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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 technigues 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
country 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 missile
materiel. For more information, contact:

Commander ’ 4
U. S. Army Missile R&D Command '
ATTN: DRDMI-QS, Mr. C. R. Provence

Building 4500

Redstone Arsenal, AL 35809

Autovon 746-3235

or (205) 876-3235
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SECTION 1

INTRODUCTION

Materiel in the Army inventory must be designed, manu-
factured and packaged to withstand long periods of storage
and "launch ready"™ non-activated or dormant time. In addition
to the stress of £emperature soaks and aging, they must often
endure the abuse of frequent transportation and handling and
the climatic extremes of the forward area battlefield environ-
ment. These requirements generate the need for special design,
manufacturing and packaging, and product assurance data and 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 program on
missile system batteries. The program approach on these de-
vices has included literature and user surveys, data bank

analyses, data collection from various military systems and

"specilal testing programs.

Failure rate predictions have been derived from the

storage time data and failure mode and mechanism knowledge.




SECTION 2
SUMMARY

This section summarizes data collected and analyzed
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 batteries 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-ZINC BATTERY STORAGE DATA

DATA BATTERY QTY . ENV. FAIL. STORAGE HRS. FAILURE RATE
SOURCE  TYPE (106) IN FITS
B Silver Zinc 483 Shelf 0 138 <725
(primary)
B i & 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

fats.
TABLE 2-2. SUMMARY OF THERMAL BATTERY STORAGE DATA
DATA BATTERY QTY. ENV. FAIL. STORAGE HRS. FAILURE RATE
SOURCE TYPE (10™) IN FPITS
B A 163 Field 0 Giell <L10.0
C B 3 Field s oS <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

s life of better than 14 years is not uncommon and better than 20
years for shelf life batteries.

2=1




SECTION 3
DESCRIPTION

Silver-zinc and thermal batteries have been the principal
auxiliary power source on U. S. missiles. In these applications,
the system remains inert during storage and is activated at
missile launch.

3.1 Thermal Batteries

The thermal battery provides all power necessary for
operation of the guidance section once the missile is fired.
Figure 3-1 is an example of the thermal battery which is de-

scribed.

The thermal battery also supplies electrical power to the
fuze and fires the sustalner rocket squibs. This battery is
hermetically sealed and completely inactive until fired by an
electrical squib. Consequently, it has a long shelf life. The
battery becomes fully active within 0.5 second after activation
power is applied. During operation it provides a peak current
of 13 amperes and an average current of 2.3 amperes at 40 +
5 volts for 11 seconds. The entire unit is contained in a
cylinder 2.235 inches in diameter by 2.15 inches in length with
a weight of 0.75 pounds. Heat pads are sandwiched between
battery cells to reduce activation time. The battery is ignited
by electric sguibs which ignite pyrotechnic paper. The pyro-
technic paper generates temperatures of the order of 2000°F
which melt electrolyte salts contained in the cells. The
melted salts provide the required electrochemical action.
Activation power for the sqguibs is 20 watts for 100 milliseconds,
supplied by the launcher battery.

3.2 Silver-Zinc Batteries

Silver-zinc primary batteries remain inert during storage
and are activated by the transfer of electrolyte from a tank
or coil into the cells.

The negative plate often consists of electrodeposited
zinc on a base material which may be silver-soil or silver-

plated copper mesh. Sintered zinc is also used for the

J=i
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negative plate to provide more surface area per unit of
projected area.

The positive plate is silver oxide, AgO (or, as some-
times shown, quoz), constructed on a silver foil, expanded
silver foil, silver screen, or a copper wire mesh which has
been nickel or silver plated. A paste of silver oxide and
water is applied to this screen and baked until it is dry.
Electrolytic treatment of the plate establishes the peroxide
state of the silver.

The electrolyte is a solution of potassium hydroxide in
water, the concentration varying from 20 to 45-percent KOH,
the optimum concentration of KOH for low-termperature opera-
tion being approximately 31 percent.

Separator materials are required to provide a space for
the electrolyte around the plates and to prevent shorting of
the plates. The membrane must be constructed of a material
which allows ion exchange to take place between the plates
while still preventing the soluble particles of zinc and
silver from migrating to the opposite electrodes. Materials
normally used for this purpose are glass cloth, asbestos
paper, or various cellulose materials.

The overall chemical reaction will produce about 4
Faradays of electricity in the average battery. The Fara-
day 1s defined as the amount of electricity required to
liberate one gram-equivalent of a metal from its 1ions and
is equal to approximately 96,500 coulombs per gram-equivalent.
If the chemical reaction proceeds to completion, four (4)
FFaradays of electricity will be produced per gram atomic
weight of silver peroxide.

The silver-zinc cell has a very high energy density,
up 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 the maximum

& current density is approximately 2.5 amp/in.2 of projected
|

plate area.

3
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This battery has two unfavorable characteristics: 1) the
active stand time at normal or higher ambient temperatures is
limited to a few hours; and 2) the capacity decreases rapidly
at temperatures below about 30°F. While progress has been made
in improving performance at low temperatures, the practical
solution to the problem has been to add heat to the cell
immediately after filling or to continucusly heat the electro-
lyte reservoir.

A typical set of specifications for a missile
power source application for this battery is as follows:

Electrical Characteristics

Nominal capacity 50 ampere-hours
Open-circuit voltage 35-37 volts

Nominal operating voltage 26-30 volts

Activation method Electrical
Stand after activation 8 hours
Shelf life Up tc 5 years

Typical Application

Activation speed 6 seconds
Power output 8,400 watts
Discharge rate 300 amps
Discharge time 10 minutes
Discharge voltage 28 volts
Watt-hours per pound 19.2 w-hr/1b

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

3-4




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, failures 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  oi55T%%  NO. OF  FAILURE RATE ... T
' UNITS ONACE  FATLURES _ IN FITS SoarT
A 163 9.1 0 L0 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
batteries 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.

4-1




(5) Time voltage level below 7.0 volts immediately

after load is applied, if applicable.

(6) Service time (time battery is producing at least
7.0 volts after load is applied).

The batteries utilized in these tests (163) were obtained
from field service stocks and from the rocket motors used in
the Surveillance Program. These batteries varied in age from
3 to 10 years. It should be noted that the batteries utilized
in these tests had a mixed storage location history. For
example, 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 that
some batteries, both field service and surveillance, had a
totally unknown storage location history. As a result of
this condition, no attempt was made to determine if storage
location had any statistically significant effect on battery
performance.

4.1.1 Thermal Battery A Surveillance Tests

The surveillance functioning tests consisted of two phases:
(1) Laboratory testing of individual batteries, (2) Pedestal
spin rocket ignition tests. In the laboratory testing of
individual batteries each battery is subjected to a 0.7 ohm
resistive load 0.40 seconds after being activated. The appli-
cation of a load 0.40 seconds after battery activation dupli-
cates actual rocket firing conditions as a resistive load is
applied when the firing circuit is complete which is at 0.40
seconds after the rocket makes its initial ascent up the
launcher. Activation of the battery is accomplished by re-
moving the safety and holding pins from the battery thereby per-
mitting the spring activated firing pin to strike the percussion
primer of the battery. Traces of voltage versus time was re-

corded during each battery test.




