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SOCIETV OF AUTOMOTIVE ENGINEERS, Inc. 

495 LEXINGTON AVENUE 	 AERONAUTICAL STANDARD AS 414 
NEW YORK '17, N.Y. 

TEMPERATURE INSTRIJMETtTS 	 Isaued 6-15-61 
(TURBINE PO~rIERED SUBSOTdIC AIRCRA~"i') 	 Reviaed 

1. PURPOSE: This Aeronautical Stanc7.ard establishes the essential minimum safe per- 
r. formance stancia,rds for Electrical Type Temperature Instruments primarily for use 
with turbine powe~ed subsonic tra.nsport aircraft, the operation of which may 
subject the instruments to the environmental conditions specified in Section 3•3• 

2. SCOPE: This Aeronautical Standaxd covers two basic types of temperature instru- 
ments as follows: 

Type I: Ratiometer type, actuated by changes of electrical resistsnce of a 
tempera.ture sensing electrical resistance element: The resistan~:e 
changes beizig obtained by temperature changes of the temperature 
sensing resistance element. 

Type II: Millivoltmeter type, opera.ted . and act~aated by varying e.m.f. output 
of a thermocouple, the varying e.m.f. input to the instrument being 
obtained by temperature changes of the temperature sensing thermo- 
couple. 

3 • GENF"tAL REQUIl~EMENTS : 

3.1 Materials and Workmanship: 

3.1.1 Materials: Materials shall be of a quality which experienee and~or tests have 
demonstrate3 to be suitable and dependable for use in aircraft instruments. 

3.1.2 Workmanship: Worl~nanship sha11 be consistent with high-grade aircraft instru- 
ment manufacturing practice. 

3.2 Identification: T'ie following information shall be legibly and permanently 	~ 
marked on the instrument or attached thereto: 

(a) Name of instrument (Temperature Instrw-nents) 
(b) SAE AS 414 
(c) Manufacturer's part number 
(d~ Manufacturer's serial number or date of manufacture 
(e~ Manufacturer's name and~or trademark 
( f ) Range 

(g) Rating (electrical) ' 

3•3 Environmental Conditions: The following conditions have been established as 
minimum design requirements. Tests shsll be conducted as specified in Sections 
5, 6, ~d 7• 

3•3•1 Temperature: When instal_led in accordance with the manufacturer's instruc- 
tions, the instrument sha11 function over the range of ambient temperature 
shown in Column A below and sha11 not be adversely affected by exposure to 
-i,he ran,~e of temperature shown in Column B below: 

Instrument Location: 
	

A 
	

B 

PresGu.rized Areas 	 -3o to 5oc 
	

-65 to 7oc 

CoDrrlaht 1961 br SoGely  of Automotive EnQlnesrs. Ina 	 Printed In U. S. A. 
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3•3• 2  Altitude: When installed in accorc~ance with the instrument manufacturer's in- 
structions, the instrument shall fLuiction from sea level up to the altitudes 

- 	and temperatures listed below: Altitude pressure values are per NACA Report 
~235: The instrument shall not be adversely affected following exposure t{o 
extremes in ambient pressure of 50 and 3 inches of inerqury absolute respective- 
ly. 

Instrument Location 	 Altitude 	 Temp• 

Pressurized Areas 	 15,000 ft. 	 50C 

3•3•3 Vibration: When installed in accordance with the instrument manufacturer's 
instructions, the instrument sha11 f'unction and shall not be adversely af- 
fected when subjected to vibrations of the following characteristics. 

Frequency 	Max. Double 
Cycles 	 Amplitude 	 Maximum 

Instrument Location 	per sec. 	 inches 	 accel. 

Instrument Panel 	 5-30 	 0.020 	 1 g 
30-l000 	 ----- 	 0.25 ~ 

3•3•~+ Humidity: The instrument sha11 flanction and sha11 not be adversely affected 
following exposure to any rela.tive humidity in the range from 0 to 95~ at a 
tet~perature of approximately 70C. 

3.4 F'ire Hazaxd: The instrument sha11 be so desi~ed to sa.feguaxd against hazards 
to the aircraft in the event of malflznction or failure, and the maximum operating 
temperature of surfaces of any instrument component contacted by combustible 
f1ie1 or vapor shall not exceed 200C due to self-heating. 

