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NOTICES

Disclaimers

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 commercial pro-
ducts or services referenced herein.

Disposition

.

Destroy this 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 manu-
facturing processes, techniques or equipment to insure
the efficient production of current or future defense
programs,
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ABSTRACT

Effort has commenced 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 Network
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 fill and
dispensing, core winding, cathode/anode manufacture

and hermetic closure have been defined to permit sub-
sequent integration within an operational production
line. Interface with automated equipment manufacturers
continue in order to define specific machine 2lements
and initiate hardware procurement within the time frame

of the PERT/TIME Network.




PURPOSE

The basic objectives of this program are to:

a)

b)

c)

establish the producibility of the speci-
fied hermetically sealed lithium cells

and batteries by mass production techniques
and facilities:

establish and improve quality control sur-
veillance and inspection;

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
within an operational manufacturing process.
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I. INTRODUCTION

The Manufacturing Methods and Technology (MMAT)
Project No. 2759371 to Establish Automatic Electrode
Production for Lithium Hermetic Cells requires the
establishment of production techniques for 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 ( )/uU BA-5841 ( )/u
BA-5090 ( )/uU BA-5100 ( )/uU
BA-5842 ( )/u BA-5567 ( )/U
BA-5568 ( )/U BA-5598 ( )/uU

The production engineering goals of this program
are to perform the necgssary design, development, en-
gineering, fabrication of special tooling and construc-
tion of test facilities and limited 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.




II. GENERAL 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:
Aooder 2 B4 —me 3 047 + 2e” ]
Cathode: 2 SO2 + 26 —e SZO4

Full Cell: 2 Li + 2 SOZ--——--.LJ'.2 s, 0, ‘

Cs Cell Components

ol e el g i

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 .01Q" to .019" thick.
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2. Cathode

The cathode is fabricated from a mixture of carbon/
binder and solvents which are formed onto an aluminum ~
expanded metal current collector.

3s 502 < Organic Electrolyte

The electrolyte system consists of three components.
These components include S0;, organic solvent and lithium
salt. One major constituent of the electrolyte is SO0j3.
As shown in the full cell reaction, S02 is utilized in
the cell reaction to form LijS,;04 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,
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D. Cell Design

The PCI lithium c«ii design which has been used
over the past five years will be used as the basis for
the required cells and batteries. Design modifications
will be implemented as required to facilitate auto-
mated assembly and reduce overall fabrication costs.
The design chosen allowe 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.
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III. FABRICATION PROCESSES

The fabrication processes which have been utilized
at PCI over thée 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.

k A. Cathode Manufacture

: The cathode as described previously consists of a
L 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

é and drying to remove the solvent and allow
‘ the carbon/binder mixture to uniformly dis-

' perse onto the aluminum grid.

4. The sheet 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 structure of pure
lithium in ribbon form, onto which is “staked" a copper
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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.

€. 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 tab 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 formulated 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 tou 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.




IV. PROGRAM EVALUATION & REVIEW TECHNIQUE

A PERT system has been proposed as a means of com-
paring current performance and status against planned
performance, 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 figure 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 Machine 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, after 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
ipment 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 deacribed in the body of this report
indicates, PCI has closely adhered to the schedules
shown in the PERT Network.
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V. MANUFACTURING PROCESS DEVELOPMENT

A.C cell and Battery Design

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 Design

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 Requirements

Dimensional Configuration 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




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, effectiveness,
economics and adaptability to automated production.

The proposed vent structure located in the base of
the cell can essentially 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 stress corrosion. Vent

15
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CELL OUTLINE DIMENSIONS

FIGURE 5

-

~ B

BATTERY BA-5598 | BA~5100 |BA~5590 |BA-5585 | BA-5567 | BA-5841 | BA-5574 | BA-5090

TYPE ~5842 -5568

DIMENSION
J U 1.500 1.500 1.325 1.000 .910

(DIAMETER)

DIMENSION
up" 1.970 1.070 2.375 2.340 .575

(HEIGHT)

CASE THICKNESS .019 .019 .019 .019 .019

16
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TABLE 1
CELL ELECTRODE CHARACTERISTICS

BATTERY TYPE 5598 | 5100 | 5590 | 5842 15585 {5567 | 5568 { 5841 | 5574| 5090
ANODE
Length 27.0{27.0}21.0{ 11.5{ 23.0| 11.5|10.0} 5.5 | 5.5 | 4.5
width 1.375| .562 h.625 f.625 f1.625] .200].200 p.125} .750] .500
Thickness .012 { .012{ .012 | .019{ .008| .012{.012 | .010} .010] .010
Weight (gm) 3,91 1.86153.6 13.1 12.6 ] .24 1.21 §1.0 { .3 ] .2
CATHODE
Length 28.0 {28.0{22.0112.0|24.0{ 12.0]10.5}6.0 | 5.0 | 5.0
Width 1.375| .562 h.625 f.625 h.625].200 |.200 R.125] .750].500
Thickness .033 | .033].033].040] .020) .033].033| .024] .024].024
ELECTROLYTE
Weight (gm) 34 20 34 34 15 l4.5 3.5 |8.0 | 4.0 | 2.5
CELL WEIGHT
(gm) 90 37 85 85 58 | 12 12 23 112 7
CURRENT REQUIREMENTS .95 .093 | 3.0 3.0
(amps) .048 .64 | .175| .64|.056 {.090 | .12 |.115 {.013
.05 .05
CATHODE SURFACE
AREA (cm?) 497 {226 |461 |252 |s503 | 31 27 | 165 | s8 32
CURRENT DENSITY
LEVEL 1.o1 [.41 [6.5 6.0 {1.81 {3.33].73 [1.98 | .41
(mia /i) .10 1.4 | .69 |1.3
e e .11 .10
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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 transmite
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-established 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 Circuit Test - Test cells were subjected
to a continuous external short circuit (less
than 0.1 ohm). External case temperature
was continuously monitored. Results to date
indicate safe vent activation at a temperature
of 170 - 1959F. However, it should be noted
that such thermal measurements are not indi-
cative of internal cell temperature due to
poor thermal conductivity of the electrolyte.

. High Temperature Exposure -~ Test cells were
subjected to high temperature levels at a
rate of 20F/minute to determine the actual
cell venting temperature. Preliminary results
indicate a vent temperature of 220 to 2500F,

. 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 integrity. All samples successfully

withstood 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
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While the reliability of this venting technique
has been demonstrated for cells having a minimum dia-
meter of 1% 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 1% 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 since cell capacity is directly
I proportional to available internal volume.

Prototype tooling is presently being fabricated to
s permit evaluation of both vent designs during the next
1 quarterly period. Such test data will be used as the
b

basis for selecting the optimal design approach.
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3. Battery Design

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.

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.

BA-5590/U

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.

BA-5842/U

The BA-5842/U battery will consist of four

(4) cells connected in two parallel sections
as shown in Figure 11. Nominal output voltage
will be 5.5 volts. Each section will be pro-
tected with type IN91 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

22
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e.

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.

BA-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

. 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 6.

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/
battery design specifications are shown in
Table 7.

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-5841/U

The BA-5841/U battery will 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 s8ili-
cone rubber sealant, Type RTV-102. The
battery will be encapsulated with an epoxy
compound capable of withstanding tempera-
tures of -85 to 1650F without deformation.
The battery will be protected with 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 fit connector/cap assemblies

will be cemented at each end using Araldite
502 or equivalent. This connector will
serve as the positive battery terminal.

The sleeve end will be filled with silicone
rubber sealant, Type RTV-102. The battery
will not be protected by a fuse. The cell/
battery design specifications are shown in
Table 10.

j. BA-5090/U

The BA-5090/U battery will consist of three
(3) series connected cells as shown in

Figure 17. The battery will not be protected

by a fuse. The battery will be packaged
within a cold rolled steel case. Snap-on
type terminals ANSI XVII will be used. The
cell /battery design specifications are
shown in Table 11,
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TABLE 2

BA-5598/U CELL REQUIREMENTS

ELECTRICAL

Load Voltage

Discharge Capacity

2 volts min, after a 5
sec. pulse through a
2.5 ohm resistance load

55 hours to 2.0 volts

against duty cycle shown
below after two weeks
storage at 160F and dis-~

charge at =-20F

BA-5598/U BATTERY REQUIREMENTS

PHYSICAL

Number of Cells
Dimensions:
Height
Length
width
Weight (max.)
Connector
Battery Jacket

2,062 .062 inch
4.687 .062 inch
3.562 + .062 inch
1.5 1bs.

x
:

P/N 103-11M (Connector Corp.)

Waterproof paperboard

ELECTRICAL
Stand Weeks Stand Weeks

Test @ 160F @ 130F
I 0 -

L 0 S

H 0 =

HT 4 =

LT 4 -

1T - 13

D - 52

Disch(l) Service
Temp. F Hours
70 2 50
-20 43 35
130 43 50
130 +3 45
-20 +3 30
70 +2 45
70 +2 45

(1) After 16 hours stabilization at test temp.

(2) Time required at beginning of discharge shall not exceed 0.5

seconds to reach 10.0 volts.
Cut-off Voltage A2 unit
Duty Cycle A2 unit

Drop Test: When the battery is tested in accordance with this
specification, the socket shall not move beyond

10.0 volts

14.2 ohms for 2 minutes
291 ohms for 18 minutes
and repeat

the limits specified herein nor shall the com-

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-5100/U CELL REQUIREMENTS

(1) After 16 hours stabilization at test temp.

(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

28

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-SlOOZU BATTERY REQUIREMENTS
PHYSICAL
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) 2
Stand Weeks Stand Weeks Disch Sexvice( )
Test @ 160F @& 130F Temp. ,F Hours
% 0 -— 70 +2 40
L 0 -— -20 +3 21
H 0 -— 130 +3 37
HT 4 -— 130 +3 34
LT 4 ; -— -20 +3 19
T - 13 70 2 35
D - 52 70 +2 36
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TABLE 4
BA-5590/U CELL REQUIRE MENTS

ELECTRICAL
Load Voltage 2 volts min. 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
- .003 inch
Length 4.40 + .000 .
= .oo3 LPeh
Width 2.45 + .000 .,
- .063 inch
Weight (max.) 2.25 1bs,
Connector Miniature Circular Per
Drawing ES-C-211486
Battery Jacket Waterproof paperboard
BEECIRICAL Stand Weeks Stand Weeks Disch(l) Service(z)
Test @ 160F @ 130F Temp. ,F Hours
I 0 - 70 42 48
L 0 -—— -20 +3 24
H 0 -—- 130 *3 42
HT 4 - 130 +3 38
LT 4 - -20 +3 21
T - 13 70 +2 28
D - 52 70 +2 28

(1) After 16 hours stabilization at test temp.

(2) Transient voltages below the 20.0 volt end voltage can not
exceed a 0.1 second duration

Voltage Maximym 32 volts
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*, then through 560 ohms for 9
min and repeat
*An 8 ohm pulse load will be applied during the first 100 ms of
each 1 min cycle. 30
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TABLE 5
BA-5842/U CELL REQUIREMENTS

ELECTRICAL
Load Voltage 2 volts min. after 5 gec.
through 2.5 ohms
Discharge Capacity 26.5 hours to 2 volts

with 175 mA load at -20F
following two weeks
storage at 160F

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 MS3102A10SL4P (Bendix)
Battery Potting Epoxy; capable of with-
standing -65C to 75C
ELECTRICAL
: Maximum Voltage 6 volts
, Capacity Tests
| Stanc Weeks Stand Weeks Disch(l) Service
i Test @ 160F @ 130F Temp. ,F in Hours
'L 0 -— 70 +2 48
f L 0 -—- -20 +3 24
3 H 0 -— 130 +3 42
i HT 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 voitage shall be
observed for a period of 30 seconds with a D.C.

Voltmeter, using a load resistance of 11 ohms end 3
minimum permissible voltage of 4.0 volts
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TABLE 6
BA~5585/U CELL REQUIREMENTS

ELECTRICAL
Load Voltage 2 volts min., after 5 sec.
through 2.5 ohms
Discharge Capacity 13.2 hrs. 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 .
- .003 inch
Length 4.40 t .ggg T
Wwidth 2.45 + .000 .
Weight 1.75 1bs.
Connector Miniature Circular per
Drawing ES-C-211488
Battery Jacket Waterproof paperboard
B EE Stand Weeks Stand Weeks Disch(l) Service(z)
Test @ 160F @ 130F Temp. ,F Hours
I 0 -— 70 +2 24
L 0 - =20 +3 12
H 0 —_— 130 3 21
HT 4 - 130 +3 19
LT 4 - -20 43 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 min. and repeat.
*An 8 ohm pulse load will be -applied during the first 100 ms
of each 1 min. 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 volts
against duty cycle shown
below after two weeks
storage at 160F and dis-
charge at -20F
BA-5567/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(l) Service(z)
Test @ 160F @130F Temp. F Hours
I 0 —-— 70 +2 20
L 0 -_— -20 +3 12
H 0 -— 130 +3 13
HT 4 - 130 +3 17 ;
LT 4 - ~20 43 10 !
T - 13 70 +2 17
D - 52 70 22 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 volts

Duty Cycle Constant discharge
through a 50 ohm
resistance
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TABLE 8
BA~5568/U CELL REQUIREMENTS

ELECTRICAL
Load Voltage 2 volts min. after 5 sec.
pulse with a 10 ohm re-~
sistance load
Discharge Capacity 7.7 hours to 2,0 volts
against duty cycle shown
below after two weeks
storage at 160F 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 + .05 inch
Weight (max.) 85 grams
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 @ 160F @ 130F Temp. F Hours
I 0 -— 70 +2 12
L 0 ——— -20 +3 7
H 0 -—- 130 +3 10
HT 4 -— 130 +3 9
LT 4 - -20 43 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
38
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TABLE 9
BA-5841/U CELL REQUIREMENTS

ELECTRICAL
Load Voltage 2 volts min. after 5 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
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 i
silicone rubber RTV-102 f
ELETRICAL
. (1) —
Stand Weeks Stand Weeks Disch Service |
Test @ 160F @ 130F Temp.,F Hours |
I 0 —- 70 +2 15 |
- 0 - -20 3 8 ]
H 0 -—- 130 23 i3 |
HT 4 - 130 +3 12 |
3
LT 4 -—- -20 +3 7 1
T - ' 13 70 +2 13
D - 52 70 +2 13

(1) After 16 hours stabilization at test temp.

Sisent Sl S 3

(2) Closed circuit voltages below 10.8 volts can not exceed 1.0
second duration 3

el

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
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TABLE 10

BA-5574/U CELL REQUIREMENTS

ELECTRICAL
Load Voltage

Discharge Capacity

2 volts min. after 5 sec.

through 2 ohm
4.4 hours to 2.0 volts

with load of 23.5 ohms at

-20F following 2 weeks
storage at 160F

BA-5574/U BATTERY REQUIREMENTS

PHYSICAL

(1) After 16 hours stabilization at test temp.

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

1 second duration
Voltage (max.)
Cut-off Voltage
Load

Pulse Capability

42

6 volts
4.0 volts
47 ohms continuous

Under a load of 40 ohms,

voltage to be above
4.0V for period of
30 seconds

(2)

Number of Cells 2
Dimensiona:
Height 1.84 inch
Dia. Cell Stack .660 inch
Dia. Cap 1.0 inch
Weight (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(l) Service
Teat @ 160F @ 130F Temp. ,F Hours
I 0] -——— 70 42 8
L 0 - ~20 +3 4
H 0 - 130 43 75
HT 4 -—- 130 +3 6.5
LT 4 -— -20 +3 3.5
T - 13 70 +2 7
D - 52 70 +2 7
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TABLE 11
BA-5090/U CELL REQUIREMENTS

ELECTRICAL
Load Voltage 2 volts minimum after S
seconds pulse through a
20 ohm resistance locad
Discharge Capacity 33 hours to 2.0 volts
against duty cycle shown
below after two weeks
storage at 160F and dis-
charge at -20F
BA~5090[9 BATTERY REQUIREMENTS
PHYSICAL .
Number of Cells 3
Dimensions:
Height 1.906 inch
Length 1.031 : .ggg inch
width .656 : .8gg Snoh
Weight (max.) 50 grams
Terminals Miniature snap on type
ANSIXVII
Battery Jacket Cold rolled steel
FELECTRICAL
Stand Weeks Stand Weeks Disch.(l) Service(Z)
Test @ 160F @ 130F Temp. F Hours
1 0 -— 70 +2 55
4 - -20 +3 30
: H 3 - - 130 +3 50
HT 3 - 130 +3 46
LT 4 - =20 43 26
T - 13 70 +2 48
D - 52 70 +2 48

(1) After 16 hours stabilization at test temperature

(2) puring initial one minute discharge transient voltage
below 6 volts can not exceed a 1 second duration.

Cut-off Voltage 6 volts

Duty Cycle 636 ohm resistance
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B. Anode Fabrication

The negative electrodes for the Li/S0O, 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 essentially
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 sppols 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 5/8 wide(D size) lithium which would
be enough material for 55 cells.

