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s~«ty of Automotive Engineers, Inc.. 
AERONAUTICAL STANDARD As 391 A 29 West 39th Street 

New York City 

~; AIRSPEED INDICATOR 	 leaued 7-1-47 
(PITOT STATIC ~ 	 - 	 Reviaed :?_ ~ _~.c; ' 

1. PORP06Es ~ To speaify minimum requirements for Pitot Statia Pressure ~•pe of Airspeed 
t~ca ors for use in aircraft, the operation of which may subjeat the instruments 

to the environmental conditions specifieci in Section 3.3. 

I2. SCOPE= This speaification oovera six types of instruments as follows; 
~~ 

TYI'E I 	- 30 - 250 miles per hour range 

TYPE II - 40 - 300 miles per hour range 

' TYFE III - 50 - 400 miles pe r hour range 

TYPE IV - 50 - 450 miles per hour range 

TYPE V - 50 - 700 miles per hour range 

TYl'E VI - 50 - 425 knots range 

. GENE RAL REQIII REbGEN TS s 

.l Ye►teriale and ~Porl~anship: 

'3.1•1 Mt~terials: Materials she~ll be of a quality which experience and~or tests have 
~ 	, emonstre~ted to be suite~ble and dependable for use in airaraft instri.m:ents. 

I
g .1.2 Worl~anahip: Worl~anship shall be consistent with high grade aircraft instr~ent 

i 	men e~cttf t— ur~ng practioe. 

3.2 Identifiaation= The f ollowing infoimation shall be legibly and permanently marked 
oa e nstrument or attached thereto: 

(e) Name of instr~►ent (Airspeed Indioator) 
(b) SAE Specification. AS 391A 

(c) hianufacturer t s part number 
(d) Manufacturer~s serial number or date of manufacture 
(e) Manufacturer t s name or trademar k 
(f.) Range 

3.3 E~ironmente~l Conditions; The following are established design requiroments only. 
ests s 	be conducted as specified in Sections 5, 6 and 7. 	 , 

S.3•1 Temperatures When installed in accordance with the instrument manufacturer's 
n~truat ons, the instr~anent shall funation over the range of e~mbient tempera-tures 

from -30C to 50C and shall not be e ►dversely affected by exposure to temperatizres 
~ 	~l ~V ~ ~d / W • 	 . 	" 	 . 

8.3•2 Humid~i ,s The instrument shall f unetion and shall not be adversely affected when 

exposed to an,y relative humidity in the range from 0 to 95 per cent at a 
temperature of approximately 32C. 

3.8.3 Altitude: Th,e instrument shall function and shall not be adversely affected 

F 6II BLl ~eated to a pressure arid temperature range equivalent to -1000 feet 
to 40;000 feet atandard altitude, except as l imited by the appli~ation of 3.3.1. 

Copyright 1949 by Sotiafy oi /~utomo tive  Enqineers, Inc. 	 Prinfed in U.S./~. 
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.3.4 Yibratioas 	When~installed in acaordance with the'instrument manufaaturer~s 
nsTi-'trumtioazs, ~he instrumerit she ►11 fuaction and shall not be ad~ersely affeated 

when sub~eated to vibrationa of not more than 0.410 inch 	at a f requenoy f rom 
500 to ~000 cyales per minute *or of not more than 1.3 g. 	When specified by the 
purchaser for use in rotary winb aircraft, the f requency range shall be 150-3000- 
ayales pe r minute. 

*NOTE: 	It ie understood'tAat"tha unit shall withstand vibrations at higher 
,~frequencies, but the acceleration valuQS need not exceed those shovm abov 

3.4 	Magnetia Effect= 	The m~,gnetic effect of the indicator shall not adversely affect 
other instruments installed in the same aircraft. 

. 	DE TA IL HEQUI RE~T TS : 	 - _ 

~.1 	Preasu ra Tquivalents: 	These instrumenta shall be oalibrated to indiaate ai,rspeed 
in e~ccer 	nce w th~he ' follar ►ing pressure .  .equivalents. 	(TABLES I and II) 

~BLE I ' 	 , 

DIFFEi2ENTIAL PRESSURES FOR AIRSPEEDS IN M.P.H. 

li  

Water and Mercury at 15C 

~ 
Air.speed 	, 	- Differential Preseure 
M. P. H. 	 • 

Inahes of Inahes of Pounds Par 
Water I~eraury Square Inch 

20 ~ 	 ~ 	.197 .0145 •0071 
40 .788 .0581 .0284 
50 1.231 .090? .0444 

p 	60 1.774 .130? .0640 
~ 	?0 . 	 2.416 .1780 .OS72 

80 5.158 .2327 .1140 
90 4.000 .2948 .1444 

100 4 .942 .3642 .1784 
120 7.130 	" .5254 .2573 
140 9..726 	' .7167 .3510 
160 12.736 .9385 	- .457? 
180 . 16.167. 1.191 .5835 
200 20.02b 1.476 .7227 
210 22.117 1.630 .7982 
240 29.054 2.141 1.049 	- 
250 31.592 	. 2 .328 	. 1.].40 

