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NOTICES

Disclaimera

The findings of this report are not to be construed
as an official Department of the Army position. un-
less so designated by other authorized documents.

The citation of trade names and names of manufacturers
in this report is not to be construed as official
government endorsement or approval of conmiercial pro-
ducts or services referenced herein.

Disposition

Destroy thi8 report when it is no longer needed.

Do not return to the originator.

• This project has been accomplished as part of the US
Army Manufacturing and Technology Program , which has
as its objective the timely establishment of znanu—
facturing processes , techniques or equipment to insure

-• - the efficient production of curren t or fu ture defense
programs. 
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ABSTRACT

Effort  has conwnenced on the MM&T program to
establish the fabrication techniques and requirements
necessary to meet hardware production levels as speci-
fied in the subject contract. A PERT/TIME Ne twork
was developed to define specific management and
engineering objectives within the overall program.
Initial hermetic cell and battery component design

• has been developed to meet and/or exceed all per-
formance , safety and environmental specifications.
The basic system concepts for electrolyte f i l l  and
dispensing, core winding , cathode/anode manufacture
and hermetic closure have been defined to permit sub—

• sequent integration within an operational production
line. Interf ace with automated equ ipment manufacturers
continue in order to define specific machine 2lements
and initiate hardware procurement within the time frame
of the PERT/TIME Network.
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PURPOSE

The basic objectives of this program are to:

a) establish the producibility of th. ipeci-
tied hermetically sealed lithium cells
and batteries by mass production techniques
and facilities;

b) establish and improve quality control sur-
veillance and inspection ;

c) initiate process improvements to minimize
overall fabrication costs and time.

• The program consists of six (6) primary components:

Battery and Cell Design

Electrolyte Preparation and Dispensing System

• Core Winding Machine Design

• Cathode Manufacture

• Anode Manufacture
Welding Equipment Design

Evaluation of the above independent tasks will be
conducted in parallel to permit subsequent integration ‘I
within an operational manufacturing process.

Li

-‘•,•e~•• —~• ~~~~ 
_‘ 
.~~~ I - 

a
• ± -~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — • ,

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

~~..,.

~~~~—~~~~~ — ~~~~~~~~~~~~~~~~~



_ _ _ _  -~~~
• • . • • - - -- - •- _ _ _

TABLE OF CONTENT S

Section Page

I • INTRODUCTION . . . . . . . . . . . . . . . . 1

II. GENERAL DESCRIPTION AND RELATED
STATE—OF—THE-ART . . • . . . • . . . . 2

A. Cell Composition . . . . . . . . . . . . 2
• B. Cell Reactions . . • . . . . . . . . • 2
• C. Cell Components ...• . . •.. ... 2

D. Cell Design . . . . . . . . . . . . . . 4

III. FABRICATION PROCESS • . . • . . 6

A. Cathode Manufacture 6
B. Anode Manufacture • .   6
C. Cell Assembly ..   7
D. Electrolyte Prepara tion & Cell Filling  7

IV. PROGRAM EVALUATION & REVIEW TECHNIQUE . . . 10

V. MANUFACTURING PROCESS DEVELOPMENT . . . . . 14

A. Cell & Battery Design  14
B. Anode Fabrication . . . . . . . . .  45
C. Cathode (Positive Electrode) Fabrication 52
D. Core Winding • . .  55
E. Electrolyte Preparation & Dispensing .  58
F. Hermetic Seal & Cell Closure 64

VI. CONCLUSIONS 7?

VII.  PROGRAM FOR 2ND Qu ARTER 74

VIII. IDENTIFICATION OF PERSONNEL 75

APPEN PIX 78

i ii

t~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~
--
~~~~~ - -~~~

••
~~~~~ ~~~~~~~~~~~~~~~~~~~ 

_ _ _  •



LIST OF FIGURES

• Figure Page

Fig. 1 Cross Section Cell . . . . . • . . . .

Fig. 2 Cross Section Cell Top . . . . • . . • 8

Fig. 3 PERT . . . . . . . . . . . . . . . . • 11.

Fig. 4 Pert Block Diagram . • . . . . . . . . 13

Fig. 5 Cell Outline Drawings With Table of
Dimensions...... . . .. • . . .  15

Fig. 6 Cell Bottom Vent . . . . . . . • . • . 18
Fig. 7 Vent — Small Diameter Cells . • . . . 19

• Fig. 8 BA—5598/U Battery & Schematic . • • . 23

Fig. 9 BA—5100/U Battery & Schematic . . . . 25

Fig. 10 BA-5590/rJ Battery & Schematic . . . . 27
Fig. 11 BA-5842/U Battery & Schematic . . . . 29

Fig. 12 BA—5585/U Battery & Schematic . . . • 31

Fig. 13 BA—5567/U Battery & Schematic . . . . 33

Fig. 14 BA—5568/U Battery & Schematic . . . . 35

Fig. 15 BA-5841/U Battery & Schematic . . . . 37

- 
• Fig. 16 BA-5574/U Battery & Schematic . . . . 39

Fig. 17 BA—5O9O/U Battery & Schematic • • * . 41

Fig. 18 Negative Tab Resistance Weld • • . . . 44

Fig. 19 Spool for Lithium Foil • • • . . . * . 45

Fig. 20 Guillotine Cutter . . * . . . • . . . 46

iv

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :~ 
•.



r ~~~~~~~~~~

LIST OF FIGURES

(Continued)

Figure Page

Fig. 21 Rotary Slitter 48

Fig. 22 Impact Weld . . .  49

Fig. 23 Poaitive Electrode Cross Section •. .  51

Fig. 24 Cor-e Winder  54

Fig. 25 Electrolyte Transfer and Mixing System 58

Fig. 26 Electrolyte Dispensing Station . . .  59

Fig. 27 Electrolyte Fill System — In—Line .  61

Fig. 28 Hermetic Top Assembly . . . . . . .  64

Fig. 29 Laser welding system .  67

V

T



I- —i. — -• 
— — •—

LIST OF TABLES

Table PaQe

Table 1 Cell Design Characteristics . . . . . 16

Table 2 BA—5598/U Cell/Battery Requirements 24

Table 3 BA—5 100/U Cell/Battery Requirements 26

Table 4 BA—5590/U Cell/Battery Requirements 28

-. Table 5 BA-5842/U Cell/Battery Requirements 30

Table 6 BA-5585/U Cell/Battery Requirements 32

• Table 7 BA—5567/U Cell/Battery Requirements 34

Table 8 BA-5568/U Cell/Battery Requirements 36

Table 9 BA-5841/U Cell/Battery Requirements 38

• Table 10 BA-5574/U Cell/Battery Requirements 40

Table 11 BA—5090/U Cell/Battery Requirements 42

vi

L ~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :~~~~•~~~ • *



F - _
~~~~~~~~~~~~~~--~~~~~~~

• - - -  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I. INTRODUCTION

The Manufacturing Methods and Technology (MM&T)
Project No. 2759371 to Establish Automatic Electrode
Production for Lithium Hermetic Cells requires the
eøtabliahment of production techniques f or hermetic
lithium cell components, cells and batteries to meet
production levels delineated in the contract. Speci-
fically, the following hermetic batteries will be manu-
factured utilizing the automatic electrode processes
established under this program:

BA-5590 ( )/u BA—5574 ( )/u
BA—5585 ( )/U BA—5841 ( )/u
BA—5090 C )/u BA—5l00 ( )/u
BA—5842 ( )/u BA—5567 C
BA—5568 C )/u BA—5598 ( )/u

The production engineering goals of this program
are to perform the necessary design , development, en—
gineering, fabrication of special tooling and construc-
tion of test facilit ies and limi ted production equip-
ment to obtain confirmatory sample approval; and to
establish a pilot line and pilot run for the purpose
of demonstrating a manufacturing process.

As a result, Power Conversion , Inc. will establish
a Pilot Line and demonstrate the capability of this
line with at least 20% of the Pilot Run units. The
rates to be met are:

5 , 000 “D” Type Cells in an eight-hour day.

2 , 500 cells other than “D ” Type* cells in an
eight—hour day .

*Other than “D” type cells are those cells to be utilized
in the fabrication of the deliverable batteries.
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II. GEN ERAL DESCRIPTION AND RELATED
STATE-OF-THE-ART

As required under this program, PCI will fabricate
all batteries and cells utilizing a non-reserve lithium
organic electrolyte sulfur dioxide system. PCI has
been manufacturing these types of cells over the past
five years. The following description will briefly de-
lineate the basic state—of—the—art cell composition and

• fabrication techniques.

A. Cell Composition

The basic cell consists of the following components:

a) A lithium anode
b) A porous carbon cathode
c) A sulfur dioxide/organic solvent electrolyte
d) A steel housing to contain the cell components
e) A non—woven polypropylene separator
f )  A hermetic seal

B. Cell Reactions

The cell reactions occurring in this system are:

Anode: 2L i—---- ~~~2Li +2e

Cathode: 2 SO2 + 2e 
~~~~

.

Full Cell: 2 Li + 2 SO2 ~ Li~ S2 04 ~

C. Cell Components

1. Anode

The anode is fabricated from high purity (99.97%
pure) lithium metal. It is purchased in foil form on
coils in various widths and thicknesses. The range of

• sizes covered under this program are 0.2” width to 2.0”
wide and .010” to .019” thick.

2
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2. Cathode

The cathode is f abricated from a mixture of carbon/
binder and solvents which are formed onto an aluminum -

expanded metal current collector.

3. SO2 Organic Electrolyte

The electrolyte system con8ists of three components.
These components include 502, organic solvent and lithium
salt. One major constituent of the electrolyte is S02.
As shown in the full cell reaction, S02 is utilized in
the cell reaction to form Li2S2O4 precipitate. This pre—
cipitate is formed in the pores of the cathode during
cell discharge. The organic solvent is used to provide
increased solubility levels for the lithium salt.

4. Cell Separator

The cell separator prevents direct electrical contact
between the anode and cathode while allowing ionic and
mass transport flow between them. The separator is fabri-
cated from polypropylene and varies in thickness from
.001 to .005 inch depending upon cell performance re-
quirements.

5. Cell Housing

The cell casing is fabricated from cold rolled steel
which varies in thickness from 0.019 inches to 0 .012
inches. The steel is nickel plated to prevent environ-
mental corrosion. Incorporated in the cell container is
the safety vent mechanism. The cell can bottom is coined
to a designated pattern. This coining is performed to

• 

• 
create a thin wall section in the container . By control—
ling the parameters of the coined area (width , thickness,
and location as well as state of anneal)  the pressure at
which the cell safety mechanism will activate can be con—
trolled. The cell safety mechanism is presently designed
to activate at a pressure of 550 ± 50 psi. Shown in
Section V is a more detailed description of this
mechanism.

3
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• D. Cell Design

The PCI lithium c~~ i design which has been usedover the past five years will be used as the basis for
the required cells and batteries. Design modif ica tions
will be implemented as required to facilitate auto-
mated assembly and reduce overall fabrication costs.
The design chosen allows flexibility in achieving wide
performance capability as well as being amenable to
automatic production .

The components as described previously are arranged
within the cell as shown in Figure 1. The basic cell
structure consists of a cylindrical casing containing a
spirally wound electrode core. This core is composed

• of a lithium foil anode , polypropylene separator and a
plate type cathode . These components are sandwiched
together , insulated by the separator and wound to form
a spiral which is subsequently assembled within the
nickel plated steel can. This type of construction pro-
vides increased electrode surface area capable of yield-
ing high current discharge rates over a wide temperature
range .

1
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I I I .  FABRICAT I ON PROCESSES

The fabrication processes which have been utilized
at PCI over the past five years are primarily manual
with some semi—automatic operations. The following
brief description outlines the current techniques utili-
zed at PCI in component and battery manufacture.

• A. Cathode Manufacture

The cathode as described previously consists of a
• composite structure containing carbon and polytetra—

fluoroethylene (PTFE) resins which are formed onto an
expanded aluminum metal current collector.

• The present method of fabricating the cathode con-
• sists of:

1. Mixing quantities of carbon/binder, and sol-
vent in proper ratios depending upon cell
type to be manufactured and number of cells
to be fabricated.

2. Weighing out of proper amounts of the wet
mix material for a cathode sheet.

3. Dispensing the material in a solvent mix
and drying to remove the solvent and allow

the carbon/binder mixture to uniformly dis-
perse onto the aluminum grid.

4. The sh’~et is then sized by rolling , pre—
dried and die cut to size. Current col-
lector tabs are then welded to the screen
utilizing resistance welders.

5. The individual cathodes are then final dried
to remove residual solvent.

B. Anode Manufacture

The anode consists of a single st~ icture of pure
lithium in ribbon form , onto which is staked” a copper

6
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collector tab. Fabrication of the anode consists of
obtaining the lithium in coil form to specified width and
thickness. The material is manually cut to length and
a copper tab is pressed into the soft malleable lithium.
Anode manufacture is performed in a controlled humidity
environment because of the high reactivity of lithium
with trace amounts of moisture.

c. Cell Assembly

Cell assembly is performed within a controlled
humidity environment. This is necessary to prevent mois-
ture contamination of the internal cell components.

The cell assembly operations include taking the pre-
viously formed lithium anode plate and cathode plate and
separating them with the polypropylene separator. This
sandwiched construction is then wound on a mandrel into
a spiral , separator is cut , and the spiral core placed

• into a can, Resistance welds are then made between the
copper ~ab and the cell case. The positive weld is made
between the aluminum tab on the cathode and the terminal

• located in the cell cover.

The can is peripherally welded to the can utilizing
a plasma arc welder. A cross section of the cell top is
shown in Figure 2.

The cells are subsequently transferred to an area
where a polyvinyl chloride irradiated heat shrink pro-
tective sleeve is placed on the cell.

D. Electrolyte Preparation and Cell Filling

The electrolyte is formula ted from the previously
described components in mixing vessels. The capacity
of the mixing vessels is 15 ‘liters. Each 15—liter tank
yields sufficient electrolyte mix for approximately 600
“D” cells.

-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Electrolyte filling consists of dispensing the
electrolyte into a partially evacuated cell tu pre-
determined weight specification.

The final fill operation consists of hermetic
closure of the fill port located within the center of
the hermetic top assembly.

9
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IV. PROGRAM EVALUATION & REV iEW TECHNIQU E

A PERT system has been proposed as a means of com-
paring current performance and status against planned
perf ormance , thereby revealing possible problem areas
and permitting timely corrective action on the causes
rather then the symptoms of the problems. This PERT
Network is a flow diagram which gives a graphic repre-
sentation of the requirements and relationships for
various disciplines from the point of view of time and
effort and consists of significant activities and
events. In estimating the length of time to complete
an activity , a “most likely ” time f igure was used , as
opposed to an optimistic or pessimistic one. The
critical path of the PERT Network reflects the path
that requires the longest period of time to traverse.

This PERT Network has been designed and the ex-
pected elapsed times of each activity are shown in
Figure 3.

The following is a list of the major tasks covered
in the PERT Network:

1. Cell & Battery Design

2. Electrolyte & Fill System Design &
Manufacturing

3. Core Winding and Assembly Machine Design
and Manufacture

4. Cathode Machiüe Design and Manufacture

5. Anode Machine Design and Manufacture

6. Welding Systems Design and Integration

The above tasks are represented in the Network
by its major horizontal “arms” . As work progresses on
these initially independent items they may then be in-
tegrated into an operational production system. This

• first occurs at location C7 during fabrication of the

10
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confirmatory samples and later , af ter equipment reevalua-
tion and up—grading, during final pilot run operation
which is estimated to be completed during the 90th week
of this program.

As indicated in FIgure 3, the critical path is
first along the development of the cell, core winding

• equipment and then continues along the automatic
cathode line.

Figure 4 is a block diagram showing , in simplified
form, the major areas of the PERT Network.

As the work described in the body of this report
indicates, PCI has closely a~~ered to the schedules
shown in the PERT Network.
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V. MANUFACTURING PROCESS DEVELOPt’W’~~

A .ç  Cell and Battery Desiqn

The subject contract requires the design and fabri-
cation of ten different types of batteries which will.
utilize hermetically sealed cells. Such cells will con-
form to the specifications imposed under SCS—459, Bat-
teries, Primary Lithium Organic dated 17 May 1974.

1. Cell Desiq~

An analysis was performed to determine the specific
cell design configurations which will meet or exceed
the performance , safety and environmental specifications.
The basic design considerations were as follows:

Discharge Capacity and Rate
Operational Voltage Limits

• Start—up Requ irements
• Dimensional Confi guration and Weight

Restrictions
Environmental Requirements

• Cell Safety
• Fabrication and Material Costs

These designs were based upon maintaining the proper
stoichiometric proportions of the active components ,
electrode utilization efficiency , available internal cell
volume and minimum current density levels especially dur—
ing high current pulsed duty cycles.

14
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Cell sub—assembly component prototypes are pre-
sently being constructed to verify conformance to the
required dimensional. configuration. Each cell com-
ponent will be exposed to each of the assembly and
test environments to permit early definition and
isolation of any problem areas. Such information
will be necessary to properly design and select the
various automatic equipment which will be used for
this program. In addition , timely corrective action
will help prevent re-occurrence of these problems
during the engineering prototype manufacture phase.

Test cells will. be constructed during the next
reporting period to demonstrate cell performance un-
der the required electrical and thermal discharge
profiles. Design modifications and improvements will
be made based upon these test results.

• 2. Cell Safety

Our primary concern has been the development of
effective safety mechanisms to insure non—hazardous
operation under all conditions of storage , use and
operation. Basic considerations for such safety
mechanisms were system reliability , e f f ectiveness,
economics and adaptability to automated production.

The proposed vent structure located in the base of
the cell can essent ially consists of three longitudinal
ribs and a coined vent section as shown in Figure 6.
The coined area is subsequently annealed to reduce
shear strength and minimize stre8s corrosion. Vent

15

• .

- - - - --~~
ff.

~ -
~~~~~

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

‘
~~~

-
~~



• • • - — ~• • - •  —~~• ~~- - .•— ~~~~~~~~~~ ~~~~~~ -.-•I•- •- •~ •

‘—

~4 d
S S I

o Ui Ui
-J 0

‘•o 0 0 

—

~~~~~

_ _ _ _ _  

_ 
1W

I-.’ _ _ _ _

‘
0

’ 
0

• S . I I t—.--.--
o ~~ VIU~I~ •‘J I-’

~o U’ 0

• S I I
o ~~ 0’ Ui

• I-, PJ
p.., 0

I-,
• I S I
o -~‘ Ci U’— P’  P4 U’
~~ 0 -3

• S • I
o “0 U’ Ui
— ~~ Ci 0
~~ 0 U’ ‘0

ILl 
~~~~~~~~~~~~~~ —- ~~~~~~~~~~~~~~~ 

M . J •



— - •  - - -~~

— 
~~ ~~~~~~~~tTl t’i 0 Pi —1 I-” ~3 “Q~~ 0 I- ’ ’-~’Q ~~~ P1

O Z ~ ‘ Ci ~ ~QI~ ‘O ~ ~
~~ t- ’-~ P1 —

~~~ ~ IPi  ~~ 0 ~c’~~~~rt P1 ~~~~~~~~~~~ 1-
f l t~i ‘—‘j~-i c~~~t ’  ~ çt~~ ~~ w
~~~~<t ,  — U )  ~~~~~ ~~ CD CD

P4 Pi C’I C)~~~~ ‘a t’i ~~ --~~~ CD - - ( f l  ‘-3
~~~~~~ t o O  ‘-3 ‘Q C’i (0

U) PJ”I ‘-~~~~~~ B P1
H ~— )“ H 

_
C)

C)
- — P1

— • H P4 • H P4 Ui
A • .  ‘0 (A) O ’ C D  ( A l O .  -~ Vi

~~ ‘0 ‘0 O’D 0 A LA L .  • 1-” A • (0
O H -J IJ _ J 0  ‘ 0 P 4 --J 0  0) P1

(V Ui Vi
P1

• p.) . . • (.4 • • (.4 Ui C’)
A P4 0 ( . )  Ps) 0 U’ CD H 0 U’ -4
I—~ Ci (0 —4 0 (.‘ Cl • • I—’ Ci • 0

(A) I , J P 4 0  0 ) P s 4P4 0 0 C)
— Ci ‘-3H

I—’ Ci A • 5 1.4 (,A) S • 1.4 Ui W
. . S  Ci • . .  (V (A) OOi P4 • O C i I-’ (‘I C’) ~~~‘

1-’ O C l O  U’ A (A 1’J ’ C T i H P 4 •  ‘0 ~~ (“1
H Vi A (A) U’ 0 P4 Ui 0 0

-4 — H
p.. H

• P4 • S S I- (Al S • H U’ C)
Ci Ui H (V LA) 0O’I P 4  • 0O ~ I-’ CD
‘0 P4 -J U’ .~~ ~4 5  H 1.3 5  A P1

Vi 0 Ui O (P UI U’ 1.)
~~~~~~ H

Vi U)
H Ci Vi (a) ‘ • 1.4 P 4 .  • P.4 Vi

S • • 0 • S . Ui 1— 0 Ci A • 0 Ci CD
H IAI O (A) O C i O  CV Vi P 4 P 4 •  C i O l s i ’ U’ C)
0 OV ’ O (V U l O U)

• A • U’
• (a) 0 I—’ 5 • Psi 1—’ S S • I’— U’
CD ~~‘ U’ 1.4 (fl 00 1 . 4  P 4 0 1 . 41-” Ci
H Ci (A) 0~ I..d Q • .4

(a) 0 P4 0 (71
(a) S (A) • ‘  1-’ • ‘  H Vi
• p.., 0 — • 0 P 4 0  P4 0 1.3 0 U’
(a) ‘.3 ‘0 1.4 (7% La O ’  I -JO .  C’
(A) 0 ( A) O ¼fl P 4 0 0  0’

p.) 1.)
• 1-” • 0’ • • Ci I-” • • Vi U’
—.1 C~ I—” P.) • 0 I—’ • I 0 I—’ • CD
(a) U’ 1.4 (a) 0 P 4 1 . 40 O IUUI A

A U 1  0 (1%
H
• Vi H H A 5 • • • Vi U’
‘0 CD I-’ P4 • 0- 4 ’ ~, a 0 -.J. (1%
(V U’ 0 P 4 ( 7 10 Ci ) - ’U ’U ’  ‘4

A 0  0 0  A

S (A) 0 1..) 0 U’ (fl • a • A U”A P.) H -J e P 4 0 5  P 4 0 ( 7 1’ 0
U) UI • A 0 0  I-’0U ’  (0

0 0  0

I• ~~~~~~~~~~~~~~ ~~ 1~~~~: - ’ -~~~~~ - -



pressure is controlled by the overall geometry of the
ribs, the dimensional configuration of the coined sec-
tion and the state of annealing. Essentially, the
ribbed section acts as a cantilever which transmits
pressure to the coined section. Cell venting is
caused by shearing of the coined section which results
in complete venting of the pressurized electrolyte
and cell deactivation.

• Coined section thickness is monitored during fabri-
cation of the vent within the can structure to assure
conformance to pre—eatablished specifications. Cell
venting pressure is quantitatively measured using a
hydraulic pressure test fixture to simulate the vapor
pressure within a completed cell. Preliminary results
indicate that venting pressure is approximately 400 -

• 500 psi. Studies are in progress to determine the
quantitative effect of various levels of annealing and
material hardness on vent pressure levels in order to
assure consistent and reproducible operation.

Completed hermetic cell assemblies have been fabri-
cated and subjected to the following environments to
evaluate the vent characteristics and to determine the
presence of stress corrosion at the coined section:

• Short Circui t  Test — Test cells were subjected
to a continuous external short circuit  (less
than 0.1 ohio). External  case temperature
was continuously monitored . Results to date
indicate safe vent activation at a temperature
of 170 — 195°F. However , it should be noted
that such thermal measurements are not indi-
cative of internal cell temperature due to
poor thermal conductivity of the electrolyt e.

• High Temperature Exposure — Test cells were
subjected to high temperature levels at a
rate of 2°F/minute to determine the actual
cell venting temperature.  Pre l iminary  results
indicate a vent temperature of 220 to 250°F.

• Elevated Temperature Storage — Test cells were
stored at 700C and 1000C for 30 days to deter-
mine the effects of extended thermal storage
on vent in tegr i ty. All samples successfully
wi thstood the above thermal environments without
venting. Subsequent cell dis—assembly and
examination showed no evidence of electro—chemical
or stress corrosion at the vent interface.

18

“~ 
- 

~~~~~~ •., . . • ,  -•- -

— - • -~ ,--_ •t~ • ,
‘ • -_ ‘ _ ••

~
• • • — _ a__ —



r • • --

~~~

-- =•- ---- .

~~~~~~~

=-

~~~

• • • - - -

~~~~

EMBOSSED RIBS

A 
. 

