mipensicn tank. Carefitlly taken; the preesura reading at the tank fs
a close appmxlmatt cnoftbe truetotal pressgmiattbat pofnt. Oncethfreedlng
fs teksn and ff the tank is subsequently removed from the circuit, however, the
total pressure at tbst point wtll tncrease by an amount eqwil to tbe Ioas, ff any,
tbatbadbeen fnduoadbythe apansiontank.

Unless othsrwtse spaciftad, M psmznt error is assumed to be a reamnable
aoonraoy fcr qumdttfes requtred tn the summary sectfcn of these teat methods.

,-

4.5.3 Apparake.

(a) Preesure regula tore: Tbe.preseure ragufstors must be capable of
n@ntah@ constant p~eurs (A paroent) through and beyond the nmxtmmn
anticipated flow rate.” “.tiis p@icularly tr@ if the flow maasurtng devfoe is
depende~’oi a cox’ypst~rnp~esuie for accurate flow tndfcatfon. fn any
ease, c&m&e& mpressim%adjiietment becomes’ a muoh simpIer task if the qp-
Strc5m Souroe ts mdntatned et constant preesure.

(b) Pressure sensors: The pmseure eenecre should be connected to the
flutd lines through expansion tanks (see 4.5.2) for quasi-static teats. While
tbfs gives rise to lower tmnsients, it maybe neoessary in order that preseurs
-e wreaent total preesure.
:., .i i ;,.,,! ,

(c)’ fiow sensors: Flew sensors ehould be used at Ifns pressures and ranges
J ., affo~.tbe greatest accuracy. The affects of resistance can be reduced by

-* at higher ftne pressuree. !.

4.6 Data rsPOrt&. Data raporttng Sbd b SS fOuOWs:

4.6. I Aotual data. The data resulting fmm application of any test matbod or
procedure shall be reported in terms of aotual test conditions. Extrapolations
or ,t~~~ent?~ ~~ts (e. g., performance in a non-standard atmo@ere ~rfv~
from standard atmospheric test oonditlons) maybe reperted in addttion to the

0“,=
5
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&ndard results but shall mt be acceptsble:as an altermtivb to actual results.
Results of any teet method or procedure shall be accompanied by information on
the a@al test condition end the date.

4.6.2 Accurac~. The acourecy of the repxted data must be specified. The
epecified limits are for values obtained with the specific test cmdttione. Proper
allowance shell be made for mmeurmnent errore in establishing the working
ltmits to”be used forthe measured veluee so that the actual valuea of the device
perarnetere are within the epeeMed fimtte. It should also be M tbet tb
specf&d Itmtte effect the determination of load sensitivity end sensitivity tn
1$ variation as per Appendix B.

4.6.3 Stiples. The data resulting from application of any test method or pm-
.- cedure shall be reported tn terms of the samples tested. ‘I%edata maybe

associated specifically with a particular de+tce or it may be reported statteti-
cally for a larger number of devicee..in whtch case the amount of devtation from
the reported data will aleo be given. Also the data will be accompanied by in-
formation on the total quantlw of :devtces in each lot being tested, the number of
rejectlone in each lot bah@eat6d, and the.test method(s) under whtch failure
crlterla were established.

4.6.4 Test snmple dlepo sftion. Unless. otherwise eFU3CifIedin the applicable
proeuremeut document, deviceti”subjected to t@e may be .JxIc~ed ~ the de-
Itverg. If the lot te numbered eerhlly, the teat semple.serial numbers shall be
noted. Otherwise, the te@-epeeimene e~..be cleariy idmit!fied.

Cuetdana :
Army - AV
Navy - X2
Air. Force -11

.

Treperhgktivily .

.Navy - M
Project-No., 1650-0223

a).-:3
6.

.
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,. NUMERICAL INDEX OF TEST METHOM

. .

Method No.

1001 . . . . . . . . . . . . . . . .

1002 . . . . . . . . . . . . . . . .

1002 . . . . . . . . . . . . . . . .

1004 . . . . . . . . . . . . . . . .

1005 . . . . . . . . . . . . . . . .

1006 . . . . . . . . . . . . . . . .

1O(n . . . . . . . . . . . . . . . .

1008 ““”-. . . . . . . . . . . . . . . .

1008 . . . . . . . . . . . . . . . .

1100 . . . . . . . . . . . . . . . .

2001 \. . . . . . . . . . . . . . .

2002 :\ . ... . . . . . . . . . . . . .
,,

2002 . . . . . . . . . . . . . . . .

O.=

2004 . . . . . . . . . . . . . . .

3001 . . . . . . . . . . . . . . . .

4001 . . . . . . . . . . . . . . . .

Title

Digital elements

Power nozzle characteristics

control port clIamcte*~cs.

Output characterfatlce
I

Input-output pm.ssure ewitchtng cume

Pressure recovexy

Load seneitlvi@

Effecte of power jet pressure changes

Alteroate hmd senefttvfty

circuit loading Senaftfvfiy

2wftehing time

Analog (pmpOtiOnai) elements

Power supply and quteecent charect8rletics

Differential input and output characterlatics
tmoefer curvee

Dynamic testlrg

Signal to noise ratio

Multi-element devices

Evaluation of a flutdtc operational ampliffer

Seneors. tranaducera and SiSIMl generators

Electromechanical sfgmd generator output
characteriatice

7
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APPENDIX A

INSTRUfdENTATfON

A.1 The !.netruromts described below are widely used in cam out the
teat prcc@ures of Appendix B. Whtle the fiat fs not exhaustive, choioea are
mentioned for most epplioatlona.

.,
A.Z PRESSURE.

A.2.1..’. =

Numerous typesof pressure gages are fn use includfcg dtape
,.. . bellows, bourdon tuba, piston, and dual differential pressure types. A deecrip-

tfon of two of these types era given below.

Dfaphragm: A simple to use gase fcr the fluidfc laboratory is the
devfoe wfdoh utilizes a diaphragm to aenae and tndicata differential preeeum.

‘fhedfaphragm assumes so equilibrium paition between the two
preaeuree. ‘f’Mapoeitfon la tranemttted to tbe tndlcator by varloue meana such
- _ or magnetic COUplfngS.

●✎✍ Wide rangea of operation and aoouracy are amffable. Accumcy can
be* percent or better of fuU scale readfng.

Bourdon tube: The bourdcn tuba gmgemnployia curved tuba wbfob is
sealad to the pressure whtch is to be measured. l?heendofth ecurvedtube
deflects * imreafdng internal-external differential pressure. Tfda dst2eo-
tlon W tnmemftted to the rotary pcfnter assembly thmugb gearing and ffnkagee.

The Bcurdon tube gage is manufactured to a variety of cost and
aocumcy epeciflcetfone. Accuracy varies, but qualfty inetnmmnte are accurate
to wftfdn 2 percent at mid-range and to wfthin 2 percent near the end pofnts.

Bourdon tube gages can measure pressuree rmgfng fmm laboratory
vaouum to thousands of etmoepberee.

9
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A.2.2 Manornet.er “ ?9

The U tube manometer is the most straightforward pressure sensor
In the laboratory. With reasonable caution, the manomater”can be used with the
greatest aocurscy of any of the pressure seoeore. The meniecue hei@t in each
leg is measured sod the product of the height difference and the fluid density
equals the difference in pressure in the 16ss. The fluid density determfnea the
ecale factor.

There ati sources of erfor tnberent in any manometer; a common .

one beihg the difficulty in readbig the rnentecus. Other factors affecttng
accuracy are:

‘(1)
,- manometer.

(2)

(s)

Contamination due to oxidation for the caee of the mercury

Effects of capillary actton.

To a very small ‘degree, temperature changes can cause error due
to the asm&ted change of deneiti fn the. manometer fluid.

Many schmnes are used to preeieely measure the flutd column befght
in maoometere maktng the msnnmetsr a .ldghIy precfee pqeesure eeneor. fn one
achame a phototube is located eo that it will be struck by the potion of ffgbt ~

&am not tntmmptad by the flufd. A efghel propoitfonal to the remetntng beam ‘“
/

area te generated and aotfvates the motor movfng “tie scanner beam by means of
a lead screw until it is centered on the meatscue and the resulting signal fe at
nufl. The pasitfon of the scaiMer te geared to a couuter indicating the hefgbt of
the flufd COIUIDDto the naai’eet 0.025 mm (1/1000 of an fnch).

A.2.3 Transducers .

strain gage: The etrafc gage transducer coneiete of en “electrical
‘hetwork whose resistive elements are nwcbanicelly deformed as n functfon of
the applfad sttisa (pressure). The mecha~cal deformation causes changes In
the electrical chzrscterfsttcs of the reeietive elements. A change tn the network
OutPut iS functiona~y related to We change of applied pressure.

The operating rangee of strsin gage transducers extend from zero to
extremely high pmSSUrSS.

Some strain gage &its have a frequency response ‘greater tbzn.1000
HZviitb COcuracke of b6tt6r than 1 petcent of full scale readfng.

‘““’Y
~:o
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Pfeza electrfc: The piezo electric tzaneducer consfete of a querta
crystal end a chs~e detecting and empli&ing network.

A charge propnrtio~ to force (pressure) is generated on the qua-
crystal. The charge sensing network nwwt have a high tnput impedance; gen- -
erelly, the lower the frequency the bfgher must be the input impedance of the
det@ing network.

The pieaa elect~c transducer can sense, pressures to 21.000 kN/m2
(3000 psi) at frequencies of 50 KHz.

.

~Q&E a) A pressure senettive tmnaietor bee been developed. The
emftkr base junction of a NPN transistor is subjected to a force meebentcelly
trenemitted from a dlephragm which 2s the preeeure sensor. The output vol~e
Is a linear (wtthtn 1 percent) functfon of pressure epplted to the dtephragm.

Rengee extend from 0.7 to 140 kN/m2 (O.1 to 20 psi). The major
disadvantage is output mdl shifting due to tempemture change, which can be
es much es 0.2V/K.

The frequency response te tdgh. greater tlan 10 K%.
./’

●‘... used.
b) The verteble rehmtence-typa preesure transducer is ollen

A. 3 FLOW.

A.3.1 Flow meters

Fleet/varfable area flow meter: Thie device !s placed in the ltne in
a verttcel poeition. The tube te tapered inside eo that the area increases
sU@~Y. cs tbe flutd strm coureee upward.

The stream exerts forces on the tiet which le located in the tuk
Tbeee forces era functions of fluid velocity and density. The float comes to
rest (under condltione of steady flow), when these forces balance the weight of
tbefIoet. .

