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FOREWORD

The purpose of this standard is to establish preferred test methods for
fiuidic devices. The iests described herein are designed to provids the data
necessary to predict the performance of a device when used in a system.
Because of the diversity of these devices and because of the diverse uses that
can be made of any one device, a large number of tests have been established.
Some of these tests will be more important than others. depending on the cir-
cumstances. Not every test is meant to be used on every device. Further-
more, the standard in its present form contains methods and procedures
directly applicable to pneumatic systems only; adaptations may be necessary

for othar svatams

SAWAn A Y RV Aliis e

Criteria for determining performance characteristics unavoidably imply
utilization of certain test procedures, which, in turn, suggest the use of speci-
fic types of instrumentation. Some instrumentation is discussed here but by no

means is this discussion meant to be all inclusive, nor is it the intent of this

document to impose any limit on or otherwise specify types of instrumentation.

The methods comprising Appendix B have been compiled utilizing informa-
tion supplied by members of the GFCG (Government Fluidics Coordination
Group), NFPA (The National Fluid Power Association), and the SAE (Society of

Automotive Engineers).
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1. SCOPE AND PURPOSE.

1.1 Scope. This standard establishes acceptable methods, procedures, and
instrumentation required for testing fluidic devices. Because of the diversity
of these devices and because of the diverse uses that can be made of any one
device, a large number of tests have been established. Some of these tests

. will be more important than others depending on the circumstances. Not every
test is intended $to be made on every device but only those tests which yield data

of interest need be used at any ore time. The use of the specific instrumentation
associated with these tests is not mandatory. However, the type and quality of

the instrumentation used in the- panormance of me'ae tests will be acceplable o
all concerned.

1.2 Purpose. The test methods described hereln have been prepared to serve
the following purposes:

(a) To specify suitable conditions obtainable in the laboratory, which, in-
sofar as possible, resemble those encountered by the device under service use.

Thae tacka Adaanrihad harain mav not ha intarnrotad ag an axant ranresantation nf
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actual service operation at a speciﬂc geographic location or altitude or outer
space location, .

(b) To describe in one standard all of the tests required (excepting possibly
certain tests applicable to unique oparsting prieciples) to predict the behavior
of pneumatic fluidic devices when oparated under specific conditions with specific
performance indices. Where practicable, the tests have baen made adaptable to

a broad range of devices.

2. REFERENCED DOCUMENTS.

2.1 The issues of the following documents in effect on the date of invitation for
bids or request for proposals form a part of this standard to the extent specified

‘‘herein:

SPECIFICATIONS

MIL-C-45662 Calibration System Requirements
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(Copies of specifications, standards, drawings and publications required by
suppliers in connection with specific procurement functions should be obtained
from the procuring activity or as directed by the contracting officer.)

2.2 Other publications. The following documents form a part of this standard
to the extent specified herein. Unless otherwise indicated, the issues in effect
on date of invitation for bids or request for proposal shall apply.

International
ISO/R 1219 Graphical Symbeols for Hydraulic and
‘ Preumatic Equipment and Accessories
for Fluid Power Transmission

{Applicaﬁon for copies should be addressed to the American National Standards -
Institute, 1430 Broadway, New York, New York 10018.)

3. ABBREVIATIONS, UNITS, SYMBOLS AND DEFINITIONS.

3.1 Abbreviations, units, symbols and definitions.

3.1.1 Specific definitions. The term "Davice" {5 understood to include such
fterns as amplifiers, active elements, passive elements, h:teg'mted circuits,
Iogic modules, operational amplifiers arnd the ke, as well as sensors and
trangducers. The term "Instrumentation' is understood to include all labora-
- tory instrumentation (electrical, fluidic, or mechanical, etc.). Load insensi-
* tivity and insensitivity to Pg variations are defined in the appropriate test in
Appendix B.

3.1.2 General. For the purpose of this standard, the abbreviations, units,
symbols and definitions specified in MIL-STD-1306 shall apply. In general, the
abbreviations, units, symbols and definitions which are used in this standard but
are not specified in MIL-STD-1306 are common to the fluid power technology
and have been standardized on an international basis. References may be made
to ISO/R 1219-1970, "Graphical Symbols for Hydraulic and Pneumatic Equipment
-and Accessories for Fluid Power Transmissions'.

4. GENERAL REQUIREM:ENTS.

4,1 Numbering system. The test methods are designated by numbers assigned
in accordance with the lollowing system:

4.1.1 Classification of test-methods. Test methods and procedures are serially
numbered in the order in which they are introduced into this standard. Test
methods numbered 1001 to 1999 inclusive cover performance tests.of digital

@
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elements; those numbered 2001 te 2999 inclusive cover performance tests of -
analog elements; those numbered 3001 to 3999 inclusive cover performance
tests of multi-element devices (modules, operational amplifiers, integrated
circuits, ete.}, both digital and analog; unless these devices can be tested as
though they were a single device; e.g., two NOR gates integrated into a

flip~flop circnit should be tested as a flip-flop. Those numbered 4001 to 4999 .
" inclusive cover performance tests of sensors, transducers and signal genera-
. tors, Additional test methods will be appropriately numbered and included

as they are devised.

Often two or more test methods are very similar in their form or procedure
such as the case, for example, when the same input impedance is being meas-
ured for an element having different ouiput loading conditions. The data ob-
tained from such test methods may depend highly upon the particnlar form or
procedure of the test method. Therefore, it is most important that these par-

" ticulars be specified. To make the distinction clear one test method is referred

to as a sub-method of the other. As an example, a test method numbered
11234 sub-method of 1132" is & test method like test method 1132, but it has
particular features as spelled out in test method 1234. This designation may-
be abbreviated 123451132,

4.1.2 Revisions. Revisions are numbered consecutively using a period to
separate the test method numaber and the revision number. As examples, 1001.1
is the first revision of Method 1001; 5999.11 is the eleventh revision of Method -

5999,

4.2 Method of reference. When applicable, test methods contained herein shall
be referenced by specifying this standard, the method number, and the date.
The revision number should not be used when referencing test methods. The
revision of interest will be that revision in force on the specified date. For
example, a procurement specification referring to a revised test method would
specify Method 2020 not 2020. 2. o _

4.3 Test conditions, Unless otherwise specified herein or in the applicable
pmcurement documentation, all measurements and tests shall be made at an
ambient temperature of 293 + 5 K (68° * 9°F) and at ambient atmospheric pres-
sure of 45 to 110 kN/m2 (710 to 815 mm of Hg or 13.75 to 15.7 psia). Whenever

. these conditions must be closely controlled in order to obtain reproducible re-

sults, the reference shall be as follows: temperature 292 to 294K (66.2° to
69.8°F), relative humidity 50 percent maximum and atmospheric pressure from
98.0 to 104 kN/m2 (735 to 780 mm of mercury or 14.2 to 15,1 psia). In the
event condensation {8 noted anywhere within the teat syatem enveiope, the test
must be repeated under humidity-controlled conditions.
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4.3.1 Permissaible temperature and pressure variation in environmental cham=

bers. When chambers are used, specimens under test shall be located only wlthin

the working area defined as follows:

(a) Temperature variation withinl workin area: The controls for the cham~

ber shall be capable of maintaining the temperature of any single reference point
within the working area within +2 percent of the absolute temperature scale.

(b)  Pressure variation within working area: The controls for the chamber
shall be capable of maintaining the chamber absolute pressure within 12 percent,

, (c) Local temperature variation within working area: Chambers shall be
80 constructed that at any giver ime the temperature of all points within the
working area shall not deviate from each other in temperature (degrees Kelvin) by
more than 2 percent,

4.3 2 Instrument calibration. Calibration of all test equipment used in the
perfomance testing g shall bs in accordance with MIL~C-~45662 and with the re-
quirements included in Appendix A. Additionally, all electrical test equipment
ghall be calibrated at periodic intervals:and all acceptable equipment shall dis-
play a record of the calibration dates and responsible individual or activity.
The interval shall be based on the class of equipment and its history. Calibra-
tion check readings shall agree with the values recorded for each control device
within the accuracy requirements of 4.6.2. '

. 4.4 Orientation. Fortest methods which involve observation of the effects of
applled displacements. rotations;. ratea, accelerations, or external forces

' which: must be related to the orfentation of the device, such orientation and

_ direction shall be identified as follows:-

4.4.1 Single axis. In a sensing device with:a single sensitive axis (or axis of
rotation), the sensitive axis shall be specifically designated and the other two
axes are to be designated in such a way ﬂaat the axes form a righthanded co-
ordinate system.

4.4.2 Box-shapes. In a box-shaped package containing substrate planes,

" mounting surfaces, or laminae, the orientation with reapect $o applied displace~
ments, rotations, rates, accelerations or external forces shall be- specifically
designated.

4.5 General precautions. The followmg preca.tions shall be observed in the
testing of devices:

4.5.1 Teat-induced mechanical defects, While a get of tests for mechanical
integrity does not form a part of this standard, test specimens subjected to re-
peated connections and disconnections during the testing procedures.shaill be
examined for leaks and fractures. Such test-related mechanical defects shall |
be included in reported data. :

o
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4.5.2 Test methods and circuits, Unless otherwise stated in the specific test
method, the methods and circuits shown are given as the basic measurement

vy T | h e
method, They are not necessarily the only method or circuil which can be used.

The. supplier shall demonstrate to the procuring activity that alternate methods.
or circuite which he may desire to use are equivalent and give results within
the dsaimd accuracy of measurement (see 4.6.2).

As 2 preliminary consideration, it should be mentioned that fast-moving
fluid can cause erroneous interpretations of pressure readings. The usual

practice is to measure pressures from an expansion tank inserted into the line

for the purpose of slowing the flow to a negligible magnitnde. A eomplication
can arise here too, however, because of the possibility of total pressure losses
due to the expansion tank. Carefully taken, the pressure reading at the tank is

a close approximation of the true total preasure at that point. Once the reading
i taken and if the tank is subsequently removed from the circuit. however, the
total pressure at that point will increase by an amount equal to the loss, if any,
that had been induced by the expansion tank.

U'niesa otherwise specified, 45 ?ercent error is assumed to be a reasonable
acouracy for quantities required in the suminary section of these test mathods.

