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1. PUI~iPOSE: This Aerospace Standard establishes the essential minimum safe per- 
forn~ance standards fbr True MQSS Fta.el Flow Instruments primaxily for use with 
turbine powe~d~ subsonic transport aircraft~ the opera.tion of which ma~y sub~ect 
the instruments to the environmental conditions specified in Section 3•3• 

2. SCOPE: This Aerospace Standard covers three basic types of true mass flow 
ind-icating instruments. Each may consist of an indicator~ transmttter and other 
auxiliary means such as a pa~wer supply or amplifier as requ3.red. 	~ 

Type I - l~.te Indication 
Type II - Integration 
Type III - Rate Tndication and Integration 

3. c~r~,L xEQtT.~rs: 

3. 1  Materials and Worl~nanship: 	 ~ 

3.1.1 Materials: Mater3als shal.l be of a qua7.ity which experience and~or tests have 
de~onstrated to be suitable and dependable for use in aircraft instruments. 

3.1.2 Worl~nanship: Worl~nanship shal.l be consistent with high-gra~de aircraft instru- 
ment menufacturirig practice. 

3.2 Identification: The follrnaing informatian shal].. be legibly and pex~nanently 
marked on the instrument or attached thereto: 

a. Nams of instrument 
b. SAE~ AS ~+31 
c. Manufacturer's part number 
d. Manufacturer's serial. number or date of manufacture 
e. Manufacturer's name and~or trademark 
f . Ras~ge 
~• ~.tilTlg 

h. E~cplosion category 

3•3 Environmental Conditions: The following conditions hav~e been established as 
minirrn~m design requiremerrts. Tests sha]1 be conducted as specified in Sections 
5, 6, and 7. 	 ' 

3•3• 1  Temperature: When installed in accordance with the instrument manufacturer's 
instructions~ the instrument shall flanction over the ran~e of ambient te~er- 
atures listed in Colunm A belaw and shall not be adversely affected by ex- 
posure to the rsa~e of temperatures listed in Column B below: 

oc«~ o F  •- 
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~strument Location 

Pawer Plant Accessory 
G'O1tIpRI'tTCIE'.rit 

Pressurized Areas 

Non-pressurized or F~ctern.al Areas 

~A 

-3o to iSoC 

-3o to 5oC 

-55 to 7oc 

B 

-65 to 15oC 

-65 to 7oc 

-65 to 7oC 

Coorrlaht ]~2 b1~ sodsb ot Automotivs En~im~rs. Ina 	 Print~d In Y. ~. A. 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 as
43

1a

https://saenorm.com/api/?name=2fb8f88b5fd0f9f5cee298a26d3075e2


A 5 4 31A 	Ieaued 3-1-fi0 	
TFtITE MABS F'U~'d, FLOW INSTRUMEN`1'S 

Revieed 2-15-fi2 

- 2 - 

3•3•2 Altitude; When installed in accoriiance witYi the instrument manufacturer`s in- ..__._._.__ 
structions~ the instrument sha71 ~anction from sea level up to the altitudes an 
temperatures listed belo~w. Altitude pressure values are per NACA Report 1235• 

Instr~ent Location 	 Alt. Ft. 	Temp. 

Po~wer Plarrt Accessory Compartment 	60~000 	 80C 
Pressurized Areas 	 15,000 	 5oC 

~ 	Non-pressurized or ~ternal Areas 	60,000 	?+OC 

The instrument sha11 not be adversely affected fo]1ow3ng exposure to extremes 
in ambient pressux~e of 50 and 3 inches HG absolute~ resspect3vely. 

3•3•3 Vibration: When insta7led in accordance with the instrument manufacturer's ~~ 
instructians~ the instru~ent sha,l]. fluiction and sha11 not be adversely affected 
when sub3ected to v3brations of the following characteristics: 

Meac. 
Instrument Locatian 	 Cycles 	Double 	Meut. 

on Airframe 	 e~ r sec• 	 13tude 	Accel. 

