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NOTICES

Disc laimeri

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 name. of anufacturere
in this report is not to be construed as official
government endorsement or approval of comeercial pro-
ducts or services referenced herein.

Disposition

Destroy this report when it is no longer n.eded .

Do not return to the originator.

This project has been acconçli.h.d as part of the US
Army Manufacturing and Technology Progr. , which has
as its objective the timely .sta blisbe nt of manu-
facturing processes, technique. or .qut~ment to insur•
the efficient production of current or future d f n e e
programs.
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ABSTRACT

Effor t is continuing on the MM&T program to
establish the fabrication techniques and requirements
necessary to meet hardware production levels as
specified in the subject contract. The PERT/TIME Net-
work has been revised and expanded to define specific
problem areas and establish a corrective action plan
to meet the overall program objectives within the
scheduled time frame. Hermetic cell and battery com-
ponent design has been revised in an effort to meet
and/or exceed all performance specifications at mini-
mum current density levels. Non—hermetic cell samples
are presently being fabricated and tested under various
thermal discharge profiles to simulate the proposed
hermetic designs. Such results will aid in the final
selection of the optimal design configuration for the
hermetic prototypes.

Initial equipment design and fabrication of core
winding, cathode/anode manufacture, hermetic closure
and electrolyte preparation and dispensing equipment
is presently underway to permit subsequent integration
within an operational production line. Interf ace with
automated equipment manufacturers continue in order to
fabricate specific machine elements and procure necessary
hardware within the time frame of the PERTtPIME Network.
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p

PURPOSE

The basic objectives of this program are to:

a) establish the producibility of the speci-
fied hermetically sealed lithium cells
and batteries by mass production techniques
and facilities~

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

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

The program consists of six (6) primary components:

Battery and Cell Design
Electrolyte Preparation and Dispensing System

• Core Winding Machine Design
Cathode Manufacture

• Anode Manufacture
. Welding Equipment Design

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

The Manufacturing Methods and Technology ( MM&T )
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 leve’~.s delineated in the contract. Speci-
fically, the following hermetic batteries will be manu-
factured utilizing the automatic electrode processes
established under this program:

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

The production engineering goals of this program
are to perform the necessary design, development, en-
gineering, fabrication of special tooling and construc-
tion of test 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 e~jht—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 th~ deliverable batteries.

1
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II. PROGRAM EVALUATION & REVIEW TECHNIQUE

The PERT/TIME Network has been revised and up-
dated to reflect the present program status. Specific
problem areas were defined and reviewed with respect
to meeting the overall program objectives. Priorities
have been restructured in order to meet the contract
target dates. The revised PERT Chart is shown in
Figure 1.

The major areas of revision are suninarized as fol-
lows :

Cell Design - Additional time has been allocated
to permit re-evaluation of the electrode design configu-
ration in an effort to meet capacity and start—up
requirements at minimum current density levels. In ad-
dition , lead time for the procurement of cell hardware
and tooling has been determined from the various ven-
dors. Such time must be included in order to accurately
predict the scheduled time required to fabricate initial
hermetic cell prototypes.

Battery Design — Various alternatives are presently
being investigated to facilitate procurement of the re-
quired battery cases within a minimum period of time.
Present time required to fabricate injection molded
cases, for example, would delay completion of the initial
battery prototypes. These alternatives are being eval-
uated and the PERT/TIME Network will be updated accordingly
to reflect the most timely course of action.

Weld Equipment — Additional time has been allotted
to permit a more complete evaluation of both laser and
resistance weld techniques. Such evaluations include
design selection of the optimal material handling
techniques , cost of consumables , equipment and maintenance
and anticipated product. output. Since hermetic welding
is a critical area of this program, we felt that in-
sufficient time was previously allocated to this task.

Periodic review of the PERT/TIME Network will be con-
tinued during the next quarterly period in order to iden-
tify and define specific problem areas as they occur.
Such action will permit timely corrective action and will
avoid serious delays during component integration within
an operational production system.

2
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I I I .  CELL AND BATTERY DF~ IGN

A. CELL DESI(~N

The specific electrode configurations have been re-define-i
in an effort to meet or exceed the performance, safety and en-
vironinental reauirements. The basic design considerations
were as follows:

• Discharge Capacity and Pate

• Minimal Current Density Levels

• Operational Voltage Limits

• start-up Requirements

Dimensional Configuration and Weight
Limitations

• • Environmental Requirements

Cell Safety

• Fabrication and Material Costs

The revised cell electrode characteristics are summarized
in Table 1. These designs were based upon maintaining the proper
stoichiometric proportions of the active components , electrode
utilization efficiency, available internal cell volume and mini-
mum current density levels especially during high current pulsed
duty cycles.