4.5.3 Apparatus,

(8) Pressure regulators: The pressure regu.lators must be capable of
maintaining constant pressure (5 percent) through and beyond the maximam
anticipated flow rate. _This is particularly true if the flow measuring device is
dependent ona constant upstream preasure for accurate flow indication. In any
cage, downstream- pressure adjustment becomés a much simpler task if the up-
stream gource is maintained at constant pressure.

_ (b) Pressure sensors: The pressure sensors should be connected to the
fluld Hnes through expansion tanks (see 4.5.2) for quasi-static tests. While
this gives rise to longer transients, it may be necessary in order that pressure
readings represent total pressure.

'\,x’ -r

(c) Flow sensors‘ Flow sensors should be used at line pressures and ranges

. . affording the greatest accuracy. The effects of resistance can be reduced by

operatlng at higher line pressures,
4,6 Data reporiing, Daia reporting shaii be as foliows:

4.6,1 -Actual data. The data resulting from application of any test method or
procedure shall be reported in terms of actual test conditions. Extrapolations

or "equivalent” results {e.g., performance in a non~standard atmosphere derived

from standard atmospheric test conditions) may be reported in addition to the
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standard results but shall not be acceptablel as an alternative to actual results, |

Results of any test method or procedure shall be -accompanied by information on
the actual test conditions and the date.

4.6.2 Accuracy. The accuracy of the reported data must be specified. The :
specified limits are for values cbtained with the specific test conditions. Proper
allowance shall be made for mzasurcment errors in establishing the working
limits to be used for the measured values so that the actual values of the device
parameters are within the specified limits. It should also be noted that the -
gpecified limits effect the determination of load sensitivity and sensitivity to

P, variations as per Appendix B.

4.6.3 Samples, The data resulting from application of any test method or pro-
cedure ghall be reported in terms of the samples tested. The data may he
assoclated specifically with a particular device or it may be reported statisti-
cally for a larger number of devices.in which case the amount of deviation from

Al o m el dmbhe wwell? nlasm a . Alom & St el —
the reported data will also be given. Also the data will be accompanied by in-

formation on the total quantity of:devices in each lot being tested, the number of
rejections in each lot being tested, and the test method(s) under which failure
criteria were established.

4.6.4 Teat sample diaposition., Unleas. otherwise specified in the applicable
procurement document, devices subjected to tests may be included in the de-
livery. If the lot is numbered serially, the test sample. gserial numbers shall be
noted. Otherwise, -the test specimens shall be clearly identified. '

Custodians: o :Preparing- Activity

Army = AV - ‘Navy - AS
Navy - AS | "Project No. 1650-0223
Alr Force - 11 o
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NUMERICAL INDEX OF TEST METHODS

Method No. ~_Title
Digital elements
p 1171) A . Power nozzle characteristics
1002 ..ivevescncanees . Control port characteristics - -
1:003 essecsscasssesss Output characteristics |
1004 Input-outptrtpmssureswitchiﬁgcur_ve
1005 .......00es0.0.. Pressure recovery
1008 .eevecorescaoccs Loadsensitivitj
1007 vueveseecsssssss Effects of power jet pressure changes
1008 .vveveseves.... Alternate load sensitivity
1009 ..eecceeessessss Circuit loading sensitivity
1100 ,....cc00000000. Switching time
:.\ Analog (_Izroportionai) elements
2001 L veesessesssss Power supply and quiescent characteristics
2062 viieseceseveesss Differential input and oﬁput characteristics
. transfer curves
2008 ,............... Dynamic testing
2004 ................ Signalto noise ratlo
Multi-element déviceé
3001 ,.......vvseeess Evaluation of a fluidic operational amplifier
Sensors, transducers and si@l generators
4001 .......v.2sves.. Electromechanical signal generator output

characteristics : :
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APPENDIX A
INSTRUMENTATION
A.1 ' The instruments described below are widely used in carrying out the
test procedures of Appendix B. While the list is not exhaustive, choices are

mantioned for most ann‘llcatlnns

A.2 PRESSURE.
A.2.1 Gages.

" Numerous tybes of pressure gages are in use including diaphragm,
bellows, bourdon tube, piston, and dual differential pressure types. A descrip-

* tion of two of these types are given below,

Disphragm: A simple to use gage for the fluidic laboratory is the
device which utilizes a diaphragm to sense and indicate differential pressure.

The dfaphragm assumes an equilfbrium position between the two
pressures. This position is transmitted to the indicator by various means such

as linkages or magnetic couplings.

Wide ranges of operation and accuracy are aveflable. Accuracy can
be 22 paercent or better of full scale reading.

Bourdon tube: The bourdon tuba gage employs a curved tube which is
sealed to the pressure which is to he measured. The end of the curved tube
deflects with increasing internal-external differential pressure. This deflec-
tion is transmitted to the rotary pointer assembly through gearing and linkages.

4

The Bourdon tube gage ia manufactured to a variety of cost and
acceuracy specifications. Accuracy varies, but quality instruments are accurate

‘to within 2 percent at mid-range and to within 3 percent near the end points,

Bourdon tube gages can measure pressures ranging from laboratory
vacuum to thousands of atmospheres.
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A2.2 ~ Manometer

The U tube manometer is the most straightforward pressure sensor
in the laboratory. - With reasonable caution, the manometer can be used with the
greatest accuracy of any of the preasure sensors. The meniscus height in each
leg 158 measured and the product of the height difference and the fluid density
equals the difference in pressure in the lega. The fluld density determines the .
scale factor. ' - :

There are scurces of error inherent in any manometer; a common
one being the difficulty in reading the meniscus. Other factors affecting
accuracy are: .

(1) Contamination due to oxidation for the case of the mercury
manometer,

(2) Effects of capillary action.

(3) To-a very amall degree, témperature changes can cause error due
to the associated change of density in the. manometer fluid.

Many schemes are used to precisely measure the fluid column height
in manometers making the manometer a highly precise pressure sensor. In one
scheme a phototube is located so that it will be struck by the portion of light
beam not intarrupted by the fluid. A sighal proportional to the remaining beam
area 18 generated and activates the motor moving the scanner beam by means of
8 lead screw until it is centered on the meniscus and the resulting signal is at
null. The position of the scanner is geared to a counter indicating the height of
the fluid column to the nearest 0.025 mm (1/1000 of an inch).

A.2.3 Transducers

Strain gage: The strain gage transducer consists of an-electrical
network whose resistive elements are mechanically deformed as a function of
the applied stress (pressure). The mechanical deformation causes changes in
the electrical characteristics of the resistive elements, A change in the network
output is functionally related to the change of applied pressure.

The operating ranges of strain gage transducers extend from zero to
extremely high pressures. .

Some strain gage l_inits have a frequency response greater than.1000
Hz with accuracles of bétter than 1 percent of full scale reading.

10




‘ Downloaded from http:/Awvww.everyspec.com

N MIL~STD=-1361A
28 Segtember 1973

Plezo electric: The plezo electric transducer consists of a quartz
crystal and a charge detecting and amplifying network,

A charge proportionai to force (pressure) is generated on the quartz “

crystal. The charge sensing network must have a high input impedance; gen-

erally, the lower the frequency the higher must be the input impedance of the
detecting network. S : :

The piezo electric transducer can sense pressures to 21, 000 kN/_mz
(3000 psi) at frequencies of 50 KHz. : '

Other: a) A pressure sensitive transistor has been developed. The
emitter base junction of a NPN transistor is subjected to a force mechanically
transmitted from a diaphragm which is the pressure sensor. The output voltage

B o Vo wn - —— -
is & Unear (within 1 percent) function of pressure applied to the diaphragm.

Ranges extend from 0.7 to 140 kN/m2 (0.1 to 20 psi). The major
disadvantage is output null shifting due to temperature change, whick can be

" as much as 0,2V/K,

The frequency response is high, greater than 10 KHz.

b) The variable reluctance~typs pressure transducer i often
used.

A.3 FLOW.
A,.3.1 Flow meters

Float/variable area flow meter: This device is blaced in the line in
a vertical position. The tube is tapered inside 8o that the area increases
alightly as the fluid stream courses upward.

The stream exerts forces on the float which is located in the tube.
These forces are functions of fluld velocity and density. The float comes to
rest (under conditions of steady flow), when these forces balance the weight of
the float. . : '

Interchangeable floats of various weights extend the range of mea-

guramant over which a g—!unn tuha can he usad. The “mlt‘lng factor 18 usually

(=L ¢4 -2 VAL WARASNS W ARas Rrws e wiwe & - i Amaille EY- Lt t- -

' impedance, since it 13 desirable to keep the impedance of instrumentation as

low as possible.

Accuracy is affected by dirt, moisture and grease. Under some con=-
ditions, electrical charge can accumulate causing the float to cling to the tube

[
[
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Large errors are produced when these instruments ars operated at othar than
calibrated conditions.

: Quauty instruments are accurate to within 3 percent over the entire _
scale ea:cepl: for the lower quarter.

TRates as high as 0.235 m /sec (500 cubic feet per minute) and as
lowasafractionofaoubic!nchnerm.inutecanbemeasuredwithﬂowmetem -
of this type. i . . C .
Linear resistor: A resistor (or'set of resistors) whose pressure/ -
flow characteristics are linear can be a convenient way to measure flow. The
pressure drop across the device is a measure of the ﬂow.

Pneumstic flow rates meaaurabl‘e by this type of flow metor range

trom 0. 00005 to 0. 05 m3/sec (0.1 to 100 cu ft/min.).

A.3.2 Anemometer; This type of instrument can be used to measure fluid
velocity. The quantity of heat convectively transferred from a hot wire to a
moving fluid in which the wire is immersed is a nonlinear function of the velocity
of the fluid. A change in the rate of heat transfer can similarly be related to a .
change in the fluid velocity. Theheattransforcanbedetactedlneither of two
ways.

' - e s wnde -
If a constant curTent can be m:.:::.*a:ned through the hot wire, irres-

pective of resistance and temperature changes dus to ﬂow rate variations,

the voltage reguired to maintain constant current is a function of the fluid
velocity. This scheme and its associated control network is called a constant
current ansmometer. .

Haconstanttempemturecanbemaintainedbyregulaﬁngthecment
to- maintain constant resistance (and thus constant temperature) then the voltage .
required to maintain constant temperature is also related to fluid velocity. This -

schems and its assoclated control network is called a constant temperature

anemometer.

