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ABSTRACT

2 'J.thf: cifvel•Dprnrit of thermal batteries, ore of the rne..ny problems eneountered;i
wi-n-; that of au ignitability test for the heat paper. In general the heat yntper is one of rt
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CJASSIELED

Introduction

The extremely desirable electrical and mechanical characteristics of the thermal bat-
tery make it attractive for use in powering electronic equipment in missiles and military
weapons. This battery, being a relative newcomer to the field of electronic power devices,
is in a state of constant change due tc the demands of new applications.

One of the many development problems encountered was that of a precise ignitability
test for the heat paper. It was acknowledged that prior methods of ignition .t
electric spark method left much to be desired. The spark length was nor
the actual heat output of the arc was not easily measured. In the search for

- --Meth-6d; -personnel in DiviTsion 1461 tried a concentrated -lbeiiiii -arliklifin—a-n a
heat paper. This experiment proved so promising that further development wa
this line.

This memorandum desciqbes a heat-paper ignition tester utilizing a cone
of light as the ignition source and giv m the results of a series of tests perform .

paper by this method.

`Er ascription of Tester

The tester is composed of two units: the control panel and power supplies, and the
optical syste.m and paper holder.

The control panel (see Schematic I; ) contains twosprecision timers , and a Meter; plus
Various switches, calibrption potentiometers, and a vexitte for controlling the brillianey of
a projection , lamp which is incorporated' in *the apticat,syStem. Number I tinter .indiCitea,the
time , it takes a heat-paper sample to...gnite when a Controlled teniperaturebeim of light i's.'
applied1Olt. NuMber 2 falser indicates .the length of time it takes to bura'7 -3,14 inches of a.
-heat-ipaPer:saiiiple. The meter is"talibrated in degreea :Fahrenheit,and measures:the'lem-'
peraturelndneect,bYlbe:bearii.of .light 'tie:Paint. where:it intercepts -the heat.04,ker..-:.':oteti:",. ...
tiorriéteriltli..edairola.the Valtaige.bias onpliatatall'NO;.' I. 'This Voltage can
Conrieeting'S.4aCtitiniAithe voltmeter .t etWeenterminels JI and J2 (90 valid:Weil appears to . :
gOe MailinninaensitivitY)... Potent: ometer R2 'controls the voltage bias on photocell No: 2;
this Voltage •,Can be.Measured betWeen terminals JI and J3. Potentiometer,R3 controls the
voltage bias on Photocell No. ;3; 'this voltage can be measnred between terininali:Jk and J4.-
Potentiameier R4 contrail the ,Voltage bias on the cathode of at-2D21' thSeratiOti
the ignition4imer. i*otentiometer Rf •controls the voltage bias of a'thyrtitron used in starting

-thOburnriate titner--.The'ealibration of these film-units will be-discussed under thelSeaion:0
calibration. .

A METHOD OF TESTING Mr.,
THERMAL BATTERY HEAT PAPER

The optical system (see Scheinstic 2,) and paper holder are connected to
panel by means of a 6-foot length of cable. In the optical system, the light from . 	etticniZ
lamp is focused on the heat paper sample by means of a lens system. In the ins 	 tatione
of the optical section, three photocells are used, one to monitor the intensity ,or teznperature
of the light beam, gone to measure the ignition time of the paper, and one to measure the-burn -
ing rate of 'the paper. An assembly of metal-lined asbestos strips is used to hold the heat

per In place in the beainof light and in front of the ,photocells, It also acts as a heat sinic to, 	 .
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match the heat-sink effect of t
shutter is used to control the t
shutter was necessary in orde
application of the beam of ligh

e materials in the thermal batteries. A solenoid-contriilled
me of application of the beam of light tolife-heat paper ,* is,
to allow stabilization of the projection lamp temperature before
to the paper.

Other parts of the tester are a 28-volt DC supply used for relay operation, and AC-line
voltage regulator, and a regul ted 300-volt DC poWer supply for the various tubes. (These•

Operation of Tester

•f

The tester is turned on d allowed to warm up in the reset mod

The sample of heat pape
test assembly; one strip is hin .

test. A curve of temperature
on tester calibration). When t
seconds later a time-delay rel
timer No. 1, and at the same i
the heat paper. The heat pape

• acteristics of the paper and by
ignited heat paper causes phot

•The triggering Of , thethyrati'
•timer and starts burning-rate
from the bnining paper strikes
to trigger thyratron tube V5.

