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A BURNER AND TEST BENCH 
FOR EVALUATING AlRCRAFT FIRE AND HEAT DETECTORS 

r SUMMARY 

I,, order to prov,de Industry wth a “mform, re- 
prod”c,ble fume for eomparmg the sens,t,wty and 
flame res,stanee of tire and heat detectors, B burner 
was developed wh,ch was capable of producmg a s,x- 
Inch-dmmeter flame at temperatues of 1500” F and 
2000’ F wth not more than 25’ F varmtmn over the 
entm cross-sectmnal area of the flame 

A test bench mearporatmg thw standard burner 
was developed to prowde an automatle means far 
comparmg the response tune and the flame reslstanee 
of axcraft fire and heat detectors and to determme 
the,* camphanee with the Sacwty of Antomotwe Eng~- 
neers Spec,ficat,an AS-401A, Paragraphs 7 1 (response 
tme), 7 1 1 (repeat response time), and 7 14 (flame 
res,stance) The “se of this arrangement elmnnates 
the human error usually assoe,ated wth observatm” 
and accurate tm”ng 

INTRODUCTION 
Heretofore, fire end heat detectors for arcraft 

were tested and compared by various testmg agencies. 
manufacturers, and prospectwe buyers by subwtmg 
these detectors to flames of relatwely 1lgh temperature 
to determme response tnnes There was used a gaso- 
hne blowtorch or other burner wh,ch produced what 
the testmg agency b&wed to be a fax and representa- 
hve hame wh,ch eovld read,ly occur m amcraft The 
detector was s”b,ected to such flame m a manner wh,ch 
seemed to the operator to be fur and reproduable 
The response t,me was usually measvred by a stop 
watch 

After var,o”s detectors had been accepted on the 
bas,s of the afore-mentmned test procedure. thousands 
of “mts were mstalled and put into service Durmg 
the next few years a large number of false alarms 
occurred, as well as some fmlures to detect fires How- 
ever. the false alarms were not all caused bv lm”ro”er 
de&or des,gn Many of the malf”nct,ans- wh;ch bc- 
curred were caused by w,rmg faults, whwh developed 
in the detector e,rc”,ts durmg serv,ce “se, and by a 
lack of knowledge of temperature cond,t,ons ex,stmg 
m amcraft m the v,c,mty of the detectors There IS 
also a lack of knowledge concernmg rates of tempera- 
ture r,se and eoncernmg actual or radmted tempera- 
tures m various reg,ans of the power plant dunng 
“Ifrequent mane”“e*S 

As a result, the Soelety of Avtomotwe Engmeers 
(SAE) was requested to estabhsh sper”=icatlons far 
quahficatmn tests and the Technrcal Development and 
Evaluatmn Center cf the C,vd Aeronautics Adm,mstra- 
tmn was asked to develop a standard burner to be used 
,n determmmg the response t,me and the flame res,st- 
ante of the detectors Th,s burner was accepted and 
later spee,Aed as the one to be used m testmg for 
comphance wth Paragraphs 7 1, 7 1 1. and 7 14 of 
Speelfieatmn AS-401A estabhshed by the SAE 

Th,s burner was later mearporated ,n a test bench 
which automatically sub,ects detectors to the standard 
test mocedures outhned m the three “araeraohs of 
the cited speclfieatmn 
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OBJECTIVE REQUIREMENTS 

The burner was deslgned to prov,de a standard, 
reproducible flame not less than ax Inches ,n dmmeter 
at temperatures of 1600’ and 2000” F. wth not more 
than 25’ F varrat,on over the entwe cross-sectmnal 
area of the flame 

The test bench, wh,ch mcludes tne burner. wab 
desIgned to prov,de en accurate means for automat,. 
ally ex osmg detectors to the standard flame and to 
record K t e tnne mtervals reqwred by Paragraphs 7 1 
(response trme). 7 11 (repeat response t,me), and 

7 14 (flame resxtance) of Spec,ficatmn AS-401A The 
sequence of events followed durmg each of these 
paragraphs ,s heremafter given 
Response Tune 

The sensmg element of the detectmn system bang 
tested ,s placed I,, the 1500’ F standard flame As the 
element passes over the edge of the burner prodnclng 
th,s flame, a tnner 1s started and eontmues to run “ntll 
the system g,ves the alarm at which t,me the timer 
stops Thus, ,t lndlcates time for detectlo”. or 
response tune 
Repeat Response Time 

