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Society of Automotive Engineers, lnc. 
29 Weat 39th Street 

New York Citv 
AERONAUTICAL STANDARD As413 

1. PURPOSS; To epeciPy minimuin ~requirementa for electrical tqpe of t~nperature 
indicatora fa~ uee in eircreft, ~he operation of phich may aub)ect the 
instrument to the eavironmeatal conditione apecified in Section 3.3. 

2. 300PE; Thie epecificetion covers ~o types o! inatrumenta. Theae inetruments 
, are !or the purpoee of ineaeuring tempesature, such as those of oil coolant, 

carburetor air~ free air and cylinder head. 

~rpe I- Retiometer type actuateQ by chengee of electrical reeietance 
of a temperature aeneing electrical reaiatance ele~ent; the 
resietance changea being obtained by temperature changee of 

• 	the tempe~ature aeneing resiatance element. 

Type II - Millivoltmeter type, operated and actuate8 bq verying e.m.f. 
output of e thermocouple, the varying e.m.l. iaput to the 
inatrument being obtained by tempereture changee of the 
temperature eensing thermocouple. 

3. G~1L REC~TIREMffi3T8• 

3.1 Materials and Viorkmanship: 

3.1.1 Mnteriels: ~deterials ahall be of a qualitq which eaperience and/ar teets 
ha~e demonatrated to be auitable and dependable for uae in aircraft 
instruments. 

3.1.2 Horkmanahip: 1Norkmanahip ahall be conaleteat with high-grade nircralt 
inatrnment meauiacturing practice. 

S.2 Identificntion: The follo~fng information shall be legibly and permenently 
mnrked on the inetrument or attached thereto: 

(a) Name of inetrument 
l b) 811~ Spe c it ic at i on AS413 
(c) Rating (nominal voltage or thermocouple material ae applicable} 
(d) Menufacturer'e part number 
(e) Meaufaoturer'a aeriel number 
(!) Manufacturer's name or trademerk 

3.3 ffiivironmental Conditione; The following are eatabllaheQ ae design require- 
mente oaly. Teets ahall be conducted ea apecifiefl in 8ectione 5, 6 and 7. 

3.3.1 Temperatura: When installed in accordance Rith the inetrumen~ manufacturer'e 
inatructiona, the inetrument ehall itinction over the range of ambient 
te~►peraturea lrom -30 C tio 50 C. It ehell not be adveraely aYfected by 
eapoaure to temperature of -65 C and 70 C. 

3.3.E Humidit9: The insErument shall flinetion and ehall not be adversely alfected 
when eapoaed to any reletive humidity in the range irom 0 to 95qb at 
a~pprozimately 32 C. 

Cop~"Ight 1848 	CY ~nue~~~ p !  Aa'omofrvc Enq~ne~rs, Ine 	 Pr~rtcd in U.S.A. 
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3.3.5 il~itude: Tho iaatrnm~nt shall l~aetion and ~hall ao! b~ at~~r~~l~ aft~oted 

when aubfeo~ed to a preaanrs range eqei~a].en~ to -1000 f~~t to ~0,000 f~et 
ataadard nititnde, ezcept as limited by application of 3eotie,~ 5.3.1. 

s.8.4 Qibratioa s  llhen inatalled ia accordanoe sith the inatramsnt ~aaniinet+~x~i~'s 
instiv ctions, !he lasfirnsant shall llination aid ~hall ao! b~ ~d~~rsel~ 
affected when snbjected to ♦ibrationa of not ~ora 1ha~ 0.419 lash at a 
lreq~ncy from S~0 to 3000 a~clea p r minnt~ *oz o! not aor~ td~n 1.3 ~. 
Ohea ~peoilled TrT the puroheaer !or nee im rotar~r ~ins aiter~l~, tDe lr~qn~a~ 
~angs ihall bs 150-3000 ~ele~ per aiaat~. 

#80Tas It le underatood thnt the nnit ehe~ll with~tand TiDrstions at bi~~ 
ir~qna~cies, Dnt the acoeleration ~alnea ns~! not ~ze~~Q thoa~ ~hc~a 

	

above. 	~ 

8.4 HaBio Interferenoe: The inetraneat shall not b~ th• ~cnree o! ob~~ctionabl~ 
interlerence, under opeca4ing cosditione at aa~ fr~queoois~ us~t oa aireralt, , 
eithe~ b~ radiation or feed-bacY, i g  radio ~ets 2nstn1leQ in the ~an~ aircral~ 
as the instrnment. 