1. Lithium Cutting

Since metallic 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 foil that are amenable
to an automated process. The use of a traditional "guille-
tine" type cutter (see Figure20) 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-
ting, which has proved to be satisfactory, consists of
passing the foil between two rotating plastic wheels
(see Figure 21). This approach has been demonstrated
and results in a clean reproducable cut with minimum
cutting wheel wear. By utilizing 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 wo techniques for
securing the .005" thick copper tab to the end of +thse lithium anode.
The first technigque consisted of resistance welding (us-
ing molybdenum electrodes) the copper tab directly to
the lithium as shown in Figure 18. Althouch this approach
results in a tab which is adequately secureé “c the anode,
1t was ultimately rejected because of unaccerteblz cal-
culated production rates and the inability tc control
lithium "splash" during the welcding operaticn,

A cold welding technique was also investigated and de-
veloped prior to this contract for securing the tab tc the
lithium anode that is reproducible and amena@Xle to hich produc-
tion.Specifically, the tab is: a) “replnr"ﬁr an an ar=za of
the cold weld; b) placed in its appropriate prsition
over the anode and then c¢) struck using a prieumat.c im=-
pact electrode over the tab face as indicated in TFigure
22. In addition to the cold weld that is formed, the tab
is further keyed in place by the fact that tne li*,iJm
is extruded intc the talb perfcrations. Both mechanical
and electrical tests have indicated the suitakili*y cof
this technique for producztion. ‘

During the next report period, PCI will complete the °
design stages of integrating the previously discussed
anode tab cold welding technigue and finalized li<thium
rotary slitter design into the prototype procduction
machine. This machine will be desigred tc achieve the
specified production rate of © 000 "' siz¢ an.,de ~om-
ponents per pormal eicht-hour saift.
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€, Cathode (Positive Electrode) Fabrication

The positive electrode 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 figure 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 quarterly period has been directed
towards developing a continuous technique for fabricat-
ing cathodes at rates consistent with program goais. Two
potential manufacturing processes for fabricating «2zhcodes
have been investigated concurrently. 7The processes are
being studied with the objective of:

a) Minimizing developmental problems;

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

c) Maintaining product quality;

d) Achieving the production goals required under
this program.

One process for continuous cathode fabrication

consists of flowing the raw cathode mix
through a controlled orifice followed by lamination onto
an expanded grid substrate, Control of cathode thictness,
width, porosity and solvent content is a functicn of the
dimensional configuration of the discharge orifice =2m:c :the
rate of material transfer. Preliminary bench scale
experiments have indicated that this approach iz wv:able.
However, two problem areas were encountered:

1. Due to large amounts of solvent present in
the raw mix,solvent is expelled during material transfer
resulting in a solvent gradient at the orifice. This
caused a gradual reduction in material flow rate cs the
"wet" material at the feed end was unable to disvli:ce the

"dry" material at the orifice. By initially rechc..n2¢ the




1

CARBON/BINDE
~ COMPOSITE

POSITIVE ELECTRODE CROSS SECTION

FIGURE 23
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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 rate,
may resolve this 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 filtration, 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 1level. This technique is presently being
evaluated by PCI together with a number of equipment
manufacturers.

A second filtration type technique which has been in-
vestigated for continuous cathode manufacture consists of
a horizontal traveling belt type filter. This 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.
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D. Core Winding

During this quarterly reporting period, designs
for a semi-automatic core winding machine have pro-
gressed through the conceptual design stages to equip-
ment procurement. The core winder will automatically
wind the previously described anode, cathode and
separator laminate into a tightly wound spiral configu~
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 componentsa is critical to avoid
electrical short circuits and insulation resistance
breakdowns between the electrodes. 1In 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 programmed 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 advances the separator
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through the guide and into the prepositioned 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
minimize the time required for core removal and in-

stallation.
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E. Electrolyte Preparation & Dispensing

l. 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 is 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
enclosed mixing vessel. All of the chemicals purchased
have a certified level of purity.
Cartridge type molecular sieves will be used to further
enhance overall purity levels. The vent ports
of the component storage vessels will be pressurized 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 programmer to monitor and control the
flow of organic solvents with respect
to the referenced SO, flow. This technique requires that
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 solution generated by the S0,/
solvent/Li salt mixing. If the heat is not removed,
high tank pressures are encountered and tank venting
becomes necessary. To overcome this, a heat exchanger
will be used to cool the solvents before S0, addition
and remove the heat generated as mixing occurs. This
technique will assure consistent elactrolyte 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 empeller
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 unit incorporated
into the fill head.
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Originally a rotary table containing 8 work sta-
tions was planned. An operator would load the cells
which would then be automatically fed to the fill head.
Based on present filling techniques, 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

l. 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 Figure 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 1078 cc/sec helium which is well within the speci-
fied limits of the contract.

e el Lt
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We are presently investigating the use of a common
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 above as shown in
Figure 28 , is also being congidered. This design would
incorporate the seal eyelet and cell top into one
piece part which would eliminate the eyelet/top weld
operation and 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.

h 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
effect 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 rate using a
helium mass spectrometer. Maximum leak rate observed
was 2 x 10-8 cc/sec helium which is well within the
specified limits of the contract.

N
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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 essentially produced by
a restricted arc between a non-consumable electrode and
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 operator
loads the cell and initiates the following programmed
cycle:

. Start rotation of turntable

. Position torch

. Initiate arc and gas flow

Time weld to allow 1/8" overlap

. Terminate arc and gas flow

Retract torch

~ ()} (S} > w N L
.

Stop rotation of turntable

This equipment is presently in operation and is
being used to hermetically seal all prototype cells.
However, the maximum production quantity is 1,250 "D"
diameter (1.312 inch) cells per B-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 essentially consists of
focusing a high energy laser beam along the cell can/
top interface to produce a structural weld with minimum
heat transfer. This is particularly important 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.

SRSV

Some difficulties have been encountered in obtain-
ing acceptable welds using this laser system. Because
of the extrenely small diameter of the laser beam
(<.010 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 tco
compensate for the energy loss.

Sl st S WP A st Wi oo BN el

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 size, 14 seconds is required.
Weld cycles as short as 5 seconds have also been achieved ;
but weld strength was insufficient to sustain the cell |
working pressures. Therefore, a 5 second cycle, which is
required to meet production rates of 5000 units/day, seems 3
impractical using a 200 watt system. Additional efforts
will be performed using larger laser welding systems.
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Resistance welding of the cell periphery can 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). Arrangements 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 first 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 this discrepancy.

5. External Electrical Connection

Electrical connection of the external positive
terminal will be accomplished as shown in Figure 2.
A steel eyelet is initially resistance welded to the tan- i
talum tube to provide a contact surface for subsequent
welding. An 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 flanged cap is then resis-
tance welded to the eyelet to provide a positive "button"
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 (200) additional prototype cells are
presently being constructed and the subject test pro-
gram will be re-initiated.
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VI. CONCLUSIONS

During the present quarter, work has proceeded in
accordance with the planned engineering objectives as
defined in the PERT/TIME NETWORK. These objectives
include selection of specific mass production fabri-
cation techniques and equipment and implementation of
such techniques 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 ,environmental 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
into a core structure for subsequent installation within
a prepared cell can assembly. The basic machine concept
has been finalized and component selection and equipment
fabrication is presently underway.

Two approaches for continuous cathode fabrication
have been considered for achieving the production goals
of this program. The first process includes the transfer
of raw cathode mix through an orifice followed by lamina-
tion onto an expanded aluminum grid. Solvent gradients
and non-uniform feeding problems have been experienced
with this approach. The second process consists of a
process utilizing both a rotational and horizontal fil-
tration process which filters the mix and deposits the

cathode on the expanded aluminum grid in a
continuous operation.

72

W o : : .
‘5‘. T C*!&ﬂr'-'%n,a‘.:-un g e e " i




Anode fabrication will be accomplished using a
system which will cut continuous rolls of lithium to
a pre-selected length and lamination of a perforated
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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VII. PROGRAM FOR 2ND QUARTER

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.

. Finalization of equipment cesign and pro-
curement of required standard components.
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VIII. 1DENTIFICATION OF PERSONNEL

Dr. Stewart M. Chodosh - (Contract Administrator/
Program Manager) (180 hrs)

Dr. Chodosh has over fifteen years of experience in
the area of energy conversion including research and de-
velopment, project direction and managerial administra-
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 adminis-
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. He is presently responsible for the
scheduling and defining of all manufacturing activities
and overall surveillance cof program milestones.

Martin G. Rosansky - (Senior Engineer) (336 hrs)

Mr. Rosansky has been engaged in the research and
development of various electro-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, scheduling and surveillance of all
engineering efforts and activities.
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Richard M. Tedeschi - (Engineer) (141 hrs)

Mr. Tedeschi has over eight 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, manufacture,
scheduling and surveillance of critical manufacturing
processes.

James L. Maquire - (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 equipment and test data
reporting as required for various military sponsored
programs. He is presently responsible for the super-
vision and surveillance of cell electrolyte 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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(141 hrs)

Mr. Prakash Jog - (Engineer)

Mr. Jog has twelve years experience in the areas
of manufacturing and industrial engineering including
time study analysis, tooling and equipment design and
implementation of in-process product improvements.

He 1s presently responsible for tooling design and
evaluation and for the preparation of all required
cell/battery engineering drawings, specifications and
operational procedures.

Mr. N. Bartilucci - (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
equipment and monitoring of in-process cell assembly

processes.

Mr. Anandaram Joshi - (Test Engineer) (142 hrs)

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 analysis, design and fabrication of
test circuits and test equipment calibration and
maintenance.
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ELECTRONICS COMMAND 8CS-459
TECHNICAL REQUIREMENTI : 17 May 1974

BATTERIES, PRIMARY, LITHIUM OROANIC
1. SCOPE |
1.1 Scope. - This specification covers primary batteries of the non

reserve type composed of electrochemical cells utilising a lithium anode
with an organic type electrolyte.

T i .

1.2 Classification. =

1.2.1 Iype deaignatiof. - The type designation of lithium organic
_ primary batteries be the following form, (SEE 3.1 and 6.%:

BA- 2020 a
ComponanE EEEO!’] ﬁ}-” ns on
nunber indicator
(1.2.1.1) (1020102) (102.1.3)

L 1.2.1.1 Component, - Primary batteries are identified by the two-
: letter sywbol "BA" followed by a hyphen,

1.2.1.2 Battery type number. - The battery type number identifies
the basic design of %E'é Eaffery {See 3.1) and consists of a four digit
mmber in the 5001 through 5999 series. .

e

2. APPLICABLE DOCUMENTS

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

SPECIFICATIONS

R ST

—

FEDERAL

L-P-378 Plastic Film, Polyethylene Thin Gage
1-P-390 Plastic, Molding Material, Polyethylene, Low and Medium
Density
- QQ-C-576  Copper Flat Products with 51it, S1it and Edge-rolled,
i , Sheared, Sawed, or Machine Edges, (Plate, Bar, Sheet,
and Strip)
QQ-N-2%90 Mickel Plating (Electrodepoaited)




B ~

. FEDERAL (Cont'd)

pq_-s-sn

\ Q-S-780
; QQ-T-191
PPP-B-565
PPP-B-601
\  PPP-B-621
PPP-B-636
} PPP-F-320

PPP-T-60
} PPP-T-76
PPP{T-97

£

MILITARY
MIL-M-1l

| MIL-W-76
! MIL-W-6858

MIL-F-14256

MIL-B-4301Y
STANDARDS
FEDERAL

FED.STD.NO,
;3," ' 595

MILITARY
MIL-STD-105

MIL-STD-129
MIL-STD-113

MIL-STD-147

5C3-U59
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Solder: lLead Alloy, Tin Lead Alloy, and Tin Alloy;
Plux Cored Ribbon and Wire, and 80lid Form.

Strapping, Steel, Flat and Seals,

Terne Sheets (long Ternes)

Box, Wood, Wirebound

Box, Wood, Cleated-plywood

m’ M‘ Nailed and Lock-Corner

Box, Fiberboard 3

Fiberboard, Corrugated and Solid, Sheet Stock (Container
grade) and Cut Shapes

Tape, Pressure-Sensitive Adhesive, Waterproof for Packaging
and Sealing

Tape, Pressure-Sensitive Adhesive Paper, Water Resistant
(Por Carton 8ealing)

Tape, Pressure-Sensitive Adhesive, Filament Reinforced

Molding Plastics and Molded Plastic Parts, Thermo-setting

Wire and Cable, Hook-up, Electrical Insulated

Welding, Resistance, Aluminum, Magnesium, Non-hardening
Steels or Alloys, Heat-resisting Alloys, and Titanium
Alloys, Spot and Seam ‘

Flux, Soldering, Liquid (Rosin Base)

Boxes, Water Resistant Paperboard, Folding, Set-wp and
Metal-stayed

Colors

,‘/

Sampling Procedures and Tables for Inspection by
Attributes

Marking for Shipment and Storage

Specifications and Standards, Order of Precedence
for the Selection of

Palletized and Containerized Unit Loads LO Inch
x 48 Inch Pallets, Skids, Runners, or Pallet

Type Base
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(Copies of upacincationl. standards, specification sheets and publications
required by suppliers in comnection with specific procuremsnt functions
should be obtained from the proouring cctiviﬁy or as directed by the
contracting officer.)

l 3. REQUIREMENTS

3.1 Mlitar ecification sheets for individual batte 8, =
Detail requirements or exceptions applicable to Individual types are
specified on the military specification sheets associated with this
specification. In the event of any conflict between requirements of
this specification and the individual military specification sheet the
latter shall govern,

3.2 Classification of requirements. - The requirements for the
product are classilled herein as followst

Requirement Paragraph

Selection of specifications
and standards

. First Article
Materials and components
Design and conatruction
Insulation reslistance
Dielectric strength

y Capacity

: Initial voltage delay

e ® ® o o
S\OO‘O\V\?U

'Vibration
Mechanical shock
Altitude

Labeling and marking
Workmanship

WWwWww wWwwwWwuwww
A

e @& o & o

— — o — —
Vi SN —-—

3.3 Selection of specification and standards. - Specifications and
standards for necessary commodities and services not specified herein
shall be selected in accordance with MIL-STD-143.

3.4, First Article.- Batteries furnished under this specification
shall be a product which has been tested, and passed the first article
inspection specified herein.

3.5 Materials and components, - When a definite 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 Government, certification from the source of the material or
component will be required, In the absence of certification from the

L -
§v>d‘ W "‘2'?-‘,-.1- .

wo N A o i
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source, a cartificate of analysis or certifled Inspection data will be

required. (See para 4.4 and 4.4.1) All basic materials or components,
used In the manufacture of cells and batteries, which are not speciflied
herein, shall be certifled for conformance to the manufacturer's design

specification alther by the manufacturer or his supplier.

3.5.1 Metals. - All metals which do not enter lnio the baslc
electrochemical reaction of the cell shall resist or be treated to

resist corrosion.

3.6.1.1 Dissimilar metals. ~ When dissimllar metals which would
adversely affect battery performance are used In Intimate contact wlth
each other, protection against electrolysis and corrosion shall be
provided.

3.6 Deslgn and construction. - Batterles shall be of the deslign,
construction, physical dimensions, weight, and polarity specified In 3.1.

3.6.1 Battery voltages. -

3.6.1.1 Open-clircult voltage. - The open-clrcult voltage shall not
exceed the maximum vo)tage specified. (See 3.1 and 4.7.5.1)

3.6.1.2 Closed~clrcuit voltage. - The closed-clrcult voltage shall
be not )ess than the minimum voltage specified. (See 3.1 and L.7.5.2)

-_t':.
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' TABLE I - Materials and Components
it Applicable qua‘dcauonu Methode of
f Materials or components or requirements<{See L.L) test (5ee L.L.1)|
SOId,r -]-'-/o-occooooooooo m-S-S'n. . > ; .
Soldering Flux yooo-ooo . MIL-F-14256 ‘ : i
u.m. ceecsceveeevoqgeee '30501 o ]
i Nickel phtinz ceseeve0e m""-290 8 {
I WATO cecevsssccsvcescaes KIL-U-'{b . i
Plastic, Molded ceeconee mﬂ“'nl, type W‘ i
Plastic polyethylene ... 1~P=390, type 1 ,
TAP® tecessvcccccsnosove PPP-T-60 1'
Insulating, irpregnating _
potting and sealing
OO@OW' TR 3.602 ' bc?ololol
p Filler or padding ceceece 3.6-3 i ho?ol
Cell-block-contaiper
material cececcccecpcce 306oh and 3-8 b.?.Z
Intefcell separation ,.. 3.6.5 L.7.2
Jackets, metallie 3/ ...| 3.6.10.1 | SOl
JaCthﬂ’ non-mumo“' 306.1002 a h0702
Terminal mounting plate. 3.8 : k.7.2
1/ For electrical connections, type SnlO or higher tin content shall be used;
2/ If other fluxes are used, they shall not affect the performance of the .
battery or reduce its shelf 1life.
3/ Test methods L,7.2 s applicable only for metallic jackets of material
other than terneplate.

‘ “‘v e - - T
TP AR T ot b, 3 W c’%-“a'w'~w.. DO e n i
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3.6,2 Insulating, gggregnat1¥g, potting and sealing cgg%ounds. -
The insulating, regnating, potting, and se compounds
exclude moisture from insulating material without impairing ite elec-
trical characteristics. When tested as specified in LeT.1.1.1 the -
potting and sealing compounds shall not flow at high temperature, nor
orack or dray sway from the sides of & container at low texperature
sufficlently to impair electrical connections. Voids vithin the
potted battery, except the socket well, shall be adequately £illed with
microcrystalline wax, asphalt, wood blocks, or wvax-inpregnated chip-
board, or equivalent material.