Th,s portmn of the test ,s B eontmuatmn of the 
response-tnne test After the response trme has been 
determmed, the element 1s retamed m the flame until 
60 seconds have elapsed from the tune that It was 
first placed ,n the flame At the end of the 60 seconds, 
the element ,s removed from the flame and allowed 
to coo, ,n st,,, am at room temperature Fwe seconds 
after the system has cleared the alarm, the element 
,s replaced ,n the fire, startmg the t,mer When the 
system s,gnals the alarm, the t,mer stops It then 
mdwates the repeat response tmw 
Flame-Resistance Test 

The sensmg element 1s placed m the 2000” F 
flame of the standard burner The t,me for detection IS 
,nd,cated by a t,mer as descr,bed prevmusly The ele- 
ment 1s retamed ,n the flame for Q. total of 60 seconds 
Upon removal of the element from the flame, a second 
tuner ,s sta ted Th,s t,mer contmves to run whde the 
element coo s I” stdl am at room temperature “ntd the f 
system has cleared the alarm The t,me mdwated by 
tJ;rw,d t”ner ,s the t,me required to clear the 

DESCRIPTION OF EQUIPMENT 

Standard Burner Assembly 
The complete standard burner assembly IS shown 

I,, F,g 1 Details of the components of this assembl> 
are gwen m F&-s 2. 3, and 4 

Wg 2 shows the d&ads of the burner and the 
burner gr,ll wh,ch cons,sts of two plates connected by 
1%.meh copper tvbes Gas and a,r are mxed m the 
burner base and travel upward through the tubes The 
burnmp takes place above the top plate of the burner 
Coohng a,r 1s adnutted to the burner through the four 
‘&rich p,pe-tapped holes between the plates of the 
burner gr,,, Th,s mr passes upward th,o”gh the No 
33 dr,,, hales ,n the top plate and serves as a means 
for controlhng the aver-all temperat”re of the flame 
The ,ocat,on of the four ?6-mch p,pe-tapped hales 1s 
cr,t,cal They must be located d,rectly m 11ne wth the 
center row of %-Inch copper tubes ,n each of the four 
quadrants Improper locatmn of these connectmns wdl 
result m an “neqval radml d,stnbutmn of eoolmg a,r 
and wfll affect the d,str,b”t,on of the flame 
temperature ,n a hke manner 

F,g 3 shows the d&ads of the burner base When 
the two 11/33-meh-dmmeter holes m the burner plu$ 
are drdled. care should be taken that the center hnc 
cannectmg these hales ~111 be at right angles to the 
center hne connectmg the two 19/64-Inch-dmmeter 
holes m the base When these 11/32-Inch-dmmeter 
holes are praperl) located, the 19164~Inch-dmmeter 
holes cannot be seen when one looks vertically down- 
ward mto the burner base This m,sa,,gnment of holes 
e,ds m the mrong of the gas and e,r before the, 
ascend to the burner g,,ll 

F,g 4 shows the details of an or,tice and of a” 
onfice chamber Three are req”,red Two of these 
or,hce chambers have end lates wth the K-mch 
Parker thread httmgs on bat R ends and are fastened 



FE 1 Standard Burner Assembly 

dlreetly Into the burner base The third or&e chamber 
has an end plate with a Parker thread fittmg on one 
end and the plate wth four %-Inch-dnmeter holes m 
the other end Thu end of the chamber IS connected 
to the burner by four copper tubes. each % mch m 
autslde diameter (OD) and 13% Inches long One of 
the orifice chambers connected to the base ,s for 
measunng the gas supphed to the burner and has an 
ornice 5132 (0 01626) Inch I” dmmeter The other 
or&e chamber connected to the base 1s for measunng 
the mmmg a,= supphed to the burner and has an onlice 
?4 (0 25) mch m dmmeter The third onlice chamber 
connected to the burner by four U-mch OD copper 
tubes 1s for measurmg coolmg 81r supphed to the 
burner and has an onfice 6116 (0 3126) mch ,n 

e Caolmg-an orifice (S/16-mch dmmeter), 6 .j 
Inches of water 

In order that the burner m,ght produce the r,ght 
amount of heat, the dlfferentml pressure for the gas 
and the nurmg a,= should he accurately controlled A 
shaht varmtmn m the eaolma an mav be necessan ,n 
or&r to obtam the proper t&,,peratuie 