A

/ C-
CASE B~Y~ rOM

‘-——----—— --- COINED SECTION

B DETAIL B

SECTION A-A

SAFETY VENT

FIGURE 6

19

U ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~. -  5- ..- A- ~~~~~~~~~ 

~~~~
_

~~
__ 

_ _ _  ~•44



While the reliability of this venting technique
has been demonstrated for cellB having a minimum dia-
meter of 1¼ inches, a problem exists for smaller dia-
meters since resultant forces become minimal as cell.
diameters become relatively small. As an example, the
utilization of this technique for a .625 diameter cell
would result in only 40 inch-pounds acting on the coined
section. In this case, the coined section thickness
would be so thin as to make this approach impractical .

For cells having a diameter of less than 1¼ inches,
an alternative venting technique has been developed and
is shown in Figure 7. In operation , the support disc
tends to remain flat since internal cell pressure is
acting on both of its faces. Conversely , the cell bot-
tom begins to bow as pressure increases. At a pre-
determined pressure , which can be closely regulated by
varying the degree of case bottom coining , annealing
and nugget diameter, the coined section is sheared
allowing venting of the pressurized electrolyte.

A second alternative venting technique being con-
sidered consists of a coined vent section located in the
can wall and parallel to the center line. The coined
area is subsequently annealed to reduce shear strength
and minimize stress corrosion. Vent pressure is con-
trolled by the overall geometry of the coined section
and the relative state of anneal. This vent design
concept will result in a minimal loss of internal cell
volume: an important consideration in the design of
small diameter cells 8ince cell capacity is directly
proportional to available internal volume.

Prototype tooling is presently being fabricated to
permit evaluation of both vent designs during the next
quarterly period. Such test data will be used as the
basis for selecting the optimal design approach.
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3. Battery Design

a. BA—5598/U battery will consist of five (5)
series connected cells as shown in Figure
8. Nominal. output voltage will be 14.4
volts with an auxiliary 3—volt tap. Each
section will be protected by a replaceable
3.2 amp time delay fuse. The battery will
be encapsulated with flame retardant poly-
urethane foam. The cell/battery design
specifications are shown in Table 2.

b. BA—5100/U

The BA—5100/U battery will consist of two
(2) series connected cells as shown in
Figure 9. Nominal output voltage will be
5.6 volts. The battery will not be pro-
tected by a fuse. The cell/battery design
specifications are shown in Table 3.

c. SA—55901U

The BA-5590/U battery will consist of ten
(10) series connected cells as shown in
Figure 10. Nominal output voltage of each
independent section is 12.0 volts. Each
section will be protected with a replaceable
c/3 amp fuse. The battery will be encap-
sulated with flame retardant polyurethane
foam. The cell/battery design specifica-
tions are shown in Table 4.

d. BA-5842/IJ 
-

The BA-.-5842/U battery will  consist of four
(4)  cells connected in two parallel sections
as shown in Fi gu re 11. Nominal outpu t voltage
will be 5.5 volts. Each section will be pro—

• tected with type 1N91 diodes to prevent re-
verse discharge between cells in the parallel
banks. The battery will be protected with
a MVD 3.2 amp time delay fuse on the posi—
tive output leg. The battery assembly will be

72
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d. BA—5842/U (Cont’d)

packaged within a steel container with a
glass/epoxy header terminal. The assembly
will be encapsulated with an epoxy resin
to restrain the cells during environmental
exposure. Techniques for epoxy applica-
tion are presently being evaluated to in-
sure that cell safety vent performance
will not be adversely affected. The cell!
battery design specifications are shown
in Table 5.

e. B~—5585/U

The BA—5585/U battery will consist of ten
(10) series connected cells as shown in

• Figure 12. Nominal output voltage of each
independent section is 12.0 volts. Each
section will be protected with a replaceable
C13 amp fuse. The battery will be encap-
sulated with flame retardant polyurethane
foam. The cell/battery design specifica-
tions are shown in Table 6.

f. BA—5567/U

The BA-5567/U battery will consist of one
(1) cell enclosed in a plastic case with an
insulating space on the bottom. Required
positive and negative terminals will be
welded in accordance with the battery con-
figuration shown in Figure 13. No fuse is
required for this battery. The cell! U

battery design specificati ons are shown in
Table 7.

g. BA-5568/U

The BA-5568/U battery will consist of five
(5) series connected cells as shown in
Figure 14. Nominal output voltage will be
12.5 volts. The battery will not be pro-
tected with a fuse. The completed assembly
will be packaged within a .015 inch thick
wall fiberboard tube and the ends crimped
to mechanically restrain the cells. The
cell/battery design specifications are shown

• in Table 8.
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h. BA-584l/U

The BA-584l/U battery wil l  consist of six
( 6 )  cells stacked in two rows and packaged
in a plastic container as shown in Figure
15. The container will be fabricated from
a molder phenolic resin with a wall thick-
ness of approximately .040 inch. The ex-
ternal. terminals will be coated with sill— -

cone rubber sealant, Type RTV-]02. The
battery will be encapsulated wi th an epoxy
compound capable of withstanding tempera-
tures of -85 to 165OF without deformation.
The battery will be protected wi th a non-

• replaceable c/3 amp fuse. The cell/battery
design specifications are shown in Table 9.

i. BA—5574 /U

The BA—5574/U battery will consist of two
(2) series connected cells as shown in
Figure 16. The battery assembly will be
packaged within a .025 inch thick extruded
PVC tube . Press f i t  connector/cap assemblies

• will be cemented at each end using Araldite
• 502 or equ ivalent . This connector wil l

serve as the positive battery terminal.
The sleeve end will be filled with silicone
rubber sealant , Type RTV-l02. The battery
will not be protected by a fuse.  The cell!
battery design specifications are shown in
Table 10.

j. BA—5090JU

The BA-5090/U battery will consist of three
(3) series connected cells as shown in
Figure 17. The battery wi l l  not be protected
by a fuse. The battery will be packaged
within a cold rol led steel case . Snap—on
type terminals ANSI XVII wil l  be used . The
cell/battery design specifications are
shown in Table 11.
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TABLE 2
BA-55981U CELL REQUIREMENTS

ELECTR ICAL

Load Voltage 2 volts m m .  after a 5
sec. pulse through a
2.5 ohm resistance load

Discharge Capacity 55 hours to 2.0 volts
against duty cycle shown
below after two weeks
storage at 160F and dis-
charge at -20F

BA-5598LU BATTERY REQUIREMENTS

PHYSICAL

Number of Cells 5

Dimensions:
Height 2.062 ± .062 inch
Length 4.687 + .062 inch

Width 3.562 ± .062 inch
Weight (max.) 1.5 lbs.

Connector P/N l03-llM (Connector Corp.)

Battery Jacket Waterproof paperboard

ELECTR ICAL ‘1) ( 2 )Stand Weeks Stand Weeks Disch ’ Service
Test @ 160F @ 130F Temp. , F Hours

I 0 ——— 70 ±2 50

L 0 ——— —20 ±3 35

H 
- 

0 ——— 130 ±3 50

HT 4 ——— 130 +3 45
LT 4 ——— —20 -s-3 30

T — 13 70 +2 45
D — 

- 
52 70 -i-2 45

(1) After 16 hours stabilization at te8t temp.

( 2 )  Time required at beginning of discharge shall not exceed o.5
seconds to reach 10 ,0 volts.

Cut—off Voltage A2 uni t  10.0 volts
Duty Cycle A2 unit 14.2 ohms for 2 minutes

291 ohms for 18 minutes
and repeat

Drop Test: When the battery is tested in accordance with this
specification , the socket shall not move beyond
the limits specified herein nor shall the corn—
ponents shift within the jacket, or preclude the
battery from meeting specified “I” capacity
test performed at the conclusion of the jacket
integrity test. -
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TABLE 3

BA-5l00/U CELL REQUIREMENTS

ELECTRICAL

Load Voltage 2.5 volts minimum after
5 sec. through 5-ohm
level

Discharge Capacity 23 hours to 2.25 volts
with load of 30 ohms at
-20F following 2 weeks
storage at 160F

BA-5 100/U BATTERY REQUIREMENTS

PHYS ICAL

Number of Cells 2

Dimensions:
Diameter 1.500 inch
Height 2.562 inch

Weight (max.) 85 grams

Connector See SCS-459/9
Sheet 1 of 5

ELECTRICAL 1 2Stand Weeks Stand Weeks Diach~ ~ service~
Test @ 160F @ 130F Temp ., F Hours

I 0 ——— 70 ±2 40

L 0 ——— —20 ±3 21
H 0 -—— 130 +3 37

lIT 4 — — —  130 ±~ 
34 

—

LT 4 • 
--- -20 ±3 19

T — 13 70 ±2 35
D — 52 70 ±2 36

(1) After 16 hours stabilization at test temp. I( 2 )  Initial  closed circuit voltages below 4.5 volt can not
exceed 1.0 second duration .

voltage max . 6.0 volts

Cut-off Voltage 4.5 volts
Load 60 ohms continuous

Pulse Capability Under a load of 10 ohms
voltage to be above
5.0 volts for a period
of 30 seconds
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TABLE 4
BA-5590JU CELL REQUI~~~MEN’FS

ELECTRICAL
• 

~
• Load Voltage 2 volts m m .  after 5 sec.

- through 2 .5 ohms
Discharge Capacity 26.5 hours to 2. 0 volts

with cyclic load accord-
ing to duty cycle shown
below except resistance
load multiplied by 0.1
at -20F following two

• weeks storage at 160F

BA-5590/U BATTERY REQUIREMENTS

PHYSICAL

Number of Cells 10

Dimensions:

• Height 5.00 + .000 inch
— .003

Length 4.40 + .000 inch
- .003

Width 2.45 + .000
- .06 3 inch

Weight (max.) 2.25 lbs.

Connector Miniature Circular Per
Drawing ES-C-211486

Battery Jacket Waterproof paperboard

ELECTRICAL Stand Weeks Stand Weeks Disch~~~ service ( 2 )

Test ~ l6OF ~ 130F Temp ., F Hours

I 0 — —— 70 ±2 48

L 0 ——- -20 ± 3  24

H 0 —-— 130 +3 42

lIT 4 — -- 130 ±~ 
38

LT 4 --- -20 ±~ 
21

• T — 13 70 ±2 28

D — 52 70 ±2 28

• ( 1)  Af ter 16 hours s tabilizat ion at test temp.
( 2 )  Transient voltages below the 20.0 volt end voltage can not

exceed a 0.1 second duration

Voltage MaximWn 32 volts

Cut—of f voltage 20 volts
Duty Cycle: ~attery consisting of two ( 2 )  12 volt sections

connected in series shall be discharged through
39 ohms for 1 min * , then through 560 ohms for  9
mAn and repeat

*An 8 ohm pulse load will be applied during the first 100 ma of
each 1 mm cycle. 30
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TABLE 5

BA-5842/U CELL REQUiREMENTS

ELECTRICAL

Load Voltage 2 volta m m .  after 5 sec.
through 2.5 ohms

Discharge Capacity 26.5 hours to 2 volts
with 175 mA load at -20F
following two weeks
storage at l6OF

BA-5842/U BATTERY REQUIREMENTS

PHYSICAL

Number of Cells 4
Dimensions:

Height 5.687 inch
Width 1.500 inch
Length 2.750 inch

Weight (max.) 20 ounces

• Connector MS31O2A1OSL4P (Bendix)

Battery Potting Epoxy ; capable of with-
standing —65c to 75C

ELECTRICAL

Maximum voltage 6 volt8
Capacity Tests

Stand Weeks Stand Weeks Disch~
1
~ Service

Test ~ l6OF 
— 

~~~I 130F Temp. , F in Flours

I 0 —— — 70 ±2 48

L 0 — - -  —20 ±3 24
H 0 -— — 130 ±3 42

lIT 4 --- 130 ±3 40

LT 4 --- -20 ±3 23
T — 13 70 ±2 43
D — 52 70 ±2 43

(1) After 16 hours stabilization at test temp.
Voltage delay Initial closed—circuit

voltages below 4.0 volt
• end voltage can not ex-

ceed 1.0 sec. duration

Discharge Load .350 mA continuous
Cut—off voltage 4.0 volts
Closed—Circuit Voltage: Closed circuit vo.&tage shall be

observed for a period of 30 seconds with a D.C .
Voltmeter , using a load resistance of 11 ohms ~‘nd ~minimum permissible voltage of 4. 0 volts
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TABLE 6

BA-55854U CELL REQUIREMENTS

ELECTRICAL

Load Voltage 2 volts m m .  after 5 sec.
through 2.5 ohms

Discharge Capacity 13.2 hra. to 2.0 volts with
cyclic load according to
duty cycle shown below ex-
cept resistance load multi-
plied by 0.1 at -20F fol-

• lowing two weeks storage
at 160F

BA-5585/U BATTERY REQUIREMENTS
• - PHYSICAL

Number of Cells 10
• 

- 
Dimensions:

Height 3.50 + .000 • h
- .003 inc

Length 4.40 + .000 - h
- .063 inc

Width 2.45 + .000 -
• — .063 inch

Weight 1.75 lbs.
Connector Miniature Circular per

Drawing ES—C—2 11488
Battery Jacket Waterproof paperboard

U ELECTRICAL Stand Weeks Stand Weeks DischW Service’2~Test @ l6OF @ 130F Temp . , F Hours

I 0 — — — 70 ±2 24

L 0 ——— —20 ±3 12
H 0 

- — —— 130 ±~ 
21

• lIT 4 —-— 130 ±3 19

LT 4 --- -20 ±3 10
T — 13 70 +2 14

D — 52 70 ±2 14
(1) After 16 hours stabilization at test temp.

( 2 )  During initial one minute of discharge transient voltages
can not be below 20.0 volts for greater than 0.1 second
duration.

Cut—off Voltage 20 volts
Duty Cycle: Battery consisting of two ( 2 )  12 volt sections

connected in series shall be discharged through
-
~ 39 ohms for 1 min.*, and then through 560 ohms

for 9 ruin, and repeat.
• *An 8 ohm pulse load will be -applied during the f i r st 100 ma

of each 1 mm . load discharge.
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TABLE 7

BA—5567/U CELL REQUIREMENTS

ELECTRICAL

Load Voltage 2 volts minimum after 5
second pulse through a 10
ohm resistance load

Discharge Capacity 13.2 hours to 2.0 volta
against duty cycle shown
below after two weeks
8torage at 160F and dis-
charge at —20F

BA-S 567/U BATTERY REQUIREMENTS
PHYSICAL

Number of Cells 1

Dimensions;

Diameter 1.030 ± .030 inch
• Height .718 ± .031 inch

Weight (max.) 20 grams

Terminal See Figure
Battery Jacket Waterproof paperboard

ELECTRICAL
Stand Weeks Stand Weeks Disch~~~ Serv ice~

2
~

Test ~ l6OF @l3OF Terrp.~ F Hours

I 0 ——— 70 ±2 20

L 0 —— — —20 ±3 12

H 0 ——— 130 ±3 13

HT 4 —— — 130 ±~ 
17

LT 4 -—— -20 ±3 10

T — 13 70 ±2 17

D — 52 70 ±2 18

(1) After 16 hours stabilization at test temp.

( 2 )  Time required at beginning of discharge to reach 2.0 volts
shall not exceed 1 second when using a load resistance of
50 ohms.

Cut—off Voltage 2.0 volta

Duty Cycle Constant discharge
through a 50 ohm
resistance
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TABLE 8

BA-5568JU CELL REQUIRE MENTS

ELECTRICAL

Load Voltage 2 volts m m .  a f ter  5 sec .
pulse with a 10 ohm re—
siatance load

Discharge Capacity 7.7 hours to 2.0 volts
against duty cycle shown
below af ter two weeks
storage at l6OF and dis-
charge at -20F (Load re-
sistance x .2)

BA-5568/U BATTERY REQUIREMENTS
PHYSICAL

Number of Cells 5

Dimensions :
Diameter 0.94 ± .03 inch
Height 3.00 ± .0 5 inch

Wei ght (max.) 85 grains

Connector None required

Battery Jacket Hi-Impact ABS plastic or
equivalent, olive drab

• No. 24087 per FED STD—595

• ELECTRICAL ‘1’ 2
Stand Weeks Stand Weeks Disch ’ ‘ Service

Test @ l6OF @ 130F Temp.1F Hours

I 0 — —— 70 ±2 12

L 0 — - —  —20 ±3
H 0 — — — 130 ±3 10

liT 4 — — — 130 ±3

LT 4 --- —20 ±3 6

T - 

- 

13 70 ±2 10

D — 52 70 ±2 10

(1) After 16 hours stabilization at test temp. voltage.

(2) Time required at beginning of discharge shall not exceed
1 second to reach 9.0 volts.

Cut—off Voltage 10.0 volts

Duty Cycle 150 ohms constant resis-
tance

3R
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TABLE 9
BA-5841JU CELL REQUIREMENTS

ELECTR ICAL
Load Voltage 2 volts m m .  a f t e r  S sec .

through 8-ohm load

Discharge Capacity 24.2 hours to 1.8 volt
with load of 70 ohms at
-20F following 2 weeks
storage at 160F

BA—5841/U BATTERY REQUIREMENTS

PHYSICAL
U 

Number of Cells 6

Dimensions :
Height .750 inch
Width 2.093 inch
Length 5.625 inch

Weight (max.) 10 ounces

Connectors Located at one end of bat-
tery and covered with
silicone rubber RTV-l02

ELETRICAL

Stand Weeks Stand Weeks Di~ch~
1
~ Service~

2
~

Test @ l6OF - ~~~ 130F Temp. ,F Hours

I 0 — — — 70 +2 15

L 0 — —— —20 ±~ 
8

H 0 — —- 130 ±~ 
13

lIT 4 — — — l30 -s- 3 12

LT 4 --- -20 ±~ 
7

T — 13 70 ±2 13

D — 52 70 +2 13

(1) After 16 hours stabilization at test temp.

( 2 )  Closed circuit voltages below 10.8 volts can not exceed 1.0
second duration

Voltage max. 18.0 volts
Cut—off  voltage 13.2 volts
Load 135 ohms continuous

Pulse Capability Under a load of 24 ohms
voltage to be above 12
volts for a period of
30 seconds

J
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TABLE 10

BA-5574/U CELL REQUIREMENTS

ELECTRICAL

Load Voltage 2 volts ruin , after 5 sec.
through 2 ohm

Discharge Capacity 4.4 hours to 2 0  volta
with load of 23.5 ohms at
-20F following 2 weeks
storage at 160F

BA-5574/U BATTERY REQUIREMENTS

PHYSICAL

Number of Cells 2

Dimensions:
Height 1.84 inch

Dia. Cell Stack .660 inch

Dia. Cap 1.0 inch

Wei ght (max.)  1.65 oz.
Connector Positive formed by threaded

insert sCs—459/7, Figure 3
Negative formed at silicone
rubber end.

ELECTRICAL
Stand Weeks Stand Weeks Disch(1) service (2)

Test @ l6OF ~ 130F — 
Temp. ,F Hours

I 0 —— — 70 ±2 8

L 0 --- -20 ±3 4

H 0 ——— 130 ±~
lIT 4 --- 130 ±~ 

6.5

LT 4 --- -20 +3 3.5 
-•

T - — 
• 

13 70 ±2 7

D — 52 70 ±2 7

(1) After 16 hours stabilization at test temp.

(2) Initial closed circuit voltages below 4.0 can not exceed
1 second duration

voltage (max.) 6 volts

Cut-off Voltage 4.0 volts -

Load 47 ohms continuous

Pulse Capability Under a load of 40 ohms ,
voltage to be above
4.OV for period of
30 seconds

42
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TABLE 11
BA-5090/U CELL REQUIREMENTS

ELECTRICAL

Load voltage 2 volts minimum after 5
seconds pulse through a
20 ohm resistance load

Discharge Capacity 33 hours to 2.0 volts
against duty cycl e shown

I below after two we•ka
storage at l6OF and dia-
charge at -20F

, BA-5090JU BATTERY REQUIREMENTS

PHYSICAL

~~ Number of Cells 3
Dimensions :