_ In the constant current anemomoter the transducer is the variable
resistance leg of a bridge circuit which is excited by a power amplifier. Initially,
the bridge current is balanced and any change of the tranasducer's resistance is
detected by a differential amplifier. This voltage, after ampiification, drives

== the current to its initial value regardless.of the.resistance value assumed by the

_ma__

transducer. The von:age is then a function of the fiuid VG-IOCKY
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Constant current operation does not utilize the hot-wire concept to
its maximum potential, The range and frequency response can be extended by
maintaining the hot wire at constant temperature, minimizing the time re-~
quired for heating ard cooling to register their effect. :

. The tranaducer is one arm of a bridge circuit which has another arm
with variable regisiance. The bridge is balanced at a voitage supplied by a
servo amplifier. Any small change in the resistance of the transducer probe
dus to fluid velocity change, will cause a small unbalance voltage which after
amplification will adjust the probe current to restore balance to the bridge.
Thus, the temperature variations are kept very small and the frequency response
i improved more than 100 fold.

The velocity measurable by the constant temperature operation ex-

tands Funmn o fous inchsas per s sacond to l\nunnﬂ gonio vn'lnn’lh! with nmmﬁntﬂ

'adjuat:ments for various mean velocities throughout the total range.

The frequency response i from DC to more than 20 KHz.

A4 TEMPERATURE.

A.4.1 Resigtance sensor: A wire or film sensor is connected as one arm
of a bridge. The output voltage of the bridge circuit 18 a function of resistance
change (and minus of the temperature change) of the sonsor. The range depends
on the choice of material and its resistance-temperature characteristics, but
temperatures exceeding 1500°F have bsen measured with accuracy.

A.4.2 Thermistor resistance gensor: The sensor is a semi-conductor
connscted as one arm of a Wheatstone bridge. There will be a unique tempera-
ture at which the bridge will balance. Bridge voltage resulting from imbalance
will then be a function of temperature variation. The range of this instrument
is up to 600°F with accuracy of =1 percent.

13
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._ , METHOD 1001

POWER NOZZLE CHARACTERISTICS OF
AN ACTIVE DIGITAL DEVICE

. 1. PURPOSE. This method establishes the means of determining the power
" pozzle characteristics (flow versus pressure, with standard volume flow rate
preferred) under fully blocked (not passing) signal port conditions. The effect
on the power nozzle characteristics of blocking these signal ports shall be deter-
mined using test methods 100651001, 100851001, or 100951001,

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 discussed previously. Note that all the signal
ports are fully blocked (not passing). The effect of blocking these signal ports

on the power nozzle characteristics shall be determined using another test
method as described above.

The power valve must be opened slowly so that transient effects are minimal.
Plot or record flow (standard volume flow rate is preferred) versus pressure.
It may be efficient to perform test method 1005 while performing this test.
Notice that for some devices, such as turbulence amplifiers, the recovery
curves obtained from test method 1005 may define the range of operating supply
pressures. .

@

The data excursion shall at least cover the full operating range of the device
and shall start from zero flow and zero pressure. In addition, it shall go be-
yond the operating range if such an additional excursion indicates significant
information such as the criteria for establishing the operating limits.

4, SUMMARY. In addition to the information specified in 4.6, the following
information shall be specified:

(a) The recorded pressure ve. flow data and the test method number.

(b) Minimum and maximum power supply pressures, and criteria used to
determine limits, and/or the pressure and flow values at the nominal operating
point. These shall appear as specifically labeled points on the power supply
characteristic curve (see Figure 1001) or as tabulated data.

(¢} Whether or not device is load sensitive,

.~ ~ ' 1 METHOD 1001
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. METHOD 1002

CONTROL PORT CHARACTERISTICS

.’1. PURPOSE. This method establishes the means of determining the control

port characteristics of certain active digital devices, These characteristics, in
conjunction with the output characteristics and switch point data enable the user
to calculate gains and fanout for a specific supply pressure. If the tests are
repeated for several supply pressures, as per test method 1007, gains and
fanout values can be calculated as functions of power supply pressure. Depend-

maw__wa__ mel e d e —m s ad o mas fen ans b

. ing on veni geometry, load sensitivity can be an important parameter in most

jet deflection amplifiers, so that input characteristics change with load im-
pedance. When such load sensitivity information is required, test method
100631002 100881002. or 100981002 shall be performed.

2. APPARATUS. The apparatus is shown in Figure 1002 The characteristic
curve shown in the figure may lie in more than one quadrant making the vacuum
source necessary. The control impedance may undergo an abrupt change when
the switching pressure is in mccl_md- ‘

3. PROCEDURE. Connect circuit as shown in Figure 1002, Note that ports
not being tested are blocked. The power supply preasura shall b2 set to nom-
inal; i.e., the specific design operating pressure or the midpoint of the operat-
ing range. The control valve shall be opened slowly so that transient effects

are minimized. Continue increasing the control flow after switching occurs to

a pressure equal to the nominal supply pressure or until instabilities become
obvious. The occurence of switching 1s not an instability. Then alowly decrease
the control pressure to a negative value equal to 50 percent of the nominal supply
pressure or until instabilittes become obvicus, Finally, increase the control
flow to the starting point. Depending on the type of the device, the switching
preasures and flows may rot be obvious. If not, the output pressure transducer
must be simultaneously monitored to determine the level of control pressure
when switching occurs as per test method 1004. It may be efficient to perform
test method 1004 as this test is being performed using another data chammel for
the output pressure. Repeat the process for each control port.

4, SUMMARY. In addition to the information specified in 4.6, the following
information shall be speciﬂed

~ (a) The pressure va, flow data for each input along with the input designa-
tion and the test method number,

(b) Specify or label the switching points on the input characteristic curves,
If the control characteristics are load sensitive, so specify and refer to data
from load sensitivity tests. If the control characteristics can be normalized
with respect to Pg, data from test method 1007S1002 may be referred to.

b S METHROD 1002
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METHOD 1003
- OUTPUT CHARACTERISTICS

1. PURPOSE. This method establishes the means of determining the output.
characteristics for jet interaction digital devices. The output characteristics
show variation of output flow and pressure as load resistance varies, The
behavior of an output port in its "off" or low-level state 18 of considerable
interest since flow, while ideally zero, usually occurs as some function of the
load conditions.

2. APPARATUS, Pressure and flow measurlng equ:lpment shall be connected
as shown in Figure 1003-1. A vacuum source shall be used to provide pressures
near and below ambient at the point between the device and the load valve.

3. PROCEDURE. With the circuit connected as shown in Figure 1003-1, set

the power supply pressure to nominal. Starting with the output valve closed (or
as nearly closed as stable operation permits), increase the output pressure
using the source if necessary, recording or ploiting fiow vs. pressure untii ihe
stability iimit is reached or until the pressure equais the nominal supply pres-
sure, Now decrease the pressure. If the device has switched states, the data
will trace the "off" state curve. Continue to decrease the pressure until the

PRy gy pp, |

upper stability limit is reached or uniii the pressure is -560 percent of nominal

supply pressure. Continue to take data by increasing the pressure until the
original output conditions are reached. .

rr s iy R Qﬁn rwanmmitun emita foudicandoad
A AARREY LA Bl £ ST

Toenad dhdom Foue mo ™
IOPEalL WilD IOT Gach Ul.n-pl.u. pu.u-. i TOECULNE wiS PICoouso

above does not induce switching, then, after taking the first curve as described

above, the switched curve is to be taken using a holding signal on the appropriate
control. ‘The value of the holding signal shall be equal to 125 percent of the

calua Af iha mwanourn namiirad ¢n malra tha davins cwitnh na indinatad in tact
VALY WA WAL PGUBEM\? T AL A WA LAMAIMAY WL WA T AR W TV ATWAL SRS SO LR TR S W

method 1004,

. 4. SUMMARY. In addition to the information speciﬁed in 4, 6 the followlng

information ghall he specified:

(a) The recorded pressure va. flow data for each output port and for each
output state along with the output port designation and the test method number.

(b) The control port conditions associated with each of the characteristic
curves: 1.e., a holding signil {8 needed and its strength.

(c) If the output characteristics are load sensitive, so specify and refér to
data from load sensitivity tests. If the output characteristica can be normalized

. with respect to Pg, data from test method 100751003 may be referred to.

1 METHOD 1003



MIL-STD-1361A

28 September 1973

Downloaded from http://www.everys-pec.com '

HOLDING SIGNAL 1
IF'NEEDED DEVICE _;_}*
R . UNDER |-

. TEST

NOTE:
PRESSURE 1
SHOULD BE, 5 ‘-1
KNOWN | ‘
DOWNSTREAM® | —
OF FLOW. } -
METER. | I

| \

| _ |

X 7 U

RECORDER

.STANDBY REGULATED.

|. BIDIRECTIONAL FLOW.
SOURCE. USE BIDIR-
ECTIONAL FLOW METER
OR RECONNECT WHEN'
FLOW DIRECTION®
CHANGES.

*ALL UNUSED SIGNAL

PORTS: ARE BLOCKED.

FIGURE: 1003-1

METHOD 1003




Downloaded from http://www.everyspec.com

WStemd Yy

..

"ON" SIGNAL

STABILI
LIMIT

P
o

"OFF" SIGNAL
- STABILITY

LIMIT:
DEVICE
SWITCHES

-~ FIGURE-1003-2 -~

o 3



—

Downloaded from http://www.everyspec.com

MIL-STD-1361A
28 September 1973

METHOD 1004

INPUT-OUTPUT PRESSURE SWITCHING CURVES

1. GENERAL. The generﬂ form of the switching curve depends on the kind

of device under test. Figure 1004a shows some of these curves. Still other
switching curves exist for such devices as Schmidt triggers and inhibjted OR

gates. . :

2. PURPOSE. This méthbd establishes the means of determini.ﬁg the specific )
fnput-output pressure switching curves for specific digital elements. These
data show the relation between the input control pressure signal and the output

pressure signal.

