
MILITARY STANDMZD

FLUERICS

TERMINOLOGY AND SYMBOM

MIL-STD-1306A
8 December1972
SUPERSEDING
MIL-STD-1306
17Jdy 1968

] FSC 1650 I

Downloaded from http://www.everyspec.com



hIIGSTD-1306A
8Deoember 1972

DEP&LTME~ ‘- ‘-––---–
Waebingtl+

UP DEFENSE
D.C. 20301

Fluerlce,Termfaolo~and

zdIL-sTD-1306A

symbda

1. ThisMilitaryStandardisapprovedforusebyallDepartmentsandAgencies
oftbeDepaRmentofDefense.

2. Thisstandardwas preparedbytbeGovernmentFluidicsCoordinationGroup
comprisedofArmy, Navyaxi&r Forcemembers ad representsa coordinatedef-
fofi bythemilitarydepartrneate.

3. Recommendedcorrectloas,additioos,ordeletionsshouldbe addressedto
Commander,NavalAlrSystemsCommand (I+UR-52022),WashingtonD.C. 20360.

I

‘..

.

ii

—...-

“!‘;

Downloaded from http://www.everyspec.com



>. ‘=

;;-----
-,---

..:<..,.,

. . . .
... ...>....

..+F .; -:<-, j
-. .
: ..-.

“:...<,
.,,.

MUFSTD-1306A
8December 1972

i~-
.,.

FOREWORD
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The purposeofthisstandardistoprovideunilormftyofexpressionin the rela-
tivelynew fieldofFLUERICS, withintheareaoffluidics.Terminologyandsym-
bolicrepresentationareall-importanthisuchan endeavor.when mm thanone
groupiscontributing,considerabletimeandeffortmay be savedifa common ref-
erencebasewere tobeestablished..Towardthatendtheterminologyandeymbolic
representationscontainedhereinhavebeenprepared.

>,.-
/- The materialpresentedisbasedoninformationobtainedfromtheGovernment

FluidicsCoordinationGroup(GFCG),theSocietyofAutomotiveEngineers(SAE),
andtheNationalFluidPowerAssociation(NFPA). By unencumberedpermissionof
theNFPA, thesectionongraphicalsymbols1sreproducedfroma standardprepared
underassignmenttotheNFPA throughUSAStandards InstituteCommitteeB93,in
cooperationwiththeGFCG and the SAE.

Itisrecommendedthatallcurrentandfutureworkbe documentedandreported
intheInternationalSystemofUnits(S1).Brieftablesoftheseunitsarepresented
inSection5. For conveniencetheUnitedStatesCustomaryUnitshavealsobeen
included.For informationontheInternationalMetricSyetem,seethe“ISO Re-
commendationR1OOORulesfortheUseofUnitsoftheInternationalSyetemof
Unix anda selectionoftheDecimalMultiplesandsub-multiplesoftheS1Units”
whichisavailablefromtheAmericanNationalStadar& Xnetitute,1430
Broadway,New Yorlq New York 10018.Othervaluablereferencesarethe
currenteditionof“The InternationalSystemofUnits”;Editors,ChesterPage
andPaulVigourex.(NBSSpecialPublication330)whichisfor sale bythe
SuperintendentofDocuments,U.S.GovernmentPrintingOffice,Washington,
D.C. 20402and”MetricPracticeGuide”,ASTM Designation:E380-70which
isavailablefromAmericanSocietyforTestingandMaterials,1916RaceSt.,
Philadelphia,Pa. 19103.
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1. SCOPE

1.1 l’hisStandardestablishesuniformterminologyandsymbolsforusein
thefieldofFLUERICS.

2. REFERENCED DOCUMENTS

2.1 Notapplic~le.

3. TERMINOLOGY

3.1 Generalterms. “

Active

Analog

circuit

.,,

Characteristics

Element

Flueric

Fluerics

,

The general clastiofdeviceswhich
pow= horna separatesupply.

control

The general c~assof components, orcircuits
havingoneormore outputswhichvarycoa-
tinuouelywithinput.

An arrayofinterconnectedccmpoaeds and
elementswhichperformsa function; for
examplessaintegrator,counter,orope&-
tionalamplifier.

The relationshipsthatexistamong vwous “ .

potipressuresandflowsduringtheprescribed
operationofanelement.

The generalclassoidevices,orcircuitsthat
operateusingdiscretesignallevels.

The generalciassofdevicesintheirsimplest
forq usedtomake upfluericcomponentsand
circuits:forexample,resistors,capacitors?
AND gates.andOR-NOR 10sIcgates.