• (K2), Which stops the burning-

The information supplied
other pertinent information.

is placed between the two azb...:- „
ed for ease in doing this. The 
ntrol-paneHe-set-at-the-temperat
ersus variac dial setting is provided w 	 . • 	 er (s 	 on
e fire switch is operated, the projection '•■ • ights, and 3'. 
y (K6)in the tester operates. The.relay-Kfistarts 
stant operates the shutter, allowing the beam . of light' to strike
'ignites after a period of time which is controlled by the char-
the temperature induced,bythe light beamThe light from:the
tellNO. 2 to conduct, which in turn triggers thyratroii' ,.tubeK..:.V4:'
tube operates a sensitive relay :(K1), which stops - theighltiOn-,1 '

er No 2. The heat paper burns along its length Until night
the surface of photocell No 3; .causing it to conduct tindthuiEr

e triggering of this thyratron tube operates a sensitive
ate timer

by the two timers is recorded along with:the temperature and
tester: may he reset by raaank.ot!he :.x.,ese0?:uitc!.zt,-,.',;.:.:,. ,

, 	 • •...

Tech ical Description 'of Teat Equipment 	 •

• • • • 	 ' • 	 .•••- • :':" 	 •
• •

• • .•	 • • •

The .optical system is to
-socket-and- reflectozfrrn..a.

s external focusing lens With
projector are not needed). t
sary to obtain the proper temp

The equipment (see Sche
removable slider Slots were c
forward and backward inlaline
attichedto:tlie,box cooled the,
Plied to the projection lamPth
limp's brilliancy was used for
the person Making the adjustin
point. of-light 1/8 inch in dim:L.1e
inches forward of. tbe front len

• •
•posed mainly of the collimation assernblx, TrojettiOnlamp, •

ard,,slide-projeCtor,
be assembly it4c1 . th6heat .-filtiz*ieteiis which come with a.

erimentation, showed that a 750 ...watt projection .16MP*Ui.neCeS-:
rature.for 	 ,;..•

•••, 	 .)',..,..
atie '2) was mounted on a .Metal batie4tVa: ,,,,,. ,,,,-.1 • •

t in the base so that the lena-mountint . 64 ,,.. -1-j'.'Alit , be ..-...'fr9r0:..thel projection lanip...: • A small squir ":1;"1:',..;., ; 	 -
ojectiOn btilb. Prior to complete assemb : 	 • t:
ugh the variac on the control panel; c$r9y. - ,about,a:third;:gif.:the',
est purposes, chiefly to prOtettAliiitiglieifid: ;ffiiiterii:ofi'
nta The lamp, lenses, and -reflector were adjusted :Until S.'
er and of maximum intensity was obtained„at., -,a,.pOint about 3 -
.,.. All .pieces were then .fist eried'IlrrnlY in'iliee in the box

•

• • • . 	 •. 	 • 	 . 	 . 	 . 	 .

, 	 . 	 .• • '

are separate units and are not hosm in the schematics.)

1 	 • 	 •



The optical assembly was then astened to a radio chassis base. The heat-paper
ignition-assembly asbestos strips were mounted so that the light beam coming through the
hole at the beam's focal point would strike a piece of paper held between the strips.

Three coil-shield square cans were mounted on square fiber bases about 1/8 inch larger
than the cans themselves so that the cans were made light-tight. Sockets for No 927 photo-
cells were mounted in the bases so that a photocell would stand upright inside each, can Op-
posite the center of the photocell's face, a vertical slot 1/16 inch wide by 1/4 inch long was
cut in the side of each shield can.