For flow information, the control flow signal for any pressure may be
gleaned from the control impedance data which were derived using test method
1002, or it could be measured (as well as can the output flow signal) using a
testing procedure analogous to this method but using flow rather than pressure
transducers (see test method 1006). '

3. APPARATUS. The apparatus is shown in Figure 1004b.

4., PROCEDURE. The exact procedure to be followed depends on the specific
dsvice which 18 being tested. As an example of the procedural variations that
are impoged by the different kinds of devices, consider Figure 1004b showing
the test setup for what might be an OR/NOR gate. To test an AND gate, the
control signal would be applied to a2 plenum chamber to ensure that all the ports
receive the same signal. Also, it is important to monitor the correct output
port. Whereas, the circuit shown in Figure 1004b is good for measuring the
output signal, which is a complementary function of the input signal such as a
NOR or NAND output, the circuit would have to be changed to measure an output
OR or AND function by monitoring the other output port. Most fluidic devices
have an inverted and 2 non-inverted cutput. For such devices, it would be
efficient to monitor both outputs at the same time.

With the circuit connected appropriately for a particular device, set the

power supply pressure to nominal and proceed as with the procedure for test
method 1002.

1 METHOD 1004
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5. SUMMARY. In addition to the information specified in 4.8, the following -
information shall be specified: L

(a) The output pressure as a function of the control pressure for all the
combinations of the cutput ports and the input ports which cause switching shall -
be provided. The test method numbar shall also be provided.

{b) Since the switching function is ofien a strong function of the loading
condition, reference to data taken from test methods 100681004, 100851004,

and/or 100951004 shall be mads, or it shall be specifically stated that the device

is not load sensit!ve.

o}
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METHOD 1005
PRESSURE REC OVERY

1. PURPOSE. This method establishes the pressure recovered at the outputa
of a device as a function of the supply pressure. These curves often help define
the range of operation of the devices such as indicating the supply pressure for
which bistable operation of a flip-flop can be obfained or by indicating the

critical N for the turbulence amplifier.

2. 'APPARATUS. The apparatus is shown in Figure 1005. Note that this s
nearly the same as that in Figure 1001 except that the output pressure is mon-
itored.

3. PROCEDURE. Connect circuit as shown in Figure 1005. Note that all
unused signal ports are blocked. The power valve must be opened slowly so
that transient effects are minimal. The power jet pressure should be increased
from zero to at least the maximum operating pressure and beyond if such an
additional excursion will show information pertlnent to the understanding of the
operation of the device such as N_ for turbulence amplifiers. It might be effic-

ient to run this test method and t'e%t method 1007 at the same time.

When the device is bistable, data is to ba taken from each output port for

at least two excursions of the supply pressure (one for each stable state). When
the device is monostable, data is to be taken from each cutput port for at least
ons excureion of the supply pressure. Additional curves could be generated uaing
a bholding signal to switch the device from its normally stable condition. The
vaiue of the holding signal should be changed as the power jet pressure is in-
creased to reflect the dependency of the switchirg pressure on the power jet
pressure., The holding signal should be 125 percent of the switching preasure

at a given power jet pressure.

4. S’UMMARY. In addition to the information speciﬂed in 4.6, the following
1nformation shall be speciﬁed

(a) Report the outhut data fmm these tests as a percentage of the supply
pressure or in non-reduced pressure units or both ag a function of the supply

pressure and test method number,

1 METHOD 1005
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METHOD 1006

1. PURPOSE. In other test methods (1001 throngh 1005) delineated in this
appendix, it is speeiﬂed that the unused signal porl:s are to be fully blocked

fonmol AL e £ eee Lesazomm e PO 4 Y MLt o alfTnodd e b oalerrn rn wmmwankalla

A& e
- (ama mumxom navu LUV LIUW j. LUJ.H upeumuuuuu J.H W RLYC & Lopayallio,

consistent get of data for the basic quasi-static element characteristics.
Ideally, the load conditions will not effect the characteristics of any device,
and fully blocked ports should not yleld characteristics different from fully

aminen wion welk oy MMhis vmaw nwat ha tha nasa hamwarran onrl 'H\'iﬂ tnﬂf mni-i\nr' E"\nl' 'hn

.UI’U" wlw. 4 LLAD ’ ABJL W il U“W' HUWUY ULy WDV Al

performed to determine the ef.fect that loading has on the characteristics of the
device.

2. SCODPE. Esach of the hagfe mmni—ntaﬂc element characteristic test metlmds

- L Y T T W e - MRS eSS ===

numbered 1001 through 1005 shall be modified by using fully open (passing),
unused signal ports rather than nonpassing ports. Each of the five different
modified tests is designated by a two-part number as specified in 4.1.1. The -
first part is 1006 to indicate a test using fully open (passing) unused signal ports.

The second part of the designation number indicates which of the particular
basic characteristics is being tested far load sensitivity. The test methods are:

- 100681001 Load Sensitivity Test of the Power Nozzle Characteristics
100681002 Load Sensitivity Test of the Control Port Characteristics
100681003 Load Sensitivity Test of the Output Characteristics
100681004 Load Sensitivity Test of the Pressure Switching Curves
100681005 Load Sensitivity and Test of the Pressure Recovery

3. APPARATUS AND PROCEDURE. The specific apparatus and procedure for
each specific sub-method test can be found in the appropriate basic test method.
However, rather than using blocked ports and pressure transducers, open ports
shall be used with flow transducers. When each of these sub-methods are used,
flow measurements at the unused signal ports may be made as were pressure
measurements made in the basic tests provided caution is taken to ensure that
the port is not artificially loaded by the flow instrumentation which i{s used. For
example, during test method 100681001, the load sensitivity test of the amount
of flow recovery (test method 100651005), may be simultaneously taken using a
rotometer on the output legs. But then a vacuum gource shall be used to over-
come the rotometer impedance, and pressure gages shall also be used to ensure

- that ambient pressure exists at the output port.

1 METHOD 1006
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4, SUMMARY. In addition to the information speciﬂed in 4.6, the following
information.shall be specifled: .

(a) The data may be presented as unreduced data in the sama form as thst
used for the data for the corresponding blocked load test, or the dependent
variable data may be shown as the deviation from the blocked load test data in
decibals or:'as a parcentage deviation from the blocked load test data as &
function of the independent varizble. When the data taken during a sub-method
test does not exceed the data from a basic test by an amount greater than the
specified limita of accuracy (see 4.6.2) accorded to the basic test data, them
the device may be termed load insensitive. ‘This.allows.for.a device to be
partially.load:insensitive; e.g. ,+Pg v8. Qg may be:insensitive.while'P, vs..Q,
may ‘be sepsitive. _ _

(b) “When:a device is load:sensitive and.a "short form" of this senaitivity
data may be presented, it shall ba presented as the maximum deviation from the
‘blocked: load test data in decibéls-or:in percent. Thus,’this short form data:is

g ainglemmbardascﬂhingthammmummnmeinaparucuhrchuacteﬂaﬁc
.such:as.the supply:characteristic. in.decibels. or.in percent.caused by opening
itheiloaded;ports.

wa

2 “METHOD:1008
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- METHOD 1007
EFFECT OF POWER JET PRESSURE VARJANCE '

1, PURPOSE. In other test methods (1002 1003, ard 1004) delineated in
this appendix, it is specified that Ps be set at nominal. When the element char-

- AR N _ A — A% %

. a.ctensncs are to be known for vaiues of .I"B oither than BOTIIDAL, OIS tesi methnod

shall be performed.

2. S8SCOPE. Eachof thesethreetest methods shall be rerun. Each ofthethrea
diﬂerentmodiﬂedtesbsisdesigmtedbya two-part numberasspeciﬁedlné 1. 1.
The tast methods are:

100781002 Effect of Power Jet Pressure Variance on Control’ Port
Characteristics
© 100781003 Effect of Power Jet Pressure Variance on Qutput Characteristics
100781004 Effect of Power Jet Pressure on Switching Characberlsﬂcs

3. APPARATUS. Use the approprlate circuit for the particular clmractemtlc
being tested for effect of power jet variance. ‘

4. PROCEDURE. Use the approprl.ata procedure for the particular character-
istic baing tested for effect of power jet variance. However, rather than having
the power jet pressure set at nominal, set it at 75 percent of nominal and repeat
again at 125 percent of nominal. These tests may be repeated as often as desired
using any additiopal power jet pressures which are of interest.

§. SUMMARY. In addition to the information apecified in 4.6, the follc_rwlng
information shall be specified: ‘

(2) The data may be presented as unreduced data in the same form as that

used for the data ior the corresponding 1’8 = pominal test, or the daepenasny
variable data may be shown as the deviation from the data taken at Pg = nominal

in decibels or as a percentage deviation as a function of the independent varighble,

(b) When a "short form" ~f this data may be presented, it shall be presented
asg the maximum deviation from the Pg = nominal data in decibels or as a per-~
centage for both Pg = 75 percent Pg nominal and Pg = 125 percent Pg nominal,
Thus, this short form data are two numbers, one for Pg low and one for Pg high,
describing the worst variance in a particular characterigtic. auch as the control

characterist:lc caused by changing the power jet pressure.

1 METHOD 1007
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(c) It is often the case that the characteristics for fluidic devicea ars
_independent of the supply pressure setting within a certain range. To demon~
strate this faature of any particular device, the curves may be normalized with
respect to the power jet pressure. When the data taken during a sub-method
test does not excead the data from a basic test by an amount greater than the
specified limits of accuracy (see 4.6.2) accorded to the basic test data ovara
range of Pg , then ths characteristic msay bas normalized with respect to Pg,
over that range. ‘ : P

2 . METHOD 1007
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METHOD 1008

ALTERNATE LOAD SENSITIVITY

-1, PURPOSE. In other test methods (1001 through 1005) delineated in this
.appendix, it is specified that the unused signal ports are to be fully blocked

(and therefore have zero flow). Method 1006 is designed to determine the

effect that loading has on the characteriastics as taken in the other test methods
mentioned above., This is done by using an open load, These two loading con-
ditions should, in gemeral, bracket the loading conditions effects. However, it

" may be necessary or desirable to test a given device with some other load, It

s the purpose of this test method to offer such a poassibility.