An adjectiveappliedto flufdic components and
systems whichperformsensing,logic,ampll-
ficatlon,andcontrolfimctions,butwhichuseno
movingmechanicalelementstQperformthede-
siredfunctlom

The tuea withinthefieldoffluidlcs,inwhich
fluidcomponentsandsystemsperform sendag,
loglc,ampliflcatlon,andcontrolftmctionswith-
outtheuseofmovingmechsalcalPart&

1
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nssive

3.2 Amplifiers.

3.2.1 General.

Amplifier

FlowAmplifier

PowerAmpllfier

PressureAmplifier

VentedAmplifier

3.2.2 Amplifiertyws.

BoundaryLayer Amplifier

me &neralfieldoffluiddevicesandsystems
ad theassociatedperipheralequipmentused
toperformsensing,logic,amplification,and
controlfunctions.

tie generalclassofdeviceswhichoperate
onthesignalpoweralone.

h activefluericcomponentwhichprovides
a variationinoutputsignalgreaterthanthe
impressedcontrolsignalvariation.The
pokri~ oftheoutputsignalmay beeither
positiveornegativerelativetothecontrol
sigpW The levelof the controlsignalmay
tigreaterorlessthan the outputlevel.

A fluericamplifierwhichhsanocommuni-
cationwiththelocalambientpressureinthe
Msmcttoa regiom (SeeFigure1)

h amplifierdesigmdprimarilyforamplifying
flowsignals.

An amplifierdesignedprimarilytoprovide
maximum powergain.

& amplifierdesignedprimarilytoamplify
pressuresignals.

A fluericamplifierwhichutilizesventsto
establishtheambientpressureintheinter-
actionregion.Gee Figure 2)

An amplifierwhich utilizestheseparation-
pointcontrolofa powerstreamfroma cumed,
orplanesurface,tomodulatetheoutput.
(SeeFigure3)

●

✟

✠

2
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A amplifierthatmaybe eitherplamw or

1. .=

.->._--,

XIXIuctlonAmplifier

axlsymmetric.‘l”besupplyfbw eaterstbe
devicefrom more thanone location,butitis
allfocusedtowardthereceiverunlesscontrol :
flowisapplied.The controlflowforcestbe ‘“
powerflowawayfromthereceiverandintq
thevent.(SeeFigure8)

An inductionamphfierissimilarb other
amplifiers except that the controlsigd is
usedtosuck byexxhaix@,thepowerjet
cauetng tbe devicetoswitchratherthanaf-
fecting a switch by pushing the power jet. “ :,,, ....

@e Figure 9) \

A fluerlcamplifierinwhichtheimpact-plsae
positionoftwoopposingstreamsiscontrolled
toaltertheoutput.(SeeFi~e 4)

h analog amplifier which uses a controljet
to deflecta.fluidpowerjetfor the fumtional

operating P*iple. (See Figures1 and2)

Impact Modulator

Jet-Deflection Amplifier

-Ulence Amplifier

VOrbX Amplifier

WallAttachmentAmplifier

3.3 Logicelements.

Q@c Elements

A fluerlccomponentthatoperatesinthetransi-
tionregionbetmeenlaminarandturbulentsta-
bility. The power jet can make the transition
when influencedby a secondaryjet,aaacoustic
signal,ora physicalinterruptionofthepower
jet,thuschangingthestateoftbeoutput.@ee ~
Figure5)

A fluericamplifierwhichutilizesthepressure
drop.acroesa controikdvortexforthemodu-
latingprinciple.(SeeFigure6)

A digitalamplifierwhichusesjetattachment
toa wall@e Coandaeffect)forthebasic
operatingprinciple.@ee Figure7)

The gen&I categoryofdigitalcomponents
whtchprovidelogIcfunctions;forexample,
MD, OR, NOR, andNAND. They can gate
or inhibitsignaltransmissionwiththeappLi-
catio~removalorothercombinationof
inputsignals.

3

. ... -
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FliP-FloP

3.4 sensor.

Sensor

3.5 -ducer.

Traaducer

A bistablefluericcomponent(reset-set)
whichchangess~tewiththeproperreset-
setinputofsticiexitamplitudeandwidth.
Itexhibits“memo~’ (remains in a particular
state)onceithasswitched,withoutrequiring
a continualinputsignal.

A fhmriccomponentwhichsensesabasic
quantitysuchaerate,position,acceleration,
pressure,ortemperature,andconvertsit
intoaaequivalentfluidquanti~.

A devicewhichconvertssignalsfromone
medium toanequivalentsignalina second
medium

3.Q ActuatcM.

A componentwhichconvertsa fluidsignal
iatoanequivalentmechanical output.

3.7 Circuitelements.

Resistor A paeaivefherfcelementwhich,becauseof.,,,
viscous losses, producesa pressuredropas
a function of the flow through itandhasa
transfer function of essentially realcomponents;
forexample,negligiblephaseshift,over the
frequencyrangeofinterest.Fluidresis-ce,
R, is(foraveragevalue)theratioofpressure
drop(AP)tovolumeflowrate:

forincrementalfluidresistance:

dp N-s lbf-s
R =—

dQ ~5 f@

4
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Capacitor
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Inductor
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A passivefkericelementwhich,becauseof
fluidcompressibility,producesa pressure
acrossthedevfcewhichlagsnetflowintoit
by essentially90degrees,Fluidcapacitance,
C, istheratioofintegratedvolumeflowrate
tochangeinpressure.

mvm5ft5
for*es C=-= — — —

AP @ N tif

whereV isvolumeand# isthebulkmodulus.
For gastheadiabaticcapacitanceisgiven by

v
c.— wherek istheratioof

w

specificheatsandF istheave~ pressure.

