
AD

FD LC-7A-S

AC 53410

U

________ _ _ _

__

__________________________________________________________________ _____________________________________________________________________________________________

DATE
FILMD

DEC



1.0 2

—~~~~~~~~~ :~:: ~
I2.2

I.’

llIH~
25 

~~ ~



‘,—. ______

STORAGE RELIABILITY

OF

MISSILE MATERIEL PROGRAM

U.S. ARMY
• 

~~~~~~~~~~
. missilE

~ RESEAR CH
AflD MISSILE SYSTEMS BATTERY ANALYSIS

w
• 

~~ DEVELOP IT1EflT LC-78-B1 FEBRUARY 1978

~~
(
~rnD

F

Redstone Arsenal , Alabama 35809

PRODUCT ASSURANCE DIRECTORATE

~~~ F0131 1000. 1 APR 77



S~~~~I~ UTY C L A S S I~~IC~~~ ~~~. 
T .  ~ A GE (Wb~~n Os:. f~n C.~~’JJ 

—

REPORT DOCUMENTA .IQN PAGE 1 — 

~~~~~~~~~~~~~~~~~
I . ~ -

~ a ~~~~~~~~~y. ,~~~,• .~ .~~~...- ,. . ~ AT A~~~3 ~~~~~~~~

~~~ ttL ~ ~4 . T I T L E  (and S~.,SIUI~; •~~~~ 
a ~~~~~~~~~~~~~~~~~~~~ 5. i.. E er fl...r, nt 4

~~~~~~ge Rel iability of ~ issile ~Ia teriel Final , June 1974 to
IProgram , 1iis sile Systems Battery Analysisê T~~nn~~ry 197R

L ___________________________________________ 

I.. 0. REPORT NUMBER

ja LC—78—Bl -________________________ ___________ t1_•~~IUNFR(

~~ 1~~~ 

C./Iiitcheli
J 

DAAK4~~-74-C-~~853 
I

9. PERFORMING ONGA~, I Z A T . ~~~. ~~~~~ AND ADDRESS 10 . PROGRAM ELEMENT . PROJECT . TASK
AREA & WORK UNIT NUMB ERS

Ray theon Company , Equipmen t Division
3322 S. Memorial Parkway
h untsville, AL 35801 I _________________

II. C O NT R O L L I N G O F F IC E  NA ’..E AND ADDRESS r .... T .....T.

headquarters , U . S. Army 1i~~sile R&D Febi~ a~y’~ 978 I
Command , ATTN : DRDMI-QS , Redstone Arsenal • NUMBER oF PAGES ) ~~
Alabama 358 09 56

14. MO NITO RING AGC NCY NAME & A OD RESS(1I dill rent korn Control l ing  Ofhc~) IS. SECURITY CLASS. (

Unclassified
15.~. OECLA S SIFI CA T IO N fOOWN GRA DI N O

SCHEDULE

16 . D ISTRI B UT IO N S T A T E M E N T  (of t h i n  Report)

Unlimi ted

17. DISTRIBU TION S T A T E M E N T  (of tWa absi,aci ente r.d In E ?Iock 20. if diffe rr, , t f,on~ R~ porI)

IS . S U P P L E M E N T A R Y  NOTES

13. KEY WORDS (Confin~.e 0~ rec~rsa aid, IF n~ cos~ ary and idantily by block ,.~nnbrr) 
—

Reliability, Storage , Missile Materiel , Failure Rates , Failure
Mechanisms , Batteries , Silver Zinc , Thermal

2~ . A B S T R A C T  (Conti,rna on ,~ v.r,o aid. if nec.aoa ry and idanilty by block n.~mb.t’)

“
~4his report documents 

findings on the non-operating reliability of
silver zinc and thermal batteries. Field data and shelf life data

is included . This information is part of a research program being

conducted by the C. S. Army ~1issile R&D Command , Redstone Arsenal ,
Alabama .

- ~ j (~~ _ _

DD , ~~~~~~~~~~ 
1473 ~ O IT ION 3F I NOV 65 15 OBSOLETE

SECUR ITY C L A S S I F I C A T I O N  OF THIS PAGE (Ith.n tI~ ?~~~~~ .rr.?)



s’- cuI l, rY IT .. .SI .~ i. A r 10’s U IR IS  ~~~~~~~~~~~~~~~~ O.O~~~ nI.r..S)

~~. (ts-ITY cI. ,~ .~~~ ,(TA r Ict w 0~ 1 1 5 1 .  I ’ O 5 ~ I (T ~ ’5 _., ( _, .  I:~ i.

..— -. . -- — ~~~~~~~~~~ -. — --S--— . ~~~~~~~~~~~~~ .-~~~~~~~~~~. .—



.
~~

STORAGE RELIABILITY

OF
MISSILE MATERIEL PROGRAM

MISSILE SYSTEMS BATTERY ANALYSIS

LC-78-Bl FEBRUARY 1978

Prepared by: Joe C. Nitchell

PROJECT DIRECTOR

C. R. PROVENCE

PRODUCT ASSURANCE DIRECTORATE 
.

HEADQUARTERS
1’ .

U. S. ARMY MISSILE R&D COMMAND I#~/~~

REDSTONE ARSENAL , AL ~~~~~~~
~~~~~~

IN COMPLIANCE WI’~ I

CONTRACT NO. DAAK4O-74-C-0853

DATED 4 JUNE 1974
DATA ITEM SEQUENCE NO. 3

RAYTHEON COMPANY
EQUXPMENT DIVISIdN

LIFE CYCLE ANALYSIS DEPARTMENT
HUNTSVILLE , ALABAMA

..

~

,-- .~~~~~~~ ~~~~~~~~~~~~~~~ - ..



ABSTRACT

This report documents findings on the non-operating

reliability of missile system batteries. Long term non—

operating data has been analyzed and failure rate predic-
tions have been made .

This report is a result of a program whose objective

is the development of non-operating (storage) reliability

prediction and assurance techniques for missile materiel.
The analysis results will be used by U. S. Army personnel

and contractors in evaluating current missile programs and

in the design of future missile systems .

The storage reliability research program consists of a

cour.try wide data survey and collection effort , accelerated

testing, special test programs and development of a non-

operating reliability data bank at the U. S. Army Missile R&D

Command , Redstone Arsenal , Alabama . The Army plans a con-

tinuing effort to maintain the data bank and analysis reports .

This report is one of several to be issued on lfli8eile

materiel. For more information , contact:

Commander

U. S. Army Missile R&D Command

ATTN : DRDMI-QS , Mr. C. R. Provence

Building 45 00

Redstone Arsenal , AL 35809
Autovon 746—3235

or (205) 876—3235

T~
T
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SECTION 1

INTR ODUCTI ON

Materiel in  t h e  Army i n v e n t o r y  must  be desi gned , manu-
factured an~ packaqea to w~ thsta:~o lonc pericds of storage

and ‘ launch rca~iv ”~ non-activated or dor~ ’.ant  t i ~me .  In addi. r lo n

t a  t h e  stress of temperature soaks and aoing, they must often

e-~ndure the abuse of frequent transportation and handling and

the climatic extremes of the forward area battlefield environ-

ment. These r e q u i r e m e n t s  gene ra t e  the need for special desiqr. ,

manufacturing and packaging , ar’~d ~roduct assurance data ar.d proce-
dures. The U. S. Army Missile Command has initiated a research

program to provide the needed data and procedures.

This report covers findings from the research proqram on

missile system ~atteries . The program approach on these de-

vices has included literature and user surveys , da ta bank
analyses , da ta collec tion from various military sys tems a~~~
special testing programs .

Failure rate predictions have beer. derived from the

storage time data and failure mode and mechanism knowledge .

1—1
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SECTION 2

SUMMARY

This section summar izes  data collected and ana lyzed

for missile battery types. Data was available on two basic

missile batteries; silver-zinc and thermal. These have been

the auxiliary power sources on U. S. missiles. The thermal

and silver-zinc batteiies provide power necessary for opera-

tions of the guidance section once the missile is fired.

A complete summary of the battery data analysis is shown

in Table 2-1 for silver—zinc and Table 2-2 for thermal batteries.

TABLE 2-1. SUMMARY OF SILVER-ZIN BATTERY STORAGE DATA

DATA BATTERY QTY . ENV . FAIL. STORAGE HRS . FAILt JRE RATE
SOURCE TYPE 

____ ____ _____ 
(10 6 ) IN FITS

B Silver Zinc 483 Shelf 0 13.8 <72.5
(primary)

B “ 510 Service 0 9.8 <102.0

TOTAL 993 0 23.6 <42.4

Table 2-1 represents cumulative data of 993 batteries

resulting in no failures and an overall failure rate of 42.4

fits.

TABLE 2-2. SUMMARY OF THERMAL BATTERY STORAGE DATA

DATA BATTERY QTY. ENV . FAIL. STORA~E BBS. FAILURE RATE
SOURCE TYPE 

____ ____ _____ 
(10~~) IN FITS

B A 163 Field 0 9.1 <110.0

C B 37 Field 1 1.5 <666.0

TOTAL 200 1 10.6 <94.3

Table 2-2 represents a cumulative of 10.6 million storage

hours and one failure for the 200 batteries tested . This re-

sults in an overall failure rate of <94.3 fits for thermal

batteries -
A survey of industry reveals that batteries have not been

a storage reliability problem in missile use. A storage service
l i f e  of be tter than  14 years is not uncommon and better than 20
years for shelf life batteries.

2 — 1



SECTICh 3

b E S Ck I P T I ON

Silver— .~inc and thermal b~tt terics i~ave been the pri;~cij~~i

a u x i l l ary pow~~r source on U. S. missi~~cs. In the~~e ~pniications ,

the system remains rt durin~; c t o x a q~ and is activatec a~
fl’..l SS1 1 c 1 aunch

3. 1 ‘i’herxn a I

The therm al battery proviL~ ’s a l l  ower  u c c ess ar  f o r

onerat ion of the ouloance section once the missile 15 fircd.

Fi g u r e  3—1 is an e x a mp l e  of t he  therma l b a t t e r y  w h i c h  is de-

scribed .

The t h e r m a l  b a t t e r y  a l s o  s u pp l i e s  e le c t rr c a l  power to tuc
t u Z e  and  fires th e  s u s t aI n er  r o c k e t  sq u i bs .  T h i s  b a t t e r y  is

hermetically sealed and c o m p l e te ly  : n a c t rv e  ~u n t r l  f i r e d  by an

electrical squib . Consequently, i t  has a lone  s h e l f  life . The
battery becomes full y active within 0.5 second after activatron

power is applied. Durinq operation rt provrdes a peak current

of 13 amperes  and an averace current of 2.3 amperes at 40 +

5 volts for 11 seconds. The entire unit is c o nt a i ne d  i f l  a

cylinder 2.235 inches in dramete: ow 2.15 i n c h es  in length with

a wei ght of 0.75 pounds. heat pads ar s a n d w ched between

battery cells to reduce actrvation trme . The battery is icoitch

5w electric squ’~bs w h ic h  ignite p y r ot e c h n i c  paper. The pyro-

technic paper cenerates temperatures of the order of 2000°F

which melt electrolyte salts c c n r~u ned in the cells. The

melted salts provide the required electrochemical action .

Activation power for the squibs is 20 watts for 102 m i l l i s e c on d s ,

supplied by the launcher battery .

3.2 Silver—Zinc Batteries

S i l v e r — z i n c  pi i m u rv  b at t e rie s  rcm.  r n  i n er t  u r r in g  st o r ’ acc
and  a re  ac t i v a ted  b y the transter of electrolyte r em a t a n k
or coil into the cells.

The neqat lye p1 ate a ten ccnsis La of L i  c ct r ca e  CnltcLi

z i n c  on a base material w h t c l i  mar be s i l v e r — s o i l  or si .vci’—
plated copper mesh. Sintered :inc  15 also used for the

3—1.
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negative plate to provide more s u r f a ce  uLCa per unit of

proj cc ted irea .

