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Society of Automotive Engineers, Inc. 	 ~ 

29 West 39th Street 	 AERONAUTICAL STANDARD AS 4~~. New York Citv 

FIRE AND HEAT DETEC TOR3~ 	 Revised 

Page 1 of 14 

1. PURPOS~;: To specifv rn4__nimum requirements for fire and. h~at detection instrumente 
~or use in aircraft, the operation of which May sub~ject the inatrument to 
eadironmental conditions epecifisd in 5ection 3.4. 

,~ 

?. SCOPE; This apecifieaticn coners the following basic types of in~trlaments, or 
combinations thereof~ intended for use in protecting aircraft po~ver plant 
installations, awciliary po~ver plants, combustion heaters and other installation 
where fuel, oil or similar fires may occur. 	 ~ 

~pe I 	Rate of temperature rise 
Type II 
	

~G1ru~Q 

Type III Fixed temnerature 

:i. GEi~?ERF~.L P.EQUIRENIEI~'T5: 

3.1 Materiala and Workmanehin: 

:~.1.1 Materials; Materials shall be of e, que.lity which experience and~or testa 
have demonstrated to be suitablA anri dependable for use in ~ +~.rcraft instruments. 

:~.1.?, Worlff;ianshin: Workmanship shall be consistent with hig}~-grad.e aircraft 
instrument manufacturin~ practice. 

3.2 Radio Interference: The instrument shall not~ , be.the source of ob~ectianable 
interfererlce, undar operating conditione at a~,y ~rPquencies used on aircraft, 
either by rad.iation of feAd-back~ in rad.io  sets inatalled in the aame aircraft 
~:s the instrument. 

13.3 Ic~entification: The following information shall be legibly a.nd permanently 
marked on the instrument or attached thereto: 

(a) Name of Instrument 
(b) SAE 5pec. A~-a01 
(c) Rating (E~•ectrical, Vacuum,, etc.) 
(d) ~larm Temps.re_ture (3en~in~ elPmPnt, where 

ap~lic~.ble) 
(e) Manufacturer~s Part Number 
(f) M~nufacturer~s Serial Idumber or Date of 

Manuf~.ctnre 
(~) Man~tfactlzrer~ s Na.me a.nC.~or Tr~;,~em~,rk 

:i.4 Envirnnmental Conc~itions: The following conditionQ Y13VP, been esta.bliahed as 
design criteria only. Tests ahall be con~?v.cted as s~ecified in Sections 
5, 6 and 7. 

eoP Y ~~ 9ht 1947 	by Socie+y of Automotive Engineers, Inc. 	 _ . 	~~,~,Aa ;. ~~ ~ . 	_ 
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3.4.1 Temne_ rature; When mounted in accordance with the manufacturer~e recommead~ 
tions, the unit e~hall function over the range of ambient tempere.turee ehown 
in ColUmn A below and . shall not be adversely affected by exx~osure to the 
temr.eratures ahown in Co].umn B below: 

Instx~ment Leca ion 	 p 	 B 

Power Plant Coa~partments 	 -20 to 130C 	-65 to 130C 
Other Areae 	 -20 to 70C 	-65 to 70C 

3•4•2 Hum~il,~gt The instrument shaZl function and not be ~dvere~ly affected by 
exnosure to a relative humidity of up to and inclnding 95~ at a temperature 
of approximately 32 C. 

3.4.3 	tit 	: The instrument shall function and ahatl not be advereely affected 
when aub~eeted to a pressure and temperature range equivalent to -1040 fest 
to +40,000 feet etandard aZtitud.e. 

3.4.4 Vibrati,_; Wher ~+~unted in accordance with the instrument manufaetnrer~a 
inatructions, tlyeunite sha.1.1 funetion and shall not be edveraely affected 
when eub,jected to the f.ollowing vibrations at a frequency of 50~ to 3000 
cyclea psr minute. When epecified by the purchaser for uee in rotary wibg 
aircraft~ the frequency range shall be 150 to 3000 cycles per, minute. 