• 
- 

Height 1.906 inch
• Length 1.031 + .000 in h

— .062 c

width .656 + .000 - h
— .062 inc

• Weight (mix.) 50 grains

Terminals Miniature snap on type
ANS IXVI I

Battery Jacket Cold rolled steel

- -; i - - .
~~~ :CAL

St~nd Weeks Stand Weeks Disch.~~
1
~ service(2)

TeC’ ~ 1bUF ~ 130F Temp. ,F Hours

1 0 —— — 70 ±2 55

—20 ±~ 
30

L H -—- 130 ±3 50

lIT --- 130 ±3 46

I T  4 ——— —20 +3 26

T - 13 70 ±2 48
• 

D - 52 70 ±2 48

(1) After 1~- hours stab .lization at test temperature

( 2 ) Dur ing  in itial one minute discharge transient voltage
beluw 6 volts can not exceed a 1 second duration.

Cut -of f  Volta ge 6 volts

Duty  Cycle 636 ohm resistance
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B. Anode Fabrication

The negative electrodes for the Li/SO2 battery sys-
tem consists of high purity lithium foil with a conduc-
tor tab welded to one end as shown in Figure 18. A
tabulation showing the lengths, widths and thicknesses
for the various anodes required for this program is
shown in Table 1.

A machine is being designed that will eae.ntially
integrate the operations that are presently being per-
formed manually to fabricate completed anodes automatic-
ally. These basic operations consists of: a) cutting
the lithium foil to the specified length (the lithium
is presently being supplied on metal eppols as shown in
Figurel9) and b) welding a tab to one end of the lithium
strip.

A typical spool contains approximately 181
grams of .019 x 1 5/8wide (D size) lithium which would
be enough material for 55 cells.

1. Lithium Cutting

Since matallic lithium has the inherent characteris-
tics of “sticking” to most materials and a ductility that
may be equated to lead , the selection of the proper
technique for cutting this material becomes critical.
During this quarterly period , PCI has investigated two
techniques for cutting lithium foi 1 that are amenable
to an automated process. The use of a traditional “guille—
tine” type cutter (see rigure 2O) with automatic feed
was investigated but found to be unsuitable. One basic
difficulty with this approach is that the lithium is dis-
placed downward after cutting (a requirement for this
type of shearing action) which presented a material trans-
port problem in subsequent tabbing operations. The
second problem relates to cutting blade materials. The
steel blades normally used with this equipment have a ten-
dency to build up a layer of lithium which results in re--
lease problems for the cut lithium strips. Attempts were
made to replace the steel blades with plastic materials
such as polypropylene but this resulted in excessive blade
wear.
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The second technique investigated for lithium cut-
t ing , which has proved to be satisfactory, consists of
passing the foil  between two rotat ing plastic wheels
( see Fi gure 21). This approach has been demonstrated
and results in a clean reproducable cut with minimum
cut t ing wheel wear . By u t i l i z ing  plastic wheels fa-
bricated from either high density polyethylene or
polypropylene , the lithium sticking problem has been
minimized and does not interfere with machine function.
PCI has decided to employ this type of rotary slitting
wheel for the anode production machine.

2. Lithium Tabbing

The anode tab acts as the electrode current collec-
tor and is subsequently welded to the inside of the cell
casing after completion of the core winding- operations.
Prior to this contract , PCI had investigated two techniques for
securing the .005’ thick copper tab to the end of th~ lithium anode.
The first technique consisted of resistance welding (us—

• ing molybdenum electrodes) the copper tab directly to
the lithium as shown in Figure 18. Although this approach

• results in a tab which is adequately secured tc the anode ,
• 

~t was ultii~ately rejected because of uriacce~ tab~~ cal-
culated production rates and the inability to co!~t~~~lithium ‘splash” during the welding operation.

A cold weldi,ng techn ique was also investigated and de-
veloped prior to this contract for securina the tab to the
lithium anode that is reproducible and arnena~!e to hi~~: oroduc-
tio-~.Specifical1y4 the tab is: a) prepierced : —  ~~~ a
the cold weld; b) placed in its appropriate position
over the anode and then c) struck using a pneumat~ c i~-
pact electrode rver  the tab face as indicated in figure
22. In addition to the cold weld that is forr~ed , :~ e tab
is fur ther keyed in place by the fact that t~e 1±t;i~r~.
is extruded into the tat- perforations. Both mechanical
and electrical tests have indicated the •suita~ i~i~ y c f
this technique for prod’ :tion .

During the next repor t period , PCI will complete the - 
-

desi gn stages of integrating the previously discussed
anode tab cold weldir’g technique and f inal ized lithium
rotary slitter design ~nto the prototype productio—.
machine. This mach ’ riE- will be desigred tc ach i eve the
specified production rate of 000 “ . 

-‘ siz ’- ar— ide ~om—
pone’lts p’~r r- -rmal i- ic-ht—hour ;rj i f t
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C. Cathode (Positlv ~ 1J~ -cLrode ) Fabrication

The positive electi ~-J~- for the Li/S02 cell consists
of a carbon/binder structure which has been formed onto
an expanded aluminum grid. A cross section of this
structure is illustrated in ~‘igure 23 and a tabulation
showing the cathode lengths , widths and thicknesses for
the various battery types required under this contract
is shown in Table 1.

Work during this quar terly period has been directed
towards developing a con tinuous technique for fabricat-
ing cathodes at rates consistent with program goalse Two
potential manufacturing processes for fabricatinc ‘ -~thodes
have been investigated coi-icurr~ ntly. The proces~-~-s are
being studied with the objective of:

a)  Min imiz ing developmental problems ;

- b) Providing maximum process control and pro-
duct reproducibility ;

c) Maintaining product quality ;

d) Ach ieving the production goals required under
this program.

One process for continuous cathode fabrication
consis ts of f lowing the raw ca thode mix

through a controlled orifice followed by lamination onto
an expanded grid subsLrate~ Con trol of cathode t1iic~~ess ,
width , porosity and solvent content is a funct±oi~ o~ t~ e
dimensional configuration of the discharge ori~~~c~ ~~~ the
rate of material transfer. Preliminary bench sc3le
experiments have indicated that this approach i s  —- able.
However , two problem areas were encountered:

1. Due to large amounts of solvent present in
the raw mix ,solvent u s expelled during material transfer
resul t ing in a solvent gradient at the orifice. ~h i s

- • caused a gradual reduction in material flow ra te a~ the
“wet” material at the feed end was unable to ~~~~~~~~ the
“dr y ” m~~ erial at the orifice. By initially re’~ ic. the

- 5 2
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amount of trapped solvent within the raw mix , this
gradient can probably be minimized.

2. Uncontrolled feeding of the raw mix to
the orifice resulted in a non—uniform cathode sheet.
The solution to constant feed is still being investi-
gated but it appears that a “side packer ” , that is ,
an auxiliary device to maintain a constant feed ratesmay resolve thia problem.

Another process currently being studied for auto-
mating cathode fabrication is one based on the continuous
filtration of the raw mix. Specifically , this process
consists of depositing a coating of the carbon/binder
mixture onto an expanded grid substrate by rotational
filtration. Since the expanded grid is available in
continuous lengths and the cathode slurry is easily
pumped and filtered , a continuous rather than a batch
type process is possible. The cathode weight per unit
area is controlled by filtration rate and filter surface
speed. Following fil tration, the cathode is further
dried , compressed to force the coating into the
openings of the expanded grid and final dried to a pre—determined
solvent level. This technique is presently being
evaluated by PCI together with a number of equipment
manufacturers.

A second f iltration type technique which has been in-
vestigated for continuous cathode manufacture consists of
a horizontal traveling belt type filter. ThiB filter
receives the raw mix through a feed box which maintains
even distribution across the entire width of the moving
filter belt.Solvent is drawn through the filter media by
a series of modular vacuum chambers. As the cake laden
filter belt approaches the discharge end of the machine,
the cake is further compressed by a series of compression
rollers prior to its removal from the belt.

During the next quarterly period , work will be directed
• towards selecting the ultimate continuous cathode manufac-

turing technique that will be utilized under this program
and component designs and procurement will be initiated.

- 54
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D. Core WindinQ

During this quarterly reporting period , designs
for a semi—automatic core winding machine have pro—
gressed through the conceptual design stage. to equip-
ment procurement. The core winder will autom atically
wind the previously described anode, cathode and
separator laminate into a tightly wound spiral confiqu—
ration.

Winding tension will be closely monitored to main-
tain a consistent electrode configuration and minimize
lateral slippage of the electrodes. Mechanical align-
ment of the electrode components is critical to avoid
electrical short circuits and insulation resistance
breakdowns between the electrodes. In addition , the
connection tabs must be accurately positioned to per-
mit subsequent electrical connections at the next
station.

Figure 24shows the basic core winding machine and
its principle operating components. Two rolls of
separator material are threaded through the guide and
pinch rollers. This is initially performed at the
beginning of each roll and automatically thereafter.

The operator places the anode and cathode in the ap-
propriate guide and initiates the start sequence. The
feed rollers transfer the material onto a split mandrel.
As the mandrel begins to rotate , its speed overcomes
one—way clutches built into the feed rollers and the
material is wound into a core. After a prograurned number
of revolutions , the separator is cut and the mandrel
stops revolving. A spring loaded roller restrains the
core on the mandrel.

The operator places a cell can over the core and
the split mandrel rotates in the reverse direction to
release the core , leaving the assembled winding inside
the can. As the operator is preparing the next set of
electrodes , the machine automatically advance8 the separator

55
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through the guide and in to the preposi tioned slot in
the mandrel. The complete cycle will consume less

• than 10 seconds and one operator will be capable 
of

producing over 2,500 cores per day.

Two machines will be used for full production of
5,000 units per day . Room is available to permit
subsequent incorporation of a syntron can loader to

~ninimize the 
time required for core removal and in—

• stcti2~atiofl.

I
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E. Electrolyte Preparation & Dispensing

1. Electrolyte Preparation

In order to achieve a manufacturing rate of 5,000
“D ” size cells per day , a system capable of supplying
40 gallons of electrolyte i8 required . The system must

- 
• be highly reproducible and easy to operate and maintain.

The key to consistent electrolyte preparation is
the transfer of exact amounts of dry ingredients to an
ei’icloaed mixing vessel. All of the chemicals purchased
have a certified level of purity.
Cartridge type molecular sieve~ will be used to further
enhance overall purity levels. The vent ports
of the component storage vessels will be pressur ized with

• dry nitrogen to assure that no additional contamination is
introduced into the system.

Two methods of component metering were evaluated
during this period . A load cell type automatic weighing
system was investigated whereby component quantities
delivered are obtained by storage tank weight differences.

• Studies indicated that problems would be encountered dur-
• ing storage tank changes ,requiring system recalibration .

It was determined that owing to the susceptibility of this
system to general mishandling (with resultant weighing
errors) it should not be used where a high degree of
accuracy is required.

A system of automatic pumping using positive dis-
• 

- placement flow meters will be used to transfer the liquid
• to the mixing vessel. This system will use a central

ratio flow control prograiruner to monitor and control the
flow of organic solvents with respect
to the referenced SO2 flow. This technique requires tha t
only one flow be changed in order to adjust the total
quantity of liquid pumped to the mixing vessel. The
exact ratio of liquids is maintained independent of the
total quantity of electrolyte being mixed.

The lithium salt will be pre-measured into cartridges
and sealed to exclude contamination . It will then be fed di-
rectly into the reaction vessel through a fitting located
in the cover.
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One problem encountered in the electrolyte pre-
paration is the heat of solu tion generated by the 502/
solvent/Li salt mixing. If the heat is not removed ,
high tank pressures are encountered and tank venting
becomes nece8sary. To overcome this , a heat exchanger
will be used to cool the solvents before SO2 addition
and remove the heat generated as mixing occurs. This
technique will assure coneistent electrolyte component
ratios. The tank would be a 50 gallon vessel capable
of withstanding up to 150 psi internal pressure. It
incorporates a glass covered variable speed empellet-
to insure complete mixing of the components.

A schematic diagram indicating the proposed electrolyte
transfer and mixing system is shown in Figure 25.

2. Electrolyte Dispensing

The proposed electrolyte next must be transferred
to a dispensing station which design studies indicated
will consist of a fill head , a control valve , and a vacuum
pump. The basic system is shown in Figure 26.

The cell is automatically inserted into a special
fitting in the fill valve.

Previously, during assembly, the cell was sealed in
an atmosphere of dry gas. In valve position 1,
the cell is partially evacuated to a predetermined
residual dry gas pressure that corresponds to the desired
proportion of dry gas in the finished cell. This residual
air allows for thermal expansion of the electrolyte. The
valve is next changed to position 2 which disconnects it
from the vacuum pump and connects it to the electrolyte
tank. Because the tank pressure is higher than the resi-
dual gas pressure , the electrolyte flows into the cell
until pressure equilibrium is reached. At this stage , the
valve is placed in a neutral closed position.

The final operation is automatic sealing of the fill
tube. This is done with a special sealing un it incorporated
into the fill head.
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orig inally a rotary table containing 8 work eta—
tiona was planned. An operator would load the cells
which would then be automatically fed to the fill head.
Based on present f illing techn iques , two fill stations
with a 10 second cycle would be needed to fill 5000
units/day. With the new hermetic cell design this is
no longer practical. Because of the small inside dia—
meter of the tantalum tube (.050”), longer cycle times
are needed to insure complete filling , especially with
the larger size cells. A cycle of 20 seconds appears
more than ample to fill all cells fabricated under this
program. The 4 station in—line system shown in Figure 27
will be used. One operator will be capable of filling
over the 5000 units/day. The system can also be easily
extended to 6 or 8 stations by the simple addition of
extra fill heads.
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F. Hermetic Seal and Cell Closure

During this first quarterly period , a major effort
has been directed toward establishing a hermetic cell
top design and developing the closure techniques needed
to meet the required hardware production levels. Basic

• design considerations were hermeticity requirements,
• overall reliability, economics and adaptability to auto-

mated production. The specific areas presently being
• investigated are as follows:

Glass/Metal Seal Assembly

Eyelet/Top Resistance Weld

Cell Peripheral Weld

. Fill Tube Closure
External Electrical Connection

1. Glass Seal Assembly

Previous to the start of this program , extensive
research was conducted to develop an optimal glass
seal configuration and an appropriate electrolyte fill
technique. As a result , the glass—to-metal hermetic
seal assembly as shown in Pigure 2 was selected. This
assembly consists of a tantalum fill tube , a nickel
plated steel eyelet and a glass insulator preform.
The assembly is subsequently fused to effect an herme-
tic compression seal which will meet all electrical ,
thermal and environmental requirements. Prototype
seals were fabricated and tested to quantitatively
measure the leakage rate using a helium mass spectro-
meter. The results indicate a maximum leak rate of
2 x 10 8 cc/sec helium which is well within the speci-
fied limits of the contract.

We are presently investigating the use of a conui~on
eyelet design which can be utilized for all required
cell sizes. This would minimize tooling and fixturing
costs and simplify cell top construction.
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An alternative approach to the abovc as shown in
• Fi gure 28 , is also being considered . This design would
• incorporate the seal eyelet and cell top into one

piece part which would eliminate the eyelet/top weld
operation arid a potential source of electrolyte leakage.

• Tooling required to fabricate this part is presently
under evaluation.

One problem associated with the resistance welding
of the internal cathode tab to the fill tube has been
uncovered. This problem is primarily due to the forma-
tion of a tenacious oxide during the glass fusion pro-
cess. Attempts were made to chemically remove this
oxide but the deoxidizing solutions tried were subse—
quently found to attack the glass seal. PCI plans to
use a mechanical abrasion technique to remove the oxide
until the glass seal vendors correct this condition.

• Use of a weldable inter—connection tab material is also
being evaluated as an interim solution .

2. Eyelet/Top Resistance Weld

The nickel plated steel eyelet contains a peri-
pheral weld projection. This pro-
jection concentrates the electrical power and mechanical
force to a localized area during the resistance weld to
e f f e ct a hermetic seal. Prototype samples were fabricated
using a 100 KVA resistance welder equipped with a low
inertia head which provides quick response at constant
pressure as the projection collapses and the parts are
fused. The units were subsequently inspected and test-
ed to quantitatively measure the leakage ra te using a
helium mass spectrometer. Maximum leak ra te observed
was 2 x i0 8 cc/sec helium which is well within the
specified limits of the contract.

3. Cell Peripheral Weld

Hermetic closure of the cell periphery is presently
• being accomplished using a plasma arc welding process

as shown in Figure 2 . Heat is essen ti a l l y  produced by
a restricted arc between a non—consumable electrode arid
the workpiece. When the arc is initiated through a gaseous
column , some of the gas becomes ionized which results in a
higher arc temperature and a concentrated heat pattern.
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The welding unit consists of a 200 amp D.C. power
supply, a control unit , a rotating work station and a
torch assembly.

The equipment is semi-automatic~ the operatorloads the cell and initiates the following prograiiined
cycle:

1. Start rotation of turntable

2. Position torch

3. Initiate arc and gas flow

4. Time weld to allow 1/8” overlap

5. Terminate arc and gas flow

6. Retract torch

7. Stop rotation of turntable 
-

This equipment is presently in operation arid is
being used to hermetically seal all prototype cells.
However , the maximum production quant i ty  is 1,250 “D”
diameter (1.312 inch) cells per 8-hour day per machine.
Four welders and four operators would therefore be re-
quired to produce 5 ,000 units/day.

Laser welding and resistance welding systems are
presently being evaluated to hermetically seal the cell
periphery at a rate consistent with the required hard-
ware production level.

The laser welding process essen tia l ly consists of
focusing a high energy laser beam along the cell can/
top interface to produce a structural weld with minimum
hea t t ransfer. This is particularly impor t an t  due to
the low melting point of the polypropylene separator
and insulators. Localized melting of such components
may cause electrical short circuits and insulation re-
sistance breakdowns within the cell.
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Tests to date have been performed using a 200
watt continuous wave neobium YAG welder (Nd YAG).

A proposed system is shown in Figure29. The sys-
tem provides for two work stations which permit weld-
ing at one station while the other is being loaded.
This is accomplished by utilizing two separate objec-
tive lens systems within the laser head and a means of
optically switching from one to the other. The com-
plete system would be interlocked to prevent any po-
tential danger to the operator.

Some difficulties have been encountered in obtain-
ing acceptable welds using this laser system. Because
of the extremely small diameter of the laser beam
(~~.Ol0 inch), all dimensional tolerances become criti-cal~ especially at the cell can/top interface. Gaps
and edge mismatch as large as .003” may result in weak
areas within the peripheral weld which could fail under
the internal cell pressures encountered during service.
Total runout of the fixturing is also critical and must
be kept within .002 inch. This is difficult to obtain
with a rotating quick-release collet. Present proto-
type fixturing has a total indicated runout of .010 inch
and is in the process of being reworked.

One method used to minimize these tolerance require-
ments is to defocus the laser beam into a broader pat-
tern. Spot sizes up to .020 inch have been obtained
but with a corresponding decrease in energy input/unit
area. The weld time must therefore be increased to
compensate for the energy loss.

With  the 200 watt system , weld times are 11 seconds
for a 1.312 inch diameter cell using a .010 inch size
spot. With a .020 inch spot si ze , 14 seconds is requ ired .
Weld cycles as short as 5 seconds have also been achieved
but weld strength was i n s u f f i c i e n t  to sustain the cell
working pressures. Therefore , a 5 second cycle, which is
required to meet production rates of 5000 units/day, seems
impractical using a 200 watt system. Additional efforts
will be performed using larger laser welding systems.
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Resistance weldi ng of the cell peri phery ca n be
accomplished by utilizing the blunt can edge (projec-
tion ) which is formed during the clip-off operation.

Preliminary welds on large diameter cells have
been unsuccessful due to the limited power of in—house
welders (100 KVA). Arr*ngements are being made with
several manufacturers to projection weld prototype

• cells on larger 200 KVA machines. A feasibility study
is also being made to determine if smaller diameter
cells can be projection welded using available in-
house equipment. The advantages of this system are
short cycle time (up to 10,000 units/day) and low
operational cost.

4 .  Fill Tube Closure

The final step in the fabrication of a hermetic
cell is closure of the electrolyte fill tube. This
operation is presently being performed in a two stage
sequence . The f i r s t  stage is a preliminary tube clip-
off which is accomplished at the electrolyte dispensing
station. This provides a temporary seal and allows
for inter—station transfer . Final hermetic closure of
the tube is performed at a separate station where all
critical welding parameters can be controlled and
monitored.

A problem was encountered with final fill tube
closure due to non—uniform hardness of the tantalum
tube material after glass seal fabrication. Corrective
action is presently underway to correct th i s  discrepancy.

5. External Electrical Connection

Electrical connection of the external posi t ive
terminal will be accomplished as shown in Figure 2
A steel eyelet is initially resistance welded to the tan-
talum tube to provide a contact surface for subsequent
welding. lu-i insulative washer is used to prevent the
eyelet from contacting the glass- to—metal  seal. A washer
is installed below the eyelet for mechanical support dur-
ing subsequent welding. A f l anged cap is then resis-
tance welded to the eyelet to provide a positive Ilbutto n
contact.
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- 6. Seal Evaluation Program

A complete test program has been established to
evaluate the aforementioned glass—to—metal seals and
hermetic welding techniques. Two hundred (200) pro-
totype cells were fabricated and stored under various

• thermal profiles to determine the long term electrolyte
• leakage rates and to ascertain the effects of electro—

• chemical corrosion on the internal seal components.

During this quarterly period , it became necessary
to terminate the above tests due to defective glass
seal eyelet projection welds. These defective welds
were caused by a residual oxide layer which was formed
during the glass seal fabrication. This problem has
now been corrected by the glass seal vendors.

Two hundred (2 00) additional prototype cells are
presently being constructed and the subject test pro—
grain will be re—ini t i a ted .
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VI. CONCLUSIONS

During the present quarter , work has proceeded in
accordance with the planned engineering objectives ~s• defined in the PERT/TIME NETWORK . These objectives

• include selection of specific mass production fabri—
cation techniques and equipment and implementation of
such technique8 in the construction of the required
cells and batteries.

The initial cell and battery designs have been
completed. Preliminary results indicate that all per—
formance ,environmerital and safety requirements will be
met and/or exceeded.

- • 
Various systems for the preparation and dispensing

of electrolyte have been reviewed. Basic considerations
include optimization of proper mix ratios , minimization
of moisture contamination and metering of precise elec-
trolyte quantity.

A basic core winding system has been finalized to
automate electrode winding at a rate of 2500 units/day .
The electrodes will be automatically aligned and wound
i~~to a core structure for subsequent installation within
a >repared cell can assembly. The basic machine concept
ha~ been finalized and component selection and equipment
fabrication is presently underway.

Two approaches for continuous cathode fabrication
have been considered f or ach ieving  the production goals
of this program . The firs f~ process incl udes the t r ansfe r
of raw cathode mix through an orifice followed by lamina—
tion onto an expanded aluminum grid. Solvent gradients
and non—uniform fee-iing problems have been experienced
with this approach . The sernnd process consists of a
process utilizing both a rotc~tional and horizontal fil-
tration process which filters the mix and deposits the

cathode on the expanded aluminum irid in a
continuous operation.
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Anode fabrication will be accomplished using a
• system which will cut continuous rolls of lithium to

a pre-selected length and lamination of a perfoLated

- 
tab to one end of the lithium strip. The selected
process utilizes two rotating slitting wheels which

- are indexed along a continuous lithium strip and a
pneumatic impact electrode for welding of the per—

- forated tab.

Various welding techniques are presently being eval-
uated to accomplish hermetic closure of the cell com-
ponents. Projection welding of the glass/metal seal
to the cover assembly is considered the optimal welding
technique and will be used for all required cell types.
The peripheral weld can be accomplished using laser ,
plasma—arc or projection weld techniques. Evaluation

• of each technique is presently underway and final selec-
tion will be based upon their ability to meet the

• hermeticity specifications and the required production
rates. Fill tube closure techniques have been finalized
and successfully demonstrated on prototype cells.
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V I I .  P R O G f l A M  E- 0H 2N D  QUA}(TEH

The proposed program for the next reporting
period will include the following :

• Procurement of cell and battery prototype
hardware and piece parts

• Fabrication of initial cell and battery
components and sub—assemblys

Finalization of cell and battery design
configuration in accordance with the re—
quirements of SCS-459 , Batteries , Primary
Lithium Organic dated 17 May 1974.

Fiiialization of equipment cesign and pro-
curement of required standard components.
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V I I I .  I DE N T IF I C A T IO N  OF P E R S O N N E L

Dr. Stewart• M. Chodosh — (contract Adininistrator/
Program Manager ) (l8() lirs)

Dr. Chodosh has over fifteen years of experience in
the area of energy conversion including research and de-
velopment , project direction and managerial adininistra—
tion. The past five years have been devoted exclusively
to all aspects of lithium battery technology. Responsi-
bilities have included project direction of programs for
the military and its prime contractors , applications
engineering and manufacturing process improvements. He
is presently responsible for general contract adininis—
tration and overall program management which includes
work—load scheduling and definition , establishment of
priorities and coordination of all program efforts.

Bruce Jagid — (Senior Engineer) (335 hrs)

Mr. Jagid has over twelve years experience in the
field of energy conversion systems including the direc-
tion of development engineering programs and marketing
administration . His responsibilities have included the
conceptual design and development of energy sources for
both military and commercial markets and the evaluation
and assessment of system applications and performance
characteristics, lie is presently responsible for the
scheduling and defining of all manufacturi ng activities
and overall surveillance of program milestones .

Martin G. Rosan sky — (Senior Eng ineer ) (336 hrs)

Mr. Rosansky has been engaged in the research and
development of various elc-ctro--chemical power systems.
His  responsibilities have included program management
and administration , establishment of quality assurance
criteria , organization of electrode production facilities
and applications engineering. He is presently responsible

• for the coordination , schedul ing and survei l lance of al l
• engineering efforts and activities.
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Richard M. Tedeschi — (Engineez ) (141 hr~~)

Mr. Tedeachi has over eigh t years experience in
the areas of engineering and manufacturing where his
prime responsibilities included the research , de-
velopment and manufacturing engineering of photo-
graphic equipment. During the past year , he has been
involved with the fabrication and evaluation of pro-
posed cell and battery designs which include material !
equipment performance evaluation , manufac ture ,
scheduling and surveillance of critical manufacturing
processes.

James L. Maguire — (Supervisor) (209 hrs)

Mr. Maguire has over twenty years experience in
fields relating to the design , fabrication and evalua-
tion of both semi—automatic and automatic electro-
mechanical equipment. His present responsibility in-
cludes the supervision and surveillance of all phases
of cell and battery manufacture and assembly.

Mr. James Harris — (Technician ) (238 hrs)

Mr. Harris has worked in the lithium battery field
for the past five years and is cognizant of test re-
quirements , specialized test equ ipment and test da ta
repor ting as requ i red for various mi l i tary sponsored
programs. He is presently responsible for the super-
vis ion and survei l lance of cell electrol yte prepara-
tion and dispensing operations.

Mr . Julius Cirin — (Technician) (154 hrs )

Mr. Cirin has extensive educational background in
the field of communications electronics. He presently
assists in the surveillance of critical cell and bat—
tery assembly operations and in the set-up of in—process
tooling and equipment.
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Mr. l’r akash •Jog — (Engineer) (141 his)

Mr. Jog has twelve years experience in the areas
of manufactu r i n g  and indus tr ial eng ineering inc ludi ng
t ime study anal ys is , tool ing and equipment design and
implementation of in—process product improvements.
He is presen tly responsible for tooli ng des ign and
evaluation and for the preparation of all required
cell/battery engineering drawings , spec i f i ca t ions  and
operational procedures.

Mr. N .  flartilucci — (Technician) (182 hrs)

Mr. Bartilucci is presently responsible for the
supervision and surveillance of all lithium dry—room
assembly operations. His responsibilities also include
the set—up and calibration of all required cell assembly
equ ipment and monitoring of in—process cell assembly
processes.

Mr . Anaridaram Joshi - (Test Engineer )  (142 hr s )

Mr. Joshi is presently responsible for the per-
formance of all required cell and battery electrical ,
environmental and safety tests. Such duties include
data reporting and analys i s , design and f abrication of
test circuits arid test equipment calibration and
maintenance.
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~~Ecmo~acs co~~t~~
TZCIUIICAL REQUIJth1tI~Jr?~

) 
17 May 19 / ~

BATT~ LIE3, PRIMLR T, LITHIUM ORGANIC

1. 8COP~ 
-

• 1,1 Scop!. - This specification covers primary batterie, of the non
reserve type composed of electrocheatcal cells ntilisisg a lithium anode

• vith an organic type electrolyte.

1.2 Clasaifteation. . 
-

1.2.1 7~Pe desiLnatio,~~ 
- The type designation of lithium organic

primary batterie• shall be in the foUowir~ form, (SEE 3.1 aM 6.1) s

at- 
- 

5Q30 113

Component battery Type Inet.a~Il&Uon
numb~r indicator

(1.2.1.1) (1.2 .1.2) (1.2.1.3)

1.2.1.1 Cot~n,onent. — Primary batteries are identified by th. two-
letter eymbol ~BL” folIoiAd by a hyphen.

• 1.2.1.2 Battery type number. — The battery type number identifies
the basic design of the battery (Se. 31) and consist. of a four digit
number in the 5001 through 5999 eerie..

2. APPLICABLE D0CU)~ NTS

• 2.1 The following documents of the issue in effect on date of
invitation for bide or request for proposal form a part of this spact-.
fication to the extent specified herein.

SPECIFICATIONS

FEDERAL

L—P-378 Plastic Film, Polyethylene Thin Gage
L-P-390 Plastic, Molding Material, Polyethylene, Low and Medium

Density
QQ-C-5 76 Copper Flat Products with Slit, Slit and Edge-rolled,

- Sheared , Sawed , or Machine Edges , (Plate , Bar , Sheet ,
and Strip)

QQ—R—290 Nickel Plati’~ (Electrodeposited)

II ._
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• P~~s 2

FEDERAL (Cout’d)

• ~~-5-57l Solder s L.ad Alloy, Tin Lead Alloy, and Tin Alloyj
- Flux Gored Ribbon and Wire, azzi Solid Form.

QQ.3.481 Strapping, St.s], Flat end Seals.
• Q4-T-191 T.rns Sheet. (Long Tern..)

PPp-a~585 Box, Wood, W3r.bound -

PPP-B-601 Box, Wood, Cl.ated-plYvOOd -

% PPP..B-621 Box, Wood, Nailed end Look-Corner
PPP-B- 636 Box, Fiberboard -

PPP-y-320 Ptb.rboerd, Corrugated nd 5olid, Sheet Stock ( Container
grade) end Cut Shape.

PPP-T-60 Tap., Pr.ssur -S.nsit.tve Adhesive, Waterproof for Packaging
and Sealing

PPP-T-76 Tape, Preuure-Ssneitivs Adhesive Pap.r, Water Resistant
(For Carton Sealing)

~
PPP

~
T-97 Tap., Pr.e~ure-Se~$ittYC Adhesive, Fi1~~~nt Reinforced

- 

)W.IT.ARY - - 
- 

-

)~~L-M-11 ~ 
Molding Plastics and Molded Plastic Parts, Tb.rmo....tttng

MIL-W-?6 Win, and Cable, Hook-up, Electrical Insulated
MIL- W-6858 W.ldirzg, Resistance, Aluminum, Magnesium, Non-hardening

Stools, or Alloys, Reat—resistini Alloy., end Titanium
Alloy., Spot and Se~~ 

•

)aL-F-11a56 Flux, Soldering , Liquid (Rosin Bass)
)CL-B-1430114 Boxes, Water Resistant Paperboard, Folding, Set-up and

)I.tal- stayed

STANDARDS 
-

FED~~AL 
- 

-

FED STD.NO . Colors 
- .

595 •
,/ 

-

• MILITARY

MIL-STD-105 Sampling Procedures and Tablee for Inspection by
Attribute s

MIL-STD-129 Marking for Shipi~~nt and Storage
)iIL-STD-1143 Specifications and Standards, Order of Precedence

for the Selection of
MIL-STD-l147 Pelletized and Containerized Unit Loads 140 Inch

• z 148 Inch Palleta, Skids, Runners, or Pallet
Type Base

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



r
— — -

‘ 
• —-- ~~~~~~~~~~~~~~~~~~~~

• 
S~~~ —1~59

- 
- (Copie. of specifications, standards, specification sheet. and publications

required by supplier. in ccmn.cUon ~d.th specific procure nt function.
should be obtained frcm tb. procuring activtt~ or as dir ctod by the
contracting officer.)

3. R~QUIRD(ENTS 
-

3.1 Military specification sheet. for individual battery typ.s, —

Detail requirements or exceptions applicable to individual types are
specified en the military specification sheets associated -with thi s
specification. In the event of az~ conflict between requirements of
this specification and the tndivid~ial military specification sheet the
latter shall govern.

• 3.2 Classification of requirement.. - The r.quiremsnts for the
product are classified horeTu aa fóllowas

Requirement Paragraph

• Selection of specifications
• and standarde 3.3

First Article 3. 14
Material. and co~~onente 3.5
Design and construction 3.6
$nsu lat lon resIstance 3.7

-. Dielectric strength 3.8
• Capacity 3.9

• 

- 
Initial voltage delay 3.]4)

Vibration • 3 1 1  -

Mechanical shock 3.12
Altitud e 3.13’
Labeling and marking 3.14
Workmanship 3.15

3 3  Selection of specification and atandards. — Specifications and
standards for neces3ary coemiodities and services not specified herein
shall be selected in accordance with MIL-STD-1J43.

3.14 Y~rst Article.— Batteries- furnished under this specification
shall be a product which has been teeted, and passed the first article
inspection specified herein.

3.5 Materials and component s. - When a definit, material or
component is specified, it shall be in accordance with the applicable
specification or requirement listed in Table I. When deemed necessary
by the Goverrinent, certification from the source of the material or
component will be required. In the absence of certification from the

~-e . — 
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source , a certificate of ana lysis or certified inspection da te wi ll be
required . (See para 4.4 end 4.4.1) Al l basic materia ls or components .
used In the manufacture of cells and batteries , which are not specifie d

herein , shaH be certif ied for conformance to the manufacturer ’s design
specification either by the manufacturer or his supplier.

3.5.1 Me tais. - All metals which do not enter Into the basic
el.ctroc hemi ca i reac tion of the cell sha ll resist or be treated to
resis t corrosi on . • 

-

3.5.1.1 D Issim il ar meta ls. — When d is simi l ar metals which wou l d
• adversely affec t battery per formance are used In in timate con tact with

each other , protection aga i nst elect ro lysis and corrosion shalt be
pr ovided .

3.6 DesIgn and cons t ruction. — Batteries sha ll be of the desi gn ,

- construct1c~i , physical dimens i ons, weight , and polarit y specifIed In 3 .1- .

3.6.1 Battery vo l taq~9. —

3.6.1.1 ~~~~—c rcuit voltaae. - The open—c i r cuit voltage shall not

exceed the maximum voltage speclf led . (See 3.1 and 4.7 .5 .1)

3.6.1.2 Closed—c ircuIt voltaq .~ — The closed— circuit vol tage sha l l
be not less than the m inimu m vo l tage speclf led . (See 3.1 and 4.7.5.2)
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TABLI I - Material, and Component.

Applicabl~ .pa~4i~cation. )~ thod• QtMaterial. or compon.nts or requi,emoàts’(See 14.ti ) 
- 

test (6.. 14.14.1)

Solder ~~‘.,,.... • i• i i s ~~.S—57l - . 

- .

8olO.rin T1uz~ /”~~~~ 
NIL4 l1~ 256

•.•iI~I•s I•~I~I•I 3.5.1 - • 

• • •

Nickel plating ...,...., QQ—II—290 • 
~
‘ • - - - 

- • -•

Wix. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Plastic, Molded ........ )(IL...M.1II, type fl
Plastic polyethylene ... L .P—390, type 1
Tap. ~~~~~~~~~~~~~~~~~~~~~~~~~~~ PPP T 60
Insulating, impregnating
potting and aealing
compounds ............. 3.6.2 li.7.l.1.l

Filler or padding •... . .  3.6.3 14.7.1
Cell-block-container
material ~~~~~~~~~~~~~~~~~~~~ 3.6.i~ az~ 3.8 14.7.2

Intercell separation •.. 3.6.~ 14.7.2
Jackets, ~*ta.Uio 2/ ... 3.6.10.1

-
• 

Jackets, non—metallic... 3.6.10.2 - 14.7.2
Terminal mounting plate. 3.8 • I~.7.2

For electrical connections, type 8n140 or higher tin content shaU be used

2/ If other fluxes are used , they shall not affect the performance of the
• battery or reduce its shelf life.

2! Test method s 14.7.2 is applicable only for metallic j acket. of material
other than terneplate.

— —-
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• 3.6.2 Insulating. jmpregnattfl~ a potting and sealing cc~~ounda. -

~~e 
jn,nlating, impregnating, pott3.n€, 

and sealing compounds sh~ I

exclude moisture from insulating 
material without impairing its alec-

tnioal. th..racteri$ttCs When tested as speotfi ed in is.7.l.1.l the

potting and sealing compound’ ihall not f low at high tsmp.;atur*, nor

crack or draw sway from the sides of a container at low t.mp.rat.Xs

sufficientlY to impair electriá&l. con~ictioZJ . Void. within the

potted battery, ezeapt th. socket well, shall be adequately f~~1.d with

microcriotallifl’ yaz, asphal t, wood blocks, or vaz~impre1Mt ~d cb~-

board, or equtvaluzt material. 
-

I _ _ _

• 3.6.3 7il1. r or naddini. 1j iier or padding .~ta3i be a cushion-

ing electricallY ~o~~onducttng material which maintains Its t~sulating

characteristiCs under advers e en,iro~*ental conditiOfll . If adverse

.nvtroi~~fltai 
conditions affect this material, then it øhill be isolated

from the .lactrlCal components by an insulating 
satental that a4ntAiTtA

its electrical charaotIriStiCS.

3.6.14 q~ ,1~b1ook 
contaifl~~!. 

- CeU~b1ock 
container ihall b• an

jusulating aIk.rial. .urr ~d4r~g a grow or a stack of 1.xxtividuaJ. cilia .

3.6J ~uterceU ee~.ratiOfl. - £ separator shall be placed between

cells in seriOs connected mniU~eU batt.zl.•$. Tb. separatOr ~~~ be

an inpulatini aat.rial.

3,6.6 Z~~ercell conn ections. — Intercell connections shall be

spot welded in accordance wjth~~~L-W.6ôSB, 
Class 8. Coonsctiofla between

cell block and terminal ahall be so insulated or position ed as to avoid

contact with other ~onducttng material and/or jacket of the battery .

• When insulated wire is soldered to terminal lugs, it shall not be bared

more than 3/32 inch from the lug nor ahall it e~ctend ~~r. than 3/32 inch

the lug.

3.6.? ~g~
e of ce11.~~ - The minimum age of celle, from the tine of

their fabrication to the time of their presentatiOn for acceptanCb in-

spection as batteries, shall be 5 days . The ma.iimum age of celia, from

the time of their fabrication to the time of 
their shipping dat , shall

be 120 days . Batteries ahall be submitted for 
acceptance inspection

not more than 16 days prior to the shipping date.

3.6.8 Terinifl4!.~ - Terminal~ 
shall be provided as specified in

individual specification sheets . The type, dimensio ns, location, and

— mounting are cited therein. (3.1)

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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3.6.9 Safety feature. — Each cell of the battery iha fl contain

a feature so tha t any potential ly e~ploslve condition caused by susta i ned
externa l or interna l shorting or Inc i neration will cause the safety feature
to activate and thus prec i ude an exp iosion . In addition to this safcty
precaution each comp lete battery shall be fused with a 2 ampere time delay
fuse. if a battery type is composed of more than one section , each in-
dividua l section shall be fused separately with a 2 sniper. tim. delay fuse .

3.6.10 Jackets. — The jackets may consist of eithe r meta llic or
• nonmetal il c material. The contents of mu lt ic e ll ba tteries shall fit

snugly enough in the jackets to minimize movement of the cells. Jackets
covering one or more cylindri cal cells stacked end on end , and hav i ng
open top and open bottom 1 shall be so attached to the cell. as to prevent

• them from sl Ipping out when held or shaken v .rtlcell y. The bottom open i ng
of the jacket shall be of the size specified . (See 3.1)

3.6.10.1 Metal lIc Jackets. —

3.6.10.1.1 PrIor to battery fabrication. - The Inside of the jacket,
when other than terneplate , shall be coated or lined with an electro lyte
corrosion resistant mater ial.

3.6.10.1.2 As a fabricated battery . - The outside of the battery
shall have a coating to pro tect the Jacke t from corrosion during or at
the conclusion of any of the tests specified herein. The contents of
the jacket shall be completely insulated from the metal unless otherwise
specified . The Jacket shall not become permanentl y distorted nor open at
any of its seams after be i ng subjected to the test specified in 4.7.3.1.
The test of 4.7.3.1 shall be applicable to batteries wei ghing 5 pound s
or more. 

-

• 3.6.10.2 Nonmetallic Jacket. — When wax coating a nonmetallic jacket ,
microcryst alline wax or equa l shall be used . All excess wax shall be
removed from the externa l surfaces of the Jacket.

3.6.10.3 Jacke t Integr lty . — Meta iilc jackets shall show no evidence
• of water penetration and nonmet allic jackets shall not fall apart end the

seams shall remain intact when tested as specified in 4.7.3 2. The battery .
following water i mmersion for a period of 48 hours shall provide at least
95% of the specified capac i ty when discharged in accordance with 4.7.6.1.1.

3.6.10.4 Color of lackets. - The color of exposed surfaces of
jackets shall match one of the foll ow ing l usterless greens 34079, 34086,
34087, 31.096, 34102, 34127 , and 34128 per Federal Standard No. 595.

3.6.11 Cell construction. - Construction shall be such that It  w i l l
be Impossible for one cel l to be short-c i rcuited by coming In con tact with
another cell of the same type when placed end to end.

3.6.i2 MaAufacturlng jrocesses. — The contractor shall maintain
records on all manufacturing processes he employ s for the preparation ,
fabrication and/or refining of cell and battery components. These records

IL l ~~~~~~~~~~~~~~~~~~~~~~~~ 
-
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should be •vailable to the Governmen t upon request. The records sha l l
be so mainta i ned tha t any batter y can be ident i f led with respec t to
mat erial used , batch number , component supplier , and any othe r portU~ent
process data.

3.6.12.) Ijn~ ~~~~ 
production. — Time order production wii l be

mainta i ned on cell and battery fabrTcation. Cells , as they arc produced ,
are to be numbered cqnsoc~t)ye)y-and wil l be used for ..ch successive

‘ , ba ttery fabrication ,

3 7  IPs~1etion~r~sls tance. - The lnsulatlon resistance between
• any two termin~ 1á~~ót eleptrTca))y connected, and between al l ungrounded

terminals and the )eck.t of th. battery, shall be not less than five
megolins when tested ~s speclf ted In 4.7.7.

3.8 DielectrJc streng .~ - When applicable materials are tested
as specified In~4.7.2, there shall be no vol tage breakdown during the
entire test period .

3.9 Capac i ty. -~Whan the battery is tested for capac i ty as spec i-
fied in 4.7.6 the time requ i red to terminate the discharge as specified
in 4.7.6.5 shall be not less than the minimum time specified . (3.1)

3.10 InItial vol tage delay . — When the battery is tested for
capac i ty , the time requ i red at the beginning of discha rge for the
battery -unit s to reach end vo l tage after the load Is app lied shell not
be more than the time specIfied . (3.1)

- 3 .11 \ijbratlon. — After the batteries have been tested as spec i-
fied In 4 .7 .8 they shall meet the vis ual end mechanical and battery
voltage requ i rements (see 3.6.1 through 3.6.1.2). There shall be no
voltage fluc tuations during the test.

3.12 MechanIca l shoc k. - After the batteries have been tested as
specified ~n 4.7.9 they shall meet the vi sua l and mechanica l and battery
voltage requ i rement: (Sea 3.6.1 through 3.6.1.2).

3.13 A l t it ude. — After the batteries have been tested as specified
in 4.7 .11 they shall meet the visual and mechanical and battery voltage
requirements. (See 3.6.1 through 3.6.1.2)

3.14 Labeling and marking . — All labeling and mark Ing shall be
clea r and leg ib le throug hout all the tests specified herein. Labe ling
and marking shall be black. Metallic and p lastic jackets may have the
labeling and marking embossed , or die depressed , in which case it may

• be the same color as the background.



— .

*O—A0*t 506 POWER CONVERST ON INC MO(Plt VERNON N Y F/S 10/3
NAMWACTt INS METHOOS AIC TECNNOI. OSY F0Q I€RICTICAu.y SEALED LI—E TC OJ)
OCT 76 N S ROSANS4CY . N N TEDESCpi I DAA$O ’—76—C—0062

LMCLASSIF!F0 rrnue7A—nns~ a4eo1 M

_ EMUICI
_ _

_ _

_fli
WWIUCIflUU

1E~U
‘ U



I
~ 11112 ~~

Hifi _____________ ~ 3 2

I ~ 
JJ~J2.O

I _______________

Ill (1 ‘ ~ IItIIi~ nu~
MICROCOPY RESOLUTION TEST CH&RT

NA I ,~)~’~~ E~i~~ E AU 1)1 S T A N  A T A



- -

P.g. 9

3 . 14 . l  Label s. — Each batter)’ shall have a label posi tioned a.
specified in 3.1 . I f  thor. is insuf ficient space to show .11 required
information on one face of the battery, it shal l be contained on another

“. face. There shall be no information on tb• lab.]. other than th. follow-
ingz

• ~~TT~ tT, PRIMARY, LIT~~Ufl ORGIJa C

?~p. D.aiguatiom

(Contract

(Cods)
p — a a

I
I )~anufaotursr ’ S D

• 
(Trade name issy also bs used)

Manufacturer ’. plant

EIA~~LZs

BA17~ tY, PRIMARY, LIi~iiw4 OROAlaC
• BA.52 70/U

DALDD~—73—C—123ti
0373

John E Doe Co~~az~
JOD000

Battery vill. , N J.

)~)TE : The code may be placed on the bottom of single..cell batterie s.

3.14.1.1 Code. - The code shown shall indicate the month and year
of manufacture ~t the battery by means of a four-digit number in which

• the first two digits shall indicate the number of the month and the last
two digit. ahall indicate the year. Months earlier than the tenth month
shall be a single digit preceded by no” .

EUMPLES s

£ battery manufactured in March 1973 will bear the code ‘0373” .

£ battery manufactured in November 3.973 will bear the code “1173°.

When a battery is coi~ leted during the last three working days of a
month, or th. first three working days of the .ubeoquent month, the
manufacturer is permitted to use either month as th. date to be coded.

1.1 ~~~~~~~~~~~~~~~~ 
• j