Ingenelal

Z{AP}=;Z{AQ}
..

whereAP representsa smallchangein I
pressureandAQ representsa small
changeinnetvolumeflowrote.
(e= Laplaceoperator)

A passive flueric element which,becauseof
fhidfnertaace,hasa pressuredropacrossit
which leads fbw through itby essentially90
degrees.Flutdinductance,L, Istheratioof
pressurechange(AP)torateofchangeof
volumeflowrate.

AP N.s2
L =— mite —. For a duct

dQ/dt ms

Py
= —.. units kg/mA

A
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a
wherey = channellengthandA = channel
crosssectionalarea. The twosetsofunits
areconsistent.

{
& general z 4P} = Ls ~{AQ} where
AP represens a smallchangeinpres-
suredropalonga channelandAQ rep-
resentsa smsllchangeinvolumeflowrate.

.:,

, a

6
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1 Splitter “
2 InteractionRegion

Figure1. ClosedJet-DeflectionAmplifier
(or Closed Jet-InteractionAmplifier)

.-

.,.

‘“’a”.....(.
. ...’.., @

..

Figure2. VentedJet-DeflectionAmplifier..

1

2
3
4
s
6
7
8
9

CenterVent(Center
output)
outputPort
Receiver
InteractionRegion
PowerNozzle
supplyPort
ControlNozzle
ControlPort
Vent

(orVentedJut-hteractionAmplifier)
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1
2
3
4
5
6
7
8

InteractionRegion
supplyPort
Pae9iveLeg
Vent
outputPort
Splitter
ControlPort
ActiveLeg

Figure3. BoundaryLayerAmplifier
(orSeparationPointControlAmplifier)

1 t 1

E=!it
I I I

I

Figure4. ImpactModulator

“%iiiF=-

1

2
3
4

1
2
3
4

Outlet,or
Collector
Chamber
supplyP2
control
supplyPI

Vent
output
Inputs
supply

*

@

FigureS. -ulence Ampilfier

8
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Figure6. Vortex AmplUier
‘.

.’ -

1

-.~. :,

Ta Ambient

2
3
4
5
6
7
8
“9
10

1 RadialPort
2 RzdizlInlet
3 TzngentlzlNozzle
4 TzngentlelPort
5 VortexChamber
6 OutletPort

outputPort
cusp
Receiver “‘-”-
Splitter
InteractionRegion
controlPort
supplyPort
PowerNozzle
AttachmentWzll
Vent

-.

Figure 7. WellAttachmentAmplifier
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Fi~e 8. Focused-JetAmplifier
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1 supplyPorts
2 ControlPort
3 Receiver
4 Vents
.5 outputPert

1
2
3,
4
5
6
7
8
9

outputPort
cusp
Receiver ,.
Splitter ,.
Vent ;#Z#
ControlPoa
supplyPort
Power Nozzle
AttachmentWall

Figure9. LaductionControlAmplifier
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4. PARAMETERS
-(

..’
SYME!OL P-METER

u AspectRatio,Nozzle

BiasLevel

BiasS@nal

Dr DynamicRange

Fanout

_.’:

: -.”. \.-4,/

FlowRecovery,
output

Frequency
Response

Q Gain, F1OW

(analog)

MIIATD-1306A
8December 1972

DEFINITION . .

Ratioofnozzledepth(h)tonozzlewidth@).

Mean levelorvaiueofa differentialsignal.

Magnitudeofanaudiary inputsignalusedto
drivetheoutputsignalofa fltidicelementor
sensortozerouaderquiescentcoalitions.

The ratiooftheinputsignalcausingmdmum
outputtothesmallestinputdetectileabove
noiseattheoutput.

The maximum numberofdigitalcomponent9that
canbedrivensimukaneousiyby a singlecom-
ponent;allcomponentsaretobe similarand
operatedunder identicalconditions.h effect,
thisisa wholenumberlessthanorequaltothe
ratioofoutputflowtoinputflowatswitching
pressure.Inthecaseofa dritingelementwith
multiple,logicallydifferentoutputsignals,such
astheAM&m showninfig.23, only one of
these logically distinct output signals may be
considered as the driving signal. Fanout va@e is
statedtobe essentiallyforsteady-stateoperation
unlessthecorrespondingfrequencyisalsogiven.

The =mum outputvolume-flowrate,dividedby
thesupplyvolume-flowrate.

