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1. Purpose; This Aerospace Standard establishes the esserrtia,l minimum safe per- 
forrnance standards for pitot-static type of maximum-allowable-airspeed instru- 
ments primarily for use with turbine powered subsonic transport aircraft, the 
operation of which may subject the instruments to the environmental conditiona 
specified in Section 3•3• 

2. Scape; This ~.eroapace Standard covers one type of maximum-allowable-airspeed 
instrum~nt which gives a continuous indication of both indicated airspeed and 
maximum allowable airspeed not exceeding 650 knots. 

3. General Requirements : 

3.1 Materiels and Worl~nanship: 

3.1.1 Materials: Materials shall be of a quality which experience and~or tests have 
demonstrated to be suitable and dependable for use in t~,ircraft instruments. 

3.1.2 ti•Torl~n~anship: ti~lorkmanship shall be consistent with high grade aireraft instru- 
ment manufacturing practice. 

3.2 Identification: The following informa.tion shall be legibly and permanently 
marked on the instrument or attached thereto. 

(a) Name of instrument. 
(b ) SAE AS ~+37. 
(c) Manufacturer's part number. 
(d) Manufacturer's serial number or date of ma.nufacture. 
(e) Manufacturer's name and~or trademark. 

3•3 ~vironmental Conditions: The follotiring conditions have been established as 
mi.nimum design requirements. Tests sha11 be conducted as specified in sections 
5~ 6, and 7. 

3•3• 1  Tem~erature: U?hen installed in accordance with the instrument manufacturer's 
instructions, the instrument sha11 flznetion over the range of ambient tempera- 
ture shown in colusrm A below and sha.11 not be adversely affected by exposure 
to the range of ambient temperature shown in coluvm B below. 

Instrument Location 	A 	 B 
Pressurized Areas 	-30 to 70C 	- 5~ to 70C 

3•3• 2  Al.titude: When installed in accordance with the instrument manufacturer's 
instructions, the instrum~nt sha11 funetion f'rom sea level up to the altitudes 
and temperatures listed below. Altitude pressure values are per NACA Report 
1235. The instrument shall withstand an external case pressure of 50" Hg ab- 
solute when installed properly and vented to a.n atmospheric pressure of approx 
imately 29.92" Hg absolute. 

Instriur~ent Location 	Altitude 	Temperature 
Pressurized Area 	15,000 feet 	 50C 

Coprrlsht 1.963 b> Oool~b of Aetomothe Eesln~~n, Ine. 	 Print~d In Y. i. A 
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3•3•3 Vibration: When installed in a.ccordance with the instru~ment menufacturer's 

instruct3ons, the instruu~nt shall function and not be adversely affected 
when subjected to vibrations of the following characteristics. 

	

Frequency 	Max double 

	

cycles 	amplitude 	Maximum 
Instrument Location 	per second 	inches 	Acceleration 
?xistr~unent panel 	5 - 30 	0.020 

	

30 - l000 	--- 	 o.25g 

3•3•~+ Humiditys The instru~ent sha11 function and shall nat be adversely affected 
fo]lowin~ exposure to any relative humidity in the xange from 0 to 95p at a 
tempera.ture of approximately 70C. 

3r3•5 ~etic E~fect; The msgnetic effect of the instrument shall not adversely 
affect the performance of other instrumsnts installed in the same aircraft. 

~+. Detail ~quire~nts; 

~+.1 Di splay Ma,rkings : 

~+.l.l Finish: Unless othes~rise specified by the user~ matte white material sha11 be 
applied to all gradua.tions, numerals and indicating ~eans. 

Non-f'uncti.onal surfaces and markings sha11 be durable dull black. 

~+.1.2 Graduations: The graduations shall be arranged to provide the maximum of 
readability consisteirt with the accuracy of the instrument. 

~+.1.3 Numerals: The display shall include sufficient num~ral.s to perrait quick and 
positive identification of each graduation.~ Numerels shall distinetly indicate 
the graduation to which each applies. 

~+.1.~+ Instrument T3tle; The instrurrent title (airspeed) shall be of the same ap- 
proximate size but no larger then the nutr~rals. The title may be of the same 
finish as the r_ ~raerals. The units of msasure (Kno~ts) shall appear on the dial 
in lettering no~~iceably smaller tha.n either the nut~rals or title. 