Nacelle & Ns,celle 	 5-1000 	0.036 " 	 lOg 
Nlpunts~ Wings~ E~penriage 

and Wheel We11s 

Fusels~ 
Fbrward of spar Area 	5-500 	0.036" 	 2g 
Center or Spar Area 	5-1000 	 " 	 ~+g 

~ 	Af`t of Spar Area 	 5-5~ 	 ~~ 	 7g 

	

~500-l000 	 -- 	 5g 

Vibration Isolated Rack 	5-1000 	0.030" 	 l.Og 
Instrument Panel 	 "( 5-30 	 0.020" 	 - 

	

(3o-i000 	 -- 	 o. a5g 

3• 3•~+ Humidity: The instrument sha11 fluiction and sha1.]. no rt be adversely affected 
following exposure to ar~y relative humidity in the range from 0 to 95~ at any 
tempera.ture up to 70C. SAENORM.C
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3.4 F~Cplosion Category: The instrumexrt component~ when intended fbr installatian 
either in uninhabited areas of non-pressurized aircraft or in non-pressurized 
areas of pressurized a3rcraft~ sha11 not cause an explosion when operated in an 
explosive atmosphere. The coa~onent shall meet the requirements applicable to 
the explosion category belaw. Specifically~ any instnunent component ~hich cen 
be an ignition source and is intended for installation in an area in which coix~ 
bustible Yluid or vapor may result from abnormal conditions~ e.g.~ flzel line 
leaka~e~ sha11 meet the requ3rements of Category I. If' the intended location 
is an area where combustible fluid or vapor can occur during noxzna.t operation~ 
e.g.~ fliel tank~ the 3.nstrument component shall meet the requirements of 
Category II~ listed belaw: 

Category 	 Definition 	 ~-_Require~ent 

I 	 Explosionproofed; case not desi~ed 	Pax~agraph 7:13.1 
to preclude flame or explosion pro- 	~ 
pogation. 

II 	 bcplosionproofed; case designed to 	Pat~raph 7.13.2 
preclude flasne or explosian pro- 	 ~' 
pogation. 

III 	 Herm~etica.Ll.y Sealed 	 Paragraph 6.3.7.7 

IV 	 Instrument not capable of causing 	. Shall not be capable 
an explosion. 	 of producing a capa- 

citive or inductiv~e 
spark, of m4re than 0.2 
adllijoules of energy 
or a contact spaxk of 
more than ~+.0 mi113- 
~oules of energy. 

3•5 ~re Hazard; The instrument sha11 be so designed to safeguard a~ainst ha.zards 
to the aircYaft i.n the event of malfunction or failure~ and the maximum vperat- 
ing temperature of surfaces of a~qy instrument co~nponent contacted by combust3- 
ble ~iel or vapor sha11 not exceed 200 C due to self-heating. 

3.6 Ra,dio Snterference; The instrument shall no rt be the source of ob~ectionable 
interference, under operating conditions at any frequ~ncies used on the air- 
craft~ either by radiation or feedback~ in electronic equipment installed in 
the satns a3rcraf't ae the instrument. 

3.7 Nl~etic Effect: The magnetic effect of the indicator shall not adversely af- 
fect the performance of ather instrumsrrts installed in the san~ aircra~`t. 

~. DETAII~ REQtJ:LREN~S: 

~+.1 ?ndicating Method; ~ie of the follawing methods of indication sha11 be eu~ 
ployed. A s3.ngle instrument me.y be employed embodying the features of both the 
Type I and Type II instruments. 
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~+.l.l Type I Instruments: Rate of fuel flaw shall be indicated by means of one or 
more movir~g poirrters or dials and f or digital counter. R~elative m~ovement of the 
pointer with respect to the dial ahail be clock~rise for increasing rate of flo~w, 

~+.1.2 T~e II Instruments: Fuel Cansumed or quarltity re~i~ sha11 be indicated by 
means o~ a di~ital eounter or one or more movin~ pointers or dials. 

~.1.3 T~,pe III ~struments: Rate o~ flzel flaw shall be indieated by means of one or 
more ~ving pointers~ dials~ or counters. Relative m4vement of the pointer w 
re spect to the dial sha11 be elockwise for increasing rate of flew. 

Flzel consumed or quantity rem~inin~ shal.l be indicated by means of a digital 
counter or one or u~ore m~aving pointers or dials. 