Frequencyresponseisfullydescribedbya gain/
phaseplot.An indicationoffrequencyresponse
isthefrequency atwhichtheoulputsignallags
thecontrolsignalby 45degreesfora specified
loadandcontrolamplitude.

Averagegain;theslopeofa straightlinedrawn
throughaninputvolumeflowrateversusoutput
volumeflowratecurve,sothatdeviationsfrom
the measuredcurveuptothemaximum output

level me minimized. Deviationsshouldbe based

onnetarea. Ifotherthanmaximum outputlevel
isusedfortbeaveragegaindefinition,therange

.. ,-.
.,,
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SYMBOL

Gf

Gfi

G

G

G{

Gp

PARAMETER

Ga@ Flow
(digiti)

Gain,Flow(incre-
mental,anaiog)

Gains Power (andogj

GainsPower (lncre-
meatal$anaiog)

Gai% pressure
(analog)

*-

GPi
Gal% Pressure

(lnoremental$

analog)

, .

DEFINITION

shouldbenoted.Measuredcurveistobe for
eitherlowoutputpressurerecovery(resuitiog
from instrumentation),ora valuewhichpro-
vtriesmaximum flowgairb

Ratioofoutputvolumeflowratechangeto
inputvolumeflowratechange(fromquiescent)
requiredforswitchingtooccur.

The slopeoftheoutputflowversusthe
inputflowcurveattheoperatingpointof
interest.

Averagepowergain;ratioof the change in
outputpowertochangeininputpower;
averagevalueoveroperatingrangeupto
maximum outputlevelunlessrangeisstated.

Ratioofthechangeinoutputpowertothe
dange ininputpower (from quiescent),for
switchingtOOCCUT.

,.

The slopeattheoperatingpointofan ..
input-outputpowercurve. .;.

,’ @
Averagegaia; the slope ofa straightline ..:,’
drawnthrougha measuredinputpressure
versusoutputpressurecurveso that
deviationsfromthemeasuredcurveup tu
themaximum outputleveiareminimized.
i)eviztionsshouldbebasedon netarea. lf
otherthanthemaximum outputlevelisused
fortheaveragegaindefinition,therange
usedshouldbe noted.Gagepressurevalues
shouidbe used. Measuredcurveistobe for
eitherzero outputflow,ora vaiuewhichpro-
videsmaximum pressuregain.(SeeFigurelu)

Incremental gain;theslopeof the measured
inputpressureversusoutputpressure
cuzweattheopentingpointofinterest.
(SeeFigure10)

12

-.
. . .

. . .- . ...=
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SYMBOL PWETER——

%
GSIA Pressure
(digital)

Hysteresis,bdOg
Amplifier

Hysteresis, Digital
Amplifier

Zi Impedance,Input

Z. Impedaace, Output

LinWity, Output

DEHN’ITION

Ratioofmeasuredoutputpressurechange
toinputpressurechange(fromquits.mt)
requiredforswitchingtooccur.AllCL.il-
trolportsexcepttheoneunderconsider-
ationehouldbe maintainedatthequiescent
pressurelevel.Outputflowshouldbe zero,
ora valuewhichresultsinmaxtmum pres-
suregaim Ifgainvalueisforotherthan
steady-stateconditions,thetestfrequency
shouldbe stated.

Totalwidthofhysteresisloopexpressedasa
percentofpeak-to-peakaaturatloninputsignal.
Measurementsmustbeatfrequenciesbelowthose
wheredynamiceffectsbecome significant.(See
Figure11) Measurementstobemade atthe
widestpointonthecuzwe.

Widthofthehysteresisloopas measuredonan
input-outputcuxweandexpressedasa percentage
ofthesupplyconditions;forexample,flowhy-
ste-reais‘iswe hysteresis-loopwidti-(meas&ed I
on an input-output flow curve), dividedby the
supplyflow.(SeeFigure12)

The ratioofpresstmechangetovolumeflow
change,measuredataninputport.Numerical
value may dependonoperatingpoint,sinceinput
pressure-flow curve may notbe linear.For”$,-.
activeelements,thepowersourceshouldbe “

- connectedformeasurements.

The ratioofpressurechangetovolumeflow
change,measuredatanou~utpoti.Numerical
valuemay depe!rionoperatingpoint,sinceoutput
pressure-flowcurvemay notbe linear.

Deviationofthemeasuredcurvefromthestraight-
lineaveragegainapproximation:theratioof
thepeak-to-peakoutputrange(rangeshouldbe
statedifotherthanmaximum outputIevel)ex-
pressedasa percentage.(SeeFigure 13).

13
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SYMBOL PARAMETER

go Mass Conversion
Factc,r

NpR PrandflNumber

Pressure
Remvery Output

. ResponseTime

NR ReywMs Number

o
DEFUWTION ).