~+.1.5 Visibility: The ir~.dicating means and all markings sha11 be visible from ar~y 
point within the frustrum of a cone the side of which makes an angle of at 
least 30 degrees with the perpendicular to the dial and the small dia~eter of 
which is the aperture of the instrument case. The distance between the dial 
and the ccnrer glass sha.11 be a practical minimum. 

4.1.6 Indicating Means: Indicated airspeed and maximum-allowable-airspeed shall be 
displayed in such a mermer that the numerical values on the scale(s) shall in- 
crease in a elockwise~ lef't to right, or bottom to top direction. 

• 
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~+.2 Calibration: 

~+.2.1 Airspeed Pointer: The indicated airspeed pointer shall indicate airspeed in 
accordance with the following equation: 

Y-1 

Vi  = CSO 	2 	1+ 	~ 	Y 	- 1 
y - 1 	 Po 

. 	 _ 

Whe re : 
Vi  = Indicated airspeed in Knots 
CSO = Sea level speed of sound = 66~ .~+8 Knots 
Pa = Pressure at sea level - 29 .92i26" Hg. 
q~ = Impact pressure in in. Hg = Total pressure - Static Pressure 
Y 	= Ratio of specific heats = 1.~+0 for air. 

Values shown in Table I are in accordance with the above. 

~+.2.2 Maximum Allowable Airspeed Pointer: The maximum allowable airspeed pointer 
shall indicate the maximum allowable airspeed in accordance with the following 
equations, or in accordance with engineering data supplied by the purchaser. 

For altitudes from sea level to altitude  where Vm = Mm (Figure 1). 
...._~..._~ 	._.....___.__._..___.___._._....._.___.....-.-- –Y____._.__._..~. 

Y 	 - 1 
2 	 Y- 1 	, 7 

v 	 -  1 2 	1 + P 	EM 	+1 	 - 1 
VM = Cso Y-1 	Po 5C~  Q 

~ 
~ 

For altitudes where Mm is limiting factor (Figure 1) 

~ 	 Y- 1 

— ~— 	
~Y- l~ ~ 2 	P 	1+ 	2 	Y-1-1 +1 ~ 	-1 

VM = C so 	Y' l;  '.{  Po 
LM1 

j~lhe re : 
VM = P~laximum allowable indicated airspeed in Knots. 
N~ = A~aximum allowable Mach 
y 	= Ra,tio of specific heats = 1. 1+0 for air 
Po = Pressure at sea level = 29.92126 in. Hg. 
P 	= Ambient static pressure in in. Hg. 
Cso = S~eed of sound at sea level = 661.~+3 Knots 
CS  = Speed of sound at altitude in Knots 
Q 	= Density ratio at altitude 
Vem  = Maximum equivalent airspeed in Knots. 

Maximum equivalent airspeed and maximum allowable Mach to be specified by the 
purchaser. 
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~+•3 Limitation of Indicated Airspeed Pointer Movement: The pointer movement shall be 

limited by stops in the mechanism in such a way that a pointer will not rotate 
more than 10 degrees beyond the last graduation on the dia1. Stops may also be 
incorporated in the instru~ent mechanism to limit counterclockwise motion of the 
pointer. 

~+.4 Case Markings: The outlets in the rear of the case shall be marked: 

"P" - Pitot pressure connection. 
"S" - Static pressure connection. 

5• Test Conditions: 

5.1 A~heric Conditions: Unless specified otherwise, all tests required by the 
Aerospace 	Standard shall be conducted at an atmospheric pressure of approxi- 
mately 29.92 inches of inercury~ an ambient temperature of approximately 25C and 
a relativ+e humidity of not greater than 85~. When tests are conducted with the 
atmospheric pressure or the temperature substantially different from these 
values, allowance shall be made for the variation from the specified conditions. 

5.2 Vibration (to minimize friction): Unless specified, otherwise, a11 tests for per- 
formasice may ~e made while the instrument is subjected to a maximum vibration of 
0.001 inch double amplitude at a frequency of 10 to 60 cycles per second. The 
term double a~nplitude as used herein indicates the total displacement from posi- 
tive maximum to negative maximum. 

5•3 Vibra.tion Equipm~nt: Vibra.tion equipu~nt sha11 be such as to allow vibration to 
be applied along each of three mutually perpendicular axes of the instrument at 
frequencies and amplitudes consistent with the requirem,ents of paragraph 3•3•3• 

5.~+ Position: Unless specified otherwise, all tests shall be made while the instru- 
ment is mounted in its normal operating position. 