Although battery BA-5590 and BA-5842 utilize the same cell
size, two separate design configurations are proposed. The dis-
charge capacity and load requirements of the BA-5842 permit the
use of a low rate electrode construction. This design incorporates
components which are far n~ re economical than the high r ate counter-
part required in the BA-5590 battery.

Effort is continuing to develop a bottom fill configuration
using a flanaed eyelet as the fill port. Such a design would
permit greater utilization of internal cell volume; especially
for cells used in the construction of the BA-5567 and BA-5568.
Hermetic closure of the bottom fill port can be accomplished wi th in
.080 inch ; significantly closer than the present design configura-
tion of .185 inch. In addition, there is no danger of mechanica]
or thermal damage to the glass seal assembly during the closure
process. This design permits the use of a flat reinforced top struc-
ture instead of the present concave shell design to further maxi-
mize internal cell volume.

4
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An evaluation is also underway to determine the effects of
various PCI electrolyte formulations on cell discharge perfor-
mance and operation of the safety vent mechanism. Cells and
control samples are currently being fabricated and will be
subjected to various thermal discharge profiles during the next
reporting period. Following data accumulation and analysis,
a determination will be made regarding the final electrolyte
recipe and constituents.

B. CELL SAFETY

Our primary concern has been the optimization of effective
safety mechanisms to insure non—hazardous operation under all
conditions of storage , use and operation. Basic considerations
for such safety mechanisms include the following:

• System Reliability and Effectiveness

• Minimal Loss of Internal Cell Volume;
Especially for Small Diameter Cells

• Econimic and Reproducible Fabrication

Effort during this quarterly period has been directed towards
optimizing a reliable safety vent mechanism which could be imple-
mented on all, cell sizes required under this program. Such a
universal vent design simplifies tooling requirements and
facilitates the design of automatic material handling equipment
during subsequent assembly operations. The most promising de-
sign as illustrated in Figure 2 essentially consists of a coined
cross section located in the ca” wall and parallel to the center line.
The coined structure is rolled radially inward during fabrication
which accomplishes the following:

• Minimizes the bulging of the can outer diameter
to conform to the required envelope dimensions
during all required thermal environments.

• Provides a pivot configuration which minimizes
tensile loading of the coined surface during
normal cell storage and operating environments.
The flexure joint is designed to invert at
approximately 200—210°F at which point, the
coined section is subjected to direct tensile
loading due to the electrolyte vapor pressure
within the cell. Such action provides greater
control and reproducibility of the venting
characteristics and permits a graduated release
of electrolyte upon venting.

• Provides protection and isolation of vent structure
during cell/battery assembly and handling to pre-
vent accidental vent rupture or damage.

6
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The cans are initially annealed in a reducing atmosphere at
1750 -1800°F for 4.5 minutes to provide uniform material hard-
ness throughout the can. Hardness uniformity is particularly
important to control the coined section thickness during the
subsequent forming operations. Evaluations are presently underway
to quantitatively determine the effects of post annealing of
the coined section on vent performance and reproducibility.

Preliminary abuse tests will be performed during the next
quarterly period to demonstrate the performance , reliability
and reproducibility of the vent during exposure to short circuit,
high current discharge , hot plate tests, elevated thermal storage
tests, hydraulic pressurization tests, etc.

Vent pressure is controlled by the overall geometry of the
coined section and the relative state of anneal. The optimal
venting pressure is considered to be 425 ± 25 psi. Such a
value allows for an adequate safety margin above the maximum
anticipated cell operational/storage vapor pressure.

The PCI side wall vent design will result in a minimal loss of
internal cell vo1ume~ an important consideration in the designof small diameter/height cells since cell capacity is directly
proportional to available internal volume. Space required for
vent activation will be determined during the next quarterly
period.

C. HERMETIC SEAL

The hermetic glass/metal seal assembly , as shown in Figure
12 consists of a tantalum tube and a cold rolled steel eyelet
which are thermally fused to .a glass preform to effect an
hermetic compression seal. The tantalum tube acts as the
positive interconnection terminal and as the fill port for
subsequent dispensing of electrolyte within the cell.

Detailed specifications have been developed to define the
manufacturing process and quality control acceptance criteria
of this component and include the following:

Visual examination under magnification
for evidence of surface cracks, voids
and delamination .

• Hermeticity Test ~ 2 .0  x 10—8 atm. cc/sec helium
• Thermal Shock s —65c to +l25c for 3 continuous

cycles.
• Dielectric Withstanding Voltage ~ 1500 volts AC
. Insulation Resistance ~ 50 megohms

• Pressure Tests e 500 psi for 30 seconds minimum

8
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4

• Cleanliness Requirements

• Ductility Test to assure proper rinch off
and closure of the tantalum f i l l  tube .