Theneedforthisparameterisbroughtaboutby
thepractice,common toEngiishlanguagetext
boo~ onengineeringthermodynamics,ofassigning
thevalue of 1/32.17totheconstantofpropor-
tionality,k,inNewton’sSecondLaw ofMotion,
F . ~, ~is isdonesothatweightandmass
are numericallyequalunderconditionsofstan-
dardgravity.For more utility,32.17(l/k)iS
usedandisnamed go. Thus:

ft-dbm
weight= (mass)(g)/~;~ = 32.17 -

Uoc
A dimensionlessratio=—

k

B = absoluteviscosity
~ a kine~ticVigcosity
k . ~er~l co~uctivity
P = mass density

lbf-sz

Cp p
s—

k

Cp = specificheatcoMant pressure
C = specificheatcapacity ,.

whichfrequentlyappearsinheattransfer
calculations.

Thedifferencebetween the maximum output
pressureandthelocaiventpressuredivided
bythedifferencebetweenthesupplypressure
andthepressureintheintemctionregion.For
closedamplifiers,thecontroipo’tipressure
shouid be used as the reference pressure.

Thetimedelaybetweentheapplicationof an
inputstepsignalandtheresultingoutput
signal.The time measurementforthestep
si@sisam!tobe made at 63 percent of the fiwal
vaiue point.(SeeFigure14)

Ratioofinertial-~o-viscousforces:

Udh
NR> _

v
14

0.-
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SYMBOL P-ETER

saturation

S/N Signal-to-Noise
Ratio(analog
amplifier)

S/N Signal-to-Noise
Ratio(digital
amplifier)

‘SK Stokes Number

O .;
$.-.

N~ StrouhalNumber

TranspofiDeIay

MXL-STD-1306A
8 December 1972

DEFINITION

Where ~ = hydraulicdiameter,u = velocity
ofthefluid,and v = kinematicviscosity.

The -mum outputvalueregardlessofinput
magnitude.(SeeFigure15)

Ratioofnwchnum (saturationvalue)output
signalamplitudetomaximum noiseamplitude
(atoutput).Signalandnoisedatashouldbe
RMS values.

Ratiooftheamplitudeoftheoutputsignal
tothepeak-to-peakmaximum noise signal.
Maximum noisesigualistobe measuredwhen
the portisactiveandinactive.The greater
valueoftbebwoisusedincalculatingtheS/N

e ratio.

The ratiooftheinductivereactancetothe re-
sistanceofa componenttimesthefactor(16f/t~ ).
For a circularline

211f~
=— whered isthediameter.‘SK ~

The Strouhalnumber relatesa frequency,a
characteristiclength,andthemean velocityof
t&efluid:

where f is the frequency,1isthecharacteristic
length(forexample,thediameterofa cylin-
dricalbodywhoseaxisisnormaltoG),andC
isthefluidveloci~.

The timefromtheinitiationofan inputsignal
untilthefirstdiscerniblechangeintheoutput
causedby thisinputsignal.(SeeFigure14)

15
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MaximumOutputLevel

j/

Drawb Average Gain Lb
toMlntmizeNetArea

I
.F

AO
AviGnin= ~

output AI

A
Input~

StraightLine~
Approximation
forAverage Gain Incremental GainLine

OperatingPoint

Figure10. PressureGain

SaturationOutput
/

I /

Meaeured Curve
t

output

,.[
Input~

d Hysteresis(%)

+xloo

‘1+-=-- t -

Flgue11. ticg AmplifierHy@ereeis

16

0
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Figure12. DigitalAmplifierHysteresis

Figure 1s. @tPut Liaeul@

17
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63%OfFindOUtQU~

I

I
I I

Figure14. ReaponeeTime ad TraaePotiDelay

Saturationoutput“--c. MeasuredCuNe

outputIIrv
A

F!gure15. Saturation
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5. SYMBOSS AND UllITS

Symbolsandunks (bothS1andUnited=tes Customary)forthebasicquantities
arelistedinTable1. Conversionf4ctorsforthebasicqU@iffeSarelistedi~TableII.

t

TAB= 1
\-

SYMBOZS AND UNITS FOR ~XC QUANTITIES

Quantity

Accekatio~ linear

Acceleration,angular

Acceleration,gmdtational

Angle

J&a

Bulkmodulus

:. Efficiency

EnerW

Flow gaQ average

Flow gain, lncremti

Force

Frequency

Gas constant
o

L@ace Operator

Length

Mach number

Maea

Mass conversionfactor

a

a“

g

● ****

A

#

7

E

Gf

G~

F

f

R

s

1

NM

m

i30

1

SIlmtts U.S. C@cmary Units

ft/8ec2

rad/sec2

ftkcz

degrees,deg
~k2 -. -

lbf/ft2

I
dimensionless

I
,,.. .

newton-meter,. ft-lbf
N-m, orjoule,J

dimensionless

I :.
dimensionless

newto% N

hertz,Hz

N-m/kg-°K

1/s

meter, m

pmmd-force,lbf

cycles/see,cps

Vsec

foot,ft

dimensionless

kilogram,!Cg

.....