Photocell No. 1 (see Schematic 2) was mounted on the end of the optical-assembly can
at a right angle to the beam so that it could monitor the intensity of the beami 	 ' .1
had focused it. This photocell controls the light-intensity meter on the:i); e
was mounted on the hinged section of the heat-paper asbestos-strip ass
was in line with a slit in the asbeslus strip. This slit was in line with,
hole drilled in the fixed-position asbestos strip. Photocell No. 3 was
was in line with a slit in the fixed-position asbestos strip. The slit in

inches froze 'the light --beam hole. A Shiftier, operatedbYrna - iitleriold,-
the light-beam hole so that the beam could be cut off until needed. Photocell.,
measure paper-ignition time, while piotocell No. 3 measures the burning ra

....
The entire optical system was' connected to the control panel through a 6-foot cable.

The control Parcel (Schematic 1) is composed' of several electronic circuits. One is a
300-volt DC vacuum -tube7regulated pwer:surtialY which is use'

 the photocells and for the 'Niaci= 'tube sensing circuits: 4,28-ypitilightduty' pc supply
is incorporated in-the; .control',unit; •its,,pUrpnseis tii,biai. the 2D21 thyratron-tube, cathod e .. c ir ';, •
cuits•for correct Valtage....trig	. 	 . g 	 level.

,as' the B4  plate -voltage supply

..,,:

,	
.

, 	 .

	

Photocell, 	 No. 1: ii'connetted to the control grid:of a 8C4,tube which is used as a.
caihode : felloWer and 'is a ..bilfferr between the photocell and the temperature meter; in other .
words, it keep:e.the'direet load of the meter •off the,photO tube: , It also 'gives a. lower minimUM,
no4ight VOltitga:readitig'On the meter.. : The ureter 	 is:*terti-to r ne ralliarnmeteriwith a
50-kregistance'MUltiplier; making it , essentially a 0:, to 50-volt voltmeter. It is calibrated
in degrees ,Fahrenheit, and when a pa?er sample is ignited, the raeter'monitors the4einpera-
,ture of :the . light beam. ' •

. 	 . 	 ., 	 : 	 . • 	 . 	 , 	 . 	 .
:PhOtocill No :2 ".z."clock for, indication of paper -ignition time. .:Thec•-,output of the

; photocell. is COnnected.,togrid•:-I:i9,i 1,1;11'4 6SN't,'ttbe.(V3rVilge.li is ;Usiia as iiii ,,eith64.i,foubser;
"r"f*;:contro/:' ,174rOtttilti7202171byzatroillub#Iv0 . ts7c-ozure,cted10-catiuxte71V.A01;4'. - V.3--,..'---
Light •Strikinci,ithetoeill.:NC .,. 2lCanSeS i it to conduct, ..thtia making the' grid: .. .,„-.,, ... ,:::- ..'We". ''‘i,:-
tube . more : pasitive.: The increase iniCathode-fallower current reeniitif**
Voltage, wh 	

' 	 46iithode

	

, 	 :-,...,
' ith isp.iii;,lied In the grid . ef the 2D2 1 ?thyratrOn (V4). The:•grict: '  —. 	 1/D21:::':,, .(V4)' was held:Constant by means, of potentiometer R4 in'the cathode Circia 	 t'!,.,•: V'4)! then '-

triggers, •drawing a fairly large plate current, and thus:;Operates the senait, b-e,i,t :(g,.1 ) : con-
. fleeted in series •with,'the ,Plate.. - Operation of the relay-id trt turn energizes. 	 , latelf . Y:

	

.. 	 ,. 	 ... 	 _ 	 ,  	 , 	 .,. 	 ..„ 	 , 	 . 	 . 	 , 	 ., 	 ... 	 . •
relay- (K4), - ,;v4tChin Opera'iing - opens the timer clutcheireuit-:•stopping -the ifirii.' 	 tiMer.'s,At,_ 	 : 	 ,  • ,,• 	 :-.

•
the same tiMe, - .the energized 1C4•alSo connects 28,Volts.:DC through-...the : norrnati 	 70 i•ciang.
tact of sensitive' 	 ka to the .ciiiti ' ' which operates and starts the bUrningr 4. -b*. ii.."- . .

•- 	 • 	 : 	 r.. 	 : 	 : 	 : '?'•'' 	 4,:?;..."?;•• - 	 1.-:..:r•

	

. 	 • 
Pheteeell No. 3 contrOls the bu ning-Tate tinier. When the light from a'biir t•L g heat ''.