4. D.ETAIL RZQJ~t~TB: 

4.1 Aesirtanoe ♦~ R'empe~ature Eqni~alentss IInlees other*i~~ ~psoi!let~ Ttp~ I 
in~trnmente ahall be ealibrated to indieate tamparatnre is aoeorclene~ ~ith 

tbe temperatnre ~ersna resistanoe ~alue,~ ia.TaDl~ I. 

4.8 E.m.f. versua TemDereture E4uiTalents: IInleas othsrRiee specified, 'P~pe II 
inotrumente ahell be calibrated to indicate te~pe~ature in a000rQene~ with 
the emf ~ersne temperatnre Taluee ae eatnDlished D~ tne Fntioml Bnrenn o! 
3tandarde tor Iron Conetentan, Co~per 6onitantan, and Chromsl ~lt~mel 

	

Thermocouplea. 	. 

4.8 Indicating  Methodt Type I end ~rp~ II inetrum~enta ahall indicat• temperatur~ 
by meane oi a pointer moving o~er a lized diel. Clooln ►i~e motion of ~ia~l~ 
polatera or upwarfl motion of dnel pointeFs ehnil iadioats M ~ing t~ape~atnr~. 

4.4 Viaibilityt The pointer and all si~nif icant dial aarltinga ~ell be~ rea8abl• 
from any point ~ithia the lrnstum o! a cone ~hoae side m~l~ea an angle o! not 
leas than 30 degrees with the perpsndicnlar to the dial,.and whoae rmall 
Qiamster is the aperture of the iaatrume~ caae. Z'he di~t~n cs b~t~~ea th~ 
dial nnd the co~er gleas ehall bs a praotioel miniaum nnd ahall aot s=oNd 
O.E60 0! aa iach~ 

4.5 ~djn~iment: llhen p:^otided, the zsro ed~nstaea~t ahall ha~~e a!!loie~t triation 
eo that i~ ~iii not ohang~ ita ad~u~tment due to ~ibration ~oannt~rd la 
aerviee ■ithin the tolersnces specilied her~in !or a~al• srror te~ts. 

4.6 Caee Markings: Type II inatrument terminal poats ~hall b~ o! di tt~ren! size~ 
and ahell be Qistiaetly marYed to indicete plua !or silhe~ !~. iron ~ir~, 
aoppe~ wire, or chromel ~ire connectiona, and minns fo~ eith~r th• ooartaataa 
or alumel wire eonnectiione. Bzternal reaistance of the lead and th~r~oQOnpl• 
ehell be pleinly marlced. 

Priaced ia U.S.A. 
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4.7 Dial Yerkinea: 

4.9.1 ~i_n~a~s IIaleas othersiae speciri ed, lu~ineacent (a~l!-ncti~ating) materiel 
~hall be aypliea to nll ~a)or graduation~~ nnmerala and pointer. 

4.9.8 llurrals and (~redaetionss Ju!licieat numernle nnd gradnntions ah~all be 
mrk~d to po~iti~elq and qnickly iQentity tenpe~a tur~ indieatione. Bnmeral• 
~hall di~tinctly indients 4~e gradnatioa to whiah each appliee. 

4.9.3 I~utrneynt ~lemes Th~ app~opa~late ward or ~ords, suah es "011"~ "Carb. lir"~ 
"h~e ,ir", "Oyl. Htad"~ mny be mnrked oa either ~hs diel or masY Qo~ering 
aoting perta, and mny'be ths eeme finish as the n~ela. 

~.9.4 T~m~ra~re: Th~ - insoription "OC" or "Oa", as eppr~priate, ~hall aypear on 
th~ dial. Th~ in~cription "ZI00 •  mtv appear~ if nppropriate. 

4.8 L,~itatiioa or Pointer ~a~sl: ~e poin~~r ehnll b~ lro~ to mo~• a minimnm o! 
4wo aasnlar A~~ea Dqoad t]~s end~ o! !he ecale trn~el aaQ sep be limited 
D~ •top~. 

b. TiST CONDITIOl~Bt 

5.1 L~oa~heric Qonditionss IIal~a~ oth~rrriae epsoilied, all tests reqnired b~ 
thia speaificatioa ~hall be ande at an ataosphe~le preasura of approiimntel~ 
E0 •.~t ineh~~ of msrenry, and at en ambtent temperature of approsimatsl~ 
~~°C. ~hen teata are sad~ with t~h e et~phe~ic p~esenr~ or fhe t~pe~a~nre 
~b~tantiall~ di!lereat iran thes~ telnea, allaranc~ a~hall be mnQe !or the 
♦ariation froat the ~peeilled eonditioas. 