The positiv e plate is silver oxide , Ago (or , as some-

times shown , Aq 202), 
constructed on a silver foil , expanded

silver foil , s i l ve r  sc r e e n , or a copper wire  mesh w h i c h  h as

been in c ke l  or s i l v e r  p L i t ~t d .  A p a st e  of s i l v e r  o x i d e  and

wi t ei is appi cl  Lo Lb i screull and baked until i t ir; dr~-

V l e c t r o ly t  ic t r e a t m e n t  01 the plate es 1a1lishcs the  p er o x i de

st a te  of thu s i l v e r .

The u l e c t r o l yt e  in  a s o l u t i o n  of po t a s s ium h y droxide  in
w at e r , t h e  c on c en t  r a t  ion va ry ing f rom 20 to 4 5 — p e r c e n t  KOIl ,
the  opt  imum c o nc ent r a t io n  of KOll for  lo w— t  er mp cr a tu r e  opera-
tion being approximately 31 percent.

Separator materials are required to provide a space for

t h e  e l e c t r o l y t e  around the p l a t e s  and 10 prevent s h o r t i ng  of
the  p l a t e s .  The membrane must  be c on str u ct e d  of a m a t er i l

which al lows  ion exchange  to take  place b etween  the p lat e s
while still preventing the soluble par~~iclcL-; of zinc and

s i l v e r  from m i g r a t i ng  to the opposite electrodes.  M a t e r i a ls
normally used for this purpose are glass c lo th , asbestos

paper , or various cellulose ma terials .
The overal l  chemical  react ion w i l t  produce about 4

F’aradays of e l e c t r i c i t y  in the average b a t t e r y . The Fara-

day is defined as the amount of electricity required t o
l i b e r at e  one gram—equivalent of a metal f rom its ions and
is equal to approximately 96 , 500 coulo ith s per gr am — e q u i v a l e n t .
If the chemical reaction proceeds to comple t ion , I our  ( 4 )
h’uradays of electricity will be produced per gr a m  i Lomic
weight of silver peroxide .

The silver-zinc ccli has a very high energy density ,

UI) to 80 w—hr per pound up to 4 w—hr per cubic inch . The

nominal cell voltage under load is 1.5 v , while t he  m a x i m u m

current density is  approx iiuatc I y 2.5 amp/in of pro ~cci cd

p h a t e  l e t  -

3—3
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rhis battery has two unfavorable el tricteri stics : 1) tne

active stand time at norma l or hi gher anthient temperatures i.s

l imited to a few hours; and 2) the  capac i ty  dec reases  rap id ly

at temperatures below about 30°F. While progress hae been made

in improving performance at low temperatures , the practical
solution to the problem has been to add heat to the cell

i innied i i t  e iy  a f t  or ti  1 1 inq or to con t  i nu. usly hea t  t h e  e i e ct re —

lv t e r e s e r v o i r .

A t yp ical  set of specifications for a missile

power source appi l e nt  ion for this battery is as f o l l o w s :
Electrical Char icteristLes

Nominal cipici ty 50 ampere—hours

O p e n — c i r c u i t  v o l t a g e  35—37 volts

Nominal op e r i t  m g  voltage 26— 30 volts

Act i vation method Electrical

Stand after activation 8 hours

Shelf l~~te Up tc• 5 years

Typical App l ica t ion
Activation speed 6 seconds
Power output 8,400 watts
Di scha: 

~~~~‘ rate 300 amps
Discharge time 10 minutes
Discharge voltage 28 volts
Watt—hours per pound 19.2 w—hx-/1I,

Watt—hours per cubic inch 1.08 w—hr/in .3



SECTION 4

THERMAL BATTERY ANALYSIS

Data was obtained from surveillance programs on two

different thermal batteries. Batteries ranged in age from

3 years to 10 years and had been stored in various field

environments. Total battery storage hours , fa i lures  and
resulting failure rates are summarized in Table 4-1. Details

on the surveillance programs are given in the following sec-

tions .

TABLE 4-I. THERMAL BATTERY NON-OPERATING DATA

BATTERY NO. OF MISSILE 
NO. OF FAILURE RATE 9 0%

UNITS STORAGE FAILURES IN FITS ONE-SIDED
HRS . LIMIT

A 163 9.1 0 110. 254.

B 37 1.5 1 666. 2594.

TOTALS 10.6 1 94. 367.

4.1 Thermal Battery A

A surveillance program initiated in early 1965 evaluated

the reliability and performance characteristics of thermal

battery A after approximately ten years of storage .

Annual laboratory tests and analyses of these batteries

were conducted . The laboratory tests consisted of testing

batter ies that were temperature conditioned to -40°F or

+130°F. Prior to testing , the batteries were temperature

conditioned for a minimum of eighteen hours and tested within

two minutes after removal from the conditioning chamber. The

following observations were obtained for each battery during

the test:

(1) Voltage rise time to 7.0 volts (prior to application

of resistive load).

(2) Time to reach maximum voltage (prior to application

of resistive load).

(3) Maximum voltage level (prior to application of

resistive load).

(4) Voltage immediately after load is applied .

4—I
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( 5 )  l i m e  vo l tage  leve l below 7 . 0  volts immed ia t e ly

after load is applied , if applicable.

(6) Service time (time battery is producing at least

7.0 volts after load is applied).

The ba tteries uti l ized in these tests (16 3 ) were ob tained
from field service stocks and from the rocket motors used in

th e  Surveillance Program. These batteries varied in age f ror .

3 to 10 years. It should be noted that the batteries utilized

in these tests had a mixed storage location history . For

examp le , most of the batteries obtained from field service

stocks had been stored in either Hawaii or Ikinawa as well as

in several unknown CONUS locations. The Surveillance

batteries , however , were generally stored in Alaska , the

Panama Canal Zone or Blue Grass Army Depot in addition to

other unknown storage locations. It is also pointed out taat

some batteries , both field service and surveillance , nau a

totally unknown storage location history . As a result of

this  condi tion , no attempt was made to determine if storage

loca tion had any sta tist ical ly s i g n i f i c a nt e f f e c t on ba ttery
performance .

4.1 .1  Therma l Ba t t e ry  A Surve i l l ance  Tests
The surveillance functioning tests consisted of two phases :

( 1)  Labora tory  tes t ing of ind iv idua l  bat ter ies, ( 2 )  Pedesta l
spin rocket ignition tests . In the laboratory testing of

individual batteries each battery is subjected to a 0.7 ohn;

resistive load 0.40 seconds after being activated . The appl~-

cation of a load 0.40 seconds after battery activation .iupli-

cates actual rocket firing conditions as a resistive load is

applied when the firing circuit is complete which is at 0.40

seconds af ter the rocket makes its ini t i a l  ascen t up the
launche r. Activa tion of the ba ttery is accomp lished by re-
moving the safety and holding pins froir the battery thereby per-

mitting the spring activated firing pin to str ike the percussion
primer of the battery. Traces of vol tage versus  t ime was re-
corded during each battery test.

4—2
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The surveillance criteria developed for determining

sat is f a c tory battery performance in the laboratory phase of

t e s t ing  requi red  t ha t  the battery shall be continuously pro-
ducing at least 7.0 volts after the load is applied for an

interval of at least 0.15 seconds. The c r i t e r i a  f u r t h e r
ind ica t e s  tha t  t h e  ba t t e ry  must beg in producing the 7 . 0  vol ts
between the time the load is applied ((.40 seconds after

activation ) and 0.05 seconds after the load is applied

(0.45 seconds after activation).

The pedestal sp in rocket ignition phase of the test was
conducted in order to subject the batteries to a s i m u l a t e d

rocket firing environment. In this phase , a bat tery suppor t
assembly containing two batteries connected in parallel was

mounted in a bolted down Pedestal and by withdrawing the safety

and holding pins the batteries were activated in order to ig-

nite the eight spin rockets contained in the pedestal. The

measure of performance util ized in thi~ pha se was the ignition
delay times of the spin rockets. The ign it ion delay of each
spin rocket was determined as the interval from 0.40 seconds

after battery activation (the time at which the circuit from

the ba t te ry  to the spin rockets is complete) until the time
the sp in rocke t in functioning produc e s a nozzle press ure
of 100 psi. The performance criteria in this phase indicated

that all eight spin rockets had to have produced this nozzle

pressure within 0.450 seconds after battery activation. Sp i n

rockets igniting within this time will prope r ly impart spin
to the rocket.

4.1.2 Thermal Battery A Test Results

Table 4—2 & 4— 3 summarize the test. results on batteries

from two manufacturers. This program resulted in 9.0 million

battery storage hours with no failures giving i failure rate

of less than 110 fits.

4— 3
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TABLE 4-2.

SUMMARY OF SU RVEILL.AN CE TEST RESULTS (MANUFACTURE R A)

T Vo lt a ;a ’
1.r. .I t *t . ly

TI.. 10 A f t I r Tim. B.)ow 
6tau rry Te st KI.e Time R.~ ch ‘( . I~~o~, Ap r l icI t io n 7 V . A tt. r S e i s I c e

T~~ p. to 2 Voit. j ~~~~ V o l t .  Vo it ~~8e c l  i.øa2 i.ogd A~ p1ied T t .
~o .  Jir~LJ.J.f) - .  )_ I~~~~ J_ .. . I~si!~i. _~i~~~~~~~ (~~~•) -1 3 . 0  - 40 .04 ’ .2 6  26.0 15.5 - 2 . 2 8

3 .0 — 40 .0 7  . 3 3  2~ .0 14 .0  — 2 . 05
3 1 . 0 — 40 .02 36 .~~.0 1 5 . 5  — 2 . 1 1

4 . 0 — 40 . 4 1  . 3 1  1 5 .5  14.0 — 2 .12
5 4 4 )  40 .20 .34 2 .. 14.5 — 2 . 2 0
l~ 4 . 0  - 40 .21 .39  15 .0 12 .0 — 1.89
7 4 . 0 - 40 .08 .39 25 .5  4 4 . 5  — 1. 11
f . 0  — 40 .09 .3 9  . 5 . 5  14. 5 — 2 . 1 0
9 . 0  — 40 .10 . 39  2 4 . 5  13 . 5 —

14 4 . 0 — 40 . 1 4  .40 25 .0 11. 5 — 2 . 1
11 4 .0 4 ( 4 .08 . 4 9  1S .~ 14 .0 —

12 4 . 0 644 .10 .4 44  14 .0 15.0 — 2 .0 1
41 4 .0 - 4 0  • 144 . 40 25 .0 13. 5 — l I t
I . .  4 .0 - .0 II . 40 3$.0 15.0 - 1.0/
I~ 4 .0 — 40 .19 i ,  2~~.. ~~~~ -
1, ~ .0 - .0 .09 .14. ~~.0 15 .0 - 2 .06
4 4 0  .0 .10 .40 25 .5  14 .0 — 1.50

0 — 40 . 0 4  .19 2 5 .5  12 .5 — 2 .11
l~~~ . 4 4  - 4 0 .04 .40 2 5 5  4 5 . 0  — 1 . 4
20 4 . 44 . 1 4  .40  2 5 . 5  9 .5 — 2 . 1 0

:..0 .44 I I  .40  ‘~~. S  1 2 . 5  — 1.10
‘ . 5 40 . 2 4  . ~ 2 5 . 0  10.0  — 2 . 2 4
5 . 5 - 40 .fl .36  2 5 . 5  11 .5  — 2 .01
5 . 5 — 40 .11 . 37  26.0 6.0 .02 .nlO

I S ,..O .. 40 .14 .49 24 .5 10.0 — 2 .2 2
lb .0 - 4 )  .09 .60 2 , 0  t4 .0  — 2 . 2 5
1 ’ ~ .O - 40 .09 .41 24 .5 14 .5 — 2.28

~ 0 — .10 . 1 0  . 41  .4 .5 14.0 — 2 .34
4 4 ’  444 .11 .41 11.1 ’ 13 .5 — 2 . 1 9

‘4 4 - .44 .10 . 40 24 . 4 4  14 . 0  — 2.1 7
‘I 4 .0 40 .1 ’) . 24 . ) 12.~’ — 1 .20

0 — . 1 4  . 14 5 . 1  1 1 . 6  —
4 . . .. n . — _ )  . . 0) .41 11 .0 1 2 . 0  — 2 . 0

4 .2 — .44 .C8 .4’) :s .o 15.0 — 1 1 1,J ‘ 
~‘ :

- .5 fl .0 15 . 5 15 .0 - 2 . 4 2
4 44 I) . 1 .0 1 . 5  1 4 5  — 2 4 7
b 0 _ 4 : j 5  . l j  f 24 . 5 u . S —

I I
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TABLIf 
~~~~~ (cont’d)