3.6..3 mgr_nﬂﬁm. « PMAller or padding -hnn be & cushion=

ing electrically sonconducting material which maintaine its insulating

characteristics under adverse envirommental conditions, If adveree
environmental conditions affect this material, then it shall be isolated
from the electrical components by an insulating material that maintains
its elactrical characteristice. _

3.6.L 1-blook containers. - Cell-block container shall be an
insuleting u%'r'{ﬁ ﬁﬁ s group or & stack of individual cells.

3.6.5 Inotercell separation. - A separator shall be placed between
cells in nx&n connocfzs malticell batteries., The separator shall be

an inpulating material.

3.6.6 JIntercell connections, = Intercell connections shall be
welded in aocordance with Mil-w-6858, Class B. Connectiona between
cell block and terminal shall be 80 insulated or poeitioned as to avoid
contact with other conducting material and/or Jjacket of the battery.
when insulated wire is soldered to terminal lugs, 4¢ shall not be bared
more than 3/32 inch from the lug nor shall it extend more than 3/32 inch
beyond the 1lug.

3,6.7 Age of cells. - The minimum age of cells, from the time of
their fabrication to the time of thelr presentution for acceptance in-
spection as batteries, shall be S days. The maximum age of cells, from
the time of their fabrication to the time of their shipping date, shall
be 120 days. Batteries shall be submitted for acceptance inspection
not more than LS days prior to the shipping date.

3,6.8 Terminals. - Terminals shall be provided ae specified in
{ndividual specificatdon sheets. The type, dimensions, location, and
mounting are cited therein. (3.1)

=9

R s
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3.6.9 Safety feature. - Each cell of the battery shall contain
a feature so that any potentially explosive condltlon caused by sustalined
external or Internal shorting or incineration will cause the safety feature
to activate and thus preclude an explosion. in addition to this safety
precaution each complete battery shall be fused with a 2 ampere time delay
fuse. |If a battery type Is composed of more than one section, cach in=
dividual section shall be fused separately with a 2 ampere time delay fuse.

-

3.6.10 Jackets. - The jeckets may consist of elther metallic or
nonmetallic material. The contents of multicell batteries shall fit
snugly enough In the Jackets to minimize movement of the cells. Jackets
covering one or more cylindrical cells stacked end on end, and having
open top and open bottom, shall be so attached to the cells as to prevent
them from sllpping out when held or shaken vertically. The bottom opening
of the jacket shall be of the size specified. (See 3.1)

3.6.10.1 Metallic jackets. = E

3.6.10.1.1 Prilor to battery fabrication. = The Inslde of the jacket,
when other than terneplate, shall be coated or lined with an electrolyte
corroslion resistant material.,

3.6.10.1.2 As a fabricated battery. ~ The outside of the battery
shall have a coating to protect the jacket from corrosion during or at
the concluston of any of the tests specifled herein. The contents of
the jacket shall be completely insulated from the metal unless otherwise
specifled. The jacket shall not become permanently distorted nor open at
any of Its seams after belng subjected to the test speciflied In 4.7.3.1.
The test of 4.7.3.1 shall be applicable to batteries weighing § pounds
or more.

3.6.10.2 Nonmetalllc Jacket. = When wax coating a nonmetallic jacket,
microcrystalline wax or equal shall be used. All excess wax shall be
removed from the external surfaces of the jacket.

. 3.6.10.3 Jacket Integrity. - Metalllic jackets shall show no evidence
of water penetration and nonmetalllc jackets shall not fall apart and the
seams shall remain Intact when tested as specifled In 4.7.3.2. The battery,
following water Immersion for a period of 48 hours shall provide at least
95% of the speciflied capacity when discharged In accordance with 4.7.6.1.1.

3.6:10.h Color of jackets. = The color of exposed surfaces of
Jackets shal) match one of the following lusterless greens 34079, 34086,
34087, 34096, 34102, 34127, and 34128 per Federal Standard No. 595.

3.6.11 Cell construction. - Construction shall be such that It will
be Impossible for one cell to be short-circulted by coming In contact with
another cell of fhe same type when placed end to end.

3.6.12 Maﬁdfacturlng#processes. - The contractor shall halntaln
records on all manufacturing processes he employs for the preparation,
fabrication and/or refining of cell and battery components. These records
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should be avallable to the Government upon request. The records shall
be so maintalinad that any battery can be ldentifled with respect to
material used, batch number, component suppller, and any other pertifent
process data.

3.6.12.1 Tlme order production. = Time order production will be
maintained on cell and battery fabrication. Cells, as they are produced,
are to be numbered cqnsecutiyely-and wlll be used for esch successive
battery fabrigation,

3. 7 [n;glatlon tgs]:tance. = The |nsulation resistance betwesn
any two termipals pot elegtrically connected, and between all ungrounded
terminals and the Jacket of the battery, sha{l be not less than flve
megohms when tested as specified In 4.7.7.

3.8 Dle%ectrlc strength. - When applicable materials are tested
as specified in 4.7.2, there shall be no voltage breskdown durlng the
entire test perlod.

3.9 Capaclty. --When the battery Is tested for capaclity as specl-
fled In 4.7.6 the time required to terminate the discharge as specified
In 4,7.6.5 sha)l be not less than the minimum time specifled. (3.1)

3.10 Initlal voltage delay. - When the battery Is tested for
capacity, the time required at the beginning of discharge for the
battery units to reach end voltage after the load is applied shall not
be more than the time specified. (3.1) .

© 3,11 Vibratlon. - After the batteries have been tested as speci-
fied In 4.7.8 they shall meet the visual and mechanical and battery
voltage requirements (see 3.6.1 through 3.6.1.2). There shall be no
voltage fluctuations during the test.

3.12 Mechanical shock. - After the batteries have been tested as
speciflied in 4.7.9 they shall meet the visual and mechanical and battery
voltage requirementz (See 3.6.1 through 3.6.1.2).

3.13 Alt]tude. After the batterles have been tested as specified
In 4.7.11 they shall meet the visual and mechanlical and battery voltage
requirements. (See 3.6.1 through 3.6.1.2)

3.14 Labeling and marking. = All tabaling and marking shall be
clear and legible throughout all the tests specifled herein. Labellng
and marking shall be black. Metallic and plastic Jackets may have the
labeling and marking embossed, or die depressed, In which case It may
be the same color as the background.
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3.14.,1 Labels, - Each battery shall bave a label positioned as
specified in J.I, If there is insufficlent space to show all required
information on one face of the battery, it shall be contained on another
face. There shall be no information on the label other than the follow-

ing:
 BATTERY, PRIMARY, LITHIUM ORGANIC

4 \ ' Type Designation

(Contract Number)

L Manufacturer's nsme
) (Trade name may also bs used)
Manufacturer's plant

BATTERY, PRIMARY, LITHIUM OROANIC
BA-5270/U

= ' DAABOS-73-C-1234

0373
» ; John E Doe Company
JoDOCO

et Batteryville, N.J.
NOTE: The code may be placed on the bottom of single-cell batteries.

3.14,1,1 Code. - The code shown shall indicate the month and year
of manufacture of the battery by means of a four-digit mumber in which
the first two digits shall indicate the number of the month and the last
two digits shall indicate the year. Months earlier than the tenth month
shall be a single digit preceded by "0",

EXAMPLESs

A battery manufactured in March 1973 will bear the code ®0373".

A battery manufectured in November 1973 will bear the code "1173".
When a battery is completed during the last three working days of a

month, or the first three working days of the subsequent month, the
manufacturer s permitted to use either month as the date to be coded,
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3.14.2 Special marking. - A black band, extending around approx-
imately one 05% (1/3) of the battery length, shall be provided on each

Jacket. The term "LITHIUM BATTERY" shall appear in bold lusterless
green lettering (same as jacket color) on the black portion of the jacket
in the locations indicated on the applicable specificatiom sheet. (See 3.1)

3,14,3 Terminal marking. - On batteries having socket-type terminals,
a1l markings such as pomgy, voltage, and the unit of battery (A, B, C,
etc.) shall appear on the face of the battery bearing the socket, On other
type terminals, the terminal markings may appear on the top or the side of
the battery, or both. Markings shall indicate cleariy the terminals to
which they refer.

3.15 Vorkmanship. - Batteries shall be processed in such a manner
as to be uniform in quality and shall be free from defects that will
affect their life, serviceability, interchangeability, or appearance.

4. QUALITY ASSURANCE PROVISIONS

L.l Responsibility for inspection. - Unless otherwise specified in
the contract or purchase order, the supplier.is responsible for the
performance of all inspection requirements as specified herein. Except
as otherwise specified in the contract or order, the supplier may use
his own or any other facilities suitable for the performance of the
inspection requirements specified herein, unless disapproved by the
Goverrment. The Government reserves the right to perform any of the
inaspections set forth in the specifications where such inspections are
deemed necessary to assure supplies and services conform to prescribed

+ yvequirements.

: L.1.1 Test equipment and inspection facilities. - Test equipment
and inspection TacEIItIoo shall be of sufficlent accuracy, quality and

quantity to permit performance of the required inspection. The supplier
shall establish calibration of inspection equipnent to the satisfaction

of the Govermment., Inspection equipment furnished by the Govermment for
performing certain inspection at supplier's plant, will be calibrated by
the supplier and maintained by the Government.

L.1.1.1 Instrument accuracy. -

L.1.1.1,1 Voltmeters and ammeters. - All voltmeters and ammeters
used in testing the batteries shall be accurate within 1 percent of the
full-scale value, The voltmeter and ammeter ranges shall be such that
all readings are taken on the upper half of the scale. The sensitivity
of voltmeters shall be not less than 1,000 ohms per volt.
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Lh..1.1.2 Resistor tolerance, = During all tests invoiving
discharge through a reslstance, such resistance shall be accurate within
the following percentagesi

7

-
2
-

; Parcent

L ' Up to and including 25,000 Ohm® seccccccee 0.5
From above 25,000 ohms to and 2 :

including 1 megohm cececescosscsccccas 1.0

ADOVEe ) mOGOITE secscesctcccccccssscscscses sqo

In determining the resistance unsed as & test load, the resistance of all
continuously operating voltmeters shall be considered as part of the
specified load.

hel.l.l.3 Mming. - Timing equipment sball be sccurete within 0.5
| Percﬁntn

k.2 Clasa ation o ction. = The examination and testing of f
batteries g-ch&ll' ""% c'ﬁ'ﬁ?f‘iﬁm—a as followst

, : | (a) Materials and components inspection. (See L.kL)
(b) 'H.r-t artiole inspection. (See L.5)

e i s el

(c) Quality Conformance inspection. ) :
k (1) Inspection of product for delivery. (See L.6.1)
(2) Inspection of preparation foc delivery. (8ee 4.6.2)
. 4.3 Inspection conditions. - Except as otherwise specified herein,
| all examinations and tests shall be performed at a temperature of 80°%¢

x ; 20°P, (26.7° + 11.1°C.), ambient atmospheric pressure, and relative
.’ hunidity. .

L.l Materials and components inspection. - Materials and components
inspection shall consist of verification by certification from the source
that the materials and components used in fabricating the batteries are
in accordance with applicable requirements prior to such fabrication. In
the absence of certification from the source a certificate of analysis or
certified inspection data shall be required as proof of conformance to
applicable requirements, Materials and components involved are listed in
tabl‘ Io

L.h.l Samples of materjals and components. - For those items listed
4n table I for which the specification requirement does not reference
a subsidiary specification, eight samples of materials or components,
treated and processed as they would be in the finished batteries, shall
be inspectod. _ ;
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Sample batteries. -

F . the required quantity
T 10,
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Firet article inspection shall be performed
by the supplier as specified in L4.5.1 through L4.5.1.2.

The supplier shall fabricate per Table II
atteries constituting a first article inapection

L.5.1.1 Inspection routine. - First article inspection shall

consiat cf all the examinations and teats per Table II.
battery, untested, is to remain at the supplier's plant and to be
available as a standard for comparative purposes.

One

Table IT First Article Inspection

sample

~Yo. of Requirement | Wethod of Test
CGroup | Batteries Examination and Test Paragraph Paragraph
I 20 Visual-mechanical examipation 3.6 & 3.15 bh.7.1
20 Battery voltage 3.6.1 h.'l.S; lss.;l.s.l
20 ' Dimensions & wedght 3.6 boTul & L.7.4.1
20 Mechanical shock 3.12 L.7.9
20 v1br‘ti°n 3 ou h.? 08
20 Altitude 3.13 L.7.11
20 Insulation resistance 3.7 Le7.7
20 Capacity tests 3.9& 3.10 2.7.2% thru
.7. L]
IA 10 "I" test @ 70°F 3.9 & 3,10 L.7.6.1.1
IB [ LY test @ -20°F 3.9 & 3.10 4.7.6.1.2
IC 5 "H" test @ 130°F 3.9 & 3.10 Le7.6.1.3
II 120 Visual-mechanical exardnation 3.6 & 3.15 L.7.1
) 20 B‘tter’ VOlt.gﬂ 3.601 o h.?oS' .7.501
& L.7.5.2
20 Storage & capacity tests 3.9.4 3.10 h.;.g.% thru
3 el oeWVe
i IIA 10 PHT" teat @ 130°F after 3.9 & 3,10 L.7.6.1.5
L4 weeks at.orago @ 160°F
IIB 10 "LT" test @ "20 F after 309 & 3010 ho7.6.10h
L weeks storage @ 160°F
I1I 15 Battery voltage 3.6.1 h.z.g,shé'?.s.l
,‘ & slede
IIIA 10 Safety feature 3.6.9, 4.7.10
I1IB 1 Jacket Integrity 3.6.10,3 4.7.3.2,
. ' h.7.6.1.1
111 15 Visual mechamical examination 3,6 & 3.15 L.7.1
v 1 Untested-reference sample - L.S5.1.1
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L.5.1.2 Pallure. ~ If one or more sample batteries fail to weet
any of the first article examinations and tests, the supplier shall
4{mmediately make the remedial changes. The supplier at no additional
cost to the government shall be required to submit additional first
article samples for reinspection. A description of the corrective action
taken or to be taken shall be included in the first article inspection

report.
. L.6 Quality conformsnce inspection,

4.6.1 Inspection of product for delivery., - The contractor shall
perform the Inspection epecified in G.L and E.6.1.2 through 4.6.1.5.3.
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 govermment will review and evaluate the contractor's inspection
procedures and examine the contractor's inspection records. In addition,
the Govermsent--at its discretion--may perform all or amy part of the
specified inspection, to verify the contraotor's compliance with specified
requirements. (See 6.3) Test equipment for Govermment verification
inspection shall be made available by the contraotor,

L.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 manufacture
on any one contract, submitted at one time to quality conformance
inspection.

4.6.1.1.1 Shipment lot. - The shipment lot (Ns) 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. :

4.6.1.1.2 Contract lot. - The contract lot (N) is the total of
all batteries (exclusive of the number of batteries required as samples)
of any one type, delivered in one or more shipment lots, under the terms
of any one contract.

L.6.1.2 QOpowp A inspection. - 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 accordance with MIL-STD-105. Each lot shall
be subjected to sampling inspection, utilizing the procedures of MIL-STD-105,
using the general inspection levels and AQL's indicated in Table III.
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Exampination Requirement Method of Insp
and Test Paragraph Toat Para, ¥aJor [ Hnor | Level
Visual-Mechanical 3.6 & 3,15 be?.1 1,081 L.O | II
Battery vo:-m. 3.6 ho?ts 10“ - I
h'?igol
‘ h.7.5.2

4.6.1.3

Srowp D Inspection
shall conform to Table IV and to special procedures for small-samp

inspection of MIL-STD-105. Oroup B inspection shall be performed in the

o = This inspection, inoluding sampling,

le

order listed in Table IV on the same sample batteries and shall normelly
be performed on inspection lots that have passed group A ipspection.

Table IV Growp B Inspection

Requirement "Wethod of Test ~ Inspection
Examination and Teat Paragraph Paragraph QL Level
Subgrowp 1
Dimensions & weight 3.6 Lo7.k & b.7.%.1 0.65% Sl
Insulation resistance 3.7 LeT47 0.65% S-1
Battery voltage 3.6.1 be7.5 & 4.7.5.1 0.65¢ | S-1
Safety feature 3.6.9 L.7.10 0.65¢ | S-1
Visual & mechanical 3.6 & 3.15 4.7.1 ll; “’ég:: gj
Subgroup 2
Mechanical shock 3.12 L.7.9 2.5 S-1
Vibration 3.11 L.7.8 2.5 S-1
Altitude 3.13 L.7.11 2.5 S=1
Blttory VOlt‘gO 3.601 ho?os & ho?oSol 205 S=1
Jacket Integrlty 306.10-3 ho71302 2.5 S-1
Visual & mechanical 3.6 & 3.15 k7.1 ﬁ major! 5.1
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L.6.1.4 Group C lnspectIOn. - Group C Inspection shall consist
of (a) HT capacity test with 130°F dlscharge after only 2 week storage
at 160°F, and (b) LT capaclty test with -20°F discharge after only 2 week
storage at 160°F.