~~~~~~~~~~~T
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• 

~ • 3.~4.2 Special marking. - £ black band , extending around approx..
~~ imately one t.hir d (1/3 ) of the battery length, shall be provided on each
I ~~~~~• 

jacket. The term “LITHIUM B&TTFET” shall appear in bold lusterless
green lettering ( same as j acket color ) on the black portion of th. jacket

• in the locations indicated on the applicable specification sheet. (S~~ 3.1)

3 .1I ~.3 Terminal markinl. - On batteries having socket~t7pe terminal,,
• ill marking. such aa polarity, voltage, and the unit of battery (L, B, C,

etc.) shall appear on th. face of the battery bearing the socket. On other
t p e  terminals, th. t.rminal markings may appear on the top or the aid. of
the battery, or both . Mar ki p .)‘ ‘l indicate o3.sar~y the t.ratnals to
idsich they refer.

3.15 Wor~~aneh&P. - Batteries shall be processed in sneh a .a.n er
as to be uniform in quality and .h~U be free fras defects that will

• affect their life, serviceability, interchangeability, or appearance.

14. QUALITY ASSURANCE PROVISIONS

14.1 Re sponsibility for inspection. - Unless otherwise specified in
• the contract or purchase order, the supplier, is reeponsible for the

performance of all inspection requirements as specifie d herein. Except
as otherwise specified in the contract or order, the supplier may use
his own or any other facilities suitable for the perfor mance of the
inspection requirements specifie d herein , unless disapproved by the
aovorm~ent . The Government reserves the right to perform any of the

• inspections set forth in the specifications where such inspections are
deemed necessary to assur e supplies and service, conform to prescribed
requirements .

14.1.1 Test eguipment and inep~ctton facilities. — Test equipment
and inspection facilities shall be of sufficient accuracy , quality and

• quantity to permit performar~ e of the required inspection. The supplier
shall establish calibration of inspection equipment to the satisfact ioa
of the Gover ru ent . Inspection equipment furnished by the Ooverrment ior
p.rforsuii~g certain inspection at supplier ’s plant , will be calibra ted by
th. supplier and maintai ned by the Governman t .

14.1.1.1 Instrument accuracy. —

• 14.1.1.1.1 Voltmeters and am~etere. £11 voltmeters and ameeters
used in testing the batterie s shall be accurate within 1 perc ent of the
full..ac ale value • The voltmeter and ammeter ranges shall be such that
all readings are taken on the upper half of the scale • The sensitivity

• of voltmeter s shall be not less than 1,000 okms per volt .

~~~~~~~~~~~ .. ~I• ~~~~~~~~~~~~~~~~~ ~~~~~ ‘~~ & ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • - -- • • •
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• 14.1 .1 .1.2 Resistor tolerance. — During all tests iuvo&visg
discharge tbroug~~i resistance, such resistance ahsU be socurat. within
the foUcdng percentagess

Percont

Up to and including 25,000 ohm. ..........
Pro m above 25,000 ohms to and

including 1 aego)a •.......~~b • s a s s s S • •  1.0
Above 1 asgohe ........e.................. 5.0

• In determining the resistance need as a test load , the resistance of all
• continuously operating voltmeters shall be considered as part of the

specified load .

14.1.1.1.3 Timing. Timing equi~~~nt shall be accurate within 0.5
percent.

14.2 Classt ,tlcation o j .~a~pectton. The summ ation and testing of
batte rie s shal l be classifie4c as follovis

(a) Materials and ccsponezits inspection. (Bee 14.14)
• (b) First article inspection. (see 14.5 )

(o) Quality Conformance inspection.
• • (1) Inspection of product for delivery. (See 14.6.1)

(2) Inspection of preparation foc delivery. (Be. 14.6.2)

1 4 3  tnm ection conditions. — Except as otherwise specified herein,
sl.1 examinations and teats shall be performed at a teu~erature of B0~~

• • 200F. (2 6.7° ~ 11.1°C.), ambient atmospheric pressure , and relative
humidity.

14.14 Materials and components inspectio.~ - Materials and components
inspection shall conaiet of verif ication by certificati on from the source
that the material s and components used in fabricating the bat ter ies are
in accordance with applicable requirements prior to such fabric ation. In
the absenc e of certific ation from the source a certi ficate of anal ysis or

• certified inspection data shall be required a. proof of conformance to
• applicable requirements. Material. m d  components involved are listed in

table I.

14. 14.1 Sa~w1es of material s and compononte. - For those items listed
in table I for which the specification requirement does not reference
a subsidiary specification, eight sample. of materials or components,
treated and processed as they would be in the fihist~.d batteries, shall
be inspected .

~~~~~~ 
~~ 

-. I~— ~~~~~ ~~
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14.5 First a -tid e. First article inspect ion shall be performe d
by the supplier as specified in 14.5.1 throu gh 14.5.1.2.

14.5.1 Sample batteries. — The supplier abal]. fabricate per Table IIP • the required quantity of batteries constituting a first art4cl. inspection
• ~~~~~ lot.

ls.5.1,1 ~nspectj o~ rout ine. - First article inspection shall
• consist of all the sx~idnatjons and tests per Table II. One umpl.

battery, untested, is to remain at the supplier ’s plant and to be
available as a standard for comparative purpo ses .

• Table II First Article ra.peotion

No. of Bequir~~ent Method of Test
• Group Batteries Examination and Teat Paragrap h Paragraph

I 20 Viaual-n~eohanical examination 3.6 & 3.3.5 14.7.1
20 Battery voltage 3.6.1 14.7.5, 14.7.5.1

• & 14.7.5.220 Dimension. & weight 3.6 14.7.14 & 14.7.14.1
• 20 Mechanical shock 3.12

• 20 Vibration 3 .33 14.7.8
20 Altitude 3.13 14.7.11

• • 20 Inaulation resistance 3.7 14.7.7
• 20 Capacity t..t. 3.9 & 3.10 14.7.6.1 thru

14.7.6.6
• • IA 10 “I” teat 0 70°? 3.9 & 3,10 14.7.6.1.1

lB 5 “L” test 0 —20°? 3.9 & 3 .10 14.7.6.1.2
• IC 5 RH” test 0 130°F 3.9 & 3.3.0 14.7.6.1.3

II • 

20 Visual-mechanical examination 3.6 & 3.15 14.7.1
20 

• 
Battery voltage 3.6.1 14.7.5, 14.7.5.1

s 14.7.5.2
20 Storage & capacity tests 3 .9.& 3.10 14.7.6.1 thru

• • 
• 14.7.6.6

IlL 10 “HT” test 0 130°? after 3.9 & 310  14.7.6.1.5
Ii weeks storage ~ 160°?

• 
• IIB 10 “LT” test 0 -20~F after 3.9 & 3.10 14.7.6.1.14

14 weeks storage S 160°?

III 15 Battery voltage 3.6.1 14.7.5, 14.7.5.1
•• 14.7.5 .2• 1.11* 10 Safety feature 3.6.9, 1~.7.10

IXIB 5 Jacke t Integr ity 3.6.10.3 14.7.3.2,• 14.7.6.1.3.
• III 3.5 Visual mechanical examination 3.6 & 3.15 14.7.1

IV 1 Untest,ed-referenc. sample — 14.5.1.1

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~~~~~~~~~~~~~1y•• ~~~~~ •~~~~~~~~
-
~~~~~~ 
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14.5.1.2 Failure. - U one or more sample batteries fail to meet
any of the ftràt article examinations and teiti, th. ai~plier shall
imeediately make the remedial change.. The supplier at no additional
coat to th. government shall be required to submit addit ional fir st
article samples for reinsp.ction. A description oL the corr ective action
taken or to be takes sh~U be included in the first ..rticls inspection
report.

14.6 ~~~lity conforma nce inspection.

14.6.1 Inspection of product for delivei~y. - Tb. contractor shall
perform the inspection specified in 14.1k and 14.6.1.2 through 14.6.1.5.3.
This does not relieve the contractor of his responsibility for performing
any additional inspection which is necessary to control the quality of
the product and to assure compliance with all specification requirements.
The governeent will review and evaluate the contr actor ’s inspection
proceduree aid 5z~nine th. contractor ’s inspection records. In addition,
the Oovermeent—at its discretio n--may perform aU or any part of the
specified inspection, to v.rity the contractor’s compliance with specified
requirements. (See 6.3) Test equipment for Governeent verification

• inspection h~i11 be aado available by the contr actor.

• 14.6.1.1 A lot shall be defined as the quantity of batteries of any
one type, of any one code, and produced at any one place of manuf&cture

• on any one contract, au~~~tt sd at one time to quality conformance
• inspection.

14.6.1.1.1 S~jpment lot. — Tb. shipment lot (is) is the quantity
• 

• of batteries (exclusive of the number of batteries required as samples)
of any one type, of any one code, and produced at any one place of

• manufacture on any one contract.

14 6.1.1.2 ~~~4-r act lot. - The contrac t lot (N) I s the total of
all batteri es ( exclusive of the number of batteries required as sample.)

• 
• of any one type, delivered in one or more shipment lots, under the ter ms

• of any one contract.

14.6 1.2 flro~~~k in5PectiOfl. - Each unit on contract or purchase
order shall be inspected for conformance to the inspections specified in
Table III. Discrete lots shall be formed from units that pass this
inspection. Factors of lot composition not defined herein, or in the contract
or purchase order, shall be in accord ance with MIL—STD-1O5. Each lot shall

• be subjected to sampling inspection , utilizing the procedure. of KII~-5TD-105,
using th. general inspection levels and AQJ’ a indicated in Table XII .
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• • Table III OroupAlnspe ction

- 

E~s~ 4 nation Requirement Method of 
- 

A~ ~~ 

- - m a p
aid Test P.rqraph Teat Pa re . MajOZ’ fll nor Level

Visual-Mechanical 3 6  è 345 1~.?.1 1.0% 14.0 II
Battery Voltqe 

• 
3.6.1 14.7.5 1.0% — XI

• & Ie.7.5.2

-• 
14.6.1.3 Droun B Insoection, — This inspection , ins1~dixig sampling,• shall conform to Table IV aid to special procedures for .~all..samplsinspection of MXL-STD~1C5. Group B inspection shall be performed in the

order listed in Table IV on the same sac~1e batteries aid shall normally
be performed on inspection lot, that hay. p....d group A inspection .

• Table IV OroupBluspectiou

• • • Itsqiia~rement Method of Test • Inspection 
—

~~amination aid Tact Paragraph Paragraph AQL. Levi1

• I Subgroup 1

~~mensions & weight 3.6 14. 7. 14 & 14.7.14.1 0.65% S—i
Insulation resistance 3.7 14.7,7 0.65% s—i.

• Battery voltage 3.6.1 14.7.5 & 14.7.5.1 0.65% 3—1
• Safety feature 3.6.9 • 14.7.10 0.65% 3—1

Viaual & mechanical 3.6 & 3.15 14.7.1

Subgroup 2

Mechanical shock 3.12 14.7 ,9 2.5 S—i
• Vibration 3.3 ) 1i.7.L~ 2.5 S—i

‘
~~~ 

Altitude 3.13 14.7.11 2.5 S—i
Battery voltage 3.6.1 14.7.5 & 14.?.5.1 2.5 S—i
Jacket int eg r Ity 3.6.10.3 14.7.3.2 2.5 S—l

Visual & mechanical 
- 

3.6 & 3.15 14.7.1 5-1

& • 1~~~~~ •~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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4.6.1.4 Group C Inspection. - Group C Inspection shall consist
of (a) HI capac i ty tes t with 130 F discharge after only 2 week storage

• at 160 F , and (b) LI capac i ty test with —20’F discharge after only 2 week
storage at 160°F.

4.6.l.1..i Samp lin g Plan. — Ten (10) samples each shall be taken at
random from the first 20% of production batteries fabric ated in each
mon thly  shi pment lot.

4.6.1.4.2 Group C fai lures. — Action requ i red relat ive to Group C
failures shall bi as specif Fed ‘in con trac t or purchase order . More then
one fail ure per sample grou p of ten shal l con ;titute a failure of the
mon thl y production lot. A fallu rø Is any sample hav ing one or more of
the following deficiencies :

(I) Insuff icien t service

(2) ExcessIve ini tial vol tage delay

(3) Battery exceeds dimensional tolerances after discha rge.

13.6.1.5 Group D_ lnsp ect ion . - Group D inspection shall be performed
a t the Government inspect ion facility (See 6.1(f)) on sample batter i es in

• accordance with Table V. Shipment of the lot represented by the sample• batteries shall not be heidup pend i ng the resu lts of group D Inspection .

13.6.1.5.1 Sampll nq plan. - A sanuple of n5 ba tt eries shal l  be selec ted
• • at random f rom production for each sh i pment lot in amounts determined from

the fol low ing formula. The sample size shall be rounded off in the case of
fractions to an adjacent integer (up or down for each shi pmen t lot), so

• that exactly n batteries have been assigned to each capac i ty tes t CT and
IT),, when the sample for the shipment of the contrac t lot has been drawn .

n5 . 8 +  Ks
— 

N
Wh ere :

a — 3 when D capac i ty test is specified (See 3 .1),
otherwise a • 0.

• n5 • number of batteries to be taken from each ship m ent lot

N5 • number of batteries In the shipment lot

N • number of batteries in the con t rac t lot (See Table vi)
n — number of batter ies to be ta ken from the contract lot

for each of the two capac i ty tests , T and LI , In
* accordance with Table V i . (Tota l number of ba t teries

selec ted equals 2n).