Interchangeable floats of various weights extend the range of mea-
suremeiot over which a gtven tube can be used. The limiting factor ie USUUY
impedance. since it is desimble to keep the impedance of instrumentation se
Iow se possfbIe.

Accuracy is af&ted by dirt, moisture and greaee. Under some con-
ditions, electrical charge can accumulate causing the float to cling to the tube

0’ .-..
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“’waileahtii a substantial ineofumtcal fome overoomee the electrical force. ~,
Large errors are produced when these instruments are operated at other theo
cafibratad COltditiODS.

“Quality inatmmanteare accurate to witiiin 3 perce~ over the entire
scale except for the lower quarter.

Rates se high se 0.235 m3/seo (500 cubic feet per minute) smd se
low es a fraction of a cubic inch per minyte can, be meee* with flow meters
Of.thie type.

Linear resistor: A =Mor (or’eet of reeuto~) *hose P*aum/
flow ebamote-e are iioeer eeo bea convenisotway to meaaura flow. The
pressure dmp acmee the device is a msaeum of the flow.

Pnsumetic flow rates measurable by this type of flow meter range
from O.0000S to O.OSm3/seo (O.1 to 100 cu ft/mia. ).

A.3.2 Anemometer: This tygw of inatxnment can be used to meaSure
~..

velocity. The quantity of heat convecti@ytraneferrad from a hot wire ta a
-mhwmti*b~dbaw~tiumof”mmm
of the fiuid. Achcoge intherate ofheat-fercm eimilariy bemlatedtoa.
O- imths fhdd vetiity. TM heat transfer mu be d@eetad in either of two
Wwe .

Ita constantamrentcan be maint4A through the JYXwire, irree-
pectiye of resistance andtemperatiue obangee due.toflow rate vwiatione, then
the voltsge required to mdntain constant currmi is a iimetion of the fluid
velocity. ‘l’his echerne sod its associated control network is called a constant
Carrent anemometer. .

-maioU@dIf a mnatant temperature can b6 by m@aii@kcurrent
to mahdain constant reei&tance (and thus constant temperature) tha the .vol&3e
~to maintdn oooatant temperature is also related to fluid velocity. This
scheme and its associated control network la cailsd a constant temperature
anemometer.

.

In the oonatant current anemometer, the transducer is the varleble
reaietenoe leg of a bridge circuit which is recited by a power amplifler. XniilaUY,
the bridge current is balanced end any change of ihe transducer’s reeietanoe is
detected by a differential ampfifier. This voliage, after amplification, drive9

,. -,, .. ==the current to ita initial value reganiiees of the-resistance value ?s.aU@@& ~.?
trenadaeer. The voltage is then a iimction of the fluid velooi~.

I
,,,..:‘:9..

9

.

, ..

q),.,.
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Coneteut current operation &es not utfI.tze the hot-wire concept to
its maxlmam potential. The range and frequency reepome oso be extended by
maf@Xn@ the hot wfre at constant temperature, minin&@ the time re-
qutm3d for heating end cooltns to register their effaot.

The trenaduoer is one arm of a brklge oircuit which has another arm
wi~ variable reeietence. The bridge is balanced et a voltage supplied by a
eervo ampltfier. Any smell change In the resistance of the transducer probe
due to flaid. velocity cbimge, wiIl csuse a SMSII unbalance mltege wbloh sfter
empltfketton wtll adjust the probe carrent to restore behyme to the ,bridge.

!. , Tbue, the temperature variations are kept very smell and the frequency reeponee
fe improvad more then 100 tbld.

The veloci& meaeursble by the constant temperature operation ex-
tends from a few tnches per second to beyond sonic velocity wfth appropriate
“edjuetmente for various mean velocities throughout the total range.

The frequency response fe from DC to more then 20 KHz.

A.4 TEMPERATURE. .

,_

Q.
A.4.1 Reeietence sensor: A wire or film sensor ta oonnected as one arm
of a brtdge. The output voltage of the brtdge oirouit ts a fnnctton of reefetence
- (and *of the temperature change) of the sensor. The range depends
on tbe choice of materiel and its resletaoce-temperature chemotdetics, but
temperataree exceeding 1500”F have been measured with accuracy.

A.4.2 Thermistor msietsnce sensor: The sensor is a eemi-conductor
oomtm&d es one arm of a Wbeatetone bridge. There will be a unique tempera-
tun et wbtch the bridge wtll belanoe. Bridge voltage reeuklng from imbakmce
will then be a function of tempe~ure variation. The range of tbts fnetrument
is up to 600”F wftb accuracy of *1 percent.

●✿✏
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METHOD 1001

POWER NOZZLE CHARACTERISTICS OF

AN ACTIVE DIGITAL DEVICE

1. PURPOSE. This method establishes ‘the means of determining the powe?
nozzle characteristics (flow ‘versus pressure, with etaa&rd volume fiow mte
preferred) under fully blocked (not passing) sig@ port conditions. The eff~
on the power nozzle characteristics of blocking these signal ports shall be deter-
mined using test methods 100L33IOOI,1008S1001, or 1009S1OO1.-.

2. APPARATUS. The apparatus is shown in Figure 1001.

3. PROCEDURE. Connect circuit as shown in Figure 1001 being careful to
comply with the general procedures dtscuased previously. Note that all the signal
ports are fuIiy blocked (not passing). The effect of blocking these afgnal ports
on tbe power nozzle characteristics shall be determined using another test
method as described above.

The power vaive must he opened slowly so that transient effects are minimal.
Plot or record flow (standard volume fiow rate is preferred) versus pressure.

6
It maybe efficient to perform teat method 1005 white performing this test.

L Notice that for some devices, such as turbulence amplifiers, tbe recovery
curves obtained from test method 1005 may de5e the ranss of operatins supply
pressures .

The data excursion sbzil at least cover the full operating range of *e device
and shall start from zero fiow and zero preeaure. In addition, it sMU go ~-
yond the opera~ range if such an addttionai excursion indicates significant
information such se the critda for establishing the operating limits.

4. SUMMARY. In addition to the information specified in 4.8, the following
information shall be specified:

(a) The recorded pressure vs. fiow data and the test method number.

(b) Minimum end meximum power supply pressures, and criteria used to
det8rmine limits, and/or the pressure and fiow values at the nominal opainting
point. These sbzii appear as specifically labeled @nts on the power supply
characteristic curve (see Figure 1001) or as tabulated data.

(c) Whether or not device is Ioad sensitive.

METROD 1001
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METEOD”1OO2

CON~OL PORT CRAIL4CTERISTICS

1. izIJRpoSE. Tbte method establishes tbe means of determining the Cootml
pmt characteristics of certatn active digital devices. These ciuiracterlatics, tn
cor@nction with the output characterktics and switch point date enable the user
to oa!eulate gains and ftui6ut “for a Specific. sq@y pressure. Mthe tests are. -
repeated for seveml supply pressures, es per @t method 1007, gains and
fanout vaiuee can be cilcdated es functions of pxver supply preeeure. Depend-

<. r ing on vent geometw, load Eeneittvity can *an in@@ant parameter tn most
- jet ,$leflegtbm ampltfiere, so that input characteristics change wttb load im-

pedance. When such load seneitivi@ information IS rei@red, test method
100S43IOO2,1008S1002, or 1009S1002 shall be performed.

2. APPARATUS. The apparatus is phoWain F&we 1002. The cbaractaiatic
curve shown in the 5gure may US tn ~“re than one quadrent maklrg the vacuuni
soume necessary. The control .hnpedence may undergo en abmpt change when
tbe ew2tcb@ preseure is reached.

3. PROCEDURE. Connect cfroukas shown in Ffs&8 1002 Note that ports

r
net betng teeted are b&cked. ~ power supply preaeure shall ~ set to nom-

*
ine.l; Le., the epee~c deetgn operatirg presimre or the.mtdpdnt of tbe operet-
ins rense. The oontrol valve shall be opened slowly so that transient effaets
are minimised. Continue increasing the control flow after ewitchlng occurs to
a pressure equal to tbe nomtnal supply preesure or uatil lnetabilittea beaome
obvtoee. The eeeurence of ew2tcbtns te not an hetaMMy; Then slowly decrease
the control pressure b a na@ttve value .wual to 50 percent of the nomtnel supply
preeaure or until Inetabilfttes become obvious. Ftnally, hwreaae the control
flow to the starting point. Depending on the type of the device, the ewitohtng
preesuxee end fbnve rosy not be obvious. K not, .tbe output pressure transducer
must be simultankmuely monttorsd ta determine the level of control pressure
whm ewltcbing oocure es per test msthod 1004. It may be eff2cient to perform
teat method 1004 as this test is being performed uatng ano~er date channel for,.
the output preseure. ~ the process for each control port.

4. SUMMARY. In addttion to the information specified in 4.6, the following
information shell be epectfled

(a) The pressure VS. flow date for each input along with the input designa-
tion ad the teat method number.

(b) Specify or lsbel the ewttcbing peints on the input cbarecterfetic curves.
If the control cheractetis are losd seneitlve, so specify and refer to data
from load sensitivity teats. If the control cbamctexletice can be normalized

,/

● : “

* reepect bJ ps, data from test method 1007S1002 may be referred to.

!=
1 METHOD 1002
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METHOD 1003

OUTPUT CHARACTERISTICS

1. PURPOSE. This method establishes the means of determining the output
cberactmistlcs for jet interaction digftel devices. The output cbamcterietfcs
show variation of output flow end pressure es bed reeiktenca varhe. lb
behavior of en output port in its ‘b@’ or low-level state ‘is of considerable
Interest since flow, while ideally zero. usually tioura se some fbnctlon of the
load Condltfone.

2. APPARATUS. pressure end flow meaeurfng equfpment shell be cotmecbsd
as shown to Figure 1008-1. A vacuum source shall be used to pmvlde preesoree
near end below ambient at the point betwean the devlca and tbe loed valve.

3 PROCEDURE. With “the circuit connected es showg in Ff@m 1OU3-1, set
&“epower supply preeaure to nominal. Starting wftb the output valve closed (or
as nearly closed as stable operation permits), fncreaae the o@fnd PresS-
W!ns the sowe ff neaeasary, recording or plottfng aow vs. pressure ontil the
stability limit is reached or I@ the pressure equals the nominal supply pree-
sure. Now decrease the preseure. If tbe devfce hee Swft&ed etstee, tbednte
will trace the “ofP’ state curve. Continue to decrease tbe pressure until the
upper stability Ifrnlt fe reached or until the pressure fe -SO pei’ceot of nominal
SUPPIYPas-. co-w ~ -~ ** w ~-* Press- - ~
Orisinal output Condftione are reached.