3•5 Radio Interference: The instruments sha11 not be the source of objectionable 
interference, under operating conditions at any frequencies used on aircraft, 
either by radiation or feed-back, in electronic equipment installed in the same 
aircraft as the instrument. 

3.6 Magnetic Effect: The magnetic effect of the instruments sha11 not adversely 
affect the performance oP other instruments installed in the same aircraft. 

4. DETAIL REQt1IREMENTS : 

4.1 Display Markings: 

4.1.1 Finish: Unless otherwise specified by the user, matte white material shall be 
applied to a11 graduations, numerals and indication means. 

Non-f~netional surfaces and markings shall be durable dull black. 

4.1.2 Graduations: The graduations sha11 be axranged to provi3e the maximum of re 
ability consistent with the accuracy of the instrument. 

~+.1.3 Numerals: The display shall include sufficient riumerals to permit quick and 
positive identification of each graduation. 

Numerals shall distinctly indicate the graduation to Which each applies. 

~ 

• 

~ 
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1+.1.~+ Instrument Title: The instrument title shall be of the same approximate size 
but no larger than the numerals. The title may be of the same Pinish as the 
numerals. The units of ineasure (°C or °F x 100, as applicable) shall appear 
on the dial in lettering noticeably smaller than either the numerals or title. 

4.1.5 Visibility: The indicating means and a11 markings sha11 be visible from a~y 
point within the frustum of a cone the side of which makes an angle of at 
least 30 deg. with the perpendicular to the dial, and the small diameter of 
which is the aperture of the instrument case. The distance between the dial 
and the cover glass sha11 be a practical minimum. 

4.2 Case Markin~s: Type II instrument terminal posts sha11 be of different sizes 
and sha11 be distinctly marked to ind.icate plus for either iron wire, copper 
wire, or chromel wire connections, and minus for either the constantan or alumel 
wire connections. External resistance of the lead a.nd thermocouple sha11 be 
plainly marked. 

~+.3 Resistance vs Temperature Equivalents: Unless otherwise specified, Type I in- 
struments sha11 be calibrated to indicate te~rperature in accorclance with the 
temperature versus resistance values listed in Table I. 

~+.4 F.N~.F. versus Temperature Equivalents: Unless otherwise specified, Type II in- 
struments shall be calibrated to indicate temperature in accordance with the 
E.N!.F. versus teutperature values a.s established by the National Bureau of 
Stand,arcis. (Research Paper RP767 dated 19 December ~934, and Research Paper 
RP 1080 dated July 1937•) 

4.5 Indicating Method: Type I and Type II instruments sha11 indicate temperature 
by means of a pointer maving aver a fixed dial. Clockwise and upward motion of 
single pointers or upwaxd motion of dial pointers sha11 indicate rising tempera- 
ture . 

4.6 Adjustment: When provided, the zero adjustment shall have sufficient friction 
so that it will not change its adjustment due to vibration encountered in 
service within the tolerances specified herein for scale error tests. 

4.7 Limitation of Pointer Travel: The pointer shall be free to move a minimum of two 
angular degrees beyond the ends of the scale travel and may be limited by stops. 

~+.8 Power Variation: Type I instruments sha11 properly flinction with plus or minus 
15 percent variation in DC voltage and~or plus or minus 10 percent vaxiation in 
A.C. voltage and plus or minus 5 percent variation in frequency. 

4.9 Hermetic Sealing: When hermetically sealed, the case shall be filled with an 
inert gas, free of dust particles, and sufficiently dry so that fo~~ing of the 
indicator glass does not occur during the low temperature and fogging tests of 
this Aeronautical Standaxd. 

. 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 as
41

4

https://saenorm.com/api/?name=9d8c9c6738c4e7770bd8d25617d99ecd


A S 414 Issued 6-15-6~ 	 ~A~ Ilvs~tUMErt~rs 

	

Revised 	 ~TI7RBINE POWEF{ED SU&SOIVIC AZRCRAFT~ 
_ ~ _ 

5. TEST CONDITIONS: 	 " 

5.1 Atmospheric Conditions: Unless otherwise specified herein, all tests required 
by this Aeronautical Stand.ard shall be made at an at,mospheric pressure of ap- 
proxi_mately 29.92 inches of inercuxy and at an ambient temperature of 25C, and 
at a relative humidity of not greater than 85~. When tests axe conducted with 
the atmospheric pressure or temperature substantially different from these 
values, allawance sha11 be made for the variation from the specified conditions. 