. 	270 37.014 2.728 1.336 
300 46.033 3.392 1.661 
S30 56.15. ~ 4.138 2.026 
860 67.42 4.968 2.433 
400 84 .32 6 .214 3.043 
450 108.66 8.007 3.922 
500 136.87 10.086 4.940 
b50 169.31 12.476 6.110 
600 206.40 15.210 	~ 7.449 
650 248.62 18.321 8.973 
?00 296.50 21.849 10.701 

_~ 

~ 

~ 

~ 
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AIRSPEED INDICATOR lsaued ?-1-4? 

S 	~ A 	391 (FITOT STA2IC ~ - y Reviaed ~'-~ -'~ 9 „  
.  ,  _ 3 	_ . 

TABLE II ~ 

DIFFERENTIAL PRr.~S.. SURES FOR AIRSPEEDS II~ gIJOTS 	 , 

, 	 Water and ll2ercury at 15C ~ 

Airspeed ~ Differential Pressure 	 ~. 
Knots . - 

Inches of Inehes of 	 , 	Pounds per 
Water Mercury Square Inoh 

50 1.634 .1204 O o0590 
60 2.354 .1735 .0850 
7fl 3.207 .2363 .1157 
80 

~ 	
4.192 .3089 .1513 

90 , 	5.310 .3913 , 	~.1916 
100 

~ 	
6 .563 .4836 .2368 

120 9.475 .6982 .3420 
140 12 .94 .9535 .4670 
160 16.95 	

~ 
1.249 .6117 

I80 21.54 1.587 .7774 
200 26.71 	" 1.968 .9640 
210 29.51 2 .175 1.065 
240 38 .84 2 .862 1.402 
250 - 	_ 42.27 3.115 1.526 
270 ~ 	 49.59 3.654 1.790 
300 61.82 4.556 2.231 
330 75.61 5.572 - 2.729 	' 
360 ~91.03 6.708 3.285 
400 - 	 114.33 8.425 . 	4.126 	~ 
420 127.21 9.374 , 	4.591 

4.2 Indicatin 	Method: 	These airspeed instruments shall indioate by a mearis of a 
po nter moving over a fixed dial. Sensitive types shall have, ia addition, an 
under dial visible through an aperture in the fixed dial for indicating~hundreds 
oP miles per hour. 	Clockwise pointer motion shall indicate increasing airspeed. 

4.3 Visibility: 	The pointer and all dial markings shall be visible from any point 
w t.0 Fe f rustwn of a cone whose side a~akes an angle of not lesa than 30 degrees 
with~the perpendicular to the dial, and whose small diameter is the aperture of 
the'instrument case. 	The distance between the dial and the aover glass shall be a 
praotioal minimum and shall not exceed 0.187 of an inch. 

4 .4 Dial 116arkings ; 

4.4.1 Finish= 	Unless otherwise specified luminescent (self aotivating) material sh~ll 
' 	e~app3.ied to all ma~or graduations, numerals and pointer. 
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A r 	 Isaued 7-1-47 
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. 	AIRSPEED INDICATOR 
(PITOT STATIC ) 	̀ 
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~~ 

~ 
.4.2 Graduationa= BGinor graduations shall be used at intervals not to exceed 5 miles 

per our, up to the 300_miles per hour mark. Ma~or graduations ahall be.used to 
indiaate every 10 miles per hour up to 300 miles per ~our. 

4.4.3 N~erala= Sufficient nwnerals shall be marked to positively aYrd quiakly identlfy 
a gra uationa. Numerals shall distinatly indioate the gradue ►tiona to which 
each Qpplies. 	 ~ 	 _ 

I4.4.4 Instrument Name: The word "Airspeed" shall be marked and may be the same finish 
as e numara s. The inscription "DdPH" or "HNOTS" shall appear on the dial. 