Repeat this for each output port. If reachfng the pressure Ifmite Mfceted
above does not tnduce ewitchins, then, after tektng tbe first cnrve se described
above, the switched curve is to Im taken oefns a boldtng signal on the appropriate
control. The value of tba balding sfgnel shall be equal to 126 peroent of the
value of the pressure requlrad to make the device switch as fndlcated in teat
method 1004.

4. SUMIL4RY. In addition to the information specified in 4.6, tbe following
information shall be speo~ed:

(a) The recorded pressure ve. flow date for each output port end for each
output state along with the output port desfsnation end the teat method number.

(b) Tbe control port c6nditfone assoofated with each of the characteristic
curvee; i.e., a holding signaf is needed end its strength.

(c) E the output chamcterktfce am load sensitive, so epeci& and refer@
data from load sensitiWy teats. If the output cbaraotertetioa can be normeliaed

/-

e’”

wltb respect to P6, data from test method 1007S1003 maybe retkrred to.

,----

1 ME’rlxofi 1002
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METHOD 1004

INPUT-OUTPUT PRESSURE SWITCHINGCURVES

1. GENERAL. Ths general form of the ewitchtng curve dependa on the kind
of dsvfce under teat. Figure 1004s shows some of these curvee. Still other
awftcbfrg curvee exist for euch devices se Schmidt triggers and inhibitsd OR
getee.

PURPOSR. This method establ.tahes the means of dstermfning the apeciHc
.. ~t-oatput prsssure ewitding curves for epeoiffc digital elements. These

data show the relation betwsen the input mntrol preesqre sign@ and the output
pFSS81USBig’OSl.

,.

For flow information, the control flow signal for any preeeore may be
gleansd from ths control impsdsnoe data wbieh were derived ualng teet mathod
1003, or it could be messu@ (ss well as can tha output flow signal) using a
testing procedure analogous to this method but using flow rather than preesure
tranedacers (see test met@d 1000).

3. APPARATUS. The apparatus-b shown in Figurs 1004b.
,--

0( 4. PROCEDURE. The cxaet procedure to be followed depends on the specific
device which is be@ teated. Aa an example of the procedural variations that
are fnwosad by tba different kinds of devlcee, consider Figure 100lb showing
tbeteet setup forwbat mtgbtba aoOR/NORgata. To~an ANDgate, the
control eignal would be applted to a plenum chambsr to ensure that all the ports
reoedve the cams signal. Also, it is tmportant to monttor” the correot output
port. whereas, the cimuit shown in Figure 1004b is good for measuring the
o@~ s-, wMch is a complementary function of the input signal such as a
NOR or NAND output, the cirouit would have ta be changed to measure an output
OR or AND function by monitoring the other output port. Most fluidic devices

! bnve an inverted and a non-inverted output. For such devices, it woold be
efficient to monitor both outputs at the same time.

With tha cfrcuit connsoted appropriately for a particular device, set the
power eqply prsssure to nomtnal and proceed as with the procedurs for test
method 1002.

METROD 1004
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5. 6UMMARY. IU addition ta the information epecified in 4.6, tbe following
.,”.1

information shell be epec~efl

(a) Tbe output pressure ae a ftinction of tbe control pressure fof all the
oo*tione of tbe oatput pQtis end tba fnput Porte whiob cauae ewitobins ebail
Ix3provided. ‘i%e teat method number sbal.i aleo be provided.

(b) Since the ewitobins ibction ie oftan a etrons findion of tbe loading
conditiou referenee to date taicen fmm teat ~ 100@lOI% 100651004.
and/or 1009S1004 eball be made, or it eball be s@eally etated U@ tie devioe
ie mt load seneitive.

.?

. .

2

.“o.:
Wmoll 1004

,. ..
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METHOD 1005

PRES$JRE RECOVERY

1. PURPOSE. TM method establishes tbe pressure recovered et the outputs
of n devfce es a iimctiou of the supply preaaure. l%eae’ owes often ‘help define
the rm@e of opetition of the devtces such es indic@@ the supply pressure lbr
which Matable operation of a flififlop can be obtefned or by iqdtcattos the
critical NB for the turbulence ampltfier.

2. APPNtATUS. The apparatoa is shown in l?isure 1005. Nota that this is
nearly the same as that to Figure 1001 except that the output pressure is mon-
ftored.

3. PROOEDURE. Connect circuit as shown in Ff.gure 1005. Note that alI
unosed sigmel ports are blwked. The power valve must be opened slc+vly so
tl@ transient effscts are mintmal. Tbe power jet pressure should be fncreased
from zero to et least the maximum operating preseure end beyond if such en
eddltiooel excursion will show information psrtfnent to the understaocftmg of the
operation of the device such es NR for turbulence emplif.lera. It mtgbt be efflo-
leti to ren thfa teat method and teat method 1001 at the same ttme.

,,-

●✎✍✎
When the device is blatable, date is to be taken from each output port for

at least two eacureions of the supply pressere (one for each stable -). Wbea
the device is monoatable, data 1s to be taken from each output pmt for et lenet
one e8cureion of the supply praseure. AdditioneI cumes could be gsoerstad ueiag
a holding signal to switch the device from its normally stable oondftton. The
value of the holding signal should be cbao@ as the power jet pressure is in-
creased to refieot the dependency of tha ewftohtns pressore on the power jet
pressure. The hokifng sfgnel should be 125 percent of the awltcblog pressure
at a given powsr jet pressure.

4. SUMMARY. In addition to the information specified in 4.6, the followhg
information shall be speo~ed

(a) Report the output date from these tests ea a percentage of the supply
preamre or io non-raduced pressure uoita or both as a fun~on of the supply
preaeure and test matbod numbsr.

● 1 METHOD 100S
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METHOD 1006

LOAD SENSITIVITY

1. PURPCSE. In other teet methods (1001 tbreugh 1005) delineated in this
a>, it is epecff%xf that the unused s&nal ports are to be fully blocked
(aml tberefo~ have zero flow). Tbia specification is to gtve a repeatable,
mnafsbsnt eet of date for the “Iwafc quasi-static element characteriattcs.
Ideally, the load conditions will not effect the cbaractertettcs of any devtce,
and fully blocked pints should not yield characteristics dtfferent frum fully
open P*. TMe may not be the case, however, and this test method shalI be
performed to determtne the affect that loading bae on the cbaractaietice of the
devloe.

2. SCOPE. Each of the basic quasi-static element cbarzcterlctic test methods
numbered 1001 through 1005 shall be modified by using fully open (paseing),
nnueed etgnel Prta rather than nonpaesing ports. Eaoh of the five different
mmittiadteete fe dea@nated by a two-pafi numberae speofftedtn4.1.l. The
flratpartfe IO06to fndicate ateet uairg fully open (parsing) unused sLgnalporte.
The seocmd part of the designation number indicates which of the particular
bash obamda%stics is being te”ti frc load eenaitivity. The test methods are:

100~1001 Load Senatttvity Test of the power Nozzle Cbaraoterietics
1006S1002 Imad Sensitivity Teat of the Control Port Charactmiattcs
1006S1003 had Sensitivity Teat of the Output Chamcterfettce
1006S1004 Lead Seneittvi@ Test of the Pressure Switch@ Curves
1006S1006 Load Sensitivity and Teet of the Pressure Reowery

3. APPARATUS AND PROCEDURE. The specific apparatus and procedure fbr
each spaclftc sub-method teat can be fouod in the appropriate bzsic test method.
@wever, rather than ustng blocked ports and preesure transducers, open ports
shall be used wftb flow transducers. When each of tbeee sub-methods are used,
flow measurements zt the unused signal ports may be made as were pressure
msasuremanta made to the basic tests previded caution is @ken to ensure that
the port @ not artificially loaded by the flew inetrcmentaticn wbfch fa used. Fcr
SxamPle, durtng test method 1006S1001, the lead sensitivity test of the amount
of flow recovery (teat matbod 1006S1005), may be simultaneously taken uairqga
-meter on the cutput legs. But then a vacuum source shall he used to cver-
come the rotometar Impedance, and pressure gages shall also be used to ensure
that ambient preesure exiete at the output port.

,0 “’_ METHOD 1006
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4. SUMMARY. In addition to tbe information specified in 4.6, the followlng
information. abell be speoifled:

9
(a) The date may be presented as unreduced data in tbe same form as @si

used for the date for tbe corresponding blocked load test, or me dependent
variable date may be shown se the deviation from tbe blocked load test data iu
decibels ores a percentage devistiowfrom tbe blocked loa&t41et data as a
funotfon of the fndmpendent variable. When the data taken during a eab-met@od
teat dose mot exceed the data from a basic teat by en amoent greater than tbe
epecifitillmite of aecureoy (see 4..6.2) accorded to tbe beeio test data, then
the device may batermed load ineeneitlve. ‘Thb3.allowe.for$a devieeto be .-

ayhd:b~itim;.e.g.,>~e we.~~ ~y.hbe-~miw~~om.~
mey%s sen#itive.

(b) “Wbmva device’le loadweneitiveauda “ebort form” of tbie seneitivtty
data may be:pnssented, itehall be.Pre13entedel”tbe maximum deVletion.from tbe
:bloeke&loe&teet -in decibde:or.impereent. .Thne,:tbie ebofi.form.data4a
,:x,aingleammberdeec~.tbW mextmumwarieoce:im a ,ParMdar mbamote-
.e*~m.be~u~cbc~.titih~ .Ar.lin,peroti.oaue~ by .m-
.ttii=:~ti .

. . . .

.. .

“.

:2 :MI~OD+1006
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.

Downloaded from http://www.everyspec.com



Mm-sTD-ls61A
28 September 1973

METHOD 100’7

EFFECT OF POWER JET PRESSURE VARIANCE

1. PURPOSE. In other teet methods (1002; 1003, end 1004) delineated in
this appendix, “Itta apadftsd that Pe ixeet et nomtnal. When the element cbe~
eotertatios era to be Jmcwn for values of P6 other then ncmimd, ~ teet ~~
shall be performed.

2. 8COPE. Eeob of tbase three test metkods shall be rerun. Each of k three
. . Ue-tidtiti ti~sebj a*-@ti_r mW~titi4.l.l.