5.2 Vibration to Minimize Friction: Unless otherwise specifie d, all tests for per- 
forma.nce may be conducted with the instr~nnent sub~ected to a maximum vibration 
of 0.001 inch double amplitude at a frequency of 10 to 60 cycles per second. 
The term double amplitude, as used herein, indicates the total displa.cement 
from positive maximum to negative maxi ►mun. 

5•3 Vibration Equipment: Vibration equipment sha11 be such as to allow vibration 
to be applied along each of three mutually perpendicular axes of the instru- 
ment at frequencies and amplitudes consistent with the requirements of paxa- 
graph 3 •3~3• 

5.4 Power Cond.itions: Unless otherwise specified, all tests shall be conducted at 
the power rating recomQnended by the manufacturer. 

5•5 Position: Unless otherwise specified, a11 tests sha11 be conducted with the 
instrument in its normal operating position. 

6. INDNIDUAL PERFORMANCE REQUIRE~NTS: All instruments shall be subjected to 
whatever tests the manufacturer deems necessary to demonstrate specific com- 

. pli.ance with this Aeronautical Standard, including the following requirements 
where applicable. 

6.1 T~e I Position Error: 

6.1.1 No Voltage: With no voltage applied to type I instruments, and when the in- 
strument is tipped from the normal operating position to a position with the 
p].ane of the dial horizontal or 90 degrees to the right or left, the pointer 
shall remain slightly off scale at the law temperature end. 

6.1.2 Voltage: The test specified for "No Voltage" sha11 be repeated on Type I in- 
struments with the test voltage applied. This test may be performed at any 
indication. The change in pointer indication sha11 not exceed 2~O of the tota 
scale span in temperature degrees. When the power to the instrument is cut 
off, the pointer shall return to the no voltage position. 

6.2 Type II Position Error: Type II instruments shall be tested on open circuit, 
and the reading of the instrument observed in the normal operating position 
with the dial in the vertical plane. The instrument shall then be rotated 
through angles of 90 degrees to the right and left, and also tipped to a posi- 
tion with the dial horizontal. The readings sha11 be noted in all positions. 
The maximum change in reading sha11 not exceed 2.5 percent of the total scale 
span in temperature degrees. 

. 

• 
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6.3 Friction: 

6.3.1 T~e I Instruments; The difference in readings of type I instruments shall be 
noted after a slow change in indication before and after tapping or vibrat3ng. 
This test may be performed at any point on the scale. The change in pointer 
indication shall not exceed 2 percent of total scale span in temperature de- 
grees . 

6.3.2 T~e_II Instruments: The friction test on type II instruments may be con- 
ducted in con~unction with the scale error test. The voltage shall be slowly 
increased up to each test point. The instrument reading shall be noted before 
and after the instrument is lightly tapped or vi.brated and the friction shall 
not exceed 4 percent of the total scale span in temperature degrees. The pro- 
cedure shall be repeated for decreasing voltage values. The movement of the 
pointer shall be smooth when the applied voltage is varied uniformly. 

6.4 Scale Error at Room Tem~erature: 

6.4.1 Type I instr~unents shall have connected to the resistance bulb terrninals the 
appropriate resistance of the temperature versus resistance curve. When the 
test voltage is applied, the scale errors shall be determined at a minimum of 
five test points for the instr~ent under test except that instruments having 
less than five ma3or graduations shall be tested at each ma3or graduation. 
The scale errors shall not exceed 2 percent of the total scale spa.n in temper- 
ature degrees, or 2C, whichever is the ~reater error. 

6.4.1.1 Bulb Lead Resistance Effect: When the negative voltage is connected at the 
bulb, there shall not be over 1.5 percent of the f~Zll scale span change in 
indication at any point of the scale, when the total balanced lea;d xesist- 
ance is changed from 0 to 4 ohms (2 ohms in each lead). 

6.~+.2 Type II Instruments: Type II instruments shall be subjected to a constant 
room temperature for a period of not less than one hour. Then, by means of 
the zero adjuster, the pointer is set to the critical temperature. The in- 
strument is to read in its particulax application, when the millivoltage for 
this temperature, corrected for ambient, is applied to the terminals of the 
instrument through the specified external resistance in series with the in- 
strument. 