'~e of Instrument Mountine 	 Amn_ litude 	Acceleration 

~ Structurally Mounted Inatruments 	 0.~30 inch 	3.8 g 
En~ine Compartment Mountad Instruments 	0.20 inch 	25 g 

It f~ unders~ood that the~instrument shall withatand vibration a* higher 
frequencies, but the acceleration values need not exce~d those ahown above. 

4. DEThIL RE~.UIREMERTTS: 

4.1 I~dicat_in~ Methods ThA instrumer_t sha11 be canable of actvating both viaual 
and aurai alarm indfcators. 	 ~ 	 , 

I4.2 Heliabilitvi False signals in the instrument shall not result from vaxiations 
in voltaoe betv~een 0 and 126~p of the rated, f~ight attitude~ dust and 	~ 
accelerationa encountered in flioht or landin~;. 

4.3 Inte ;rit~r Teat Prov si ones The instriunent shall ,~ermit testing oP ths continuity 
of the a~sociated electrical circuit in flight. 

4.4 Ca,libration 9d_itetm.nt: All calibration ed.~uetmenta in the instrument ah~ll 
be provided with tamper-proqf seals. 

5. TEST CONDITIONS: 
~ 	 • 

5.1 Atmosnheric Conditiona: IInlese otherwise snecified, all teate required by this 
specification ahal 1 be conducte.d at an atmo3?~heric pressure of apnroximately 
29.9? inches of inercury and at an ambient temnerature of aAproximately 22 C. 
Whpn tasts ~.re conducted with the atmoapheric preasure or the temperature 
substantiall~r  different from theae values, alloh •ance eha,ll be made for tthe 
variationa from the apecified conditions. 

~ ~ 

~ 

~~ 

~~ 
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5.2 Yibration .(To minimize fricCio ): Unless.otherwise specified, etl tests for 

performance may be mad:e,.with the inatrument sub~ected to a vibration of .002 
to .005 inches amplitude at a frAquency of.1500 tb 2000 cycles per minute. 
The term an~litude as used herein indicatea the total displacement from positive 
maaimum to negative maximum. 

5.3 Vibration Stand: A vibration atand shall be used which will vibrate at any 
desired Prequency between 500 and 3000 cyclee per minute aad aha,ll sub~ject 
the iaatrument to vibration such that a point on the instrwnent will deecribe, 
in a plans incline3 45 degrsea to the horizontal plane ., a circle, the di~.meter 
of which is equal to .the amplitude epecified herein; 

5.4 Test Poeitiont Unleas.o.tXe~wise e~ec'lfied, the inatrument sha,ll be mounted 
and tested in its.normal operation position. 

5.5 Power Conditionas IInlese otherwi ge apecified~ all testa ahall be conducted 
at the pox~er rating recoauaended by the manufacturer and the instrument ahall 
be ia an operat3ng condition. 

5.fi Flame Temnerature Meae~?rement and Flame Size: All fl~.me temneratures aha,ll be 
- neaeured by using an 18 gauge wire thermocouple and_ t~e h~vo et~,nds~ of wire shall 
- be twtste3 tnaether for a dietance of ~ inch from the termocouplP bead.~ -The 
thermocouple~b~uA..~ha~l be at the. center oP the flame and the tw~ wirea leading 
to the bead shall- be parallel and extend radial.ls into the flame. The na,ture 
and_size Qf_~h9 flame and the msthod of test eha,Il be specified in Figure 2. 

5.fi Te~,t~= IInleae otherwiee epecified, ~~hsn qualification teste are being 
eonducted on continuouc~ type detectore, at least eight inehea of the continuoue 
detecting element ahall be subjected to the test conditione as well gs at le~st 
two typical insulatore, supports, or connectora of each basic type used. 

fi. INDIVIDIIAI~ PERFORMANCE TESTS: All inatrumenta or components of euch.ehall be 
eub~ected to whatener tests the manufacturer deems necessary to demonstrate ' 
epec~fic aompliance with thie e~ecification. 