2, BCOPE. Any of the characteristics generated by the test methods 1001
through 1005 may be retaken using a well defined impedance load on all of the
umused signal ports. To designate each different test, two-part numbers are
used as specified in 4.1.1. The test methods are:

- 100851001 Alternate Load Test of the Power Nozzle Characteristics
100881002 Altornate Load Test of Control Port Characteristics
100881008 Alternate Load Test of Qutput Charactoristics
100881004 Alternate Load Test of Pressure Switching Characteristics
100881005 Alternate Load Test of Percent of Recovery

8. APPARATUS AND PROCEDURE. It is first necessary to take the impedance
charactoristics of the load resistor. (If the load resiator is from another fluldic
device, then the pori on that device which is being used as the load resistor 15

to ba the only port to which flow is applied.) All other ports except vents are to
be fully blocked. These impedance characteristicas for the load resistor shall be
taken exactly as prescribed in test method 1001, The range of pressures shall
{nclude those that will be experienced by the load attached to the device under
test. The impedance characteristic data shall be presented wtth the data gen-

erated by this test method.

Tha -pnniﬂn oirouit for sach of tha tegta can ha found in the nmmnrlntn

-

" basic test method (1001 through 1005). However, rather than using ' blocked

ports and pressure transducers, use the load resistors attached to the unused
signal ports and measure the pressure at a polot between the device under test
and the load. (When flow information i needed, it can either be determined
from the impedance characteristics of the load or it can be measured directly. )

1 , METHOD 1008
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4. SUMMARY. In addition to the information specified in 4.6, the following s
information shall be specified:

(a) The data may be presented as unreduced data in the same form as that
used for the data for the corresponding blocked load test or the dependent
variable data may be shown as a deviation from the blocked load test data in -
decibels or as a percentage deviation from the blocked load test dataas a - .
furction of the independent variable, ¥

(b) When a "'short form' of this sensitivity data may be presented, it shall
be presented as a maximum deviation from the blocked load test data in decibels
or in percent. Thus, this short form data is a single number describing the
- greatest change in each particular characteristic, such as the supply charac-
teristic, caused by opening the loaded ports. -

2 - . SMETHOD1008
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METHOD 1009
CIRCUIT LOADING SENSITIVITY

1. PURPOSE. In the other test metkods in this appendix, various losding
conditions are specified. In each case, the load which is specified on any single
unused port 18 specified for 2ll unused ports. H may be of interest to test &
device with different loads on different ports at the same time as, for example,
when testing for particular circuit conditions or for worst case conditions of

stability.
The purpose of this test 18 to allow for this possibility.

2. SCOPE. Any of the characteristics generated by the test methods 1001

“‘“‘"Jgh 1005 mav be retaken ||eln¢r a wall defined immﬂnmn load on any unmiged

gignal port. To designate each different test, two-part numbers are used as
specified in 4,1.1, The test methods are:

1060951001 Circuit Loading Senelﬁv:lty Test of the Power Nozzle
Characteristics

100981002 Circult Loading Senaiﬁ\dty Test of the Contml Port
Characteristics

100981003 Circuit Loading Sensitivity Test of the Output Characteriaties

100981004 Circuit Loading Sensitivity Test of Pressure Switching Curves

100981005 Circuit Loading Sensitivity Test of Pressure Recovery

3. APPARATUS AND PROCEDURE. If loads other than fully open or fully

. blocked are to be used, then it is first necessary to take the impedance charac-

teristics of the additional load. (If the load resistor is irom another fluldic
device, then the port on that device which is being used as the load resistor is
to ba the only port to whick flow is applied.) Al other ports except vents are to
be fully blocked. These impedance characteristics for the load resistor shall
be taken exactly as prescribed in test method 1001. The range of pressures
shall include those that will be experienced by the load attached to the device
under test. The impedance characteristic data shall be presented with the data
generafed by this test method.

The specific circuit for each of the tests can be found in the appropriate
basic test method (1001 thmugh 1005) However. rather than using the blocked

Wom W o e AL Lo o d koo AL e o ad PR ndd e wrdodinmd cnimbo dr dln Tnoda
10808 a8 per I.BB basic test method upe&mua.uum, individoal POTLS 10 tG€ asvice

under test may be loaded by any of the three options given above. The loads
which are actually used shall be given-along with the data generated by this test

method.

1 METHOD 1009
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4. SUMMARY. In addition to the information speci.ﬂed in 4.8, the following
{information shall be speciﬁed

(a) The data may be presented as unreduced data in the same form as that
used for the data for the corresponding biocked load test, or the dependent
variable data may be shown as the deviation from the blocked load test data in
decibels or as a percentage deviation from the blocked load test data as a func-

tion of the independent variablas.

(b) When a "short form" of thia seneitivity data may be presented, it shall
be presented as the maximum deviation from the blocked load test data in
decibels or in percent. Thus, this short form data is a single number describ-
ing the greatest change in each particular characteristic, such as the supply
characteristic, cauaed by change from blocked load and uniform load on spaci-
fied ports.

2 .~ METHOD 1009
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METHOD 1100
SWITCHING TIME

1. PURPOSE. This method establishes the means of determinivg the switch-
ing time for certain digital devices. Switching time 13 not defined in
MIL~STD-1306.

1.1 Definitions. The following definitions shall spply for the purpose of this
testmethod.

1.1. 1 Switchingﬂma(ts) 'Ihebotalelapsedtimefromthe ﬂrstdiscernible
changei.nthainpul:unl:lltheoutpmhaa reachedQﬂpercentofltsﬂnalvalue

1.1.2 Mndelaztime(tpd) The time measured to a specified level
ormmrmmammsponmnngelo:mempm. The ievels are specified
in terms of percent of final value.

1.1.3 Rise time (ty). The time of transition of the output signal from 10 pemenl:
toBOpementofitsﬂmlhighvalna :

1.1.4 Fall time (ty). The time of transition of the output signal from 90 percent
to 10 percent of it8 initial high value.

2. APPABATUS.

2.1 Timing equipment,. A dual trace time base oscilloscope with memory
eapabdlityisareﬂahlemmsofaccompuahingﬂmmumemtomcﬂom
ofmﬂliseoonda

3.2 Presgure instrumentation. The pressure transducers at the input and
output should be similar with respect to volume and frequency response. The
accuracy and frequency response shall be specified in the applicable procure~
ment document.

2.3 Driving signal. A low impedance wall attachment amplifier operable over
a wide range of supply pressures can provide a realistic driving signal similar
to what would be encountered in circuit use. However, to determine with cer-

. tainty the shortest possible transient times of the device under test, a constant

flow source is required. Small devices can be driven by large ones for this

purpose., Totesta !arge davice with re‘cﬂvely low 'ﬂl’\l* Imnnﬂﬁhnn an alan-

tromechanical square wave generator will be more aaﬂsfactory. Unless other-
wise specified, test data on transient characteristics shall include an output
characteristic curve of the driving source used in the test.
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shown in'Figure 1100-1. Line lengths must be kept short since each inch of
line length requires roughly .1 milliseconds of transport time.

3.1 Measurement of tpd. Propagation delay time can be measured between
any two corresponding points of the input and output. Figure 1100-2 shows tpd
measured from the application of the input to the first discernible change in the
output. It may also be taken between the 50 percent values.of the input and the
output. Other corresponding points of the signals may be more appropriate
for a particular case.

3.2 Measurement of t,. and t¢. * The rise transition time at the output shall be
measured from the 10 percent point to the 90 percent point. The fall transition
. time shali be measured from ihe 50 percent poini io the i0 perceni point.
- Figure 1100-3 shows typical transition time characteristics.

The proj:agation delay time and the transition times should be measured

. uﬂ'ﬂ'l tha nowapr aurmly nracaima: n’ l-lun r'lnﬂinn "'u-'lnin tack ant {-n e Mm‘nnl volua

. or midpoint of a design range. ; The driving signal should exceed the switching
pressure of the device under test by at lsast 100 parcent. To simulate normal
operating conditions as closely as possible, the resistance of the load should be

- equivalent to the resistance of the control nozzle of an identical device. The

. process should be repeated with at least two other power aupply presaum. one
above and one below nominal.

3.8 Bwitching time. The sum of tha propagation dalay time and the rise (or fall)
: time closely approximates: the Bwltching time and will be acceptable unless
+.otherwise specified. s

4. SUMMARY. The following details shill be specified:

(a) tpd as shown In Figure 1100-2 or as otherwise speciﬁed in the applicable
-procurement document.

(b) te and tr at mminal ‘Pa nnd minimum during signal.

-.1

“(e). tr ami‘tf. at Pg above and below nominal Pg, or. as specified by.the
+ applicable.procurement document,

(d) - Ambient conditions-at time and place of testing.

-2 - METHOD:1300 9
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. OBSERVED HIGH LEVEL

FIGURE 1100-3 RISE TIME AND FALL TIME
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METHOD 2001

POWER SUPPLY, QUIESCENT INPUT AND QUIESCENT OUTPUT CHARACTERISTICS

1 PURPOSE, This method establishes the means for measuring power supply,
quiescent input and quiescent output characteristics for low frequency, pnemnaﬂc
use (generally under 25 Hz),

1.1 Definitions, The following definitions shall api:ly for the purpose of this test
method, ' ‘ . ‘

11,1 Balanced amplifier, A differential amplifier whose impedance at each in-
put terminal is identical over a specified range of (a) quiescent input pressures,
(b) supply pressures, (c) balanced load impedances, If under these conditions out-
put gage pressure and flow are within § percent of their average values when the
differential input pressure and flow are zero, then the amplifier is balanced,

11,2 Input bias pressure, That differential pressure which must be applied to
the control ports of a differential input amplifier to force the output differemtial
presgsure to zero, when loaded with matched passive impedances of specified
value, Supply pressure, Ps, and quiescent input pressure, Pgq, must be spec-
ified. . . .

o

1.1, 3 Input bias flow, The input bias flow is the difference between the flows
eatering the control port of a differ mntial input amplifier required to force the
output differential pressure to zero when loaded with matched passive impedances
of apecified value,

2, APPARATUS, The apparatus shall consist of regulators, valves and re-

. strictors capable of deliveriny sufficient flow to establish a maximum useful
supply and quiescent input pressure for the element under test, The extent to
which the investigation is automated affects the circuit design and thus the choice
of some elements in the circuit. Figure 2001-1 is a complete but rudimentary
circuit for measuring supply and quiescent characteristics. Figure 2001-21isa
circuit for using controller driven valves and automatic data reducing and record-

ing equipments,

2.1 Pressure sensors. The pressure sensor (gage, manometer or wimtever)
ghould be connected to lines through expansion tanks, This is done to reduce the
speed of the fluid so that the reading obtained represents totzl pressure,

2.2 Flow sensors, Flow meters of very low impedance must be used at the
outputs, If the pressure drop through the flow meter is large, the accuracy of the

.\_1 | B ¥ . | METHOD 2001
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calculations is affectad, For the case of the control and power supply, if con-
nected as shown in Figure 2001-1, the pressure drop through the flow meter be-
comes negligible as the line pressure at that point becomes larger. Care must
be taken not to exceed the rated pressure of the flows meter,

3. PBOCEDURE.

3,1 Power supply charactertsﬂcg, The potver aupply characteristics are a
plot of the power supply flow values, varying as the power presgure is varied
from zero to maximum design pressure, Load impsdance and quiescent input -
pressures and flows can affect the power supply characteristics so that the con-
ditions under which these measurements are taken must be specified, Alternately,
several curves taken with different combinatlm ofinput pressures andoutput

impedances may be inciuded,

Referring to Figure 2001-1, the power valve should be adjusted to several
different settings (at least five) with inputs and outputs closed, Evidence of pos= -
sible Ioad sensitivity may occur during these readings as the power supply pres-
gure is increased, If the amplifier is unstable, reduce ocuiput impedance to max-
lmmvalneforwhichstahdhtyoceura.