4.6.1.4.1 Sampling Plan. = Ten (10) samples each shall be taken at
random from the flrst 20% of production batteries fabricated In each
monthly shipment lot.

b.6.V.4.2 Group C fal'uret. - Actlon required relative to Group C
fallures shall be as specifled In contract or purchase order. More than
one fallure per sample group of ten shall constitute a fallure of the

monthly production lot. A fallure is any sample having one or more of
the following deficiencies:

(1) Insufficlent service
- (2) Excessive Inltial voltage delay
(3) Battery exceeds dimensional tolerances after discharge.
4.6.1.5 Group D Inspection. - Group D Inspection shall be performed
at the Government inspection facility (See 6.1(f)) on sample batteries in

accordance with Table V. Shipment of the lot represented by the sample
batteries shall not be heldup pending the results of group p inspection.

4,6.1.5.1 Sampling plan. ~ A sanple of n, batteries shall be selected
at random from production for each shipment lot in amounts determined from
the following formula. The sample size shall be rounded off in the case of
fractions to an adjacent Integer (up or down for each shipment lot), so
that exactly n batteries have been assigned to each capacity test (T and
LT), when the sample for the shipment of the contract lot has been drawn.

N
ng wa + N§ (zn)

3 when D capacity test Is specified (See 3.1),
otherwise a = 0.

ng = number of batterles to be taken from each shipment lot
Ng = number of batteries In the shipment lot
=« pumber of batteries In the contract lot (See Table Vi)

= pumber of batteries to be taken from the contract lot
for each of the two capacity tests, T and LT, In
accordance with Table VI. (Total number of batteries
selected equals 2n).
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4.6.1.5.1.1 Smaller-than-shipment (subshipment) lots. - At the
supplier's option selection of sample batteries (see 4.6.1.5.1) may be
made on a smaller-than-shipment (subshipment) lot basis. In such case,
the sample slize for the subshipment lot shall bear the same ratio to
the sample size for the shipment iot as the subshlpment lot bears to the
shipment lot.

4.6.1.5.1.2 Allocation of sample batterles for group D inspection. -
The number of batteries, ng, selected from a shipment lot (s2e 4.6.1.5.1)
shall be assigned at random for group D Inspection, as follows:

(a) The quantity of batteries (2n Ns/N) In the sample of the

‘first shipment lot shall be taken at random and assigned to the capac!ty

tests. The first battery shall be assigned to the T test and the second
to the LT test. This shall be repeated untl! all the batteries have been
assigned. This sequence of assignment of sample batteries to the two
capacity tests shail be resumed in each succeeding shipment lot at the
same polint at which It ended In the previous shipment lot.

(b) The assignment of batteries to capacity tests shall result
in ‘the allocation of exacgly n batteries to each of the two capacity tests
after the final shipment on the contract lot Is made. |f. necessary the
sample size ng taken from the last shipment lot of & contract shall be
adjusted so that this result Is achieved.

]
Table V Group D Inspection

Requirement Method of
Storage & Capacity Tests Paragraph Test Paragraph
(4.7.6.1 thru
L.7.6.6)
Subgroup | (Adjustment Purposes)
Capacity T ; 3.9 ¢ 3.10 4.7.6.1.6
Capacity LT ' 3.9¢ 3.10 4.7.6.1.4
Subgroup Il (Gov't Control Purposeﬁ)
Capacity D 3.9¢ 3.10 L.7.6.1.7
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Table VI  Sample Size and Acceptance Number
for Each Capacity Test Under Subgroup | of Group D

[ Sam |g glze ”nr for 1/ Acceptance Numbers
(T Y] eac u rou
Contiract lot size 'N Capacltygtcsg gt T end LT Tests
contract lot
0Oto 110 it &
11 to 500 15 o,
501 to 800 ) - 25 5
801 to 1300 35 7
1301 to 3200 50 9
3201 to 8000 75 13
8ool to 22,000 110 : 18
22,000 to 110,000 150 24
over 110,000 225 34

1/ When the number of capaclity values falling below the minimum
requirements specifled (See 3.1) for a given test is equal or
less than the assoclated acceptance number, the contract lot
from which the sample was drawn has met the requirements of
that test.

2/ Determination of compllance specified In 4.6.1.5.2 shall not
‘apply to contract lot sizes of less than II1I.

4.6.1.5.2 Complliance. - The entire contract lot shall be conslidered
as complying when the T and LT test results show compliance.

4.6.1.5.2.) Determination of compliance. - To determine whether the

contract lot conforms to the specified T and LT requirements, the number

of batterles in the sample with capacity values below the minimum capaclity

value specifled in 3.1 for the T and LT test shall be compared with, the
applicable acceptance numbers for sample sizes n in table VI. When the
number for a glven test is less than or equal to the corresponding
acceptance number, the contract lot complies with the requirements of
that test. When the number Is greater than the acceptance number, the
contract lot does not comply. Thls comparison shall be made for tests
T and LT.

) 4.6.1.5.2.2 Missing capacity values. - (f, for any reason, upon

the completion of the T and LT tests, there are fewer than n valid
capaclty values avallable for each test for the evaluation of contract
lot quality, the missing values shall be set equal to the applicable
requlrement.
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4.6.1.5.3 Noncompllance.
4.6.1.5.3.1 Subgroup J. - If the capacity test results do not show

comp) lance with the requirements as defined In 4.6.1.5.2, the entire
contract lot shall be considered as not complying with requirements of
this specification and an adjustment shall be made.

4.6.1.5.3.2 Subgroup I1. = If the number of fallures found during
capacity test D exceeas Tifteen (I15) percent of the number of samples
subjected to this test, the contract lot Is considered non-conforming,
and the condltions of paragraph 6.2 are epplicabls.

€ 4.6.2 Inspection of preparation for delivery. - Sample |tems and
packs shall be selected and Inspected as specified In Specification MIL-
P-116 to verify conformance with requirements In Section 5 herein.

4.7 Methods of examination and tests. =

4.7.1 Visual and mechanical examination. - Batteries shall be
examined to determine compliance with all applicable requirements and
characteristics listed In Table Vil.

Table VII Visual and Mechanical Examination

Recquirement . Reference Paragraph

External

Design and construction 1/
Terminals ¢ e W e e e
Jackets @ 5 e e e
Age of cells . . . . . .
Insulating, Iimpregnating
Potting and sealing compounds . . . . . . .
Labeling and marking . « « « « « « « o ¢« o
work"ansh‘p . . . . . . . . . . L] L . L . .

« =
e o s o
s s e e
a e e o
e ® s e
« o o
e o o o
e e o ®
e = o =

)/ With exception of dimensions and welght which shall be performed
in group B inspection. (See 4.6.1.3)
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TABLE VIII Classification of Visual and Mechanical Examination Defects

Categories Defects
MaJor )

: 101 Improper assembly causing parts to be inoperative or unsafe
I in service.
i 102 Deformed or damaged parts which are inoperative or malfunction
4in service. _
! 103 Cell aging requirement not met, .
f 104 Contact surfaces obstructed by insulation materials so that
‘ electrical use is affected. 1
| 105 Torn nommetallic jackets - any tear or rip with dimension |
: greater than 1/2 inch, |
l . 106 Improper jacket closure. |
07 Insulsting parts or materials missing, damaged, or improperly
: located so as to affect electrical performance. " -
108 Location, polarity and marking of terminals not as specified.
109 Labeling and mariking wrong, missing or illegibie so that
utilization is affected.
110 External and internal threads missing, wrong size or so
damaged to prevent proper use.
11 Electrolyte leakage caused by missing or defective sealing
or closure.
‘ 112 Welded or soldered comnections improperly made so as to
adversely affect battery performance.
Minor :
201 Improper assembly which could reduce 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 materlals which do not adversely
: affect electrical performance.
204 Contact surfaces obstructed by insulating materials which
will not cause mechanical or electrical failure in service.
205 Burrs or imperfections which do not interfere with proper use

in operation, assembly or disassembly, or cause unsafe
condition in service.

206 Improper marking which doesn't hamper utilization or identi-
fication of the battery.

e te b

|
!

PIN Tt ) AR i S
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L.7.1.1.1 Flow or shrinking., - Potting and eealing campounds,
when used, shall be placed in a container, approximately 3 inches wide

by 6 inches long by 3/4 inch high, to wdthin 1/4 inch ¢f the top. The
teugeraturo of the compound within the contaiper shall be raised to
160°F £ S°P. (71.19 ¢ 2.6°C.) and the container shall be held in an
inverted position for 24 hours. Then the temperature of the compound
shall be lowered to 0° ¢ S°P. (-17.8° ¢ 2.80°C). The flow or cracking
or shrinking of the compound from the sides of the container shall be
noted. If flow 18 noted at 160° ¢ SOF. (71.1° ¢ 2.8°C) five batteries
of type involved shall be exposed to 160° ¢+ 5 F. (71.1° g 2.8°)
storage for 24 hours with terainals resting in loweet possible position.
At the end of this exposure period batteries shall be examined to

" determine that there is no ispairwent of electrical contact, (See 3.6.2)

h.;l.2 Dielectric strength, - Applicable specinmens of material and
components shall De coﬁfﬁnomd for LB hours at 160° 3 2°F,

(71.1° £ 1.1°C,) and a relative humidity of SO ¢ 15 percent, then for
"1 hour at 70° £ 5°P, (21.1° % 2.8°C.) and a relative humidity of 50 + 15
percent. Each specimen of material shall then be placed between two
electrodes in such a manner that the electrodes will make contact with
both sides of the specimen being tested. Each electrode shall have a
diameter of 2 inches with the edge rounded to a redius of 1/L inch, so
that the contact surface is a circle 1 1/2 inches in diameter. The
specimen shall extend at least 1/2 inch beyond the electrode surfaces
around the entire circumference of the eluctrode to prevent flash-over
at the edge of the specimen., The specimens of material shall be sub=-
Jected to a potential of 1,000 volts root mean aquare, alternating
current, at commercial 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, &0-cycle
alternating current, to the electrodea. The applied voltage shall be
increased, starting at zero voltage, at an approximate rate of 500 volts
per second. '

U7.3 Jackets. -

L4.7.3.1 Metallic jackets. - Metallic jacketed batteries weighing
five pounds or more shall be loaded by applying weights totalling 100
pounds evenly distributed over the top of the battery and shall remain
80 loaded at least one minute. The condition of the jacket shall be
obsorved. (See 3.6.10,1.2) ‘
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4.7.3.2 Jacket Integrity. - Batteries shall be
immersed to within 1/0 1nch of the top of the jacket in water maintained

at a temperature of 160° g 5°F (71.1° ¢ 2.8°C) for a period of 48 houre.
i The condition of the jacket and its seams shall be observed. (See 3.6,10.3)
Eac! battery shall then be dried at 160° «+ ;°r (71.10 + 1,7°C\ for
- 0? - 30900
24 hours and tested in accordance with L.7.6.1.1.

L.7.4 Dimensions and weicht. - Batteries shall be examined by gaging
or measuring and by we ng to determine conformance,

: k.7.4.1 Dimensions. ~ All dimensions shall include any coating

which may be used, and shall remain within the specified tolerances
throughout the required tests. When box gages are used, batteries, loaded
with the following weights, shall pass freely through the applicable gage
openingss

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

" (b) Batteries weighing 5 pounds or more - loading weight equal
to' thé. weight of the battery.

The inside dimensions of the box gage shall be the specified maximm
outside dimensions of the battery.

b-?-s Batteq volu&. ot

4.7.5.1 Open-circuit voltage. - A direct current voltmeter of
"proper range and sensitivity shall be used to measure the open-circuit
voltage.

4.7.5.2 Closed-circuit voltage, = A direct current voltmeter of
proper range and sensitivity shall be used to measure the closed circuit
voltage utilizing r~sistance specified, (See 3.1)

L.7.6 Capacity. -

4.7.6.1 Capacity Tests. - Sample batteries selected for capacity
tests specified in the individual specification sheet (3.1) shall be
stored and discharged as applicable, in accordance with L.7.6.1.1 through
4.7.6.6, At the beginning of each discharge test the initial voltage
shall be determined in accordance with L.7.6.6.

L.7.6.1.1 Copacity Test I. - Discharge at 70° + 2°F without previous
storage.
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h.z.6.1.2 Capacity Test L, - Diacharge at -20° + I°F after storage
at -20° § 3°F for & mlnimum of sixteen (16) hours,
4.7.6.1.3 cagac{?n Test H, - Discharge at 130° ¢ 3°F after storage
at 130° ¢ 3°P for a um of sixteen (12) bours.,
4.7.6.1.4 Capacity Test LT. - Discharge at -20° t 3°F after four
(L) weeks storage st I&"? and & minimm of sixteen (16) hours at
=200 ¢ 3°F, .
4.7.6.1.5 Capacity Test HT. - Discbarge at 130° ¢ 3°P after four
'§§30“°.kgo;t°r“. s and a ninimun of sixteen (16) hours at
: 4 . :

4.7.6.1.6 Capacity Test T. - Discharge at 70° & 2°F after thirteen
(13) weeka atorage at §3o°y.

4.7.6.1.7 Capacity Test D. - Discharge at 70° & 2°F after fifty-two
(52) weeks storage at ;0’2. ‘

L.7.6.2 Storage conditions. - The storage conditions specified in
Table IX shall prevall during storage periods specified, Normal
conditions shall be maintained insofar as possible. Deviations from
normal conditions are permitted provided that: (1) The extreme
conditions specified in Table TIX do not exist for more than ten
percent (cumulative) of the specified storage periodsj and (2) tha

at no time are the extreme conditions exceeded. -

4.7.6.3 Storage. - Sample batterdes (packaged per contract) shall
be stored at applicable storage conditdons for the specified pericd.
(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)

4.7.6.4 Stabilization preceding discharge. - Following storage, and
conditioning, when applicable, the batteries shall be further stored for
48 hours at ambient discharge conditions . Prior
to initiation of discharge, L and LT test samples shall be stored at
-200 + 3°F and H and HT test samples at 130° & 3°F for a minimum of
sixteen (16) hours.

4.7.6.5 Discharge. - Following stabilization the batteries shall be
discharged at the ambient discharge conditions as specified. The diacharge
shall be terminated when any one of the following conditiona ocour:
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. (a) The battery voltage or the voltage of any one unit falls
¢ below the specified test-end voltage. (For batteries requiring dis-
charge alternately through two resistances, the voltage shall be read
during the final minute of the heavier-load period.)

(b) The bcttery dimensions exceed the maximum specified,

i \." . (SOO 3 1)
: Table JX Storage Test Conditions
Normal Conditiona ‘@no Qonditions
Kind of Temperature Relative Teperature Relative
Storage Humidity ; mmidity
= (percent.) ?por cent)
T Storage 1300 + 3°F N 108°F (L2.2°C) thru N
| - Lo 126°r (52.2°%)
(54,404 1, 7°c; 133°r 256.1°c§ thru
( - 2,29 135% (57.2%
D Storage 70° + S°F S0 + 20 60°F (15.6°C 10 thru 30
- : 65°1" (18.3°% and
8 70 thru 90 !
(21.1°¢ 2,8°C) 75°r (23.9°c§ thru ‘
80°F (26.7°C i
HT and LT 160° + 3°F NA 1L,0°F (6o°cz NA j
.| storage - T°F 153°F (67.2°C)
f & 163°F (72.8°C) thru
{ 271 .19+ 1.7°C) 165°F (73.9°C)
: - 3.9°C)
E
E 4.7.6.6 Initial voltage delay. -~ At the start of the capacity dis~
i charge test, batteries shall be monitored with an oscillograph to determine
the time In fractions of a second required for battery units to reach

minimum vol tage after the specified loads are applied as stipulated in the
Individual specification sheet. (3.1)
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4.7.7 Insulation resistance. - Insulation-resistance test shall be
performed, except as otherwise specified. (See 3.1) Batteries shall be
stored for a period of LB hours at 70° g SOP, (21.1° s 2.8°C.) and a
relative humidity of 50 g 15 percent. After storage and while at these
conditions, the insulation resistance shall be measured by applying s
direct-current potential of 500 + 20 volts between arny two terminals not
electrically connected and between all ungrounded terminals and the
container of the battery. The insulation resistance of batteries having
e nomeotallic container shall be messured by the use of & 1 inch-square
copper plate making physical contact with the container. The plate shall
be placed with the broad surface against any ares of any swrface of the
Jacket other than that on which the battery terminals are located.

L4.7.8 Vibration. - Only multi-cell batteries shall ba subjected to
vibration. Each batlery shall be rigidly clamped to the platform of a
vibration machine 4n a manner approximating as olosely as practicable
the manner in which tue batteries are clamped when in use, (See 3.1) A
simple harmonic motion shall be applied having an amplitude of 0,03 inch
(0.06 = inch total maximum excursion), The frequency shall be varied at
the rate of 1 cycle per second per minute between the limits of 10 and
S5 oycles 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 of which shall
be perpendicular to the terminal face of the battery. Open-circult
voltage shall be observed for 30 seconds during the last quarter of each

of the three vibratdon periods.

L.7.9 Mechanical shock. = Only multi-cell batteries shall be sudb-
Jected 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 minimum average
acceleration is 75 gravity units (G), The peak acceleration shall be
between 125 to 175 G,

L4.7.10 Safety feature, - Each sample battery shall be subjected to
a direct short, I.e., less than 0.1 otm, until the circuit is broken by
the safety feature. The maximum 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 + %oo°r

for a period of 15 minutes during which period of time no explosion shall
occur. During exposure to the 1000°F test @ battery fire |s permissible
providing all other conditions of the test have been met.
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4.7.11 Altitude, - Batteries shall be placed in an altitude
chember, in which the pressure ia maintained at a value corresponding
to an sltitude of 50,000 feet and the terperature is kept at 75 ¢ 597,
for a period of six (6) hours.