The surveillance criteria developed for determining

satisfactory battery performance in the laboratory phase of
testing required that 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 criteria further
indicates that the battery must begin producing the 7.0 volts
between the time the load is applied (0.40 seconds after
activation) and 0.05 seconds after the load is applied

(0.45 seconds after activation).

The pedestal spin rocket ignition phase of the test was
conducted in order to subject the batteries to a simulated
rocket firing environment. In this phase, a battery support
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 utilized in this phase was the ignition
delay times of the spin rockets. The ignition 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 battery to the spin rockets is complete) until the time
the spin rocket in functioning produces a nozzle pressure
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. Spin
rockets igniting within this time will properly 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 a failure rate
of less than 110 fits.




TABLE 4-2.

SUMMARY OF SURVEILLANCE TEST RESULTS (MANUFACTURER A)

z

e

— }
Qonwonvr.'v-—'-
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~ -
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&

14

Lattery | Test
Age Teop.
(er.)_t (CF)
3.0 - 40
3.0 - 40
1.0 - 40
4.0 = 40
4.0 - 40
4.0 - 40
4.0 - 40
4.0 - 40
4.0 - 40
4.0 - L0
4.0 -~ 40
4.0 - 40
4.0 - &0
4.0 = 0
L0 - &0
4.0 - .0
«.0 40
6.0 - &0
4.0 - L0
4.0 J
L.0 .0
5.5 - 40
5.5 - 40
5.5 - 40
6.0 - 40
6.0 - &0
6.0 - 40
6.0 =50
6.0 i 40
€.0 i - 40
6.U Y
6.0 | - 49
W,
¢.9 -
5.0 | = &
£, §o=e0
8.0 , = 40
6.0 W0
6 0 - 4h

a
Voltaze
Imrediately
Time to After Time Below N
Rise Time Reach Maximum | Application 7 V. AMter Service
to 7 Volta | Max. Volr. Voltage of Load Load Applied Time
(sec.) (sec.) ! (velts) (volts) (nec.) (sec.)
.06 » 20 26.0 1.3 - 2.28
.07 .3 2.0 14.0 - 2.05
.02 16 5.0 5.5 - <13
9 %1 .31 29.5 14.0 - 2.02
.20 Bl s 14.5 - 2.20
.21 .39 25.0 12.0 - 1.89
.08 .39 28.5 14.5 - 2.3}
.09 .39 25.5 14.5 - 2.10
.10 .39 235 13.5 - 2.05
L1 40 5.0 11.5 - 2.22
.08 239 25.9 14.0 - 1.88
.10 60 26.0 15.0 - 2.01
.08 .40 25.0 13.5 - 2.26
=1k .40 28.0 15.0 - 2.07
.19 L33 26.> 3.0 - P
.09 19 26.0 15.0 - 2,06
.10 40 25.5 14.0 - 2.50
.09 9 25.5 2.5 - 2.2}
.08 L40 25.'5 15.0 - 1.94
L4 .40 25.5 LS = 2.10
1 .40 2405 12.5 - 2.2
+d ¥ 29 5.0 10.0 - 2.24
.23 .36 25.5 12.5 - +=03
I ) | w 6.0 6.0 .02 2.10
L14 «39 24058 10.0 - 242
.09 W40 24.0 4.0 - 2.29
.09 Wbl 245 14.9 - 2.2
.10 41 4.5 14.0 - 2.34
.11 L4l N0 13.5 < 2.19
.10 .40 4.0 14.0 - 2.37
10 19 2.0 12.5 = 2.2
’ .19 Lel 5.2 11.6 - 2.26
i .09 39 6.0 12.0 - 230
! .08 L4n 23.0 15.0 - 2.22
| L1l W40 25.0 14.5 - 2.26
[ R 28 14.9 - 2.0
: s B ' Ll et 5 15.0 - 212
| .0 | @ 25.5 16,5 - 247
| K} boa 24.% 13.5 - 2.0
[




TABLE 4-2 (cont'd)
SUMMARY OF SURVEILLANCE TEST RESULTS (MANUFACTURER A)
. 1
Vol:agc‘
Irmediately
Time to After Tive Below b
Battery | T st Si{se Tire Reach Maximum | Application 7 V. Afcer Service
Age Terp. to 7 Volts | Max. \olt. Voliage of Load Load Applied Tice
| No (vr.) ) (sec.) (sec.) (volts) (vclts) (sec.) _{sec,)
I “0 6.0 -0 ST <39 24,0 12,0 - .20
| 41 6.0 - 32 .40 23.5 115 - 2.20
42 6.0 - 40 32 .39 24,5 13.0 - 2+22
43 6.0 - 40 .10 WA 26.9 3.5 - 2,23
&4 6.0 - L0 =31 W4l 25.0 14,5 - 2.19
45 6.0 - 0 .09 W41 253 14.5 - 2.33
46 6.5 - L .25 .39 22.0 5.5 .01 1.90
4 6.5 - 40 w2l 33 23.0 5.0 .01 195
4 6.5 -4 «22 38 235 5.5 T .01 2,00
49 6.5 -3 18 29 23.5 6.0 .01 1.96
S0 6.5 -0 .18 .39 23.0 S5 .01 1.90
51 6.5 -0 .18 .30 24.0 6.5 .01 2,10
52 6.5 - L0 .21 «39 24,0 5.0 .02 2.00
53 6.5 - &0 .12 38 23.5 5.5 .02 2,14
S4 S0 - 4 -21 .38 22,5 5.0 .02 1.93
55 6.5 - 40 «22 .39 22.5 4.5 .02 2,15
56 6.5 - 40 <24 .31 235 4.5 .02 2,20
57 6.5 - 4 w21 .38 235 3.5 .02 233
|3 SR 6.5 -0 L24 .39 23.0 4.0 .02 1.90
59 6.5 -4 «19 39 23.5 4.5 .02 2.10
€0 6.5 -0 a2 .39 23.0 5.0 L 1.94
61 6.5 - L0 e .39 23.0 5.5 .02 1.90
62 6.5 - .24 .38 23.0 5.0 .02 1.92 p
63 6.5 - &0 23 .39 22,5 4.0 .02 1.90 ]
64 6.5 -0 W2h «39 23.0 5.0 .03 1.90 3
65 6.5 ~ 40 3 .38 22.5 345 .03 1.91 g
&6 6.5 - A2 «23 .32 225 4.0 .03 2,16
67 5.5 -4 <24 «39 24.0 4.0 .03 2,03
68 6.5 - 4) W24 O b 23.0 35 .03 2.17
59 6.5 - 4J e | 39 21.0 3.0 .03 2.33
70 6.5 - 40 22 .39 22.0 4.0 .03 2.03
n 6.5 - 41 +24 .33 23.0 4.5 .03 .10
72 6.5 - 40 S o3 235 3.5 .03 2,14
73 6.% - 40 w23 .38 2.0 4,0 .03 152
74 6.5 - 40 o2 .39 28,0 4.5 .05 2.10
7 6.5 - 40 2y »39 22,5 3.0 .04 2:39
76 6.5 - 40 .26 «39 7 S8 3.0 <05 279
77 6.5 - 40 23 +39 23.9 2.5 .6 12,08
78 6.5 - 40 20 .33 21.5 2.0 .06 1.97
79 6.5 - 40 .24 «33 23,0 2.5 .06 1.97