SUMMARY OF SU R V E I L L A N C E  T EST RESULTS ( MANUFA CTURE R A)

aIo .tag.
Ir.m rdi. t . lv

Tie,, to Af ter Tin. 44.1ev 6i4~ tt.r T St S i t e  Tire Reach ~~~~~~~ A p pl i catIon 7 V. A l t e r  Ser ~~1ce
A ge T.rp, to  7 V o l t s  ~~~~ S o l t .  V o l t a g e  of Load Load A pp l i ed lire

~~~ .J.�2r..L .~~~1..... 
(,rc.) (see.) Jyt~ It sj_ _ j _ t~ ,~•~, (see .) _j70c ,.)

40 6 .0 — —0 .11 .19 24 .0 12 . 4 — ~.20
41 6.0 — 144 .12 .40 2 3 . 5  1 1 . 5 — 7 . 2 0
12 6 .0 — 40 . 3 1  .3 9  24 .5  13.0 — 7.22
43 6.0 — 40 .10 . 6j  26 .0 14 . , — 7 .27
46 6.0 — — 0 .13 .41 2S .0 14.5 — 2 . 19
~5 6.0 — — 0 .09 .61 25 .5 14 .5 — 2 .33
46 6.5 — 1.44 .25 .39 22 .0 5.5 .01 1.90
.7 6 . 5 — 40 .23 .39 23 .0 5.0 .01 1 .95
18 6 .5 — 40 .21 .38 23 .5 5.5 - .01 2.00
49 6 .5 - 10 .18 .29 23 . 5 6.0 .01 1.96
50 6 . 5  - 10 .18 .39 23 . 0 5 . 5  .01 1.90
51 6 .5 — 10 .18 .30 21 .0 6 .5 .01 2.10
52 6 .5  - .1.1 . 21 .39 26 .0 5.0 .02 2 .03
53 6 . 5  — ~0 .22 .38 1 73. 5 5 . 5  .02 2 . 1 4
54 6 .5 — .1.0 .2 3  .38 22 .5  5.0 .02 1.93
55 6 .5 — 40 .22 .39 2 2 . 5  4 .5 .02 2 . 15
56 6.5 — 40 .14 .31  2 3 . 5  4 .5 .02 2 .20
57 6 .5 — .40 .21 .38 21 .5 3~5 .02 1 .93
54 6 .5 — .1.0 .24 ~3Q 23.0 4.0 .02 1 .90
‘.9 6 .5  — 14) .19 .39 73. 5 4 .5 .02 7.30
60 6 .5  — 10 .23 .3~ 23 .0 5,0 .07 1.94
61 6.5 — 11 .21 . ii 73. 0 5 .5 .02 1.90
4 2  6 .5  — 14) . 24  .38 23.0 5 .0  . 02  1 . 9 2
63 6 .5 — II) .73 .39 27.5 4 .0 .02 1.90
64 6.5 — 40 .2’. .39 23 .0 5.0 .03 1.90
65 6 .5 — 4(3 .21 .38 22 .5 3.5 .03 1. 91
~6 6.5 — 40 .2) .32 2 2 .5 4 .0 .03 2 .16
67 5.5 — 4)  . 14 . 3 9  24 . 0 4 .0 .03 2 .03
‘4 4  6. 5 — 43 .11 .39 23.0 3 .5 .03 2.1 7
69 6 .5 — m)  .23 .39 21.0 3.0 .03
70 6.5 — 40 .22 .39 22 .0 4.0 .03 2.03
71 6 .5 — 4 3  . 7 4  .3~ 73.0 4 .5 .03 2 .30
72 6.5 — 40 .25 .3~ 23.5 3 .5 . . 0 3  2 .1 .
/3 6.’ — 40 .23 .38 73.0 4.0 .03 L c 2
21 6.5 . 40 .21 .39 24.0 4.5 .04 2 .12
25 6. S - 40 . 2) .39 22 .5 3.0 .04 I 2 . 11.’
76 6.5 - 40 .2 6  .39 21 .5 3.0 .05 1 .79
77 6.5 — 40 .75  .39 23 . 5 2.5 .2 6  2. 05

78 6.’. . 40 .2 u . 3 3  21 .5  2 . 0 .16 1. 9
79 6 .5  — 40 . 21 .~~3 23 .0  2 .5  .416 1.97
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TABLE 4-2 (con t’d)

SUMMARY OF SURVEILLANCE TEST RESULTS ( MANUFACTURE R A)

Vo ltag .
lx~.d let. y

T i re  t o A ( t e r  T i,’.. Seio,.i
9.a t terv liSt Ri se Tin. Reac h ..ssimuvi App l i c a t ion  7 V . ‘.iter S e r v i c e

A g. p. t o  .7 V~~1 t s  ‘lax . V o l t .  Volt a ge of Load l.oa.I Appl ied Ti t e
~1,,, ~~~~~ ~~~~~~~~~~ _~~~~~c . \ (see .) ~~~~~~~~ _jvo lts ’ ( s e c . )

44 , 3 4~. — 44) . 2 1  .10 23 .0 7 .0 — 1 . 9 5
81 2 . 5 — 60 .25 .34 25 .0 9.5 — 2.10
44? 7.5 — 40 . 72 • 31 2 5.0 10 .0 — 2 .10
89 1. 5 — 40 .2 1 .38 26 .0 5 .0 .04 7 . 70
83 7 . ’. — 40 .16 .39 25 .0 5 . 5  . 03 7.10
85 7 .5  — 4(4 . 2 3  .39 25 .0  4.5 .03 7 .30
86 7 .5 — ) .21 • 39 72 .0  5 . ’) .03 2 . 2 4
87 7 .5 — 40 . 25 .40 24 .0 5. 0 .03 2.2 3
88 7 .5 — 10 .20 .39 22 .0 5 .5  .0) 2 . 3 4
89 7 . 5 — 40 .24 .39 24 .0 5• 4) .412 2 . 3 0
90 7 .5 — 40 .27 . 39  25 .0 2.5 .07 ‘ .05
9) 7 . 5 — 4 0  .25  . 40 2 2 . 0  2 . 5 .0 7  1 . 4?
97 7 .5 — 40 .26 . 144 25 . 0 4 .0 .05 1 . 4 4 7
9 4 ~ 7 .5 — 60 .20 . 40 26 .0 4 2 .’) — 1. 14
.1 9 . 5 — 40 .71 . 39 2 5 . 5  ~.s — 1 . 61

~ ~.5 — 40 . 25 . 4 )  24 .5 4.0 .01 1 . 1.
46 4 .5  — 40 .27 .40 25 .0  — .0 .044
97 ~.S — 40 .71 . 40 25 .0  7 .0 — 1.91
~t9~ 9.5 — 40 . 75 . 0 25 .0 7 .5 - 1 . 69
~9 9 . 5 — 40 . 2 5  .41 24.5 4 .0 .tII 1. 93

4 00 9 . 5 — 40 .2 5 .40 24 .5 1 . 0 .05 1. 78
101 9 . 5 — 40 .22 .4) 25 . n) 7 . 5 — 1. 82
1~~2 9 .5 — 40 . 24 . 40 25 .0 6 . 5 .01 1. 95
4 ’  9 .~ — 44’ ) . 23  . 4 1 74 .5 7.0 — 1. 79
10. 9 . 5 — .40 .2 7  .4 1 24 . 5 8.0 — 1. 443
105 44 .’ — 4’) . 25 . 63 2 5 . 3  6 .5  01 1 .60
3 06 9 .5 . 1.0 .74 .41 25 .0 7~ 1) — 1. 79
341 7 Q •~ — .‘5 . 2 7  .41 IS .0 7 . 1 — 1.88
104 9 . 5 — 40 . 2 4  . 4 1  25 .0  10 .0  — 1 .21
1 ( 4  30 .” — 4 )  .16 . 4 1 2 3. 6 1 2 . 7  — 2 . 14
110 10. 4 - .10 . 16 . 29 11. 7 8 .9 - 1.92
111 144 .’ - 4 4 1  . I S  . 41 IS .1 5, 7 . 01 1 . 69

117 1” ‘ I — .1 4. .)~ 24  2 1 . 8 — I .2~
4 4 1  4 .0 1 4 4 4  . 445 .16 26 .3 1~~.; 

— 
— 1.04

414 (.0 1 4 1.) .444 .~~O 24.0 18 .6 — 2 . . ’)
4)5 3 .0  1)0 .03 .72 76 .0 1 8.5 — 2 .4(9
116 4 .1, 1) ’) .13 .~~~ 26 .0 19 .0  — 2 . 1 —
IU 4 . 0 130 .10 .39 26 .0  14 . 5  — 1. 4 3
f l9 4 .0 130 .09 .39 26 .0 17.5 — 2.21
117 I a .Ø 13’3 j .12  .4’, 26.0 17 .5  — 3 . 5 9
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TABLE 4-2 (cont ’d)

SUMMARY OF SURVEILLANCE TEST RESULTS ( MANUFA CT URER A)

V ol tag.’

I~~~ dia t a ly
Tire to After 11 ,~e Se 1o s ~

8at te ry T es t  Pise T I re  Reac h Masi r ~t.r A pp l i c e t So n 7 V . A f t e r  Se r~ ir.
A ge Tei~p. t c’ 7 V o l t a  ~iaa. Vo l t .  Vo l ta t e  of load Load Applied Tirnc

YIn . ~~~~ ,j~,)_ ,_,,j~
e. . )  (s.~r .) ~~~~~~~~~ •,,Jyn It s) ( S e c . ) (Sec . )

420 4..) 19 0 .10 .39 26.0 17 .5 — 1 .61
121 4.1. 1)1) .12 .38 76.0 1 7.5 — 1 .17
122 4 .1 130 .1’) .38 26.0 18 .0 — 2.30
123 4.0 11’) .11 .39 76.0 16.5 — 2 .02
4:4 5.5 1)3 .13 .39 26 .5 20.0 — 1. 11.
4 2 5  S • 5 1)3 .20 .39 26.0 18 .0 — 1.93
126 5.5 1)3 .12 .39 76.5 19.0 — 1.96
17 7 6 . 0 44 0 .16 •61 24’ .l’ 16 .0 — 2 .27
128 6 .41 341 .09 . 60 2 5 . 5  17 . 5 — 2.79
429 6.0 4) ) .11 .40 25 .5 17.5 - 

— 1. 75
130 6 ,1) 1”) .13 .40 75 .5 1.7.0 — 1.12
1)1 6.0 I’S . 1 1  .60 25 .0 17 .5 — 1.99
1)2 6.5 1?) .08 .40 2 5 .0 17.0 — 1. 55
133 4~ 13(3 .12 .40 25.0 17 .0 — ~.01
134 6.0 10 .17 .40 25.0 17 .5 — 2 , 22
135 6.0 130 .044 .40 25.0 1.7.0 — 2.46
1)6 $~ fl 1444 .10 .40 25.5 17 .0 — 2 .54
1)7 6.4. flO .10 .40 25 .0 17 .5 — 2. 22
138 7 .5 171 .144 .37 26.0 12.5 — 2.38
139 7 .” 133 .15 .37 25.0 10 .5 — 2 .66
140 7.5 131 .11 .38 26 .0 12 .0 — 2. 28
1 41 7 .9 1)0 .1 5 .3 7 26 .0 16 .5 — 1.72
142 i .s 13 2  .11 .11 27 .0 19.5 — 1.65
14 3 7.5 130 .18 .38 ‘5.5 11.0 — 2.32
144 7 .5 13) .12 .39 26 .5 17.0 — 1 .65
145 7 .5 13’) .35 .39 26 .5 17.4) — 1. 76
116 l0 .~ 1 31) .16 .37 17 .9 7.0 • 1 .41
147 1”I.41 130 .12 .41 21.5 10 .4 - 1.67

~~~~~ .J.12 ....... ,j,~9_,,, 
.14 

— . 4 3  18.9 _ 7 . S 
- — 1 ,32

a . T)~. ‘;o11.lne dr,- 77c.1 to the levil ,ho’.,, in this co1u~”~ s,’en the 0.7 ohm load ~se appli e d.
164, Ie.~3 ~,e .,,71i 03 0.40 ,eeon~ after .,cti’ a tion o~ c). i’a ti.rv .