Repeattheteatwlthinmtvalveaopmandouqntmethmereducedtn
minrimum, plotting points.on the same graph as ahove, connecting them to form. -
Mm .‘ - .

Repeat the test once more with input quiescent pressures maintained at
10 percent (or other appropriate percentage) of Py, plotting the points on the same
graphasbeforesothatthecnrveacanheeompared. Typicalcurveaa.reshown
inFign.reZOOI-s

i ﬂxe curves overlie, then:the power supply characteristics are esamt:la.uy
insensitive to loading and input coaditions, If the curves do not overlie, each
curve shmld be plainly :ldentiﬂed. )

If the process is antmnated, Figure 2001-2 is a basic test circuit, Valves
must be opmed and closed slowly to minimize transient effects,

3. 2 Quiescent ilaggt characterlstics. The quiescent inpu:t characteristics are

a plot of input quiescent flow values varying as the input quiescent pregsures are
varied from zero to maximum design value or beyond 1f an operational maximnm
value is to be determined, Frequently, power supply condition can affect the qui~
escent input characteristics, Less often, the input characteristics are affected by

_ load impedance, To illnstrate these effects or their absence, quiescent input char-
acteristics should be taken at two different supply pressures, rumming each under

. . \
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zero and meximum load impedanca conditions, Plot these four characteristics on

U NUR, R m o T ez ene AN F |

a gingle graph, See .ngu:e &UU

Quiescent gutput characteristtcs. The quiescent out;mt cha.ractenst!cs are
a plot of ocutput flow values varying as ocutput pregsure is varied by means of chang-
ing the load impedance, all while the differential input pressure is held constant _
(zero, for the case of a balanced amplifier). Referring to Figure 2001-1, the power
supply pressure is get to its minimum value, The quiescent input pressure is set
to 10 percent of Pg, The output pressure and flow(both fixed by the load impedance)
are recorded as a point on the graph. Without changing the load impedance, other
points are generated with increasing Pg and Py, values, The process is repeated
for three or four load impedance settings and the points are connected with lines
of constant power supply pressure as shown in Figure 2001-5, .

4, SUMMARY. The graphs generated in the above tests are necessary for only
one side of the amplifier if it {s balanced. In addition to the data described above,
the barometric pressure and ambient temperature must be shown,

Yes - o
Balanced?

Operable with hlocked load?

Present the power supply characteristics as shown in Figure 2001-3,
Particular poiuts on the power supply curve can (should) be specifically labeled,
For example, if, during the course of this and other tests, it is noticed that a
particular point or range of points on the power supply characteristic yields a
superior S/N ratio, this point or range should be indicated and so labeled on the

power supply curve.

If the curves overlie, indicate the range of input and the loa.ding conditions
under which the data were taken.

Present the quiescent input characteristics as they are shown in Figure
2001-4, If the curves overlie, indicate the various input and loading conditions

under which the data were taken,

Present the quiescent output characteristics as they are shown in Figure
2001-6., Two additional curves would be gppropriate, With the Pg set to a nominal
value (say, case c in Figure 2001-5), present curves for Pco/Ps = ,05 and Pgg/
Pg = , 25 respectively,

3 METHOD 2001
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FIGURE 2001-1 POWER SUPPLY, QUIESCENT INPUT/AND
QUIESCENT OUTPUT TEST CIRCUIT
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METHOD 2002

DIFFERENTIAL INPUT AND OUTPUT CHARACTERISTICS,
AND PRESSURE TRANSFER CURVES :

, | 1. PﬁRPOSE.. This method establishes the means for measuring the
differential input and output characteristics. While these characteristics supply

the necossary information to compute pressure gain, an alternate more direct

 way of determining pressure gain comprisea a part of this method.

1.1 Definitions. The following deﬁnmcns shall apply for the purpose of this
test method,
1.1.1 Sign convention, When P S P, the control differential pressure is

Cc2
congidered to be positive. Similarly, when P01> 1‘-’02 the output differential
pressure is considered to be positive, _

1.1.2 Nominal supply pressure., The mid point of the range of supply pres-
gures at which an ampl:lﬂar is designed to be operated.

2. : APPARATUS. The apparatus shall consist of regulators. valveg, and
restriction capable of delivering sufficient flow to establish differential fnput sig-

;;i-a—t-h—a;;ﬂl drive Eeﬁumput to saturation, The extent to which the testing is
automated has considerable effect on the circuit design and thus the choice of

some elements in the circuit,

Figure 2002-1 isa complete but md!mentary circuit, I the amplifier
is balanced, then the characteristics for one side can be considered valid for the
other, Thus, flow readings can be taken on one side only as md:lcated by Figure
2002-1,

Fig'ura 2002-2 is a circuit utilizing electronic transducers and auto-

matic data reducing and plotting equipment

2.1 Pressure sensors. The pressure sensors are connected to the lnes
through expansion tanks so that the reading obtained represents total pressure.

_Considerable forethought should be given to the size of the tanks, They must -

be large enough so that the velocity of the fluid is slowed to a negligible magni-

e Py waleemamne awn Aanmasaddanance and thaor aon malra tha mos snrwine nrogcass

© R Dll-l- VOiIGIucs arc CaAPALGILALULVOD Gl WYy VAl (ianwv Wit JRUGOWL Al jra e

very cumbersome. For automated test circuits, the size of the expansion tanks
and line lengths to pressure sensors must be minimized. The voltage to the
valve controllers must be varied slowly so that those transient effects induced
by unavoidable volumes are minimized,
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2.2 - . Flow sensors. The output flow meter should be chogen for lowest

' posaible impedance, The impedance of the input flow meter can be made negli-
gible by inserting it into a line of highest practicable pressure consistent with
the range and pressure rating of the instrument, The circuit in Figure 2002-1
permits the use of high pressures at the flow meter locations.

2.8 - Load impedance, Load impedances should be identical, eince In
normal operation it is assumed that differential proportional amplifier outputs -
will be subjected to similar load impedance under quiescent and small signal
conditions. A set of five matched pairs of laminar flow resistors can be pre-
pared by making minute length adjustment: in capillary tubing. These should be
sized so that they admit flows from 10 to 80 percent of the anticipated saturated
flow recovery at the cutput ports of the amplifier to be tested, This involves
cut-and-try approximations, A more direct means providing more flexibility -
involves two valves with similar characteristics for a like number of turns from
closed position. These should be mounted rigidly so that they can he geared to-
gether, This installation now provides matched output impedances with varia-
»bﬂity available by turning a single dial,

Matched variable resistors can also be purchased if ranges of pressure
and flow are speciﬁed ‘

.3, PROCEDURE. The input and output characteristics can be taken ,
* simultaneously by taking a number of readings at various settings. The methods - bt
vary considerably depending on the extent to which the test is automated .

Referﬂng to Figure 2002-1, set the power supply pressure to nominal
value, Set the quiescent input pressures to 10 percent Pg,

The first set of readings is taken with the output lines open to atmos--
phere (zero load impedance), Pressure and flow readings are taken at C1 and
~ C2 for the quiescent input conditions and recorded on a graph of appropriate
scale (this point should lie on the quiescent input curve of Figure 2001-4), The
output pressure and flow readings are taken and the point recorded on a graph,
The scales of these graphs should be similar, since superposition of these curves
reveals the first adjustment necessary to stage one amplifier with another.

Then set C1 pressure to 11 percent Pg and C2 pressure to 9 percent
(or 10-1/2 percent Pg and 9-1/2 percent Pg if amaller increments are desired)
and make another set of readings, recording the points on the appropriate graph
Continue until C1 is at 15 percent Pg and C2 is at 5 percent Pg,

This completes the 'posiﬁve Ped readings. Now make pressure set-
tings at C1 at 9 percent and C2 at'11 percent Pg, taking readings at each setting :
untll CI'is at 5 percent Pg and C2 is at 15 percent P . This completes the negative

Pcd readings and the entire set of readings at zero 1oad impedance,
2 : . - METHOD:2002
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The next set of readings is made in an identical manner with the load

:i:mpeda.nces increased so that the output pressures are about 10 or 15 percent of

Pg, The input pressures and flow should be checked at each input setting but
need be recorded only if they differ by more than 10 percent from those of the _

~ first set (indicating load sensitivity).

Snbsequeni: seis of readings are taken at three or four more ioad im-

‘pedance settings and the points connected by line of constant Pcd' The curves
" generated are typically like those shown in Figure 2002-3, .

Figure 2002-4 shows the input differential characterlstlcs for a spe-

The process described above is repeated with the same Ps but with

Poo at less than 10 percent Pg and agafn with Poo greater than 10 percent Pg_

This will yield two more graphs like that of Figure 2002-3, The input differen-
tial curves for the second and third sets can be plotted on the same graph as was

"the first set, as shown in Figure 2002-5,

Two more sets, one with a Pg above the nominal, the other with Pg
below the nominal, each with PW/PB at 10 percent will give a representative
description of the amplifier,

These curves can be generated in a fraction of the time required for
the above description if the process is carried out with electronic transducers
and plotting equipment, Such a process is implied by the test circutt shown in

Figure 2002-2

. In this method each output curve is plotted directly for a constant
input signal, by varying the load impedance from zero to blocked (or to the max~
imum value for which stable operation is possible). The error signal for the
input controller is the input controller is the differential input signal, so that the
burden of maintaining a precise input signal is taken from the investigator,

The input data should be taken from these settings and the input flows
should be monitored as the output impedance is varied to determine load sen-~
sitivity, if it exists.