TABLE 4-2 (cont'd)
SUMMARY OF SURVEILLANCE TEST RESULTS (MANUFACTURER A)
antngc.
Imtediate.y
Tire to After Time Helow b
Battery | Test Rise Time Reach Application 7 V. after Service
Age Termp, to 7 Volts| Max, Volt. of Load Load Applied Tire
(vr.)\ (°F) (sec.) (sec.) {volts) (sec.) (sec.)
6.5 - 40 3 .40 7.0 - 1.9
2.5 - L0 .25 . 25.0 9.5 - 2.10
7.3 - 40 22 i) 25.0 10.0 - 2.10
TS - 40 .21 .38 24,0 5.0 .04 2.20
? - 40 .26 .39 25.0 5.5 .03 2.30
248 - 40 .23 .39 25.0 4.5 .03 2.30
7.5 - ) .21 .39 22.0 5.9 .0 2,26
7 - 40 .25 40 24.0 5.0 .03 2.2
7.3 - 40 .20 .39 22.0 5.5 +03 2.3
7o | - 40 .24 )9 24.0 5.0 .02 .30
2.9 - 40 27 .39 25.0 2.5 .07 2,05
7.5 - 40 <25 .40 22.0 2.5 .07 1.67
7.5 - 40 .26 L0 25.0 4.0 .05 1.87
93° 7.5 - 40 .20 .40 26.0 12.9 - 1.723%
9.3 - 40 .21 PR 5.5 8.5 - 1.81
95l 9.5 -4 .25 .60 2.5 6.0 .01 1.74
5.5 | - <0 o2 .40 25.0 “.0 .v4 J.Be
9.5 - 40 a2k .40 25.0 7.0 - 1.91
98¢ 9.5 - 40 23 .0 25.0 7.5 - 1.89
9.5 -4 Y 40 24.5 4.0 04 1.83
9.5 - 40 «25 4D 26.5 .0 .0 1.78
8.3 -4 % 5 Ll 25.0 7.5 - 1.82
9.5 - 40 W24 40 25.0 6.5 .01 1.8%
L -4 o WAl 24.5 7.0 - 1.79
95 - 40 e ¥ Ll 2 8.0 - 1.80
9.% - 40 «25 WLl 6.9% .01 1.40
L - 40 24 el 7.0 - 1.79
9.5 -4 «27 LAl D - 1.68
9.5 ~ 40 W24 L4l 10.0 - ) My ¢ ¢
10.0 - 40 .16 Wl 2.3 - 2,14
110 10.9 - 40 .16 .29 8.9 - .92
10.9 - 40 + X3 W41 5.7 01 1.68
10 - &0 14 e 11,8 - 1,78
3.0 130 .05 40 18.7 - 708
.0 130 .04 o 26.0 18,5 - dsd
3.0 l 130 .0 .22 26.0 18.5 5 2.08
4,0 139 .10 39 26.0 15.0 - 2.1
l ‘.0 130 .10 .39 26.0 18.5 - 1.33
4.0 130 .09 .39 26.0 17.8 - .31
m | o 139 «32 40 26.0 12.5 - 1.5%




SUMMARY OF

TABLE 4-2 (cont'd)

SURVEILLANCE TEST RESULTS (MANUFACTURER A)

Volr-gc'
Irm:diately
Time (o After Tine Relow b
Battery | Test Pi{se Tire Reach Maximur | Applicacion 7 V. After Service

Age Tewmp ., to 7 Volts | Max. Volr. Voltage of Ioad Load Applied Timc
No. (vr.) {2F) (sec.) (scc.) (volts) (volts) (sec.) (sec.)
120 4.9 130 .10 39 26.0 175 - 1.61
121 4.0 130 Ak d .38 26.0 ) 7 o - 1.17
122 4,0 130 .10 .38 26.0 18.0 - 2.20
123 4.0 139 <) «39 26.0 16.5 - 2,02
124 L 139 13 .39 26.5 20.0 - 1.14
12 5.3 139 .20 .39 26.0 18.0 - 1:93
126 S5 130 212 «39 26.5 19.0 - 1.96
127 6.0 130 .16 W41 26.0 16.0 - 2:2%
128 6.0 130 .09 40 25.5 b I if%. - 2.29
129 6.0 139 «11 .40 25.5 7.5 - 1.75
130 6,0 12 PO & | 40 255 17.0 - .22
131 6.0 120 PR § .40 25.0 17.5 - 1.98
132 6.0 120 .08 .40 25.0 17.0 - 4.55
133 &40 139 12 40 25,0 17.0 - «.01
134 6.0 139 «12 40 25.0 X2.5 - 2.22
135 6.9 130 .08 W40 25.0 17.0 - 2,46
136 6.0 150 .10 4G 2545 17.0 - 2.54
137 6.0 130 .10 40 25.0 1755 - 2,22
138 7d 139 .18 w37 26.0 2.5 - 2.38
139 TS 13) «15 «37 25.0 10.5 - 2,66
140 TS 13 L1 .38 26.0 12.0 - 2,28
141 7100 130 w15 #37 26.0 16.5 - 1.72
142 2.5 133 il «37 27.0 by - 1.65
143 7.9 139 .18 .38 353 11.0 - 2:32
144 7.5 139 12 ead 26,5 17.0 - 1.65
145 Fed > 139 .15 .9 26.5 17.0 - 1,76
146 16,0 130 .16 .37 17.9 7.0 - 1.41
147 10,0 130 12 WAl 2LeS 10.3 - 1.67
ws | .o | ¥ 13 143 18.9 7.5 = 1,32
a. Tre vol:aze drepped to tha level shown in this colu-n when the 0.7 ohm load was applied.

This lcad was aoplied 0,40 second after acti-ation of the batiery.

. Tire battery producing at least 7.0 volzas after application of load, .
c¢. TIndicaces hatteries in which firing pin hung-up in brackat on {nirfal tesc attezpe.

s i -




TABLE 4-3.

SUMMARY OF SURVEILLANCE TEST RESULTS (MANUFACTURER B)

Vol:l;c'
Iecediately
Tima to After Ti=e Below 5
Battery | Test Rise Tire Reach Maxirun | Application 7 V. After Service
ARe Ter~. to 7 Volts | Max. Volt. | Voltage of Load Load Applied Tine
No. (vr,) (*F) (sec,) (sec.) (volts) (volts) (sec.) (sec.)
1 2 - 40 .03 .32 26.1 173 - 2.43
2 4 - 40 .08 .30 46.4 26.) - 1.25
3 4 - 40 .09 .21 30.1 18.9 - 123
4 4 - 40 .09 .33 30.8 13.5 - 1.18
S 4 - 40 .09 .29 %3 21.1 - 1.19
6 L - 40 .09 «3% 31.5 21.2 - 1.46
7 4 - 40 .10 .28 30.4 18.2 - 1.24
8 [ 40 .09 % ) 31.0 13.0 - 131
9 6 - 40 .12 32 31.0 16.0 - 1.17
10 6 - 40 12 <29 31.0 17.0 - 1.07
‘" ] - 40 .10 «31 31.0 15.5 - 1.24
r (3 - 40 <32 «28 31.0 1€6.5 - 0.96
13 [ - 40 a1 .28 31.0 18.0 - 1.24
14 6 { - 40 .09 .29 .0 16.5 - 1.40
15 6 | - &0 .10 .28 31.9 175 - 1.05
A. Ths voltage dropped to the level shown {1 this column when the 0.7 ohm load vas applied.
This load vas applied at 0.40 second after activation of the batterv,
b,

Time hattary producing at least 7.0 volts after application of the load.