6,1 Res~onee T~me: The senaing element ahall be teated as~specified in Sectlon 
7,1~ or in eome equivalent manner which will adequatley check the eensitinity 
and calibration. 

6.a Dielectrict The instrument sha,ll be sub~ected to whichever one of thA following 
dielectric testa ie moat apnlicable: 

6.lw~„], IIngrounded inetrumenta, or grovnded inetruments prior to connectf.on of 
internal ground wire~ ahall be teatAd by either the method of Section 6.2.1.1 
or 6.2.1.2. 

6:2.1.1 Insulation 8esistance: The insulation resiatance measured at 500 volta 
d-c between all eleetrical circuita connected to~ether and the metallic 
case shall not be lesa th~n 20 me~ohme. 

/ 1 
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6.2~.1.2 Die].ectric Str~ nr~th_ The inaulation shall withstand without evidence of 
damage the apnlication of a ainusoidal voltage at a commerciAl frequency 
between all electr!ca~ circuits conaected together~and the metallic case, 
for = reriod of 5~seconds. The BMS value of the sinusoidal voltage applied 
ehall be sither five (5) tim~a the maximum inwtrumer~t operating voltage, 
or 500 volts, whichever is the greater. 

6.2.2 -Inetruments operated with a permanent intern~.l ground connection shall be tested 
as follows: 

	

- 	 The inaulation shall withatand Without evidence of 
da.ma.ge  the applica.tion of a sinusoidal voltage at a 
commercial frequency betw~en eaeh electric circuit and 
the metallic case, for a period of 5 seconds. The RMS 
value of the sinusoi3al volta,ga ~pplied ahe11 be 1.25 
timea the maximum circuit operating voltage obtainable 
betz~~eon two test pointa. 

7. QUALIFICATION TESmS: As m~,~y inetruments as ap~ear necessar~ to demonstrate 
that a1 1 instruments will comply with the requirc~ments of thia aection shall be 

• aub~ect~d to the following teste where applicable. 2'he teste on each in~trwnent 
shall be conducted consecutively and after the testa have been initiated~ no 
fulrther ad.~uatments of the instrument shall bP permitted. There ehall be no 
falae alarms signalled during a.ny of the test~. A reaponse time tes~ per 
Section 7.1 aha11 be conducted after each qualification test~ except Sectione 
7,1.1, 7.2, 7.3, 7.3.1~ 7.;~.2, 7.3.3 and 7.1~:. However, eac~pt in the ~ase 
o~ the response time test following t~e qualif~cation test of Section 7.14, the 
inetrument sub~ected to the reeponae time test need not be the s~me'lnatrument 
or instruments being ~ub~ected to the ~ntire series of~qualification teeta. { 

7'.1 }3esAQnae Time: The eeneing element shall be tes'ced in an $15 C mfsximum 
~tem~err~turA i'1G,me as specified in Figure 2. The ambien~ temperature_ 
from which the test ia started shall be normal room tRmperature. However, 
a higher st~rtin~; ~.mbient temper~.ture may be ueed if.ths seasing element 

• ie apecified for use only in locations where the ambient temperatixr~e ~rill not~ 
under a.n~►  norma.l c~ntinuous operatir~ conditions~ fa.11 below this valus. For 
types of detectors and detector aystema whose senaitivity is affected by the 
numb gr of aenein~ elements~ by the length of the aensing element expoeed to 
flame (for continuoue typea), or by other factore which may be varied fro~e 
one syatem desi~;n to another, all responee time testa sha.11 be conducted with 
the least sensitive system configuration to be uaed. 'I'hs,time of resnonse 
ahall not exceed 5 eeconds when the inatrument is teste8 ~n accordance with 
this ss~tion, 

7.1.1 'Rereat Resr~nse Time: ~hP sensing elAment(s) of the'fire detector syetem 
~hall be sv?~~jected to an 815 C flame for a nerfod of one minutie. It shall 
then he remoned. from the flPme. Wit?~tn 5 sACOnda a.fter the alarm ha,e 
c1e~.rPP. the- aensing element sh~ll ae;ain be ~~ib3ecte~. to thA fl~me. An alarm 

	

~ 	shall be signalled in f3ve seconds. The unita subjectAd to thia test need 
. 	not be ~ub~ectPd to any otY:Pr tPets. 