. Thateetmathcde are:

1007S1002 Effeot of Power Jet Pressure Varienoe on Control ‘Port
Cheraotetics

100’7S1003 Effect of Power Jet Pressure Varlenoe on Output Cberecterletica
1007S1004 Effect of Power Jet Praeeurs on Swttal@ CberecterIstios

3. APPA2t4TUS. Use the appropriate otroutt for the parttouler chareoterlatlc
betng teeted for effeet of power j+ variance.

e“
4. PROCEDURE. Use tba epprcprhta procedure for the particular cheraoter-
fette betns tested for effeet of power jet vnrtance. However, rather then hnvlng
the power jet preesure set et nmntnal, aet it at 75 peroent of nominal end repeat
agatn et 125 percent of nominal. These teste may be repeated as often es desired
W* w ddittod power jet pmssuree wbioh are of interest.

S. SUMMARY. In addition to the information specifkd in 4.6, tie follow@ -
fnfcrmetton ehall be apsdilech

(a) The date may be presented es unre&c@ date in the sariu3 fo-’ea that
used for the date for the correepondtng Pa = noa @et. or the ~~~
varfeble data maybe shown a~ the deviation from the date taken et PS = nomtnel
in dedbels ores a percentage deviation es a function of the kdapendant variable.

(b) When a “short form” af this data maybe presented, it shaU be presented
es the maximum deviation from the PS = nominal date tn daolbels or as a per-
centage for betb PS = 75 percent PS nominal and PE = 125 pareent Pa nominal.
Thus, thta short form date are two numbers, one for PS low end one for PS idgh,
descm tbe worst verlance in a pextlculer cheracterletic,. such es the control
ohamcterlstic, caueed by chenglng the ~wer jet pressure.

1 METHOD 1007
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...)
(c) It is oftsn the ease that the characteristics for Iluidic devices are

~ of the supp~ priwsure setting withtn a ceti -. TO -n-
etmtetbie feetnre ofenyperUOtird@oe, thecorvee may bonormelizedwith.
rex to the power j6t preeaore. Whenthe detatCkan_a X~
tcetdnes mtexc-thet ifimatiickt~ enamountgreater-ti
aydfied limite of eoctioy (see 4.6.2) eocordedto the baeti teat date o=a
range of Pa, tileI!t@ ohemoterlatie maYbelto-d*-to%s:
over that rcnge.

1.

Q.>/
. .

2
9““.... ..
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METHOD 1008

ALTERNATE LOAD SENSITMTT

1. PURPOSE. In other test methods (1001 through 1005) dellneatad in ttde
appendix, lt is epaei&i that the unused signal ports are to be fully blocked
(end therefore have aero flow). Method 1006 iS designed to dat8rmtne the
effaettbet loedingbee ontbacberacteriatics eetekentithe other te43tms4bode
mentioned above. l%is is done by using en open load. These two loedIng con-

1. dttiene should, tn general, bmckat the loading mnditione effects. However, it
may be neoessery or desirable to tast a given device wfth some other loed. It
fe the puxpose of tbfa test method to offer sueb a possibility.

2. SCOPE. Any of the cbaraotaietios generated by ~ test methods 1001
thmugb 100S maybe retaken using a well defined @mience load on all of the
unused signal porta. To designate eeob different test, two-part numbers era
oeedee epeeltiedtn4.1.l. The test methods are:

I,. 100SS1001 Altemeta Loed Test of tie Power Nozzle Cbemmtarlatics
100SS1002 Albsnmte Load Test of Control Port Cbereetetietfce
100SS1002 Alternate Load Test of Output Cbersoterletlcs

o
100SS1004 Altammte Iaad Test of Pressure Switchlwg Cbarecterietios

c
100SS3005 Altamata Loed Teat of Peroent of Raoovew

S. APPARA~ AND PROCEDURE. It is first neeessery to take the im@anoe
~mCS of the load raslstor. (If the load renietor is from another fhddio
device, then the port on that device which fe being used& the load resistor is
to be tbe only port to wbb?h flow is applied. ) AU other ports except vents are to
be WY blooked. These impdance cbaraoterietica for the load resistor ebell ba
taken exaotly as prescribed in tset method 1001. The range of pressures sh@I
fnoluda those that will be experfenoed by the load ettaobed tn the device onder
teat. The impedanoe chareoteriatio date shall be presented with the date gen-
erated by this teat method.

The speoilk cirouit for each of the teeta can be found in the appropriate
beeio teat method (1001 though 1005). However, rather then using blocked
ports and pressure treneducera, use the Ioad resfetom attached to the unused
s-1 POfiS and mesaure the pressure at a point between the device under test
end the load. (When flow information is needed, it can either be determtnad
from the impedance cbaractetitlcs of the load or it can be measured dlrettly. )

.-”

● ‘“””
!-
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4. SUMMARY. In addition to the inform&ion epeoiiled ia 4.6, the foflowtng “”
information shefl be speotied:

(a) The date may be presented as unreduced data in the same form as that
used for the date for the corresponding blooked load test or the dependent
variable date may be shown”as a deviatton from the blocked load tea data in
deefbele .or ae a percentage deviation from the blocked load test date es a “
function of the tnddpendent varhble. .,, ,

(b) When a %hort fbrm!? of tbls sensitivity data maybe presented, it shall
be presented as a maximmn deviation from the blocked load test date in decibels ‘ “’
or to percent. Tlma, this ..ehok. form ds@ W a af@e nmnber deecrtb@ the
greatest cbaoge h. eaeh pertic@ar .charseterietic,’ auoh as the supply --
tazistic, caused by open@g,the Ioaded:ports.

2 :rI@lTfoD.”loo8

“-y...
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METHOD 1009

CIRCUIT LOADINGSENSITIVITY

1. PURPOSE. In the other test methods tn t~ app&dfx~ vertoue lced&f
condttfone ere epecfHed. lo each case, the load which fe epecfffed on any stngle
unused port fe epeci13ed for all mused ports. It -y be of interest to test a
device wftb @fferent loads on different ports at the same time SC, for example,
when teetlng for particular clrcutt conditions or for worst caee mnditlcce of
Stebiltty.

. .
The puzpcse cf this tact fe ta allow for tbfs pcesfbility.

2. SCOPE. Any of the cheractmietfos generated by the test methods 1001
tbnm.gh 1005 maybe retaken using a well defied impedance lead on any unused
Se PCI’L To designate each different test, two-part numbers are used se
epeeffiedin4.1.l. Thet8et methods are:

100SS1001 Cimoit Lcedlcg 6eneitivity Test of the power Nomile
Charectarfstfos

100SS1002 Circuit Loading Sensitivity Test of the Control port
Cbarectez’ietics

100SS1002 Circuit Lcedtng 6eneitfvity Test of the Output Cberscterlstfce
100SS1004 Circuit LQedfng SeoeItfvfty Test of pressure Swttcbing Curves
100SS100S Circuft Loading Seneitfvfty Test of Preaeure Reeovery

2. APPARATUS AND PROCEDURE. If Icade other thin fully open or WY
blinked are to be ueed, then it is -t necessary to take the impedance charac-
terfettcs of the additional load. (If the Icad resistor fe frum another fluidtc
devtce, then the pert on that devfce wbfch is befng used es the load reatetcr is
to bs the only port to whfch flow is epplted. ) All other PC- except vents am to
be fidly blocked. These fmpedenee characte~cs for the load resistor shell
be taken exactly se prescribed in test method 1001. The range of preaaures
shell tnolude tfmee that will be experienced by the load attached to the device
under t8at. ‘Ilm impedance characterfetic data shall be presented wftb the date
generated by tble test method.

The specific cfrcuit for each of the tests can be found in the appropriate
beetc test method (1001 through 1005). However, tither then uelog the bhcked
lcede as ~r the basic test method epectficatfons, individual p6rts. fn the device
under teet may. .be loaded by any of the three options given above. The lcade
which are actoafIy used shell be gfvenalong tiith the data generated by this test
method.

● ‘,- 1 METHOD 1009
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4. SUMMARY. In addition to me information apeciRed in 4.6, the following
information shall be speciiled:

(a) The data may be presented 8E unreduced data in tbe same form as that
uced for tbe data for tbe oo~eeponding blocked Iocd teet, or the dependent
variable data may ba shown as the &vlai30n from the bb?ckai load tact deta in
dacibelc or aa a percentage devlatlon from the blookcd loud tect Ma as a Punc-
tlon of tbe independent variable. .

(b) When a ‘%hort formlf of tbia sensitl~data may be precented, it shell
be presented CEthe maximum deviation from the blocked load tect dots in
dwibela or in paroent. l’baa, thie ebcd form data ib a stngle number descrW
Iog the giwd.eet cbm#e in each pcrthxdar characteristic, such IU3tlm cupply
obcrccteriatic, caueed by cbcoge from blocked Iocd and uniform load on spaci-
flcd ports.

2

.“

~~9..........<
METHOD 1“006
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o METEOD 1100

SWITCEING TIME

1. PURPOSE. This method establishes the means of dat8rminlng the ewttch-
lagtlmafim cartaindigltal davlcas. Swttcbtngtima tanotdaflnadfn
MIL4TD-1306.

1.1 DaffnfHone. l%efollowirg dafInWona shall apply forthaperpoae ofthie
teatmatbod.

1.1.1 switoll@ tlma(~). Thetotal elapeadtime fromthe flretdleOerniblS
~eMW~M&o@tib-H90~-@*Hvti.

1.1.2 Pmpa@ien deLsytirae(t@. The Mmemeaeuradt oaepaotfied IaveI
of theoatpntfmm acmreepondbglevsdoftba @at. The Iavelaaraepaoifled
in temne of pereent of M value.

1.1.3 Elaetima (tr). The ttme oftranettton of the output signal from 10 pamant
to90Pamaet of ftafinslh@vdae.

1.1.4 Falltfme(tf). ‘Iltetlme oftranaiUen nftheoatpat aigdfrom90parOSnt/.

e

tolopement of ftaildtial htghvalue.

2. APPARATUS.

2.1 Thing Sqaipmmd . Adneltreee ttmabeaeodhaeepe Wtth memory
eapabWyiaareUable means of Sooompliddng tlma measurement to fraottoaa
Of milltaalmIda.

2.2 Pmesnre lnatrmm@@on. Thapressure tranedacera ettha14mt and
O@P@atik~-m~ti volnmaami fmqu0eyre8p0n8e. The
aooamoy ad hqaancy response shall be specified In the epplioeble proenra-
ment doomwnt.