L-~ ~~~~- ~~~ -~~~~- 
~~~~ - ..L ~~~ .
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13.6.1.5.1.1 Smaller -than-sh Ipment (subshi pment) lots. - At the
supp l i er ’s option selection of sample batteries (see 4.6.1.5.1) may be
made on a smaller-then-shipment (subshlpment) lot basi s . In such ca se
the samp le size for the sub shipm ent lot shail bear the same ratio to
the sample size for th, shipment lot as the sub shlpment lot bears to the
shipment lot.

4.6.1.5.1.2 Al loca tIon of samp le batteries for qroup 0 inspect ion. -

The number of batterTes, n31, sel ected from a shipment lot (s’~e 4.6.t~Ji)
shall be assigned at random for group 0 inspect ion , as follows :

• • 

(a) The quantity of batteries (2n Ns/N) in the sample of the
flrs t shipment lot shall be taken at random end assigned to the capac i ty
tests. The first ba t tery shal l be assigned to the I test and the second
to the LI test. This shal l be repea ted unti l all the ba t teries have been
a9slgned . This sequence of assign men t of sample batteries to the two
capaci ty tests shall be resumed In each succeed i ng shipmen t lot at the
same point at wh i ch It ended In the previous sh i pment lot.

- (b) The assIgnmen t of batteries to capac i ty tests shall res ult
• in ‘the al loc a t ion of exac~ iy n batteries to each of the two capac i ty tests

af ter the f lr ~a1 shi pment on the con trac t lot Is made . If. necessary the
sample size n5 taken from the last shipmen t lot of a contrac t shall be
adjus ted so that this result Is ach i eved .

Table V Group 0 Inspection

Storage & Capa:ity Tests T:st Paragraph
(4.7.6.1 thru

-~~ 

• 4 .7 .6 .6)

Subgroup I (Adjustment Purposes )
Capac i ty T • 3.9 ~~. 3.10 4.7.6.1.6

Capac i ty LI 3.9 & 3 .10 13.7.6.1.4

Subgroup II (Gov’t Control Purposes)

Capacity 0 3.9 (. 3.10 4.7.6.1.7

• • • •
—

~
— -—

~
-
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Table V i Sample Size and Acceptance Number
for Each Capac i ty Test Under Subgroup I of Gr~ap D

• Sam Ie size “A ” for .!J Acceptance Numbers
Con t rac t lo t size ~~ eac~ Sub group I sit 

•

Capac i ty test from
con trac t lo t

O to 110 V 5 !~ ~~111 to 500 15 3
5Ol to 800 •2 5 5• 801 to 1 300 

• 35 7
• 1301 to 3200 50 9

3201 to 8000 75 13
• Soo l to 22 ,000 110 18

22 ,000 to 11 0,000 150 24
• over 110 ,000 225 313

~/ When the number of capaci ty values f a i l i ng below the m in imum
requ I rements specified (See 3.1) for a given test Is equa l or
l ess than the associated acceptance number , the contract lot
from wh ich the sample was drawn has met the requ i rements of
that test.

2/ Determ i natIon of compliance specified in 15.6.1.5.2 shall not
• app ly to contrac t lot sizes of less than ill .

• 13.6.1.5.2 Compliance. - The entire contract lot shalt be considered
as compl y ing when the I and LI test results show compl iance.

13.6 .1.5 .2.1 Determ I nation of com_pl lance. - To determine whether the
contract lot conforms to the specified T and LT requ i rements , the number

• of batteries in the sample with capac i ty values below the mInimum capac i ty
value specified in 3.1 for the I and LI test shal l be compared with the
applicable acceptance numbers for sample sizes n in table V I. When the
number for a g i ven test Is less than or equa l to the corresponding
acceptance number , the contract lot complIes with the requ i rements of
that test. When the number is greater than the acceptance number , the
contract lot does not comply . This comparison shall be made for tests
I and LI.

13.6.1.5.2.2 Missing capacity va l ues. — if , for any reason , upon
the completion of the I and LT tests , there are fewer than n valid
capac i ty values available for each test for the eva l uation of contract

• lot qual i ty , the missing values shall be set equa l to the applicable
requ i rement.

~ • ~~~~~~ •• .- -ê -.
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4.6.1.5.3 Noncom plIance.

4.6.1.5.3.1 Subgroup j. — If the capac i ty test resu l ts do not show

• compliance with the requ i rements as defined In 15.6.1.5.2, the entire
contract lot shall be consi dered as not comply ing with requ i rements of
this specification and an adjustment shall be made.

4.6.1.5.3.2 Subqroup ii . - if the number of failures found dur ing
• capacity test D exceeds fIfteen (15) percent of the number of samp les

subj ected to this  test, the Contract lot Is cons i dered non-conforming ,
and the conditions of paragraph 64 are applicable .

c 4.6.2 Inspect Ion of prepa ration for del ivery . — Sample I tems and
packs shall be selected and Inspected as specif ied In SpecifIcation M IL-• P—11 6 to verify conformance with requ i rements In Section 5 hereIn.

• 4.7 Methods of exami nation and tests. —

4.7.1 V isua l and mechanica l exam i nation. — Batteries shall be
examined to determine compl iance with all applicable requ i rements and
characteristIcs listed In Table V II.

• 
Table V II Visual and Mechanica l Exam i nation

Rcqu irement • Reference Pa ragraph

Externa l

Design and construction 1/ . . . . . . . ,  3,6
Term i na l s  . . . . . . . . . . . . . . . .  3.6.8
Jackets . . . . . . . . . . . . . . . .  3.6 .10
Age of ce l l s  . . . . .  3.6.7
Insulating , impregnatIn g

• Potting and sealing compounds . 
- 3.6.2

Labe li ng and marking . . .  3.)1s
• Workmanship .  3 .15

- 

)j W ith exception of dime ns i ons and weight which shall be performed
in group B I nspectIon . (See 13.6.1.3) 
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TABLE VIII Claseificat ion of Visual and Mechanical Examination Defects

Ca tegor ies Defects
Major 

—

101 Improper aaa~zb1y causing part. to be inoperative or unsafe
• in service.

102 Detoz~~d or damaged parts which are incperat.ive or zaltunction
in service.

103 • C U  aging requirement not met.
Contact surfaces obstructed by insulation mat4X’lL]J so that

electric al use ie affected.
105 Torn noi~~ ta11ic jack.t. - any tear or rip ~4th dimension

greater than 1/2 inch.
•
. 106 Improper jacket closure.

107 Insulati ng parte or material s missing, damaged, or improperly
• located so as to affect electrical performance .

100 Location , polarity and marking of termtnala not as specified.
109 Labeling and mar~dng wrong, missing or illeg ibLe eo that

utilization is affected.
• 110 External and internal threaoa missing, wrong size or so

damaged to prevent proper use .
111 Electrolyte leakage caused by missing or defective asaling

or closure .
• 112 Welded or soldered connections improperly made ao as to

adversely affect bat tery perfor mance.

Minor
201 Improper assembly which could reduc e efficiency of operation

but not render battery inoperative or unsafe in service.
202 Deformed or damaged parts which do not adversely affect

electrical performance.
203 Inferior insulating parts or materiala which do not adversely

affect electri cal performance.
• 20L~ Contact surfaces obstructed by insulating materials which

vii ]. not cause mechanical or electrical failure in service.
• 205 Burrs or imperfections which do not interfere with proper use

in operation, asa~nbly or disassembly, or caus e unsafe
condition in service.

206 Improper marking which doesn ’t hamper utilization or idanti-
tication of the battery.
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14.7.1.1.1 Plow or shrinking. - Potti ng and sealing ocmpounds,
when used, shall bi pIé~.d in a container , appr~ iji& t.1y 3 inches wide
by 6 inches long by 3/14 inch high, to within 1/li inch cf the top. Tho
te~~erature of the compound within th. container øhaU be raised to
3~~ p ~ 50p, (71.3,° ~ 2.8°C.) and th. container shall be held in an
inverted position for 2l~i hours. Then the teivp.rstur. of th. compound
shall be lowered to 00 ~ 50P. (_17.80 ~ 2.80°c). The flow or cracking
or shrinking of th. compound from the side. of the container shall be
noted. If flow 1. noted at 3.60° • 50p’ , (71.1° ~ 2.8°C~ five batteriesof type involved shall be exposed to 160° ~ 5 7. (71.1 * 2.8°C)
storage for 214 hours with terminals resting in lowest possible position.
At the end of thi s exposur. peri od batter ies shall be examined to

• deter mine that there is no impairment of electrical contact. (Bee 3,6.2)
• 14.7.2 Dielectric strength. - Applicable mp.cimen. of aat rial and

• components shall be conditioned for 148 bow s at 1600 2 2°F.
(71.1° ± 1.1°C. )  and a relative humidity of 50 * 15 percent , then for
3 hour at 700 t 5°?. (21.1° ± 2.8°C.) and a relative humidity of 50 ~ 15• percent . Each specimen of mate rial shall then be placed between two
electrodes in such a manner that the electrodes will make contact with
both aides of the specimen being tested. Each electrod. shall have a
diameter of 2 inches with th. edge rounded to a radius of 1114 inch, so
that the contact surface is a circle 1 1/2 inches in diameter. The
specimen shall extend at least 2/2 inch beyond the electrode surfaces
around the entire circumference of the electrode to prevent flash-over
at the edge of the specimen. The specimens of material shall be sub..
jected to a potential of 1,000 volta root mean square, alternating
current , at co~mzercia1 frequency, for a period of 1 minute. The trans-
former used shall, be rated not less than 1/2 kilovolt-ampere and shall
be capable of delivering up to 10,000 volts root mean square , 60-cycle
alternating current , to the electrodes. The applied voltage ahal]. be

• increased , starting at zero voltage, at an approximate rate of 500 Tolts
per second .

14.7.3 Jackete . —

14.7.3.1 Metallic jackets. — Metallic jacketed batteries weighing
five pounds or more shall be loaded by applying weights totalling 100
pound s evenly distributed over the top of the battery and shall remain
so loaded at least one minute • The condition of the jacket shall be

• observed . (See 3.6.10.1.2)

H

~kI~ ~~~~t
-~-
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ls.7.3.2 ,~ackct ~n tcgrIty . — Batteries shall be
i,sseraed to within 1114 inch gf the top of the jacket in water maintained
at a temperature of 160° ~ 5 P (71.10 ± 2.8°C) for a period of 148 hour..
The condition of the jacket and it. seam s ahaU be observed. (See 3.6.10.3)
Eac~ battery shall then be dried at 160° + ~°Y 1 71.1° + 1.7°C\ for

— 107 
~ 3.9°C)

214 hours and tested in accordar~ e with 14.7.6.1.1.

14,7.14 yimeneions and weloht. - Batteries shall be .xamttied by gaging
or measuring and by wetghi~g to determine conformance,

• 14.7.14.1 Dimensiona. — Al]. dimensions shall include any coaU.ng
which may be uaed, and shall remain within the specified tolerances
throughout the required tests. When box gages are used, batteries, loaded
with the following weight., shall pass reely through the applicable gage
openinga s

(a) Batteries weighing less than 5 pounds - loading weight of
5 pounds.

• (b) Batteries weighing 5 pounds or more - loading weight equal
to th~ ieeight of the battery.

The insiAe diinanaions of the box gage shall be the specified mazim~~outside dimensions of the battery.

• 14.7.5 Battery Voltage. -

14.7.5.1 ~pen-ctrcuit voltage. — A direct current vo1t~~ter of
• proper range and Sefl8itivity shall be used to measure the open—circuit
voltage.

• 14.7.5.2 Closed-circuit voltage. - A direct current voltmeter of
proper range arx[ sensitivity shill be used to measure the closed circuit
voltage utilizing r~sistance specified. (See 3.1)

14.7.6 Capacity. —

14.7.6.1 Capacity Teat6. — Sample batteries selected for capacity
teats specif ied in the individual specification sheet (3.1) shall be

• stored and d.tocharged as applicable, in accordanc e with 14.7.6.1.1 through
• 14.7,6.6. At the beginning of each discharge test the initial voltage

shall be detori~ined in accordanc e with 14.7,6.6.

14.7.6.1.1 Capacity Test I. — Discharge at 70° ~ 2°? without previous
storage .

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1: 

_ _ _ _ _
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• 
~~~~~~~~~~~~~~ 

Capacity Test L. - Diecharge at _200 + 3°? after storage
at -20 ± 3°? for a m~bS”na of’ sixteen (16) hour..

Capacity Test H. — Discharge at 1300 • 307 aft.r storage
at 130 ~ 3°? 

for a miniiwiàf sixteen (16) hours.

14.7.6.1.14 Capacit~y Test VT . - Discharge at —20° * 3°? after tour
(14) weeks storage at 160”? and a .iM~ a of eixt.ien (16) how. at
_200 t 30F.

14.7.6.1,5 Capaoity Test NT. - Discharge at 130° ± 3°? after tons
• 

• • (14) weeks storage a~ 1607 aI~~a minim~~ of sixteen (16) hours at• 130~ ~~3°7,

14.7.6.1.6 capacity Test T. - Discharge at 700 ~ 2°? after thirteen

• 1 (3.3) weeks atorag. at 130~?~~
• 

• • 14.7.6.1.7 Capacity Test D. — Discharge at 700 
~ 2

0? after fitty..two
• (52) weeks storage at 10°?.

• ; 14.7.6.2 Storage conditions. — The storage conditions specifi ed in
Table U •h~~1 pr evail during storage periods specified. Normal

• 

• 
conditions shall be *aintsined insofar as possible. Deviations frc~
ncr,rial conditions are permitted provided that: (1) The extreme
conditione specified in Table U do not exist f or’ more than ten

• 
• percent (ci~sulative) of the specified storage pericdsj and (2) 

that
at no time are the extreme oondition~ exceeded .

• 14.7.6.3 StoraR.~ - Sample batteries (packaged per contract) shall
be etored at applicable storage conditions for the specified period.
(See 3.1) The storage period shall be considered to have started from

• the date the batteries are actually placed in storage. At the conclusion
of the storage period the outside of the battery container shall be

• examined for corrosion. (See 3.6.10)

• 
14.7.6.14 Stabilization preceding dtschar.~~ — Following storage, and

conditioning, lr7hen applicable, the batteries shall be further stored for
148 hours at ambient discharge conditions • Prior
to initiation of discharge, L and LT test samples shall be stored at

• .20° ± 3°? and H and HT test samples at 1.30° ~ 3°? for a minim~~ of• sixteen (16) hours.

14.7.6.5 Diecharic. — Following stabilization the batteries shall be
discharged at the ambient discharge conditions as specified. The discharge
sh~l1 be terminated when any one of the following conditions occur *

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

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Sc8-11s,
Page 23

• 
• 

(a) The batter j ’ voltage or the voltage of any one unit falls
below the specified test-end voltage. (For batteries requiri ng dis-
charge alternately through two resietazx~ea, the voltag, shall be read
during the tI.nal minute of the heavier-load period.)

(b) The battery dimonsion~ exceed the m~xir*~ .p.ott i.d.
• (See 3.] )

• Table IX Storage Teat Conditions

• 
Normal Condition s • 

~~pem. Qond4ti~ns
Kind of T~sperature Relative T~ Q.ratute ~*lative

• Storage Htsaid ity ~Jt~idity
_______________  ______________  

(!rce
~~

) 
______________________  

(pet cent )

• T Storage 130° + 3°? NA 108°? (142.2°C) thru WA
- 14°? 126°? (52.2°c)

and
• 

• (514.14°. 1.7°C) 133°? (563°C) thru
( — 2.2°C) 3.35°? (57.2°c)

D Storage 70° ~~ 5°? • 

SO + 20 60°? (15.6°C) thru 10 thro 30
• • 

• 65°F (18.3°C) and
and 7O thru 9O

• (21.l°3 2.8°C) 75°? (23.9°C) thru
• 

• 5~ Op (26.7°c)

HT and 111’ 1600 + 3°? NA • 1140°? ( 60°C) thru NA
• Storage — 7°? 153°? (67.2°c)

and
163°? ( 72.8°c) thru

(71.1°t l .7°C) 165°? (73.9°c)
• ( —3 .9°C)

4 .7.6.6 Init ia l  vol tage delay. - At the start of the capac ity dis-
char9e test , ba tteries sha ll be mon i tored w i t h  an osc i l iograph to determine
the time in fractions of a second requ i red for battery un i ts to reach
minimum vo l tage after the specified loads are applied as sti pulated i n the
Ind ividua l spe cification sheet . (3.1)

II rfl

.

. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ 
. • • i~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ •. 14
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• 14~7~7 ~~
au1ation resistance. - Insulation-resistance test shall be

performed , except as otherwi se specified. (See 3.1) Batteries sh*fl be
stored for a period of uS hours at 700 t 5°?. (21.1° * 2.6°c.) sod a
relative humidity of 50~ 15 percent. iJter storage sal while at these
conditions, the insulation resistance shall be measursd by applying a

• direct-current potential of 500 
~ 
20 volts between any two tsz~imala not.liotrLcslly connected and between a]]~ unground.d ~~~~~~~ and the

container of th. battery. Th. insulation resistance of batteries having
a no~~~ts11io container shall be measured by the use of a 1 inch-square

• ocpp.r plate makiug physical contact with th. container. Thi plate shell
be placed with th. broad surface against any area of any sm’taoe of tbe

• 
jsokst other’ then that on which the battery t.rmina~e are located.

• 14.7.8 Vibration. — Only multi—cell batt.ntes shall be mibjeoted to• vibration. ~~~~~ atkry shall be rigidly cla~~.d to th. platform of a• vibration machine in a ~~~~~~~~ approTlalting as o].os.3.y as practicable
the mannir in which the batterie, are c1ai~ ed when in us•, (See 3.1) £
ai~~1e harmonic motion &~~11 bs applied having an aaplitale of 0.03 inch
(0.06 - inch total mextaia excursion). The frequency shall be varied at
the rate of 1 cycle per second per minute between the limits of 10 and
55 cycles per second • The entire range of frequencies and return shall
be traversed in 95 ~ 5 minutes for each mounting position, (direction
of vibration) of the battery. The batteries shall be vibrated in three
equal periods in mutually perpendicular directions, one at which shall
be perpendicular to the terminal face of th. battery. Open—circuit
voltage ahall be observed for 30 second s during the last quarter o~ eachof the three vibration periods.

14.7.9 )~echanica1 shock. — Only multi—cell batteries shall be sub..
• ject ed to mechanical shock. Each battery shall be secured to the testing• machine by means of a rigid mount which will support all mounting surfaces

of the battery. Each battery shall be subjected to a total of three
• shocks of equal magnitude. The shocks shall be applied in each of three

mutually perpendicular directions. Each shock shall be applied in a
direction normal to a face of the battery. The faces of the battery are
identified by their position in relation to the front face (the face
which bears the label.) For each shock, the battery shall be accelerated
in such a manner that during the first 3 milliseconds the minimia average

• acceleration is 75 gravity units (0). The peak acceleration shall be
between 125 to 175 0.

• 14.7.10 Safety feature. — Each sample battery shall be subjected to
a direct short, i.e., lees than 0.1 ohm, until th. circuit is broken by
the safety feature • The ~ q~ lmU~ current and time required to activate

• the safety feature shall be determined and recorded. Following the direct
shorting all batteries shall be placed in a temperature of 1000 + ~O0°F
for a period of 15 minutes during which period of time no .~~1osion shall

• occur. During exposure to the 1 000°F test a battery fire Is permissible
• providing all other conditions of the test have been met.

~~~~~~~~~~~
• 

~~~~~~~~~~ ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ±~~~ ~~~~~• - ~ • • A
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• 14.7.3.1 Altitude. — Batteries shall be placed in an altitude
chamber, in which the pressure is maintained at a value corresponding
to an altitude of 50,000 feet sod the temperature is kept at 75 t 507,

for a period of aix (6) hours.

5 • PB3PAB.AXION ICR DELIV~~.Y. - •

5.1 P~eservati c~p and ~acka&~g.~ - Preservation and 
packaging shall

be level A or C as specified. (u.. 6.1(d))
5.1.1 Level A. —

• 5.1.1.1 c1eanir~g. - Each battery shall be cleaned in accordance

• with process C-i of NIL-P-il6.

5.1.1.2 Drying. - Each batte ry shall be dried 4th applicable
procedure of )IIL-P-116.

5.1.1.3 Preservation applicaUp!.~ - None required.

• 5.1.1.14 Unit packag~~g. - Each battery shAll be individually

• packaged in accordance 4th fletbod 1C-2 of NIL-P-li6
. Each battery shall

be placed in a c1ose.~fitting box conforming to IIIL-B-1430114, Form 1,

Style II, Type A , Class A.. Box clqsu.rO shall be in accordance with the

appendix of the box specification. Place each boxed battery in a bag,

• fabricated of material conforming to L—P-3?S, type 1, grade B, finish 1,

• having a uni.forll% thickness of Ii.0 ± 0.5 miii. The bag closure shall be

by heat seal.

5.1.1.14.1 jnterinediatM packagIj~g. - When specified a quantity of

batteries, bearing the same et~ck niaber, packaged as specified in 5.1.1.14,

shall be placed in close fitting box conforming to )IIL-B-ti301h, Form 1,
• Style II , Type A , Class A, not to exceed the weight limitation of 20

pounds. Box closure shall be in accordance with the appendix of the

• box specification.

5.1.2 Level C. - Batteries shall be preserved and packaged in a

manner that wiU ifford adequate protection against physical and environ-

mental damage during shipment, handling and limi ted intraneit storage.

5.2 packi~g. - Packing shall be level A, B, or C as specified.

Shipping containers for all levels shall be cap
able of stacking and

saç,porting supurimposed loads during shipment and storage without

• damaging the container(s) or its contents.

~~L ~~~~~~~~~~ ~~~~~~~~~~• • ~~~~~~~~~~~~~~~~~ ~~~~~~~ ~~..- _~a?1~
.
~~I ~-~~z ~~~~~~~ ~~
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5.2.1 Level A. —

5.2.3 .1 Consolidation. - A quantity of batterie., packaged as
specifi ed in 5~1, shall be packed with a close-fitting fiborboard box

I conforming to PPP-B-636, type C?, class weather—rssistiust. Box closure
shall be as epecifiod in the appendix of the box specification. To
facilitate palletisation, fiberboard boxes shall be uniform in size az~i• contain equal quantities of the packiiged items to the greatest extent

• prac ticable .

5.2.1.2 Pelleti;ed Ioa4. - A quantity of containers , packed as
ap.qified in 5.2.1.1, shall be placed on a pallet, load type 1, conform-

• ing to )IIL-STD-1i47. A fiberboard cap shall be ~~ployed over th. load
having two aides extending down th. stacked load at least 12 inches to
acccssaodate m~ Idng requirements. The cap shall be fabricated of fiber-
board conforming to PPP-F-320, d ais weather—resistant, IS., or V3c .

• The load shall be “bonded” to the pallet by strapping.

5.2.1.3 Lees than palletized load. - When quantities per destina-
tion are less than a pallet load, the containers packed as specified in
5.2.1.1 shall be waterproofed, with tape conforming to PPP-T-76, in
accordance with the taping requirements o~t the appendix of the box spec-
ification. A quantity of the waterproofed containers shall be placed
within a close-fitting box tonforming to PPP-B-!~8S, style 2 or 3, class 3.
~rThen the gross weight exceeds 200 pounds, or the container length and
width ~e li8 x 214 inches or more and the weight exceeds 100 pounds, 3 x 14

• inch skids, laid flat , shall be applied in accordance ~4th the requirements
• of the container specification, or if not specified in the specification,

in a manner which will adequately support the item and facilitate the use• of material hand1~.ng equipment. Closure and strapping shall be in accord—
• anco with the applicable container specification or appendix there to

except that metal strapping shall conform to QQ-$—781, typo 3., class B.

5.2.2 Level B.—

5.2.2.1 Consolidation. - A quantity of batt.oriea, pack aged as
• .pecified in 5.1, shall be packed as specified in 5.2.1.1.

5.2.2.2 Pallatl.zed load. - A quantity of containers, packed as
specified in S~~~2.1, shall be palletized as specified in 5.2.1.2.

5.2.2.3 Less than palletized load. — When quantities per destina-
tion are Less than a pallet load , the containers packed as specified in
5.2.2.] shall be reinf orced by pressure_sencitive filament tape conform—

• ing to PPF-T-97, type IV as sp octfi ed in the appendix of the box
specification. No further packing shall be required .

5.2.3 Level C. —

:

~ 

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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5.2.3.1 Consol idation. - A quantity of batteries , packaged as

specified in 5.1 , sha ll be packed as specif ied in 5.2.1.1 , except tha t
the fiberboard boxe* shall be clas s domestic.

5.2.3.2 Pal iet l zed load. - A quantity of con ta i ners , picked as
specified in 5.2.3.1 , shal l be pal ic tized as specified in 5.2.1.2 , except
tha t f ib er board ca p shel l  be class domestic.

5.2.3.3 Less than p all et i zed l oad. — When quantities par destina tion
are less than a pa l let  load, the con tainers packed as specified in 5 .2.3 .)
shall be used as the shipp ing con tainer. No further packing shal l be
required .

• C
• 5.3 Harking. — in addition to any special marking required by the

contract or order , In terior shipping conta i ners shall be ma rked In accord-
ance with M IL-STD-l29.

6. NOTES

6.1 Or der lnq data. - Contractua l documents should specify the foll ow -
ing :

(a) Ti t le , number , and date of this specificat ion .

• (b) Complete battery type designation and the t i t le , number and
date of the appl icable specification sheet (See 1.2 .1 and 3.1).

(c) Da te for notice of avai labi l i ty  f or shipment.
• 

• 
(d) Ap p l icable l evels of preserva ti on , packaging and packi ng,

• and appl icable ba ttery quantities.

(e) Name and address of responsible Government technica l
ec.ti vlty concerned with First Artic l e inspection .

(f) Name and address of Government inspec tion facility per -
forming Group D inspection .

6.1.1 ind irec t shipments. - The packaging , packing and ma rking
specified in section 5 apply onl y to direc t purchases by or direc t shipment
to the Government and are not intended to apply to contracts or orders

• between the supplier and prime con t rac tor .

6.2 Award i ng of contract. - Contracts will be awarded on)y to
suppliers who gua rantee to meet the requ i rements of this specification .
110 combining of performance requ i rements should be undertaken . Bids
tha t offer to gua rantee higher capacities will receive no special
consideration In awardi ng a contract. Contracts will  be awarded to

• the lowest bidder on a cost -per -unit battery bas is prov ided tha t a l l
performance requ i rements are gua ranteed . Fa ilure on a prior contract,
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of a manu fac turer ’s p a rticular battery type to meet any of the performance
requ i rements of this specification , wiil be adequate cause for rejection
of bids on that particul ar type until the supp l ier submits certified da ta
provi ng that ——

(a) Action has been take n to el iminate the cause of failures ; and
(b) Th. battery meets c i i  the performance requ irements of this

s pecif icat ion .

6.3 Verif ication inspection. • Verification by the Government wil l
be l imited to th. amount deemed necessary to deter mine compliance wIth
the contr•ct and will b. limited in severity to the definitive quality

• assurance provisions establi sh ed in this specific ation and the contract.
The amount of verification Inspection by the Government will be adj usted
to make maximum utilization of the contractor ’s quality control system
and the quality hi story of the produc t.

r •
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SPECIFICATI ON SHEET 17 say l~,T4

MTTERY , PRIMRY , LiTHiUM ORGANiC M-5590/U
The complete epuir~nen ts for procuring the lithium organic prima ry battery
type describ e ’ herein shall consist of this document end the issue In at ict
of Specif ication SCS~~~9.

~~IF i~~~~
• 2.45 62.23

— ~~~~~ .
.