.. 	 ... 	 .._., 	 .
	 the

paper - sainple"Strikes.this phatOtelI; -• conducts. Its output: is connected to grid:Ne. 4 of 6SN7 :':
cathOda7follOWer' tube V3. •rflie volts: lionv the photocell: causes the grid to becomes More
:p4itti:ie, resulting in a.higherCatliod . 4011OWer, current; , Which in turn caUses',abigher cathode
voltage, This''''.iiciltage rise is applied; Othe.eontrOl.'grid•Of121)21 thyratien t:fibe';'(VB);''aridsintii: :

• the control-grid VOltage of thie., :tnhe.' i:•fieldecinatant by.obtebticipaiitir R§;•!ttibe:;•Y5 trigiter.e,.. „   

	

,, 	 .
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drawing a fairly large plate curre t through the winding of relay K2 and causing K2 to operate.
The operation of 1C2 removes the 8 volts DC from the clutch of the burning-rate timer, stop-
ping the timer.

The purpose of relay K3 is
the tester is fired. This relay pr
caused by daylight striking the su
samples are being loaded or remo

Relay K6 is a time-delay re
perature before its output is appli

Power for relay operation i

A 115-volt AC power-sourc
lamp constant.

remove the plate Voltage from the.thy.ratron tubes ,until
vents., preniatUre triggering of;the tubea'which relight be
face of the.Photbeella -thiring the'Peridd Nherlheat-paper
ed from 'the paper -hblding assembly,.

.;;07:;of.ay which allows the projection bulb to corrie,A '.to full teina,
d to the paper sample.

supplied from a 28-volt Nobatron power supply.

regulator is used to keep the light output .projection,

Operational Sequence of Relays in Control Unit

. Fire button is operated, activating and latching, relay K5.

Relay K5 operates and: 	 !A'

a. Applies power to p ojection lamp, lighting it.
b. Applies 28. volts DC to relays K3 and K6.

Relay K3 operates, co , ecting plate voltage to thyratrons.

4. Relay K6 (a time-delay day, set to act 3 seconds after operation of tire.button)
operates and:

a. Starts ignition-time , •
b. Operates shiitter so enoid.

5 . Shutter solenad operate=, permitting light beams to act on paper sample.

6. Heat paper ignites, adrn tting light to photocell No 2,

7. Photocell No. 2 conduct , triggering thyratron V4.

• Thyratron V4 triggers,

. Relay KI operates, acti

10. Relay K4 latches operat

a. Open the circuit to
b. Connect power thro

which:starts the b

perating relay Kl.

sting relay K4.

and:

e. timer clutch, stopping ignition-timer.. r,
gh normally closed contacts of relay ya-*

g-rate timer.
. 	 ,

11. Reat-paper burnsits is h. At end of burn, it provides light one 	 :tphotoce
• Nab 3, cautiting , ,ph.citiad 	 t'"conduct:

12. PhOtoCell, No 3 conduct , triggering thyratron V5.
T SSIF

t
• •4k,4116Ti*

tee:1:44,r1,4;..7-4,
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14. Relay K2 operates, open

15. Operator records data.

power to the clutch which stops burning-rate timer.

•-••—•••• 	 4	
,iP 	 r;.f

' s

SIFII
e.

4 .

13. Thyratron V5 triggers, op rating sensitive relay K2.

R setting the Tester

1. Reset button is operated,

a. Applies 28 volts DC to
b. Applies 28 volts DC to

2. Relay K5 releases, and:

-a, --Removes power from.
b. Removes power from
c. Removes power from

Relay K3 releases, recto
them to normal.

hich:

relay K4 reset coil, releasing K4.
relay K5 reset coil, releasing K5. P."

elay 	 releasing K3.
elay KB, releasing K6.
hutter solenoid, releasing solencii

g plate power from thyratron-tube plate irestorin

C ibration of Tester

Potentiameters RI., R.2,..and,R3
thefsirfaCes of any -6

Titietmm -tube:SRI:enter indicatea 90
33 and 34; •

The most complicated calibrati
The calibration is performed as folio

1. .A -thin 'piece of asbestos is
light beam from striking' th

',...the_Paper holder is clamp:
A thermocouple is placed

The fire button is operated

are ,adjustedogith the tester in theEreiet.
the photo tubes. Each potentiometer is.adjusted

volts when "connected'between. 31 and 32,: 31 and 33,‘'itid

•
ainst the asbestos piece in the center of the light beam..