~.2 Dis~lay Markings: _- 
~+.2.1 F`inish; Unless otherFrl.se specified by the user~ matte wh3te ma,terisl shall be 

applied to a]1 major grativa.tions~ nwmerals~ and indication means. Non-flulctio 
al surfaees and markirigs sha11 be durable duLl black. 

~.2.2 Graduatioias: Nl~~or graduations sha11 be used at irrtervals no rt to exceed 10~ of 
full scale value. 

~+.2.3 _: The display sha11 include sufficient numerals to permit quick and 
positive identification o~' each graduation. Numerals sha71 distinctly indicate 
the gradue,tian to ~h3ch each applies. 

~+. 2. ~+ Instx~uaent Title: The instrumeYrt title when used sha11 be of the same appraxi- 
mate size~ but no larger than the nutn~rals. The title may be of the same 
fi.nish as the numerals. The units of ineesure sha11 appear on the dial in 
lettering no rticeably smal].er than either the num~erals or title. 

~•2•5 Visi~bi~t~y: The indicating means and a11 maxkings shal7. be visible from ar~y 
point within the frustum of a cone the side of which makes an angle of at 
least 30 degrees with the perpendicular to the dial and the sma71 diameter of 
which is the aperture of the instrument case. The distance between the dial 
and the cov+er glass sha11 be a practical minimum. 

~+•3 Po~rer Variatians: Al1 instruments sha71 function properly with + lg~ variation 
in the DC voltage and~or + 10~ variation in AC voltage and + 5~, variation in fre- 
queney. When the accura.cy of the instrument ia dependent upon the frequency 
regu].ation of the aircra.ft AC pc~wer~ the manuf'acturer's reco~endations shall be 
follo~wed to obtain the apecified performatice. 

~+.4 Hermetic Sealing: When hermetically sealed~ the case ahaLl be filled with an 
inert gas~ free of dust paTticles~ and sufficiently dry so that fogging of the 
indicator glass does not occur during the low temperature and fogging tests of 
thi s AS. 

~+.5 S~rnchro Requirements: '~te a~ael~ro requiremerrts should be in aceordance with the 
canditions specified in pHp~61 ae applicable. 
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~+.6 Additional Output Signals: If required~ additional sources of output signals~ 
e.g.~ synchros~ lineax transformers~ potentiometers~ ete.~ may be included in 
the system to provide information to computers or to other equipment. 

~+.7 Flow Direction: The direction of flaw -chrough the transmitter sha;ll be per- 
manently and legibly marked thereon. 

4.8 Fuel Cha.racteristies: The system shall be designed for opere,tion with.turbine 
engine fuels JP ~ JPS~ JP6)~ for operation with kerosene type f~zels~ and fliels 
including 30~ aromatics. 

~+.9 Safety Provisions: 

~+.9.1 Fuel Flow During Mal~unction: In case of malflinctioning during flight~ each 
trausmitter shall permit adequate flxel to flow either by means of an automatic 
by-pass or a mechanism which cannot offer a deleterious restriction to flow. 

~+.9.2 Flame Resistance: The flowmeter transmitter shall be flame resistant, i.e., 
it shall not support combustion to the point of propagation of a flaaie after 
remoeal of the i~nition source. 

5. TEST CONDITIONS: 

5.1 Atmospheric Conditions: Unless o~therWiae specified herein~ all tests required by 
this AS sha11 be conducted at an atmospheric pressure of approximately 29•92 
inches of Mercury and at an ambient tempera,ture of approximately 25C and relativ~e 
humidity not exceeding 85~,. When tests are conducted with the atmospheric Fres- 
sure or the teacperature substantially different from these values, sllowance 
shall be made for the variation from the speci~ied conditions. 

5.2 Vibration (To Minimize Frictian): Unless otherwise specified~ all tests for 
performance may be conducted with the instrument sub~ected to a vibration of 
0.001 inch maximum double amplitude at a frequency of 10 to 60 cycles per second. 
The term double amplitude as used herein indicates the total displacement from 
positive maxinQUm to negative maxi~um. 

5•3 Vibratian Equipment: Vibration equipment shall be such as to allaw vibration to 
be applied along eaeh of three mutually perpendiculax axes of the inatrument. 