The Surveillance test indicated 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 performance 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 appli-
cation of the resistive load.

It was concluded from the results of these tests that the
electrical output of the battery after 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 aging of the battery is reducing its elec-
trical output and thus it is considered extremely important that
Surveillance tests be continued in order to carefully monitor
this reduction so that the limiting life of these batteries can
be determined.

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 functioning 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 temperature conditioned for a minimum of 18
hours and tested within 2 minutes after removal from the con-
ditioning chamber. The following observations are obtained
for each battery during the test:

(1) Current rise time to 10.0 amperes (seconds)

(2) Time to reach maximum amperes (seconds)

(3) Maximum current (amperes)

(4) Service time (seconds)




The batteries tested were obtained from storage in Alaska,

Canal Zone, and Blue Grass representing arctic, tropical and
temperate 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 Battery B Surveillance Tests

In the Surveillance functioning tests all batteries were
removed from the battery assemblies and were individually tested.
A generator 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 terminals 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 activatioan 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 battery failed to meet the rise time requirement.

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 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

4-10
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TABLE 4-4.
SUMMARY OF SURVEILLANCE TEST RESULTS

Current Time to
Battery Battery| Test | Rise Time |Maximuc| Reach Max| Service* 1

Date Manufac- | Storage Age Temp.| to 10 anps!Current| Current Tize
No.| Tested| turer Location| (ron.) (°F) | (sec.) (amps) | (sec.) (sec.)
1 | Feb 65 cz 36 ~%40 0.80 17.0 - 7.0+
2 & } A ez 36 -40 0.71 17.0 = 7.0+
3 " cz 36 -40 0.82 18.5 - 7.0+
4 » ez 36 ~40 0.76 17.0 = 7.0+
5 " BG 48 -40 1.00 17.5 - 7.0+
6 * B BG 48 -40 0.86 18.0 - 7.0+
7 ¢ BG 48 -40 0.73 18.5 - 7.0+
8 a BG 48 -40 0.73 18.5 - 7.0+
9 | Mar 66 B 3G 72 -40 1.06 17.0 I 4.5+
10 . cz 72 -40 0.88 18.0 1.69 4.5+
11 s cz 48 -40 0.93 19.0 1.41 4.5+
12 L A cz 48 -40 0.7? 18.5 1.29 4.5+
13 L (57, 48 -40 0.76 18.0 1.27 LS+
16 " cz 48 -40 0.72 16.0 1.10 4.5+
15 " ‘3 B cz 48 -40 c.71 18.0 1.02 4.5+
16 L GZ 48 " | -40 0.65 18.0 0.88 4.5+
17 & 3 (o7 48 -42 0.78 17.5 1057 4.5+
18 " A cz 48 -40 0.77 17.0 1.52 454
19 i R ez 48 -40 0.67 17.5 1.06 4.5
20 8 GZ 60 =40 0.83 18.0 1.52 Q.5+
21 | Apr 67 3 AL 60 ~40 0.72 18.5 1,51 2.5+
22 “ A AL 60 |-40 | o0.79 18.6 | 1.54 2.5+
23 i G 72 -40 0.78 17.5 1.44 2.5+
24 = BG 72 -40 0.75 18.0 1.42 2.5+
25 i B BG 60 -40 0.69 18.0 1.30 2.5+
26 o 5G 60 -40 0.64 17.5 1.38 2.5+
27 o G 78 -40 0.89 16.5 2.10 2.5+
28 % BG 78 -40 0.97 16.5 1.88 2.5+
29 U AL 54 -40 0.71 18.0 1.37 2.5+
30 i A AL 54 -40 0.75 13558 1.54 2.5+
k) g AL 54 -40 0.77 17.5 1.49 2.5+
32 it AL S4 -40 0.76 125 1.63 2.5+
33 s cz 60 ~40 0.77 16.5 1.30 2.5+
4 it cz 60 -40 0.76 16.5 1.5% 2.5+ ;
35 g AL 60 =40 0.78 16.5 1.62 2.5+ f
3 " B cz 60 -40 0.63 16.5 *| 1.05 .54
37 | " cz 60 -40 0.66 17.5 1.09 2058

Storage Locations: AL - Alagka
- BG -~ Blue Grass
CZ - Canal Zone

* The service time {s the time the battery {s producing a current of at
Jeast 10 amps. The scrvice time for all batteries tested was in excess
of: the specification requivement (1.0 sec.). The exact service time
for the individual batteries was not available since {nstrumeatation
utilized during these tests recorded the service time only during the
initial few seconds of the test.




TABLE

COMPA
DIFFERENT

RISON OF ELECTRICAL
MANUFACTURERS AND DIFFERENT

4~5.,

PERFORMANCE
STORAGE LOCATIONS

OF

(conditioning temperature: -40°F)
Manufacturer _ B lT
Storage Location Blue Grasi| Canal Zone| Canal Zone, Alaska
Average Battery Age (months) 62 S6 47 { 57
S |
Average Current Rise Time to 10.0 Amp. (sec.) 0.83 0.70 0.78 { 0.75
ol E——
std. Dev, of Current Rise Time (sec.) 0.1380 0.0921 0.0554 i 0.0259
Overall Average Current Rise Time (sec.) 0.78 0.77
Overall Std. Dev. of Current Rise Time (sec.) 0.1246 0.0484
Average Max{mum Current (amperes) 17.6 17.6 17.4 17.6

Std. Dev. of Max{mum Curreat (amperes) 0.7006 0.5845 0.9093 | 0.6267

Overall Average Maximum Current (amperes) 17.6 17.5

Overall Std. Dev. of Maximum Current (amperes) 0.6642 0.5260

Average Rise Time to Max Curranc (sec.) 1.60 X3 1.37 £.53

Std. Dev, of Rise Time to Max Current (sec.) 0.2991 0.2832 0.1517 0.0575

Overall Avg. Rise Time to Max Current (sec.) (a) 1.44°

Overall Std. Dev, of Rise Time to Max Current (a) 0.1494

(sec.)

NOTE: The service time for all batteries was in excess of the
specification requirement (1.0 second). The exact ser-
vice time of the individual batteries was not obtained.
However, the instrumentation utilized during the three
tests indicated that the service time was in excess of
2.5 seconds, 4.5 seconds, and 7.0 seconds respectively.

a) A significant age effect on rise time to maximum current
was noted. The rise time varied from 0.91 seconds fo-
4-year-old batteries to 1.82 seconds for 6 l1/2-year-oid
batteries.

b) No age effect on rise time to maximum current was noted

with Manufacturer A batteries.




e

previously tested only one failed to conform to the perform-

ance requirements, i.e., the batteries were capable of
supplying a minimum of 10 amperes within 1.0 sccond after
activation 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 risce time to
10 amps .06 seconds above performance limits. This batteoery,
however, functioned properly in all other respects and thus
the slightly longer rise time was considered to be of no
consequence .