Theyariai: on the control
point iriCrements of the,di
the temperature as indicat
Tirb graphs are made, •.one
perature, Versus meter .rea
teMpératUre ;Changes cans
lena..ASserrobly.

el is advanced.froth'its miniMUM
, and, recordings are taken of the.'xiieter'
d -Oh.A:,-pOtOntiometerr.connectidttoithi0
(4.tempiritnre.versus 1mi:tic' and the
inks. The meter's -purpose is td . Monit

agintof the projectiOn 	 •sinOkit

The setting of .44:16 a Cut-and-
,

1. A thin ishet.'of asbestos; ('o
to cover:?the.light;..biam;hp

y method: .

e used as. a Spacer in , . a battery is best) is placed so. as. -
e in.,thO0aPer-hOlding assembly.

ri4., e

•

n of this tester is that of the light-beam temperatUre.

laced in the heat-paper holder so as to prevent the
face of photocell No. ':2. (the ignition-time.photocell).

s:



6. When clamped strips are opened, the light from a flashlight directed on photo,No 2 should trigger the thyratron. The triggering can b - 
of the ignition-tinier, which is proof of the triggerin

The calibration of R5 is nss complex. The light from
orifice of photocell No 3 should trigger the thyratron, stoppin
control R5 should be set just above the point where the dark outpu
prematurely trigger the thyratron associated with the burn-rate timer'

The temperature range at the point of the beam can be varied frorn ambient to 1000 0F
in the prototype tester.

Description of Tests Performed

(Note: In this section, the optical system will be called the igniter.)

	

. 	 ,
Most beat-taper samples were ignited with both the igniter and the sample holders

stabilized at -65 F. A few samples were ignited with theo sample holders and igniter at am-
bient room temperature. Still others were ignited at -65 F but with the igniter at ambient

• room temperature. 	 • 	 :..', 	 ,,	 ,. - 	 ,. 	 - ,...;-,..?..,.:.,,,-.:',., ;.--,,..., '..,:''''z.' 	 ... , 	 . ' 	 ---

Heat-paper samples were taken from Lot 208 MC-583 batteries, Lot 303 MC-818 bat •
teries, Lot 101 MC-860 batten s, and . frOrn,an experimental battery in which the heat paper
ignited but failed to burn where it was in contact with metal. The battery lots were from ' 	 .
different manufacturers.

	

.„.;...,.L..!._ 	 .,. 	 .:
--.: 	 Samples to be lested:Wera,cut and.pladed'in ,theimetal a ataple'72606.1..Ttri.iilika;:ass ,, completely:x. -.--.. : 1

t6 ,:titiyei."•thefliglit=beativentren0e -holes.7.—'Ehe':aaniple'aaentbliei** . 	•.floget ' -. Wl , AE*, -....-1
the groups' of sample's. to beigh...ted *:. -65 :Fr were placed in it, 	 . 4,1„,;', 	 cold e-::'• . 	 . 	 ...,,,z 	 ;, -,,,..Ettlibilize. (The: plastic -bigs.-7itie re used to.help -totted test Vdnal -,,4.-.::,.7.

•: . t.i6ii of frost :On the eiMpleci.):.11SaniPlesi to berignited'at ambient rob.. . 	 . 	 . 	 • • • 	 •• 	 ,',Zin anotheranother plastic bag until removed for testing. 	 " ' " 	 '. : ' - - • '''',,.! ;.:.•..;.„...
:4: . ,.. The sample holders containing the heat paper were removed one ar! 	 0:frOM:4 4ii

•-,•;:4-.,..
---plastic bags and placed in thelight,-beana.path.of.the:igniter, The-tire-bUtioaviiiii.The:;!teif:.'',Avag:: .:,	 . 	

.