6. Tin . b~ tr sr~ p~ .ducing at l.a,t 7.0 vol:. after Sp pltca tiun of load .

e . Indi ca t e, h.t’teri.u irs vIn ci, fi risg pi~ huog— ,~p in breclat  on initial t e a t  ac t a~pc.

4 — 7
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TABLE 4-3 .

SUMMARY OF SURVEILLANCE TEST RESULTS (MANUFACTURER B)

VnIiage’

T ine to A’ te r Tire Below 
68attery Teat Ri se T4-e Reach He~ litum A pplic a tion 7 V . Attic S~ t,tc .

A g. leo.’ . to 7 Volta lies. Volt. Vol tag, of Load Load App lied Tine
%~~. .) ~~ (see ,) t_,ec.) (volt.) ,_ Jv oltj) (Sec.) ‘Sec .)

2 — 40 .03 .3? 26.1 17 .3 — 2. 1.3
2 4 — 40 .08 .30 46 .4 26.3 — 1.75
3 4. — ~0 .09 .23 30.1 18.9 - 1.23
4 4 — 40 .09 .3 3  30.8 18 .5 — 1.18
5 4 — 40 .09 .29 31 .3 21.1 — 1 .19
6 4 — 40 .09 .35 31.5 2 1.2 — 1.46
7 4 — 40 .10 .28 30 .4 16 .2 — 1. 24
8 6 40 .09 .31 31.0 Id.0 — 1 .31
9 6 — 40 .17 .32 31.0 li’ .fl — 1.17

to  ~ — 40 .17 .29 31 .0 1 1.0 — 1.07
‘‘ ‘ — 40 .10 .31 31.4) 36.5 — 1.2/.
2.- ~ — 40 .12 .28 31 .0 16 .5 — 0.96

I’S ~ — 40 .11 .28 31.0 1 . 0  — 1.24
14 6 j — 40 .09 .Z~ 3~ .0 16.~ — 1.40

6 — 4 0  .10 .28 3 1.Q 1 . 5 — 1.05

a . The so1 ta ~ e dropp ed t o  th , leve l ~Ino~,n in th is co1ut, ~ wh.~ the 0,7 ohm load vaa applied.
This load was appli .d at 0.40 ..cond after activati on of th. bagt irv .

6. ?ia. ba ttery y.r oduc ing at 1.ast 1.0 volta after applic a tic of the to.4.

4—8
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The S u r v e i l l a n c e  t es t  ind icated  that although reductions

in vol tage output have occurred w i t h  th i s  battery as it has

aged , t h i s  battery was still found to be serviceable af ter 10
years of storage . The most sig n i f i c a n t  e f f e c ts tha t age has
had on battery performance have been the increase in the
batters’ rise t i l l l c  to 7 v o l t s  and the substantial r -duction ~~n

voltage that the battery is producing iaimediately after appli-

cation of the rt’sistive load.

It was concluded from the results of these tests that the

elec tr ical output of the ba ttery af ter 10 years of storage is
still sufficient to properly ignite the spin rockets even under

the most severe temperature conditions (-40°F). It has been

shown , however , that ag ing of the ba ttery  is reducing its elec-

trica l outpu t and thus it is considered extremely important that

SurveIllance tests be continuert in order to carefully monitor

th is reduc tion so that the limiting life of these batteries can
be de termined .

4.2 Thermal Battery B

A surveillance program initiated in early 1965 evaluated

the reliability and performance characteristics of thermal

battery B after seven years of storage under several environ-

mental conditions. In this program , annual func tioning test
and analyses of these batteries were conducted.

The functioning test consisted of tests of batteries that

were temperature conditioned to -40°F. Prior to testing , the

batteries are t empera ture  condi t ioned fo r  a min imum of 18
hours and tested within 2 minutes after re400val from the con-

di tioning chamber. The following observations are obtained

for each ba ttery during the tes t:
(1 ) Current rise time to 10.0 amperes (seconds)

(2 ) Time to reach maximum amperes (seconds)
(3 ) Max imum current (amperes)
(4 ) Serv ice t ime (seconds)

4— 9
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The batteries tested were obtained from storage in Alaska ,

Canal  Zone , and Blue Grass representing arctic , trop ical and
tempera te environments , respectively. Approximately fifteen

batteries are tested each year. To date , thirty-seven batteries

that had been stored in the above storage sites have been

tested . These batteries at test time varied in age from 3 to 7

years .

4 .2 . 1  Thermal Ba t te ry  B Survei l lance Tests
In the Surveillance functioning tests all batteries were

removed from the battery assemblies and were individually tested.

A genera tor which  produces 24 volts DC output was used to
activate the electric squib of the battery . A 1.00 + .02 ohm

resistive load was applied to the battery output terminaL; before

activation . The battery specification required that the

battery supply a minimum of 10.0 amperes to the 1.00 + .02  ohm
load within 1.0 seconds after activatio.-i and continue to supply

a minimum of 10.0 amperes until 2.0 seconds after activation .

In other words , the maximum allowable rise time under load con-

ditions is 1.0 second and the service life minimum requirement

is 1.0 second after the current has risen to 1.0 amperes.

4.2.2 Thermal Battery B Test Results

Table 4-4 gives a summary of surveillance test results

of Thermal Battery B. Table 4-5 shows a comparison of electrical

performance of batteries from different manufacturers and dif-

ferent storage locations.

One failure was recorded for battery No. 9 in Table 4-4.

The ba t te ry  f a i l ed  to meet the rise time requi rement .
This program resulted in 1.5 million battery storage hours

with one failure giving a failure rate of 666.0 fits.
The results of the initial three years of the surveillance

tests for Thermal Battery B have indicated that the battery

is still effective after approximately seven years of dormancy .

It  should be noted that the battery manafacturers had indicated
a shelf  l i f e  of 5 years for this battery. The serviceability

of t h i s  b a t t e r y  was based on the fact that of all 37 batteries

4—10 
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TAbLE 4-4.

SUMMA R Y OF SURVE I LLANCE TEST RESULTS

Curre nt 
— 

Tiu.e to
Bat tery Batt ery Test RI.. Tim. Maxim uD Roach Ma~ Se rvic.~

Dat e ~lanuf ac— Storag e Age Tenp. to 10 a~ p. Curt.nt Current fl~.No . T e s t e d tu rer L ocatiø ~~~~(ror ~~~~ ~~~~ 
js~~~j ~~~~~~ (see. )  ~~ eçj

1 1Lb 65 Cl 36 — 4 0  0 . 83 17 .0 — 7.0+
2 Cl 36 —40 0.71 17 .0 — 7 .0+
3 “ CL 36 —40 0.82 18.5 — 7 .0.
4 “ CL 36 -40 0.76 17.0 — 7 .0+
5 “ ) 50 48 -40 1 .03 17.5 — 7.0-s
6 ‘

~ 
( B so 48 —40 0.~~& 18 .0 7 . O 1~

I ~
‘ SC 48 — 40 0.73 18.5 — 7.0-5-

8 80 48 — 40 0 .71 18 .5 j- — 7 .0k
9 Mar 66 FiG 72 —40 1.06 17 .0 1.71 6 .5÷
10 B 72 —4 0 0.88 13.0 1.69 4.5÷
11 Cl 43 —40 0.93 19.0 1.41 6.5÷
12 “ CL 48 —40 0.7’ 18.5 1.29 6.5-s
13 CL 48 -40 0.76 18.0 1.27 4 .5-I-
14 ‘ Cl 48 —40 0.72 16.0 1.10 4.5+

B Cl 48 — 43 0.71 18.0 1.02 6.5+
16 ‘ CL 48 —40 0.65 18.0 0.88 .1.5÷
17 CZ 48 —40 0.78 17.5 1.57 4.5÷
18 ‘~ A CL. 48 —40 0.77 17 .0 1.52 4.5+
19 ° C~ 48 -40 0.67 17.5 1.06

A 60 —40 0 .83 18.0 1.52 4.5÷
21 Apr 67 AL 60 —40 0.72 18.5 1.51 2.5+’
22 A AL 60 —60 0.79 18.0 1.54 2.5+
23 ‘

~ 80 72 —40 0.78 17.5 1 .4”. 2.5+
24 “ Bc 72 —40 0.75 18.0 1.42 2.5+
25 ‘~ B 80 60 -40 0.69 18.0 1.30
26 50 60 —40 0.64 17.5 1.38 2.5+
27 ° Sc 78 —40 0.S9 16.5 2.10 2.5+
26 

~
‘ 30 78 —40 0.97 16.5 1.88 2.5+

29 AL 54 — 43 0 . ~1 18.0 1.37 2 .5’.-
30 •‘ A Al. 54 —40 0.75 17.5 1 .54 2.5+
31 “ AL 54 —40 0.77 17.5 1.49 2.5+

— 32 ° AL 54 —40 3.76 17.5 1.63 2.5+
33 “ CL 60 —40 0 . 7 7  16.5 1.30 2 .5+
34 CZ 60 —40 0.76 16.5 1 .31
35 0 AL 60 — ‘ .0  0.73 16.5 1 .s2 2.5+
36 B Cl 60 -40 0.63 16.5 - 1.05 2.5÷

________ 
Cl 60 -40 0.66 17.. 5 [.09

Storage Locations : AL — Alaoka
BC — Mu. Gras.
CZ — Canal Zone

* The service time is the tim e the battery is pro duc Ing a current of at
Jeas t 10 amps. Tho service time for all ba tte rlee tes ted was in excess
ot . t)~e spec ifica tio n reçui r.ment (1.0 sec .). The exact service time
for the 1fldiv jdu~ 1 ba tteries wag not avajjdb le ~i -~ce instrunentgt jon
util izod duri ng these tests recorded the servic e time only durin g thu
initial fete seconds of th. test .
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TAL~Li. 4 — 5
Cl A k ISC N  OF i,EEL’ i ’R IC A L P1- ’~’O R3~A~~CE OF

1-VEi ~~~ T 1’AL’ . 1 L I 4 E R~ AND DIFFER E7Ci  STORAGE O T ~~CdS
(c o n d i t  t on i n g  t e m p e r a t u r e :  - 4 0 ° F )

Man sfactu rer 
— ‘ 
B —]

