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B : p
' f»*varzous sthches. calibretion potentzc
. a’projection lamp whach is incorporat

““method, persoiinel in Division 1461 tried a concentrated beam of light in an &

’1"'0[ the optical sec jon, thr'e phot ells are, uaed ‘one:to

A METHOb OF | TESTING THEI Mﬂ mI)ED

THERMAL BATTERY HEA'f PAPER

Introduction

The extremely desirable electrical and mechanical characteristics of the thermal bat-
tery make it attractive for use in po ering 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 tq the demands of new applications.

test for the heat paper. It was ackno ledged that prior methods of ignition t
electric spark method left much to be desired. The spark length was not¥
the actual heat output of the arc was not easily measured. In the search f

heat paper. This experiment proved |so promising that further development w.
this line. ‘ i ‘ o

This memorandum desarxbes a fheat ~papér ignition tester utilizing a con

" of light as the ignition source and gives the results of a series of tests perfor
- paper: by thxs method. T : T s

pscripiion of Tester

ait'fs:;;- ‘the contral pa;ae;; s power supbl'i"e’s",“- aﬂaifmef}—

the15) contmna twv precxsicm timers: snd.a: meter, plu'
eters, and a va.riac for controlling the bruliancy of

e to méasure the| igm ion time
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e materia.ls in the thermal batteries. A. solenoid-contro

shutter is used to control the time of application of the beam oflightt
-shutter was necessary in order to allow stabihzation of the pro,]ection 1amp temperatur “‘Before

application of the beam of lighf-to the paper. =
Other parts ‘of the tester|ace av>2'8~volt De supply used for relay operatmn, and AC -line
ted 300-volt.DC power supply for the various tubes. (These o

voltage regulator, and a regul
are separate units and are not jshown in the schematics. )

match the heat-gink effect of ti

Operation of Tesgter

The tester is turned on and aliowed to warm up in the rese mod

The sample of heat paper is placed between the two a-
test assembly; one strip is hinged for ease in doing thig., The th
sy pEther s - The variac-on-the-cdntrol- panehs—set— at-the-temperat
test. A curve of temperature versus variac dial setting is provided w

on tester calibration). When the fire switch is operated, the projection’
seconds later a time-delay relay (KG) in the tester Operates. ‘ The relay:
~timer No. ‘1, and at the same §

. the heat paper. The'hea* pape:
- scteristics of the
o *ignited heat




T8 Inches from the light-beéam Hole. A
the light-beam hole so that the beam
Joeasure paper -ignition time, _whﬂe p

© 300-volt DC vacuum -tube-regulated p
" for the photocells and for the vacuumt
is mcorporated in the- control ‘unit; it

The optical assembly was then {
ignition-assembly asbestos strips weq
hole at the beam s focal pomt would 3

'I‘hree cml-shleld square cans
than the cans themselves: go that the
cells were mounted in the bases so th
posite the center of the photocell's fa¢
cut in the side of each shield can.

Photocell No. 1 (see Schematic
at a right angle to the beam so that it
had focused it. This photocell contro
was mounted on the hinged section of
was in line with a slit in the asbestos
hole drilled in the fixed -positicn asbe
was in line with a slit in the fixed~po

The entire optxcal system was o

'I‘he control panel (Schematxc 1)

rastened to a radio chassis base.
re mounted so that the light beam coming through the
trike a piece of paper held betwieen the strips.

te, a verucal slot 1/16 inch wide by 1/4 inc‘x long was

The hégat'-"ﬁapei‘-

ere mounted on sqﬁafe fiber bases about 1/8 inch larger )
ans were made light-tight, Sockets for No. 927 photo-
t ‘a photocell would stand upright inside each can. Op-

i

2) was mounted on the end of the optical
could monitor the intensity of th
Is the light-intensity meter on ti
the heat~-paper asbestos-strip assgeiy
strip. This slit was in line witl

os strip. Photocell No. 3 was
ition asbestos strip. The slit in
shutfer, “operated’ by a’'solenold,”

is composed of several electronic circuits, One isa ' ,
bwer: supply which is used ag the B+ plate -voltage supply

Hube: sensing cxrcu_xts. ~A:28-volt light «duty DC supply
-pur; ose ist b1as the 2D21 thyratron-tube cathode cir- =




- drawing a fairly large plate curre
The operation of K2 removes the
ping the timer.