• Bfri rc* ( ,
~ 4.40 111.76

~~~~~~~~~~~~~~ f~f f (~f j ~(~ f . 5.00 127 .00

• 
$~plIac&~ I
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F I GURE
Battery , Pri mary , Lith i um Organic BA-55901U
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NOTES:

I. All d l i nen .Ions are In i nches.

2. The batter y ou ter jacke t shal l be waterproof paporboa rd. An alternate
packaging can ~e of polyuret hane foam or simi lar lightwe i ght potting with
surfaces treat.3d to meet the jacket integrity test.

• 3. Soc ke t w i r ing sch emat ic to be printed on jacke t In suitable location
nea r the sockt.t on the te rm ina l face of the battery .

4. Top of ttu connec tor socket Is to be mounted flush w i t h  the top surface
of the batt ery case.

5. The batt e~j termina l shal l consist of a miniature circular bat tery connec tor
per Draw ing E _C_21lLe88, Rev. B . Connector shall be mounted In accordance with
referenced dr~wIng .
6. Connector socket body conf i guration shall accept two (2) each 0.156 i nch
dia meter guld .?oSts as shown. Depth of. cavi ty shall be 0.622 Inch .

7. Two (2) e~ch ba ttery connector mount ing screws : Size j~s—~4O UNC—2A .

I
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SCS—459/2

RE~.U I REMEt4 rS:

Dimens Io~s and conf iguration : See Figure

Nomina l Vo l tage : 24 vol ts
(Cons isting of two (2) each identica l 12 vol t sections)

Termin als: Six (6) hole socket type with no obstruction of any holes
(See Figure)

We ight: (uiax imum) : 2.25 pounds

Capac i ty tests : When the battery Is tested In accordance with the methods
• .of exam i i~a tIon and tests of this specif ication , the minimum capac i ty test

• requ i rci onts shall be as specifie d below .

Capac I ty Test Service Requ i remen t
(per SCS 459) in hours

I 48
L • 24
H 42
lIT 38
LT 21
T 28

• D 28

Vol tage delay : During the i nitia l one minute of discharge of th. two (2)
• 12 ye ’ t sections connected in series for any of the discharge tests covered

by t h s  spec ification , transient vol tages be low the 20.0 volt end vol tage
cannc exceed a 0.1 second duration . Subsequently, dur ing the course of
any d scharge test , anytime the vol tage falls bel ow 20.0 vol ts tha t point
in t I e  wil l be considered to be the end of service and the test will be
considered to be terminated.

First a i t i c l e inspection :

V isu~ l -mechanical exam i nation
Batt t ry voltage
Dime, ..ions and we i ght
Iiech-iica i shock
Vibrat ion
Al titude
Ins ul a tion resistance
Safety feature test
Jack e t Integrity test
Capa~.ity tests I, 1, H , NT and IT

Cell l ot Inspection :

;., -
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SCS-459/2
Quality con rmance Inspect ion :

V isua l-m e . ian lcai exam i nat ion
Battery v i tage
Dimension , and weig ht
Mechan lca ’ shock
Vibration
Alt i tude
insulat lc resistance

• Safety fe -t ure test
Jac ket Ir~ egrlty test
Capac i ty -ests

METHOD OF L AMINAT ION AND TESTS:

Capac i ty ‘es ts:

(I) Sturage : Detai ls on storage conditions for all specified capac i ty
tests ar e descri bed in ba sic specif ica t ion .

(2) D~ .char ge: The battery consIsting of two (2) 12 volt sections
connected In series shall  be discharged through a
39.0 ohm resistance for 1 m Inute ~‘ , and then throug h
a 560 ohm resistance for 9 m Inutes ~~~~. Th is cycle
shall be repea ted continuousl y to a test end vol tage

• of 20.0 vol ts.

* 0~n 8 ohm resistance pu lse shall be app lied during the first
100 mi ll Iseconds of each 1 minute l oad discharge . The pulse
ioltage shall be monitored continuously throughout the duration
of discharge .

• ;ie vol tage shall be mon i tored during the last minute of each
~i minute l oad dIscharge for the “H” and “Ift” tests only to
ueterm l ne whether the maximum vol tage of 32.0 vo l ts Is exceeded .

Close d c i rcuit vol tage : Closed cir cuit shall be observed for a period of
thirty (30) seconds with a dIrec t , curren t vol tmeter of proper range and
sen s i t v i ty , using a load resistance of 14.0 ohms and a minimum permis-
sible ol tage of 11 .0 vol ts. Readings shall be taken between socke t
holes and 5 and between socke t holes I and 4. See socket wir ,ing
scheme&lc on the battery.
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• SCS—459/2
Cell lot inspection :

1. Cell 1 .t. — A cell lot shall consist of 2990 call s of a pa rt )—
cular type w~.ich are to be used in the fabrication of a specific ba ttery
lot. Each of the cel l lots shal l b• subj ec ted to the insp ection program

• outlined herein.

• 2. Close d—c I rcui t vol ta~ie test. — A ll the cells in a cell lot shall •

be pulse tested for five (5) seconds with a 2.5 ohm resistance load. Any
c~e1i whose v~l tege fa l l s below 2 volts during the 5 second pulse period
she il be rejected for use in battery fa brication or further cell lot testIng .

3. 160°F Storage test. — From a cel l lot that has been tested for closed..
circu i t vol tage selec t thirty (30) cells either In random a nner or at pre-
selected int e rvals , whichever the Government lnse~ctor deems more desirable.
The thirty (~0) cells shall be stored at 160°F for two (2) weeks and

then at —20’ ±3°F for a minimum of six (6) hours . Each cell shall be d s—
• charged throigh the equ i va l en t cell load and to the equ i valent cel l end

voltage In accordance with the inIt Ia l capac I ty test of this specification
sheet.

a. If al l  thirty (30) cell samples exceed the minimum capac i ty service
requ irement by a factor of at least 10%, the lot may be used for fabrication
of a single lot of batteries.

b. If thLre are two (2) or more failures during the capac i ty testing of
the thirty (sO) cell samples the cell lot shall be rejected . If only one

• (1) fa Ilure ticcurs , another twenty (20) cell samples shall be selected f rom
the same lot and this same test shall be repeated . If no failures occu r
during retes ’ ing, the cell lot shall be cons i dered acceptable. if one (I)
or more cells fail during retesting , the cell lot shall be rejected and new
cell lot of 2990 cells shall be submitted for cell lot inspection .

4. Cell r epienishment . — In order to replenish the twenty (20) cell s
consumed by the additiona l 160 °F storage testing , twenty—three (23) cells
shal l be fabricated when necessary. All shall be subjected to closed —
circuit volt / ge test (2 above). Any cell tha t fails this test shall be
replaced by one tha t has passed . Three (3) cell samples shall be selected
in a random Tanner from the twenty-three (23) cells tha t have passed the
c)osed—c i rcu~ t voltage test. These three (3) cell samples shall be tested
In accordance with the 160°F storage test (3 above). No failures are per-
mitted for acceptance of this rep lenishment lot of twenty (20) cells. if
one or more fa i lu res  occur , the lot of twenty (20) cells shall be rej ected
and a new lot of twenty—three (23) cells shall be fabricated and three (3)
shall be tested . This procedure shall be repeated until no f ai iur e ~ occur.

5
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SCS—459/2
PREPARAT ION FOR DEL IVERY: •

Preserv ati on. and packaging : Preservation and packag ing shall be in accordance
with 1 test ls~ue of basic specification except tha t no Intermedia te packa g-
ing 3 1311 be requ i red and unit packag i ng shall be as follows :

A unit package shall consist of one battery individually packaged per
• method iC-I of MI L - P—1i 6 . Battery shall be placed In a b rr ie r bag

fabr ic .ted of ma terial conforming to L—P—378 , typo I , grade a, fI nis h 1 ,
• hav l n~ a uniform thickness of 4.0±0.5 miis with a hea t sea l ed closure .

The baflged battery shall be placed in a close-fitting paperboard box
conforn~Ing to PPP-B-566 , vari ety 2, styie optional. Closure shal l be
as spe cified in the appendix to the applicable box specIfication .

5. 6
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~0TES: S

1. All di mensions are in inches.

2. Th ba ttery outer Jacket shall be wa terproo f paperboar1%. An al ternate
packa g~ tg can be of polyurethane foam or similar li ghtweight potting w ith
surfaces trea ted to meet the jacket Integrity Lest.

3. Soc ket wiring schematic to be printed on Jacke t in suitable location
near tf~ socket on the termina l face of the battery . -

4.  Top of the connec tor socket is to be mounted flush with the top surface
of the Latt ery case.

• j 5. Th battery term i na l shall consist of .a miniature circular bat tery connector
• per Dr. . dng ES-C-211488 , Rev . B. Connector shall be mounted in accordance wi threferei.;cd draw ing .

6. Co, r,ec tor socket body configuration shal l accept two (2) each 0.156 inch
diamet r guideposts as shown. Depth of cavit y shall be 0.622 Inch.

7. Twc (2) each battery connector mounting screws : SIze #4—40 UNC -ZP~.

2
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BA’PPEWI, l RIKARY , LITflIUM ORGANIC BA-5585/U

The coiitp1et~ requi rements for procuring the )It)~1uj~ or~n nI c  pr lnnry hatte~~
type dec~c r tb .  herc~’n ~hai1 con.~1~ t 01 th~o (iOCU~~nt HIt’J the j t~cud in ef fec t
of Specii’ien’ ion SC.. -4~9.
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LITHIUM ~~ O.t502 19.95

NOTE6 —” I BATTERY ~
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SOCUT VI RI N G
SCHEMATIC

BATTERY , PRIMARY , LIT HIUM ORGAN IC BA-55 85/U
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REQIJIR [’IEN TS :

Dimen ion s and conf i gura tion : See Figure

No m ln ii Vo l tage : 2~. vol ts
(Consis ting of two (2) each i dentIca l 12 vol t settlons)

Terminals: Six (6) hole socket type with no obstructIon of any holes
(See Figure)

Wely ht:(maxlmum): 1.75 pounds

Capac i ty tests: When the battery Is tested In accordance with the method s
of cx mlna tion and tests of this specification , the minimum capac ity test

• requ i~ ements shal l be as specified below .

• Capaci ty Test Service Requ i rement
• (per SCS 459) In hours

24
L 12
H 21
NT 19
LT 10
T 14
D

Vol ta e delay : During the initial one minute of discharge of ~the two (2)
(2 .olt sections connected In series for any of the discharge tests covered

• by ‘hIs specificat ion , transient vol tages below the 20.0 vol t end voltage
can ot exceed a 0.1 second duration . Subsequently, du r i n g the cou rse of

• • any discha rge test , anytime the vol tage falls below 20.0 vol ts tha t point
in ‘ Ime will be considered to be the end of service and the tett will be• con Idered to be term i na ted.

First a r t i c le  Inspection :

Visual—mechanical exam i nation
• Battery vol tage -

• DIn nsions and weight
• Mect,anlca l shock

Vib ,atlon
Alt i tude
Insu lat ion resistance
Safety fea ture test

— Jac i ct Integrity test
Cap u city tests I , L , H , N T and LT

Cell lot Ins pec t ion :

.
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ScS-4~9/3Quali ty co ..formance Inspection : • 
• 

.
•

V isua l-m. hanica i exami natIon 
-

Battery oltage
Dlmensio s and weight• MechanIc I shock.

— Vibr a tio %
Altitu de
Insulati on resi stance
Safety f atur e test
Jacke t i tegrity test
Capac i ty tests

METHOD OF ~AMINAT I0N AND TESTS:

Capacity tests:

(1) Storage : De tails on storage conditIon s for all specified capac i ty
tests are described in basic specificat ion .

• (2) Discharge : The battery consisting of two (2) 12 volt sections
• connec ted in ~erle s shall be discharged through a

• 39.0 ohm resistance for 1 minu te ~~. and then through
• a 560 ohm res istance for 9 minutes ~~~~. This cycle

shall be repea ted cont inuously to a test end vol tag.
of 20.0 vol ts.

I An 8 ohm resistance pu l se shall be applied during the first
100 milliseconds of each 1 minute load discharge . The pu l se
vol tage shall be monitored continuously throughou t the duration
of discharg e .

*~ The vol tage shall be mon i tored during the last minute of ee:h
9 minute load discharge for the “H” and “HI” tests onl y to• de termin e whe ther the maximum vol tage of 32.0 vol ts is exceeded .

Closed t~ rcu1 t vol tage : Closed circu it shall be observed for a period of
thirt~ (30) seconds with a direc t current voltmeter of proper range and
sens i ti v i ty , using a load resistance of 14.0 ohms and a minimum permls-
sible •‘ol tagc of 11 .0 volts. Readings shall be taken between socket
holes 2 and 5 and between socket holes I and 1+ . See socket wiring
schcmc~tic on the battery .

~ 
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~~ Lot li~~ .c’~içp~
. . ~~~~~~~~~~~~~~ — ~ c;,~ s i hn sna il ~~~~~~ ~~ ~~~~~~ J~o~~ or a pa; t cu a.~rt,p ..~ ~iHch • -&

~ c~ be us ci in thc. f~,bric~tlon of ~ ~.pecIf Ic battery lot.
of tl~a cU lots sh*i 1 h~ suoj cc i.c~i to the i n s~’eCt i~ n prog ram out lined

2 ~~~~~~~ ~~~~‘r v~~~~~~_test - A ll thu ~~‘is in ~ cel l lot zh~l l be p~ti se
tc~.t~~ ior • ;ve T~T sccond~ w it h  ~ 2. 5 ohm rt~ ~~~~~ !oi~d. Aiy ce l l  whose
vol :age f~ l., b€~IU~i 2 vol,.s ‘iur1n~ the 5 ~~cond ç~ulse period shall b~ rujc~teJfor u.c tn • ..tte;y fahr~cat lon or further ce ll ~ot te st ln’j .

3. 16G°i .L-rage_te~ t. — prom a cell lot that isas been tested for ~los~d—
c i rcu i t  vol . .ag e ~eIec t thirty (30) ce l ls  either ~ .i rori.~c~ .r.arrnt~r or ~t

• •oii.ctad IntCr4~is , wh ichever the Cov~rr~ic~ t in pect’~ - deems r.or~
~~~~~~~~~ The th rt~ (30) ce l ls  s~~ l) be ~tor~d ~t 160 ~3 fo~ two (Z)

~.ee~; ~~~~~~~ t ~n at .20 ±3°F for a minimum of six (6) hours. Each ccli
h~ 3~ :harqcd thr~ugh the e’~uivalent cell loa l and tc the ec~uIv afe .~t
~r~a vc. ta~ ! 4n accordance w i th  the h~i t Ia I  s a ~ac i ty test of this

£pc t iC.~ tl -
‘ sheet..

3 .  ; ~hl:ty ~3O) cel l  sdmple~. e.’~ceed t~-e ~s , i n i m t m s..ap~c i ty  i~vi~ e
• r~~ c~r ~y ~ fjss~ :cr of at lea - t 1O~~ the lot e~~v be used for fc~rication

fl~~~’ ic t  o.~ ba~ terle~..

~~. •f i~re ye two (2) or ‘~ore failures dur ing the capacit y testing of
t~~’ ~ r r v  ~ r~ ) t  ~~~In!ti s th.~’ c~~J !  l ot  ~h.~) I  ~~ re s n c t l ~~ . if r~r,jv n,e
( 1 \ Z~~~lu~~’ ~~~~~~ another twenty (2 u) cell sarrple.~ s~_ 1 l  be ~eiec Led t rch.
tiv~ ~~me i~~ ar.d t h i s  sarn~ test thaI i  oe repeated. If ro faiiur e~ ccc~ r

u~~~~~~ ;~~ 
ç~ t~ tin ;, the ccli lot 3h~ 1i be cons i~ ercd ptah~~. If on~ (I)

or ‘~~c .el s r ail dur in g retest irig . th.~ cel l  lot ~hai~ be reJ e~ te~ ~rsd ~ew
ccii ici o~ 990 cel l s sha ll be sub~.itted for cell iot inspec tior ..

~ Cc- i i r~ r.~~~r n ~nt. in ordcr to r~pIersish the tWcnt~’ (20) ~~ii~ ccm —
~.y ~ ~ddi~~iona i 160”F s~~~c~gc testing, tw~nty— th - e~ ( 2 3)  ce11~ St~a i 1

~ whc i necessc~-v . A l l  ~hd i  be ~ubj ect t ~d to clo~e~ -circ~ it
.c~ ltage tei . (2 above ) .  Any cell that fa i l s  this reei t ~h~ 1l oc repiaceø

~~e that has pa~sed. Three (3) ceH ~~mpie~ ~..haTi be ‘ c 1 ~~~i~d i i  a
c~rvJa’n menr .r f rom the twt r ,ty— t hree (23) ce l ls  tna~. ~-.~ve passed the ~ lct.cci- .

~~~~~~~~~~ age te t. ihe~.a three (3) cci i  sanpL~. shall be te~ teJ ir~accord.~nce ~ith tht~ )6O~F storege test (3 above). No failures ere pcr’~ittedfor acccp~ - c.e of this replenishment lot of twenty (20)celis . If one or
itc r~ fa l iu i :s  cccu r , the lot of twenty (20) cel I~ shall  be rej ected and a
ncw 1o. of •.went’ ,—three (2 3) cbl ls  sh~ 1i be fabrIcated and three (3) shall
be ~~~~~ This p~ocedus e thall be re~catcc unt i l  no fa i lures  occur.
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~ SCS-~s59/3

PRE PARAT iON FOR DELIVERY: 
•

preserva lon and packagIng: Preservation and packaging shall be In accordance
• with 1.~test issue of basic specification except that no Intermediate packag-

ing shall be requ i red and unit packa ging shall be as follows :

A unit package shall con sist of one battery individ ua lly packaged per
• mtthod IC—i of sii-P—1i 6. Battery shall be placed in a barrier bag

fabricated of ma terial conforming to L— P— 378 , type 1 , grade B fin ish i~
• having a un i form thickness of 4.0±0.5 anlls with a h~~t sca l ed closure .

~~. The ba c ged battery shail be placed in a ciosc .sfittl ng paperboo rd box

• confo irsing to ppP—B ..566, variety 2, style optional. Closure shal l be
• as specified in the appendix to the applicable box specification .

• 

•
.

• 
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SPECIFICATION 5}IZE’P

BXr.ra~f, FIU~1(J~Y 1 LITHIUM ORGAHI C BA- 5090/U

The ectple e re~Dutrers~ents for Drocuri~~ the 1it ~ t uin orpanic priatsry t~ntt ’~rytype descr beU h~ r~ In  sh~iI1 conSist of this dcc~rient and the issue in e1t~ect
of Sper’iui ation~~CS_k59.
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SCS-459/4

NOTES:

I • All dimensions oi’e in Inches.

2. The maximum radIus on oil corn.rs shall be 1/8 Inch .

3. The battery case material shall be cold roi led st..I~

4. The battery connectors ihøll be mounted in accordonc. with the figure arid ~holI
be mlniatus e snap-on typs termIna l ANSI XVII.

I.

• Sheet 2 of 5
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V

~~~~~~~~~ ‘nd conftZuretion: See Ftgure

X1”1J~~ Voltage: 9 volta

Ter~~nala : Snap on type (see figure)

‘iiei.ght (uax ~.mum): L.8 o.uices (50 graissi)

• Capacity tests : When the battery .ia tested in accordance with the
methods of examinatiou and teats of this specification, the mint~~m capacity
teat requirements shall. be as specified below.

• Capacity Teat Service Requirement
(per SCS h59) in honra

I 55
L 30

- 
• U 50

yr . 2 6
T 48

48

Voltage delay : During the initial one minute at discharge of the battery
discharge tests covered by this specification, transient voltages below the
6.0 volt end voltage cannot exceed a 1 second duration. Subsequently, during
the conrse of any discharge test, anyt ime the voltage falls below 6 volts
that point in time will be considered to be the end of service and the test
will be considered to be terminated.

First article inspection:

Visual-mechanical examination
Battery voltage
Dimensions and weight
Mechanical Shock
Vibration
Altitude

• Insulation resistance
Safety feature test
Jacket integrity test
Capacity tests I, L, H, ~~ and VI’

Cell lot inspection:

.
•

• 

Sbeet3ot 5
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• SCS-i4 59/14

Quality conformance inspection:

Vjaual-mechcnicai. examination
Battery voltage
Dimensions and weigh t
Mechanical shock
Vibration
Altitude
Insulation resistance
Safety feature teat
Jacket integrity test

• Capacity tests -

~~TH0D OF ~XAMINATI0N AND TESTS:

Capacity teats :

(1) Storage: Details on storage conditions for all specified cape-
city tests are described in basic specification.

(2) Discharge: The battery shall be discharged through a 636 ohm
resistance to a test end voltage of 6.0 volts.

• Closed circuit voltage: Closed circuit shall be observed for a period of
thirty (30) seconds with a direct current voltmeter of proper range and
sensitivity, using a load resistance of 60 ohms and a minimum permissible
voltage of 6.0 volts.

Cell Lot Inspection:
1. Cell Lot. A cell lot shall consist of a sufficient amount of cells of a
particular type which are to be used in the fabrication of a specific battery lot
plus an additional thirty cells for acceptance tests. Each of the cell lots
shall be subjected to the inspecti9n_~rogram outlined herein .
2. Closed-circuit voltage test. All the cells in a cell lot shall be pulse
tested for five (5) seconds with a 20 ohm resistance load. Any cell whose
voltage falls below 2 volts during the 5 second pulse period shall be rejected
for use in battery fabrication or further cell lot testing.

3. ~60’F StoraCe test. Frcz~ a cell lot that has been tested for closed-circuit voltace select thirty (30) cells either in random manner or at
preselected intervals, whichever the Covernment inspector deems more

• desirable. The thirty (s)) cells chaU. b’~ stored at 160’)’ +3’)’ for two (2)
-7’)’

weeks and then at -20’ ± 3’)’ for a minimum of six (6) hours. Each cell
• shall be di’~c’a’-~ed through the equiv~lcr~t ~e~l lead and to the cquival e~~cell end voltage in accordance with the initial capacity test of this

specification sheet.

a. If all thirty (30) cell samples exceed the minimum capacity service
• requirement by a factor of at least l0~, the lot may be used for fabrication

of a single lot of batteries.

Sheet 14 of 5
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1

SPECIFICATIO~ SHEET

MT’rk~tY, PRIMMrI, LITRIUI4 Ol~ AZ~IC BA- 5814Wu

The comp~ete req~irements for 
procuring the lithium organic primary battery

~yie deseribed herein shall consist of 
this document and the issue in

eftect or Specification SCS-14)9.

(+) 

•

~~~ 2
~~~~~~
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FI0’JT~

Battery, Primary, Lithium Orgamic B&~581e2/U
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SC 5-459/5

NOTES:

1. All dimensions ore in inchei. Unloss otherw ise specif ied , tolerances ore i i/16’.
$

2. Coni~ector type; MS3IO2A 1OSL4P , manufacture d by Bendix.

3. Battery shall be potted w ith an epoxy compound capable of withstanding tempera-
tures from —65°C to 75°C, w it hout deforming .

REQUIREMENTS:

Dimensions and conflgurotion: See Figure

Maximum Voltage: 6 volts

Terminals: (See Fi gure)

Weight (mozimum): 20.0 ounces (568 grams)

- 
Capacity tests: When the battery is tested in accordance with the methods of examina-
tion and tests of this specification, the minimum copocity test requirements shall be as

• specified below.

Capacity Test • • 
Service Requirement

In hours

‘ I 48
-‘ 1  24

H 42
HI 40
IT 23
1 43
D 

• 43

• Voltage deloy: When the battery is subjected to the capacity tests covered by thi s
specif ic.ition , initia l closed-c ircuit voltages below the 4.0 volt end voltage cannot
excee d a 1.0 second duration .

First article inspection:

Visuol—mechon ico l examination
Battery voltage

• Dimension s and wei ght
Mechanical shock
Vibration
Altitude
Insulation resistance
Safety feature test
Jacket integrity tett
Capacity tests I, I, H, HI and IT 2
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Quality couforua~nce inspect ion :

Visual-mechanical e~~aInation •

Battery voltage .- 
•

Dimen. ioub irid weight ~~~~~~~~~~ 

•

Mechanical shock ~~~~ ~ ~ ~Vibr~stton • : • •
Altitude . • • ••

InsulatiOn reaiatftflCa
• Bafety feature test

Jacket int e~~ity test
Capacity tests .

METHOD 0? EXA)~(tNATION AND T~~TS:

Capacity tests:

(1) Storage : Detaila on storage conditions for all specified capacity
testa are described in basic specification.

(2) Discharge : The battery shall be discharged at 350 mA cont inuously
to a test end voltage of 14.0 volta .

Closed circuit voltage: Closed circuit shall be observed for a period of
thirty (30) secor4a with a direct c~irrent voltmeter of proper range and
sensitivity, using a load resistance ot U. ohzna and a miniimim permlaalble

• voltage of ~4 .O volts.

Cell Lot In~pection :

1. Cell  lo t .  A cell lot shall Consist of a su f f i c i ent  amount of ceJl s  of a
pa r t icu la r  type vh~ ch are  to be used in the fabricatton of a specific battery lot
pius an additiona l thirty celia for acceptance teats. Each of the cell lots
i~t’ail be subjected to the I n spection program outlined herein.

2. Closed circuit voltage test. All the. cells in a cell lot shall be
pulse teste~i for five ()~~ seconds with a 2.5 ohm resistance load. Any

• cell whose voltage falls below 2 volta during the 5 second pulse per1~4• shall be rejected for use in battery fabrication or further cell, lot ~e~ting.

3. 16o’i’ Storage te3t. From a cell lot that has been tested for close~-
• circuit ~~~~~~ select thirty (30) cells either in rand om manner or at

presciected intervals, whichever the Government inspector deems more
desirable. The thirty (30) cells shall be stored at 160’ +3’)’ for two (2)

-7’,

• 
• 3
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wee ks and then at -20°F for a minimum of six (6) hours. Each cell shall be discharged
through the equivalent cell loud and to th0 equivalent ce ii end voltage in occordonce
wit h the initial capacity test of this specification sheet.

a. If oil thirty (30) cell samples exceed the minimum capacDy service requirement
by a factor of at leost ~0%, the lot may beuused for fabrication of a single lot of
batteries.

b. If there are two (2) or more foilurei during the capacity testing of the thirty
(30) cell samples the ce ll lot shall be rejected . If only one (1) failure occurs,
another twenty (20) cell samples shall be selected from the some lot and this same ~
test shal~ be repeated . If no failures occur during retesting , the cel l lot shall be con-
sidered occeptoble . If one (1) or more cells fail during retesting, the cell lot shall be
rejected and new cell lot shall be submitted for cell lot inspection.