~ 

_ .' 

, ~ 

~ 
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7.2 rixed Ten~nera.ture Onera.tion: (For Ty~~e III instrur~ent~ only) . The detectin~ 

element shal~ be placed. in a suitable hsatin~ chamber and the temperature 
ahall be raised at the rate of not less tha,n 7 C.ner minute, to not Iese 
thG,n 80°~0 oP the ratec~ temPerature aettin~;. The temper~ture shall be 
maintainsd a.t this value ~or not leas than one h~ur. The temperature ahall 
then be ra.ised, at a rate of not more than 7 C per minute, to 10~.above the 
r~,ted temperature setting. An a,Iarm sh~:l be signalled within a toler~.nce 
of. 10 n of t!~e rated tPmpAra.ture setting. . The tem;~erature shall then be 
'lo~~rer~d, at a rate of not more than 7 C Per minute. The Plarm indication 
sha.11 cease before the temr,erature falls below 90~ of the rated"setting. 

7.3 'Falae AZ~.rm Due to Ra~te of Temnerature Riee: No alarm sk~~.11 be sig~nalled durin~ 
+hese testa c~xcept in the CS.°. P  of Type III instrtivaents which may signal an 
alarm when the temperature rea,ches a value not lee .s than 90~p of the rated 
'setting. For types of detectora and. d.etector~eygtems whose e~nsitivity is 
affectsd by th p  number of senaing elements, the length of the sensing element 
e~rpoCed to the test,tRmnerature (for continuous tynea), or bv other f~~tore, 
which ma.y be va.ried from one syatem design to another, the teata oY 7.3.1 and 
7,3.2 sh~ll be conducted with the moPt sensitive syatem configuration ~o be 
u~ed. 

7.3.1 Fa1s9 Alarm Due to Local Temrerature Eiae: T~ie sensin~; element ehall be~ 
sub~ected to v~,rioue c,ombinations of ratea of temnerature riee and durations 
of these r~*AR of riae. E~ccent as indicated in 5ection 7.3, no alarm ahall 
be signa.11ed when thp  element is expoaed to any combination ~f the ratee 
of rise ~,nd ~urations within the ahaded arsa in Figure 3(a). This teet 
G~a.11 be conducted in 4 ma.nner 4imulating cond.ition.s due to local overheating. 

7.3.?, False Ala.rm Ihie to GenerP.l TerrmAr~,ture Ris : The test. of 7.~.1 sha,ll be 
re-~eated er.ce~t th~.t Bigu.re 3 b sha11 bP Qmployed and the t eat eh~.7.1 be 
conducted in a m~,nner'simul~,ting conditions existing due to a general 
tem7~eru.ture rise throu~hout an en~ine compartment whe_re the sensing 
ele>,~~3nt(s) mPV be loeated. 

7.:i.3 Falae Cleari:~ of alarm I}ae to P~,rtia.l Extin~uiahin~ of Fire: The eyatsm 
confi~a.ration snecified in 7.3 sh~ll be subjected to an 815 C flame for 30 
seconds. The flame shall then be removed from all except the portion of the 
syst~m as snecified in 7.1. The alarm shs,ll not clear. After an additfonal 
30 sec~~nde the fla,mP shall be removed entirely and thP ~,larm sh~ll then . 
clear. .Th.e units sub~jected to this teat need not be subjected to an9 
other test. 