Test-Bench Assembly 
Fig 5 IS a photograph of the detector test bench 

and shows the controls and the exposed components 
Fig 6 shows the underside of the test bench Thw 
wew shows the relstlve posltmns of all components 

not wslble ,n Wg 5 The thermocouple for measurmg 
the flame temperature IS mounted on one leg of the 
smder and can be seen above the center of the burner 
T-he detector mounted an the other leg of the sp,der 
1s protected by the shmld from radmtmn from the 
flame The spider 1s mounted on a hub which rotates 
about a vertwal shaft which 18 operated by a 30-voli 
dmect-current (d-c), motor-drwen, reversible actuator 
equipped wth lmnt swtches The two legs of the spider 
are made of stmnless steel tubmg $b mch m dmmeter 
They are mounted radmlly Prom the hub about 90’ 
apart This angle IS determmed by and should be the 
same as the angular movement of the spider hub The 
spider and the burner should be so located that (1) 
when the detector IS out of the fire the spider leg to 
whleh a thermocouple 1s attached IS m such a posltmn 
that the thermocouple ~11 be 1% mches above the 
center of the burner grill and (2) when the detector 
attached to the second leg 1s m the fire It v-,11 be 1% 
Inches above the center of the burner A cam attached 
to the spider shaft should be located I,, such a manner 
that It ~111 actuate swteh M. as the detector passes 
over the edae of the burner A second cam attached 

dmmeter 
The gas should delwer approxmnately 2500 Br,t,sh 

thermal umts (BTU) per cubic foot The burner should 
consume 26 cubw feet of gas per hour far the 2000’ F 
(1100’ C) Rame and 12 cubic feet of gas per hour 
for the 1500’ F (815’ C) flame 

The dG4erentml manometer readmgs of the pres- 
sure drops across the or&e should be 

1 For the 2000” F (1100” C) flame 
a Gas or&e (5/3%mch dmmeter). 0 99 mch of 

water 
h Mxmg-air orifice (‘/r-inch dmmeter), 9 26 

Inches of wster 
e Caolmg-am onAce (5/l&mch dmmeter), 11 0 

mches of water 

2 For the 1500” F (316’ C) flame 
a Gas anhee (5/3%mch dmmeter), 0 22 meh of 

water 
b Mlxmg-air anhce (%-mch dmmeter). 4 2 

mches of water 



Fig 2 Standard Burner 

to the spider shaft should be located so that It wll The shwld 1s made of thm alummum-alloy sheet 
actuate swteh M, Just before the “out-of-fire” cycle It IS so located and of sulfiewnt sme to prevent radla- 
15 completed tmn from the burner flame from affectmg the sensma 
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BURNER PLUG 

Fig 3 Burner Base 

element of the detector before It IS brought Into the 
flame and after It IS removed The movement of the 
shield 1s controlled by an actuator slmllar to the one 
controllmg the movement of the spider Switch M, 1s 
located so that It IS tnggered Just before the shield 
comdetes Its down stroke 

‘The t&r 1s of the synchronous-motor type which 
operates on 110 volts alternatmg current (a-c) and 
has a normally open c,rcu,t that closes 60 seconds after 
voltage IS appbed and resets automatically when the 
voltage IS removed A wbrator, wth a frequency of 
about 2000 vlbratmns per mmute and an amphtude ai 
0 002 ta 0 003 Inch, IS mounted near the center of the 
detector leg of the spider This IS to overcome any 
shght frxtmn between parts III the detectmg element 

Specnl clamps must be made for each different 
design of detector to fasten it to the spider arm so 
that the detector ~111 be 1 ?/r Inches above the center of 
the burner gnll when the arm IS m the IN posltlon 
The clamp should be such that It does not transmit 
exeess,ve amounts of heat between the spider legs and 
the sensmg element of the detector 

The schematic dmgram of the electneal emcults 
IS shown rn Wg 1 Swtches S, and S connect the 
bench to the 110.volt a-c and the 24-volt d-c powa 

supplms, respectwely When the startlw switch S, 1s 
closed, the followmg events take place Actuator A 
lowers Its shield and closes Ma This causes actuator 
A, to swmg the detector over the burner In domg so, 
M, ,s moved from pa&on X to pos,tmn Y, and M, 1s 
opened The mavmg of M, to posltmn Y starts opera- 
tlon recorder L, and tuner T (This much of the c ele 
occurs m less than a second ) The cam on the s K aft 
of A, IS adjusted so that M, IS moved as the detector 
passes over the edge of the burner Smce L. starts 
when M, IS moved to posjbon Y, L, accurately mdxcates 
the tune that the detector IS m the flame Lj records 
the tune requned for the detector ta pick up and relay 
the signal of fire When the detector senses the fire, 
,t completes the Z&volt cxcult through R, to ground 
The energrzmg of RI opens the excmt through L, and 
connects L to X on M,, which IS open at this partmn 
of the cycle The corn 