The statistical analysis of the data compiled during the
surveillance tests indicated that neither age nor manufacturer-
storage location had a significant offect on the maximum current
or the current rise time to 10 amps of these batteries. The
average current rise time to 10 amps for batteries that varied
in age from 3 to approximatcely 7 years was .77 seconds and the
average maximum current produced was 17.5 amps. The analysis
of the time to maximum current, however, indicated the tollow-
ing: (1) a signitficant difference baetween battery manufacturers
occurred and (2} an aging effect with manufacturer A patteries
was noted. The significant difference between the battery
manufacturers was reflected in the comparison of the results
obtained with 4 1/2-ycar-old batteries in which manufacturer A
batteries required 1.1 seconds to reach maximum current (17.6
amps) while manufacturer B batteries required 1.4 seconds to
reach maximum current (17.5 amps). The aging oftect occurring
with manufacturer A batterios indicated that the time to rceach
maximum current varied from 0.9 seconds for d-ycar-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 significantly
affected by age in the case of the manufacturer A batteries,
no significant age ettfect occurroed in the current rise time
to 10 amps, the more important time parameter. The signifi-
cant time to maximum current which i1s ¢ more comprehensiive

measure of the battery time during its activation phase has

4-13




e

——

thus given some indication that aging nay be beginning to
have some effect on the electrical output of these batteries.
Although 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.




SECTION 5
SILVER-ZINC BATTERY ANALYSIS

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. Detaills on the data analysis are given in the

following section.

TABLE 5-1. * SILVER-ZINC BATTERY NON-OPERATING DATA

BATTERY NO. OF STORAGE HRS. NO. OF FAILURE RATE 90% ONE-

UNITS (10°) FAILURES IN FITS SIDED LIMEX
B 483 13.8 0 Py 167.4
c 510 9.8 0 _102.0_ 235.6_
TOTALS 2356 0 23.6 97.9

* Data Type A is given in the following analysis but 1s 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. 1In 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
million 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 recommendations.

(52
i
-




LAVWWNS YI19d IOVAOLS AdILLVE AdVYWIAd 4

‘ex33a 7-1 iye wpxo 12ans Jus

BHEGRIEGER]

Lasneq Lewuyad

-rap (7Piio jo 409 TTNGod saerd sanjseyg (s1geandde 1oy o 4501 Feem §5-2 k4 2ujz-213an1§ el v
{psiranse-qinbs)
: 90N pucd fa333eq Jaewnad
swmn IvIL §§35x3F 2 PIay ANeeIN sqIuow §9¢-0¢ gLt JMz-213471G e v
(Poieanioe-2inbs)
‘eyIvow 4§ Tw 98] ‘2ode 3wn 3e12 panreyg *oade 830131pU0d L13y3eq haivwrad
*pousad s¥eicne 10j PIIIMIV0 B3IN1IEY ON voniednp a¥ieyie1p paried ¥s P13y sutesiN vieah p-¢ g0t Ti2-332115 € v
(parwance-ninhe)
d5001 0 ¢ K1aneg freunnsd
(31qeo11dde joN) 2ucy f*dwa) wool 9 2 sIuoW §7 [ SulZ-3341'S £ v
{peieande-qgmbs)
aads 406106 Lraieq Arzwsnad
uoneinp adizegd61p pajred 1 fuIIqwe 9 ¢ squow g [} SU1Z- 213475 L v
(pareanse-ombs)
*3ads Jo0E1 86 kranyeq Aaewnzd
woresnp adzeydep pajied 1 ‘ualqure 9 ¢ syuow 7 ¥l Jurz- 134715 9 v
{pareanze-ginbs)
*>adeswn asw paprey | !'d3ds d,0€196 Kaajieq freuniid
uonemp sqxegserp parye) 7 € fquIquIe @ 9 squow g st ITIZ-33A7IG s %5
v
RECEREL S L eI 11 (paieanise-cinke)
OFV %545 ‘Asdone uo 3prXo 13A118 (uUI[EAID hz3iieq frvu: i
%56 T1RIU0D 03 punoj 21am 8337 (d Iansod - (a1qearidde 1o8) sucy WIIqUY squow ;2 1 JUlZ-23A1'G ¥ v
(paieanse-=rbs)
‘hedoine uo IDTXO IIATIE JUIIEBATR Ka31eq Aavusiad
%LL16 BITUOD 03 punoj 313 sajeld dansod (s1qesridde 10N) duoN gy syivows ¢¢ 1 Juzedaans | € v
i
(paivarioe-omt »
‘hsdoine UG IPTXO IIA[1P JUITEATH Kaaneq favwsrad |
Sl 8L MwLod 0] punoj 223m s3jeid aanrvogd (319¢®>11dd® JoN) suoN LIQUIY squows ¢ 1 JUTZ-23A715 M ? W
(paieanide-qinbs) &,
*hedoyne uo Azdieq fawuirad |
$68° 13 ITML0D o3 punoj (31qe311dde j0N) aucy UGy SYITOW $g 1 Sur2-23AS | 1 W
ssanpre s WIWLOItATY peCoL » °N
sgivaiay sanqiug jo adhy ol a5 2wt sfvaong red red jo sureN sdwreg nosS
3 oN ateaog 70 "oN »~ o




AYVWWAS VIVA d9V40LS AddLLVd XdVYWIdd - (P,3uod) *Z-S T19YL

eani>e-QIAbY)
Laaieq Livwyid

(s eondde toN) suon Ty w [ 1 IR -SBaiS ge v

(paieanise-qinbs)
A133ieq Laewr2d
(31qe311¢d e J0N) auoN EKT) rqQoow gy 2 suiz-zaang| ~I€ v

(paieanice-qmbs)
f1333eq Liewnad
(s1qearrdde o] auoN 4,091 sgio0w Gy ¢ SUI1Z-22A1G o2 v

(pai1earise-cinbs)
Ki1aneg faewsrad
(31qe>11dde 10y) JuoN 4,99 sqieow Gy € JUlZ-J3AlIS 61 v

(paiearide-ainbs)
A1a01vn Azvwnad
(31ge211dde 10N) JuoN 4,021 93 g ,08 sqzow 7(-y € SU1Z-13A1'G 81 v

(paieAaise-gmbs) ™
Aaviieg fiewnad |
(a1q®>11dde 10N) suoN 011 &3 2 05 s1eak y-1 [ SutZ-23ANS LT v

(poieanide-qinbs)
A3 Aaeuwnnad
{31qe>ndde 10N) SuoN JUITQUIY sYIsow [€-97 (1] JUlZ-23411S 91 '

(pairanide-ginbs)
"SINTIW )7~ JO INTBA |PUITUT U® JO] §3INUILL Azenvq favwirad
81°L1 @1 g2°'p] wolj pataea saar 331eydn:qg (313®211dde 10N) JuoN 4,02+ PUT g Ob- (oM yg-2¢ ] Jutz-23a11G ST vz

(paiearice-Ginbs)

"SNIIM 21 K1333eq Latwrad

1¥ Pajou s¥m Aj1dedes wy a3uey> Ijqeasiiou oy (a1qeardde 10N) suoN 3,08 (S CEL N FERY 02 Juiz-23A11G vl v
J 591 1% (psiranice-qmbs)
*SYIIM (-8 131J' IPTXO IIATY JuI Aep 13d sanoy p Aa3nyeq Lavwrad