7.4 Vibra,tion: The instrument shall be mounted on G vibratjon stand~ in its 
own shock mounted b~.se, if ~rnvided with one~ in its norm~.l operatin~ g'!a.ne. 
The instru~ent shall be sub~ ected to vibration ~r: ith an am?~litude bett~~Aen . 
.003 ~~±.~. .~n5 ~n^.h _a,t freauencie.s for 50~ to 3000 cycles rer minute, in arder 
to determine whether thP n~fural fi•equency of the instrument occurs in thie 
freqv.snc.p ran~e. 

/ ~ ,~ ~ 
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7.5 Vibr_ a_tion Endura__ce; V~ith the instrument mountPd on a vibr~tion stand, ver 
Section 7.4, it aha,ll be nibrated continuoasly at a tot~.l amPlitnde as snecified 
in Section 3.4.4 for a~period of 24 hours at the natural frequency, if 
anplicable, as debermined in Section 7.4, ar if aot applicable, at a frequency of 
2000 cyc?ae per minute. No damage shall be evident after this test. In the 
casa nf +his teet, the response time test of 7.1.~, shall be conducte~ while 
the instrument is bein~ v,ibrated. However, the sensing ~,nd indicating element~ 
need not be vibrated aimultaneously unleae it ie apparent tha,t simultaneoua 
vibration will be critical. 	 ', 

7.6 Water 3nrQVS Al.l parts of the inatrvment which a~p be insta.Iled in exposed 
portions of the ~airplane shall be subj~cted to the followin~ tests: 

7.6.1 Simulated Ra.ini The comnonents bein~; tested shall be sub~jected to a apray 
ef water, to aimulate rain~ for a pe~iod of three hours. The detecto~ aha,ll 
not be dxied prior to testir~ per Saction 7.1. 

7.6.2 ~t The coffiponente.being tested shail be eub~ec~ed to spray with a 
20 sodium chloride solution for a~erfod. of fifteen minutes. The components 
ehall then be dried in air at room temperature before they are testasd per 
;Seetion 7.1. The eomponents ahall not be cleaned before the tes~ of Section 
7.l ie conducted. 

7.7 Corr_ oaiont A11 part~: of the inetrt~ment 'w~ich ma~ ►  be instP.11ed in ez~osed 
portione of the airplane eha11 be su~3ecxsd to a finely a-*nmi.zec~. s pr~~ of 
20;$ eodie~nt ~hloride solution for 200 hours. At the end of thi g  psriod th~! 
parte ehall be allowed to dry and may then be cleaned.prior t'o conducting the 

- 	test pex' S~etion 7.1. 

7.8 ~e1 .  and 011 Immersi~n; All parta of the inatrument which m2,y be located in 
eng nei 'compartments~ or other locatione where they may b~.contaminat~d by 
tnel or oiZ, ehal 1 be sub~jected to the following teste: 

?.8.1 P~iP_ .~1_Immers_ i_o,nrs The conm .nnents being. tes~ed shsll be thoroughly immereed in 
normal~y leaded 1C0 octane fuel a~ apnroximately room tempera,ture and then 
allored to clrain for one minute before being tested per Section 7.1. No 
Cle.anin~ other than thA drainage specified above shall be accom~lished rorior 

r*n conducting subsequent tests. 

7.8.2 Oil Lnm~ ersion: The s»:me test Qh21 1 be conducted with ueed SAE ~60 oil. 

7.9 S'~.~ A11 parts of the instrument which may ~A lnatalled in ez~osed portione 
of the airplane (euch as in na,celles, wheel wells~ etc.~ ahall be eub~ected 
to a sand or 3ust laden air stream, flowing at a~onstant rate of z pounds per 
hour, for fovr hours. The atrAam ehall be formed of sand or dust that hae 
been si.fted through a 150 mesh ecreen and ahall pase over all parts of~the vnits 
under test., The teat chamber shall be equivelant to that ahown in Figure 1. 

7.10 Hi~h Temnerr~,tur s All componente of tl?e instrument which may be located in 
en~;ine compartments shall be e~posed to a temperature of 130 C for 48 hours 
prior to beiri~; tested per Section 7.1-except a 130 C. All othAr componPr..ts 
eha.11 be sub~jected to a simil~,r teat at 70 C. 