2.3 Drlv@ etgnal. A low impdanoe wall attachment amplUiar operable over
a wlda range of eopply preeeoree caa provide a maUetfe drItdng signaIeimilar
to what woold Im ameountamd in elrcuit use. However, to determine wtth cer-
~ the s~- possible -ant tlmae of the davlee under test, a oonetmt
flowaonree leraquimd. Small devleaa can badrivenby large onse forthte
parpoee. To test a lame devfce with relatively low Qut Impedame, so a!ao-
tzmnacbmdcal eqnare wave generator @l be more satle~ry. Unless other-
wise eped&xl, test data on transient chamcterietlee shall include an ootp~
cbareot8rfetlc carve of the drl~ eouroe used in the teet.

/“’““

o:- 1 ME’IYIOD1100
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3. PROCEDURE. Tbe teat ofrdt and inatrumente shall be conneeted es
shown tiF@me 1100-1. Line Iangtbe must be kept short sfnoe ezoh fnch of
ltne length requires roughly .1 milliseconds of transport tfme.

3.1 Meszurement of @. Propagation delay time can be mezeunsd bztwean
any two carrespondtng points of the input and output. Ffgure 1100-2 abows ~
measured fmm the zmffcztion of the fnout to the first dfecerntble cbemm fn be
output. It may also ~ takqn between h-e 50 pe&eut values. of the fnput-znd the
output. Other correepo- POfnte of the eignsle may be more zpproprfzte
for a pzrtfculzr ozee.

2.2 Mezeureme tioftrd tf.~~tie~tint ie@tieo@@s W&
measured fm’m the 10 ~ient point tithe 90 .peroent pofnt. The fzfl tradtfon
tfma sbaJl be mezeured fromtbe 90 pement po@t to tbe 10 pement pofnt.

. Ffgure 1100-3 showe typioel @znzitiontfme cbarzoterietfce.

The propz@fon.,delay @ne emdthe ttineltfon tfmes ehould be meneured
wftb the power supply preeeumof the devfoe under teat set to.fta nominal value
or mf@ofnt of n dee&n rzrge. I‘I% drfving e@al should exceed the awftcb@
.pressnra of the devf& under teskby at .lezM 100 peroent. To zfmulzte mmmzl
operzt@ condttfone se oloeelyae posefble, tbe reefstznoe of the load ahoald be

~equivalent to the resfatznoe oftbe eontrd nozzle of emfdentfoddevfee. Tbe
pmeees “should be repeatdwfth at ,leeet two other power q,.pply prSeSUMS; one
above end .00s below nomfnal.

3.3 .8wftc~tfme. The sum of ~p~tfoti tilzy.time mdthe ,xfm .(or fhll)
:timeolo sely ap@mba@e .@e e@tchfng Ume and wfll be zocaptzble .mdess
.+..,otberwfse.med. ~”

‘ 4.: SUMMARY. The followfngdetafle. shill beepeoiffed

(a) ,tpd se shown fn Ffgurz 1100-2 or aa othelwfee epecMed fn the applicable
procurement &ument.

(b) tr @ tf zt m- PS and mbfmum’durfng efgnel.

(c).. tr zndtf at PS above znd.below nomfnzl Pe, ores epecffI@by:tbe
. applicable.procurement document.

(d) Ambient mmdftione at time and pIace of teetfrg.

>.2
““9METEOD:I1OO ‘:::’
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METHOD 2001

POWER SUPPLY, QUIESCENT INPUT AND QUIESCENT OUTPUT CEARACTERfSTICS

PURPOSE. Tbis method eStShliSheE the means for m~ Power mPPIY.
~eeoent input aud quiescmt output charaoterietlcs for low frequiamy, pneumetto
use @ne@y under 25 Hz). ~.

3.1 DSWtions. The folhvfng deffnftfoas shafl a~ly for’ the purpose of thta test
metb@

u L 1 13alenced enxdifier. A ditXerentlzl emplffter whose fmpedenee et eeeh tn-”
put termtnd is identical over a epeoifted range of (a) qutaacent @t pressures,
(b) supply pressures, (c) balanced load tmpedences. If under these eondftione out-
put gage pressure and flow are wftldn 5 percemt of their average values when the
differential fnput pressure ad flow are zero, thea the emplifier is belsnc~

LL2 Input Mae meesu ~ That differential pressure whfeh must be applied to
the control ports of a differential input amplifier to foroe the output dffferenkiel
pressure to zero, wbea loaded with matched peaefve impedeMee of specified
value. $UPPIYpressure Ps, and quiescent inpt preeaur% POO, must be spee-
melL -

3.3.3 Input Mee flow. The fnput Mae flow te the differeawe betweea the ffowe
~ the control port of a dfffer3ntfal @at empl@er reguirsd to foroe the
m-t fffff=tie.1 Pree-e to zsxo when loaded with matched passive impedanoee
of Speciffed value.

2. APPARATUS. The apparaius shall eoneiet of regulators, valves epd re-
etrtetors cepeMe of delivering eufffcient flow to eetablfsh a maximum useful
SOPPIYend quiescent input pressure for the element under test. The extent to
which the investigation is automated effects the cireutt de.vign end thus the choice
of some elements fo the etreuit. F&are 2001-1 is a complete ~ ~~m
circuit for meaatuing SUPFLYand qufeeoent charecterietfcs. Figure 2001-2 is a
circuit for ueicg controller driven valves end axtometfc date reducing end record-
fng equipment e..

2.1 pressure sensors. The preeeure eeneor (gzg% menom~er or whatever)
should be oonaected to lfnee through expansion tanks. Thts is done to reduce the
speed of the fluid so that the readfng obtatned rapreeeitte total pressure.

2.2 Flow sensors. F’lowmeters of very low impedance -be ueti d the
~-a. K tie presme droP _ the flOw mar is kge, the accuracy of the

METHOD 2001
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mldatione is affected. For”the case of the mmtml ~ POW= SUP@Y,~ COn-
. .

netted sc shown 4 Figure 2001-1, the prescore drop tbroagh the flow meter be-
cornea negligible as the line pressure at that point hecomsc Iarger. Care must
be taken not to exceed tbe rated pressure of tbe flow meter.

3. PBOCEDURIL

3.1 .PowarauDIdY dmaderftitlc~ The - apply chars@arfatlc@ em a
plot of the power supply tlow vzluea, v@ylngee the power pressure ia varied
flwmzerotomarhuq design preaanrc+ tied impdsnce end qnleacent iI@
preaeurea end floimi can affect the powek supply cbarac@rlaUcs so that the con-
dttiona under which these meaeoremmta aretabennmat beapc4?f%d AlternaMy,
aevaral colTwtaksal lvMbdiffaremtc olilMnaUonao finP@pm~ Sndeutlad
im@zmmam Syk@i Ududed ~

Rcferrhg to Ffgure 2001-1, the power vaIw abeald be ad@ated to several
Ufarant settiugs (at least five) with inpats cud outputs closed. Evidence of poa-
aible 16ad sensitivity may ocoer _ these readings as tie power supply Pree-
mtiti=d~tie=is~~mee~ebx-
imemveluefor wbiohatabilit yocaua,

Repeattbet4wtwlth ir@velvea opsaSIsiaI@ impSd&Oe Ceducdb
mbdmenkpbttimxmfrdamthe -ee?’elheetim comccthgthemtoform
ameothcorvc&

I@eattheteet oneemorewith inputqd&dlnwaoma~det
10pexoent (orotber appro@atcpercantCga) of Pst @t.t@fhe_ontheme
grapbesbefore eotbatthecarvae esnbecompard l’ypica lonrveeareehown
in Ngnre 2001-2.

E the curves overlie thm dle pwer Sllpply Obaracteriatlcsare Casentidlg
fnernsdtive to loadingSOLII.npet condition. If the curves donotovezliq asoh
curve should ha @dIdY ident15adi

If the preceas is auto- Fi@e 2001-2 fa a baafo test cfrcmfL Vavec
me.at.be opined end olosad slowly ta minimize translcnt effeota

3.2 Quieaocnt inuot cbsractcrlatics. The cpdcees=t input ~ce are
s plot of @sit cpdeecfmt flow values varying as the input qoleacent preeaurea are
Variadfrom zeroto maximum design value or beyondIf en oparstionzdmaxlmmn
value is to be determined. Freqmmtly, power SOPPIYcondition can sffect the qof-

hmderWUca. Lees oil- the@@ cbaraoteriatics are affected byeacent inplt c
load impedmce. To Ilbdrate these effects or their abssace, quiescent @at ohar-
acterbUcs should be taken et two different supply preeenr=, rmmhrg each under

2“ METHOD 2003
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zero and maximumload impedance oooditioca. Plot thee fourcharacteriatfos on
a side iw@. ~ W- 2001-4

3.3 , Quiescent out@ cbcractarietics. The quiascti cutpct chmda@ics are
a plot of cu~t flow values varyiog aa output pressure is vexied by maaoe of chacg- ,.
tug the load impedance, all while the differential @at prdecre is held ocnataot
(zero, for the oaae of a balanced amplifier). Haferring to Ngcm 2001-1, tke power

aW@y Pre-e is set to ite @nimum value. The @aaoeat tnpnt praamra is set
to 10 percent of P- The output presaore and ilow(bcth Exad by the load impadmwe)
are raoordad se a point cn the graph. Withoot chacgicg the load impdacc% other.-
polcts are generated with inormaing P6 and Pm valuae. The process is reixmtad
for three or four load impedance setticgs and the points are conceded with lima
of amatantpowar supply pressure aa shown ih Figure 2001-5.

40 SUMMARY. The grapha gemerated in Me ekove teats era naoeasary for ocly
one atde of the ampliilar if it is balanced. In addition to the data deacrtbad abov~
the barometric pressure and ambiact tmpmatur emuetbeelmmb

Yea ~
Balanod?

Operable wftbMocked load?

Praamt the power acpply oharaotarietlce as shown ic Figure 2001-S.
particular poiote co the power supply curve can (ahmdd) be apacifically lebelad.
For arampl% if, during the course of thts and other teats, it ta noticed that a
particular point or range of points 00 the power supply charactariatlc yields a
aupa’ior S/N ratio, this point or range ahctdd ha indtcated and m labeled co the
power Supply Ourv%

If the curvee ovarli% indicate the range of input end the loading oocditlona
under which the data ware takmb

presentthe quieecemt inpot characteristics aa they are *to Figure
2001+ If the curves overlie, indicate the various input and loadIcg oonditiona
under which the data were taken.

presentthe quiesceat output charaoteriatice aa they are shown in FisurS
2001-6. Two addlttonzl curves wouId be appropriate. With the PS set to a nomioal
value (say, case c in Figure 2001-5), present curves for Pc~P6 = . OSand P~
PS = .25 respectively.