5.~+ Pow~er Conditions; Unless otherwise speci~ied~ all tests shall be conducted at 
the po~wer rating recarrm~ended by the manufacturer. 

5•5 Position: Unless otherwise specified~ a11 tests shall be conducted with the in- 
strument mounted in its normal opera,ting position. 

5.6 Test Fuel: Unless otherwise specified~ the f`uel uaed in test shall be Gra,de JP~ 
fliel. However~ a noninfla~nnable or higher flashpoint fluid of relatively equi- 
valent properties may be used to reduce iffininent fire hazard. 
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6. INDMDUA.L PE~'ORMANCE I~EQUII~ITS: All instruments~ trarismitters and indicatars 
shall be sub~ected to tests by the instrumerrt manufacturer to demonstrate specific 
compliance with this AS~ including the following requiremeYrts where applicable: 

6.1 Scale Ex~+or at Room Temperature: 

6.1.1 Transmitter: The transmitter scale error ahall be determined at a11 the floW 
rates deem~d necessary to demonstrate complianee with the corrtrolling purchaser 
requirements specification. This teat shall be eonducted by sub~eeting the 
instrument first to increasing ra.tes of flow~ then to decreasing rates of flow. 
W3th the rate of flow increasing~ the ra,te shall be brought up to~ but sha11 
not exceed the rate specified to give the desired reading~ and with the rate of 
flow decreasing~ the rate shal.l be braught down to but shall not fall below the 
rate specified to obtairi the desired reading. The error at each flow point 
shs11 nat exceed the tolerances listed in Table I and Table II. The difference 
between the r~eading on increasing rate of floW and the reading on decreasing 
rate of f1o~w shall not exceed 1~2~ of fu11 scale reading. 

6.1.2 Indicator: The indicator scale error shall be determined at all ma,jor gradua,- 
tions. Tr~o readings sha11 be taken - the first before~ and the second after 
the inatru~ent is tapped. The di~ference between the first and second readings 
shall not exceed 1~2~ of ~l,il.l. ecale. The second readir~g sha11 nort deviate from 
the ideal value in excess of the tolera,nces shawn in Table I and Table II. In 
addition~ the minimum tolerance shaLl'be consistent with the readability of the 
instrruuient. 

6.1.3 Auxilia Means: Auxiliary power supplies or intermediate devices shall be 
ested at room tempera.ture in accordance with the manuf'acturer's reco~nenda- 

tians. 

6.2 Diel~ c; Ungrounded instruments or grounded instruments prior to connection 
of internal ~raund wire aha11 be tested by either the msthod of inspection of 
paragraph 6.2.1 or 6.2.2. 

6.2.1 Insulation Resistance: The insulation resistance measured at 200 volts DC for 
five seconds betw~een a11 electrical circuits connected together and the m~etall; 
case shall nort be lese than 5 megohms. Insulation resistance measuremerrts 
shaLl no~t be made to circuits where the potential will appear aeross elemeirts 
such as windings~ resistors~ capacitors~ etc., since this measurement is in- 
tended only to determine adequacy of insulation. 

6.2.2 Overpo rtential Tests: Equipment sha.Lt not be d~unaged by the application of a 
test patential between electrical eireuits and between electrical circuits and 
the metallic case. The test potential shall be a sinusoidal voltage of a com- 
mercial frequency ~ith an.RMS value of five times the maximum circuit voltage 
or per paragra,phs 6.2.2.1 or 6.2.2.2 whichever applies. The potential sh,~ll 
start from zero and be i.ncrea.sed at a uniform rate ~ to its test value. It shall 
be maintained at this value for five seconds and then r~duced at a uniform rate 
to ZG'2'O. 

Since these teats are intended to insure proper electrical isolation of the cir 
cuit components in question~ these tests aha11 no rt be applied to cireuits where 
the portential will appeax acrosa elemeuts such as windings~ resistors~ capa- 
citors, etc. 	 _ 	 _ 	 _ 
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6.2.2.1 Hermetically sealed instrumenta shall be tested at 200 volts RMS. 