,~ 
_ _~ 

,~ 
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'7.11 Low Teraner~,t; re: The instrument shall be ex ,posed to ~, temperature AP -65 C 

for a period of 24 hours~ after which it shall be rPiaed to a temrerature of 
-55 C for a periad of eix hours nrior to being tested per Section 6.1 except 
at -55 C. Hawever, compliance with Section 7.1 ahall be coneidered to have 
~+een accamnlished in this case if the time of response does not exceed 10 aeconds; 

7.12 A1t_ itud_e Eff~cts~ 

7.12.1 H;.Fh Altitude snd Rate of Climb: ~'he inetrument sY~.~,ll be sub~ected to a 
pressure that is va,ried from normal atmoaph~ric preseure to an altitud~ 
preseure eq~zivalent to 40',000 feet at a rate of not less than 3000 feet per 
miaute. The instirument sha,ll be maintained at the altitude preseure eq,xuvalent 
to 4-O,C~00 faet for a period of 48 hours. The inetrument shall then be 
returned to sea level conditions and then tested per Section 7.1. Sealed 
units ahall not leak as a result of expoeur p  to thie pressure. Where 
~pplicable, thie ehall be demonstrated by immersion in water after the test. 

7.12.2 Low Altitv.des The inetrument aha11 be sub~ected to ths sam~ teat as out- 
11ned in Section 7.12.1. except that the ra,te of ~reasure variation need 
not be ae apecified therein and th~ pr~eeure sha~,l be maintained at aa 
altitude pressure equivalent to.~1000 feet. 

7.12.3 Presaurization Test: 811 comnonents of the instrumen* r~rich may be located 
in pressurizP~ ~.re2. sha.11 be Fub~jected to an e~ternal pressure of 8 p.s.i. 
for a period of fifteen miautes. The :esponae time teRt of 7.1.1 ehall be 
condu,cted while the components involved are under the 8 p.s.i, preasu re. 

7.13 Yolta~e Variation: Tlie instrument eh~.11 be oper~ted with thA volta~;e v~,rying 
from l~to 75~of the rated. The instrument sha:ll then be tested per 
Section 6.1 under these •conditione. Compliance with the provisions of Section 
4.2 sb~ll al~o be demonetrated. 

7.14 ~'laa~ei The detectfn~; element of the instrwnent sha.11 be sub~ected to a 
completel~ enveloping flame at ~ temperA.ture of 1100 C minimum for two periode 
of one mirsute each. The flame Rhall be ae apecified in Figure 2. The 
instrument ahall be coo2ed to approalao~tRly room tempereture ar to the ambient 
tem~erature permitted in Section 7.2 after each ex~osure to flame. The 
inatr~ament sha.11 then be exnosed to the s~ne flame a, third time. An alarm 
shall be aignt~lled in not more than fivA eeconds after eech e~nosure to 
flame. D»*i.ng cooling of the instrumer_t after the firFt two eacposures to flame 
thR ~,].~xm shall clear in no~ more tha.n 45 seconda Pfter the flame has been 
removsd f n the firet two cases. 4rtificial mP~,ns of cooling the instrument ebal 
not~be used until after the alarm ~as cle~.red. A manual reeetting device may 
be used to clesr the alarm provided it is demonstr~ted tha.t the resPtting 
dev~ce Frill clear the al~,rm only if the fl~me has been removed; i.e., if 
fla.me 1A still present and the mam~ 1 resetting device ie onerated, the 
instrument mvet continue to indicate the presence of a fire. The inetrument 
aePd. not cle~.r the alflrm and need not be capable of further operation e.fter 
the third exposure to flame. Durin~ this test the aeneing element shall be 
sub~ected to vibration as specified in Section 7.5. 
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FIGURE 1 
Schemrztic Sand Test Arrangement (Ref. Seation ?.9) 
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