3.8 1lbration (to miniaise lrietion)t IInleas otherwiae ~peoilied, all leats !e~ 
psria~nnee ~q be mad~ ~ith the inatrument snb jected to s ♦ibration. o! 
0.00~ to 0.005 laah eaplitnd~ at a lrequency ot 1500 to 8000 aycle~ per 
ainnl~. ?~ t~rs amDlitud~ as nsed he~sin, indicat~~ the total di~- 
pLo~nt lraa~ positi~e mzisna ~o n~gati~e merimoa. 

S.3 Tse_ t,Yoltages IInl~~a other~ise ~pecilied, all teata !or porrormeacs ehell 
D~ ~ondnotsd it tlr pco~er raiing rsoanmended b~ tbe mannfactnrer. 

5.4 T~st Potitioas IIale~s other~iae epeoitied; all teatt shall be me~de ~ith 
tbe in8leetor aonnteQ in.ils normnl opera~ing position. 

b.5 Y~Dration Sta~: ta~ ♦ibration teats, n stend ehall ~►e ueeQ which will 
~iDrate at an~ deaired lreqnency between 500 and 3000 cyeles per minnte 
and shall snbjeat th~ ia~trnment to ♦ibratioa ench that e point on the 
instrament oase ~ill describe, in a plane inclined 4S degrees to the 
horizontel plane, a Qircle the 8lemmter o! which ia equal to the amplituds 
~peoified hareia. 

6. I1lDIVIDUAL PBAFORD9pNCg  REQT~2~TS; All iaatrnmeats or componeata of auch 
~hall be anb~eeted to ~hate~e~ teate the mennlacturer deem+e neceseary to 
demonstrete speeilie oomplienos ~ith this apeoif ioation, ineluQing the 
following requirements, where applicable. 

Printed in U.$.A. 
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6.1 S~~e I Poeition Srror: 

6.1.1 No qolteBe: IYith no voltage applied to ~rpe I inetruments, and whea th s in- 
strument ia tipped lrom th~ normal operating po8ltion to a position •ith the 
plans of the dinl horizontal or 90 degreee to the right or lelt, ~he pointer 
shall reme~in alightly off acale at tbe lo~ temperature end. 

6.1.8 Yol et The teet apeciited for "no ~olte~ge", ehall be repeeted on Syp~ I 
inetrnments aith the tes~:; voltage applied. This teat may be pe~lormsd nt eay 
indication. The ohnn~o F,n pointer in8iaation ahall not ezoeed 29b o! th~ ~otal 
acale epan in tempera~~ure degreea. l~hea~ the pc~er to t~e indieetor ie out 
o!!~ the pointer ehell return to the no voltage poeition. 

6.8 'ly~s~II Po, el,tion Errors 'lyps II indicators of the un~nppreeeed type shall be 
tested or ~:~~~►  airauit, and the rea8ing of the in8icntor obaerved in the 

• 	normnl o~E-r~►±±ng poeition with the dinl in the vertical pinn~a. The iadieator 
ahnll then L~a rotated ~hrough engle,~ o! 90 degree g  to the right ead left, 
a~~alao ti~ped to a poeition ~ith the dial horizontal. Th~ readin8s ahall 
be noted in nll positiona. The mnzimam cheage in reading ehall not ezee~d 
8 percent of total ecale span la tempera~nre degreea. 

6.t.1 Indicatora of the suppreeeeQ type ahall De teated Aith the poiater aet 
to n meJor graduetioa a~ approzimstely mid-scale~by meane of an appropriate 
millivoltage npplied to the ZermizLnle through the epecilied ezternel re- 
si~tenoe in eeriea with the iadicator. Thie indicetor ehall then be rotateQ 
through angles of 80 dagreea to the r3ght and left and aleo tipped to n 
position ~ith the dial horizoatal. The readings ahall be noteS in all 
poeitions. The aesisnm e~ange in readinge ehall not e=ceeQ E pereent of 
Lotal ecal~ ~pen inoluding t~he amount auppresaeQ~ in tsmpsrature aegrees. 

d.3 Friction: ~.~...~. 

6.5.1 ~►pe I Iadiaatora: The difference in readinga of Type I indieatore.shall be 
noted alte~ n alar change in indicat ion before and after tapping or vibrating. 
Thia teat me~ be pe~formed at any point on the soele. Tbe change in pointer 
indication ehall sot ezcaed 2~ of total ecal~ epnn ia temperature degreea. 

6.3.E T~s II indicators: The triction test on i~rpe II indicatore may bs aoaduc~eQ 
in coa~nnctioa with tbe ecale ~rror teat. The voltage shell be sloRly in- 
ereased up to each teat point. The iad icator reading ohall be noted belore 
and nfter the indicator ia lightly ♦ibreted and the iriction ahall not ezceed 
4 pereent o! total eeals rpen ineluding nay emount enppresasd in temperatura 
degr~ea. Ths p~oeednrs ahall be repeated !or deoreaeing voltege valnee. 