S to ray,e Lo c,e ion Blue 0gae~ Canal Zon ~~ C.i n ai  Lon~~’~~A 1t.e’a

A v ’ r a ~ e ~ .- s t t e r y  Age (i-~~’~ths ) 
— 

62 I
Avet j~~e Curre n t R i - ; e  F i r -c  to 10 .0 A.’-p. (sec .)  0 .83 0.70 6.78 0.75

4t3 . 0ev . o~ Curren t Rise Ti me ( se c . )  0.1380 

- 

0. O 2 1 ~~~~~~~~~~~ 54 ~~~~~~~~~O2~~

Over al l Avera ge Current Rise Time (seC .) 0.78 0.77

C’v.’~ aj 1 St , i . 0ev.  ot Cur re nt  Rise Time (s ec . )  0. 126 6 0 .0484

Average Maxi m u m Current  (ampe r es ) 17. 6 17.6 17.4 ~17 .6

Std. 0ev , of  M.t,lnum Curr en t (inp er es ) 0.7006 0.SS.1t  0.~~0j  0 .62 6 7

O’.- .- t-,ll 6ve ra~~’ M.-t x n--un Current (~~~p e r es )  17.6 J 17 .5

Overal l  St d . rev. of Max irum Current (aap.r.a) 
— 

0.6642 0.8260

~~Ve I .ge  R~~Si Tte t O  Max Current (s.c.) 1.60 1.13 ~~ t.37 ~ 1 .5

~~~~ Dcv . of R is e  Tim. tø Max Current ( s ec .)  0.2991 0 .28 )2 0.1517 0 .CS7 S

O. e ra ll Avg. R i se  T i r e  to  Max Current ( S e c . )  (a)  1. 4.18

Overill Scd. Dew , of R i se  Time to Max Curt.n c (a) 0 1494(i.e.)

NOTE: The service time for all ba t t e r i e s  was in excess of the
specif ication requirement (1.0 second). The exact ser-
v ice tIme of the individual batteries was not obta ined .
H owever , t h e  i n s t r u m e n t a t i o n  u t i l iz e d  d u rin s  the th ree
tes t s  i n d i c a te d  tha t  the service  t ime was in excess
2 . 5 seconds , 4 . 5  seconds , and 7 . 0  second s res~~ect i v e i v.

a)  A si~’ . n if i c a nt  age L f f e c t  on r i se  t ime to m a x i m u m  c ur r e nt
t~iis noted . The rise time varied from 0.91 seconds fo
4— ear-old batteries to 1 . 8 2  seconds for 6 l’2—year—oL~
batteries.

b)  No ciL-
~e e f f ect on r ise  t ime to maximum cur r en t was noted

i.’ ith  M a n u f a c t u r e r  A b a t t e r i e s .

4 — 1 2

- .-~~~~~ — - ~~ -—- -‘~~~~~-~~~~~-.- ‘
~~~~~~~~~~~—



__ - ___ -_ -~~~~ ,---..v’,~~~ -- .- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ‘- —-—.-——.‘-

I (’vli)unl y I t ’~~tt ’d oit l y one i t t  l ed  to ‘ c i i t  01111 10 1 l i t ’  1)t ’I ’ f O I I l l —

.tilt ’&’ I0.~ t 1 i  I i’int ’ I I I S , I ..‘ . , I I1(’ bat 1 ( 1  I i-n we’re i ’.- s i ’ .I t . l . ’ ol

t I~ ’ } ’ I \ ’ 1 I ts
~ 

.5 1111 I llIltilIli i i i  10 •11t11)el ’n w i t h i n  l . t )  :n’. - .’t i.l .it I
s e t  i V a t  i o n  ,usd i’ont i itut’rI I nu~ i 1 ‘

~ 
a ins n l m i t m  ot 10 aml.e I’t ’: ;

t I t i t  i i  2 .0 secoti.1~; a l t e r  14- t i i q  .tct iv.t ti’ .i . ‘I’m - b i t t  I cry  w h i ch

dii i  uot meet  t he  j . ’ i~~.t i u , t i i . ’.’ I . -~~ llI i i ’itleiit:; h i d  , s  t i n s - I ins ’ 1.
i t )  ~~~~~~~ . ( ) I I  , n ’ i ’ , i i l n  .t1t> ~’t ’ i . ’ l t I ) i i i i , I i i l ’e I u n i t : . T i j i : ;  I s i t  1. - i  ‘- ,

Ii. ‘‘.~‘ - Vi - I • III I iC • 1 1 ~I1t ‘ii ~ ‘.‘ I v i i i  .1 I I 1)1 ii ’i i .‘;~ ‘st ~ I ii ~ I I lii I:

t he :;1 i q i s t  t y ioii. it ’I; I in c  I t l f l t ’  W . t 5  c o it u i t l e r t ’d I i )  14’ 01 t ic

C. t l : s e s J l i ( ’n( ’e

1~Ist ’ nI s t  1 s t  1 ~‘.i I 111,1 1 yn  1:; ol  I In -  d at  ,s comp I led  d t i i  i n.i  t h e

- I I I  V .’ I I I .iitc~~ I s ’S I I iid 1 eat  cii t l i . i (  i te  i t  I i e i  sq. ’ i i o t  i i I , l i i t i  I S et  t ir e  t —

i t 01 aq(’  1 ~ st 1 ‘I I  h i , s s l  .5  s t q Ii i ‘Si t  1 - I I ccl  cu I he m ax  i in t iu t  - tn i i  - i t

s t i  ( h i ’  i ’t i I i t ’ I i t  i ’ l i i i ’ I t ute I t t  1 t~t .i ni~’n o t  t l i en . - l i l t  s ’F i s ’:; . ‘i’ l i t ’

. I V e I . I qe c i i i  i t ’ i i I  I i : ~~ ’ I iflk ’ t o  10 . s t u ~~ :; or  s a t  1 . - t i  e n I i~~t t  vitd e~1

I l l  .i q.’  ii ’OIll I I s ’  ~~t p I o X  m ist  e l y —/ v i - . s 1 ; .  Wa:;  . 77  ;ee~~t ts l ; ;  . i i i i i  t h i s ’
.IV t’l ’ .liji ’ m a X  t m t i m  e u i ’ r i - i it  r I o . i u c e d  is’ s : ;  1 7 . , i l n ~~ : ;  , ‘P in ’  . t i i .u l ~~:; 1

s -s t  t Ii, - t 1 IIIs~ t 0 111.1 X I Immi - II U it ’ l l  t , h ow. ‘VI’ I ’ , 1 11.11 C ,it &~si I l i t ’ I 0 1 1 ‘w —

I Iiq ; (I) a S 1 1 1 1 1 1  i c .s i i t  d i  t i t ’ i e i i . ’,’ l s ~ t i~~’s ’Ii i..~t I ( ‘ 1 5 ’  I t h t I t t i t . t & ’ t  U

ocet i t i’.’.l .tn& 1 ( S t  .111 .1.) i I I )  e t  I i -c t w i t h i  ii ;.sii ti I ;~~
. I u1’l’ i i\ ~ a I t t’ i t  C : ;

W I S  not cii . ‘I’lis ’ :11 qit I I i s ’S1l t ii ii 1. ’ r ence be I wee n I he bat t  ex ’y
f l 1 . t l l t i f .~ ct  ui’cr:; W ,5 :; re t  I eel cii ill t h e  cOi t tj ’ i I i  t : ;o t t  of I Ii. - r e n i i l  I : ;  I
s-sl’t ~~t i i u ’ si W I l i i  -1 I/2 — y.’.sr—olsl Intl t i -n e:; in w h i c h  i l h I I l t i t . I e t  i l l i ’r A —

1 - s t  I ‘ I u i ’ : ;  l e q I l i  i t ’d 1 . 1  :;ecoi ts l : ;  t~~ i - ,~,’l :  maX ilU hulti ctiI ’ I’eii t ( 1 7 . 1

.tiii ~ tn )  ‘s l it i i ’  i n . I t i t i t  St ’t  1 I I i ’ 1 ’  11 I t , i t  I e l l i S  i e s ~ i i i  i e s i  1 .  .1 ;;i ’C0 l i~ i :;  I ,

iII.1X 1 51111111 t ’tll 1 11( ( 1 7 . ’ ~tinj : ; )  . ‘l i i i ’ .5.) l Iii) i’I t .‘i ’I t ’t ’ t i l I  11.1

Is’ I ( Ii i , t . t i t t i l . t t ’t tu i t ’ i A tt .i t t t.’1’ i i ’ ; ,  i llil I i ’ t t  i ’sl  I 1~~t t  ( I t t ’ I I liii’ I ‘ i e,tehi

max t Iliu m ctu i ’i’eii t V .lF i t ’d t i o l i l  0 . ’) ; ;i ,~~ondt -  l ot  4 — y t ’ .ti — o lii 15 .51 l e t  i t - : .

l i t  I .  U 1Ie - oilsI:; t o t 1. i / 2 - - y t ’ : i r — o h d  m i t  t e i t e ; ;  . I t  i:4 iiote.I t ha t

.il I Iioii.j li I hi ’ I s tIle I i s  i’ ’,t ch i  m.sx 1 11111111 C U F I  ‘ i i t  Is ’s :-  5 1 . 1 1 1  i t i c an t  ly
i t  l e d  ~ i i 155’ 5 ’’’ ii i  I lit’ m i S  - ol I hi , ’ iii.1IIU t SC I n  I i ’ F A i t s  I I es 1. ’ : ;

II.’ S ‘ q II i I i s ’.Iii t sqi ’ e l i  ‘ct  Om ’ . ’ l i i  i t ’ d  i i i  t i n -  t ’ u r i e l t t  i i  :ic I t int’

t o  II ) Ilil i ts , ( lie t h o m ’ i I i i I ’ ’l t - t i s t  I inn ’ I 5 t l . 1 1 1 1 i ’ t . i .  The : ;i ’t Il i I I —
m u l l  I i lls ’ I t )  Ii I , i X I i l i i i i i i  . 5 1 1 1  s i t t  is’Ii~ s’Ii I:; , 11101 1’ s ’ m 511)’ I  s l i t ’ s : ;  I V . ’

lIk e - i l l  e 01 t I n ’  l i t  1. — n v  I one duii- i u’i i t  S ,ue t i\ ’ ,i t  1 5 ) 1 1  r i i . i : - i ’ li,i:-

— ~~~~~~~~ —- - —~~~~~~~ —-~~ -- --  —~ -— -~ —-~ .-



~~~~~~~~~~~~~~
- 
~~~~~~~ 