● ‘
/.
. ..
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DIFFERENTIAL INPUT AND OUTPUT CRAHACTERBnCS,
AND PRESSURE TRANSF~ CURVES

1. PuRPOSE.. TMS method establiebes the meane for meeeuriog the
dffferentlel input end output cherectertetice. WhiIe these cherecte-e supply
the nffieeaary Informetfon to compute pressure @i, au alternate more dfrect
way of debsrmt?ing Presmre gain comprises e pert of tbfs methd.

1.1 Da3nitions. The following definitions shall apply for the pwpoae of this
tact method.

1.1.1 ~ ~Wentin. When PC1> PC2 the control differential preaenre ie
ccmeidered to be poeitive. stmikmly, when PO1> P02 the @P@ me~tkd
preaeure is ooneidered to be pdtive.

1.1.2 Nomfnal eUPPIy preazure. The mtd pofnt of the range of enpply pres-
sures at which au amplifier is dedgned to be operated.

2. APPARATUS. The apparatus ebell consist of regulators, ve3vea, end
reetrlotlon eepeble of deliverlog euit30tent flow to eatablteh differential Inpnt sls-
nabsthetwfll drive theoutputt. osaturatim. ‘fheextentt owhtchtbeteetiagie
automated bee cooaidereble effect on the cfrcntt desfgn end thus the ohoioe of
Some elements fn tbs Oireult.

Pfgur6 2002-1 fe a eomple~ but rudimentary cfrmdt. If the amplifter
is belanow then the cbaraoterietlce for one side een be considered valtd for*
other. Tbua, flow rendinss cap be takn on we aide only se indicated by Ngure
2002-1.

Figure 2002-2 te a circuit utiltaing electronic transducers end auto-
matfc data reductng end plotting equtpment.

2.1 pressure eensora. “he pressure sensors are connected to the lines
-h SSPSMfOO* so tit the reading obtahd repreaenb total preaeure.
Coneldereble forethought should be given to the else of the tanks. ‘l’heymust
be large -h so that the veloctty of the fluid is slowed to a negligible maL@-
tude. But volumes are capacitances and they can make the meeeurfng process
very cmnbereome. For automated teat ctrcuits, the sise of tbe expansion tanks
and line hmgtba to pressure sensors must be mfntmfzed. l%e voI@ge to the
valve controllers must be varied elowly so that those transient effects hduced
by unavoidable volumes are minimised.

1 METNOD 2002
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2.2 mow sensors. Tba output flow meter should be chosen for lowest
pcsefble impedance. The impedance of the tnput tlow meter cac be made ns@i-
gtble by tnsertiog it into a line of highest practicable preeecre consistent wtth
the range and preeacre rating of the instrument. The circutt in Ffgure 2002-1
permits the use of high pressures at the flow meter locations.

2.3” ImdimPed snce. LOZdI&edtices should be identical, afnce in
normal operation it is assumed that differential prcpcrticnal amplifter outputs
will be aohjected to aimflex load “Impedance under .gutescent and emall aiSOSI
conditions. A eet of ftve”metcbed pelrs of lsmfnar flow reefstcre can be pre-
Psred by makfng mfnute length sdjuztment in .csPiUerY tubfng. 21zeee should be
etzed so that they admit flows from 10 to 80 percent of the anticipated saturated
flow recovery at the outp@ ports of the empltfiar to be tested. Tbte tnvclves
out-sad-try approximation. A more direct means prcvtdins more fl-ilfty
involves two valves with stn@r’ cbarectedetics for a ItIce number of turns from
closed pceition. These should be mo@ed rigidly so that they can be g- to-
gether. ~a tnstallaticn now .prcvides matched output impedances wttb varta-
btlttg avatleble by taming a atngle dfel.

Matched variable resistors can also be purchased tf ranges of preeaum
and flow are Spectfled .,

3. . PROCEDURE. The input end output cbaraoterietlce can be taken
,,. : afmultaimcualy by taklos a number of res&igs at vartcue settings. l%e qmthods

vary conafderabIy dependtng .on the extant tp wbfch the bset is automated.

Referrtng to Yigure 2002-1, set the power supply preeaure to nomfnel
value. Set the qutescent input pressures to 10 percent PS.

The ftret set of reedf.ogs is taken with the output linee open to a&os-
phere (zero load impedsncel. Presaore and flow readings are taken at Cl end
C2 for tbe quiescent tnput condtticns and recorded on a graph of eppvprtate
scale (this pctnt should lie on the quiescent tnput curve of - 2001-4). llm
O@PutPres- and flow reSdfCSS are taken end the pcfot recorded on a graph.
The scales of these graphs should be simtlar, since auperposttion of these curves
reveals the flret adjustment necessary to stage one smplfffer wItb another.

Then set Cl pressurcto 11 percent Ps and C2 pressure to 9.pm-cent
(or 10-1/2 percent PS sod 9-1/2 percent PE if smeller tncrementa me desfred)
and make another set of rezdtngs, recording the potita on the appropriate graph.
Contfnue until Cl is at 15 percent PS and C2 is at 5 percent Ps.

Thfs completes tbe’pcettive p~d msdiigs. NOWmake pressure Set-
tinss at Cl at 9 percent and C2 at 11 percent Ps, taking readings at each eetUng
until Cl’ ta at 5 percent Ps md C2 is at 15 permmt Ps. ,~s comPletes Me ne!m~?e
Pcd raadfngs and the entire set of readings at zero load impedance.

,.

‘“@
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The next set of rezdtngs is made fn so tdenticzl manner ti”th the load
:impedances fncreased eo that the output preeaures are about 10 or 15.lamant of
Ps. The fn~t preeeures and flow ebculd be checked at easb fnp@aettfng but
need be I.soorded 0113yif they dfffer by more than 10 percent from those Of tbe .
ftret eet (fndfcaiing load senefttt4ty).

Sabeequent ads of readfngs are taken at three or four more load hn-
_e s-e md the IW~tS COUCSC~by tie of COUS~ Pcw ~ OIUWSS
generated are typicaUy lfke those ehowmIII Figure 2002-3..

. EYgore 2002-4 ebows the fnput ~rentizl cberacteriettcs for a-epe-
Cfffo Ps and Pm.

‘Ilm prooess descfied above is repeated wltb the same P6, but wfth
POOat less then 10 persent Pa end agafn wfth PCOgreeter than 10 Peicd P60
‘I@I will yield lwu more graphs Ifke that of Figure 2002-3. Tbe input dffferen-

,UaIourvesf ortheseoonda ndtbfrdsets cenbeplotted ontbeeame grapbaswae
the tit se% as ehowo h Ngara 2002-5.

Two more sets, one witha PS above the nomfnaI, the other with PS
bSIOWthe nmufIu& eaoh with Pm/PE at 10 Peroent @l sfve a reprem-e

0(..desorfptbm of the emp~er. - .-

‘Ilmse imrves cao be generated tn a fraoUon of the Ume requtred for
tbe above .deeortptton if the process fe carried out wltb electronic traneduoers
aud plotting equfpment. - a prooess is fmplfed by the test cfmmft abown to
Pfgure !W02-2.

h tbts method each output curve ta plotted dfrectly for a constant
fnput afgo.al, by varying the load impedance from zero to blocked (or to the max-
fmum value for whtch stable operation Is possible). lb error efgnal br the
input controller is the fnput controller is the differential input signsL so that the
burden of mefntafafng a precise input dgnal is tsken frcm the tnveztlgatoro

TIIS tnputdate should be teken from these eetUage end the input flows
ebould be monitored as the output impedance ie varfed to determine load zen-
Sitivfty, tf it exlate .

‘rhe prooess should be repeated to produce the five sets of cbaracter-
idics needad for a complete static znalysis of tbe amplifier.

3.1 Transfer curve. A direct automated procedure fcr plot.ihg pressure
gain fe aveiIabIe wftb the cfrouft of Ngure 2002-2 by sfmply plott@g output
dffferentfsl pressurS vs input differential pressure. An fntegrztor input to the

9:.

controller ean help to generate a umifcmnly Ume-varyfng floidic tnput efgne.1to
the amplffier. The curves generated tn this faehion are mere epecfalfzed, fc

—
3 METHOD 2002
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that tbsy represent a single load impedance and Pco/P8 combination, where tbe ,..

five sets of curves allow all combinations of impedance to be considered with a - ‘” :
sampling of tbrse dtfferent Pco/Ps -ratios ad thraa dtfferept, P* values. The
direct transfer.curves have tbe ‘obvious advantage of quick aeeesermmt of linear
range and saturation values.

4. SUMMARY.

4.1 Output ‘cbaracteristtce.
as, followe:

present ftve sets of output cbaraoterietics

:(c) ;P5;at:noM;’Pco~P8’tie.noW.

.. -.’ k(a) -P8;at mominsl wlthlhr-, @pat cbaracterfstfca for ?~e~P~ st .- ~
,no@nsl,-. abovemombiql,. md.belm,~w-;=n~tiv~y.

(c) ‘-P8.belowmmrdnsl,?~co~Pe at,nornidal.

4.3 ,~ee~e .&msfer clisract.erfstics. j!~eeent.a8~or:mae~~r.~s ~” “
as ,rgqueeted by tha applicable,.procurement..dooumeut. ‘$peemload;impedance

...P8.an@~coy.~5 .

4.4 ~Generdfnformation...

~, 4$21 +mbient.:temusrsture :andbarometfic [pressure.. .

.“*..
‘WETROD.2002 ‘
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METHOD 3003

DYNAMICTESTING

1. PURPOSE. This method establishes the means of determhhg the
_CY respome ~d ~eport time delay of a flueric differential proportional
emplW3r. The method fe applicable for pneumatic operation at freqwaciee up
to S0 = (the power spectrum for analcg flwric devlcee).

j 1.1 Defintt!one. The follbwfng deftnitiogs shell apply for tbe pgrpose of
tbfe tast metbcd.

1.1.1 -D911amic gain. The ratio of tbe emplftude of the efnueoidel output
@emxmee) e4@ to the amplitude of the ainwoidal input (stimulus) signal for a
apaeifiad freqnency (or range of frequencies).

1.1.2 Pheee Sngle. fie nnmber of degreee by which the sbmaofdal output
dfffere from tbe efauaofdal input for a specified frequency (or range of frequemies).

2. APPA3UTUS. Tbe teat circuit is shown in mgare S009.

e 2.1 TYaaedacere. The pressure transducers must be of mfnfmam rolmne,
sines volmnes introduce capacitive effects into the oircuit wbfcb would affect the
~ obtafned. In tbfe connection, Mae lengths should be mhimfwd throughout the
Ofrcuit.