6. Individual Performance Require~ents: 

All instruments shall be subjected to whatever tests the manufacturer deems 
necessary to demonstrate specific compliance with this Aerospace Standard, in- 
ciuding the following require~ents where applicable. 

6.1 Sca1e Ermr: During the 12 hour period immediately preceding the test, the in- 
strument shall not have been operated or been sub,jected to atmospheric pressure 
conditions substantially different from those specified in paragraph .5.1. 

6.1.1 Airspeed Scale Error: The instru~nt sha11 be tested for scale errors at a11 
points of the scale indicated in Table I. The tests shall be made by subject- 
ing the instrument to the pressure specified to produce these readings, first 
with pressure increasing, then with pressure decreasing. 

With pressure increasing, the pressure shall be brought up to, but sha11 not 
exceed, the pressure specified to give the desired reading. With pressure 
decreasing, the pressure shall be brought down to, but sha11 not fall below, 
the pressure specified to give the desired reading. The scale errors at the 
test points sha11 not exceed the tolerances specified in Table I. 
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6.1.2 Maximum Allowable Airspeed Scale Error: The maximum speed pointer she11 be 

es e for sc e errors a 	po n s indicated in Table III. The test shall 
be accomplished by subjecting the indic ator to pressures (Altitudes) specified 
in Table III. During this test, the pitot and static connections shall bP 
connected together to a standard ~rcury baro~ter and to sources of vacuum 
and pressure. The reduction in pressure, as indice,ted by the barometer, shall 
be made at a rate corresponding to an increase in altitude of approximately 
3,000 feet per minute. The indicator shatl remain at the pressure correspond- 
ing to each test point for at least 1~2 minute but not more than five minutes 
before a test readin~ is ta.ken. The scale errors shall not exceed the toler- 
ances specified in Table III. This test shall be combined, with the hysteresis 
test. 	 . 

6.2 I~ysteresis: Not more than 15 minutes after the indicator has been sub~ected to 
the pressure corresponding to the highest altitude specified in Table III, the 
pressure sha11 be increased e,t a rate corresponding to a decrease in altitude of 
approximately 3,000 feet per minute until the pressure corresponding to the firs~ 
test point specified in Table II is reached. The indicator sha.11 remain at this 
pressure for at least 5 minutes, but not more than 15 minutes, before the test 
reading is ta.ken. After the reading has been taken, the pressure shall be 
f`urther increased at the above rate until the pressure corresponding to the 
second test point specified in Table II is reached. The indicator shall remain 

c at the pressure for at least one minute, but not more than ten minutes, before I 
a test reading is ta.ken. After the reading has been taken~ the pressure shall be 
fla.rther increased at the above rate until atmospheric pressure is reached. The 
reading of the maximum speed pointer at either of the two test points sha11 not 
differ from the corresponding reading, with decreasing pressure, by more than 
the tolerances specified in Table II. 

6.3 After Effect: Not less than one nor more than five minutes after the completion I 
of the maximum speed scale. error test at room temperature~ the maacimuim apeed 
pointer shall have returned to its original readir~, corrected for any chan~e in 
atmospheric pressure, within the tolerance specified in Table II. 

6.1+ Friction• 

6.~+.1 Maximum A1lowable Airspeed Pointer: The indicator she,ll be tested for friction 
at each point indicated by an asterisk in Table III. The pressure shall be 
decreased to bring the pointer to ~he desired reading and held constant while 
the two readings are taken, the first before the indicator is vibra.ted and the 
second after the indicator is vibrated. The difference between any two read- 
ings sha11 not exceed the toleranee specified. The pointer shall move smooth- 
ly while the pressure is varied uniformly without vibration of the indicator. 
This test may be combined with the test for scale error. 

6.~+.2 Indicated Airspeed Pointer: The test specified for the maximum allowable air- 
speed pointer shall be repeated for the indicated airspeed pointer except the 
pressure shall be increased instead of decreased and Table I sha11 apply in- 
stead of Table III. 
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6. 5 Lea.k: 

6.5.1 Case Leak: The pitot and static pressure connections of the indicator sha11 
be joined with a"Y" connection and shall be connected together to the sam~e 
mercury manometer and sources of suction and pressure. A suction of 15 inches 
of inercury shall be applied to the pitot and static pressure connections of 
the indicator. t•lhile the source is disconnected for a period of 1 minute, the 
difference between the mereury levels in the manometer shall not change by 
more than 0.05 inch. 