pound-mass,lbm
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TABLE I (continued)

Quantity
,

Mass densi~

Maas flOWX

Nozzleaepectratio

NozzIewidth

Power

Powergaia,average

Powergai%
iacremeatal

Pram&lnumber

Pressure,d-c

Pressuregain,average

Preslwre@i&
Inorementd

Pre84wre*atauc

Preamlre,totaj

Reynddenumber

Sigaal.-to+wse-o

-c heaq co~
pmsme

8wcM0 hq conetaut
volume

-c heatrano

StmubaI number

kg/13 I lim/sec

m

dimenaionlesa

I
ft

N-da, wae I ft-lbf/sec9 watg

dimensionless
I

dimensionless

I
N/na2

N/mz

N/m2

J/kg - ‘K

J/kg - ‘K

dimenaionleaa

I U@@

dimemlionless
1

dimeaaionleaa

I lbufta

I lbf/ft2

dfmendonless
/

dimensionless

btu/lbm-‘%

btu/lbza-0R

I
k = Cp/Cv dlmoa6ioale00

I I
N3 dlmeneionlesa

20
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Quantity

Temperature,static

Temperature,tom

Time

Velocity,acoustic
(speedofsound)

Velocity,angular

Velocity,general

Velocity,mean

Viscosity,absolute

Vtsco6ity,kinematic

Volume

Volume-flowrate

Weightdensity

Weight-flowrate

MfL-STD-1306A
8 December 1972

TABLE 1(ccutinued)

symbol

T

To

t

Uc

u

u

ii

P

v

v

Q

Y

w

Control

Control,differential

Control,quiescent

Output

Output, differential

supply

SIunits

degrees
Kel~ ‘K

degrees
Kelvir&‘K

second,s

m/s

rad/s

m/s

ds

N-s/m2

m2/s

m3

m3/s

N/m3

N/s

GeneralSubscripts

c

cd

co

o

d

s

Us. customaryunits

degrees Rankine,
%

degrees Rankine,
OR

second, sec

ft/sec

radlsec

ft/sec

ft/sec

lbf-sec/ft2

ft2/~ec

ft3

ft3/sec

lbf/ft3

lbf/sec

. . . . .

I
...0.

. ..*. ● ✎ ✎ ✎ ✎

✎ ✎ ✎ ✎ ✎ ● ✎ ✎ ✎ ✎

✎ ✎ ✎ ✎ ✎ ✎✎ ☛✌☛

● ☛☛✎☛ ✌✌ ✎ ✎ ✎

.. ***

I

. . . . .

.
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TABLE R

CONVERSIONFACTORS FOR BASICQUANTITIES

Q@~Y to convert from to Multiplyby

Acceleration
Angle
Area
Energy
Force
Frequency
Length
Liquidbulkmodulus
Mass
Mass density
Mass flOwrate
Power
power
Pressure
Specificheat!?
Temperahme
Velocity
Wscosigy,absolute
Viscosity,kinematic
Volume
Volumeflowrate
Weightdensity
Weightflowrate

O,.
... .

ft/sec2
degrees
&2
ft.lbf
pound-force,lbf

7:, ft
lbf/ft2
pound-mass,lbm
lbm/ft3
lbm/sec
ft-lbf/sec
N-m/s
lbf/ft2
btu/lbm.oR
OR
ft/seci
Uaf+ecntz
ft2/gec
fg3
&3/.9ec

lbf/ft3
lbi/sec

rnlsz
radians
m2
JOUIC,J
Newton,N
Hz
meter,m
N/m2
kg
kg/m3
l@s
watt,w
watt, w
N/m2
J/kg-oK
OK
m/s
N-s/m2
m2/s
~3
m3/s
N/m3
N/s

3.048000”E-01~/
1.745329E-02
9.290304*E-02
1.355818E+OO
4.488222E+OO
1.000000*E+OO
3.048OOO*E-01
4.78802G E+OI
4.535924E-01
1.601846E+O1
4.535924E-01
1.355818E+OO
L 000000*E+OO
4.788026E+O1
4.184000E+03
5.555555E-O1
3.048000*E-O 1
4.788026E+OI
9.290304*E-02 o
2.83168S E-02
2.831685E-02
1.585000E+02
4.488222E+OO

Thisnotationindicatesthepowerof10bywhichthenumbermustbe muhiplied to
obtainthecorrectvalue;i.e.,3.048000E-01= O.3048000
Thebtu’sreferredtoarethermochemical.
~ asteriskafterthesixthdecimalplaceindicatesthattheconversionfactoris
exactand allsubsequentdigitsarezero.

22
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6. GRAPHfCAL SYMBOLS

6.1 Typesofsymbols- Two ~pesofgraphicalsymbolsareusedin
drawingsandschematicsinordertodefineeither(1)thefunction,or(2)the
operating principleofthedeviceemployedtoperformthatfunction.