-earp (o110 jo %045 ureiuod 233e1d SAnsnd (a1q®21;3d® Jop) auoN ng .hom: 33m y9-9] 91 2UlZ-23A71S £ET Y
(paivaride-gqmbs)
"EAIIM pl-g IIIFT IPIXO IIAS juUI] Aianeq Azewrzd

-earp 1en2io jo %0g ureiuod saeld santsod (a1gea11dde 10N) SuoN d 0¥l TYIIm §G-7 [%4 JuUIZ-23A1'S A -4

peisal ‘oN
Inavway 2anqiwg jo 3dAy -»..s.?-.h uuu:n:o:;uu auny afeaog naieg ided jo swreN | adwres| oo o
. 2° ‘o6 edviog » on ag =




AAYHWAS YIYd FOV40LS XdILLVE XIVWINd (P, 3U0d) ‘Z2-S dTEVL
90TAIBS (outz
2311 c1k L ISATIS)
- - JUON 20TAX9S] *sak €°G6T| T 3 Lz 2
*sIy uoTf| (outz
9FITTI|-TTW 9L°6 I3ATTS)
NOvalﬂ = SUON 20TA13g| *sIk OT-L| L g 9¢ 9
(sI1k Te303
L¥°ZL>% ¢ 3Ino-309yd Y1°SLST)
je3jsowrayy 1oy 3da0x%s W (outz
patrdde usaq pey ismod 9JTTI| u B2 ET I3ATTS)
19383y ON - 3ITT 3IT3YS 2UON| 3FTPUS 2ang|-sak G TTI| S¥ A4 cZ g
(paieandoe-gmbs)
Aa1ayyeq Laewrad
(31qeat1dde jopN) auoN uarquy syiuow g 22 JulZ-I3A1S vz 9
(p3reande-qinbs)
£1333eq Aaewrad
(21qe211dde JoN) auoN wIquy syiuow Qf 2 Surz-29A1'S £z v
v : ‘oN
exivaiay sanjyeq jo adhy SOARLIRS jueranodiang suny s¥eiog vn“w”u jaed jo sureN |sdweg| 22IN0
bl S S ] 22es




5.1.1 DATA SAMPLE NO. 1l: 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 manufacturer'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 O-rings which were in
contact with the 32-percent solution of potassium hydroxide
electrolyte were tested with the following results.

O-Rings From KOH Equivalent New O-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 O-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 parts, cells, or activator was noted. The positive
plates were analyzed and found to contain 78.74 percent diva-
lent silver oxide. The O-rings were sent to the manufacturer
for analysis with the following results.

New o Test  Percemt  \Bp Tieacien
O-Rings O-Rings Gain or Loss Requirement
Tensile Strength 970 psi 1260 psi +29% 784-1064 psi
Modulus 470 psi 528 psi +12%
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.

I

5.1.3 DATA SAMPLE NO. 3: BATTERY SHELF-LIFE TEST

An "autopsy" was performed 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 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 or plastic parts was noted. The positive plates were
analyzed and found to contain 91.73 percent divalent silver '
oxide. The MS29513 O-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. Specific 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 heat 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 O-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




lubricant remained on all O-rings. The O-rings met the require-

ments of Specification MIL-P-5315A. The potassium hydroxide
electrolyte was removed and subjected to a chemical analysis.
It was found to be within present specifications for concen-
tration, carbonate pickup, and trace elements. The positive
plates were found to contain 95 percent silver peroxide, com-
pared 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 capability, or voltage
levels as a result of the 27-month storage period.

5.1.5 DATA SAMPLES NO. 5, 6, 7, and 8: BATTERY SHELF-LIFE TEST

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 generally
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. 1In general, the failure criterion was
failure to meet the battery specifications except that it was
under the minimum voltage during the first 22 seconds of dis-
charge.




5.1.6 DATA SAMPLE NO. 9: MISSILE BATTERY DORMANCY TEST PROGRAM

This data sample resulted from tests by the manufacturer

to investigate the field storage capability of a given battery
series. The batteries were removed from missiles which had been
in the field from 3 to 4 years. One hundred-eight of these
units were tested over a period of a year (15 per month) through
the various environments of vibration, shock, thermal shock,
and activated stand. Seventy-two of these batteries were tested
after a 2-hour activated stand period. Because of a bad heater
design, the batteries could not meet the specifications after
the 2-hour activated stand period. These 72 batteries were
therefore removed from the test sample, leaving a net quantity
of 108 batteries. As a result of these tests, a "split heater"
was designed which would maintain the activation system of the
battery at its optimum operational temperatures without ex-
posing the cell block to moderately high temperature. The
battery has the following specifications:

Rise time: <0.50 second

Active life: >90 seconds

Voltage: 13.2 to 14.6 volts
Figure 5-1 illustrates the storage capability. 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.
It can be stated, then, that the field storage life of this
battery is 39 to 40 months.

5.1.7 DATA SAMPLE NO. 10: MISSILE BATTERY DORMANCY TEST PROGRAM
Data Sample No. 10 resulted from tests by the manufacturer

to investigate the field storage capability of a given battery
series. The batteries were removed from missiles which had been
in the field from 30 to 36 months. The battery has the following
specifications:

Rise time: <0.50 second

Active life: >90 seconds

Voltage: 13.2 to 14.6 volts
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valid tests through the environments of vibraticn, shock, and
thermal shock were performed on 178 batteries. One hundred

seventy-four of the batteries met specifications. Two batteries
had rise times in excess of 0.75 second (0.76 and 0.81 second)
at a -50°F test temperature and were considered failures. This
judgment 1is considered severe in view of the low test tempera-
ture. One battery tested at -50°F had a rise time of 0.58
second. Another battery tested at -50°F had an active life of
81 seconds. These latter two batteries were not considered
fallures because they performed only slightly out of specifica-
tions at -50°F, an extremely low temperature for a silver zinc
battery with respect to performance. No batteries tested at
room temperature (130°F or 150°F) failed to meet specifications.

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

Data Samples No. 11, 12, 13, 14 and 15 result from a con-
tract the manufacturer had with the U. S. Army Signal Research
and Development Laboratory, Fort Monmouth, New Jersey, to test
28-volt batteries in order to obtain an indication of the shelf
life of this battery series. The storage program was originally
designed with the intention of storing batteries at severely
high temperatures so that their operational failures 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

[

at least 64 weeks at a continuous ambient temperature
of 120°F plus 4 hours per day soak at 165°F.
4. Performance is assured up to 8 weeks at 185°F.

5=10
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The battery cells will lose about 40 percent of their original

capacity after 1 to 2 weeks at 180°F, or 8 to 10 weeks at 140°F.
This is caused by the thermal decomposition from divalent silver
oxide (Agzoz) to silver monoxide (Agzo) in the positive plates.
After these periods of time, however, this decomposition ceases
almost completely, or levels off to a very gradual decrease in
battery capacity because silver monoxide 1is thermally stable up
to 300°F,
5.1.9 DATA SAMPLE NO. 16: BATTERY SHELF-LIFE TEST

Data Sample No. 16 represents the results of tests per-

formed on 85 silver zinc primary batteries. Activation was
initiated by squibs and carried out by compressed air. In 12
units, a leak in the air pressure indicator developed which
reduced the air pressure below the level required for activation.
The associated batteries were found to be in operable condition.

The storage period was 26 to 31 months at ambient conditions.