n ~: - : -
~~~~~~~~~~~~~~~~~

‘
.~~~~

thus given some indication that aging nay be becjinnir.g t.j

have some effect on the electrical output of these batteries.
Althoug h no statistical analysis of the battery service times
w a s  carried out , it was observed that all batter ies produce d
current in excess of 10 amps for at least 2.5 seconds .
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SECTION 5

S I L V E R - Z I N C  BATTERY AN ]\LYS IS

Data was collected pertinent to the effect of long-

term storage on battery reliability for silver-zinc primary

batteries of four manufacturers and three missile programs .

This data is analyzed by the three data sources A , B and
C. Data type A was collected prior to 1963 and data types

B & C were collected in March 1975. Total battery storage

hours , failures and resulting failure rates are summarized

in Table 5—1 . Details on the dat.a analysis are given in the

following section .

TABLE 5-i, * SILVER-ZINC BATTERY NON-OPERATING DATA

BATTERY NO. OF STORAGE I-IRS . NO. OF FAILURE RATE 90% ONE-
UNITS (10 0) FAILURES IN FITS SIDED LIMIT

B 483 13.8 0 72.5 167.4

C 510 9.8 0 102.0 235.6

TOTALS 23.6 0 23.6 97.9

* Da ta Type A is given in the fo llowing anal ysis bu t is not

included in this table . Type A data is considered obsolete since

it was collected prior to 1963.

5.1 Silver—Zinc Battery (Source A)

Data collected for silver-zinc batteries of source A was

prior to 1963. In all cases, these batteries were produced
for military applications and meet military specifications .

Data from source A is shown in Table 5-2 , Data Sample No. 1

through 24. This data resulted in 61 failures during 7.97

mill ion storage hours and resulted in a failure rate of 627.0
fits. However , this data is not considered representative
of current battery technology and is not used in the summary
and recc’mniendations .

L . - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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5.1.1 DATA SAMPLE NO. 1: BATTERY SHELF-LIFE TEST

An “autopsy ” was performed on a silver zinc , squib—

activated primary battery after 54 months of storage in the

environment of the manuf acturer’s plant. The positive plates

were found to contain 81.88 percent divalent silver oxide. A

detailed visual examination of the plastic parts , separator
materials , negative plates , and potting revealed no degrada-

tion due to the 54 months of storage . The gas generator was

successfully fired after removal. The 0—rings which were in

contact with the 32-percent solution of potassium hydroxide

electrolyte were tested with the following results.

0-Rings From KOH Eq~uivalent New 0-Rings

Tensile Strength 1400 psi 1033 psi

Elongation 170% 190%

A visual examination revealed no signs of attack on the rubber
by the potassium hydroxide solution . Some compression set was

noted in the 0-rings .

5.1.2 DATA SAMPLE NO. 2: BATTERY SHELF-LIFE TEST

An “autopsy ” was performed on a silver zinc , squib—activated

primary battery after 37 months of storage . The battery was

stored for the first 11 months in the environment of the manu-

facturer ’s plant, followed by 26 months of unsheltered storage
on the roof of the plant where the temperature varied from

-25°F to 160°F. The battery was protected only by its stainless

steel canister . No visible degradation of canister potting,

plastic par ts , cells , or activator was noted . The posi tive
plates were analyzed and found to contain 78.74 percent diva-

lent silver oxide . The 0-rings were sent to the manufacturer

for analysis with the following results.

New Tes t Percent Specif ication
0-Rings 0—Rings Gain or Loss MIL—P.~53l5A

Requirement

Tensile Strength 970 psi 1260 psi +29% 784—1064 psi

Modulus 470 psi 528 ps i +l2~
Elongation 240% 197% —18~ 190—240%

5—5
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The gas generator was disassembled by its manufacturer without

finding evidence of anything that would prevent it from func-

tioning normally . A slight discoloration of the gas generator
propellant was noted .

5. 1.3 DATA SAMP LE NO. 3: BATTERY SHELF-LIFE TEST

An “au topsy ” was per formed on a silver zinc , squib—

activated primary battery after 33 months of storage . The

battery was stored for the first 7 months in the environment

of the manufacturer ’s plant, followed by 2 6 months of unsheltered
storage on the roof of the plant where the temperature varied

from -25°F to 160°F. The battery was protected only by its

stainless steel canister. No visible degradation of canister

potting or plastic parts was noted . The positive plates were

analyzed and found to contain 91.73 percent divalent silver

oxide. The MS29513 0-rings were sent to the manufacturer for

analysis with the following results.

1. Hardness change , +3 degrees (Shore A scale)

2. No change in tensile strength

3. Elongation change , -30 percent

4 .  Specif ic  gravity results  were satisfactory
The gas generator was disassembled by its manufacturer without

finding evidence of anything that would prevent it from func-

tioning normally. A calorimeter test performed on the pro-

pellant showed a slight decrease in hea-ii- of explosion (approx-

imately 5 percent) .

5.1.4 DATA SAMPLE NO. 4: BATTERY SHELF-LIFE TEST

An “autopsy ” was performed on a silver zinc , squib ,

activated primary battery after 27 months of storage in the

environment of a warehouse where the temperature varied be-

tween 40°F and 110°F , with a relative humidity of up to 98

percent. No signs of corrosion were noted on the outside of

the activator. All elastomeric 0—ring seals were still good ,

as was the Teflon diaphragm which was noted to be similar to its

original size , shape , and flexibility. An adequate coating of

5—6
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lubricant remained on all 0-rings. The 0—rings met the require-

ments of Specification MIL-P-53l5A . The potassium hydroxide

electrolyte was removed and subjected to a chemical analysis.

It was found to be within present specifications for concen-

t r a t i o n , carbonate p ickup , and trace elements. The positive

plates were found to contain 95 percent  s i lver  peroxide , corn-

parei to a normal of 93 to 97 percent at the time of manufacture .

The negative plates were found to contain 95 percent pure

metallic zinc compared to a normal of 90 to 98 percent at the

time of manufacture . The pure silver foil connectors showed

no visible corrosion , and no corrosion was evident in any

soldered electrical connectors. Moisture content in the

active material was undetectable. The above analysis would
indicate a capacity loss of 1.5 percent as a maximum and no
change in activation time , wet stand capabi l ity ,  or vo l tage
levels as a result of the 27-month storage period .

5.1.5 DATA SAMPLES NO. 5, 6, 7, and 8: BATTERY SHELF-LIFE ‘I’~ ST

Data Samples No. 5 , 6, 7, and 8 resulted from tests per-

formed by a manufacturer as part of a battery storage program

for a particular battery series. The failure rate is generall y
higher than for similar batteries removed and tested after 3

to 4 years in a field missile , as in Data Samples No. 9 and 10.

One reason for this is the more severe temperature test and
storage conditions at the manufacturer ’s plant. Another

explanation for the poorer performance is that an extra plate

was added in the same battery case which increased the prox-

imity of the silver oxide and separator materials , thus
accelerating separator burning . The storage temperatures were
ambient and 130°F. The test temperatures were -40 , —30 , +40 ,
+80 , +130 , and +150°F. In general , the failure criterion was
failure to meet the battery specifications except that it was
under the minimum voltage during the first 22 seconde of dis-
charge .

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~
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5.i.u DATA EAMP L I- : N O . _ 9:  MISSILE BATTERY JOR~AN CY TLST PR OGi~~~
This data sample resulted from tests ~y the manufacturer

to Lnvestigate the f i e l d  storage capability of a g iven bat tery
series. The batteries were removed from missiles which had been

in the field from 3 to 4 years . One hundred—ei ght of these

unit s were tested over a period of a year (15 per month )  t h rough
the  various environments of vibration , shock , therma l shock ,

-ri activated stand. Seventy—two of these batteries were tested

after a 2-hour activated stand period . Because of a bad heater

desi gn , the batteries could not meet the specifications after

t u e  2-hour activated stand period . The ue 72 batter ies were
t h e r e f o r e  removed f rom the test sample , leaving a net quantity

of 108 b a t t e r i e s .  As a resu l t  of these tests , a “ sp l i t  heater ”
was designed which would maintain the activation system of the

battery a t  its optimum operational temperatures wi thou t  ex-
posing the cell block to moderately high temperature . The

b a t t e r y  has  the f o l l o w i n g  specifications:
Rise time : <0.50 second

Active life: >90 seconds

Voltage : 13.2 to 14.6 volts

Fi gure  5—1 i l l u s t r a t e s  the storage capab i l i t y . The graph is

based on the above sample of 108 batteries. No failures occur

until 39 to 40 months , at which time failures begin to occur.

I t  can be stated , then , that the f ield storage l i f e  of this
battery is 39 to 40 monthr .

5.1. 7 DATA SAMPLE NO. 10: MISSILE BATTERY DORMANCY TEST PROGRAM

Data Sample No. 10 resulted from tests by the manufac turer
to investigate the field storage capability of a given battery

series. The batteries were removed from missiles which had been

in the f i e l d  f rom 30 to 36 months. The battery has the following

sp)cifications :

Rise time : <0.50 second

Active life: >90 seconds

Voltage : 13.2 to 14.6 volts

5—8
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\‘a1~~a tests through the environments O f  v ib ra t ion , shock , and

thermal shock were performed on 178 batteries. One hundred

s( - ve n t v- f o u r  of the  ba t t e r i es  met specifications . Two b a t t e r i e s

had rise times in excess of 0.75 second (0.76 and 0.81 second)

a t~ a -50°F test temperature and were considered failures. This

iud gment is considered severe in view of the low test tempera-

t ure . One battery tested at —50°F had a rise time of 0 . 5 8

secend. Another battery tested at —50°F had an active life of

8~ seconds. These latter two batteries were not considered

taijures because they performed only slightly out of specifica-

tion s i t  -50°F , an extremely low temperature for a silver zinc

b~~ t t e r v  with respect to performance . No batteries tested at

teem t emperature (130°F or 150°F) failed to meet specifications.

5 . 1 . S  DATA SAMPLES NO. 11, 12, 13, 14, & 15: BATTERY SHELF-LIFE TEST

Data Samples No. 11 , ~2, 13 , 14 and 15 result from a con-

t ract the manufacturer had with the U. S. Army Signal ResearcE

and Development Laboratory , Fort Mor-unouth , New Jersey, to test

2~~-volt batteries in order to obtain an indication of the shelf

l i f e  of this battery series. The storage program was origi na l ly
desi gned w i t h  the  i n t e n t i o n  of s tor ing ba t t e r i e s  at severely
high tempera tures so tha t thei r  opera tional f a i l u r e s  would
occur in reasonably short lengths of time . Battery malfunction

was reached in only one case , that of 185°F after 8 to 12 weeks.
It was found that the gas generator and not the battery was the

cause of the failure to produce power. Stated results by th~
manufacturer of this test program are as follows :

1. The battery possesses reliability of performance after

at least 72 weeks of storage at room temperature.

~~~. The battery will perform reliably after at least 68

weeks at 140°F.

3. The battery will deliver its required capacity after

a t  least  64 weeks at a con t inuous ambien t tempera ture
of 12 0 ° F  p l u s  4 hours  per day soak at 165°F.

4 .  Perfo rmance is assured up to ~ weeks at 185°F.
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The b a t t e r y  c e l l s  w i l l  lose about  4 0 pe rcen t  of t h e i r  o r lg i n a l

capacity after I to 2 weeks at 180°F , or 8 t o  10 ~ ct -k ~ a t  1 40 °F .

This is caused by the thermal decomposition from divalent silver

oxide (Ag )02
) to silver monoxide (Ag ,O) in the positive p lates.

After these periods of time , however , this decomposition ceases

a lmos t  comp l e t e l y ,  or level s  o f f  to a very g radua l decrease  in
b a t t e r y  c a p a c i t y  because  silver monoxide is t h e r m a l l y  s t a b l e  up

to 300°F .

5. 1 .9 DATA ~ AMP hE N O .  l t~ : BATT ERY SH E L F — L I F E  TEST
Data  Samp le No.  16 r e pr e s e n t s  the  r e s u l t s  of t e s t s  per-

fo rmed  on 85 silver zinc prima ry batteries. Activation was

initiated by squibs and carried out by compressed air. In 12

u n i t s , a lea k  in the  a i r  p ressure  i n d i c a t o r  dev eloped  w h i c h

reduced the air pressure below the level required for activation .

The associated batteries were found to be in operable c o n d i t i o n .
The s to rage  pe r iod  was ~~ to 31 months  at ambient conditions.

5. 1.10 DATA SAMP L E NO.__17: BATTERY SkI1-:LF—LIFE TEST

Data Samp le No. 17 represents the results of tests per-

formed on f i v e  b a t t e r i e s  of a g iven battery series. The battery

spec i fications are as fo l lows :

E lec t r i ca l  C h a r a c t e r i s t i c s
Nominal Capacity 20 ampere—hours

Open c i r c u i t  vo l t age  3 3 . 5  vo l t s
Nomina l  o p e rat i n g  v o l t a g e  2 4 - 2 7  v o l t s

A c t i v a t i o n  method M e c h a n i c a l
Shelf life (dry) 3 years

Stand a f t e r  a c t i v a t i o n  1 hour
Typical  A p p l i c a t i o n

Act ivat  ion speed .‘— S  s econds

Power ou tpu t  3 , 4 0 0  wat t s
Di scha rge  rate 135 am ps

Discharge t ime 12 minute s (average)
Discharge voltage 25 volts faverage)

Watt—hours per pound ~4.4 v — h r / l b

Watt — h o u r s  pc: cubic  inch  1 . 6S v — h r / in .
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No battery failures occurred . The storage period was 1 to

4 years and the storage temperature 50°F to 110°F.

5.1.11 DAtA SA~~i ’LE NO. 18: BATTERY SHELF-LIFE TEST

Data  Sample No. 18 represents the results of tests per-

formed on three silver zinc primary batteries of a given series.

The storage period was 6 months to 1 year , and the storage

temperature was 50°F to 120°F .  No ba t t e ry  f a i l u r e s  occurrea .

5. 1. l~ DATA SAM PLES NO. 19, 20 , and 21: BA TTEI~Y SEELF—L FE TE ST

Data Samples No. 19 , 20 and 21 represent data f rom tes ts
run  on a f u s e  power pack con ta in ing  a s i lver  z inc , squ ib—
activated primary battery . The battery is rated at approxi-

mately 300 ampere-minutes . It has — , 21— , and 2 8 — v o l t  s e c t i o n s .

There were eight units , none of which f ai led . The storage
• period was 46 mcnths. Three units were stored at —65°F , tnre0

units were stored at +160°F , and two units were stored at +75°F.