2.2 .Ffgaal mmerator. The stgaal generator must have en adjustable output
nail level and be easily interfaced wttb sO electronic mntxoller. If tbe input
transducer voltage is the error signal to tbe controller, tbe balance of the output
of ~ signal generator @l he dependent on the eimflarity of the fmpedance of
* ~ input porta of the amplifter.

II
I l% efgnal generator should maintefo a reasonably constant output over

tbe range of frequencies of interest.

2.3, Dfsplay media. An oscilloscope of high sensitivity wtth two beams,
common time base and wtth XY plotting capability servee as a practical means
for monibmiag fnpat end output data. Alternately, a time-base racomier with an
overall frequency reeponse at least ‘four times htgher than that anticipated for
tbe item under teat can be used, although data reduction takes somewhat hmger.

●’”
,;
‘i.

ME TROD 20031
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3. PROCEDURE.

3.1 R-em encyrespense. M&effvemsti~htiti~ncym~~e
teete ae follows:

(a) “Paatnomfnal, Pco/Pe atnomfnal

:@) Psatnominal’Pco/peabovenomf@

;,(c) “Psatnom@hl,W?co/pethhlow.nornfud

.,{d) ‘Peabove’nomfniili”Pco/Pa atnomfnal . ..

(e) ‘Pebelow nominal, Pco~s atnominal

:Xtis a&umed that.the “nominal!~;preseures above are.thoee”for which
‘“the empliftdr wee designed. andere the same aa’thoee of Method 3002 (for a;given

teat item}. ‘1.Iwamplitude. of.kbe signal.generator output must be checked at each
.&eqnencysetting to be sure tbet it.lamM@afned conetant. When the eiae of the
excursion is decided upon, check it.atrnaximum frequency-to be sure that am-
plitnde csn be maintained tbro~h.the-fkequenoy range .antlcipatifor the teat.

,*”
3.2. -mmepo rt tfme deley. A atap Input ieueed for tide @et. Eseenttally J

.’tha acme teat cfrmitt ae waa .ueedfor.lhe’ frequency.: reeponee teeta can be used
for this teet, except “that .t.besquarewave efgnelgeneretor nmet be aubatftded.
Transport “time as’defined in MIL+~1306 can be determined most conveniently

by a two-trace oscilloscope wlti memory. ‘“’Ihedisplay can be phptogrephed di-
~re6tly, or the reeulta can bw;tabulated. iUee the.eeme-eet.of preeaures.ee .Uated
‘hi.3i2.

4. 3UMMARY.

4.1 -Frecluency rem nse. “Presentkhe ;flve eeta.of frequency reeponae teat
data on ~eperats Bode plote,:tidfcating ‘the :Ps, Pco/P~, and Io@ impedance.

4.2 ‘llammrt timedelay. Present photographs. of the:displays of the
“ffvetransport time delay tastg. ~~-Alternately, the data can be tabulated identifying
the appropriate Pe,’ Pco/Pe, atid “Z1o~’ %’ltheach measured .~UtY.

.2
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@ METHOD 2004

SIGNAL TO NOISE RATIO FOR PROPORTIONAL AMPLIFIERS

1. PURPOSE. l%is method esteblisbee a meena of determining signal to
nofee ratio for proportional smpltliers.

*8 efgnel-to-nofee ratio (s/rn for a flutdio element is the rstlo of tbe
maximum-output-signal to the output-noise. Meelly, noise Add be described
ae a spectrum sbowtns noise amplitude vs. fr~ency. Ae a Praticd ~
the value for noise used is memtngful only tf the passbend of the measurement
ayetem (&e flutdic device, tbe load on the iluldic device, end the instromkmtatlon)
iS provided.

Vshes of S/N era most frequently given to terms of tbe peel-to-peak
or RMS amplitude chqracterietic of the noise. A peek-to-peak determination
involvee estimating the actual peeI-to-peek extreme of tbe notee waveform as
dfeplsyed on en oecffloacope or level recorder over a eutteble sampling fntm’al.
The Peak--@ S/N Veh (S/N)p iS tbcn tba mextmmn _ rSOSSof the de-
vice dfvfded by tbe peak-to-peek notee measured.

&

An RMS d~mntnatfon reqMrea &e u~ of a trne RI@ meaam&nent
inetrumen~ inoludfng proviafon for averegtns @ltertng) the fhmtaattng RMS
value When signfficaat noise content te present below* natural frequency of tbe
meter movement. The RMS (S/N’)value (S/N)R ie d@ned - ~ m~um ~~
M RMS ou@ut signal poseible for tbe device, divided by the RMS noise memmred.
For the general 0ss8, tbe maxlrnum output .eigoal is taken es the maturation value
end the nofee is taken ae the maximum noise amplitude measured at saturated
oolput. The maxhmun RMS output signal for proportional devtcee is defined
se the peak-to-peak mfcdmnm output (i. e., the maximum linear range) dfvfded
by”2~ (Le., tbe RlkfSvahie of tbe largest poesible output SiDOWave).

Salection of peek or RMS values of noiee d~ende opon the intend~ aee
of tbe datai the cbsrscter of the notee, and the time sod facflittee available for

~” tbe test. llm RMS methcd is generally preferred since (1) tbe RMS value tends
to be a more stable end unsmbtsuoae indicator of a random signal, .(2) a me~r
te more c-”entent to read tbhn a trace on en osciUoeCope or recording, sad
(2) methods exist for snelysie (e. g., inat mment noise can be subtracted). Tbe
peek-to-peek mew, tbougb perhaps not as precise, affords the conventeoce of
dfrectly indicating tbe amount of tbe useful output raoge of tbe device that will be
istluenced by the noise eisnal. My a common oecilloecope maybe required to
eetcblteh approximate amplitude values for cempsrattve purposes. fi eheuld be
emp~tied tbct for aOYUOieemeaeorement tbe paesbend of tbe measurement
syatam must be provtded. TIM data WI be most useful if a epectmnn of data over

●
( the freqnency range of intended usage is provided.

=. 1 METHOD 2004
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2. APPARATUS. Figure 2004 shows a test circ~t for Obti RMS noise “““~‘’
diita from a flufdic element. In the circuit of Pigure 2004, a differential propor-
tional smpliiler is illustrated as a typical device under test. Ffnce the output
notee of conce~ is the differential output, a presswe transducer is attached to
each output port and the difference signal is obtafned with the electronic differen-
tial ampMfIer. Generally, bfgh-reeponse transducers are ueed end connecting
tubfng is kept to miafmum lengths @ reeult fn btgh response from the fiufdic
cfrcuft. The noise signal uauaUy is fed through a lowpass mtsr and then to tbe
true-RhfS meter. The Iowpaes filter is optional but provfdes the cspabtlfty b
obtatn noise dath as a tbnctfon of paasbsnd. If tha lowpase ftlter cut-off ‘frequency
fe aet sfgnfffcently below ths reapenae of tha fluidic element and. load (fncludfng .“

transducers), .“for sxmnple, the Iowpase ftlter determine measurement sye~m
response, ahd noise data as a.”function of paesbsnd are madly obtafned.

3. .PROCEDURR. The devtce ehould be operatad at conditions wbfch are
@ to ebtafn the tranefer curve of Method 2002, 3.1. Unlese OiheI’Wi13eeps-

‘cff@ ‘~se “s~~d be now Ys) ‘pco/Pe~ ~d load fmp~~ce _ to tit
of one ‘control nozzle. The contractor may choose thaee condftione to produce
.tbe optbnum S/N ratio. M2L-WTD-1306‘epecfffee that nofee be measured at
~sataratton. lo some caees it maybe ‘desfrzble .$0~clude additfo~ nofee m--
enremente where eubetaatfal operation is anticipated. l%eae meaeoremente
would be made’witbtbe’controk.port preesures’set<for eelected output levels to
:the desfred range of operatfon. As a rofnfmum.for analog devfcee, M noise “q
kbnuld be measured at waturatfon%nd mdl conditfona; (i.e., control port prepeures ~

at values correepoudfog to zero output,~gnal). .,

3.1 M-inn Ji?vfSetmd. The. maxfmwmpazk-to-peak output sfgnal first
fe obtafned “from”a steady- etati trmiefer:curve (ace MIL-STD-1306, D6ffnftfon

:Of “$aturatfon” and Ngure 13). :Tbfesixnzldivfded by;2 ~ d~es “tie “mti-
mom RMS afnueoidzl. afgnel.

3.2 RMS noise. ‘Ihe noise value as read.frnm the RMS me@r may r?qufre
ea@eerfns j-ent,@ result imzn “average” value sfnoe low frqquency contsnt
‘in the noise can make the meter “fluctuate. JuaUftcatton for”@ vaIue ti~d ~- .
‘clvde lfnifts of meter fluctuation. A.”meaaursment systam reeponeevalue mti
accompany i21’nofee values. Reeponse.is definsd ae the frequency correepndfog
“twths lkib-down point.

TYPicslly the first test will.be that with t~ Iowpass ffltsr “opan”, i.e.,
‘ths cutoff frequency would be set significm”tly above the fluidic’ element” (with load)
response. A frequency-resrsmse measurement of tie element Wfth 10~ ~ be
naoessary te determfne the 3 db-dowmpofnt Landthus deftie the paesbznd. Noise.,.
readings thsn can “bemade with the cutbff frequency of the lo-ass fflter set at
frequencies. eigni.tlcently Iower.tbzn the reeponse of the element m that the pa8s-
bend of “the syatsm now conveniently is .determfned by’thefflter.

‘o
“2 T’dETHoD:2004 ::/

,.-
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4. SUMMARY. TIM followlns quantities ehell be epeclflad.,.

4.1 S/N calculation. The RMS eignal (2.1) divided by tbe RbfS noiee (3. 2)
provides the S/N value.

4.2 RePOrting of data. Present a ourve of SLNva paesband of the meeaure—
mant eyetem @uidic element, transduce;e and lowpess filter). Alternately a
liatfng of s/N values end correapondiug reaponee valuae for the meaaurem ent
eyetem maybe stven.

,“

\

@ .- 3 METHOD 2004
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METROD 3001

EVALUATION OF A FLUIDIC OPERATIONAL AMPLIFLER

1. P~POSE. ‘Ibis method spectfies tests and procedures to deterrnfue
power ra@remeuts, descent input characteristics, transfer characteristics,
time delay, and frequency response of a fhddic operational amplifier.