4. Cell rep lenishment. In order to rep lenish the twenty (20) cells consumed by the
addition&F160°F storage testing , twenty—t hree (23) cells shall be fobrkated when
necessary. All shall be subjected to ciosed-circi lt voltage test (2 above). Any cell
that foils this test shall be rep laced by one t hat has passed . Three (3) cell samples

shall be selected in a random manner from the twenty—three (23) cells that have passed
the clos~d-circuit voltage test . These three (3) ccii samples shall be tested in

accor dance w t h  the 160°F storage test (3 above). No failures ore permitted for
accepto.~ce of this rep lenishment lot of twenty (20) cells. If one or more failures
occur, t he lot of twenty (20) cells shall be rejected and a new lot of twenty—three
(23) cells shall be fabricated and three (3) shall be tested. This procedure Shall be
repeate d until no failures occur .

PRE PARATION FOR DELIVERY:

Preserv~tion and packaging : Preservation and packaging shall be in accordance wUh
• latest issue of basic specification except that no intermediate packag ing shall be re-

quired ond unit packag ing sha ll be as lol lows:

A ur~ t pac kage shall cons ist of one battery individually packaged per Meth d
iC-I of MIL—P— 1)6 . Battery shall be placed in a barrier bog fabricated of
mat~-rio t conforming to l—P-378, type 1, grade B, finish 1, having a uniform

• thickness of 4.0 ± 0.5 mils w ith a heat sealed closure . The bagged battery
• 

• 
shall be placed in a close-f itting poperboord box conforming to PPP”B 566,
vor iety 2, sty le optional. Closure shall be as specified in the appendix to the

applicable box specification .

• 

• 4
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ØFECIFICATICN SH1~T

BA1’r~~Y, PBIMAIrI, LITIIIU)
4 OI~MiIC M-~~68/U

The complete requirements for procuring the lithium organiC primary battery
deEcrib~~ herein 

ehaU consist of t’13 ~~‘i,tment and the issue in ef” ect
of Specification 6CS-~59.

—P $,OGt.03 •

.

.7 ...

4 —
‘ —.78 MIN DIA

.

- ---

. 

_ _

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

+

1.8O±,03 MARRING
AREA

3.OO ± .05
+ RECESSED CONTACT

• ~~.I 2- .O3 .060±.020 DEPTH

• _____________ TO CONTACT
St I_ I

• 
1O~~ 3°~~~~~ 

J— 
_ __ ._ I • 

. 

•;

• .-*3 .94±O3~ I- .

.7I0U~~
• ~atter7, Prime~7, Lithium Organic M-5568/U

• 8be.t~~~o f 5
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!0TES

1. All Utmene ions sod tolerance. sh Nn cc figur.~ are in inches .

2. Onl.y the positive (+) rking is required to be shown st the top of
the battery ~c~tet .

3. The marking ‘TNS~~? THIS ~ VD is req~1red to be shown 00 the battery
Jacket st the positive end , 180’ f~c tt . S - ~59 ~~rk ing area, with an
arrow pointing in the dir ection of inser .~ c.e.

~~. The battery j acket shall be Hi-Impac t A~S plastic ~ equal, aM the
color shall be oliv, drab No. 21t087 of P~ )-S~~-~95.

~~ ux~~~~rs:

Dtmenaiczis and configuration: Bee FigisrS

*.xi~mzm voltage: 12.0 ‘volt s

Terminal.: Flat surface (Be. Figure )

Weight (maxi~ia): 3 ~ inces (85 gseam)

Capacity tests: When the battery ii tested in accordance with the method.s
of ~~a~dnattan and tests of this specification , the mini~~’fl capacity-teatrequir ~menta shall be as specified below.

Capacity Test Bervice Requtre~ent
~~~r SCS-~59) • in Hours

X 17
L 9
U 1
UT 3.

B
T 15
D 15

Voltage delay : When the battery is subjected to the capacity tests
specified herein, the time required at tLe beginning of discharge for the
battery to reach a voltage of 9.0 volts after the specified loud i~ applied
shall not be more than 1.0 second .

• Drop test: When the battery is tasted in accordance with this specification
the socket shall not move beyond the limits epecifted herein nor shall
the ccz~zponente shift within the j acket, or preclude the battery fr c*n
meting specified “I” capacity test performed it the conclusion of the
Jacket integrity test.

- 2
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?ir~t !jttclc Inspcctt~a: .

Visual-mechanical exantinat ion
Battt ry voltage
Dime~.s ions and weight

• MechL aical shock
Vibretion
Altitude
Insuj atton resistance
Safety feature teat

• Drop teat
Jack. t integrity
Capacity teats I, L, U, UT and I/I’

Cell lot inspection:

~~altty confoi~~nCe in.spection:

• •~ • Visual-mechanIcs.]. ~~~~~ -“~~ nation
Battery voltage

• Dime -isions and weight
~~cLtnical shock

• Vibration
Altitude
Insulation resistance
Safety feature test
Drop test

• Jacket integrity
Cap&.~1ty tests

?4ETIIODS OF EXAMfl~ATION A1~D TE~T3:

Capacit~r tests:

(1) Storage: Details on storage conditions for all capacity tests
are specified in basic specification .

• (2) Discharge : The battery shall be discharged through a resiatanc..
of 250 ohms to a test end voltage of 9.0 volta.

Closed circuit voltage: Closed circuit voltage meaeur~~enta shall be
observed to: a period of 30 seconds with a direct current voltmeter of
proper range and sensitivity (see basic specification), using load re-
•iatancee of SO ohsa and a i~1n1im~m permiaatb)e voltage of tO volta .

Drop test: When performed during First Article Inspection, five (5) each
Group 1133 teat samples shall be subjected to this drop teat ju st prior

• to performing the jacket integr ity test on them . When performed duri ng

• 

~~aiity Conformance Inspection, :ive (5) each subgroup B2 teet .a~~1ea

. 

• . .  

•

. :.. . TI ~~~ ~ 
-

~~~
-
~ 
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just prioi to being subjected to integrity test shall hove this &op test per fo med upon
them. Euch bat tery shall be dropped three times from o heig ht of 36*2 Inches onto a
hard surf ice consisting of concrete or steel , and shall make contact with it. Each
battery shall be dropped in such a manner that th, batt ery, at t ime of release, shall
be in eoeh of three different positions In relation to the surfac. upon which It Is
dropped in the fol lowing manner:

(1) The three (3) Inch side of the battery shall be parallel to this surfac. upon
release and shall make contact wIth it.

(2) Ilie three (3) Inch side of the battery shall be perpendicular to this sur face
upon rekoso so thot the positive terminal shall make contact with it .

(3) The three (3) inch side of the battery shall be perpendicular to this surface
upon rel~ase, so that the nega tive terminal shall make contact with it .

If any fci lure occurs , the contractor shall take Immediate action to correct th. defect
and~~j mic ’~ate the cause . However , pending this action, quality conformance accep-
tance shall be withheld . When the nature of the failure has been determined, and
the necessary corrective action taken, the rejecte d lot and all batteries in process at
the time of the failure shall be reworked to eliminate the defect. Reworked lots
shall be elnspected using a sample size of el9ht (8) batteries with no failures per-
mitted.

Cell Cot Inspection:
L Cell Lot. A cell lot shall consist of a sufficient amount of cells of a particular
type T~T~~re to be used in the fabric ation of a specific battery lot p lus on addi-
t ional tb rty cells for acceptance tests. Each of the cell lots shall be subjected to
the insp~cflon program outlined herein.

2. Clos~d—cir cuit voltage test. All the cells in a cell lot shall be pulse tested for
five (5) .~ conds wit h a 10 ohm resistance load. Any ce ll whose voltage fal ls below

• 2 volts during the 5 second pulse period shall be rejec4~d for use in battery fabrica-
tion or Lrthe r cell lot testing .

3. 160~F Storage test. From a cell lot that has been tested for closed—circuit voltoge
se lect thirt y (30) cells either in random manner or at preselected intervots , w hichever
the Government inspector deems more desirable . The thirt y (30) cells shall be stored
at 160° +3’F or two (2) weeks and then at —20°F *.3°F for a minimum of six (6) hours.
Each -7°F cell shall be discharged through the equivalent cei i load and to the
equiva lent call end voltage in accordance wit h the initial capacity test of this
specification sheet.

a. If all thirt y (30) cell samples exceed the minimum cop lc lty service requirement
a factor of at least 10%, the lot may be used for fabrication of a sing le lot of

batteries.

4
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b. If there ore two (2) or more failures during the capucity test ing of the thirty
(30) cell samples the cell lot sholl be rejected . If only one (1) failure occurs,
another twenty (20) cel l samples shall be selected from the some lot and th is some
test shall be repeoted. If no failur es occur during retesting, the cell lot ~holI be
conside ed acceptable . If one (I) or more cel ls fail during ~4t~t fl9, tho cell lot
shall be rejected and new cell lot shall be submitted for cell lot inspection.

4. Cell replenishment. In order to replenish the twent y (20) cells consumed by the
• additional 160°F storage testing, twenty—t hree (23) cells sholl be fabricated when

necessary. All shall be subjected to clord—c rcuit voltage test (2 above) . Any
cell that faUs this test shall be replaced by one that has passed. Three (3) cell
samples shall be selected in a random manner from the twenty-three (23) cells that
hove passed the closed—circui t voltage test . These three (3) cell samples shall be
tested in accordance with the 160°F storage test (3 above). No los lutes ore per—

• mitted for acceptance of this rep lenishment lot of twenty (20) cells. If one or more
failures occur , the lot of twent y (20) cells shall be rejected and a new lot of
twenty-three (23) cells shall be fabricated and three (3) shall be tested . This pro-
cedure shall be repeated until no failures occur .

PREPARATION FOR DELIVERY:

Freserv tion and poc kog ing: Preservation and pac kaging shall be in accordance with
• latest Lsuo of basic specification except that no intermediate packaging shall be

required and unit packaging shall be as follows:

A ur~it package shall consist of ten (10) batteries each individually packaged per
Method iC—i of MlL—B— 1 16. Each battery shall be placed in a barrier bag fabri-
cate d of material conforming to L—P—378 , type 1, grade B, finIsh 1, having a
unif ’rm thickness of 4. 0 ± 0.5 mils with a heol sealed c losure . The bagged bat—
Iterles shal l be p laced in a close-fi tting poperboord box conforming to PPPB636 ,
type CF, W6c , or W5c , st y le optional or Ml’ -B-43014. Closure shall be as
specified in the appendix to the applicable box specification .

5

~A I  
- 

T t ~~~~~~~~~~~~~ ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ -



• • - •  
-

~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~

ELECTR ONICS COM t~ ND SCS—~.59/6
TECHNICAL REQu IREMENTS Amendment I

25 Ju ly 1975

SPECIFICAT I ON SHEET

8A TTERY , PR I PARY , LITH I UM ORGANIC 8A-5 568/U

This amendment forms part of Electronics Cornand Technica l Requ i rements
Spec l f l c~ tlon Shee t SCS 1+59/6 , 20 November 19714.

page 2

Maximum Voltage. Delete 12.0 vo lts and substItute 15.0 volts.

Service Requ i rement
• In HoL~rs

- Delete Substitute

• • 17 12
• 9 7

15 10
• 114 9
• 8 6

15 10

L 15 • 10

• 
• 

• 
Page 3

• D lscha r .e :  Delete 250 ohms and subst i tute 150 ohms ; delete 9.0 volts and
subst it~ te 10.0 vo lts .

• =
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EPk~CIYICATI0N SHEET

• BA~1t1i1~, P IHABY, LITHIUM OfGAZIIC M 557te/~J

~~e eamplete requirementa for procuring the lithium or~~nic pr tnv~ry batte~~
~ype described herein s~ail conslot of thie document and the t~iue in el’fect

of Spectflcfttion CC3-145.~~

• V liiwo 

-

____--_ _  ~~~~~~~~~~~~~~ .. 1:1
,~ c w . V 

. .‘
. 

•
. 

• ~~~~~~~~~~~~~~~~~~~

C REO D —2.30’F ±.030 ‘— ‘ L—‘ i cri .~.’.r 4~ :~~?i
• I 10 (.432’ )C2

• 2.~75~~Z1~ 
s(( kolc ~

PXCPJRZ I

Battery, Primary, Lithium Organic E&-5571e/ U

Rheet 1 c’ 1
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1wrFS: (Pig. i)

• 1. All dimensions are in inches .

2. Pill end of sleeve with silicone rubber. CC*~ ICrCia1 product imzst be
equal to end intercha ngeable with silIcone •‘rt.bber sealAnt Type B’N-lO~
as manufactured by Silicone Products Dept . General Electric Co. Weter ford,
NY.

3.. Cesnent -Co~~ercta1 p~cduct ~ .aat be equal to end interch angeable with
epozy-Araldites-502 as maø~factured by Ciba Products Co.

d

a,

• 2
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R (TYP)

1l”ML1I KI~ 1~~ 8 RIDG~ S
____ EQUALLY SPACED

INSERT
BATTERY CAP

REF 
• MOLD TO INSERT,

___ I 3 I • BATTERY CAP
- *-( — (.0— ..~~ (MATL: SEE NOTE I)

~~DlA

NOTES:
1. MATh : CELUJLOSE ACETATE ~ JT~RFP~ ,

GRADE E3, PER SPEC L-P-3149.
2. D1}~ NSI0NS ARE IN I~NCH~~.• 3. TOLERAN CE ON FRAC~I’IONS ± 1/32 .
1~• 0-RING t4~~956l-5 IS TO BE

7U~~ISHED WITH EACH CAP.

• 
a 

CAP

• 710. 2

(1
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acs-~e~9/7

• --~~ .0-

• - ‘— .280
a

• a MEDIUM DIAMOND1 .250— ‘- KNURL

3~~
DIA~

• 

A~
T

1 ~~~ /JL .0 014

j~
.—2O UNEF -ZA THREAD

• 

• 

PER HDBK 11-2.8

SECTI A—~

NOTES:
1. DI}4E~ SI0N~ ARE IN INCH~~.2. TOLERAN CES (uNLEss cyrHEr~iIsE sp~cln~~ ):

FRACTIONS TiECThALS 
______

* 1/614 * .005

~j8brz M’rr~~! CAP

710.3 
•

~ 

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

j



_ _ _  

~~~~~~~~~ 

—
~~~ i’8c8-1459/7

Dimensions and configuration: See Figures

)~ ximia Voltage: 6 volts

Teratnals; ~&ee Figure)

Weight (maxim~m) : 1.65 ounces (46 gra ms)

• Capacity teats : When the battery ii tested in accordance with the methods
of examination and teats of this specification, the mini~iam capacity test
requirements sb&ll be as specified below.

• • Capacity Teat Service Requir~~~nt
(per 8CS-4591 in hours

I 8
• L 14

H 7.5
UT 6.5
iir 3.5
T 7

a D 7

• Voltage delay : When the battery Is subjected to the capacity tests
covered by this specification, initial closed-circuit voltages below the
tf.O volt end voltage cannot exceed a 10 second duration.

First article inspection:

Visual-mechanical examination
• Battery voltage

Dimenn ions and weight
Mer~ an1cal shock

• Vioration
Altitude

• Insulation resistance
• Safety feature test

Jacket .ntegrity test
Capacity tests I, L, H, lIT and LT

Ccl.]. lot inspection :

• 5
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Quality conformance inspection:

Visual-mechanical e~~minat ionBattery voltage
Dimensions and weight
)~ chanIca1 chockV1bru~.i~rn
Altitude
Insulation re~Iatance
Safety feature test
Jacket integrity test
Capacity teats

~~rnoD OF ~ CAMfl~ATIOt~ AND T~~TS:

Capacity teats :

(1) Storage: Details on storage conditions for all specified
• capacity tests are described in basic specification,

(2) DIscharge: The batterj shall be diBcharged through a Is7 ohm
resistance to a test end voltage of 14.0 volts .

Closed circuit voltage: Closed circuit shall be observed for a period of
thirty (30) ceconda with a direct current voltmeter of proper range and
sensitivity, using a load resistance of I~o ohms and a mthiimim permissible
voltage of 14.0 volts.

Cell Lot Inspection:

). Cell Lot. A cell lot shall eonslBt of a sufficient amount of cells of a
• pa r t i cu l ar  type wh ich are to be used In the fabrication of a speclftc battery lot

plus an t~dd1t1onal thirty cells for acceptance tests. Each of the ccii lots
shal] be subjected to the Inspection pro~raa outlined herein.

2. Closed-circuit voltage test. All, the cells in a cell lot shall be
pulbe tested f~r xive (5~ s~~oiids with a 2.0 ohm resistance load. Any
eel]. whose voltage falls below 2 volts during the 5 second pulse period
shall be rejected for use in battery fabrication or further ccli lot testing.

3. lE O°F Storage test. PrQn a cell lot that has been tested for closed-
• circuit voltage select thIrty (30) celia either In random manner or at

preselected intervals , whichever the Government inspector deems more
desirable. The thirty (30) cells shall be stored at 160° +3 for two (2)
weeks and then~~ -20’F ±3°F for a min imum o~ six (6) hours. Each ~eLt

• shall be disch.~rged through the equivalei.t cell load and to the equivalent
cell end voltage in accordance with the initial capacity test of this
specification sheet.

6
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a. II oil thirt y (30) cell somp les exceed the minimum copac ity servke requirement
by o factor of at least 10%, ~ho lot may be used for fabrication ol a sing le lot of
batteries.

b. If there are two (2) or mare fai lures during tha capacit y totting of t he thirty (30)
‘1 ce ll samples the cell lot shall be rejected. II only one (I) fa ilure occurs , another

twenty (20) cell samp les shall be se lected from the same lot ond this same tes t shall be
repeated . If no failures occur during retes ting , the cel l lot shall be considered
acce pta ble. If one (1) or more cells foil during re test ing, the cell lot shall be rejected
and new ce ll lot shall be submitted for cell lot inspection .

4. Call rep lenishment. In order to rep lenish the twenty (20) cells consumed by the
additional ~60°F storage testing1 twenty-three (23) cells shall be fabricated when
necessary . A ll sholl be subjec ted to closed-circuit voltage test (2 above) . Any ce ll
that fails this test shall be rep laced by one that has passed . Three (3) cell samp les
shall be selected in a random manner from the twenty—three (23) cells that hove passed
th. closed—circu it vo ltage .test. The se three (3) cell samples sha ll be tested in accord-
ance wit h the 160°F storage test (3 above) . No fai lures ore permitted for acceptance
of this rep lenishment lot of twenty (20) cells. If one or more failures occur , the lot of
twenty (20) cells shall be rejected and a new lot of twent y-three (23) cel ls shall be
fabricated arid three (3) shall be tested. Ibis procedure shall be repeated until no
failures occur .

PRE PARATION FOR DELIVERY:

• Preservation and pac kag ing: Preservation and pac kag ing sha ll be in accordance with
latest issue of basic specification except that no intermediate packag ing shall be
require d and unit packag ing shall be as follows:

A unit package shall consist of ten (10) batteries each individuall y pac kaged
per Method ~C—1 of MlL—B- 116 . Each battery shall be phced in a barrier bag
fabricated of material conforming to L-P-378 , type grade B, finish 1 , having
a uniform thickness of 4.0 ±0.5 mils w t h  a heot sealed closure. The bagged
batteries shall be p laced in a close-fitting poperboard box conforming to PPP—B-566,
vqr iety 2, sty le op~ionaI. Closure ~halI be as specif ied in the pppendix to the

• applicable box specifica tion .

7
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8PECI.FICATION Sh EET

BAfl~~Y , PR D4ARY , LIThIt~4 ORGANIC BA -58141/U

The c omplete r~Qu1~ret~~fltD for i rocur 1n~ the ltthtu or~ax4c primary b t e r~
type d en c rib~:d h ere in  ~hall consi5 t  of thin document and the tis sue In effect

of ~pecificatIOfl SCS-~)9.
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• FICURE

Battery , Pri m ary,  Lithium OrEI~nic BA~ .i8l4l/U
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NOTES :

1 . All dimensions ore in Inches. Unless otherwise specified , tol erances are 1 1/64”.

2. Terminals shall be covered with silicone rubber. Commercial produc t must be equal
to and Interchongeoble with silicone rubber sealant Type R1V 102 as manufactured by

• Silicone Products Dept., General Electric Co., Woterford , NY. Terminal markings
(+ and -) shall be placed on battery as indicated In figure .

3. Battery shall be potted with on epoxy compound capable of withstanding temperatures
from -65°C to 75°C, wIthout deformlng .

REQUIREMENTS:

Dimensions and configuration: See figure

Maximum Voltage: 18.0 volts

Termina ls: (See Figuro)

Wei ght (maximum): 10 ounces (284 grams)

Capacity tests : When the battery ii tested in accordance with the methods of examina-
tion and tests of this specification , the minimum capacity test requirements shall be as
specifie d below .

Capacity Test Service Requirement
(per SCS-459) In hours

44
L 22
H 41
HI 36

• IT 23
1~ 

• 39
D 39

Voltage delay: When the battery is subjected to the capacity tests covered by this
speci ficatio n, initial closed-ci rcuit voltage below the 10.8 volts end voltage cannot
excee d a 1.0 second duration .

First article inspection:
Visual-mechanica l examination

a Battery voltage
Dimensions and wei ght
Mechanical shock
Vibration

• 
~~~~ Altitude

-~~~~~~~~

‘ Insulation res istance
Safety feature test
Jacket integr t y test
Capacit y tests  I, I, H, HI and LI

2
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Cell Lot Inspection:

Quality confor~~nce inspection :

Vi sual-mechanical exsaimatlon
Battery voltage
Dimensions and w.ight

• )~chanical shockVibration
Altitude
Insulation resistance
Safety feature test
Jacket integrity test
Capacity testS

~€TH0D OF gXAZ.CNATION AND T~~TS:

Capacity tests:

(1) Storage: Detaile on storage conditions for .11 specified capacity
tests are described in basic specification.

(2) Discharge: ¶lbe battery shall be discharged through a. 210 ohm
resistance to a teat end voltage of 10.8 volta .

Closed circuit voltage: Closed circuit shall be observed for a period of
thirty (30) seconds ‘with a direct current voltmeter of proper range and
sensitivity, using a load resistance of 2~ ohms and a mInI~ a~ permis-
sible voltage of].2.O volts.

• Cell Lot. Inspection:

- (e11 t A t .  A c e l l  lot ohal.i ~un~ ic t  of a & ufV l c t en t  amount of ‘e~ l s
a ’ t~~~t ~. cu1IA r t ype whi ch are to be ~~3~~ i In the r a b r i c a t i o n  of a ~pec~ 

‘ i a ’ ~~i’~~~
’ • v

a I ~~ an add it iona l t h i r t y  ce l i c  f~ r acceptan”e te~t~ . F.ech of t h ~ cef l  ~~~~ a

i: i ’i l l  be nut j ected to  the  t r iqp. . rt t rn  program outHn~ 4 hcre tn .

2. Closed-circuIt volta~,e teat. All the cells in a cell Lot shall be
pulse tested for five (5) seconds with a 8.0 ohm resistance load . Any cell
‘whose voltage rails below 2 volta during the 5 second pulse period shall
be rejected for une In battery fabrication or further cell lot testing.

3. 160°F Storage teat. Frcts a cell lot that has been tested for closed-
circuit voltage select thirty (30) cells either in random ~~nner or at
preselected intervals, ‘whichever the GoverTmlent Inspector deems more
desirable. The thirty (30) celia shall be stored a.t 160’ +3’? for two (2)

-7.?
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SCS-459/8

weeks and then ot —20 *3°f for a minimum of six (6) hours. Each cell shal t be dis-
charged t hroug h th. equivalent cell load and to the equivalent cell end voltage In
accordance w ith the Initial capacity test of this spec ificat ion sheet.

a. If oil thIrt y (30) cells somp les exceed the mInimum capacity service requirement
by a factor of at leost 10%, the lot may be used for fabrication of a single lot of
batteries.

b. If ther. are two (2) or more failures during the capacity t•sting of the thirty (30)
cell somp iss the cell tot ihall be rejected . IF onl y one (1) faIlure occurs, another
twenty (20) cel l samp les shall be selected from the some lot ond this soms test shall be
repeated . If no failures occur during retesting, th. cell lot shall be considered accept-
able. If one (1) or more cells (alt during retesting, the cell lot shall be rej ected and
new ce ll lot shall be submitted for cell lot inspection .

4. CoIl rep tenishmont. in order to rep lenish the twenty (20) ceiis consumed by the
additional 160°F storage testing, twenty—three (23) cells shall be fabr icated when neces-
sary . All shall be subjected to closed—circuit voltage test (2 above). Any cel l thot
fails this test shall be rep laced by one that has passed . Three (3) cell samp les shall be
se lected in a random manner from the twent y—t hree (23) cells that have passed the closed—
c ircuit voltage test. These three (3) cell samples shall be tested in accordance with the
160°F storage test (3 above). No f~i lures are permitted for accep tance of this rep lenish-
ment lot of twenty (20) cells. If one or more failures occur , th. lot of twenty (20) cells
shall be rejected and a new lot of twenty-three (23) cells ~holl be fabricated and three
(3) shall be tested . This procedure shall be repeated until no failures occur .

• PREPARATION FOR DELIVERY:

• Preservat ion_ and packag ing: Preservation ond packag ing sha ll be In accordance w ith
Tatest issue of basic specification excep t thot no interme diate packaging shall be required
and unit packag ing shall be as fo llows:

A unit package ~holI consist of five (5) batteries each individually packaged per
Method 1C-~ of MlL-P—~ 16. Each battery shall be placed in a barrier bog
fabricated of moteriol conforming to L-P—378 , type ~~, grade B, finish 1, having
a uniform thickness of 4.0 ± 0.5 mils with a heat sealed closure . The bagged
batteries shall be placed in a close-fitting pope r boord box conforming to
PPP— B—566 , variety 2, sty le optional. Closure ~holl be as specified in the appendix
to the applicable box specif ication .

• 4 
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ELECTRONI CS COMS’~ND SCS—459/8
TECHNICAL REQUIREMENTS Amendment I

25 Jul y 1975

SPECIFI CAT I ON SHEET

DATTERY , PRIMARY LITH IUM ORGANIC I’~—584l/U

This amendment form s part of Elec tronics Coiwwnd Techn i ca l Requ i rements
Specific ation Sheet SCS 459/ 8 • 20 Novembe r 1974.

Page 2

Servic e Requ i rement
In Hours

Delete Substitute

41. 15
22 8
41 13
36 12
23 7
39 13
39 13

Page 3

Dlscha r:~~ Delete 210 ot~~s , stbstltute 135 ohms ; deiete ’IO .B vol ts ,
substI tute 13 .2 vol ts .
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8cs~1s~9/9
20 November 1974

BPECIFICATION 8J~EET

~kr’rr~s1, PRIMARY, LITHIUM 0I~]AZ1IC M-~10Q/IJ

~te caixp’~.ts r~~uirement s for procuring~ tl..s lithium organic primary battery
~ype des~i~ibed he rein ch aul  consist 01 th io document and the lenue in ef fec t
of Specification SCS-k59.

- 1 ÷ 1

H 

__ _

SEE NOTE 3 —  -~~ _ _ _ _ _  
INCHES MM

VOLTS .olS 0.38
S I . ,

I/’32 0.79
, I

LABEL - ~~ 
-•1~ 

• .625 15.88
II 1 1/2 38.10
irj! • 2M 6  58.74

SEE NOTE 3- 
~~~~~~~~~~~~~~~~~~~~~~~

MIN PROTRUS I ON

• Battery , Prt~ary, Lithium 0r~aaIo BA.5100/U
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S

NOTES:

I. All dimensions shown on figure are In Inches. Unless otherwise sp.cifl.d,
decimal tolerances ore ± .015” .

2. The battery case mat .riol shall be cold rolled sts•l~

3. PolarIty markings shall be placed on label or top and bottom.

2
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RE QU I REME NI S:

Dimensions and configurat Ion: See Figure

Maximum voltage: 6.0 volts 4

• T.rmlnals: F lat surface (See Figur.)