.5 Limitation oP Pointer Mavements: The pointer movement shall be limited by etops 

	

n e mea 	sm n sua a way that the po~inter will not be permitted to rotate 
more than~l0 degrees beyond the last graduatioa on tl~ dial. Stopa may also be 
inaorporated in the inatrument mechaniam.to  limit aounterclockwise motion of the 

pointer. 	 , 

.6 Baok af Case Markin ss The back of the case, ad~aaent to the conneotions shall be 
mar e as o owa= 

P - Pitot Preasure Conneation 

S 	- . Static Pressure .Conneotion 

I5 . TEST C ONDITIOATS s 

5.1 Atmospheric Cvnditionas Unless'otherwise specified, all tests required by this 
speci ica ion s a 	e conducted at an atmospheric pressure of approximately 29~92 
inches of inercury, and at an ambient temperature of approximately 2.2C.~V0hen t.esta 
are made with the , atmospheric pressure or the temperature substantially different 
from these values~allowances shall be made for the variations from the specified 

	

, conditions. 	 ~ 

5.2 Yibrations (To minimise f riation) IInless otherwise specified, all teats for ~. 
per~o:m ce may be me~de with the instrwnent sub~eoted to a vibratioa of 0.002 to 
0.005 inah amplitude at a frequency of 1500 to 2000 aycles pe .r minnte. The term 
~e~mplitude ss used herein indicatea the total displaaement from positive maxim~ 
to negative me~ximimm. 	~ . 

5.3 Preconditioning: No pressure s2ia11"bs applied to the diaphre ►gm or any aatuating 
e emen of t e instrument, nor shall the diaphrag~►  or other aatuating element be. 
flexed .or exeraised for a periad oP 24 hours prior to~ the start of the tasts 
of Section 6. 	 ' 	 ~ 	 , 

5.4 Vibration Equipments Vibration equipment shall be - used~which will,vibrate 
a a~y esiro requency.between 500 and 3000 cycles_per minute and shall 
subject.the instrument to vibration such that a~point on the instrument 
case will descr,ibe, in a plarie inclined 45 degrees . to  the hori2o.ntal plane,~ 
a circle, the diameter of which is equal to the amplitude specified herein. 

I6 . INDIVIDIIAI, PERFOR~dANCE REQUI REMEBITS s. 

All instruments shall be subjected to.vrhatever tests the manufacturer deems 
necessary to demonstrate specific compliance with.this specification including 
the_follorving requirements where applicable. 

~i 

~ 
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6.1 8oale Srrors The instrument ahall be~tasted for saale errors at the points of 
sse►  e diaated in Tabl~s III. The teata shall be me ►de by anbJecting .the 

instriment to the preaeure ~peaified to produce thesa readinga, first with 
, 	premenre inarea~ing~ then with preseure dearee ►sing. Wfth preaeura increasing, 

the preasure shell be brought up to, but shall not exoeed the preseure epeaified 
- 	to give the desired reading. ~fith pressure deoreasing, the preasure shall be 

brought down to, but shall aot fa31 balow the pressure ~peaif'ied to bive the~ 
desired readiag. The errors at the test points shall not ezaeed the toleranaes 
speaified in Table III. 

6.2 Frietion: The in~trument she►11 be tested for Priotion at the test points 
' 	ca ed by an e~sterisk (*) in Table III. The preasure shall be brought up to 

t~e ~desired reading and then held aonetant while two readings e ►re - takeaf the 
Piret r~ading being talcen before the instrument is vibrated, end the aeaond one 
after the inetruutent is vibrated. Tha difference betvreen anq t~vo readings shall 

~ not exoeed the toleranae in Table IV. 

6.8 Position= A presaure equi~e►lent to one quarter, one half and three quarters 
~ 	eoa e eflection shall be npplied. The ahan6e in reading at eaah defleotion 

produaed by rote ►ting the inetr~eat Prom the vertiaal to the horiaontal poaition, 
or 90 degrees to the right or left, while the iastrument ie Tibrated ahall not 
eaaeed the tolere~nae apecifisd in Table III. 	 . 

6.4 Lee►Y: With both the pitot pre8sure and static preasure oormectione simultaneousl 
ev~~amue►ted to 15 iaches oP Meranry, the leakage ahall not oausa more than 0.4 inah 
o! Msronry preasure drop duriag a 10 seoond period. With the ststio pressure 
soYmeation open, and~ presaura equivalent to fu~ll scale pointer. deflection e ►pplied 
to tha pitot pressure connection, the leakage shall not canse more than 1 MPH 
deorease in indice~tion during a one minute period. 

7. QIIAI.]FICATION TESTS; 	 , 

Aa ma~pr instruments as deemed neaes~ary to demonstrate that all instr~ents will . 
comply ~►ith the requirements of' this section shall be teated in a,aQOrdance with 
the mennfaoturer • s reco~nendations: 	 ~ 	 . 