5 . 1.13 DATA SAMPLES NO. 22, 23, and 24: BATTERY SHELF—LIFE TEST

Data Samples No. 22 , 23 , and 24 represent data from tests

run on silver zinc , squib-activated primary battery power

supply for fuses. The 28-volt cell pack (with a 7-volt tap)

can de l ive r  up to 60 amperes w i t h  less than  a 4—vol t  drop be-
tween -t35° and +‘~65°F , and has a nominal capacity of 250
ampere-minutes. Compressed gas is the propelling medium for
injec tion of the electrolyte. Over 200 units were tested. A

few of the units tested ha’I been on the shelf for some time .

One was 18 months old , two were 10 months old , and 2 2 wer e 6
months old. All performed normally.
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5.1.14 DATA SAMPLES NO. 25, 26 and 27:

ThiB data was a result of surveillance tests completed

March 1975. Tests were conducted on Silver-Zinc Shelf and
Service Life Batteries.

The report  was a th i rd  of a series intended to re l i ab ly
es tablish true shelf and service lif e criter ia for batteries
in the particular missile system . See report (Reference 6)

Silver Zinc Battery Shelf & Service Life Report.

The latest series of surveillance tests was com-

pleted in March 1975. This test included 45 pure shelf life

batteries of ages 11.5 , 13.24 and 14.14 years and 67 batteries

of known service life between 7 to 10 years. One battery with

greater than 7 years service l i fe  was also tes ted at a total
age of 15.3 years. All batteries met the activation performance

requirements.
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5 . 2  i ive i — S  i n c  I i t  ~~~AIhl 1~~5i5 (S ur c’- I’)

l E t t a  t t om s o t t r c t  B , data points 25 , ‘2t ’ and 27 , l ab le ‘ ‘ — .‘ ,

i s  I r em ohs -rvat ion data of the si iver— zinc battery shel amid

se r vi ce  ii it ’ analysis. The purpose of this analysis is to

e st ab l i sh  t he  m i n i m u m  shelf life and minimum service life for

i I yet — .~ in c bat eric;;

the a na l ysi s of h i t ’ si lver—z :ic b a t ter y  performance ja l a r t t or

rt ’t1uiremen ts during activation into a 2.2 * 0 .1  ohm r e s i s t i ve
b i d

a )  2 3 . 0  vo l t s  minimum at 1.2 seconds

b)  0pt~~r3 t  i n~ j t ime of (~ .0 minutes m i n i m um  to a terminal

voltage of 2 5 . 0  volts

c)  3 0 . 5  v o l t s  maximum

This ncr me;; of surveillance tests were coiup t o  ted i i i  M a i-c h

1 ‘17’ , . l-’rom i ii ’ h e 5—2 , data point 25 , [01- t i- five pure shel f
i i  ic b at t e r i es  01 ages 11.5 , 13.24 and 14.14 yearn and b 7

lat t e r i en  o t known s e r v i ce  life between 7 to 10 ye . lr s  . One

bm t  t c iv , data p o i n t  no. 2 7 , Wi lb t i r e at e r  t h a n  7 yc~m is service
1 1 I e i~~ i a iso t e n t  t’d at a total age of 15 . 3 years . All batter los

met t h e  act i vat ion per forniance requirements spec i i  x ed above .
5 . 2 .1 i~h~~l f  t i  f e  Batteries - 

-

A s h e l f  l i f e  b a t te r y  is one to which no better power has
bet-ti I } ’~~ 1 i t -d xccp t fo r  thermos tat checkout and one wh i cli  has

uiidt ’x - gei:e toratie a t  ambient temperature.
Lu ii ununa r i c the anai ys is , she 1 f 11 Ic h a t ter  i en , f o r  ‘~ ~~

p iu t ’a i ’i  I i  t~’ w i t  ii 1’~ % c o n f i d e n c e, will meet their act ivation

m rement s  up to  the  f o l l o w i n g  sp e c i f i e d  ag es ;

1 . 2 1 .0 v o l ts  a t  1 .0 seconds — 23 yea r s .
1. 2 5 .1) vol  Is m i n i m u m  for  t~O m i n ut e s  — . u i t -a : ;-

‘I’hi j curie I at en to a I ai lu  tt t~~~t C 01- 72 . 4~’ I at !  u r  c;-  I t ’ 
— 1

St  0 mag ~’ b o ut - n  . Ma xi mum voltage appears i n dep e n d e n t  of  she  1 t
I i t t ~~, set- v I ce 1 i I t ’ or battery aqt-
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5.2.2 Silver Zinc  Ba t t e ry  Service Lift

Based upon the da ta , it can be s ta ted tha t  the service l i f e

of the battery can be established at 14 years. This is a mini-

mum service life for silver—zinc batteries , wherein it can be
stated with 95% confidence that an average of at least 99% of

the batteries will meet their s p e c i f i e d  a c t i v a t i o n  p e r f o r m a n c e

requirements or 102.0 failures/lO storage hours.

5.3 Analysis

5.3.1 Shelf Life Batteries

A shelf l i fe  battery is one to which no heater power has

been applied except for thermostat checkout and one which has

undergone storage at ambient temperature .

The mean activation vol tage Y , at 1.0 seconds for

shelf life is given in Table 5-3 by contract and battery age .

Also included in the table are the standard deviation(s),

sample size (N) , and the one-sided 99% confidence limits (C.L.).

The 99% C.L. states with 99% confidence that the true batters-

population mean for the activation voltage is greater than the

tabulated value shown . These values were calculated using the

following equation :

99% C.L. = - 2.33 S/ N

Similarly, Table 5-4 presents shelf life data for the battery

life in minutes (after activation) to the specified terminal

voltage of 25.0 volts .

The mean regression line calculated for the time

dependent data for the shelf life activation voltage at 1.0

seconds is Y 28.7439 - .0978X , and likewise for the respective

one—sided 99% CL points , Y + 28.5354 - 0.lO6lX. These equations

are based on the data extending up to 13.24 years . The lower

one—sided confidence bands around the mean regression line

describing the lower one-sided 99% confidence level points.

The confidence bands around the 99% CL points can be inter-

• preted as follows: At any given age , we have a 100 (1 -

confident that at an average , at least 99 % of the ba tter ies
will exhibit an activation voltage , at l.G seconds , greater

5—15
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TABLE 5-3

SHELF LIFE BATTERIES

VOLTAGE AT 1.0 SECONDS

MANUFACTURER/ --
DATE Y S N 99%C.L. BATTERY

A G E ( Y R S )
2399(8/68) 28.090 0.664 38 27.8390 0.01

30087( 8/66) 28.760 0.557 62 28.5952 0.01

• 29960 (4/66) 29.209 0.525 46 29.0286 0.01

19813(8/65) 29.323 0.502 48 29 .1542 0.01

2399 27 .335 0.700 20 26.9703 2.0

30087 28.615 0.616 60 2~~.4297 2.0

29960 29.363 0.580 46 29 .1637 2.0

19813 28.651 0.672 45 26.4176 2.0

29263(6/64) 27 .878 0.704 26 27 .5360 9.0

29150(4/64) 27.293 0.456 24 27.0761 9.0

29128(11/68) 27.378 0.583 22 27.0884 9.0

20522(7/63) 28 .520 0.510 15 28.2132 11.5

07340 (5/61) 27.410 0.510 15 27.1032 13.24

07002 (9/60)* 28.590 0.390 15 28.3554 14.14

* Not employ’ ed in regression analysis
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• TABLE 5-4 .

• SHELF LIFE - BATTERIES

BATTERY LIFE (MINUTES) TO 25.0 VOLTS TERMINAL

MANUFAC - BATTERY
TURE R Y S N 99% CL AGE(YRS)

2399 21.99 2.34 38 21 .1055 0.01

30087 18.72 1.55 62 18.2613 0.01

29960 17.68 1.55 46 17.1475 0.01

19813 19.81 1.94 48 19.1576 0,~0l

2399 18.57 0.96 21 18.0819 2.0

30087 16.72 1.55 60 16.2538 2.0

29960 15.67 1.31 46 15.2200 2.0

19813 18.58 1.73 45 17.9791 2.0

29263 13.91 1.51 22 13.1599 9.0

29150 15.30 1.69 19 14.3966 9.0

29128 18.86 1.61 22 18.0602 9.0

20522 17.48 2.6 8 15 15.8677 11.5

* 07340 18.12 1.50 15 17.2176 13.24

* 07002 20.77 1.68 15 19.7593 14.14

*Not employed in regression analysis (see Table 5-5)
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than that shown by the confic~~nce band . We can thus  p r e d i c t ,

with a s p c c if i e d  con f idence  at what  age will less than 99%

of the shelf life batteries fail to meet the specified mini-

mum activation voltage of 23.0 volts at 1.0 seconds after

activation . For 95% confidence , the 23.0 voltage activation

r e q u i r e men t  a t  1.0 seconds will be met at a predicted b a t t e r y

age of 28 yea r s .

Eor these shelf lif e batteries , the equations descr~ bin.j

battery li fe to a terminal voltage of 25.0 volts are of the

expone nt ia l form I = aeb~
C since they provided greater corre-

lation for the data than did the linear regression form.

~i’he equatIons describing shelf life batteries minutes to a

terminal voltage of 25.0 volts with respect to battery age ,

for the mean data and the 99% CL points are :

Y — 18 .63  e~~~~~
i4 S X  and I = 18.19 e~~~~~

l85X

respectively . The age at which an average of at least 99% of

the shelf life batteries , with  99% conf idence , wi ll exhibi t
25.0 volts or greater after 6.0 minutes is approximately 26 years .

5 . 3 . 2  Service L i f e  Bat ter ies

The mean activation voltage at 1.0 seconds for service

lilt ’ batteries is given in Table 5—5 and the battery activation

life to a terminal voltage of 25.0 volts is given in Table 5-tt .

to determine pure shelf life degradation with respect to time ,

the mean observed values ( Y ’  s)  , for  each con t rac t  and age , a r t -

those  a l t er  e x t r a p o l a t i o n  back i n t o  t ime by the number of ye~ rs
tI-tat the  batteries have seen shelf life. Since the mean S h e lf

lLfe regression line for the activation voltage was calculated

to be y = 28.7439 — 0.0978X , the slope is —0.0978 and there-

fore t he  servict - life mean activation voltage is increased by

0.0978 time s t h e  number  of years of shelf life . Tab le  5 5

i t -pt esent s t Ite extrapolated data wh e r e  the  actual battery scivice

i t I c  di ft & -rt ; from its test age . The m a x i m u m  i n c r e a s e  f or  an y

O Ut ’ cott L tact i n  t e l  atively small; 0.31 volts for manufacturer

1/480 (i~~l i t -  5 — 5 )  . Similar extrapolation was porl ortied on the

r n - i t t  1 V it i on 1 i e (Table 5—6) to 25 . 0 volts us i n~~ the mean

expoiti ntiat s he l l  lite degradation equation.

5—18

—

~

-

~

—— -—--•- ~~~~~~~~~ -—-- --~~~~~~~~~~~~~~~~ 
A



I

TABLE 5-5.

SERVICE LIFE BATTERIES

VOLTAGE AT 1.0 SECONDS

MANUFACTURER/ SERVICE TEST
DATE I S N 99% CL LIFE(YRS)AGE

2 399 ( 8 /68 )  2 8 . 090  0 . 6 6 1 4  38 27.8390 0.01 0.01

30087(8/66) 28.760 0.557 62 28.5952 0.01 0.01

29960(14/66) 29.209 0.525 146 -29.0286 0.01 0.01

19813(8/65) 29.323 0.502 148 29.15142 0.01 0.01

2399 28.61482 0.5852 56 28.14660 2.0 2.0

30087 28.1792 0.8106 60 27.93514 2.0 2.0

29960 29.26714 0.6075 146 29.0587 2.0 2.0

19813 28.60 o.58 140 28.3863 2.0 2.0

171480(7/62) 27.7328 0.7065 30 27.14322 11.0 6.17

201416(1/63) 27.29147 0.22140 9 21.1207 6.o

30087 27.1503 0.8025 15 26.6672 7.0 8.25

** 29960 29.06143 0.0707 2 8.17 8.814

* 19813 29.2815 0.72140 23 28.9298 8.25 9.140

29350(14/614) 27.98014 0.9195 3 26.714314 6. a 10.63

* 29263(6/614) 29.0161 0.8693 18 28.5787 8.5 10.33

* 29263 28.8775 0.7569 14 28.0958 9.13 10.17

** 29263 28.21 - 1 10.17 10.25

** 06403 26.91 1 > 7. 0 15 .3

* Not employed in regression analysis (See Table 5-8)

** Not employed in regression analysis due to sample size .
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TABLE 5-6.