6.1.1 FunctionalSYtnbol - Depicts a flueric function wh.tchmay be per-
formedby a single element or a combination of elements. The symbols are enclosed
wi:hln square envelopes:

❑
..:

,-..
Functional S)mbol

., ‘

0 ,’”’,
6.1.2 Operating principle swlbol - Depicts the fluid phenomena occuring in

the interaction region of a flueric element. The qnnbols me enclosed within ci rctkm
.. envelopes:

Operating Principle Symbol

The difference in envelopes is intended to emphasize the difference in purpose
of the symbols. Where an operating priociple symbol is not showm:forexunple,
SchmittTrigger, it indicates that(1)atpresentno singleoperating prtnciple
can perform the fherlc function or (2) a combination of operating principles
is required to perform the function.

23,,
.

●
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6.2 General conventions.

Relative port loeatioosforthesymbolsarcarrangedM follows:

Supplies

Controis
Vents

outputs

Supplies

controls Controlsn controls
Vente

‘e”LJ ‘en”
conditions shouki besoindicated.
AN symbolsmay beorientedin90-degreeittcrementefrom

Unueed control ports which arc left open to natural or artificial atmospheric

theposition shown.

Specific ports are identified by the following nomenclature:

“ supply port - s

Control port - C

outputPO=-0

The nomerdaturs show onthe graphtcd symbols need notbeusedon
sehesnaticdlagrama.Itisprtmarlly intended to correlate the fxtlon
of each port tith the truth table.

An Inverted triangle, ~, denotes a supply source connected to the supply
~~ !~tiv~ device).

D “veD”ceso
Liqutdsupply ports are denotedby ~, and gaaeous suppIy Potisby v.

0’

-.%
“\;

..*

24
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A trianglewhosefaceisflushwiththesymbolenvelopeindicatesvent connectio~./.

----%.
>1,..

‘%. -
. .

>

When the vent port is threaded or otherwise adapted for the connection of
transmission llnes the triangle should be separated from the element envelope
by a short line segment.

~. .: The partofthedevicewhichisventedcanbe indicatedby a linefrom the veti ...-
.: triangletothepertinentpartofthedevice.As anexample,thefigurebelowshowsa.

ventedinteractionregionona flip-flopwithventsconnectedtoeachotherbya con-
nectionexternaitotheampiifier,

&
anda centerventedamplifier,

@

..

-.

●
✎✎✎✎✎ 25

Downloaded from http://www.everyspec.com



MIL+TD-1306A
8December1972

oranamplifierwithventedcontrols.

An arrowheadonthecontrollineinsidethesymbolenvelopeindcatcs
continualflowisrequiredtomaintainstate(nometiory,nohysteresis):

EC
Indicates no memory

Interconnecting fluid lines are shown uilh a dot at lhc! point of
intercomoctioxu

,.

Crossing fluid lines are shown Whout dots:

J

A small+ on the output of a bist.akdedevice indicates the initialor start up
flow condition provided the initial condition is caused by an internalfunction

rather than an appliedbias.

o

❑☞ al+
26
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6.3 Bistablefluericdevices.

MfXrSTD-1306A
8December 1972

Figure 16.Flip-Flop
Truth Chart

o ‘“)..

Functional
Syllbol cl

@

C2

02 01

Operating
Ptinciple cl

.@

C2
Symbols

o 1

Wall Attachment

Figure17.DigitalAmplifier

Functiofxd
symbol

cl

R

C2

02 01

Operating
Principle c1

6!3

c~
Symbol

02 01

10 10
00 * *

01 0 1
11 Not Va!id

*The efisting output state for these

inputconditionsdepends on the pre-
viously applied input signal. If cl
hadbeenthelast input signal applied
then01wouldbe onand02off.If C2

hadbeenappliedlast,then
02wouldbe on and01off.

cl

w

C2

01 02

Induction

1 0 10
0 1 0 1
0 0 Undefined
1 1 Undefined

:.-

JetInteraction(orJetDeflection)

27
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Figure18. Biaary Counter (SRTF11P-F1oP)
TruthChart

q _clc2~
O1o1
0 0 0 r

EEl
Ooio

Factional c 0000

‘Symbol c1 C2 1001
0 0’ 0 I
1000
0000

02 01

Figure 19. Multlvtbrator

Functional cl

.H

C2
Symbol

02 .01

.“

Operating
Principle cl

@

C2
symbol

02 01

0
FunctionDescription

1’ I
I

I I

I I
I I
I I

I I I I

01-02

Time

. .
Wall attachment
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Figure20. Oscillator

Functional
Syllbol cl

H

C2

02 01

0 ..- 6.4 Monostile Flueric Device8.
.,,.. ’-

Flgure21. OR - NOR

FuIEtloaal

Operating
Principle
-a

..

.Elilcl
C3

.