Readings shall. be taken at a minimum of five (5) test points. The errors 
shall not exceed two (2) percent of the total scale span in temperature de- 
grees . 

Accuracies greater than two (2) percent can be accomplished in the crftical 
temperature portions of the scale on type II instruments ~t t~e sacrifice of 
accuracy at test points f~zrther removed from the critical temperature point 
of the instruments. 

6.5 Dielectric: Each instrument shal]. be tested by the method of inspection listed 
in paxagraphs 6.5.1 and 6.5.2. 
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6.5.1 Insulation Resistance: The insula.tion resistance measured at 200 volts D.C. 

for five seconds between all electrical circuits connected together and the 
metallic case shall not be less than 5 megohms. Insula.tion resistance measure- 
ments sha.11 not be macle to circuits where the potential will appear across 
elements such as win33.ngs, resistors, capacitors, etc., since this meas•aremen+ 
is intended only to determine adequacy of insulation. 

6.5.2 Overpotential Tests: The instrument sha11 not be damaged by the application o 
a test potential between el~etrical circuits, and between electrical eircuits 
and the metallic case. The test potent~ial shall be a sinusoidal voltage of a 
commercial frequency with an RMS value of five times the maximum circuit volt- 
age, or per paxagraph 6.5.2:1 or 6.5.2.2 whichever applies. The potential 
shall start from zero and be increased at a uniform rate to its test value. 
It shs11 be maintained at this value for five seconds, and +hen reduced at a 
uniform rate to z~ro. 

Since these tests are intended to insure proper electr.ical isolation of the 
~ircuit components in question, these tests shall not be applied to ~ircuits 
wh~re the potential will appear across elements such a,s windin~s, resistors, 
capacitors, etc. 

6.5.2.1 Hermetically Sealed Instruments sh~11 be tested at 200 volts A.C. RNbS. 

6.5.2.2 Circuits that vperate at potentials below 15 volts are not to be subjected 
t~ overpotential tests. 

7. RUALIFICATION TESTS: 

As many instruments or components deemed necessary by the manufacturer to demon- 
strate that all instr~aments wi11 comply with the requirements of this section 
shall be tested in accordancs with his rec~mmend~,tions. 

7.1 Reduced V~lt~,ge Operation: The type I instrument shall be tested with 85 perce: 
of te~t voltage. ~'ti~ indications at ~he reduce3 volt~e shall not differ from 
the indications at normal test volta~e by more tha.n '.5 percen-~ of i'ull scale 
span in temperature degrees or 3.5 degree centigrade (6.3 deg. Faxh.) ahichever 
is the greater error. 

7.2 Temperature Chaxacteristics: 

7.2.1 Low Temperature Operation: The instrument shall be subjected to the applicable 
low ambient temperature listed in Column A of paragraph 3.3.1 for a period of 
five hours without operating. At the end of this time and while the instrument 
is still at the low temperature, resistance and/or voltage shall be applied as 
specified for scale err~r at room temperature (6.4). The scale errors shall 
not exceed plus or minus five (5) percent of the total scale span in tempera- 
ture degrees or 3C, whichever is the greatzr error. 

~ 

• 
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7.2.2 High Temperature Operation: The instrument shall be sub3ected to the appli- 
cable high temperature listed in Column A of paragraph 3.3.1 for a period of 
five hours without operating. (Electrical equipment shall be energized). At 
the end of this time and while the instrument is still at the high temperature; 
resistance and~or voltage shall be applied as specified for scale error at 
room temperature (6.~). The scale errors sha11 not exceed plus or minus five 
(5) percent of the total scale span in tempera.ture degrees, or 3~, whichever 
is the greater error. 

7.2.3 Extreme Temperature Exposure: The instrument sha11 be exposed to the appli- 
cable low and high temp~~ era~ures listed in Column B of paragraph 3.3.1, for a 
period of 24 hours at each extreme temperature without operating. After a 
delay oP three (3) hours at room temperature the instr~ent shall be sub- 
jected to the scale error at room temperature test (6.4) the scale errors 
shall not exceed plus or minus three (3) percent of the total scal.e span in 
temperature degrees or 3C whichever is the greater error. 

There sha11 be no evidence of c~amage as a result of exposure to the extreme 
temperatures specified. 