SR The purpose of relay K3 ist

" the. tester is fired.. This relaypr
caused by dayhght ‘striking ‘the sux
samples are being loaded or remo

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

Power for relay operation i

lamp constant.

Operational

Fire button is Qperated,

: _‘b-f:

:; _Relay I{3 Operates.

o operates and:

nt through the winding of relay K2 and causing K2 to operate.

A 115-volt AC power-source

Relay K5 oﬁérafes and' I

Appliea power to pr
Apphes za volts DC

: conx.

: Relay KB (a time «delay 1

8 volts DC from the clutch of the burning-rate timer, stop-

o remove the plate voltage from the thyratron tubes until
pvents. p’remature triggering of the tubes which might be .
face of the. photocells during the ‘period when heat-paper
ved from the paper—ho}ding assembly. N

activating and latching relay KS.

ojection lamp. lighting it.
to relays K3 and K6

1ecting plate voltage to thyratrons.

~e1ay, set to act 3 seconds after operatxon of ﬁre button) i,

Starts 1gn1tiox;-time

ST "’b 'Opera.te ‘ghutter: i:o enoid

umer cz.utch atopping ;g“.ztion-t:me




’I‘hyratron Vs triggers, op

Removes power from shutter solenoid releasing solenoi,

{ 1‘4. Relay K2 operates, open r :

? 18. Operator records data.‘

|

R

1. Reset button is Operated
; a. Applies 28, volts DC to
b. Applies 28 volts DC to

2. Relay K5 releases, and:
e -a,—-Removes. povfetirom 1
? b. . Removes power from 1
: ‘ 3. , Rela.y K3 releases;, removi

thcm to norma.l

esetting the Teeter

whi ch:

Cplibration of Tester -

rating senaitive relay K2.

power to the clutch which stopa burning-rate timer.

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

elay K3, releasing K3,
elay K6, releasing K6.

ng. plate power from thyratron ~tube platel

Potentiometers‘ RI

e ( .Tb.e most‘compﬁcated calibrati
The calibration is performed as follo

H
i
i

,:sz“anle&

n of this teeter m that of the light-beazn temperatur .
(8% " ‘ ;

P R e d




Assembly is clamped

Fire button is 6'perat'

. Lamp is adgusted to

thyratron.
the thyratron to trig
When clamped strips
No. 2 should trigger
of the ignition-timer,

; " The calibration of R5 is 1
orifice of photocell No. 3 shouls

‘prematurely trigger the thyratrio

The temperature range at
in the prototype tester.. .

'ét ilized at ~65°F

| igﬁited but faued
dii‘ferent manufactur ra,

R4 is set so that. ligh leaking through the ‘asbestos wxll not trigger the ignition~tim‘
(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 allcw

- control RS should be set just above the point where the dark Opu

o ﬂééc’hiption of Tési_s“ 'Pei?tbrmed :

Most heat?aper samples o
: W 82 ple

brmiance. e

er under the above condition.

are opened, the light from a ﬂash.light di' cted‘on photo E
the thyratron. The triggering can:b .
which is proof of the triggerin

LSS complex.' The light from ¢
i trigger the thyratron, stoppin

on associated thh the burn-rate ‘timer?!

the point of the beam can be varied from ambient to 100“0 F




hole in the sample holders was ¢
pensate for test equipment drift,
. bly due to the proximity of the b

Graph Number

Graph Number
Graph Number

Graph Number

 Graph Number

Graph Number 6

‘and samples

contains tem
backing, and

shows the re

.hec.kedbai reghlar intervals, This was necessary to com- |
aging of the projection lamp, and smoking of the lens assem~
xrmng heat paper.