6.5.2 Airspeed Diaphragm Leak: ~~]hile the static pressure connection is open to at- 
mosphere, a pressure sufficient to produce approximately full scale deflection 
of the indicated airspeed pointer sha11 be applied to the pitot connection of 
the indicator, at which point the connection tubing aha11 be pinched off or 
otherwise completely seal.ed. During a period of one minute there sha11 be no 
apparent char.~e in pointer position. 

7. ~,hzalification Tests: As many instruments as deem~ed neceasr~,ry by the manufacture;' 
to demonstrate that all 3nstruments will comply with the requirem~ents of this 
section shall be tested in accordance with his reco~nendations. 

7.1 Temperature Characteristics: 	 ~ 

7.1.1 Low Temperature Qperations: The instrument she.11 be subjected to the appli- 
cable low ~nbient temperature listed in column A of paragraph 3.3.1 for a 
period of five hours without operating. The instrument sha11 meet, at that 
temperature, the scale error tests of paragraph 6.1 except that the test point 
shall be the points in Table T and III znarked with an asterisk. The errors 
at the test points shall not exceed the tolerance specified in Tables 2 and 
III by more than the amount specified in Ta.ble II. The test for hysteresis 
and af`ter effect sha11 not be repeated at low temperature. 

7.1.2 High Temperature Operation; The instrument sha11 be subjected to the appli- 
cable liigh ambient temperature listed in Column A of paragra.ph  3.3.1 for a 
period of five hours without opera.ting. The instrument shall ~et, at that 
temperature, the scale error tests of paragraph 6.1 except that the test 
points shall be the points in Tables I and III marked with an asterisk. The 
errors at the test points sha11 not exceed the tolerance specified in Tables 
I and ITI by more than the amount specified in Table II. Th.e test for hy- 
steresis and aiter effect sha11 not be repeated at high temperature. 

7.1.3 E~treme Temperature ~posure: The instrument shall be exposed alternately to 
the applicable low and high temperatures listed in Column B of paragraph 
3•3•1 for a period of 2~ hours at each tei~erature without operating. After 
a delay of three hours at room te~nperature the instrument shall meet the scale 
error tests of paragraph 6.1 at room temperature. There shall be no evidence 
of damage as a result of exposure to the extreme temperatures specified. 

7.2 Vibration: 

~ 
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7.2.1 Resonance: The instrurr~nt, while operating at any altitude and any indicated 
airspeed within the ran~e specified in Table II, shall be subjected to a re- 
sonant frequency survey of the appropriate range specified in paragraph 3•3•3 
in order to determine if there exists any resonant frequencies of the parts. 
The amplitude used may be any convenient value that does not exceed the maxi- 
mum double arrrplitude and the ma.ximum acceleration specified in paragraph 3•3•3• 

The instrument shall then be subjected to vibration at the appropriate maximum 
double amplitude or maximum acceleration specified in para.~raph 3•3•3 ~t the 
resonant frequency for a period of one hour along each axis. If more than one 
resonant frequency is encountered with vibration applied ~long any one axis, 
a test period may be accomplished at the most severe resonance, or the period 
may be divided among the resonant frequencies, whichever sha11 be considered 
most likely to produce failure. The test period sha11 not be less than one 
half hour at any resonant mode. When resonant frequencies are not apparent 
within the specified frequency range, the instrument shall be vib ra.ted for 
two hours in accordance with the vibration requirements schedule~paragraph 
3~at the maxiraum double amplitude and the frequency to provide the maximum 
acceleration. 

7.2.2 	cling; The instrument, while operating, sha11 be tested with the frequency 
cycled between limits specified in paragraph 3•3•3 in 15 minute cycles for a 
period of one hour in each axis at an applied double amplitude specified in 
paragraph 3•3•3, or an acceleration specified in paragra.ph 3.3.3 whichever is 
the limiting value. 

A.f`ter the completion of this vibration test, no dama.ge shall be evident and 
the instrument sha11 meet the scale error tests of para~raph 6.1. 