7.2.4 Altitude: The instrument shall be sub3ected to the ambient temperature a.nd 
pressure listed in paragraph 3.3.2 for a period of three hours while operating. 
At the end of this time and while the instrument is still at this temperature 
and pressure resistance and~or voltage shall be applied as specified for scale 
error at room temperature (6.4). The scale errors shall not exceed plus or 
minus five (5) percent of the total scale span in temperature degrees or 3C, 
whichever is the greater error. 

The instrument shall be exposed alternately to 50 inches HG. absolute and 
three inches HG absolute, non-operating. Following this exposure, resista.nce 
and~or voltage sha11 be applied as specified for scale error at room te era- 
ture, at atmospheric pressure. The scale errors sha11 not exceed two (2~ 
percent of the total scale span in temperature degrees or 2C, whichever is 
the greater error. 	 . 

7.3 Vibration: 

7.3.1 Resonance: The instrument while operating sha11 be subjected to a resona.nt 
frequency survey of the approPriate range specified in para.. 3•3•3 in order 
to determine if there exists any resonant frequencies~of the parts. The am- 
plitude used may be any convenient value that does not exceed the maximum 
double amplitude and the maximum acceleration specified in para. 3•3•3• 

The instrument sha11 then be sub~ected to vibration at the appropriate maxi- 
mum double amplitude or maximum acceleration specified in pa.ra. 3•3•3 at 
the resonant frequency for a period of one hour along each axis. If more 
than one resonant frequency is encountered with the vibration applied along 
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 shall 
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 
vibrated for two hours along each axis in accordance with the vibration re- 
quirements schedule (Para. 3•3•3) at the meximum double amplitude a.nd the 
frequency to provide the maximum acceleration. 
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~ 7.3.2 Cycling: The instrument, while operating, shall be tested with the frequency 

cycled between limits specified in para. 3•3•3 in 15 minute cycles for a 
period of one hour along each axis at an applied double amplitude specified 
in para. 3•3•3, or an acceleration specified in para. 3.3~3, whichever is 
the limiting value. 

While the instrument is being vibrated, the pointer oscillation shall not ex- 
ceed 3 percent of total scale span in temperature degrees. The pointer vaxia- 
tion durin~ vibration shall not exceed 3 percent of the total scale span in 
temperature degrees. 

After the completion of this vibration test, no damage shall be evident and 
the instrument sha11 be subjected to the scale error at room temperature test 
(para. 6.4). (Without resetting the zero corrector on type II instruments). 
The change in indications between this test and the initial room temperature 
scale error test shall not exceed 1.5 percent of the total scale span. 

7.4 Endurance: This paragraph will be added when available. 

7.5 Humidity: The instrument, unless hermetically sealed, shall be mounted in a 
chamber maintained at a temperature of 70 plus, or minus 2C a.nd a rel.s.tive 
humidity of 95 plus or minus 5~ for a period of six hours. After this period, 
the heat sha11 be shut off and the instrument allowed to cool for a period of 
18 hours in this atmosphere in which the humidity rises to 100~0 as the tempera- 
ture decreases to not more than 38C. This coraplete cycle sha11 be conducted one 
time for components located in controlled temperature areas. 

Iimnediately after cycling, there shall be no evidence of damage or corrosion, 
which affects performance. Following this test the instrument sha11 be sub- 
jected to the scale error at room temperature test of paxa. 6.4. The change in 
reading between this test and the original scale error at room temperature test 
sha11 not exceed 2~i of total scale range in tempera.ture degrees, or 2C, 
whichever is the greater error. 

7.6 Magnetic Effect: The magnetic effect of the indicator shall be determined in 
terms of the deflection oP a free ma~net, approximately 1 1~2 inches long in 
a magnetic field with a horizontal intensity of 0.18 (plus or mirnzs 0.01) 
gauss~ when the indicator is held in various positions on an east-west line 
with its nearest part 12 inches from the center of the magnet. With the instru- 
ment operating, the maximum deflection of the #'ree magnet sha11 not exceed 5 
degrees from any indicating or reference position. 

7.7 Sealing: Hermetically sealed components sha11 be tested for leaks by means of 
a mass spectrometer type of helium leak detector or equivalent. The leak rate 
shall not exceed 76 micron cubic feet per hour per cubic foot of filling gas at 
a pressure differential of one atmosphere. 

~ 

~ 
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