S« PREPARATION FOR DELIVERY, = 3

5.1 Preservation and 5““&1!&- - Preservation and packaging shall
be level A or C as specified. See 6.1(d))

50101 L‘"l ‘o - ‘ :

$.1.1.1 Cleaning. - Each battery shall be cleansd in accordance.
with process C-l of MIL-P-116.

5.1.1.2 Drying. - Each battery shall be dried with spplicable
procedure of MIL-P-116.

5.1.1.3 Preservation application. - None required.

5.1.1,, Unit packaging. - Each battery shall be individually
packaged in accordance with Method 1C-2 of MIL-P-116. Each battery shall
be placed in a close-fitting box conforming to MIL-B-L30lL, Form 1,

Style 1I, Type A, Class A. Box closure 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-378, type 1, grade B, finish 1,
having a uniform thickness of L.O ¢ 0.5 mils, The bag closure ghall be
by heat seal.

$.1.1.4.1 Intermediate packaging. - When specified a quantity of
batteries, bearing the same stock number, packaged as specified in 5.1.1.L4,
shall be placed in close fitting bax conforming to MIL-B-L30lL, Form 1,
Style 1I, 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.

$.1,2 Level C. - Batteries shall te preserved and packaged in &
manner that WITL afford adequate protection against physical and environ-
mental damage during shipment, handling and limited intransit storage.

5.2 Packing. - Packing shall be level A, B, or C as specified.
Shipping containers for all levels shall be capable of stacking and
supporting superimposed loads during shipment and atorage without
damaging the container(s) or its contents,
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502.1 Level A, - y

5.2.1.1 Consolidation. - A quantity of batteries, packaged as
specified in 5.1, shall be packed with a close-fitting fiborboard bax
conforming to PPP-B-636, type CF, class weathor-resistant. Box closure
shall be as specifioed in the appendix of the box specification. To
facilitate palletization, fiberboard baxes shall be uniform in size and
contain equal quantitles of the packaged items to the greatest extent
practicable.

$.2.1.2 Palletized load. -~ A quantity of containers, packed as
speqified in 5.2.1,1, shall be placed on & pallet, load type 1, conform-
‘4ng to MIL-STD-147. A fiberboard cap shall be employed over the load
having two sides extending down the stacked load at least 12 inches to
accommodate marking requirements. The cap shall be fabricated of fiber-
board conforming to PPP-F-320, class weather-resistant, WSs, or V3c,
The load shall be "bonded" to the pallet by strapping.

$.2.1.3 Lless than palletized load. - When quantities per destina-
tion are less than a pul%ot 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 of the appendix of the box spec-
ification. A quantity of the waterproofed containers shall be placed
within a close-fitting box conforming to PPP-B-585, style 2 or 3, class 3.
wWhen the 8 weight exceeds 200 pounds, or the contaiper length and
wvidth 4s L8 x 24 inches or more and the weight exceeds 100 pounds, 3 x 4
inch skids, laid flat, shall be applied in accordancoe with the requirements
of the container specification, or if not epecified in the specification,
in a manner which will adequately support the item and facilitate the use
of material handling equipment. Closure and strapping shall be in accord-
ance with the applicable container specification or appendix thereto
except that metal strapping shall conform to QQ-S-761, type 1, class B,

5.2.2 Level B.-

5$.2.2.1 Consolidation. - A quAnt1ty of bat‘eries, packaged as
epecified in 5.1, shall be packed as specified in 5.2,1.1,

$.2.2.2 Palletized load. - A quantity of containers, packed as
specified in 5.2.2.1, 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
5.2.2.1 shall be reinforced by pressure-sencitive filament tape conform-
ing to PPP-T-97, type IV as spocified 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 Consolidation. = A quantity of batteries, packaged as
specifled In 5.1, shall be packed as specified In 5.2.1.1, except that
the fiberboard boxes shall be class domestic.

5.2.3.2 Palletized load. - A quantity of contalners, packed as
specified In 5.2.3.1, shall be palletized as specified In 5.2.1.2, except
that fiberboard cap shall be class domestic.

5.2.3.3 Less than palletized load. - When quantities per destination

are less than a pallet load, the contalners packed as specified In 5.2.3.1
shall be used as the shipping container. No further packing shall be
required. =

" :

5.3 Marking. - In addition to any special marking required by the
contract or order, Interlor shipping contalners shall be marked in accord-
ance with MIL-STD-129.

6. NOTES

6.1 Ordering data. - Contractual documents should specify the follow-
Ing:
' (a) Title, number, and date of thls specificatlion.

(b) Complete battery type designation and the title, number and
date of the applicable specification sheet (See 1.2.1 and 3.1).

(c) Date for notice of avallabllity for shipment.

(d) Applicable ievels of preservation, packaging and packing,
and applicable battery quantities.

(e) Name and address of responsible Government technlcal
actlvity concerned with First Article Inspection.

(f) Name and address of Government Inspection facllity per=
forming Group D inspection.

6.1.1 Indlrect shipments. - The packaging, packing and marking
specified In sectlon 5 apply only to direct purchases by or direct shipment
to the Government and are not Intended to apply to contracts or orders
between the supplier and prime contractor.

6.2 Awarding of contract. = Contracts will be awarded only to
, suppliers who guarantee to meet the requirements of this speclification.
3 No combining of performance requirements should be undertaken. B8ids
that offer to guarantee higher capacities will recelve no speclal
consideration in awarding a contract. Contracts will be awarded to
the lowest bldder on a cost-per-unit battary basis provided that a))
performance requirements are guaranteed. Fallure on a prior contract,
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of & manufacturer's particular battery type to meet any of the performance
requlrements of thls specification, will be adequate cause for rejection
of blds on that particular type until the supplier submits certified data
proving that «-

a) Actlon has been taken to eliminate the cause of failures; and
b) The battery meots all the performance requirements of thls
specification.

6.3 Verification Inspection. = Verification by the Government will

be limited to the amount deemed necessary to determine complliance with
the contract and will be limited In severity to the definitive quality
assurance provisions established In this specification and the contract.
The amount of verification inspection by the Government will be adjusted
to make maximum utilization of the contractor's quallty control system
and the quality history of the product.
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SPECIFICATION SHEET 17 May JSTU

BATTERY, PRIMARY, LITHIUM ORGANIC BA-5590/V
ulrements for procuring the )lithlum orqanic primary batter

The complete -
type describe i_herein shall consist of this document and the Issue In effect
of Specification SCS5=459. e S O A ————
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SOCKET WIRING
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F IGURE
Battery, Primary, Lithium Organic BA-5590/U
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NOTES :
1. All dimen:ions are In Inches.

2. The battery outer jacket shall be waterproof papcrboard. An alternate
packaging can ve of polyurethane foam or similar lightweight potting with
surfaces treated to meet the jacket Integrity test.

3. Socket wiring schematic to be printed on jacket In sultable location
near the sock:t on the terminal face of the battery.

4. Top of the connector socket |s to be mounted flush with the top surface |
of the battery case.

5. The batte:y terminal shall consist of a minfature circular battery connector
per Drawing E -C-211488, Rev. B. Connector shall be mounted In accordance with
referenced druwing.

6. Connector socket body configuration shall accept two (2) each 0.156 inch
diameter guid-posts as shown. Depth of cavity shall be 0.622 inch.

7. Two (2) e.ch battery connector mounting screws: Size #4-40 UNC-2A.
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REQUIREMENTS :
Dimensfons and configuration: See Figure

Nominal Voltage: 24 volts
(Consisting of two (2) each ldentical 12 volt sections)

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

Welght: (maximum): 2.25 pounds
Capaclty tests: When the battery s tested In accordance with the methods

- of examination and tests of this specification, the minimum cepacity test
requirencnts shall be as specifled below.

Capacity Test Service Requlrement
(per SCS 459) In hours

i 48

L 24

H 42

HT 38

LT 2\

T 28

D 28

Vol tage delay: During the initial one minute of discharge of the two (2)
12 vo't sections connected In series for any of the discharge tests covered
by th.s specification, transient voltages below the 20.0 volt end vol tage
cannc. exceed a 0.1 second duration. Subsequently, during the course of
any d scharge test, anytime the voltage falls below 20.0 volts that point
in tlne will be considered to be the end of service and the test will be
consldered to be terminated.

First aiticle inspection:

Visuel-mechanical examination

Battcry voltage

Dimer »ions and welght

Mechi-nical shock e
Vibration

Altitude ;

Insulation resistance

Safety feature test

Jackct integrity test

Capacity tests {, L, H, HT and LT

Cel) iot Inspection:
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Quality coni ormance inspection:

Visual-me. hanical examinatlon

Battery v |tage

Dimenslon. and welght

Mechanlica' shock

Vibration

Altitude

insulatic. resistance

Safety feiture test

Jacket ir:eqrity test ’
Capacity .ests

METHOD OF £ AMINATION AND TESTS:

Capacity -ests:

(1) Siurage: Detalls on storage conditions for all specified capacity
tests are described In basic speciflcation.

(2) Di .charge: The battery consisting of two (2) 12 volt sections
connected In series shall bes discharged through a
39.0 ohm resistance for 1 minute *. and then through
a 560 ohm resistance for 9 minutes **. This cycle
shal) be repeated continuously to a test end voltage
of 20.0 volts.

% An 8 ohm resistance pulse shall be applied during the first
100 mi)1jseconds of each | minute load discharge. The pulse
vol tage shall be monitored continuously throughout the duration
of dlscharge.

.i1e voltage shall be monltored during the last minute of each
s minute load discharge for the "H'' and "HT' tests only to
determine whether the maximum voltage of 32.0 volts s exceeded.

Closed circuit voltage: Closed clrcult shall be observed for a period of
thirty (30) seconds with a direct current voltmeter of proper range and
sensit vity, using a load resistance of |4.0 ohms and a minimum permis=-
sible oltage of 11.0 volts. Readings shall be taken between socket
holes and 5 and between socket holes | and 4. See socket wirling
scheme i lc on the battery. '
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Cell lot Inspection:

l. Cell Lot. = A cell lot shall consist of 2990 cells of a parti-
cular type which are to be used In the fabrication of a specific battery
lot. Each of the cell lots shall be subjected to the inspection program
outlined hercin.

2. Closed=clrcult voltage test. = All the cells in a8 cell lot shall
be pulse tested for five (5) seconds with a 2.5 ohm resistance load. Any
cell whose vcltage falls below 2 volts during the 5 second pulse period
shall be rejected for use In battery fabrication or further cell lot testing.

3. 160°F Storage test. = From a cell lot that has been tested for closed-
clrcuit voltzge select thirty (30) cells either In random manner or at pre-
selected intervals, whichever the Government lnsggctor deems more desirable.
The thirty (30) cells shall be stored at 160°F *7.F for two (2) weeks and

then at =20° t3°F for a minimum of six (6) hours. Each cell shall be dis~
charged through the equivalent cell load and to the equivalent cell end
voltage in accordance with the initial capacity test of this specification
sheet. i

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 single lot of batterles.

b. If thcre are two (2) or more fallures durlng the capacity testing of
the thirty (350) cell samples the cell lot shall be rejected. |f only one
(1) fallure uccurs, another twenty (20) cell samples shall be selected from
the same lot and this same test shall be repeated. |If no fallures occur
during retesting, the cell lot shall be considered acceptable. If one (1)
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.

L. Cell replenishment. = In order to replenish the twenty (20) cells
consumed by the additional 160°F storage testing, twenty-three (23) cells
shall be fabricated when necessary. All shall be subjected to closed-
circuit voltage test (2 above). Any cell that falils this test shall be
replaced by one that has passed. Three (3) cell samples shall be selected
Iin a random manner from the twenty-three (23) cells that have passed the
closed-circuit voltage test. These three (3) cell samples shal) be tested
in accordance with the 160°F storage test (3 above). No fallures are per=
mitted for acceptance of this replenishment 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 twenty-three (23) cells shall be fabricated and three (3)
shall be tested. This procedure shall be repeated until no fallures occur.




SCS-459/2
PREPARAT ON FOR DELIVERY:

Preservatlion.and packaging: Preservation and packaglhg shall be In accordance
with | .test Issue of basic specification except that no intermediate packag-
Ing shill be required and unit packaging shall be as follows:

A unlt package shall consist of one battery Iindividually packaged per
method 1C-1 of MIL-P-116. Battery shall be placed In a barrier bag
fabric.ted of material conforming to L-P-378, type |, grade 8, finish 1,
having a uniform thickness of 4.010.5 mils with a heat sealed ciosure.
The baaged battery shall be placed in a close-fitting paperboard box

\ conforning te PPP-B-566, variety 2, style optional. Closure shall be
as specified in the appendix to the applicable box specification.
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NOTES : g

' 1. All dimensions are In Inches.

.-

2. The battery outer jacket shall be waterproof paperboarg. An alternate
packaging con be of polyurcthane foam or similar lightweight potting with
surfaccs treated to mcet the jacket Integrity test.

.- - -

3. Socket wiring schematic to be printed on jacket In sultable location
near tl.c socket on the terminal face of the battery.

———

. Top of the connector socket Is to be mounted flush with the top surface j
of the battery case. ° g

-

{ S. The battery terminal shall consist of .a minlature clrcular battery connector

per Dri ving ES-C-211488, Kev. B. Connector shall be mounted In accordance with
referei.ced drawing.

6. Coinector socket body configuration shall accept two (2) each 0.156 inch
diametcr guideposts as shown. Depth of cavity shall be 0.622 inch.

7. Two (2) each battery connector mounting screws: Slze #4-U0 UNC-ZA;
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The complete requirements for procuring the )ithium orgunic primary battery
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REQUIRE 1ENTS :

Dimen.lons and configuration: See Figure
Nominil Voltage: 24 volts '
(COnslstlng of two (2) each ldentical 12 volt se¢tions)

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

Welght: (maximum): 1.75 pounds

Capacity tests: When the battery is tested Inllccordunco with the methods
of exumination and tests of this specification, the minimum capacity test
requi.ements shall be as specified below.

Capaclity Test Service Requirement
(per_SCS 4L59) in hours

24
12
21
19
10
b
Y

o rIxr-—-
~“os

Volta e delay: During the initial one minute of discharge of the two (2)
2 .olt sections connected [n series for any of the discharge tcsts covercd
by 'his specification, transient voltages below the 20.0 volt end voltage
can ot exceed a 0.1 sccond duration. Subsequently, during the course of
any discharge test, anytime the voltage falls below 20.0 volts that polint
In +ime will be considered to be the end of servlce and the tect will be
con' Idered to be terminated.

First article Inspection:

Visual-mechanical examination

Battery voltage

Dim' nsions and weight

Mect.anical shock

Vib.ation

Alticude : ’
Insulation resistance

Safcty fcature test

Jaclct Integrity test

Capuclity tests |, L, H, HT and LT

Cell lot inspection:
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Quality co.formance inspection: 4

Visual=m chanical cxamination
Battery oltage.
Dimensio.s and welght ‘
Mechanic | shock .. :
3 Vibration Ll
Altltude
Insulatliun resjstance
Safety fcature test
Jacket integrity test
Capacity tests

‘

METHOD OF ' XAMINATION AND TESTS:

Capacity tests:

(1) Storage: Details on storage conditions for all specified capacity
tests are described in basic speciflication.

- =

(2) Discharge: The battery conslisting of two (2) 12 volt sections
; connected In series shall be discharged through a
39.0 ohm resistance for | minute *, and then through
a 560 ohm resistance -for 9 minutes **. This cycle
shall be repeated continuously to & test end vol tage
of 20.0 volts.

Y An 8 ohm resistance pulse shall be applied during the first
100 mil1iseconds of each | minute load discharge. The pulse
vol tage shall be monitored continuously throughout the duration
of discharge.

v The voltage shall be monltored during the last minute of each
9 minute load discharge for the '"H'' and "HT'' tests only to
determine whether the maximum vol tage of 32.0 volts |s exceeded.

- T— T —

Closed circult voltage: Closed circult shall be observed for a period of
thirt, (30) scconds with a direct current voltmeter of proper range and
sensitivity, using a load resistance of 14.0 ohms and a minimum permis=-
sible oltage of 11.0 volts. Readings shall be taken between socket
holes 2 and 5 and between socket holes | and 4. See socket wiring
schemetic on the battery. <




Coll dot la pecticn:

eo il 16 . o= A cerd o snall Consisi oi LHul Ceils of & pariicuier :
f/pu whieh . re -c he usad in tre fobrication of a speciiic battery lot. '
gazin of the ~.cH Ints shall be suojecied tc the Inspection program outlined

heroin.

o " Gloseds lrcult voltage test. - All the cz2ils in a cell lot shall be pulse
‘estcd 10F - ive 15) seconds with & 2.5 ohwn resistance Yoad. Aay cell whose

ottage fal.s below 2 volis during the 5 cecond pulso period shall be rejected
or use in . zttery fahrication or further cell iot testing,

'h< S P

3. 165°F Ciorage test. - From a cell lot that has bzen tested for closcd-
Circuit vol.age seiect thirty (30) cells either in random manner or at
y.-.cl;c.°* intarvuls, whichever the Governnent Insgactor dccms mora
wesirakie. The thirty (30) cells shall be stored at 160° *; ; fo. two (Z)

wveeks and ¢ on at -20° 23°F for a minimum of six (b) hours. Each celi
shall be 31 tharged through the equlvalent cell load and tc the eoulvalent
cell end voltage in accordance with the iaitial capacity test of this
spesiticatlh 4 sheer.