7.1 Lan Ta~ orature: The instr~osnt ahall be ~sub3ectqd to a temperature of -30C for 
a per o of t ree hours. With tha ,tempers ►ture held at -30C the instr~ent shall 
be tested for saale errors e~s described in paragraph 6.1. The errors at the 
test pointa'~shsll not exceed the tolerances oP . Tab1e,III by more than the amount 

apeoified in Table ~IV. 	, 	 ~ 	" , 

7.2 Hi h Tempere►ture: The instrument shall be sub~ected to.a temperature of 50C for 
t►  pe o o 	ree hours. YYith the . bemperature held~at 50C, the inatrument shall 

be tested Por saale errors e ► s described in paragraph 6.1. The errors at the 
teSt points shall not excseed the tol~ranaes;of Te~ble III by more than the amount 

epeoified in Tab1e~IV. 	 . 

T.3 Extreme Temperature Exposure: The instrument~shall, after alternate exposures 
o am ien empera ures o-65C and 70C for periods of 24 Houra each and ~,. 

delay of 3 hours at room temperature following completion of the exposure, meet 
~the requirements o.f Section 6.1. There shall be no evidence of dame.ge as a~ 
result of exposure ~o the extreme tem~eratures specified here'in. 	 . 

~ 	L 	 - 	 -- — 	 ■ 
~~ 	 . 
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7.4 Vibratioa= With e ►  pressure e ►pplied, sufficient to give ha1P soale deflection, 
~r~nt shell be vibrated at 500 cycles per minute and describe a airale 
of .003 ••A05 inoli diameter. The frequency she ►11 be slorrly increased to 3000 
ayalee pe r~i.nute.and the n sl awly deareased to 500 cycles per minute, to 
determiae whether the ne~tural frequancy of the instrument is in this range. 
The drift of the pointer ehall not axceed the toleranaes of Table IP nnd the 
instr~meat poiater shell not oscillate mora than the tolerance specified in 
Zgbl• T9'. dt'tar three hours e~cposure to vibration amplitude aa apecified in 
Section 3.4•4 and •t natural frequency, iP bet~veen 500 and 5000 ~ycles per minute, 
othsr~rise at 2000 oyalea per minute, the instrument shall meat the requirementa 
of Sactioa 6. No de~ma,ge shall ba evident aftar this test. 

~.5 8eaaoaimg= The iaatrament sliall be sub~ected to one huadred e~pplioations of a ~... 
•rmn ial pressure suPficient ~a p~roducse approxia~ately full sosle daflection. 

8ot lass tt~an one hour Pollawing thia test the iastrument ahall be tested for 
aaale erresrs as desaribed in paro ►graph 6.1, eaeept that the soale error test 
ahall not e=aeed the tolerance specifiad in Table III by more than the amount 
speoified is ~'e►ble ID. 	 , 

7.g DriPts The inetrument shall be sub~eetsd to s differential pr~esure auffieient 
to prodaes ~pproxime~tely 3~4 saals dePlection. APter bein~ sub~eoted to a 
prassnre for e period of one hour, the instrument shall be tested ae described 
in paragraph 6.1 except soale errcrs shall be determined for incraaeia6,presaure 
only. The r~ading of the instrument shall not have inareased by mcre than the 
amoun~ speoiYied in Table IY. 

g,' Law T~~O eri► tarure~osnres The inetrument shall be sub~ected to a'temperatura of 
5 qr a p~r~o o~hours. With the temperature held at -65C tha instrumant 

she► 11 ltmstioa. Ia addition, after the temperature is raieed to -3t~C and held 
for • psried of three hours, the inetrument ahnTl meet the requirsmeats ot' 
pe~re~6rep~ ?•1. 

7.8 IEe~ tic Ef~ects The magne~ic effeat; of the instrument ehall be de~erinined in ' 
erme o~ c~efleation of e~ free magnet, approximately 1-1~2 inches long, in a 

magae~ie field with e ►  horisonte~l intensity of Q.18, plu8 or minu~ 0.01 gauas, 
xhea the indicator ia held in various positiona oa an east-weet Iine with its 
neareat part five inahea Pro~ tho cseater oP th~ ,  me~gnet. (An airaraft oompass ~►~vith the compensatiag magriets reaio~ed ~herefrom may be ueed as the Pree magnet 
for ~.i.s. teat). ~he me~ximum dePlection of the magnet ahall not exceed one degree 
For any poin~er deflectioa. 	 , 	 i 

i 7.9 ~~.~#'~ ~~es__~t ~lxe #3ts~brumeat abaii ~a aub~aoteti 't~o° ~he ~ex~re~e ,.condi~iona - , 
apsc. ~~~pnra,graph "~.4.Z for a period of 10 hours, af'ter whiah it shall meet 
the requir~nants oP Smation 6, 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 as
39

1a

https://saenorm.com/api/?name=6e709f95b22ebee93abd311d4ceb5543