Test Res'ulvtvs,
peratures obtained using a dull Dblacke

no backing. %

lationship of ignition times vers)

heat paper taken from an MC-860 battery.

samples were

stabilized at -65°F.

gives the raxlge of ignition timee for 100 sai
tt

MC-860 ba

ry when exposed to ths light bea
were stabihzed at -65°F,

gives the ra
MC -860 batt
and samples

gives: thg r

Graph Number 7.8

Graph Number

ry when exposed to thg hght beam at
' ,ere stab:.hzed at =65 F

y ge of ign;tion times for 100 samples of he% paper from an




Table 1 shows average ignition times in seconds for 300 samples of heat paper fro&n
. - an MC -88‘0 battery when exposed to light-beam temperatures of 500 7507,
T andlooo ‘ , o S v

_)“uﬂ

e from

Table ,II showa average ignitlon times in seconds for 441 hé%i Hp
e " MC~583 batteries. |Quantities of 25 or moxae sampl *’"&é’
light-beam temperatures ranging from 500" to 1000.: f»"?“

Table Il shows average ignition times in seconds for 400 he'at&pa‘ﬁ"e ;
MC-818 batteries. [Quantities og ten or more samples were:e
light-beam temperatures of 450" up to 1000°F. i

Table IV shows average igmtxon tzmes in seconds for 269 heat-paper

an experimental battery. Quantxtxss of ten or 5nore sampleé
to light-beam temperatures of 500" up to 1000°F

Conclusions

Over 2000 tests wererunont
from four models of thermal batterie
that the light —beam method of 1gn.it

apé;
s. - The graphs and tables of the test results indicate
heat paper is feasible a.nd that the pa.tterns of 1gnit10n
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'VARTAC SETTING VS, TENPERATURE OF THERMOCOUPLE
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IGNITION TIME VSatit
FOR HEAT PAPER FROM

g '1“1:».’,'

--S014d line inclcates <65°F environment

- Broken line indicutes room temparature

*environ, A indicates tester at room *
temperature and seample at -655°F
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“TGNYTION TDMR V3. IONITING |
FOR HEAT PAP™R TEAT FAILED T0.BURY FROM
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Table I -~ Avergge ignition ti(;nes fc())r 300 samp&es of :
MC-860 heat|paper at 5007, 750", and 10007 F ‘
Temperature Temperature Ignition ... . Average .
Ne, samples - igniter temperature ignition time =
samples (F) {F) (F) (sec)
100 -65. -85 500 8.42
3 100 -85 -85 750 2.24
e 100 -65 -85 1000 , 0.82°
Table II -- Average ignition times for 441 samples of M(
b% heat paper at p00- to 1000-degree temperatures
5 - - ; L . Temperature Temperature Ignition
3 No. samples iggiter “tempgrature-
l samples (F) F (F)
25 -65 -85 500
25 -85 -85 550
25 - -85 - -65° 600
25 -85 "~B5 -850
25 -85 - =65 700
102 -65 =65 50
-8 ' ‘ 750
83 - 800 -
52 . 750
25 875
28 950
25 1000 .

. Table NI -- Average
- . beat paper at

-85 -

. Tempawune“

No. samples igniter. temperature” L
samples :af?;«' - A°F) - ‘(ssv,' : :

23 -85 . -85 450"

135 -85. .. -B5 500 .-

10 6y -65 550

10 =55 -85 600.. ;

10 .65 -65 700
o 100 -85 -6 750
) -85

iy

ignition times. for 400 samples of MC
(150~ to 1000-degree temperatures-

__Temperature - Ignition =

1000




5o

Table IV -- Average ignition times for 269 samples of heat paper from
" experimental battery at 500~ to 1000 -degree temperatures -

- Ignition

Tempefatﬁre ,
tempgrature

‘samples ‘
31(%F) . ‘ e TF)

65
65

RN

R S
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