IT 
letmn of the cncult through the 

detector also hghts t e md,catmg hght L, The tm,e, 
T 1s then mamtammg a 60.second tune mterval from 
the tnne the detector passed over the edge of the 
burner At the end of this 6Wsecond period, ‘nmer T 
completes the cwcult through R and causes actuator 
A, to remove the detector from the fire This moves NI, 
and M back to then ang~nal posltlons, as shown m 
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F,g 7 M, then causes the actuator to ra,se the sh,eld, 
and M, completes the c,rcu,t through o~eratmn record- 
er L, (Relay R, IS st,ll enerrr,zed ) W,thm a reasonable 
tune after the detector ,s %movkd from the flame, ,t 
w,ll clear the s,gnal of Are by sensmg the absence of 
fire and wll open the e,reu,t Thus R, w,ll return to ,ts 
orlgrnal pos,t,on and w,ll open the c,reu,t through L, 
The tnner resets automat,cally when M, returns from 
pos,t,on Y to pos,t,on X The openmg of swteh S, 
allows relay R, (the self-holdmg relay) to return to 
the startmg pos,t,on, and the test bench IS ready to 
repeat the same cycle when S, ,s agam closed 

Operat,on recorders L, and L record the tm,e 
requ,red for the detector to g,ve the signal of Are and 
the t,me reqwred to clear the s,gnal, respectwely 
Sw,teh S. energ,zes relay R, and causes the same se- 
quence of events to occur as ,s normally caused by 
t,mer T at the end of ,ts tmung cycle It can be used 
for removmg the detector from the fire at wll Sw,tch 
S. can be used for energmmg relay R,, wh,ch act,on 
noiaally occurs when the detector senses fire Swtch 
S. can be used for elearmg the signal of fire at any 
t,me, pronded the detector ,a completme the c,rcu,t 
(s1gd1rlg fire, 

The detector connect,ons shown m F,g 7 a,-e for 
a thermal-swtch umt type of detector In any other 
detect,on system, a normally open relay should be 
substituted for the detector and should be owrated 
by the electrxal fire-warnmg s,gnal gwen by the 
detectmg system wh,ch ,s undergomg testmg 

OPERATING PROCEDURE 

For determmmg the response t,me and the repeat 
response tune of a oetector. the follawmg steps should 
be performed 

i Mount the detectmg element on the proper leg 
of the sp,der so that the element w,ll be 1% 
Inches above lhe center of the burner gr,ll when 
swtches S,, S, and S, are ON Th,s must be 
measured ,n less than 60 seconds after swtch S, 

IS turned on, because the detector wll automati- 
cally be removed from the above burner at that 
tmle 
With switches S, to S. ,nclus,ve ,n the OFF pow 
hon. adlust the burner to gwe the 1500” F flsme 
Place swtches S,. S,. and S, ,n the ON pos,t,on 
Immed,ately after t,mmg dence L, has md,cated 
that the s,gnal of fire has cleared, place swtch 
S, m the OFF pos,t,on 
W,th,n five seionds after the clearmg of the 
s,gnal as described ,,, step 4, place sw,tch 5, I,, 
the ON pos,t,on 
As soon as detectmn ,s obtamed, 
momentsnly. then place watch .4 

ress swtch S, 
j m the OFF 

posltlo” 
The test ,s thus completed, and the response t,me 

and the repeat response tm,e are taken from hne L 
of the operation recorder chart If mdxatmg chro 
nometers are used mstead of recorders L, and d, the 
response t,me as ,nd,cated should be noted and chro- 
nometer L, should be reset durmg the first 60 seconds 
of the test Thus, the repest response trme w,ll be the 
second md,cat,on on chronometer L, 

For determmmg comphanee of a detector wth the 
flame test, the followmg steps should be performed 

1 Mount the delectmg element as desenbed ,n step 
1 of the precedmg sect,on 

2 Adjust the burner to gwe the 2000” F flame 
3 Place swtches S,, S,. and S, m the ON Dos,t,on 
4 After the clearmg of the s,gnal. place skch S, 

,n the OFF Dos,t,on 
The tune fo; deteet,on ,s mdlcated an 1,ne 1 of 

the aperatmn recorder, and the tm,e requred to clear 
the signal after removal from the flame ,s mdmated 
on lme 2 of the operat,on recorder 

After the diteetmg element has cooled to room 
temperature, steps 2, 3, and 4 should be repeated 
After the detectmg element has agam cooled to room 
temperature, steps 2 and 3 should be repeated As soon 

. 