The process should be repeated to produce the five sets of character-
istics needed for a complete static analysis of the ampiifier. :

- 3.1 Transfer curve. A direct automated procedure for plotting pressure

gain 1s available with the circuit of Figure 2002-2 by simply plotting output
differential pressure vs input differential pressure. An integrator input to the
controller can help to generate a uniformly time-varying fluidic input signal to
the amplifier. The curves generated in this fashion are more specialized, in

3 _ METHOD 2002
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that they represent a single load impedance and Pgo/Pg combination, where the o
five sets of curves allow all combinations of impedance to be considered with a '
sampling of three different P,y /Pg-ratios and three different P, values. The

direct transfer.curves have the obvious advantage of quick assessment of linear

range and saturation values.

4, SUMMARY.

4.1 Qutput ‘characteristica, Present flve sets of output characteristics
as-follows:

“a) éiggss;t-nominal,‘“ Bcoy_fgyfat, nominal. (lo;pemént) .
:_;.(b)J;,;ggg'atdnomi.nal.«;-Pcd/«Ps«.below no@. |
:(c) +Pg-at nominal,Peq/Pg-above.nominal.,
w(d) T“‘gssabove;nominal.?Ifco‘yggﬁaf;nominal.
-;{e) ~Pg below.nominal,* Pco/Psfat nominal

4,2 »Input:characteristics, #Present;five.input. characterlaﬂcs on:three

., graphs: aatﬁollows )

o YV *Pa at.nominal with'three:input characteristlcs for P, /Pco
-nominal,- above. :nominal, and-below:;nominal,-respectively.

-%,(b) #Pg-above.nominal, 5P, /Pg-at.nominal, |
) “Pg.below.nominal, P, /P4 -at:nominal.
4.3 ‘Pressure transfer cfmracteristics. ;?-Present-lon-egor.-moretransfer:curveq a

.as requested by the applicable procurement document, ".Specify load-impedance
~PgandiPeo/Pg,

- 434  General information.

4.4:1
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- FIGURE 2002-1 TEST CIRCUIT FOR MEASURING DIFFERENTIAL -
INPUT AND DIFFERENTIAL OUTPUT CHARACTERISTICS
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METHOD 2003

DYNAMIC TESTING

1. PURPOSE. This method establishes the means of determining the
frequency response and transport time delay of a flueric differential proportional
amplifier, The method is applicable for pneumatic operation at frequencies up
to 25 Hz (the power spectrum for analog flueric devices),

1.1  Definitions, The following definitions shall apply for the purpose of
this test method, . :

1,1.1 - Dynamic gain, The ratio of the am_plitude'of the MOW output
(response) signal to the amplitude of the sinusoidal input (stimulus) signal for a
specified frequency (or range of frequencies).

1.1.2 Phase angle, The number of degrees by which the stnusoidal oﬁtput
differs from the sinusoidal input for a specified frequency (or range of frequencies),

2, APPARATUS. The test circuit is shown in Figure 2003,

2.1 Transducers. The pressure transducers must be of minimum volume,
gince volumes introduce capacitive effects into the circuit which would affect the
data cbtained. In this connection, line lengths should be minimized throughout the

2,2 Signal generator, The signal generator must have an adjustable output
null level and be easily interfaced with an electronic controller. If the input
transducer voltage is the error signal to the controller, the balance of the output
of the signal generator will be dependent on the similarity of the impedance of
each of the input ports of the amplifier,

!

!
i The signal generator should maintain a reasonably constant output over
the Tange of frequencies of interest,

2.3, Display media. An oscilloscope of high sensitivity with two beams,
common time base and with XY plotting capability serves as a practical means
for monitoring input and output data. Alternately, a time~-base recorder with an
overall frequency response at least four times higher than that anticipated for
the item under test can be used, although data reduction takes somewhat longer,

1 © METHOD 2003
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3. PROCEDURE.

3.1 ‘Frequency response. Make five runs through the frequency response
tests as follows~

_ (a) Pg at nominal, Ppo/Pg at nominal

" :(b) Pg at nominal, ‘Peo/Pg-above nominal
(c) “Pg at nominal, “Peo, /Ea‘ab’elow.nonﬂnal
{d) '-*rPlé above‘noﬁin'a‘l,”Pco'/Ps‘ jatnominal

@ Pg below nominal, 'pco)pa at nominal

=It.i8 agssumed that.the "nominal™ pressures above are.those for which
".the amplifier was designed and are the same as those of Method 2002 (for a given
test item’, “The amplitude.of the signal generator output must be checked at each
- frequency-setting to be sure that it.is:maintained constant, When the size of the
- excursion 1s decided upon, check it at:maximum frequency.to be sure that am-~
_plitude can be maintained throtigh the-frequency range anticipated for the test,

3,2 “Transport time delay. A step input is used for this test, Essentially

"the game test circuit as was used for the frequency. response tests can be used

"for this test, -except that the square wave signal lreneramr must be substituted,
Transport time as'defined in MIT=STD-1306 can be determined most conveniently

-by a two-trace oscilloscope with memory. " 'The display can be photographed di~

- rectly," or the results can be tabulated 3 Use the.same-get of pressures.as listed

’ ~in~f3 2, ‘

4. - -SUMMARY,

4.1 “Frequency response. “Present.the ‘flve sets.of frequency response test
data on separate Bode plots, indicating the Pg, Pg, /Py, and load impedance,

4.2 Transport ti.me*delaz. ‘Present photographs.of the displays of the
-five transport time delay tests. .-Alternately, the data can be tabulated identifying
the appropriate Pg “Pgo/Pg  and 2y, 4 with each -measured quantity,

2 | =METHOD"2003
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METHOD 2004

SIGNAL TO NOISE RATIO FOR PROPORTIONAL AMPLIFIERS

1. - PURPOSE This method establishes a means of determining signal to
noise ratio for proportional amplifiers,

_ The signal-to-noise ratio (S/N} for a fluidic element is the ratio of the
maximum-output-signal to the output-noise, Ideally, noise should be described
as a spectrum showing noise amplitude vs. frequency. As a practical minimum,
the value for noise used is meaningful only if the passband of the measurement
system (the fluidic device, the load on the fluidic device, and the instrumentation)

is provided,

Values of S/N are most frequently given in ferms of the peak-to-peak
or RMS amplitude characteristic of the noise, A peak-to-peak determination
involves estimating the actual peak-to-peak extreme of the noise waveform as
displayed on an oscilloscope or level recorder over a suftable sampling interval,
The peak-to-peak &/N value (S/N)p is then the maximum output range of the de~
vice divided by the peak-ﬁo-peak‘ noise mesagured., -

An RMS determination requires the use of a true RMS measureinmt

e ‘.-n‘lll“'—ﬂ’ nearrdainn fine nwnm«rlna lﬁ'"'nﬂnﬂ'\ fhﬂ ﬂ!mhlﬂﬂm n“ﬂ

S svdresuven
ALDVA MALTLL by v ARMALLE, A CVi8iloh IoT GV L gy

value when significant noise content is present below the natural frequency of the
meter movement. The RMS (S/N) value (S/N)r is defined as the maximum use-
ful RMS outpuat signal possible for the device, divided by the RMS noise measured.
For the general case, the maximum output signal is taken as the saturation value
and the noise is taken as the maximum noise amplitude measured at saturated
output. The maximum RMS output signal for proportional devices is defined

as the peak-to-peak maximum output (i.e., the maximum linear range) divided
by 2V 2 (.e., the RMS value of the largest possible output sine wave).

Selection of peak or RMS values of noise depends upon the intended use
of the data, the character of the noise, and the time and facilities available for
the test. The RMS method is generally preferred since (1) the RMS value tends:
to be a more stable and unambiguous indicator of a random signal, .(2) a meier

18 more convenient to read than a trace on an oscilloscope or recording, and

(3) methods exist for analysis (e.g., instrument noise can be subtracted). The

_peak~-to-peak method, though perhaps not ag precise, affords the convenience of

directly indicating the amount of the usefui output range of the device that wiil be
influenced by the noise signal. Only a common oscilloscope may be required to

. establish approximate amplitude values for comparative purposes. It should be

emphasized that for any noise measurement the passband of the measurement
system must be provided. The data will be most useful if a spectrum of data over

" the frequency range of intended usage is provided.

1 : METHOD 2004
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2. APPARATUS. Figure 2004 shows a test circuit for obtaining RMS noise
- data from a fluidic element. In the circuit of Figure 2004, a differential propor-
tional amplifier is illusirated as a typical device under test. Ffince the output
noise of conce;-n is the differential oufput, a pressure transducer is attached to
each output port and the difference signal is obtained with the electronic differen-
tial amplifier, Generally, high-response transducers are used and connecting
tubing s kept to minimum lengths to result in high response from the fluidic
circuit, The nolse signal usually is fed through a lowpass filter and then to the
true-RMS meter. The lowpass filter is optional but provides the capability to
obtain noise data as a function of passband, . If the lowpass filter cut-off frequency
is set significantly below the response of the fluldic element and.load (including
_transducers), . for example, the lowpass filter determines measurement system
response, and noise’data as a function of passbhand are readily obtained.