5.1.10 DATA SAMPLE NO. 17: BATTERY SHELF-LIFE TEST

Data Sample No. 17 represents the results of tests per-
formed on five batteries of a given battery series. The battery
specifications are as follows:

Electrical Characteristics

Nominal Capacity

Open circuit voltage
Nominal operating voltage
Activation method

Shelf life (dry)

Stand after activation

Typical Application

Activation speed
Power output
Discharge rate
Discharge time
Discharge voltage
Watt-hours per pound

Watt-hours per cubic inch

F=il

20 ampere-hours
33.5 volts
24-27 volts
Mechanical

3 years

I houxr

2-5 seconds

3,400 watts

135 amps

12 minutes (average)
25 volts (average)
34.4 w-hr/1b

1.68 w—hr,/in.3




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 SAMPLE 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 battery failures occurred.

5.1.12 DATA SAMPLES NO. 19, 20, and 21: BATTERY SHELF-LIFE TEST
Data Samples No. 19, 20 and 21 represent data from tests

run on a fuse power pack containing a silver zinc, squib-
activated primary battery. The battery is rated at approxi-
mately 300 ampere-minutes. It has 7-, 21-, and 28-volt sections.
There were eight units, none of which failed. The storage
period was 46 mcnths. Three units were stored at -65°F, three

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 deliver up to 60 amperes with less than a 4-volt drop be-
tween -65° and +165°F, and has a nominal capacity of 250
ampere-minutes. Compressed gas is the propelling medium for
injection of the electrolyte. Over 200 units were tested. A
few of the units tested had been on the shelf for some time.
One was 18 months old, two were 10 months old, and 22 were 6
months old. All performed normally.




5.1.14 DATA SAMPLES NO. 25, 26 and 27:

This 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 third of a series intended to reliably
establish true shelf and service life criteria 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 life was also tested at a total
age of 15.3 years. All batteries met the activation performance
requirements.




5.2 Silver-Zinc Battery Analysis (Source B)

bData from source B, data points 25, 26 and 27, Table 5-2,
is from observation data of the silver-zinc battery shelf and
service life analysis. The purpose of this analysis is to
establish the minimum shelf life and minimum service life for
silver-zinc batteries.

The analysis of the silver-zinc battery performance paramcter
requirements during activation into a 2.2 + 0.1 ohm resistive
load:

a) 23.0 volts minimum at 1.2 seconds

b) operating time of 6.0 minutes minimum to a terminal

voltage of 25.0 volts

c) 30.5 volts maximum

This series of surveillance tests were completed in March
1975. From Table 5-2, data point 25, forty five 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, data point no. 27, with greater than 7 years service
life was also tested at a total age of 15.3 years. All batteries
met the activation performance requirements specified above.
5.2.1 shelf Life Batteries

A shelf life battery is one to which no heater power has
been applied except for thermostat checkout and one which has
undergone storage at ambient temperature.

To summarize the anaiysis, shelf life batteries, for 99w
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 60 minutes - 26 years.

This correlates to a failure rate of 72.47 (Ailurcﬁ/\d-q
storage hours. Maximum voltage appears independent of shelf

life, service life or battery age.

—
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5.2.2 Silver Zinc Battery Service Life

Based upon the data, it can be stated that the service life
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 specified activation performance
requirements or 102.0 failures/lo-9 storage hours.

5.3 Analysis
5.3.1 Shelf Life Batteries
A shelf life 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 voltage ¥, 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 battery
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 8/ 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 - 0.1061X. 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 batteries
will exhibit an activation voltage, at 1.0 seconds, greater




MANUFACTURER/
DATE

2399(8/68)
30087(8/66)
29960 (4/66)
19813 (8/65)
2399

30087
29960

19813
2926:(6/64)
29150(4/64)
29128(11/68)
20522 (7/63)
07340(5/61)

0700Z (9/60)*

VOLTAGE AT 1.0 SECONDS

Y
28.090
28.760
29.209
29.323
27.335
28.615
29.363
28.651
27.878
27.293
27.378
28.520
27.410

28.590

TABLE 5-3

SHELF LIFE BATTERIES

S
0.664
0.557
0.525
0.502
0.700
0.616
0.580
0.672
0.704
0.456
0.583
0.510
0.510
0.390

N

38
62
46
48
20
60
46
45
26
24
22
15
15
15

* Not employed in regression analysis
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99%C.L.
27.8390
28.5952
29.0286
29.1542
26.9703
22.4297
29.1637
28.4176
27.5360
27.0761
27.0884
28.2132
27.1032

28.3554

BATTERY
AGE (YRS)
0.01
0.01
0.01
0.01
‘2.0
2.0
2.0
2.0
9.0
9.0
9.0
11.5
13.24

14.14




TABLE 5-4.

SHELF LIFE.,BATTERIES

BATTERY LIFE (MINUTES) TO 25.0 VOLTS TERMINAL

MANUFAC-

TURER
2399
30087
29960
19813
2399
30087
29960
19813
29263
29150
29128
20522

* 07340

* 07002

=<

21.99
18.72
17.68
19.81
18.57
16.72
15.67
18.58
13.91
15.30
18.86
17.48
18.12

20.77

2.34

1.55

1.94

X3

=

«69
.61

N =

.68

=

.50

21
60
46
45
22
19
22
15
15
15

99% CL

21.1055

18.2613

17.1475
19.1576
18.0819
16.2538
15.2200
17.2791
23.1599
14.3966
18.0602
15.8677
172176

19.7593

BATTERY
AGE (YRS)
0.01
0.01
0.01
0,01
2.0
2.0
2.0
2.0
9.0
9.0
9.0
11.5
13.24
14.14

*Not employed in regression analysis (see Table 5-5).



than that shown by the confidz<nce band. We can thus predict,
with a specified confidence 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
requirement at 1.0 seconds will be met at a predicted battery
age of 28 years.

For these shelf life batteries, the equations describing
battery life to a terminal voltage of 25.0 volts are of the
exponential form Y = aebx since they provided greater corre-
lation for the data than did the linear regression form.

The 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 0-0145X and Y = 18.19 e 0-0185X

~

respectively. The age at which an average of at least 99% of
the shelf life batteries, with 99% confidence, will exhibit
25.0 volts or greater after 6.0 minutes is approximately 26 years.

=

5.3.2 Service Life Batteries

The mean activation voltage at 1.0 seconds for service
life batteries is given in Table 5-5 and the battery activation
life to a terminal voltage of 25.0 volts is given in Table 5-6.
To determine pure shelf life degradation with respect to time,
the mean observed values (Y's), for each contract and age, are
those after extrapolation back into time by the number of years
that the batteries have seen shelf life. Since the mean shelf
life regression line for the activation voltage was calculated
to ba Y = 28.7439 - 0.0978X, the slope is -0.0978 and there-
fore the service life mean activation voltage is increased by
0.0978 times the number of years of shelf life. Table 5-5
represents the extrapolated data where the actual battery service
life differs from its test age. The maximum increase for any
one contract is relatively small; 0.31 volts for manufacturer
17480 (Table 5-5). Similar extrapolation was performed on the
mean activation life (Table 5-6) to 25.0 volts using the mean
exponential shelf life degradation equation.

5=18
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TABLE 5-5.