'operated, causing activation of the igniter. The heat -paper ignition,ti*Eijatufi:W4irei:::ap-
plicable, the'hUrningraters, -itifjhe samples were redoided. - ;:the',10itiOnteMperatUre'i;.ecteded.
was ,the.terriperature:hidnced by : the light ...;theam in a thermocouple mounted at the hottest point
in the light-beam. A very arna'..1. iron -constantari therraociktple..Was.7:os*IJor,ithecalihrations.. •

:-. It was noted , thatjthebaCkineriititeriala: behind ilie: ..,OierMOcOuPle. greatly . afteeteiLitbikoere...,..,. '... .
.. ' tuie:.' recorded beeiiiiii:Oftheir:'*arioua':reflettint Oilitieti::' Agrapli s *an'Made:'Whigi::**itipar0

tiniperaiiirea:"obtained`Witli.ti;dUll:•,black .baCiting, an..dabigioi ba6klisig;:-.a114*O." ,.t.0.41.iie.:...;;IhCi: ...1,:.7:i':
calibration' used was obtained with the asbestos backing, as it'caMe:elOapati ',0;1*.ti rht ig th ..;"
fii.etifig qualities of the heat paper The teniperattir ' of the eim -,,, • , 	 ,,,,: .,,t ; 	 ., tr

. '',. 7 ' .. .f.:; .•., .

-3•4./reAtrP

• • 	 • 	 .. 	 •. .. 	 . 	 . 	 . 	 .,	 ••. 	 , 	 . 	
• 	 • 	 • .. . 	 • • ... ••

• •

• 	 .	 .• s,s 	 • 	 ••,
sr

2. Assembly is clamped shut.

3. Fire button is operated.

4. Lamp is adjusted to full brilliance.

5. R4 is set so that ligh-. leaking through the asbestos will not trigger the ignition-time
thyratron. (It will be necessary to fire and reset the tester several times in order
to find this setting.) The R4 should be set at the maximum level that will not allow
the thyratron to trigger under the above condition.

•
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hole in the sample holders was checked at regular intervals. This was necessary to corn- ,
pensate for test equipment drift, aging of the projection lamp, and smoking of the lens assem-
bly due to the proximity of the burning heat paper.

Test Results

Graph Number

Graph Number

Graph Number

Graph Number

Graph Number

Graph Number

Graph Number

Graph Number 7

Graph Number 8

1 contains tem,eratures obtained using a dull bla
backing, and no backing.

2 shows the re_ationship of ignition times very
heat paper taken from an MC-86$ 0 battery.
samples wer e stabilized at -65 F.

3 gives the range of ignition times for 100 s
MC-860 battery when exposed to ths light bea
and samples were stabilized at -65 F.

4 gives the range of ignition times for 100 samples of hsa fkiper from an
MC -860 battery when exposed to the light beam at 750 F. The igniter
and samples were stabilized at -65 F.

5 gives the range of ignition times for 100 samples of hett paper from. an
MC-860 battery when exposed to the0 light beam at 1000 F. The igniter
and samples were stabilized at -65 F.

6 gives the range of, ignition times for 100 samples of heatpaper from
..M0-818,batteries: when ettioieciiii' -the.light beint . it'560 : . F.: - Igniter•and
tainples were stabilized at -657F.

gives the ran: e of ignition tunes for 100 samples of heat paper. from
MC-818 batterieS when exPoSetto the' Aght beam at 750.F.: Igniter in
samples wer e stabilized at -65 F. 	 •

gives the range of ignition times for 100 s
MC-828 batteries- when exposer; to the light .

samples were stabilized at .-65 F. .%
, 	 ..9 .gives.-the relationship-of-ignition-time-vera

samples of heat paper from MC-818 batterie
were , stabilized at -65 F.

gives the relationships of ignition time versus igni
heat-paper samples from MC-583 batteries. T2^e soli
-65-F envirctiment. The dashed line indicates ambien
environment.

gives the.rel ationshiiis of ighition: time versus 	 ter.
heat...paper from an experimental battery. The paper igriited but faileg to,
bUrn :Where it-was in contact with metal. The solid line .:indicates -66 
environment; the dashed line indicates ambient room;•teiiiiiirature',envir*g!,:
znent. 	 .
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Table I shows average igni
an MC -8k0 battery
and 1000 F.

on times in seconds for 300 samples of heat paler from
hen exposed to light-beam temperatures of 500 , 750 ,

e 	 •

	on times in seconds for 441 heit	 esainges from--
Quantities of 25 or mot:_ se sampi:,rerexpoSed to
urea ranging from 500 to 1000,0-.' 