Zo 4 i thirty (30) cell samples excesd tie mniinimum capaclty service -
mrgsiremernt ay a facter of at least 10%, the ot mav be uvced for febrication
cf 2 inglie fct of batteries.

2. 'Y -"hecre are two (2) or more fallures during the capacity testing cf
tha tricey -20Y cn)l saunlas tha cel! tat shall be rerected. 1 oniy one
{1} Tailure sccursy, ancrier twenty (2U) cell samoles shull be selected frou
tiwz seme 10 and this seme test shali pe repeated. If ro failures cceur
diring rete  ting, the celi 1ot shall be considered azceptable. |f one (1)
or nsre zel s Tail during retesting, tha cell lot shaii be rejected end new
ceil ict of 2990 cells shall be submitted for cell lot inspection.

<. Leil _re ienishment. - In order to rcplenish the twenty (20) ceils con-

sured cy U addicionai I160°F stureqe testing, twenty-three (23) cells shail

pe fabilcet 2 when necessciry. All chall be oubjc:ted to closed~circuit ‘

valtage tes. (2 above). Any cell that fails this test shell oe replaced ]

Ly cne that has passed. Three (3) cell samples shall be sciected in &

vandom menr ¢ from the twenty-three (23) cells tnhat have passed the clcsed- j
1
|
|

vlrcuir vol "age test. Thesza tnree (3) cell sanplcs shall be tested in
accordance w:ith the 160°F storege test (3 above). No fallures are pcrmitted
for accepticice of this raplenishment lot of twenty (20)cells. If one or
rere valiur-s ceccur, the lot of twenty (20) cells shall be rejected and 2
new iat of .wenty-three (23) colls shall be fabricated and three (2) shall
Le .csted. ihils procedure shall be repeated until no failures occur.

-
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PREPARAT ION FOR DELIVERY:

Preserva.lon and packaging: Preservation and packaging shall be in accordance
with lotest Issue of basic specification except that no Intermediate packag-

Ing shall be required and unit packaging shall be as follows:

A unlt package shal) consist of one battery Individually packaged per
method 1C=1 of MIL-P=116. Battery shall be placed In a harrier bag
fabricated of material conforming to L-P=378, type 1, grade B, finish |,
having a uniform thickness of 4.0:0.5 arlls with a heat scaled closure.
The bagged battery shall be placed in a close-fitting paperboard box
conforriing to PPP-B=566, variety 2, style optional. Closure shall be
as specifled in the appendix to the applicable box specification.

. e ——
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20 November 1974
SPECIFICATION SHEET
BATTZRY, PRUMARY, LITHIUM ORGANIC BA-5090/U

The ccmple e reduirements for procuring the lithium orpanic primary tattery
type descr bed herein shall consist of this dccunent and the igsve in eltect

of Specifi ation 5CS-459.

4
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-0062

8
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Ll
FIGURE

Battery, Primary, Lithium Organic BA-5090/U

8heet 1 of 5
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NOTES:

e = — ———— - ——

1. All dimensions are In inches.
2. The maximum radius on oll corners shall be 1/8 inch.
3. The battery case material shall be cold rolled steel,

4. The battery connectors shall be mouated In accordance with the figure and shall
_be miniatuie snap-on type terminal ANSI XVII.

Sheet 2 of 5
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RERQUTREMENTS ; s SCS 459/4
Pimenaiona and confimuration: See Figure
Maximum yoltage: 9 volts
Terminals: Snap on type (ses figure)
Heiéht (naxumm): 1.8 ounces (50 graws)

Capacity tests: When the battery,is tested in accordance with the
methods of examination and tests of this specification, the minimum capacity
test requirements shall be as specified below.

Capacity Test Bervice Requirement
(per scs 459) in hours

55
30 |
50 |
46

26 ,

48 At
48

.

G"!ssgatﬂt‘ﬁ‘

Voltage delay: During the initial one minute of 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 course of any discharge test, anytime 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:

Visuasl-mechanical examination
Battery voltage

Dimensions and weight

Mechanical Shock

Vibration

Altitude

Insulation resistance

Safety feature test

Jacket integrity test

Capacity tests I, L, H, HT and IT

Cell lot inspection:

: ; Bheet 3 of §




Quality conformance inspection:

Visual-mechenical examination
Battery voltage
Dimensions and weight
Mechanical shock
Vibration

Altitude

Ingulation resistance
Bafety feature test
Jacket intcgrity test
Capacity tests

P -

METHOD OF EXAMINATION AND TESTS:

Capacity tests:

(1) sStorage: 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 4,0 volts.

Closed circuit voltage: Closed circuit shall be observed for & periocd of
thirty (30) seconds with a direct current voltmeter of proper range and

sensitivity, using a load resistance of 60 ohms and & minimum permissible
voltage of 6.0 volts. i

Cell Lot Inspection:

1. Cecll 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 scceptance tests. Each of the cell lots
shall be subjected to the inspection program outlined herein.

2. Closed-circuit voltage test. All the cells in a cell lot shall be pulse
tested tor five (5) scconds with a 20 ohm resistance load. Any cell whose
voltage falls below 2 volts during the S5 second pulse period shall be rejected
for use in battery fabrication or further cell lot testing.

3. 160°F Storare test., Fram a cell lot that has becen tested for closed-

circuit voltuge select thirty (30) cells either in random manner or at

presclected intervals, whichever the Covernment inspector deems more

desirable. The thirty (30) cells ghall by stored at 160°F +3°F for two (2)
: T°F

wecks and then at -20° ¢ 3°F for a minimum of six (6) hours. Each cell

shall be discharged through the equivalert (o'l load and to the equivalel:

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 10%, the lot may be uscd for fabrication
of a single lot of batteries.

Bheet L of §
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BPECIFICATION SHEET
BATTERY, PRIMARY, LITHIUM ORGANIC BA- 5842fu

lete requirements for procuring the lithium organic prima batte

' The coap
: type described nerein shall consist of this document and the issue in i
effect ot Specification SCS-459.
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FIGURB
Battery, Primary, Lithium Organic BA-5842/U

Bheet 1 of 4
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NOTES:

1. All dimensions are in inches. Unloss otherwise specified, tolerances are % 1/16".

2. Connector type; MS3102A105L4P, manufactured by Bendix.

3. Bottery shall be potted with an epoxy compound copable of withstanding tempero~
tures from =65°C to 75°C, without deforming.

REQUIREMENTS:

Dimensions and configuration: See Figure.
Maximum Voltage: 6 volis
Terminals: (See Figure)
Weight (mazimum): 20.0 ounces (568 groms)
_ Capacity tests: When the battery is tested in occordance with the methods of examina-

tion and tests of this specification, the minimum copacity test requirements shall be as
specified below.

Copacity Test 3 Service Requirement.
(per SCS-459) in hours :

o 48

i ! 24

H 42

HT 40

L7 23

T 43

D 43

- Voltage delay: When the battery is subjected to the copacity tests covered by this
specification, initial closed-circuit voltages below the 4.0 volt end voltage cannot
exceed a 1.0 second duration.

First article inspection:

Visval-mechanical examination

Battery voltage

Dimensions ond weight

Mechonical shock

Vibration

Altitude

Insulation resistance

Safety feature test

Jocket integrity test

Copocity tests I, L, H, HT ond LT 2




Ce)l ot inenertinn:
Quality conformance inspection:

Visual-mechanical examination
Battery voltage

Dimensions and weight 44&3*I ‘Hak

Mechanical shock 'Lﬁk&ﬂ’ﬂf v
Vibration ; . LB S
Altitude . e £

Insulation resistance

Bafety feature test !
Jacket integrity test

Capacity tests

METHOD OF EXAMINATION AND TESTS:

Capacity tests:

(1) Storage: Details on 'atorage conditions for 8ll specified capacity
tests are described in bagic specification.

(2) Discharge: The battery shall be discharged at 350 mA continuously
to a test end voltage of 4.0 volts.

Cloged circuit voltage: Closed circuit shall be observed for & period of
thirty (30) seconds with a direct cyrrent volimeter of proper range and
gensitivity, using a load resistance of 11 ohms and & minimum permissible
voltage of 4.0 volts. ;

Cell Lot Iospection:

1. Cell lot. A cell lot shall consist of a sufficient amount of cells of @&
particular type which are to be used in the fabrication of a specific battery lot
pius an additionai thirty cells for acceptance tests. Bach of the cell lots
shall be subjected tO the inspection program outlined herein.

2. Closed circuit voltage test. All the cells in a cell lot shall be

pulse tested for five (5) seconds with a 2.5 ohm resistance load. Any

cell whose voltage fells below 2 volts during the 5 second pulse pericd
shall be rejected for use in battery fabrication or further cell lot <esting.

3. 160°F Storage test. From a cell lot that has been tested for close’-

circult voliake select thirty (30) cells 2icher in random manner or a%

presclected intervals, whichever the Government inspector deems more

desirable. The thirty (30) cells shall be stored at 160° +3:P for two (2)
-7°F

ekl

cadil
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weeks and then at =20°F for a minimum of six (6) hours. Each cell shall be discharged
through the equivalent cell load and to the equivalent cell end voltage in accordonce
with the initial copacity test of this spccification sheet.

a. If oll thirty (30) cell somples exceed the minimum copacity service requirement
by a factor of at least 10%, the iot may beuused for fabrication of o single lot of
batteries.

b. If there are two (2) or more failures during the copacity testing of the thirty
(30) cel! samples the cell lot shall be rejected. If only one (1) foilure occurs,
another twenty (20) cell samples shall be salected from the same lot and this same |

_ test shal! be repeated. If no failures occur during retesting, the cell lot shall be con-

sidered ucceptable. 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 replenishment. In order to replenish the twenty (20) cells consumed by the
additional 160°F storage testing, twenty~three (23) cells shall be fabricated when
necessary. All shall be subjected to closed-circuit voltoge test (2 above). Any cell
that fails 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 have passed
the closcd-circuit voltage test. These three (3) cell samples shall be tested in
accordance with the 160°F storage test (3 above). No failures ore permitted for
accepta.ice of this replenishment lot of twenty (20) cells. If one or more failures
occur, the lot of twenty (20) cells shall be rejected and o new lot of twenty-three
(23) cells shal! be fabricated and three (3) shall be tested. This procedure shall be
repeoated until no failures occur.

PREPARATION FOR DELIVERY:

Preservction and packaging: Preservation ond packoging shall be in accordance with
Tatest issue of basic specification except that no intermediate packoging shall be re-
quired and unit packaging shall be as follows:

A unit package shall consist of one battery individuolly packaged per Method
1C-1 of MIL-P=116. Battery shall be placed in a barrier bag fobricated of
material conforming to L-P-378, type 1, grade B, finish 1, having a uniform
thickness of 4.0 £ 0.5 mils with o heot sealed closure. The bagged battery
shall be placed in a close~fitting poperboard box conforming to PPP-B-566,
variety 2, style optional. Closure shall be as specified in the appendix to the
applicable box specification.




!?"" — ——— —

-

| e——— T BC8-459/6
' 20 November 1974

4 /

SPECIFICATICY SHEET
BATTERY, PRIMARY, LITHIUM ORGANIC BA-5568/U

The ¢ lete requirements for procuring the lithium or anié rimary batte
type deccribsd tierein shall consist of 113 ¢ »~ument and the issue in ef“ect

of Bpecification SCS-459.
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NOTES
l. All Jimensions and tolerances shown on figure! are in inches.

2. Only the positive (+) marking is required to be showm at the top of
the battery /acket.

3. The marking “INSERT THIS END" is required to be shown oo the battery
Jacket et the positive end, 180° fram th. & S-459 marking area, vith an
arrov polinting in the direction of inser. '<a.

M. The battery jacket shall be Hi-Impact ABS plastic or equal, and the
color shall be olive drab No. 240BT of FED-STD-595.

REQUIREMENTS:
Dimensicns and configuration: See Figure

Maximm voltage: 12.0 volts

L Terminals: Flat surface (Bee Pigure )
Weight (maximum): 3 ounces (85 grams)

Capacity tests: When the battery is tested in accordance vith the methods
of exanination and tests of this specification, the minimum capacity-test
requirsments shall be as specified below.

Capacity Test Bervice Requirement
(per SCS-459) ' in Hours
% I 17
: L 9
k H 12
s HT 1
E r 8
' 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 load is applied
sball not be more than 1.0 second.

! 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 couponents shift within the jacket, or preclude the battery from

meeting specified "I" capacity test performed at the conclusion of the
Jacket integrity test. :




4-ct Articlce lagpectica:

Visuel-mechanical examination
Battery voltage
Dimer.sions and weight
Mechonnical shock
Vibretion
Altiiude
Insulation resistance
Safety feature test
* Drop test
Jacket integrity
Capacity tests I, L, H, HT and LT

! Cell lot inspection:
Quality conformance inspection:

Visual-mechanical examination
Battery voltage
Dimensions and weight
Mecl.anical shock
Vibration

Altitude

Insulation resistance
Bafety feature test
Drop test

Jacket integrity
Cap..city tests

METHODS OF EXAMINATION ARD TESTS:

Capacity 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 resistance
of 250 ohms to a test end voltage of 9.0 volts.

Closed circuit voltage: Closed circuit voltage measurements shall be
observcd fo. a period of 30 seconds with a direct current voltmeter of
proper range and sensitivity (see basic specification), using load re-
sistances of S0 ohms and & minimm permissible voltage of 10 volts,

Drop test: When performed during First Article Inspection, five (5) each
Group 111B test samples shall be subjected to this drop test just prior
‘to performing the jacket integrity test on them. When performed during
Quality Conformance Inspection, five (5) each subgroup B test samples

3




$CS-459/6

i Just prio to being subjected to integrity test shall have this drop test performed upon {

them. Euch battery shall be dropped three times froma height of 3642 inches onto a '
hard surf 1ce consisting of concrete or steel, and shall make contact with it. Each :
battery shall be dropped in such o manner that the battery, at time of releass, shall (
be in each of three different positions in relation to the surface upon which it Is ‘
dropped in the following manner:

(1) The three (3) inch side of the battery shall be parallel to this surface upon
release and shall make contact with it. :

(2) The three (3) inch side of the battery shall be perpendiculor to this surfoce
vpon relcase so that the positive terminal sholl make contact with it.

(3) The three (3) inch side of the battery shall be perpendicular to this surface
upon relcase, so that the negative terminal shall make contact with it.

If any fcilure occurs, the contractor shall toke immediate action to correct the defect
andeliminate 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 rejected lot and all batteries in process at
the time of the failure shall be reworked to eliminate the defect. Reworked lots
shall be einspected using a sample size of eight (8) batteries with no failures per~
mitted.

Cell Lot Inspection:

1. Cell Lot. A cell lot shall consist of a sufficient amount of cells of a particular
type whi :h are to be used in the fabrication of a specific battery lot plus an addi-
tional th'rty cells for acceptance tests. Each of the cell lots shall be subjected to
the inspcction program outlined herein. ‘

2, Clos. d-circuit voltage test, All the cells in a cell lot shall be pulse tested for
five (5) :aconds with a 10 ohm resistance load. Any cell whose voltage falls below
2 volts during the 5§ second pulse period shall be rejectzd for use in battery fabrico-
tion or further cell lot testing.

3. 160°F Storage test. From a cell lot that has been tested for closed-circuit voltage
selact thirty (30) cells either in random manner or ot preselected intervals, whichever
the Government inspector deems more desirable. The thirty (30) cells shall be stored
at 160° +3°F for two (2) weeks and then ot =20°F £3°F for o minimum of six (6) hours.
Each \-7°FJ cell shall be discharged through the equivalent cell load and to the

: equivalent call end voltage in accordance with the initial capacity test of this

' specification sheet.

RS aematuinmanie s i M e

[ a. If all thirty (30) cell samples exceed the minimum capicity service requirement
| by a factor of at least 10%, the lot may be used for fabrication of a single lot of
F : batteries. i
;
|
f
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b. If there are two (2) or more fallures during the capacity testing of the thirty
(30) cell samples the cell lot shall be rejected. If only one (1) failure occurs,
another twenty (20) cell samples shall be selected from the some lot and this some
test shall be repeated. If no failures occur during retesting, the cell lot shall be
considered acceptable. If one (1) or more cells fail during 1Miting, the cell lot
shall be rejected and new cell lot shall be submitted for cell lot inspection.

; 4. Cell replenishment. In order to replenish the twenty (20) cells consumed by the

i additional 160°F storage testing, twenty-three (23) cells shall be fabricated when
necessary. All shall be subjected to closed-circuit voltage test (2 above). Any

.. cell that fails 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
have passed the closed-circuit voltage test. These three (3) cell samples shall be
tested in accordance with the 160°F storage test (3 above). No failutes ore per-
mitted for acceptonce of this replenishment 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
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:

Preserv “tion and packaging: Preservation and packaging shall be in accordance with
latest i_sue of basic specification except that no intermediate packoging sholl be
| required and unit packaging shall be as follows:

A unit package shall consist of ten (10) batteries each individually packoged per
Metiiod 1C=1 of MIL-B-116, Each battery shall be placed in o barrier bag fabri-
cated of material conforming to L-P-378, type 1, grade B, finish 1, having a
uniform thickness of 4.0 £ 0,5 mils with a heat sealed c losure. The bagged bat-
E ] - tterics shall be placed in a close-fitting paperboard box conforming to PPP-B-636,
: type CF, Wéc, or W5c, style optional or MI! -B-43014. Closure shall be as
specified in the appendix to the applicable box specification.