7.3 Position Error; 

7.3.1 Meximum Pointer: The maximum speed pointer reading taken while the inst n.unent 
is held in ar~y desired position and while it is being tapped, shall not differ 
from its reading when held in normal operating position, by more than the 
amount specified in Table II• This teat shall be made at the points indicated 
by an asterisk in Table ILI. 

7.3.2 -Indicated Airspeed Pointer; The indicator reading, while the inst rument is 
held in any desired position and ~rhile it is being tapped, shall not differ 
from its reading when held in the norma.l operating position, by more than the 
amount specified in Table II. This test shell be ma.d.e at the points of the 
scale indicated by an asterisk in Table I. 

7.~+ Seasoning: The instrument sha11 be subjected to one hundred applications of a 
differential pressure sufficient to produce approximately futl scale deflection 
of the indicated airspeed pointer. Not less than one hour following this test 
the instrum~nt shall be tested for scale errors as described in Paragraph 6.1 
except that the maxitm~m speed scale error test described in Paragraph 6.1.2 and 
6.2 sha11 not be conducted. The scale error sliall not exceed the tolerances 
specified in Table I by more than the amount specified in Table II. 
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7 . 5 M~gnetic Effect: The magnetic effect of the instrument shall be determined in 
terms of the deflection of a free ma.gnet, approximately 1 1~2 inches long, in a 
magnetic field Kith a horizontal intensity of 0.18, (plus or minua 0.01) gauss, 
when the indicator is held in various positions on an east-west line with its 
nearest part 12 inches from_the cerrter of the magnet. (An aircra.f`t compass with 
the compensating magnets removed therefrom may be used as the free magnet for 
this test.) The maximum deflection of the magnet shall not exceed 5 degrees from 
any indicating or reference position. 	 . 

7.6 Humidity: The instru~ent shall be mounted in a chamber mainta3ned at a tempera- I 
ture of 70 + 2C and a relative humidity of 95 + 5~, for a period of six hours. 
A~ter this pe riod, the heat shall be shut off and the instrument shall be allowed 
to cool for a period of 18 hours in this atmosphere in which the humi.dity rises 
to 100~ as the temperature decreases to not more than 38C. This complete cycle 
shall be conducted: 

a. Five times for instruments located in uneontrolled temperature areas. 
b. Once for instruments lacated . in controlled temperature areas. 

I~nediately after cycling, there shall be no evidence of damage or corrosion 
which affects perforrnance following this test and the instrument shall be sub- 
jected to the scale error at room ternperature test of para. 6.1. The change in 
reading between this test and the original scale error at room teiaperature test 
shall not exceed 2~ of fu11 scale readir~, 

7.7 Overpressure: ~;ith the static port open to atmosphere the pressure specified in 
Table II shall be applied to the pit~t pressure conneetion for a period of ten 
minutes. Z~'ith the pitot port open to atmosphere the pressure specified in 
Table II :~ha11 be applied to the static connection for a period of ten minutes. 
Not~less than five minutes following the application of this overpressure, the 
instrument shall be tested ~or scale error in accordance with para. 6.1 over 
the altitude ran~e and airspeed rar~e specified in Table II. The errors at the 
test points shall not exceed those specified in Table I and III by more than the 
amount specified in Table II. 

~ 
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TABLE I 

SPEED INIPAGT PRESSUI~ TOLERANCE 
KNO►rS IlVCHES OF MERCURY KNOTS 

50 0 . ii98 +~+. o 

*60 o.i727 2.0 

~ 	80 0.3075 2.0 	~ 

*loo o. ~c3i~+ 2. o 

120 0.6950 2.0 	 ~ 

~i5o i.ogo 	 ~ 2.5 

18o i.58o 3.0 

*200 1.959 3•0 

230 2.6io 3.0 

~250 3.ioo 3.0 

280 3. 92~+ 3. 5 

~300 ~+• 53~+ 3 • 5 

320 5•195 3•5 

~350  6.286 4.0 

. 	370 7.082 ~+.5 

-~~+o0 8 • 385 5 • o 

~30 9.826 5•5 

~ 	~~+50 lo. 87 6. o 

~+8o i2. 56 7. o 

~50o i3.78 7.0 	 . 

52o i5.o7 ~ 	7.0 

~550 17.16 	. 8.5 

57o i8.66 8.5 

~-600 
, 

2t. 07 9. o 

630 
. 	23.71 9.5 

-~650 25•59 io.o 
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