.
on times in seconds for 400 heat-paperi " pfei from
Quantities o ten or more samples were extiosed to
urea of 450 up to 1000 F. 

on times, in seconds for 269 heat-paper,sara i les from
ery. Quantities of ten or snore samples;sed
ratures of 500 up to 1000 F.

Table II

Table III

Table IV

shows average, igni
MC-583 batteries.
light-beam temper

shows average igni
MC-818 batteries.
light-beam tempera

shows average ignit
an experimental bat
to light-beam temp

Conclusions

Over 2000 tests were run on t
from four models of thermal batter
that the light-beam method of ignit -

times fall within limits which could

The principal, source of troubl
solenoid When. operated in,the col

`frost, and . would freeze 	 th
and so-Called moisture retiellints
heavy-duty Siidentildbe used in futur

Alsci desirable 48,a MetiiCkl,fo
.together iindee.aiitiifbitn .preSsa're•

..but;eattie aleanis: of catibratingltfiC' :p
proieinent . tO ,MSaittii*burning'rate -:
likely that tlii:biirpirit rate . ia also.d

It wilkbe noted that the defect

e ignitability of small samples of heat paper , removed
s. The graphs and tables of the test results indicate
beat paper is feasible and that the patterns of ignition

e established as controls.

in the prototype tester was found to be the shutter
box, this solenoid would gradually collect a coating of
operated or the normal position. Various silicone oils
re tried but to no avail. It is suggested that a very
testers.

.. 	 ,..
,hdiding t.hetWo steelAined asbestos .;PrOtection . stripa., :

AiiinpiS ipr.ing, Clain*** 1.18 — 9 $ 	 • ' . tf*itt ltesta4
'iliiiiire iiiiiiia:bi;sisd., 'While'', 	 ,.0n.ini

eontadtwith metal`rather t . 	 1. Z.:.;it Ia . .
terinined by the degiee of cOM 	 ',.. I , eat paeat

ye . heat paper (Graph ii) might 	 • ...•aCceptab/e:,„_ either. on the, basis. of.an ignitability-test-or.a burning -rate test-in open:.
been . rejectéd.. by- a burning-rate test made with the tester:described•her

•C• 	 ".4
4;



tuatx sETTmo VS. 	 TUBE OF THERMOCOUPLE
FOR ASBESTOS BACKING * BLACK BACKING* AND NO
BACKING

ORAMMIBM:
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IGNITION TSB VS. ICHITINO . ,
FOR HEAT PAPER FROM tiC-818.1-30 . ::.

Paper and teeter at -69F

GRAPH NUMBER 9



IGNITION TIME VSIdNITIM12,„,
FOR HEAT PAPER FR314140483. 20:,

Solid line inleatele -69E: ehironment
Broken line indioutee room, temperature
envirms, ZAndidatei:tiair'ifroOm
temperature and saiple at 45°F

!im ;:51::,,,A6CW1WEW1fita a,1,114U
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rairrrioti TIME VS. IONIT330 TIDIPEItkiFORS
FOR HEAT PAPMt MT FAILED TO Buil, /Met
MI EXPIMIIIENTAI. BAT1

Solid line indicates -650F taivixorxmast
Brokett'line indicates room temperature envitvel.
.6.ixidioatee tester at room temperature and can-
pie at .45or
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Table I -- Average ignition tines iv 300 sanapcies of

MC-860 heat paper at 500 • 750 , and 1000 F

1560

Temperature
No. 	 saraples

samples 	 (F) 

Temperature 	 Ignition 	 Average
igriiter 	 tem%erature 	 ignition

(-F) 	 ( F) 	 (see)

	-65 	 500 	 8. 42

	

-65 	 750 	 2.24

	