=t e
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ELECTRONICS COMMAND
TECHNICAL REQUIREMENTS

$CS-459/6
Amendment |
25 July 1975

SPECIFICATION SHEET

BATTERY, PRIMARY, LITHIUM ORGANIC BA-5568/U

This amendment forms part of Electronics Command Technical Requirements
, 20 November 1974.

Specificatlion Sheet SCS 459/6

Page 2

Maximum Voltage. Delete 12.0 volts and substitute 15.0 volts.

Service Requirement
Iin Hours

Delete

17

9
15
14

8
15
15

Dischar.e: Delete 250 ohms and substitute 150 ohms; delete 9.0 volts and
substit.te 10.0 volts.

Page 3

Substitute

12
7
10

9
6

10
10
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20 November 1974

SPECIFICATION SHEET
BATTERY, PRIMARY, LITHIUM ORGANIC BA-55T4/U

The camplete requirements for procuring the lithium organic_primary battery
ssuc in effect

type described herein shall consist of this document and the i
of Specification SCS-459.
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FIGURE 1

Pattery, Primary, Lithium Organic BA-55T4/U
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NOTES: (Pig. 1)
1. All dimensions are in inches.

2. Pill end of sleeve with silicone rubber. Commercial pMct mst be
equal to and {aterchangeable with silicone v.bber sealant Type RTV-10T

as manufactured by Silicone Producta Dept. General Electric Co. Waterford,
NY.

3.. Cement-Commercial Prcduct must be equal to and interchangeable with
epoxy-Araldites-502 as mamfactured by Ciba Products Co.
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-:;R (TYP)
8 RIDGES

EQUALLY SPACED

INSERT
BATTERY CAP

CAP

|
F i 5 MOLD TO INSERT,
3 BATTERY CAP
-l (MATL: SEE NOTE ()
% Y DIA
HOTES:
1. MATL: CELLULOSE ACETATE BUTYRA™E, 1

GRADE H3, PER SPEC L-P-349.
2. DIMENSIONS ARE IN INCHES.
E. TOLERANCE ON FRACTIONS t 1/32.
« O-RING M329561-5 IS TO BE
FURNISHED WITH EACH CAP.
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MEDIUM DIAMOND
/ KNURL
, .

.062 X .750 DIA
UNDERCUT

e . PER HOBK H-28
| section A-A

e i i

1. DIMENSIONS ARE IN INCHES.
2. TOLERANCES (UNLESS OTHERWISE SPECIFIED):

FRACTIONS DECIMALS ARGLES
+ 1/64 % .005 £ 3°

IMSERT BATTERY CAP

FiG. 3

& ‘!“-?M,‘“‘AW"{~>«.: ~ ol
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Dimensions and configuration: See Figures

Maximum Voltage: 6 volts

Terminals: (See Figure)

Weight (maximum): 1.65 ounces (46 grams)

Capacity tests: When the battery is tecsted in accordence with the methods

of examipation and tests of this specification, the mlnlmn capacity test
requirements shall be as specified below.

Capacity Test Bervice Requirement
(per 8CS-459) in bours

5HSEHFH
ﬂ—lw?\-l&'@
Vi

[ 4

Voltage delay: When the battery is subjected to the capacity tests
covered by this specification, initial closed-circuit voltages below the
4.0 volt end voltage cannot exceed a 1.0 second duration.

First article inspection:

Visual-mechanical examination
Battery voltage

Dimensions and weight

Merhanical shock

Vioration

Altitude

Insulation resistance

Safety feature test

Jacket ‘ntegrity test

Capacity tests I, L, H, BT and LT

Cell lot inspection:




e
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Quelity conformance inspection:

Visual-mechanical examination
{ Battery voltage

Dimensions und weight

Mechanical shock

Vibra‘ion

Altitude

Insulation resistance

Bafety fcature test ) ,

Jacket integrity test

- Capacity tests

. METROD OF EXAMINATION AND TESTS: 2

Capacity tests:

(1) Storege: Details on storage conditions for all specified
capacity tests are described in basic specification.

(2) Discbarge: The battery shall be discharged through a 4T ohm
resistance to a test end voltage of 4.0 volts.

Closed circuit voltage: Closed circuit shall bte observed for a period of
thirty (30) ceconds with a direct current voltmeter of proper range and
sensitivity, using & load resistance of L0 ohms and a minirum permissible
voltage of 4.0 volts.

Cell Lot Inspection:

). 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
lus an vdditional thirty cells for acceptance tests. Each of the cell lots
shall be subjected to the inspection program outlined herein.

2. Closed-circuit voltapse test. All the cells in a cell lot shall be

pulse tested for tive (%) scconds with a 2.0 oum resistance load. Any

cell vhose voltage falls below 2 volts during the S5 second pulse period
shall be rejected for use in battery fabrication or further cell lot testing.

3. 160°F Storage test. From a cell lot that has been tested for closed-

circuit voltage sclect thirty (30) cells 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:F for two (2)

; veeks and thenat -20°F 13°F for & minimum of six (6) hours. Each zell
shall be discharged through the equivalent cell load and to the equivalent

cell end voltage in accordance with the initial capacity test of this
specification sheet.
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a. If all thirty (30) cell samples exceed the minimum capacity service requirement
by o factor of at least 10%, the lot may be used for fabrication of a single lot of
batteries.

b. If there are two (2) or more failures during the cupacity testing of the thirty (30)
% cell somples the cell lot shall be rejected. If only one (1) foilure occurs, another
¥ twenty (20) cell samples shall be selected from the same lot and this same test shall be
repeated. |f no failures occur during retesting, the cell lot shall be considered
acceptable. 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 replenishment. In order to replenish the twenty (20) cells consumed by the
additional 160°F storage testing, twenty-three (23) cells shall be fabricated when
necessary. All shall be subjected to closed-circuit voltage test (2 above). Any cell
that fails 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 have passed :
the closed-circuit voltage-test. These three (3) cell samples shall be tested in accord- :
ance with the 160°F storage test (3 above). No failures are permitted for acceptance 7
of this replenishment lot of twenty (20) cells. If one or more failures occur, the lot of i
twenty (20) cells shall be rejected and a new lot of twenty-three (23) cells shall be
fabricated ond three (3) shall be tested. This procedure shall be repeated until no
failures occur.

g an = Liedl® an o o

PREPARATION FOR DELIVERY: |

Preservation and packaging: Preservation and packaging shall be in accordance with
Tatest issue of basic specification except that no intermediate packaging shall be
required and unit packaging shall be as follows:

A unit package shall consist of ten (10) batteries each individually packaged

per Method 1C-1 of MIL-B-116. Each battery shall be placed in a barrier bag
fabricated of material conforming to L-P-378, type ! grode B, finish 1, having

o uniform thickness of 4.0 £ 0.5 mils with a heat sealed closure. The bagged
batteries shall be placed in a close-fitting paperboard box conforming to PPP-B-566,
variety 2, style optional. Closure shall be as specified in the pppendix to the
applicable box specification.
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20 November 1974

SPECIFICATION SHEET
BATTERY, PRIMARY, LITHIUM ORGANIC BA-5841/U

The complete requirements for procurin the lithium organic primary batter
type deascribued herein shall consist of this document end the issue in effect

of Specification SCS-459.
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Battery, Primary, Lithium Organic BA-58L1/U
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NOTES:

1. All dimensions are in inches. Unless otherwise specified, tolerances are + 1/64".

2. Terminals shall be covered with silicone rubber. Commercial product must be equal
to and Interchangeable with silicone rubber sealant Type RTV-102 as manufactured by
Silicone Products Dept., General Electric Co., Waterford, NY. Terminal markings

(+ ond -) shall ba placed on battery as indicated in figure.

3. Battery shall be potted with an epoxy compound copable of withstanding temperatures
from -65°C to 75°C, without deforming.

REQUIREMENTS:

Dimensions and configuration: See Figure

Maximum Voltage: 18.0 volts

Terminals: (See Figure)

Weight (maximum): 10 ounces (284 groms)

Copacity tasts: When the battery is tested in accordance with the methods of exomina-

tion ond tests of this specification, the minimum capacity test requirements shall be os
specified below,

Copacity Test Service Requirement
(E' SCS-459) in hours

| 44

L 22

H 41

HT 36

LT 23

T 39

D 39

Voltage delay: When the battery is subjected to the copacity tests covered by this
specification, initial closed-circuit voltage below the 10.8 volts end voltage connot
exceed a 1.0 second duration,

First article inspection:

Visual-mechanical examination
Battery voltage
Dimensions and weight
" Mechanical shock
sy Vibration
STV Alritude
i Insulation resistance
Safety feature test
Jocket integrity test
Capacity tests |, L, H, HT and LT
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Cell lot inspection:
Quality conformance inspection:

Visual-mechanical examination
Battery voltage
Dimensions and weight
Mechanical shock
Vibration
Altitude
Insulation resistance
Safety feature test

& Jacket integrity test
Capacity tests

MZTHOD OF EXAMINATION AND TESTS:

Capacity tests:

(1) Storsge: Details on storage conditions for all specified capacity
tests are described in basic specification.

(2) Dpischarge: The battery shall be discharged through a 210 ohm
resistance to a test end voltage of 10.8 volts.

Closed circuit voltage: Closed circuit shall be observed for & period of
thirty (30) seconds with & direct current voltmeter of proper range and
sensitivity, using a load resistance of 24 ohms and a minimum permis-
sible voltage of 12.0 volts.

Cell ot Inspection:

I. Cell lot. A cell 1ot shall funsict of a suft'icient amount of cells
srticular type which are to be used (n the fabrication of a spec! ‘e La'

t 9. an additional thirty cells for acceptance teste. Fach of the cell ot

£tnll be subjected to the {nspection program outlined herein.

2. Closed-circuit voltage test. All the cells in a cell lot shall be
pulse tested for five (5) seconds with a 8.0 ohm resistance load. Any cell
wvhose 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. 160°F Storage test. From & cell lot that has been tested for closed-

circuit voltage select thirty (30) cells either in rendom manner or at

preselected intervals, whichever the Government inspector deems more

desirable. The thirty (30) cells shall be stored at 160° +3°F for two (2)
-T°F

v ¥

[
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weeks and then ot =20° £3°F for a minimum of six (6) hours. Each cell shall be dis-
charged through the equivalent cell load and to the equivalent cell end voltage in
occordance with the initial capacity test of this specification sheet.

a. If all thirty (30) cellssamples exceed the minimum capacity service requirement
by a factor of at least 10%, the lot may be used for fabrication of a single lot of
batteries.

b. If there are two (2) or more fallures during the copacity testing of the thirty (30)
cell samples the cell lot shall be rejected. If only one (1) follure occurs, another

. twenty (20) cell samples shall be selected from the same lot ond this same test shall be

repeated. If no failures occur during retesting, the cell lot shall be considered accept-
able. If one (1) or more cells fail during retesting, the cell lot shall be rejected ond
new cell lot shall be submitted for cell lot inspection.

4, Coll replenishment. In order to replenish the twenty (20) cells consumed by the
additional 180°F storage testing, twenty-three (23) cells shall be fabricated when neces-
sary. All shall be subjected to closed-circuit voltage test (2 above). Any cell that

fails 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 have passed the closed-
circuit voltage test. These three (3) cell samples shall be tested in accordance with the
160°F storage test (3 above). No failures are permitted for acceptance of this replenish-
ment lot of twenty (20) cells. |f one or more failures occur, the lot of twenty (20) cells
shall be rejected and a new lot of twenty-three (23) cells shall be fabricated ond three
(3) shall be tested. This procedure shall be repeated until no failures occur.

PREPARATION FOR DELIVERY:

Preservation and packaging: Preservation ond packaging shall be In accordance with
Tatest issue of basic specification except thot no intermediate packaging shall be required
and unit packaging shall be as follows:

A unit package shall consist of five (5) batteries each individually packaged per
Method 1C=1 of MIL-P-116. Each battery shall be placed in a barrier bag
fabricated of moterial conforming to L-P-378, type 1, grade B, finish 1, having

a uniform thickness of 4.0 £ 0,5 mils with o heat sealed closure. The bagged
batteries shall be placed In a close=fitting paperboard box conforming to
PPP-B-566, variety 2, style optional. Closure shall be as specified in the appendix
to the applicable box specification.
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ELECTRONICS COMMAND $CS-459/8
TECHNICAL REQUIREMENTS Amendment |
: 25 July 1975

SPECIFICATION SHEET
BATTERY, PRIMARY LITHIUM ORGANIC BA-5841/U

This amendment forms part of Electronics Command Technical Requlrements

Specification Sheet SCS 459/8 , 20 November 1974.
Page 2
Service Requirement
In Hours
Delete Substitute
Ll 15
22 8
L 13
36 12
23 7
39 13
39 13
Page 3

Discharge: Delete 210 ohms, stbstitute 135 ohms; delete '10.8 volts,
substitute 13.2 volts.

B O ke
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e £ : 20 November 1974

SPECIFICATION SEEET
BATTERY, PRIMARY, LITHIUM ORGANIC BA-5100/U

The compeiu ruguirements for procuring tl.e lithium organic primsry battery

: 4ype described herein shall consist ot this document and the issue in effect
A of Epecification 505-522. .

3 :
)
=
(+ 4
[+ 4
Q.
z
b .
' 0
.625 c‘:
| SEE Nore:s~~,‘£“_—‘;,""‘~w INCHES MM
o 6.0 VOLTS t— .0l$ 0.38
l | 32 0.79
> .
LABEL~—a —¥ 825  15.88
+ 1 12 38.00
w2 2 5N6  58.74
] i |
SEE NOTE 3 _ | g
o g |

_L.OIS MIN PROTRUSION

! " PIGURR
¥ . Battery, Primary, Lithium Organic BA-5100/0
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NOTES:

1. All dimensions shown on figure ore in inches. Unless otherwise specified,
decimal tolerances are = ,015", .

2. The battery case material shall be cold rolled steelu:

3. Polarity markings shall be placed on labsl or top and bottom.

4
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REQUIREMENTS:

Dimensions and configuration: See Figure
Maximum voltage: 6.0 volts
Terminals:  Flot surface (See Figure)

Weight (maximum): 3 ounces (85 gromg)

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
specified below.

Copacity Test Service Requirement
(E' SCS-459) in hours
l 40
L 21
H 37
HT 34
‘ LT 19
T 35
] D 36

Voltage delay: When the battery is subjected to the capacity tests covered by this

specification, initial closed-circuit voltoges below the 4.5 volt end voltoge cannot
exceed a 1,0 second duration,

First article inspection: : 5

Visual-mechanicol exomination
Battery voltage

Dimensions and weight

Mechanical shock

Vibration

Altitude

Insulation resistonce

Safety feature test

Jacket integrity test

Copocity tests, |, L, H, HT ond LT

Cell lot inspection:




,

Quality conformance inspection:

Visual-pechanical examipnation
Battery voltage

Dimeriionc and weight
Mechanical shock

Vibration o
Altitude

Insulation resistance

Bafety feature test

Jacket integrity test
Capacity tests

METHOD OF EXAMINATION AND TESTS:

Capacity tests:

(1) Storege: Details on storage conditions for all specified
©  capacity tests are described in basic specification.

(2) Dpischarge: The battery shall be discharged through a 60 ohm
resistance to & test end voltage of L.5 volts.

Closed circuit voltage: Closed circuit shall be observed for a period of
thirty (30) seconds with & direct current voltmeter of proper range and

sensitivity, using a load resistunce of 10.0 ohms and a minimum permis-
sible voltage of 5.0 volts.

Cell Lot Inspectiong

1. Cell Lot. A cell lot shall consist of a oufficient amount of cells of a
particuler type vhich are to be used in the febrication of a specific battery lot
plus an additional thirty cells for acceptance teste. Each of the cell lots
shall be subjected to the inspection program outlined herein.

2. Closed-circuit voltage test. All the cells in a cell lot shall be

pulse tested for five (5) scconds with a 5.0 ohm resistance load. Any

cell whose voltage falls below 2.5 volts Auring the 5 gecond pulse period
shall be rejected for use in battery fabrication or further cell lot testing.

3. 160°F Storage test. From a ccll lot that has been tested for clow.:2-
circuit voltags select thirty (30) cells cither in random manner or at
preselected intervals, whichever the Government inspector deems more
desirable. Trc thirty (30) cells shall b: _tored at 160° + ; F for two 12,

weeks and then at -20° £3°F for & minimum of six (6) hours. Each cell
shall be discharged through the equivalent cell load and to the equivalcnt

cell end voltage in accordance with the initial capacity test of this
specification sheet.
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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 single lot of ;
batteries. i

b. If there are two (2) or more foilures during the capacity testing of the thirty
(30) cell samples the call lot shall be rejected. Ifonly one (1) failure occurs,
another twenty (20) cell somples shall be selected from the same lot and this same
test shall be repeated. If no fallures occur during retesting, the cell lot sholl be
considered acceptable. If one (1) or more cells fail during retesting, the cell lot
shall be rejected and new cells shall be submitted for cell lot inspaction.