6.2.2.2 Circuits that operate at po~tentials below 15 volts are nat to be sub~ected 
to overpo~tential tests. 

6.3 Seal~in ; Hermetically sealed components shall be tested for leaks by means of 
a mass spectrometer type of helium lea.k detector or equivalent. The leak rate 
sha7~. nort exceed 0.1 micron cubic foot per hour at a pressure differential of 
one atm~osphere. 

6.k Room Temperature Leak Test: The transmitter shall. be tested for leaks by apply- 
ing a non-shock Y~ydraulic pressure to the inlet connection ~r1.th the outlet con- 
neetian bled free of air and capped and the pressure ra.pidly applied 5 times at 
room temperature. After the last application or pressure~ there shall be no 
indication of leaks for a period of five minutes at the test pressure. There 
sha11 be no noticeable pressure dxnp as shown by a pressure ~age readable to 10 
psi~ or as shawn by vi.sual leakage of a colored test fluid. Transmitters de- 
signed Yor high pressure service shaLl be tested at 1600 psi. Those designed 
for law pressure service shall be tested at 200 psi. 

6.5 Position Error; Recording of the appropriate mid-scale indicated value shall be 
made tirith the test instrument in the normal position. Readings obtained with 
the teat instrun~ent turned 90 degrees in any direction shaLl not vary from the 

` reading taken iri the normal position by an aa~ount in excess of 1~2~ of flil1 
scale. 

7. QUALIF'ICATION TESTS: As mauy instruments as deemed necessary to demonstrate that 
all instruments will comply with the require~ents of thia section shall be tested 
in accordance w.tth the manufacturer's recoum~endations. After completion of a11 
other qualification tests~ each instrument sha11 be tested and ahall meet the 
requirements of paragrap~ 6.2 Dielectric. See 7.1Q. 

7.1 High and Low Tempera.ture: The complete instrumeut system sha]1 be placed within' 
a test chamber and maintained at the proper temperature in accordance with 
colunm A~ pare.. 3.3.1 for a mininn~m peliOd of ~+ hours (transmitter filled with 
f~el but not flowing) and sha11 then be tested at this temperature for scale 
error. The over-all errors sha11 not exceed the tolerances shown in Table I and 
Table II. During scale error tests~ the temperature of the flxel shmll be as 
tabulated below: 

Aigh Temperature ....... +38C 
Low Tempera,ture ........ -~+OC 

The componerrts of the coa~lete instrumerrt~ e.g. ~ indicator~ transmitter, etc. ~ 
may be tested separately provided they meet the performance requirements of 
Tal~le I and Table II. 
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7.2 Alt_ itud.e: The indicator shall be sub~ected to the ambient temperature and pres- 
sure listed in paragraph 3.3.2 for a period o~ 3 hours while operating. The in- 
dicator shall then mset~ at the conditions specified, the applicable Individual. 
Performance tests of paragraph 6.1. 

The indicator shall be expoaed alternately to 50 inches Eg absolute and 3 inches 
Hg absolute~ non•operating. The in.dicator sha11 meet the applicable Indiv3dual 
Perforn~ance Tests of Paragraph 6.1. 

7.3 bctreme Temperature bcposure: The instrument co~ponerrts shatl be exposed alter- 
nately to the applicable law and high tempera.tures listed in column B oP paxa.- 
~~P~ 3•3•1~ for a period of 2~+ hours at each extreme temperature~ ~rl.thout opera- 
t3xig. After a delay of three hours at room temperature, the instrument ~hAll 
meet the applicable Individual Performauce Tests of paragraph 6.1 at room te~er- 
ature. There shall be no evidence of damage as a result of exposure to the ex- 
treme tempera,tures specified. During exposure~ the tra~nsmitter sha11 be filled 
with f~.iel~ but not flaw3.rig. 

7.~+ Magnetic Effect: The ~etie ef~ect of' the indicator sha11 be deterrnined 
terms of the deflection of a free 
a~etic field with a horizontal 
tor is held in variaua positions 
inchea from the center of the 
a~um deflection of the free magnet 
or reference position. 