02 01

MIWTD-1306A
8December 1972

FunctionDescription

cl-c2m

.,

(Only one input defines a NOT element.)

Operating
Principle cl

@

C2
s@ml

02 01

Jet Interaction.

0’-02~

Truth Chart—.—
Cllg q

0001
1010
0110
1110

Wall Attachment Wall Attachment
(Internal Fluid Biaa)

Turbulence

O
.,

29
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Figure21.OR - NOR (Continued)

—.—
1

I
I

.

i

, F@re 22. OXLe-rAOt

(

cl
C3

@

● 02

01

Vortex

J’
1.

,, Functional
symbol t%

! m
I

I

:-1

02 01

I Figure 23. AND - NAND
I
1.!

,/
I

1’
Functional cl

-1 C3

m
02 01

.... ,:

0 .

c1
C2

@
02 01

FoeueedJe$ Geometric Bias

Function Description

01

02 .-..

I 2

Time

0001
1001
0101
1110

,

0

30
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Figure24. SchmittTrigger

.. .
‘\, .. .1

Functional
Spbd -

Figure25. Exclusive

C2

El

Cl (Bias)

01 02

OR (Active Only)

c1
Functional C3
Symbol

m
02 01

MIHTD-13G6A
8 December 1972

TruthChart
01 02

C1>C2 1 0
C1<C2 o 1
cl = C2 Undefined

0001
101CI
0110
1101

Operating
Principle See “Passive Digital Device” Section.
symbol

6.5 Passive Digital Devices.
,

Figure26.2/3AND (PassiveAND - ExclusiveOR)

I I
Functional
symhd

Operating
Principle
Symbal

c1 tzdC2

02 0 01

c1 C2

@02
0

01

0000
10XO
0101
1100

Jet Interaction

31
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Figure 27. Exclusive OR

Ed
TruthChsfi

C&l-g
Fwlctiond c1
symbol C!3

1010
0110
1101
0 0 0 0

02 01

cl

opwlting CS
Principle
Symbol

@
01 02

Jet Meractlon

Figure28, PassiveOR .

!=Ullctional CIJ I
C3

w
01

c C3

operating
Prtndple
Symbol

B
01

JetInteraction
(Passive)

O
.

.’

000
101
011
111

,.

0
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6.6 ProPotilonal Flueric Devices.

Figure 29. AaalOg Amplifier

FuDouonsl
cl mC2

lhumtion Descriptions

01-02

-+

.,

C1-C2

o

0

C1<C2 cl=C2 cl> C2

01

1) cl

I

I ‘=’

33
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Figure 2!3. (Cor.tiaued)

Operating
Principle cl
symbols

“a
~ 01

JetInteraction
(Single Input)

.

c1

o

hnpecting Jet
(transverse]

Figure 30. Pure FhericThrottling

Functional
Symbol c1EiIil

“@c’c’@
M Interaction
(IMerentfal)

cl

@

Valve

o

hpacting Jet
(direct)

separation Potnt
Control

... . ,

CI@“01

0

Vortex

,, 0’

Fuaction Description

o 01 .

0

h
cl

34
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Figure 30. (continued)

.“.....-”

. ... . . .

b .
01

cl

Operating
Prioeiple
S*I

cl

@
01

0
Vortex

Figure31. RateSensor

Functional
symbol

a
02 0 01

OperaUng
principle
symbol

02

Q

01

0

.:’

3s

. . . ..>;
-:
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6.7 Impedance Smnbals:

Resistance, gene~

Resistance,IlneaI’

Reshtanee, non-linear

Capacitance

Inductance

,..-,. .;

. . . . .

,,

0

..%/

Y+

Note: Aa hwllned arrow, # , through any of the impedance symbols denotks --., ,.

vafiable case.

6,8 SymbolsForInstrumentationhd OtherPeripheralEquipment.

Flowrate

Pressuregage ,

mesfnm we, dfff=enti~

------8

Manometer (J
Electricalreadouz;meter or instrument o*

36 ,0
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Temperature

PmYsw transducer*

Pressuretransducer,
differential*

Pressureregulator

Vacuum

Fluidconditioner,
general

Heater

Cooler

Filter

%.

MIL-STD-1306A
8 Deoember 1972

a)....

* I P“ } ●

ti

-
-1

I
I

t
---- i

6

+
Separator

Desaioator

●Flowtransducersarethesame with“~’ iaateadof “F’

7. GENEWL REQUIREMENTS

7.1 Notapplicable.
97
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8. DETAILREQUIREMENTS

8.1 Notapplicable.

Copies of Specification,S~daX’d8,drawingsandpublicationsrequiredby
contractorsinconnectionwithspecificprocurement functionsshouldbeobtained
fromtheprocuringagencyor aa directedbythecontractingofficer.

Cuetcdmla: PreparingActdvity:
Army - AV
Navy- AS Navy- AS
AirForce-11

-Ojed NO. 1650-0181

...

●

. ,,.
,,
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