2. APPARATUS.

2.1 pressure ragula tors. ‘rbs control port pressure re@atore must be
c~le of mefu_ constant pressore through a range of zero to 70 percent
of the epeciffed power supply presenre, or 58 apaotfied in the applicable procmw—
ment document. The power supply pressure regulator nmat mzintatn constant
pressure, *5 parcen~ at the specffiad supply pressure through flow verizt!ona
encountered as Pco ia varied from zero ti.50 percent Ps.

2.2 Preaaure sensors. The pressure sensors should be connected to the
lines throu@ expansion tanks fir those teete where conefderable Ifna velocity
ta aspaotsd (each as the output ltnes with relatively low load hpedsnc% for
example). EYOCPMOCYresponse teats should be co~ wfthout eapaneien tanks,

/- but with the transducers teed directly from the shortest przottcable Wee.

0’
pressure traoeducere should have identical fmxluancy raeponees of srez~r b
100 Rs or as specffied fn the appltceble procurement document.

2.3 Flow aeneors. A flow meter of appropriate _ and low impadanee
should be oeed to measure the power flow. The flow sensors at the oontrol porta
must be of very low range.

3. PROCRDURE.

3.1 Power raq@re ments sod quieecent inpot characteristics. The drcoit
should be connected as shown in Figure 3001-1 (a). Only one control pert is

.’ shown wftb flow beiog measured. With a flow measuring instrument at each oon-
trol PO* all data cae be tekan io a single test nm.

TIMpower supply pressure should be set to destsn Presmm% or as
specified tn the applicable procurement document. With Pco set to zero gage
pressure, increase this “pressure slowly, or tn euiteble tncrementa if dfacreet
supply flow data readings are being taken, untfl Pco = 60 Percent ps, or aS
epecffhd in the applicable procurement document. While increasing PCO, PS
shcmld be monitored to ensure that it remains constant.

0’”
/“
.—

Repeat procedure with output blocked. - . . . .

1 METROD 3001

Downloaded from http://www.everyspec.com



~=s~. 1363A
28 Wep@iuberL1973

3.2 Presauretrznsfer characteristics. Dffferentiel preeeure transfer
cbaract8rls~cs .sbculd be measured for-each pair of input ports, Cl arid C2;
C3 and “w. etc.

‘The cfr@ft should be connected ae shown fn Figure 3001-2 (a). (lutput
loads are ddlned ae followe:

.a. -1 nozzle load- An orifice wbcee”resist+mce is equal to the reefs- I
tance of a contrcl.nozzleo fthe .d@ce.under:test.

‘-b. :Znozzle.load - An!oriflce.wboswreeistance.ieequtvzlent.to the .:

reefelance of ‘two contilmoziles:of the:deidcemnder-teetwben connected 10
.pardllel.

>,

‘c. Noloid - lhfinlk-resistance’ (blocked load). Sfnce”.these loads are
ue6d in “pifrs,~=msistance values must bewimflzr; within 5 percent, of each
other,: or.i~tbfnlfmite:, epacf.fled ‘tithe a@ickble.procurement document.

“1’lwloads eDe6Med.&ve. are dWhmcMn terms of the’ “averaze’1 mfnt
~etaoce.of:the:con~l nozales’-:Pco == ~percent. P8 (ee@ti tiO1-l(c).

‘~e’power. “m@.dgpreeenre ‘ehoidd,be:~tat~ deefgn preeeure; ores
-epectfled. titie’afic~lepa~ent:.dm~ent. “’”’IIwqofeecentinpnkpmeeure,
‘Pco, shouldbw eet atileaigmlevel@rAewqm6ified:fi .tbe applicatde,procurkment.
~docmnent .

.“

.D~emntiA~tsi@:shtid h~Hed so: that TPcl + PC2 /“2 ‘“= ‘Pce
‘The’”iitffereritiial~preseure inpiit:sbculdb6Mncreaeadxuitil l’Ped 1=‘2”1PCO 1, :Or ss
@pecifi6d in the applicable prccuramentdocument. ‘“’:Datashould belelwu mcoidfpg
,.pd.rzlid?p,.:dJforeah Ptitimment.

WIS procedure is c~kid ‘cut’mider ezch~of tlvi loading couditfonwof
r(a), ‘(b)-end~(c~above. .

*I

.-/...

!
I
I

.. .

:~~’-:~pl~er~hs:more’-one .p~tfcontrokpcrte; .theithreeleet
. rune are coticted .for..eachtpefr of control pQrtswith’themouaed contiol;patsw@t
46:PC0.

TlniDy,: taveiifywmniifng capzbfli~, ‘tbe~”three test rcns.zre coiducted
wftb b@tM@ds.applicddma @ir9:of controkpcrts sti”idtaneou51y..

3:3 .’Freqpency re spouse. The .operatfonzl zmpliffer can be. ev”lihmtedlfor
Jfhquency ‘-spouse with equipments ,as’.descrfbeddn Methd2003,7.Ilnamic --
‘V1’est@g.

.. . .. .. .

9,
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*-”” “ T!@prcoedure is the same se that described h 9.1 of Method 2003 ex-
cept that PS and PCO/PS are speeffied at parttoulai’ values (deafgn values, or as
apac~ed in the appltczble procurement document), and the load fmpedence is
fixed at l-nozzle load (or as epectfled by the applicable proemwment document).
one frequency response teet is raqutred for each patr of control ports, the un-
used control ports. set at Pco.

—.

8.4 Time delay. The prooedure”deecribed fn Method 2003, 3.2 fe qplfcable
for an operational zmp~er .’ one teet is requtred for emh P* of c~~ol Prte.
Ps, PCO/TS and load tmpwkmce shell be as epecified tn SeeUon 3.3 above. ~put
em@ude ehodd be of a sfze to drfve the output to 50 percent (+5 percmt)

i saturation.

4. SUMiKARY.

{“a.

4.1 Power r&@r ements and quiescent fnput chzractertetfcs. Pmsmt
curves es shown in PIgures 3001-1 (b) end (c), speotfytng P8. Curves m,both g~phe
may overlfe.

4.2 Pressure trenefer charact.ezietice. Present one graplh ae .ehown h .:.
-e 3001-2 (b), for each pair of control ports, id one graphs for the emn of
all petrs of control ports. sp.ictfy PS end Pco/P8 m each graph Ma- the
enrves by output loa~ condttion.

4.3 neqnency reeponse. Preeent a separate Bode plot for each teat (f.e.,
for each pair of control ports). Spedfy PE, PcolPe, 10wf fmpedeoce, ~ -t
efsnel emplftude.

4,.4 Tfrne delay. Present a photograph of tbe display of each time delay
(one for each pair of control pmta). Alternately, the date can be tabulata identt-
fytng the appropriate P6, Pco/P6, load impedance end input amplitie.

3 METHOD 3001
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METHOD 4001

ELECTROMECHANICAL SIGNAL GENERATOR OUTPUT CHARACTERISTICS

~.
PURPOSE. Thts method eetsMfehes the means for meamming the output

quantitle# of an e.lectromechantcal stgcal generator. The generator bee two @put
ports and can be oPerated either differentially or stngleelded.

L“l “Dsffnitions. TIM followfng deflnttione shall apply for the p@pase of thts
tl!atmetho&

1,. L1 NOXllhldPOWerSUIJPIYPresme (Ps nom.). The norcfnal power supply pres-
mme is tbe power supply pressure for which the generator was deetgnd If the
generator was designed to be operable through a range of preaeuree, then the
nominal power supply pressure te the mfdpoint of thts ranse.

LL2 fmmt k voltage (Vtb). That voltage whtch must be applfed at”the @at to
force the quieacemt output flows frsm either etde to identical values when loaded
with fdemtioaf redefma.

.

For single ou~ oparatt~ the input bttie voltage is that voltage neoee~
to force the outqut pressure and flow to spectfied quieeomt levels whereload and
_ supply oondfttone are SPeotfled

& APPARATUS. The output ports of the sfgaal geaefator must be oonnaeted
to identical restative loads. Matched pairs of resistors, not necessarily Itnear,
provtde a oonveafent means for loadtcg the outputs. Alternately, a pair of needle
valves, whose characteristics are Idemtical at like settiags (numbers of turns
from closed poeitio% for example), can be geared together to prcvtde the output
ports wltb identical reetetlve loads. E matched pairs me used, they should cover
a wfde range of raeietance. At least four patre are needed.

3. PROCEDURE. With the ciroutt connected es shown in Figure 4001-1 and
the supply pressure set to nominal value, apply voltages in increments so that at
least seven readings of output pressure end tlow are tskmb (The mtddle reading
should be taken when the output pressure and flow we identical, that is,. at c@-
eeoeat vslue or where the input voltage is eet to Wb ae defined in L L 2 of thts
method. ) l%en wttb a dtfferent set of resistors at the out@s, tbe process shculd
be repeatsd. The date points should be recorded on graph paper to en appropriate
scale se shown tn Figure 4001-2. When the PrCCSSShas been repeated for each.
set of resistors, the points of constant voltage should he connected as shown in
Ftgure 4001-3. Rctbeutput characteristics can be recorded at the seine time.
The sign convention for the input quantity is arbitrary. For example, Ftgure

1 METROD 4001
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‘4001-3 shows typicsl chereoteristics for the right output and the curkea shove
Vfi were.~~ ~ .poeitive. Ii@ quantities. On the ,grcpb for @e comwmi?n lefi .

out@ dsts .(not shown)j the .mrvee below ‘ib would be lebelsd poeltive, since the
output fmntlties rise end fell in opposition to ~ch other.

4 ‘mKMARY.

.41 GUtlnlt.cherscterfetics. The show p-edure ie repgsted for each output
at tyri.otlier. sop~y pressure .settingg; one shove end one below nomfnel power
WP@Y preesweae defined fn ~ l.,~~1 of @is $eet .mc$bod.

The,desoriptlon of the hd r@st&e,used for the-test .ehould be in the form
..ofpreasur@hw .chsrscterletlcs or .ee @cifled.@ the e4pliceb2e procurement
.doGunl@

.,&2 -$’henefsr mrves. The qpliceble,procuremcnt documd -Y W*W ~-
<fcxi~a, :fore._@e,...M_m*t pressure es:.a contlnuous%umtion of
.qtvol%eet a qpedflc power Wydy:pressure.end Iosded with specific values
:of;,r#etqrw.% :A@@.~of:.~s:@e.@. shown.in ‘3Ygure 40014

s*:3 ::*ent dete=’. .

(a) ~Bsromsk3r. . . . . . , >

.*
,,..

“*./
am>?B??6%=W?

,.

.

“9...J
‘lmTHOD 4001
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