7.5 Hwm.dity: The insts~ument, unless hermeticall~r sealed, sha11 be mounted in the 
normal operating position in a chamber and ma,intained at a tempera,ture of 70 + 2C 
Rnd a relative humidity of 95 + 5~,for a period of six hours. Af'ter this period~ 
the heat sha11 be shut off and the instrumsnt a1lo~wed to cool for a period. o~ 
eighteen hours in this atmosphere in which the humidity rises to 100~ as the 
tempera,ture decreases ~o not more than 38C. This complete cycle sha11 be con- 
ducteds 

a. Five times for instruments located in uncontroLled tempera,ture areas. 
b. Once for instrumerrts located in controlled temperature areas. 

I~'IItl~diately  after cycling, there shall be no evidence of dam~age or corrosion 
~hich affects performance. The performa.nce of the instrument sha11 not be ad- 
v~ersely affected as a result of this humidity cycling. 

in 
magnet approximately 1-1~2 inches long~ in a 

intensity of 0.18 + 0.01 gauss ~hen the indica- 
an an east-west lihe with its nearest part 12 

magnet. With the instrument opera,tirig~ the maxi- 
shall not exceed 5 degrees from at~y indicating 
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7.6 Vibration: 

7.6.1 I~ sonance: The instrument~ while opera.ting at appraximately one-half acale~ 
shaLl be subjected to a resonant frequeney survey of the appropriate ra,nge 	' 
specified in paragraph 3•3•3 in order to determine if there exists any resonant 
frequency of the parts. 'The amplitude used may be any conv~enient val.ue that 
does not exceed the maximum double amplitude and the maximum acceleration speci• 
fied in paregra,ph 3.3.3. 

The instrument sha11 then be sub3ected to vibration at the appropriate double 
amplitude or ~xi rm~m ~celeration s~ecified in paragra.ph  3• 3• 3 at the resonant 
frequency for a period of one hour in each axis. When more than one resonsnt 
frequency is encountered with vibration applied along any one axis~ a test 
period may be accomplished at the most severe resonance~ or the period m~,y be 
divided among the resonant frequeneies~ whiehever sha11 be considered most 
likely to produce failure. The test period shal7. nat be less than one-half 
ho~ur at at~y resona,nt m pde. When resonant frequencies are not apparent within 
the specified frequency range~ the instrument sha11 be vibrated for two hours 
in each axis in accordance w:ith the vibration requirements schedule~ paxagraph 
3•3•3~ at the maximum double amplitude and the frequency to provide the maxi- 
rmun accelera,tion. 

7.6.2 G"~~S : The instx~um~rrt~ while opera,ting shall be tested with the frequency 
cycled between the limits specified in paragraph 3•3•3 in 15-minute cyclea for 
a period of one hour in each axia at an applied double amplitude specified in 
3•3•3~ ar an acceleration specified in 3•3•3, whichever is the limiting valwe. 
The pointer position ma~y be changed every twenty to thirty minutes during this 
test. 

After completion of the vibration test~ no damage sha11 be evident and the in- 
strument sha11 meet the apprapriate "Scale Error at Room Temperature" test in 
paxagraph 6.1. 

7.7 Thermal S~hock: This test shall apply to herm~etically sealed instrum~nts an7.y. 
The i.ndicator sha11 be sub~ected to four cycles of exposure to water at 85C + 2C 
and 5+ 2C without evidence of moisture penetration or damage to enclosure. Eac; 
cycle of the test shall consist of i~nnersing the indicator in water at 85 + 2C 
for a period of 30 ~nutes and then within 5 seconds of removal from the bath~ 
iam~ersin~ the indicator for a period of 30 minutes in the other bath ma.iritained 
at 5C. This cycle ahall be repeated continuously~ one cycle follo~wing the other 
until four cycles have been completed. 

Following thie test~ the indicator sha11 be sub~ected to the Sealing test speci- 
fied in 6.3. 

7.8 Pressure Drop: The transmitter pressure drop when measured by ar~y suitable 
method shaLl not exceed 1.0 psi for transmitters ranging up to 1500 pph full 
acale and 3.0 psi for transmi.tters rariging up to 20~000 pph full seale. ~ 

The transmd.tter shall not ha.ve app~t~eciably raore pressure drop under a~y f~Zel 
flo~w condition ~hen inoperative due to mal.flanction or faulty operation than when 
3t is operating noxv~a.]1y~ or means sha]1 be provided to prevent critical engine 
starvation under these conditions. 
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