3. PROCEDURE. The device should be operated at conditions which are
used to obtain the transfer curve of Method 2002, 3,1, Unless otherwise spe-
‘¢ified, ‘these should be nominal .Pg, - P o/Pss and load impedance equal to that
of one ‘control nozzle, The contractor may choose these conditions to produce
the optimum S/N ratio, MIL~STD-1306 specifies that noise be measured at
‘gaturation, -In:some cases it may be desirable to nclude additional noise mea-
guroments where substantial operation is anticipated. These measurements
would be made with the control port pressures set‘for selected output levels in
‘the desired range of operation, As a minimum for analog devices, the noise
should be measured at saturation-and null conditions; (i.e., control port pressures
-at values corresponding to zero output.signal),

3.1 = Maximum RMS signal, The maximum peak-to-peak output signal first
is obtained from a steady-state transfer curve (see MIL-STD-1306, Definition
:of "Saturation" and Figure 13),  This- signal divided by.2 \/[2 -deéfines the maxi-
mum RMS sinusoidal-signai,

3. 2 RMS noise. The noise value as read.from the RMS meter may require
engineering. judgment to result in.an "average" value since low frequency content
‘in the noise can make the meter fluctuate, -Justification for this value should in-
-clude limits of meter fluctuation, A measurement system response value must
accompany all noise values, Response.is défined as the frequency ‘corresponding
“to.the -3db-down point,

Typlcally the first test will be that with the lowpass filter 'open", i.,e,,
the cutoff frequency would be set significantly above the fluidic' element (with load)
response. A frequency-response measurement of the element with load will be
necessary to determine the 3 db-down point.and thus define .the passband, -Noise
readings then can be made with the cutoff frequency of the lowpass filter set at
frequencies. significantly. lower.than the response of the element so that the pass-
band of the:system now conveniently is.determined by the filter,

2 “ME THOD:2004
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- 4, SUMMARY. The following quantities shall be specified.
4,1  S/N calculation, The RMS signal (3.1) divided by the RMS noise (3.2)

provides the §/N value,

4.2 " Reporting of data, Present a curve of S/N vs passband of the measure-
ment system (fluidic element, transducers and lowpass filter). Alternately a
listing of S/N values and corresponding response values for the measurement
system may be given. '

3 METHOD 2004
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METEOD 3001

EVALUATION OF A FLUIDIC OPERATIOIjIAL AMPLIFIER

1. - PURPOSE. This method specifies tests and procedures to determine
power requirements, quiescent input characteristics, transfer characteristics,
time delay, and frequency response of a fluldic operational amplifier, :

2, . APPARATUS,

| WP T [ . o o dee ] ._.“.L o crsmn marnlatano want ha

2.1 Frossurd reguistors. 1iae conirol pori pressure reguialors must be
capable of maintaining constant pressure through a range of zero to 70 percent

of the specified power supply pressure, or as specified in the applicable procure-
ment document. The power supply pressure regulator must maintain constant
pressure, +5 percent, at the specified supply pressure through flow variations
encountered as Pyq 18 varied from zero to 50 percent Py,

2. 2 ' Pressure sensors, The pressure sensors should be connected to the
linas through expansion tanks for those tests where considerable line velocity

1s expected (such as the output lines with relatively low load impedance, for
example), Frequency response tests should be conducted without expansion tanks,
but with the transducers teed directly from the shortest practicable lines,
Pressure transducers should have identical frequency responses of greater than
100 Hz or as specified in the applicable procurement document,

2.3 Flow sensors., A flow meter of appropriate range and low tmpedance
should be used to measure the power flow, The flow sensors at the control ports

must be of very low range.
3. PROCEDURE.

3.1 Power requirements and quiescent input characteristics, The circuit
should be connected as shown in Figure 3001-1 (a). Only one control port is
ghown with flow being measured, With a flow measuring instrument at each con-
trol port, all data can be taken in a single test run,

The power supply pressure should be set to désign pressure, or as

- gpecified in the applicable procurement document. With P, set to zero gage

pressure, increase this pressure slowly, or in suitable increments if discreet
supply flow data readings are being taken, until P,, = 60 percent PS or as
specified in the applicable procurement document, While increasing Pco, Pg
should be monitored to ensure that it remains constant,

Repeat procedure with output blocked, - .

1 METHOD 3001
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3.2 Pressure:transfer characteristics, Differential pressure transfer
characteristics. should be measured for-each pair-of input ports, C1 and C
C3 and Cy4; etc,

"The circiit should be connected as shown in Figure 3001~2 (a). Output
loads are defined as follows: :

,.a. 1 nozzle load - An orifice whose'reslstance is equal to the resis- -
‘tance of a control nozzle of:the device under test.

“b. ‘Z2:nozzle load - An:orifice whose resistance is:equivalent.to the | -
‘resistance of two control'nozzles:of the:device under- test when connected in
parallel,

. :No lodd - Infinite-resistance (blocked load), Since'these loads are -
used in pairs, their resistance values must be:gimilar; within 5 percent of each
other, :or:within 1imits: specified in'the applicable:procurement document,

"The:loads speéiﬂed;aiwve.are defined:in terms of the ''average' point
.'registance-of.the.control nozzles when Pn, = 30-percent P, (see: Figure 3001-1(c). -

"The power 'supply-pressure "'sho‘uld-.be:s'etz'at;design pressure, or as
“specified in'the applicable procurementdocument. “The quiescent-input pressure,
Pco, should-be set at: designwlevel or:a.swspeciﬁed in .the applicable. procurement .
- document .

"Differential input signals should be applied so'that Pyy + Pog /27 = Pco-
“The differential.pressure inpit:should be:increased.until IPch“ *2|Peol, Oras
gpec¢ified in the applicable procurement.document, “Data should be:taken, recording
:E ed’ vand? P Pod for;each P ed ‘increment, |
“The procedure is carriéd out under each‘of the loiding conditions of
*(a), (b) and-(c) above,

+If the amplifier-has: more’than:one . pair ‘6f control-ports, .the'three test
- rung are conducted for.each:pair 6f control ports:with the:unused control:ports:set
:t0: Pgo,

' Flnally, toverify" summing capability, ‘the three test rums-are conducted
with Input-signals. applied to:all: pairs ‘of control:ports. simultaneously

3.3 ‘Frequency response. . The operational amplifier can be evaluated.for .
. frequency responsge with equipments as.described.in Méthod 2003,7 Dynamic R
“Teating,

e “:METHOD":3001
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. The precedure is the same as that described in 3.1 of Method 2003 ex-
cept that Pg and Pgo/Pg are specified at particular values (design values, or as
specified in the applicable procurement document}, and the load impedance 1s
fixed at 1-nozzle load (or ds specified by the applicable procurement document).
One frequency response test is required for each pair of control ports, the un-
used control ports set at Pgq. .

3.4 Time delay, The procedure’ described in Method 2003 3 21is appl!cable
for an operational amplifier. One test is required for each pair of control ports.
Pg, Pco/Ps and load fmpedance shall be as specified in Section 3,3 above, Input
amplimde should be of a size to drive the output to 50 percent (+5 percent)
saturation,

1, SUMMARY

4,1 Power regﬁrements and quiescent input characteristics, Presemt

curves as shown in Figures 3001-1 (b) and {c), specifying P . Curves onboth graphs
" may overlie.

4.2 Pressure transfer characteristics. Present one graph, as shown in

Figure 3001-2 (b), for each pair of control ports, and one graphs for the sum of
all pairs of control ports. Specify Pg and P /P on each graph, Idenﬂfy the
curves by output loading condition,

4, 3 Frequency response. Present a separate Bode plot for each test (.e.,
for each pair of control ports). Specify Py, Poo/Pg, load impedance, and input
signal amplitude. . ' . o

4.4 Time delay. Presenta photog’réph of the display of each time delay
(one for each pair of control ports), Alternately, the data can be tabulated, idemti-

fying the appropriate Pg, Pgo/Pg, load impedance and input amplitude,

3 METHOD 3001
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PB' = Constant
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METHOD 4001

ELECTROMECHANICAL SIGNAL GENERATOR OUTPUT CHARACTERISTICS

1, D‘URMQE Thia mnﬂmnﬂ egtahlighes the means fnr mmmlrinc the output

quantlties of an electromechanical signal generator, The generator has two outmt
ports and can be operated either differentially or slnglesided.

1.1 Definitions, The following deﬂnitlons shall apply for the purpose of this
test method,

- 1,1.1 Nominal power supply pressure {Ps nom,). The no:plnal power supply pres-

sure is the power supply pressure for which the generator was designed, If the
generator was designed to be operable through a range of pressures, them the
nominal power supply pressure is the midpoint of this range, '

1.1.2 Input biag voiageLibl. That vbli:age which must be applied at'theinpﬁtto
force the quiescent output flows from elther side to identical values when loaded

~ with identlcal registors.

For single output operation, the input bias voltage 18 that voltage necessary
to force the output pressure and flow fo specified quiescent levels when load and
power supply conditions are specified, '

2, APPARATUS, The ocutput ports of the signal generator must be connected
to identical resistive loads, Matched pairs of resistors, not necessarily linear,
provide a convenient means for loading the outputs, Alternately, a pair of needle
valves, whose characteristics are identical at like settings (mumbers of turns
from closed position, for example), can be geared together to provide the output .

wrts with idantical resigtve lcbl',ﬂ If matchad m{m are nﬂﬂd ﬂ\ﬂm ghonld nnvnr

a wide range of resistance, At least four pairs are needed,

s, PROCEDURE, With the circuit connected as 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 and flow are taken, (The middle reading
should be taken when the output pressure and flow are identical, that is, at qui-
escent value or where the input voltage is set to Vibas defined in 1. 1, 2 of this
method, ) Then with a different set of resistors at the outputs, the process should
be repeated, The data points should be recorded on graph paper to an appropriate
scale as shown in Figure 4001-2, When the process has been repeated for each
set of resistors, the points of constant voltage should be comnected as shown in
Figure 4001~3, Both output characteristics can be recorded at the same time,
The sign convention for the input quantity is arbitrary, For example, Figure

1 _ METHOD 4001
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“4001-3 shows typical characteristics for the right output and the curves above

Vib were taken as positive input quantities, On the graph for the companion left _
output data (not shown), the curves below Vib would be labeled posiﬂve since the
output quantities rise and fall in opposition to each other,

4. SUMMARY.

1 Output.characteristics, The above procedure is repeated for each output
.at two-other. supply pressure settings; one above and one below nominal power
-gupply .pressure.as defined in para, 1,11 of this test method.

The.description of the load resistors used for the-test should be in the form
-of pressure-flow characteristics or as speciﬂed by the applicable procurement
-document, .

4,2 'Transfer curvés. The applicable procurement document may specify trans-

‘A- , e RY . mmn‘g ‘u"‘s-a-“a'l mrdvvivd mmasmIma an n nmﬁmlmn ‘Bametdoan Al

!.nput voltage at a speciﬂc power supply pressure.and Ioaded with specific values
.of resistance, :A-typical curve of:this:type.is shown in Fignre 4001-4,

2 . 'METHOD 4001
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