F,g 4 OnRce Chamber 



Rg 5 Detector Test Bench 

as d&e&on IS obtamed, press swtch S. momentanly 
and then place swtch S, ,n the OFF pas,t,on The t,me 
lequred for detect,on a,, each of the threw exposures 
to the flame should be noted The tune required to 
clear the s,gnal should be noted after the first twa 
expos”res only 

Swltcbes S, and S. are test watches The detector 
c,rcu,t can be completed by pressmg swtch S, If the 
detector c,rcu,t IS closed, ,t may be opened by pressmg 
swtch S, L,ght L, ,s an mdlcatmg lamp whreh hghts 
whenever the detector senses fire Th,s enables the 
operator to note the cond,t,on al the detector wthout 
serutmmzmg the chart on the operatmn recorder 

der the seet,on ent,tled “ObJectwe Reqwements ” 
Typwal results on the follow,ng detectors are 
presented 

Ednon Model 108-8, manufactured by Thomas A 
Ed,son, Incorporated 

Th,s 1s a rate-of-r,se, un,t type of detector co,,- 
s,st,ng essent,ally of a thermocouple Junet,on The 
s\stem generally cons,sts of a number of un,k eon- 
neeted ,n ser,es w,th a control box Tests conducted ,n 
th,s pro,ect utlllzed a c,rcu,t cans,st,ng of a smgle 
““It connected to the control box 

TYPICAL TEST RESULTS 
Fenwal No 17343.61. manufactured by Fenwal In- 
corporated 

The test bench has been used successfully for 
testmg un,t and contmuous tvpes of detectors ,n ac- 

This 1s a Fixed-temperature, thermal-swtch, umt 

cordance wth Spec,hcat,an AS-401A. as descrrbed un- 
type of detector and operates on the pr,nc,ple of 
thermal expansmn 



F,g 6 V,ew of Underside of Test Bench 
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V,k,ng B-331, manufactured by V,kmg Instruments, 
Inc 

Th,s IS a fixed-temperature. thermal-swtch. umt 
type of detector and operates on the prmc~ple of 
thermal expansmn 

W,lcalator No A-4981, manufactured by The WII- 
colator Company 

Th,s IS a fixed-temperature, thermal-swtch, umt 
type of detector and operates on the prmmple of 
thermal wxpans,on 

cons,sts essantmlly of tv,o conductors separated by an 
,nsulat,ng matenal w,th a res,stance wh,eh decreases 
apprecmbly at a predetermmed temperature An aght- 
mch portlo,, of the element was sub,ected to the flame 
dunng the tests 

Results of tests conducted a,, these detectors and 
usmg the eq”,pment described m thx report are g,“en 
m Table I Results of the umt tvpe of detectors are the 
averages obtamed from three or more umts 

CONCLUSIONS 

Walter K,dde Contmuous Resettmg Type, manufac- 
tnred by Walter K,dde & Company, Ine 

Th,s IS a fixed-temperature, contmuous type of 
detector spproxmrmtely l/16 Inch ,n dmmeter and of 
any reasonable length The cont,nuo”s sensmg element 

It IS concluded that th,s test arrangement auto- 
mat,callv and accurately determmes the rws~onsw tmw. 
the rep& response tmie, and the flame r&stance oi 
areraft heat and Are detectors as sprc,fied m Para- 
gr;~@;~; 1, 7 11. and 7 14 of the SAE Specnicatmn 



Rg 7 Eleetrwal Clrcult Diagram for 
Detector Test Bench 

TABLE I 

RESULTS OF BENCH TESTS ON AIRCRAFT FIRE DETECTORS 
(Tests Conducted ,n Accordance Wltb SAE Spec,fwatmn AS-40lA. Paragraphs 7 1, 7 1 I. and 7 14) 

Detector ,500’ I= FI?.me 2000” F FIazne. 65,000 BTU Per Hour 
Manufacturer 30,000 BTU Per Hour 

Response 
Time 

(second.) 

LO 

30 

32 

30 

40 

Repeat 
Response 

TlrnW 
(second.) 

1st Exposure 2nd Exposure 
Response Clearmg Response Clearmg 

Tm-.e Time Time T,me 

(seconds) (seconds) (seconds) (seconds) 

3rd Exposure 
Response 1 

TlrnW 

(seconds) 

I 35 

Fe*X”*l 
No 17343-61 

“,kmg B-331 

W.Ico,*tor 
No A-498, 

Walter Iedde 
Cont,nuo"s 
Resettmg 

05 15 26 0 I7 19 6 

14 15 21 16 15 

16 19 16 0 23 12 5 

15 24 20 5 z?. 20 5 

1 65 

I7 

*5 

23 I 

Table I Results of Bench Tests on 
?Lreraft Fm Detectors 