-65 	 1000 	 0.82

100	 -65
100 	 -65
100 	 -65

Table II -- Average i
heat paper at

gnition times for 441 samples of M
500- to 1000-degree temperatures

Temperature
No. 	 sangples

samples 	 ( 

25 	 -65
25 	 -65
25 	 -65
25 	 -65
25 	 -65

102 	 -65
28 	 -65
63 	 RT
52	 RT
25 	 RT
26 	 RT
25 	 RT

Table III Average
heat paper at

Temperature 	 Ignition
igrAiter 	 tempArature
(F) 	 (F)

-65 	 500
-65 	 550
-65 	 600
-65 	 650
-65 	 700
-65 	 750
RT 	 750

ignition times for 400. samples of MC -818
450- to 1000-degree temperatures ..... .

_T_emperature 	 wastion 	 ' '
iglgter 	 t era'. pi. iiiir e 1/4'. A. 4 •-' 4. III,

•-,, 	 ',••
	F 	 ( F)

	-65 	 450 	 6.61

	

-65 	 500 	 - .'.. - , - 4.-45

	

-65 	 550 	 4.60

	

-65 	 600 	 3.70

	

-65 	 650 	 2.58

	

-65 	 700 	 2.12

	

-65 	 750 	 1.38

	

-65 	 1000. 	 ...0. 60.,...,.. 0

,. x4 :"•*,
•ITi''' Vert ' 'C.:, .

	&tor 1, 	 1
	't , 	 ''• .

	

No. 	 samples
samples 	(-F) 

-65

	

135 	 -85

	

10 	 -65

	

10 	 -65
-65

	

10 	 -65

	

100 	 -65

	

100	 -65

RT 	 600
RT 	 750 	 1..1113r
IT 	 875 	 0. 70
RT 	 950 	 0. 52
RT 	 1000 	 O. 47

; 	 •
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Table IV -- Average ignition tznes for 269 samples of heat paper from an

experimental battery at 500- to 1000-degree temperatures

Temperature 	 Temperature 	 Ignition
No 	 sareples 	 iglgter 	 temperature

samples 	 ( F) 	 ( F) 	 ( F) 

I F

10 	 -65
10 	 -65
25 	 -65
25 	 -65
25 	 -65
25 	 -65
10: 	 -65
30 	 -65
20 	 RT
49 	 RT
20 . .. .

0 ' 	 T '

-65 	 500
-65 	 750
-65 	 800
-65 	 850-65 . 900
-65 	 950
-65' 	 1000
RT 	 750 	 51
RT 	 600 	 2.07 
RT 	 750 	 1.01
ET 	 875	 0059:
RT -	 1000	 O. 42 ' '•



OC
011,1,T

ALL RELAYS ARE al

I fa ••••&--
•oov

$27 	 •

.s0A 7. 0

IN 	 Jr•

Schematic Number 1 -- He

I 2AUT



111i 1■4 Pt
.t)0 V

• 4tAtal, •

5:0,,FF:fiftv,At

tspHOT9 
4fr• -ruem

air mg," o 	to 	
.41../13C 3 	t t 	

	04. 300 V OC  2 	
	SOO V OCT-3. 	

ER AT'E f 	 •■•••

...SOLENOI 



UNCLASMOM

RESET
0—•—frir 	

AO e 	 4.4

.1•C 	 aria. 	 e

JCS

AL:L REL AY S' ARE ie,■.;

L Heat ,paper tester .



It 	 i t

TrLASSIFIED

C.1-11' AOMITT-
A NCE oRtricm
/le I NCH en, I /

Akspies-ros P ROTEC 710N SI- I
N 0 'w 	 (Di s-reEL

N

•Schematic Number 2 --



AONA -r -r-
NGE oR CZ.
te, i Net-I ISY 0.4

le AT PA PER 1N F. I._ AC.E
r-OR PLACE
PAPER

II S -TUBE r.AE, -r —
jGD 1O HI r4Gr.0

R IP Pl-ic-ro -rutem
NO

Asic;ri-tlarg-

L.IC,H1' 	 ^NA
t-4 Of:.

OR 1r

— ER,
-..,0LENCIO OPERATED

Schematic Number, 2 - -



TRIPS

760 VVA'T "T
P 1:%04 e CT ION L. A\ NAP

Layout of optical system


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31