SERVICE LIFE BATTERIES

BATTERY LIFE(MINUTES) TO 25.0 VOLTS TERMINAL

MANUFACT URER/ 
— SEHVICE TI-IST AGE

DATE Y 5 N 99’,~ CL L I F F ( Y P . B )  ( y t ~.;)

2399 21.99 2.314 38 21.1055 0.01 0.01

30087 18.72 1.55 62 18.2613 0.01 0.01

29960 11.68 1.55 ‘1146 17.11475 0.03. 0.01

19813 19.81 1.914 148 19.1576 0.01 0.01

2399 16.141 0.78 22 16.0225 2.0 2.0

30087 114.50 -1.20 6o 114.1390 2.0 2.0

29960 i14.i6 1.23 146 13.73714 2.0 2.0

19813 15.714 1.12 148 1 5 . 3 6 3 3  2 . 0 2 . 0

171t80 16.17 0.80 30 15.8323 I e.O 6.17

201416 16.22 1.85 9 114.78214 6.0 7.33

30087 13.35 1.07 15 12.70141 7.0 8.25 -:

29960 12 .014 0 . 87  2 8 . 17  8 . 8 1 4

19813 13 .143 1.00 23 12.91430 8.25 9.140

29150 15 . 6 0  0.147 3 114.9662 8 . 3  1 0 . 63

29263 114.10 o .8 14  18 13.61412 8.~~ 1 0 . 3 3

2 92 6 3  1 2 . 7 8  0.50 14 1 2 . 19 90  9.13 10.17

29263 
- 

1 1 4 . 1 4 5  1 10.17 
- 

10.25

061403 1 1 4 . 7 5  1 >7.0 15.3
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TABLE 5-7.

SERVICE LIFE BATTERIES

MAXIMUM VOLTAGE

MANUFAC- SERVICE TEST
TURER X S N 99% 95%x99% LIFE AGE

30087 29.01 0.21 15 29.14 29.82 7.0 8.25

17480 29.23 0.17 29 29.30 29.81 4.0 6.17

19812 29.38 0.30 23 29.53 30.43 8.25 9.40

29263 , 29.39 0.23 22 29.50 30.20 8.5 10.33

29128 28.55 0.24 22 28.67 29.40 0.0 9.0

29150 29.04 0.30 24 29.18 30~08 0.0 9.0

29263 29.09 0.29 23 29.23 30.11 0.0 9.0

20522 29.10 0.18 15 29.21 29.80 0.0 11.5

07340 29 .26 0.24 15 29.40 30.19 0.0 13.24

07C02 29.15 0L12 15 29.22 29.61 0.0 14.14

061403 29.01 1 - > 7 . 0  1 5 . 3
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F lit ’ • mean rt’q ression line is I = 28.8810 — 0 . 1 9 0 4 X , the
re; r t ’snion l it -ic for the 99% CL points is I — 28.6990 —
0.2523X , and the one-side 95% confidence band about the 99~
CL res res sion line crosses the critical parameter of 23.0
volts at approximately 14.5 years. This indicates that w i t h

95~ con f idence , an average of at least 99% of the batteries

will exhibit 23.0 volts or greater at 1.0 seconds after acti-

vation up to a total battery service life of 14.5 years .

The regress ion of the data is also expo nen tial  based
on qrt’ater correlation than linear regression . The regression

equation describing the 99% CL points is I = 17.5602

and the cr itica l parameter (6 minutes) cros sover point for
o)5~ confidence is at a battery service life age of approximately

20.5 years.

5 . 3 . 3  Maximum Voltage
Al l  pre sen tly available data for shelf and service life

max imum voltage after activation is presented in Table 5—7.

Due to the small number of observations for both shelf and

st- rvice life and on the narrow time frame for these ob-

servations , separate meaningful regressions cannot be per-

formed. The Bell-Doksum Test** was therefore used to de termine
if ti-ic maximum voltages , regardless of battery age , for the
shelf and service life batteries represented two independent

samples (**reference : Conover, Practical Nonparametric

Statistics) . From the tests , the hypothesis , that the two
popu lations have identical means is accepted ; inferring that
maximum voltage is independent of battery shelf or service

life conditions. Furthermore , apply ing  the Spearman rank
correlation test to all the mean observations (X’s) for both

shelf and serv ice bat teries , the hypothesis was accepted that

there is no correlation between the maximum voltage and battery

age. Thus , we can assume that maximum voltage of the batteries

is a function only of the contract under which they were manu-

facturod and not dependent of shelf life , service life or

battery age.
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For the maximum voltages, Table 5-7 also gives the

one-sided 99% confidence limits and the one-sided 95% by 99%

tolerance limits. The 95% by 99% tolerance limits indicate

that the probability is 95% that at least 99% of the batteries

will have a maximum voltage less than the values shown.

5.3.4 Summary

a. Shelf life batteries , for 99% probability with 99%

confidence , will meet their activation requirements up to

the following specified ages:

(1) 23.0 volts at 1.0 seconds — 23 years

(2) 25.0 volts minimum for 6.0 minutes - 26 years

b. Service life batteries , for 99% probability with 95%

confidence will meet their activation requirements up to the

following specified ages:

(1) 23.0 volts at 1.0 seconds — 14.5 years

(2) 25.0 volts minimum for 6.0 minutes - 20.5 years
c. Maximum voltage appears independent of shelf life,

service life or battery age.
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SECTION 6

CONCLUS IONS AND RECOMMENDATIONS

6.0 Conclusions

6.1 Silver-Zinc Batteries

The critical limiting shelf and service life parameter

for the silver zinc bat tery life is the 23.0 volts minimum
at 1.0 seconds. The total shelf life of the silver zinc

batteries can be established at 21.0 years since at this
age there still remains one year of service life.

Total service life of the silver zinc battery can be

established at 14.0 years.

Failure rates of <72.47 fits and <102.0 fits have been

established for shelf-life and service life batteries re-

spectively.

6.2 Thermal Batteries

6.2.1 Type A Thermal Battery

The surveillance tests of the Type A battery have in-

dicated that although reductions in voltage output have

occurred with this battery as it has aged , this battery was

still found to be serviceable after 10 years of storage . The

most significant effects that age has had on battery perfor-

mance have been the increase in the battery rise time to 7

volts and the substantial reduction in voltage that the battery

is producing immediately after application of the resistive

load.

The tests of these batteries revealed that batteries that

have bar connected brackets have a reduced space between the

brackets and on occasion (approximately 6% of the time) this

reduced space results in the firing pin hanging-up in the

brackets. By hanging-up in the brackets , the firing pin is

prevented from striking the primer and as a result the battery

fails to function . The reduced space between the bar connected

brackets, however , can easily be corrected by simply spreading

the brackets . This spreading was carried out with the batteries

that hung-up i~ the initial firing attempt and all batteries
functioned normally when retested .
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In addition to the battery results indicated above , these

tests showed that the hot products of combustion passing

through the pedestal manifold assembly that is produced by six

battery initiated spin rocke ts will properly ignite the other
two spin rockets contained in the pedestal when these two

spin rockets have igniter failures (completely failing to

function or very slow burning igniters).

It may thus be concluded from the results of these tests

that the electrical output of the battery after 10 years of

storage is still sufficient to properly igni te the spin rockets
of ti-ic missile type even under the most severe temperature

cond i t ions  ( - 4 0 ° F ) .
6.2.2 Type B Thermal Battery

The results of the initial three years of the surveillance

tests for Type B thermal battery have indicated that the bat-

terv is still effective after approx~mate1y seven years of
dormancy. It should be noted that the battery manufacturers

had indicated a shelf life of 5 years for this battery . The

serviceability of this battery was based on the fact that of

all 37 batteries previously tested only one failed to conform
to the performance requirements , i.e., the ba tteries were
capable of supplying a minimum of 10 amperes within 1.0 second 

- 

-

after ac tiva tion and continued to supply a minimum of 10
amperes until 2.0 seconds after being activated . The battery

which did not meet the performance requirements had a rise

time to 10 amps .06 seconds above performance limits . This

battery , however , functioned properly in all other respec ts
and thus the slightly longer rise time was considered to be

on no consequence .

The statistical analysis of the data comp iled during the
surveillance tests indicated that neither age nor manufacturer-

stor age loca tion had a significant effect on the maximum
current or the current rise time to 10 amps of these batteries.

The avera je current rise time to 10 amps for batteries that

var ied in age from 3 to approximately 7 years was .77 seconds

and the average maximum current produced was 17.5 amps . The

analysis of the time to max~mum current, however , indicated the
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following : 1) a significant diflerence between battery manu-

facturers occurred and 2) an aging effect with certain batteries

was noted . The significant difference between the battery

manufac turers was reflected in the comparison of the results
obtained with 4 1/2-year-old batteries in one manufacturer ’s

batteries required 1.1 seconds to reach maximum current (17.6

amps)  whi le another man u f a c turer ’s ba tteries required  1.4
seconds to reach maximum current (17.5 amps). The ag ing e f f ect
occurring wi th one type battery indicated tha t the time to
reach maximum curren t varied from 0.9 seconds for 4-year-old

batteries to 1.8 seconds for 6 1/2—year—old batteries. It is

noted that although the time to reach maximum current was sic-

nif i c a nt ly  a f f e c ted by age in the case of the other ba tteries ,
rio signi f icant age ef fec t occurred in the current rise time
to 10 amps , the more impor tant time parameter . The significant

time to maximum current which is a more comprehensive measure

of the battery time during its ac tivat ion phase has thus
g iven some indication that aging may be beginning to have
some effec t on the electrical output of these batteries .
Al though no statistical analysis of the battery service times

was carried out, it was observed that all batteries produced
current in excess of 10 amps for at least 2.5 seconds .

As indicated in this report the performance requirement

utilized as a basis for determining satisfactory battery per-

formance was obtained from the battery specification (MIL-

G—2550) rather than being a requirement directl y re la ted
to battery performance in its ignition role. In view of this

occurrence , crit ria is being developed which will directly

relate the performance of the battery to its requirements for

rocke t ignition purposes. This requirement will be based on

the minimum battery electrical output necessary f o r  -p roper
ignition. Criteria of this nature will be most useful in

evalua ting. the effectiveness of the battery when considerable

aging of the battery occurs and particularl y when the e f fec t

of a parameter that has fallen below specification limits

must be determined .
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• 3 Recommcnda t ions

(.3.1 Si1ver-~~inc Ba tte r ies

The results c-f the analysis for shelf and service life of

silver zinc batteries depicting remaining battery service life

a t t er  known shelf life should be used to obtain optimum

utilization of batteries. Where definite shelf life is un-

certain for a period of time , total service life should be
assumed for this period .

Further surveillance testing of these batteries should bc

continued at periodic intervals. Present plans have surveil-

la nce testing to be conducted on silver zinc batteries up to

an age of 20 years at intervals of less than two years .

The following failure rates should be used for prediction :

BATTE RY ENV IRONMENT FAILURE RATE (F i T S )

Silver Zinc Shelf Life <72 .47

Silver Zinc Service Life <102.0

6.3.2 Thermal Batteries

It has been shown that for both Types A and B batteries ,

that aging of the battery is reducing its electrical output
and thus it is considered extremely important that surveillance

t e s t s  be continued in order to carefully monitor this reduction

so that the limiting life of these batteries can be determined .

The batteries in stockpiles with bar connected brackets

shou]d be examined for clearance between the firing pin and the

brackets arid that all batteries that may result in a firing

pin hang-up be further spread to prevent this occurrence .

The following failure rates for prediction of thermal
battery reliability should be used:

BATTERY TYPE ENVIRONMENT FAILURE RATE (FIT S)
A Shelf <110.0

B Shelf <666.0

TOTAL (General) <94.0
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