"4, Cell replenishment. In order to replenish the twenty (20) cells consumed by the
odditional 160°F storage testing, twenty-three (23) cells shall be fabricated when
necessary. All shall be subjected to closed=circult voltage test (2 above). Any
cell that fails 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
have passed the closed-circult voltage test. These three (3) cell samples shall be
tested in accordance with the 160°F storage test (3 above), No fallures are permitted
for acceptance of this replenishment lot of twenty (20) cells. If ane or more failures
occur, the lot of twenty (20) cells shall be rejected and a new iot of twenty=-three (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 packaging: Preservation and packaging shall be in accordance with
latest issue of basic specification except that no intermediate packoging shall be re-
quired and unit packaging shall be as follows: :

A .nis package shall consist of ten (10) batteries individually packaged per
Meuthod 1C-1 of MIL-P-116. Each battery shall be placed in a barrier bag
-~ fabricated of material conforming to L=P-378, type 1, grade B, finish 1,
* having a uniform thickness of 4.0 £ 0.5 mils with a head sealed closure. The
bagged botteries shall be placed in a close-fitting paperboard box conforming
to PPP-B-566, variety 2, style opNonal. Closure shall bé as specified in the
appendix to the applicable box specification.
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20 November 1974 -
; BPECIFICATION SHEET
\ - BATTERY, PRIMARY, LITHIUM ORGANIC BA-556T/U

The complete requirements for procuring the lithium orpanic primary battery
type described herein shall conaist of this document and the issue in effect

of Specification SCS-L59.

jo-—1.030 a0 —‘

O
TR e

i i INSULATING JACKET
INSULATING RING

e

+

POSITIVE—/

050:.0i5 DEPTH TO CONTACT

'

Iy &

718 %.031 : ' |

| L l oo . |
& : J

J70 um._’/L—‘L‘Au +.008 ]

NEGATIVE \ I

NOTE: +>__ |

ol

.80 MIN.

ALL DiMENSIONS
ARE (N INCHES. J

Battery, Primary, Lithium Organic BA-5567/U

Rhant 1 nf 4




8C8-459/11
REQUIREMENTS : )
\ Dimensions and configuration: 8ee Figure
Maximux Voltage: 3 volts . . p

Terminale: (3ce Pigure)
Weight (meximum): 0.7 ounces (20 grams)

| Capacity tests: When the battery is tested in accordance with the methods
‘ of examination and tests of this specification, the nintlun capacity test
reqnirenentl shall be as specified belov.

Capacity Test acrvico ReqQuirement

(per_scs 459) -~ 4n Hours

I 20 ;
. L 12 |

H 18

HT A7

r 10

g , 17

D ' 18

Voltage delay: When the battery is subjected to the capacity tests covered by
thie epecification, initial closed-circuit voltages below the 2.0 volt end
i voltage cannot exceed a 1.0 second duration.

First article inspection:

Visual-mechanical examination
Battcery voltage

Dimensions and wveight

Mechanical shock

Vibration

Altitude

Insulation resistance

Safety fealure test

Jacket integrity test

Capacity tests I, L, H, HT and LT

Cell lot inzpection:

Sheet 2 of 4
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Quality conformance inspection:

Visusl-mechanical examination
Battery voltage

Dimensions and weight
Mechanical shock

Vibration

Altitude

Insulation resistance

Safety feature test
Jacket integrity test - e, ’ 1
Capacity t’ltl > ‘ |

METHOD OF EXAMINATION AND TESTS:
Capacity tests: |

(1) BStorege: Details on storage conditions for all specified
capacity tests are described in basic specification.

(2) D»ischarge: The battery shall be discharged through a 50 ohm
resistance to & test end voltage of 2.0 volts,

Closed circuit voltage: Closed circuit shall be observed for a pericd of
thirty (30) seconds with s direct current voltmeter of proper range and
sensitivity, using & load resistance of 10 ohms and & ainimum permissible
voltage of 2.0 volts.

Aol Vi Bt s 1t e

~ 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 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 voltage 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 volts during the S second pulse period shall be rejected
for use in battery fabrication or further cell lot testing.

3. 160°F Storage test. From a cell lot that has been tested for closed-

circuit voltage select thirty (30) cells either in random 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 i
-T°F

then at -20" 1 _°F for a minimum of six (6) hours. Each cell shall be d.s- i

charged through the equivalent cell load and to the equivalent cell end

voltage in accordance with the initial capacity test of this specification
shect,

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

Bheet 3 of 4




SCS-459/11

of a single lot of batteries.

b. If there are two (2) or more failures during the capacity testing of the thirty (30)
cell samples the cell lot shall be rejected. If only one (1) foilure occurs, another
twenty (20) cell samples shall be selected from the some lot and this same test shall be
repeated. |f no failures occur during retesting, the cell lot shall be considered
acceptable. If one (1) or more cells fail during retesting, the cell lot shall be re-
jected and new cell lot shall be submitted for cell lot inspection,

TG TIe, o

4, Cell replenishment. In order to replenish the twenty (20) cells consumed by the
odditional 160°F storage testing, twenty-three (23) cells shall be fobricated when
necessary. All shall be subjected to closed-circuit voltage test (2 above). Any cell
that fails this test shall be replaced by one that has passed. Three (3) cell samples
shall be selected in a random amnner from the twenty-three (23) cells that have passed
the closed-circuit voltage test. These three (3) cell samples shall be tested in accord-
ance with the 160°F storage test (3 above). No failures are permitted for acceptonce
of this replenishment 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) cells shall be
fabricated and three (3) shall be tested. This procedure shail be repeated until no ,:
failures occur, !

PREPARATION FOR DELIVERY: :

Preservation and packaging: Preservation and packagina shall be in accordonce with
latest issue of basic specification except that no intermediate packaging shall be
required and unit packaging shall be as follows:

A unit package shall consist of twenty 120) batteries individually packaged per Method
1C-1 of MIL-P-116. Each battery shall be placed in a borrier bog fobricated of material
conforming to L-P-378, type 1, grade B, finish 1, having a uniform thickness of
4,012 0.5 mils with o heat sealed closure. The bagged batteries shall be placed in a
close~fitting paperboard box conforming to PPP-B-566, variety 2, style optional.

Closure shall be as specified in the appendix to the applicable box specification.

Sheet 4 of 4
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SPECIFICATION SHEET T 25 July 1975
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BATTERY, PRIMARY, LITHIUM ORGANIC CA-5548/y

The complete reoulrerients for procuring the Vithium orcanic orimary battery

typc described hernin chiall consist of this docunent ard thne issue in cftect
of Spccification SLS-459.
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HOTES :
). All dimensions are In Inches.
2. Unless otherwise specified, all tolerances are 10.005 Inch for decimals.

3. Tolerances of length, width and helght of battery are £ 1/16 Inch for
fractions.

L. The minimum depth of socket well shall be 1/2 Inch.
5. The size of the insulating plate Is optional.

6. Socket Insert contact not required.

7. Pin-circle center.

8. "D hole for plug positioning.

Y. Five holes to fit 1/8 in. pins, 7/16 Inch In length,

10. Socket must float 3/32 "/?g in ail directions from the specifled pin
clrcle center location in the plane of the socket from reference dimension.

11. The printed socket facsimile may be Included adjacent to the socket, on
the socket side of the battery, In lleu of terminal markings shown in the
top view of Fig. 1. The facsimile shall be permanent, legible, include out-
line of socket, terminal identification shown {n aforementioned top view and
meet general battery marking requirements covered or referenced herelin.

12. On all four (&) sides of the battery 'LITHIUM BATTERY' shall be printed
in 1/2 inch (approx.) bold lusterless green lettering (same as jacket color)
on a black background extending a distance of 2.0 inches from end of battery.

13. The socket shall be supported and mounted so that the top surface of
the socket shall not protrude above the adjacent ouside surface of the
Jacket and shall not be more than 1/16 Inch below adjacent outside surface
of the jacket when used initlally, during, and atter subsequent insertions
of the mating plug during contractua) testing.
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REQUIREMENTS ; At

" Dimensions and configuration: See Flgure oo . L
g Ap Unit Az Unlt
Nominal voltage: 3.0 volts, V4.4 volts

Maximum voltages:

Open clrcuit - ' 19,0 volts
Closed clrcult . 3.0 volts * -

% Under a load of 6.76 ohms

¢ Terminals: Five (5) hole socket type with no obstruction of any holes
: (See Figure )

Welght:(maximum): 1,5pounds

Capacity tests: When the battery s tested In accordance with the methods
of examination and tests of this specification, the minimum capacity~test
requirements shall be as specified below.

J & .
Capaclty Test Service Requirement
. {per SCS 459) in hours

; . 50

oI -
1

Inftial voltage delay: When the battery Is subjected to the capacity tests
specified herein, the time required at the beginning of discharge for the
battery to rcach a voltage of 10.0 volts after the specified load is
applied shall not be more than 0.5 scconds.

Drop test: When the battery Is tested in accordance with this specification,
the socket shall not move beyond the limits specified hercin nor shall the
components shift within the jacket, or preclude the battery from meeting
specified "I' capacity test perfon.cd at the conclusion of the jacket
integrity test. 3
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Firat article 1nspoct.1'om TR T R P Raeh » @ sn israemie s % &

Visual-mechanical eramination
Battory voltage R
Dimensions and welight s RO
Mechanical shock
Vibration
Altitude ¢ Ay
Insulation resistance ’ -
Safety feature test .
Drop test 2.9
Jacket Integrity

. Capacity tests I, L, H, RT and LT

Cell lot Inspection: ' s
Quality conformance inspections

Visual-mechanical examination
Battory voltare

Dimensions and weight et :

*  Mechanical shock
Vibration ¥ , _ .
Altitude = }

Insulaticn recistence

Safaty feature test

Dron test

Jacket integrity _ ;
« Capacity tests HT, LT, T and D ;

' ‘, METHODS 0% =X ATMATION AMD TESTS:

Capacity testsi

(1) Storages DNetails on storage conditions for all capacity tests
: aro specified in basic specification.

TR W "

A o)

(2) Discherger The A, unit (-Ay-4, to +A,) shall be discharged through
, 8 resistance of 14.2 ohus for 2 minutes, and then

] through a resistance of 251.,0 ohms for 18 ninutes.

This cycle shall be repcated continuously to a test

end voltage of 10.0 volts.
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Closed circult voltage: Closed circult voltage measurements shall be
made with a direct current voltmeter of proper range and sensitivily
(see basic specification), using load resistances as shown in the
following table:

b MINIMUM

UNIT | RESISTANCE PERMISSIBLE VOLTAGE
A, 6.5 ohms, % 1% 2.60 volts

Ay 14.2 ohms, t 1% 12.5 volts

Voltage shall be above "MINIMUM PERMISSIBLE VOLTAGE'
¢ within thirty (30) seconds after load Is applied.

. » :
Drop test: When performed during First Article Inspection, five (5) each
Group 1118 test samples shall be subjected to this drop test just prior
to performing the jacket integrity test on them. When performed dur'ng
Quallity Conformance Inspecticn, flve (5) each subgroup B, test samples
Just prilor to being subjccted Zo Integrity test shall have this drop test
performed upon them. Each battery shall be dropped once from a height
of 30 t 2 inches onto’a hard surface consisting of concrcte, wood or
steel. The 3 9/16'" x 2 1/i6" lee of the battery nearest the socket
shall be parallel to this surface upon release, and shall make contact
with it. |If any fallure occurs, the contractor shall take immediate
o~tion to correct the defect and eliminate the cecuse. Heowever, ponding
this action, quality conformance acceptance shall be withheld. When
the nature of the failure has been determined, and the necessary corrective
actlon taken, the rejected lot and all batteries in process at the time
of the fallure shall be reworked to climinate the defect. Reworked lots
"shall be rcinspected using a sample size of eight (8) batterles with no
fallures permitted.

Cell Lot Inspection:

1. Cell lot. - A cell lot 1s defined as those cells of a particular
type which are to be used in the fabrication of a specific battery lot.
Eoch of the cell lots shall bo subjected to the Inspection program outlined
herein. )

2. Closed-circuit voltage test. - All the cells in a cell lot shall be pulse
tested for five (5) seconds with a 2.5 ohm resistance lcad. Any cell whose
voltage falls below 2 volts during the 5 second pulse period shall be rejected
for usc In battery fabrication or further ccll lot testing.
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.3. 160°F Storage ggsg. - 7rom a cell lot that has been tested for closeds ™"

clircult voltage select thirty (30) cells elither In random manner or at
presclected intervals, ~bichever the Governmant Inspector dgems more

deslirable. The thirty (30) cells shall be stered at 160° *J.f for two (2)

weeks and then at -20° $3°F for a minimum of six (6) hours. ' Each cell
shall be discharged through the equivalent cell load and to the equivelent
cell end voltage in accordance with the initlal capscity test of this
specification shest. : ] :

" a. If all thlrtyl(lo) cell samples exceed the minimum copacity sarvice
requirement by a fector of at least 10X, the lot may be uood'fgr febrication

- of a single lot of batteries. , : ;

b. If there are two (2) or more fallures during the capacity testing of
the thirty (30) cell sanples the cell lot shalf be rejected. If only ore .
(1) fallure occurs, another twenty (20) cell samples shall ba selected 7rom
the same lot and this same test shall be repeated. If no fallures occur
during retesting, the cell lot shall be considered acceptabla. (f one (1)
or wore cells fall during retesting, the cell lot shall be rejected and new
cell lot of lcells shall be submitted for cell lot-iaspectioe. <

i - T e

4. gel) replepishment. = - Ia order to replenish the twenty (20) cells con-
sumed by the additional 160°F storage testing, twenty=thres (23) cells shal]
be fabricated when necessary. All shall be subjected to closed-circult -
voltago test (2 accve). Any call that fails this test shall be replaced
by one that has passed. Three (3) ce)) semples shall be selected In a
random manner from thc twenty~three (23) cells that have passed the closed-
circult voltage test. These three (3) cell samples shall be tested in
accordance with the 160°F storage test (3 above). No fallures are permitted
for acceptance of this replenishment lot of twenty (20) cells. I(f one or
more fallures occur, the 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 repeated until no fallurss occur.

PREPARATION FOR DELIVERY:

Preservation and packaging: Preservation and ptckaging shall be In accordance
with latest issue of basic specification except that no Intermediate packag-
Ing shall be required and unit packaging shall be as follows:

A unlt package shall consist of one battery Individually packaged per
method 1C~1 of MIL-B-116. Battery shc.| be placed in & barrier bag
fabricated of naterial conforming to L-P-378, type 1, grade B, finish |,
having a uniform thickness of 4.0 ¢ 0.5 mils with a heat sealed closure.
The bacged battery shall be placed in a close-fitting papecrboard box
conforming to FPP-3-636, type CF, W6c or WSc, style optional or MIL-B-
L3014, - Closure shall be ar specified In the appendix to the applicable
box specification. .

L
R T~ T -
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" ELRCTRONICS COMMAND ey 8C8-459
TECHMICAL REQUIREMENTS \ Amendment 3

25 July 1975

BATTERIES, PRD‘ARY,LITBIU‘ ORGANIC

This amendment forms & part of Electronics Command Technjcsl Requirements
8CB-459, 17 May 1974 :

. . Page }
1.1 Delete this paragreph in it entirety and substitute the following!
"1.1 Scope = This specification covers primary batteries of the

nonereserve type ccamposed of electrochemicsl cells utilising & lithiume
organic electrolyte-sulfur dioxide system." :

Pege 3
3.2 Add "Suirur Dioxide Ges Leakage” 3.6 !
- Page T : e |
3.6.9 Safety Peatures: Dedete the last tvo sentences snd substitute the
follovwing: g

"In addition to this safety precaution each complete battery shsll
be fused, when necessary, with a replaceasble C/3 ampere time delay fuse.
If a battery type is composed of more than one section, each individual
section shall be fused separately, vhen necessary, with a replaceable C/3
. ampere time delay fuse."

Page T = %
Add 3.6.9.1 Bafety Diodes - Diodes shall be used in all parallel cell
arrangements to prevent charging in the event that one or more cells drops
belov 2.95 volts each, Each diode employed will be suitably rated so that

it does not substantially impeir the operating electrical characteristics
of the battery. ;

Page 9

3.14.1 Add "Do not charge, incinerate, or mutilate this battery."

et e Tl el 5

Page 10

Add 3.16 Sulfur Dioxide Gas Leakaqe ~ Each cell used In a battery shall
have a monthly leakage rate not to exceed 0.005% of the total sulfur dioxide
in the cell when tested In accordance with 4.7.12. In addition each cell
shall be hermetically sealed having such features as a welded top and a
through connector such as a glass to metal seal. :
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‘ELECTRONICS COMMAND $CS-459
TECHNICAL REQUIREMENTS Amendment 3

Add 4.7.12 Sulfur Dioxlde Gas Leakage Test - Each of the cells used for

cell lot acceptance tests called for in the individual specification sheets
of this specification shall be weighed to the nearest milligram. The
welght of sulfur dioxide used In the design of the cell shall be recorded.
At the end of 30 days storage at 160°F the cells shall be removed from the
temperature cablinet placed in a desiccator and cooled for at least 2 hours
minimum, and then welghed.
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