Wei ght (moxlqnum)s 3 ounces (85 grams)

“ Capacity tests: When battery Is tested in accordance wIth the methods of examination
• and tests of this specification, the minimum capacity test requirements shall be as

speci fIed below .

Capacit y Test Service Requirement
(per SCS-459) In hours

- 

40
1. 21
H 37

• 

• HI 34
• , IT 19

T 35
D 36

• 
- 

Vo ltage delay: When the battery is sub j ectod to the capacit y tests covered by this
• specif ication , initial c iosed—c kcui t voltogos below the 4.5 volt end voltage cannot

exceed a 1.0 second duration ,

First article inspection:

• V isuol—mechoni col exominotion
Battery voltage

• Dimensions and wei ght
Mechon~coI shock

• Vibration
Altitudo
Insulation resistonce

• Safe ty feature test
• Jacket integrity test

Capacity tests , I, L, H, HI ond IT

Cell lot inspection: 
• -

I 3
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r,cS-459/9

Quality conformance inspection:

Visual-mechanical examination
Battery voltage
Dimer3i~nr and weight
Mechanical shock
Vibration
Altitude
Insulation resiatanC.
Safety feature teut
Jacket integrity test
Capacity tests -

METHOD OP ~XAMINATI0N AND T~~TS:

Capacity tests:

(1) Storage: Details on storage conditiona ~or all specified
capacity teats are described in basic specification.

(2) Macbarge : The battery shall be diBcharged thrc*.igh a 60 ohm
resistance to a test end voltage of 4.5 volta .

Closed circuit voltage: Closed circuit sha ll be observed for a period of
thirty (30) seconds with a direct current voltmeter of proper range and
sensitivity, using a load reaist~nce of 10.0 chins and a minimum permis-
sible voltage of 5.0 volta .

Cell Lot Insp~ection~
1. Cell Lot. A eel]. lot shall consist of a nufftcient amount of cells of a
particular type which are to be used in the fabricat ion of a specific battery lot
plus an additional thirty cells for acceptance tests. Each of the cell lots
shall be subjected to the inspection program outlined herein.

2. Closed-circuit volta~~~test. All the cells in a cell lot shall be
pulse tested for f ive (5) seconds with a 5.0 ohin resistance load. Any
cell whose voltage falls below 2.5 volta ~turin g the 5 second pulse period
shall be rejected for use in battery fabrication or further ccli lot testing .

3. 160 F Storage test. From a cell lot that has been tested for clo~~d-circuit voltage select thirty (30) celIa either in random manner or at
preselected intervals, whichever the Governwent inspector deems more
desirable. T~c thirty (30) cells shall b ~tored at 160’ for twc~ ~~
weeks and then at -20’ ±3’P’ for a minimum of six (6) hours. Each cell
shall be discharged through the equivalent cell load and to the equtvalc nt
cell end voltage in accordance with the initial capacity test of this
specifIcation sheet.

4
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a. If all thirty (30) cell samples exceed the minimum capacity service requirement
by a factor of at least 10%, the lot may be used for fabrication of a sing te lot of
batter ies.

6. If there ore two (2) or more fai lures during the capacity testing of the thirty
(30) cell samples the cell lot shall be rejected. If onl y one (1) failure occurs,
anothe, twent y (20) cell samp les shall be isl.ctsd from th. some lot and this some
test shall be repeated. If no failur es occur during ret.sting , the cell lot shell be
considered accip tabi.. If one (1) or more cells fall duri ng retesting , Ph. c.U $0,
shall be rejected and new cells shall be submitte d for cell lot Inspection.

4. Cell rep lenishment. In order to rep lenish th. twenty (20) cells consumed by the
additional ~60’~ storage testing, tw enty—th rss (23) cell s shall be fabricate d when
necessary. A ll shall be subjected to closed—c ircuit voltag , test (2 abov e) . Any
cell that fails this test shall be rep laced by ~ne that has passed . Three (3) cell
samples shall be selected in a random manner from the twenty—three (23) cells that
have passed the closed-circuit voltage tes~. Tl*s. three (3) cell samples shall be
tested in accordance with the 16O’F’ storage test (3 above) , No fal 1ures are permitted
for acceptance of this replenishment lot of twenty (20) cells. If one or nor. follur.s
occur, the lot of twenty (20) cells shall be re jecte d and a new lot of tw.nty ’thr.e (23)
cells shall be fabricated and three (3) shall be tested . This procedure shall be repeated
until no failures occur .

PREPARATION FOR DELIVERY:

Preservation and packag ing: Preservation and packag ing shall be In accordance with
latest issue of basic specification except that no intermediate packaging shall 6. re-
quired and unit packaging shall be as follows:

A r i~ package shall consist of ten (10) batteries Individually packaged per
Method IC—i of MIL-P—i 16. Each battery shall be placed In a barrier bog

- lob, icoted of material conforming to L—P—378 , type 1, grade B, finish 1,
huving a uniform thickness of 4.0 ± 0.5 mils with a head sealed closure . Th.
bogged batteries shall be placed in a close-fitting poperboord box conforming

to PPD _ B~566, variety 2, sty le op t4onal. Closure shall 6. as spec ified in the
appendix to the applicable box specification .

5
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SCS-459/ll
20 Wov~~ber 19714

SP~CIflCATI0N SHEL~

~~~~~~~~ p y , LI’ffiIUl4 0}~)AI4IC M-5567/u

The ca2~p1et e rCq~ irementl for procuring th’ 1it~ium organic prlw.ary battery

~,ype described herein ehall conai~t of this document and the issue in effect
of Specification SC~-1e59.

~m_ 1 .O 3 O *A0 t~0

.g4e M IN. + .6Z5t.OOS

POSI TIV E 
INSULATING JACKET

_~~~~~~~ 5D~ .0I5 DEPTH TO CONTACT INSULATING RING

• 

I

.719t .031

_ _  

1.
L i - )

.d’~’o M IN .J 
,,

/
1.i ue—_-—-_14__ 437 t.COS

NOTE.~ -.j-- •—- .eO uIPe.
.41.1 DU4I N SI O II S
ARt 114 tNC~4~~5,

• Battery, Primary, Lithium Organic BA-5567/U

I nf 4
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BCS.1459/l1.

R~~UIREMFllTS :

Dimens ions and configuration: See Figur.

1~.ximum Voltages 3 volts

• T.mth alss (3ee Figu re )

Weight (msxia~im): 0.7 ounces (20 psas )

Capacity testes When the battery is test ed in accordance with the methods
of examination and tests of this specification, the mini .zm capacity test

• requirements shaU be as specified below.

Capacity Test øervice Requirement
(j~ r SCS ~459)~ in Hour s

X 20
• 

- L 32
K 18
MT 17
lit

- 
• 

T 17
D 18

Voltage delay: When the battery is subjected to the capacity tests covered by
this epecification, initial closed-circuit voltages below the 2.0 volt end
voltage cannot exceed a 1.0 second duration .

First article inspection:

Viaual-mechanical examination
Battery voltage
Dimensions and weight

- Mechanical shock
Vibration
Altitude
Insulation resistance
Safety feature test

• Jacket integrity teat
Capacity teats I , L, H , MT and LT

Cell lot in .pection :

Sheet 2 of 4
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Quality conformance inspection s

Visual-mechanical examination
Battery voltage
Dimensions and weight
)4echanics3 shock -

Vibration
Altitude
Insulation resistance -

Safety feature test • . • 
-

Jacket integrity test
Capacity ts.ts

METhOD 0? EXAMINATIOZI AND TESTS: 
• • 

•

Capacity tests :

(i.) Storage ; Details on storage conditions for eli specified
capacity tests ar. describ ed in basic specification .

(2) )i,oharg.s The battery shall be discharged through a 50 o~m
resistance to a test end voltag, of 2.0 volts,

Closed circuit voltsg~t Closed circuit shall be observed for a period of
thirty (30) seconds with a direct current voltmeter of proper range end
sensitivity , using a load resistance of 10 ohms and a aintim~m permissible
voltage of 20 volts.

Cell lot inspection:

1. Cell lot. A cell lot shall consist of a sufficient amount of cells of
a parti~~lar type which are to be used in the fabrication of a specific bat-
tery lot plus an additional thirty cells for acceptance tests. Each of the
cell lot shall be subjected to the inspection program outlined herein .

2. Closed-circuit voltag~e test. All the cells in a cell lot shall be pulse
tested for five (5) seconds with a 10 ohm resistance load . Any cell whose
voltage falls below 2 volta during the 5 eecond pulse period shall be rejected
for use in battcry fabrication or further cell, lot testing.

3. 160 F Storage test. Frcin a cell lot that has been tested for closed-
circuit voltage select thirty (30) cells either in rand~~ manner or at pre-
selected in ervals , whichever the Government inspector deems more desirable .
The thirty (30) cells shall be stored at 160’F +3’F for two (2) weeks and

•T’ F
then at -20” ~ ~~F for a mir~im,~m of six (6) ho.zr~i. Each cell shall ha d.s•
charged throu gh the equivalent cell load and to the equivalent cell end
voltage in accordance vith the initial capacity test of this specification
sheet .

a. If all thtrty (3D) eel]. samples exceed the minimum capacity service
requirement by a factor of at least 10%, the lot may be used for rabrication

Sheet 3 of 4
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of a single tot of battedes.

b. If there are two (2) or more foflures during th, capacity testing of the thirty (30)
cell samp les the cell tot shall be rejected . If onl y one (1) failure occurs , another
twenty (20) cell samp les shall be selected from the some lot and tH~ same test shall be
repeated . If no fai l ures occur dur ing rete sting , the cell lot shall be considered
acceptable. If one (1) or more ce lls foil durin g retestlng, the cel l lot shall be re-
jected and niw cell lot shall be submitted for ccti lot inspectIon .

4. Cell rep lenishment . In order to rep lenish the twenty (20) cells consumed by the
additIonal 163°F storage testing, twent y—three (23) cells shall be fabricated when
necessary. All shnll be subjected to closed—circuit voltage test (2 obove). Any ce ll
that fo ils this test sholl be rep laced by one that has passed. Three (3) cell samples
sha ll be selected in a random ornnner from the twent y—t hree (23) cells that hove passed
the closed—circuit voltage test . These three (3) cell samp les shall be tested in accord-
ance wit h the 160°F storage test (3 above) . No failures ore permitted for acceptance
of this rep lenishment lot of twenty (20) cells. If one or more failures occur , the lot
of twenty (20) cells shall be rejected ond a new lot of twenty—three (23) call s sholl be
fabricated and three (3) sholl be tested . This procedure shalt be repeated until no
failures occur.

PREPARATION FOR DELIVERY:

¶ Preservation and packaging: Preservation and poc kogina shall be in accordance with
latest issue of basic Specification except t hat no intermediate packag ing shall be

• required and unit packag ing shall be as follows:

• A unit pac kage shall consist of twent y ‘20) batteries ind viduolly pac kaged per Method
),C— 1 of Mu -P-I ió. Each bottery shall be placed in a borrier bog fabricated of material

• conforming to L-P-378 , t ype 1 , grade B, finish 1, having o uniform thicknes s of
4.0 ± 0.5 mils w ith a heat sealed closure . The bogged botteries shall be p lace d in a
c lose—fitting paperboard box conforming to PPP-B—566 , variety 2, sty le optional.
Closure shall be as specified in the appendix to the app licable box specification.

• Sheet 4 of 4
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• SP C C IFI CAT IO~t SHEET 25 July 1975

• BATTERY , PR%MRY , LITHIUM ORGANIC GA-55~j 8!U
The ccxnpj c~ _e~~~~r~~j_r cj 9~~t c  fo r procur ln~ j h~ l i t h i u m  or~~’nIc or i~~,r’~ b~ t t ~~ry~
t~yp

. dec crih~ 1 her’~in~~~~ I I  c~n~ i s t 0 t h is do ,~~en t~~~ r’i t~~~ i s s u e  in rIr~- c t
of Spc c if ic a1 ion SLS— ~59.
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______ •
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/ - 
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• 
• 3-9/16 90.149

• • 
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~~~~~~~ ~~~A, ~~~~~~~~~~~~~~~~~~ l~~
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SCS—4 59/ l 2

IIOTES:

All dimensIons are in inches .

2. Unless otherwIse specified , all tolerances are ±0.005 Inch for dec im als.

3. Tolerances of length , width end hei ght of battery are ± 1/16 Inch for
fractions .

4. The minimum depth of sock@t well shall be 1/2 Inch.

5. The size of the Insul ating plate Is optional.

6. Socke t insert contact not requ i red . 
- 

-

7. PI n—circ le center.

8. “0” hole for p lug positioning .

9. Five holes to f it 7/8 in. p ins , 7/ 16 Inch in length.

10. Socket must fioa t 3/32 ~~~~ In a l l  directions f rom the specified pin
c i rc le  center location in the plane of the socke t from referenc e d imension .

II. The printed socket facsimile may be inc luded adjacent to the socket , on
the socket sIde of the battery , in lieu of termina l markIngs st~own In the
top view of Fig. 1. The facsimile shall be permanent , legible , Inc l ude out—

• l ine of socket , term i na l Identific ation shown in afo rementioned top vie w and
meet genera l battery marking requ i remen ts covered or referenced herein.

12. On a l l fou r (4) sides of the battery “LITHIUM BA TTERY” shall be printed
• 

- In 1/2 Inc h (approx.) bold luster less green lettering (same as jacket color)
on a black background extending a dlstanr.e of 2.0 inches from end of battery .

13. The socket shall be supported and mounted so tha t the top surface of
the socket sha l l  not pro t rude above the adjacent ous ido surface of the

• jacke t and shall  not be more tha n 1/16 inch below adjacent outside surface
of the Jacket when used I n i t i a l l y ,  durIng , and a t t c r  subsequent insert ions
of the mating p lug during contractu o ) tes t ing .

- 2
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REQU IRE ME PITS

DImensIons and con figurat ion : See F Igure • - • •
~~- -

• 
~‘l 

l~r~~ A2 Uni t

NomIna l vol tage: 
- 

3.0 vo l ts 
- 

14.4 vol ts

Maximum vol tages:

Open circuit 1~e0 volts
Closed circu i t , 3.0 volts *

* Under ~ load of 6.76 ohms -

e Term I nals: FIve (5) hole socke t type with no obstruction of any holes
(See Figure ) 

-

Veight:(maxlmum): 1.5~pound s

Capacity tests: When the battery Is tested in accordance with the methods
of examinati on and tests of this speci f icat ion , the min imum capac ity—tes t
requ i rements shall be as specified below.

Capacit y Test Service Requ Irement
(per SCS 459) In hours

L
H
HT
IT 30
T - •
D 

•

In I tia l  vo ltage delay : When the bat tery  Is subjected to the capacity tests
speci f ied herein , ihe t ine requ ired at the beg inning of discharge for the
bat tery to reach a voltage of 10.0 vol ts al ter the spec i f ied load is
app l ied shall not be more than 0.5 seconds.

Drop tes t :  When the bat tery  Is tested in accordance w i th  th is spec i f i c a t i on ,
the socket shall not move beyond the l i m i t s  spec i f i ed  herein nor shal l  the
components shift w ithin the jacke t , or preclude the battery f rom meet ing

- s peci f ied “Jr ’ capacI ty  test pcrfon td at th~ conclusion of the jacket
integri ty tes t .

- 3
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Firot ar ticle inspectioni - . . : .

- I
Vieual-xi~echanical eiaminatio~Battcry voltage
Dizonsiona and weight . •

)4echanict~l shock .
Vibration
Altitude •

Insulation reeistanc• -

Safety featur e teat .

Drop teat • 
-

Jacke t Integrity
,. Capacity teats I, L, 11, H? and LT
Cell lot inspection : .

Quality confon~ance ii~speotions
V1eu~~ ii~ch’ni.Ca3. examination 

‘

Batthry voltaEe
Dimensions and weight
Mechanical shock
Vibration -

Altitude
Insulatien re~ tstanc e -

Safaty feat ’~r? test . 
-

Dr-’r task
Jacket Integrity

• 

• 
Capacity teats HT , LT, T and D

METhODS OY •~fl!.’.TI0~ AND TESTS:

Capacity te sta l

• (1) Storage i Petuila on storage conditions for all capacity tests
• 

‘ are specified in basic specification.

(2) Diach~rge: Tthe A 2 unit ( - A 1-& 2 to •A,) shall be discharged through
a rcsi~ t .mnco of li~.2 oh~w f or 2 ninuto s, and then
through a re~i~ t.ince of 291.0 ohn s for 18 r~inut~s.

- This cycle shall be repeated continuously to a teat
end volt-age of 10.0 volts .

. 1~
.
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Clos ed c Ircuit volta ge : Closed c I rcu i t  vol tago meacurcmcnt~ shall be
made wi th  a direc t cLrrcnt vo l tmeter of proper  ran~e and StnSlti v iLy
(see bas ic spec i f ica t ion ) ,  using load res istanc es as shown in the
fol lowing table:

• UNIT • K I I N PERMISSIBLE VOLTAGE

A 1 6.5 ohms, tl% 2.60 volts

• *2 ik .2 ohms, t 3% 32 .5 volts 
—

Voltage shall be above “MiNIMUM PERMISSIBLE VOLTAGE”
a within thir ty (30) seconds after load Is appl ied .

Drop test: When perfor med during Fir st Article Inspection , fIve (5) each
Group 1 1 1 8 test samples shall be subj ec ted to this drop test Just prior
to performing the Jacke t Integrity test on them . When performed dur ’r~gQuali ty Con for n~ance Inspect ion , jive (5) each sub group 8a test samples
just prior to being subjected to Integrity test shall have th is drop test
performed upon them. Each battery shal l be dropped once from a height
of 30 ± 2 inches onto~a hard surface consis t ing of concrete , wood or
steel . The 3 9/16” x 2 1/16” side of the battery nearest the socket
shall be parallel to this surface upon release , and shall make contac t
wi th It. If any failure occurs , the contractor shall take ImmedIate
e’~tion t’ corr~~ t the defect and elim inate th~ c~~sc. iic~-:evc r , ~~n~ i r.g
this action , qualIty conformance acceptanc e shall be withheld. When
the nature of the failure has been determ i ned , and the necessary corrective
action taken , the rejected lot and a l l batter ies In process at the time
of the failure sha ll be reworked to elim inate the defect. Reworked lots

• sha ll be re inspected using a samp l e size of eig ht (8) batterIes with no
failur es permitted.

Ce l l I.ot Inspect ion: 
-

1. Ce l l lot. - A cell lot i.e üfine4 as those cells of a particular
type which are to be used in the fabrication of a specific battery lo t.
Each of the cell lots s.ha)) be subjected to the inspect ion program out l ined
herein. -

2. C losed — c rcu i t  vo lt~ cie te st .  — A l ?  the ce l ls  in a cel l  lot shal l  be pulse
tested for f i v e  (5)  sec3nds with a 2.5 ohm res is tance load. Any ce l l  whose
vo ltage f a l l s  below 2 v -. l t s dur ing the 5 second pulse per iod shall be rej ected
for usc In bat tery fabrication or fur ther ccl i lot testin g .

- 

.
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• 3. 160’.F Storage ~~~~ - F;om a c.Il lot that has been isitad for cIos.dJ~~~4 circuIt vol tage s. lcc t thIr ty (30) cel ls eith er In random mannsr or at
prc~ olec ted Intc r~a ls , .bi ch evs r the Governiront Insp ector d~cms more -

des i rable. The thirty (30) cells shall be sta red at $60’ for two (2)
weeks and than ~t ~2O’ *3’F for a minimum of six (6) hours. Each cell
shall be discharged through the equiva l ent cel l toad and to the .~~iv.lsn t
c.lI end vol tage In accordance wi th the Initial capac i ty test pf this
Specification •hest. - 

- 
. . -

a. If .11 thIrty (30) cell samples .xcs.d the minimum c.pecl ty service
requi rement by • fsc toe of at least $0%,th lot may be used for fabricatIon
of a si ngle lot of batteri es. 

- 
• . - .

b. If there are two (2) or more failures during Uiq capac ity testing of
the thIrty (30) cell sa mples the co il lot sh elf be rej ec ted . If only one
(1) failure occurs , another twenty (20) cel l samples shall be selected Irom
the same lo t and this  same test shall be repeated . If no failures occur
during retest lng, the cell lot shall be considered acceptable. if one (I)

1 ? .  or ‘~iore cells f ail during retesting , the cel l lot shall bo rejected arid new
cell lot of cells shall be submitted for cell Iot 4.sp~ctIoa~,~~

a -
, --

4. Ccli replenishment. — Ia order to replenish the twsnty (20) calls con-
sumed by the addition a l l60~F storage testing , twenty— three (23) cells shal l
be fabr icated ~ihcn necessary . All shall be subj ected ~o closed .c i rcu lt
voltag e test (2 a3ove). Any cell that f a I l s  this test shall be rcølaced

• by one that has passed . Three (3) cc)) samples shall be selected in a
random manner from thc twenty...thres (23) cells tha t have passed th. closed—
circu i t vol tage test. These three (3) cell samp les shal l  be t.sted In

• accordance wi th the l60’F storage test (3 above) . No failures are perm i tt ed
for acceptance of th i s  r ep le n is hn~ent lot of twenty (20) cel ls. If one or
more failures occ~.ir , th~ lot of t~ienty (20) c e l l s  shall be rejected and a
new lo t of twenty-three (23) cells shall be fabricated and three (3) shall
be tested. This procedure shall be repeated until no faliur.s occur.

PREPARAT I ON FOR DELIVE RY:

• - Preservation and packaging ; Preservation and peckaglng shall be In accordance
with latest issue of basic specification except that no intermediate packag—
Ing shall be requ i red and unit packag ing sha l l  be as f o l l~~s:

F A unit package shall consis t of one battery In dividually packaged per
method IC—I of M1 L—B—l l 6 . Battery sh~ .l be piaced In a barrier bag
fabrica ted of n a ter Ia l conforming to L-P-378 , type I , gra de B , fI nish I ,
having a unifor m thickness of ~4.O ± 0.5 mi ii wI th a heat sea l ed closure .
The bagged battery shall be placed in a close -fitting paperbo a rd box
conforming to i,’P-5-6,6 , type CF , W6c or W5c , sty le optiona l or NIL-B-
~30l4. Closure shall be a: specified in the appendix to the app licable
box specification.

6 I
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M1’fE1~rZs, I1~IU4 O~QA~IC

Th~a ..mendmsct forms a part of Electronics C’~~~’~d Techn~~~l Requtr ants
8t~ -b59, ii 1~ y 3.97k -

• 0 ~~PP4e~~ -

1.1 Delete this paragraph in its entirety a~~ pubstitute the fol.lowLsg $

Ni.]. ~~~~ .Tbis specification cowers primary batteries of the
Don•rei.rve type C~*pO.ed of eiectroehmateal. celia utilisieg a
organic electrolyte-sulfur dioxide syOt.*.~ -

- )1g0 3

3.2 Add “Sulfur Dioxide Os. LeskageN 
- 

3.1.6

- •~~P.g. 7 
- - 

-
-

3.6.9 Safety Fea turees Dilate the last tvo sentences and substitute the
following: -

•

“In addition to this safety precaution each compu te battery e~aU
be fused., when necessary, with a replaceable C/3 ampere time delay fuse.
It a battery type is composed of more than one section, each individial
section shall be fused separately, when necessary, with a replaceable C/3
ampere time delay fuse.” -

P.4.7 
-

-

Add 3.6.9.1’ Safety Diodes - Diodes sb~ll be used in eU parallel ce]].
arrange~nents to prevent charging in the event that one or more cells drops
below 2.95 volts each. Each diode employed will be suitably rated so that
it does not substantially impair the operating electrical characteristics
of the battery. - 

-

Psge 9

3.lk.l Add “Do not charge , incinera te , or mutilate this battery.”
- - Page lO -

Add 3.16 Sulfur DIoxide Gas Leakaq~ — Each cell used In a battery shall
have a monthly leakage rate not to exceed 0.005% of the tota l sulfur dioxide
In the cell when tested in accordanc e with L..7.l2. in addI tion each cel l
shall be hermeti cally sealed having such features as a welded top and athrough connec tor such as a glass to meta l seal. -

I
• . 1-
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TECHNICAL REQU I REMENTS Amencknent 3

1 Add 1..7.l2 Sulfur Dio xide Gas Leakage Test — Each of the c.Ils used for
I cell lot acceptance tests called for In the individua l specifi cation sheets

of this specifI cation shall be weighed to the nearest milligram. The
• weig ht of sulfur dIox ide used In the design of the cel l shall be recorded .

At the end of 30 days storage at 160°F the cells shall be removed f rom the
temperature cabi net place d In e deslccstor and cool ed for at least 2 hours
min i mum , and then wei ghed.

-b.
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Effort has commenced on the MM&T program to establish the fabri-
cation techniques and requirements necessary to meet hardware
production levels as specified in the subject contract. A PERT!
TIME NETWORK was developed to define specified management and
engineering objectives within the overall program . Initxal
hermetic cell and battery component design has been developed to
meet and/or exceed all performance , safety and environmental ~~~~~~ _--
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pecifications. The basic system concepts for electrolyte fill and
dispensing , core winding , cathode/anode manufacture and hermetic
closure have been defined to permit subsequent integration wi thin
an operational production line . Interface with automated equ ipment
manufacturers will continue to define specific machine elements and
initiate hardware procurement within the time frame of the PERT!
TIME NETWORK. 
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