. 	The mo~ement o! the gointer ahall b~ smooth when the applied voltage la 
~aried nnilormly. 

6.4 3cn].e Error nt Room gempereture: 

6.4.1 ~pe I indicatora aball have connected to the rQale~ance bulb termiaals the 
appropriate reeistanee of the temperature ~araue resietanee ~urve. A fi=ed 
reeietance of 0.16 ohme ahell be edded to theee re~istance valuee to rep- 
resent the a~srage lead reeietanc~. 11hen the teat voltage ie applied, the 
scale ~rrore ehell be ~etermined at a mini~am of five teet pointa for the 
indicator nnder test. ~The Acale e~rors ehall not ezceefl 2 peroent o! the 

Printed in U.S.A. 
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total acelo apan in temperatnre flegrees. 

6.4.~ ~►pe II Iadicetorei Type II indicatora ahall be eub)eated to e aonatant roon 
tempera~ure !or a period of not lee8 than one hour. On indicatora ot the 
nnauppreased type, the poiater ahell be eet to read thia ~empsre~ture ~hile 
the•indicator le on open circuit. 8pecified ~oltiagee !or t~e pr~~ailing 
embient temperature ehall be applied to ~he ter~inale of the indicator 
through the specified ezternal resietan~e in aeriee with the inQicator. 

6.4.2.1 On indicntore o! the suppre88eQ tyrpe, the poiater ahall be eet to rea8 a 
temperature at approaimately mid-ecale when n milli~oltags appropriete for 
tha~ temperature ia applied to tbe terminala through the specilled ezteraal 
reaiatance in aeriee with the indicator. 

8.4.E.E Indicator readinga ahall De taken at a minimum of 5 teet pointe. Tss errors 
~hall not ezceed 2 percent o! total aoale epan, including the emount anppreesea~ 
in temperature degrees. 

6.S Dielectric: ~e ineulation shell be anbJected to a dieleetric test wi~h 
aa R.hi.3. ~oltage at a ao~e~eial fr~qnemcy applied for a period oi li~~ 
aeconda eqniTalent to five timee normel airauit operating voltaga, ezcept 
where circuite inelude componsnte Por xhich auch a teat would be inapproprinte 
the teat voltege ehall be 1.E5 time~ normal circuit operating ♦oltege. The 
inenlation reaistance ehall not be leaa than ~ megohma at that voltege. 

7. QJALIFICATION TEST3; Ae many instrnmenta ea may be dee~ed neceeeary to 
d~onstrate that all instrumente will comply wifh the requirements o! thie 
section, ehall be teeted in accordeace eith the manufacturere reconaneadation~. 

7.1 Reduced Yoltage Operation: The ~►pe I iadicetor ahall be teateQ ~ith 80~ of 
~;~st voltage. The indicationa at the reduced voltagae ehall aot diPfer irom 
the indicationa at teat voltage by more than E Dereent of eoale span in 
temperature degrees. 

7.E Indicator Scnle S~ror Teeta at Hi~h an8 Lo~ Tem peratures: Ths indicator shall 
be sub~ected euaceesivelq to temperaturea o! -$OC !or S houra and +SOC !or 
3 houra. 19hile the indicetor ie held at each o! the above tempera~nres~ 
resistance anQ/or voltege ahall be applied as apecilleQ for Senie arror at 

~ 	Room Tempe~ature (6.4). The bcale errora shall aot ezoeeQ plua or minua 
5 percent oi the to~al aeale apan, inclnQing the amount euppreesed in 
tempereture degrees. 

9.S Yibretion Teete; The indicator ~hall be subJected tio ♦ibretion for a two 
hour period on a vibration etsad. The amplitude of the vibration ahall be 
betseen .009 and .011 iach (total ezcuraion). The vibration frequency 
ehall be varied between 500 and 3000 cycles pe~ minute. 

Thie test mey be conducted at any indicator indioation. The pointer 
oecillation and cheage in the indication ehell be obaervsd tbroughont rang~ 
o! the indientor. After theee obaervatione have been made, the etand shell 
be set~to an amplitude of vibration between .018 and .OEO ineh total ez- 
cursion, ead to E000 cyclee per miaute and operated far~ the remainder ot 
the tWa hour period Rith the pointer position che~aged every EO to 30 minutee. 
Follo~ing the two hour vibration period, the test epeoitied tor, "9cnle 
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