SERVICE LIFE BATTERIES
VOLTAGE AT 1.0 SECONDS

| MANUFACTURER/ _ SERVICE TEST ?
DATE Y S N 99% CL LIFE(YRS)AGE 5
2399(8/68) 28.090 0.664 38  27.8390 0.01 0.01 é
30087(8/66) 28.760 0.557 62~ 28.5952 0.01 0.01 §
29960(L/66) 29.209  0.525 k6 29.0286 0.01 0.01 g
19813(8/65) 29.323 0.502 48 29.1542 0.01 0.01 §
2399 28.6482 0.5852 56 28.4660 2.0 2.0 §
30087 28.1792 0.8106 60 27.9354 2.0 2.0 ?
29960 29.2674 0.6075 46 29.0587 2.0 2.0 ?
19813 28.60 0.58 Lo 28.3863 2.0 2.0
17k80(7/62) 27.7328 0.7065 30 27.k322 k.0 6.17
20416(1/63) 27.2947 0.22% 9 27.1207 6.0 T-33
30087 27.1503 0.8025 15 26.6672 1.0 8.25
*x 29960 29.0643  0.0707 2 8.17 8.8k ;
* 19813 29.2815 0.72L0 23 28.9298 8.25 9.40 i
29150(L/6L4) 27.9804 0.9195 3  26.7434 8.3 10.63
* 29263(6/6L4) 29.0161 0.8693 18 28.5787 8.5 10.33
* 29263 28.8775 0.7569 4 28.0958 9.13 10.17
*x 29263 . 28.21 Sl 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.

|
|
|
|
|
|
|




TABLE 5- 6.

SERVICE LIFE BATTERIES

BATTERY LIFE(MINUTES) TO 25.0 VOLTS TERMINAL

MANUFACTURER/ N . SERVICE TEST AGE
DATE Y s N 994 CL LIFE(YRS) (YRS)
2399 21.99 2.3k 38  21.1055 0.01 0.01
30087 28.72 1.55 62 18.2613 0.01 0.01
29960 17.68 1.55 Whe  1T7.1h475 0.01 0.01
19813 19.81 1.9k 48  19.1576 0.01 0.01
2399 16.%1 0.78 22 16.0225 2.0 2.0
30087 1k.50 -1.20 60 1k.1390 2.0 2.0
29960 14.16 1.23 L6 13.737Th 2.0 2.0
f9813 15.74 1.12 L8  15.3633 2.0 2.0
17h80 16,17 0.80 30 15,8323 k.o 6.17
20k16 16.22 1.85 9 14,7824 6.0 7.33
30087 13.35 1.07° 15 232.7041 7.0 8.25
29960 12.0k 0.87 2 8.17 8.8%
19813 13.43 21.00 23 12.9430 8.25 9.k40
29150 15.60 0.47 3 1k.9662 8.3 10.63
29263 14.10 0.8 18 13.6L12 8.5 10.33
29263 12.78 0.50 L 12.1990 9.13 10.17
29263 Cah.us . S 10.17 © 10.25

06403 14.75 1 >7.0 15.3




MANUFAC-
TURER

30087
17480
19812
29263 .
29128
29150
29263
20522
07340
07c02
06403

29.01
29.23
29.38
29.39
28.55
29.04
29.09
29.10
29.26
29.15
29.01

TABLE 5-7.

SERVICE LIFE BATTERIES

MAXIMUM VOLTAGE

N
15
29
23
22
22
24
23
15
15
15

99%
29.14
29.30
29.53
29.50
28.67
29.18
29.23
29.21
29.40
29.22

95%x99%
29.82
29.81
30.43
30.20
29.40
30.08
30.11
29.80
30.19
29.61

SERVICE

LIFE
7.0
4.0
8.25
8.5
0.0
0.0
0.0
0.0
0.0
0.0

>7-°

9.0

9.0
11.5
13.24

14.14

15.3




The' mean regression line is Y = 28.8810 - 0.1904X, the

regression line for the 99% CL points is Y - 28.6990 -
0.2523X, and the one-side 95% confidence band about the 99%
CL regression line crosses the critical parameter of 23.0
volts at approximately 14.5 years. This indicates that with
95% confidence, 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 regression of the data is also exponential based
on greater correlation than linear regression. The regression
equation describing the 99% CL points is Y = 17.5602 e 0-0352X
and the critical parameter (6 minutes) crossover point for
95% confidence is at a battery service life age of approximately
20.5 years.

5.3.3 Maximum Voltage

All presently available data for shelf and service life
maximum voltage after activation is presented in Table 5-7.
Due to the small number of observations for both shelf and
service 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 determine
if the 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
populations have identical means is accepted; inferring that
maximum voltage is independent of battery shelf or service

life conditions. Furthermore, applying the Spearman rank
correlation test to all the mean observations (X's) for both
shelf and service batteries, 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-
factured 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% J
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.




SECTION 6
CONCLUSIONS AND RECOMMENDATIONS

6.0 Conclusions

6.1 Silver-Zinc Batteries

The critical limiting shelf and service life parameter
for the silver zinc battery 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 in the initial firing attempt and all batteries

functioned normally when retested.

6-1




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 rockets 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 1is still sufficient to properly ignite the spin rockets
of the missile type even under the most severe temperature
conditions (-40°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-
tery is still effective after approximately 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 batteries were
capable of supplying a minimum of 10 amperes within 1.0 second
after activation 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 respects
and thus the slightly longer rise time was considered to be
on no consequence.

The statistical analysis of the data compiled during the
surveillance tests indicated that neither age nor manufacturer-
storage location had a significant effect on the maximum
current or the current rise time to 10 amps of these batteries'.
The average current rise time t©O 10 amps for batteries that
varied 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 maximum current, however, indicated the
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following: 1) a significant difference between battery manu-
facturers occurred and 2) an aging effect with certain batteries
was noted. The significant difference between the battery
manufacturers 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) while another manufacturer's batteries required 1.4
seconds to reach maximum current (17.5 amps). The aging effect
occurring with one type battery indicated that the time to
reach maximum current 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 sig-
nificantly affected by age in the case of the other batteries,
no significant age effect occurred in the current rise time

to 10 amps, the more important time parameter. The significant
time to maximum current which is a more comprehensive measure
of the battery time during its activation phase has thus

given some indication that aging may be beginning to have

some effect on the electrical output of these batteries.
Although 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 directly related
to battery performance in its ignition role. 1In view of this
occurrence, criteria is being developed which will directly
relate the performance of the battery to its requirements for
rocket ignition purposes. This requirement will be based on
the minimum battery electrical output necessary for proper
ignition. Criteria of this nature will be most useful in
evaluating the effectiveness of the battery when considerable
aging of the battery occurs and particularly when the effect
of a parameter that has fallen below specification limits

must be determined.



0.3 Recommendations

6.3.1 Silver-2Zinc Batteries

The results of the analysis for shelf and service life of
silver zinc batteries depicting remaining battery service life
after 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 be
continued at periodic intervals. Present plans have surveil-
lance 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:

BATTERY ENVIRONMENT FAILURE RATE (FITS)
Silver Zinc Shelf Life <72 .47
Silver 2Zinc 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
tests 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
should be examined for clearance between the firing pin and the
brackets and 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 (FITS)
A Shelf <110.0
B Shelf <666.0
TOTAL (General) <94.0
6-4
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