In addition, specifications have been implemented to control
the surface defect level of the tantalum tube. Such corrective
action was required to prevent minute capillary leakage alona
longitudinal surface defects on the outer diameter of the
tanta lum tube .

9



IV . Anode Fabrication

Effort has continued during this quarterly period to
f inal ize  the design stages for integrating the anode tab
cold welding technique and lithium rotary slitter design
into a prototype production machine.

A. Lithium Transfer

Several problem areas have been reviewed with re-
spect to achieving continuous feed and transfer of the
lithium foil,. First, lithium has an inherent characteristic
of adhering to most materials and an extremely high level of
ductility. Consequently, automatic feeding of lithium foil
must be accomplished using appropriate guides and transfer
rollers fabricated from polypropylene or equivalent. Such
material handling equipment must be capable of maintaining
uniform alignment and tension in order to assure consistent
cuts which will meet present anode length specifications and
minimize distortion of the foil during transfer. A schematic
of the proposed lithium slitter/tab welding design i. shown
in Figure 3.

The alignment/tension rollers will be mechanically
driven to transfer the uncut lithium to the slitter and again
during transfer to the tab welding station. Since the required
lengths of lithium will vary from approximately 4.5 to 27.0 inch
depending on cell type, it now becomes necessary to design a
transfer guide mechanism which can be readily adjusted to ac—
conunodate this range of electrode lengths.

In addition, a photoelectric optical tensor may be
required to insure proper registration and alignment of the
lithium foil as it is dispensed and transf.rred to the slitter.
Lateral runout of the lithium foil as .uppli.d on spools is
a significant problem in th. design of an effective transfer/fe.d
mechanism in order to minimize anode distortion and bending.
Liaison with various lithium manufacturers will, continue to
minimize the magnitud, of these variations.

B. Lithium Tabbina

Pre-pi.rc.d nickel plated cold roll.d steel is presently
being evaluat d as an altsrna tiv. to the perforated copper tab
now in use, Resistanc• welding of th. anode tab tø th. can

10
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structure is greatly facilitated by using CRS. In addition ,
stress corrosion at the weld joint interface is minimized
due to coninonality of the tab and can material. Preliminary
results now indicate that CRS will cold weld satisfactorily to
the lithium foil. Voltage drop measurements across the welded
joint interface have been taken at various current levels to
verify weld integrity and establish a maximum specification
value .

Prototype cells were subsequently constructed using the
nickel plated CRS tab configuration to quantitatively evaluate
cell discharge characteristics as compared to standard cell
design . After an initial storage period of 16 hours at 1300F,
both cell types were discharged at low, medium and high rate
current drains. The results indicate similar capacity charac-
teristics within normal distribution limits. Subsequent dis-
assembly and examination of the discharged cells showed no
evidence of electro—chem.tcal corrosion at the CRS tab/lithium
or CRS tab/can weld interface. In addition, surface contact
and adhesion of the lithium anode to the perforated CRS tab
was found to be acceptable in all cases.

The present technique of folding the electrode end over
the pre-pierced conductor tab prior to staking is not considered
a feasible approach for developing an automatic sequence.
Therefore, staking of a pre—pierced tab will be performed at
pre—determined intervals on one side of the lithium foil to
enable continuous electrical tabbing of the foil. Continuous
feeding of the tab material will be evaluated during the next
reporting period to determine the trade—off a between feeding
of pre—pierced tabs versus feeding of continuous foil which
would be pierced at the staking station.

During the next reporting period , PCI will begin the
initial fabrication and procurement of components needed for
the prototype production machine . It is anticipated that this
machine will achieve the specified production rate of 5,000
“D ’ size anode electrodes per eight—hour shift.

12
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CATHODE FABRICATION

Work during this quarterly period has been directed towards
developing a continuous technique for fabricatirta cathodes at
rates consi5tent with program goals. Two potential manufacturing
processes for fabricating cathodes were investigated concurrently
with the objective of:

a) Minimizing developmental problems:

b) Providing maximum process control and
product reproducibility :

c) Maintaining product quality:

d) Achieving the production goals required under
this program.

One continuous process for cathode fabrication is that of
extruding the raw cathode mix into an endless sheet, followed
by lamination of this sheet onto an expanded screen conductor.
A schematic drawing indicating the basic components for this
system is shown in Figure 4. Preliminary bench scale experi-
ments have indicated that this approach is viable , i.e. the
PTFE/water/carbon misture is extrudable and this extrusion
can be pressed into an expended aluminum grid. Specifically ,
extrusion trials at PCI for the formation of cathode sheets
utilized a three—inch screw type Enterprise Extruder. Two
different extrusion dies as shown in Figure 5 were fabricated
and tried. It was found that a simple extrusion plate (b)
works as well as a gradually tapered “fish—tail” type ex-
trusion die. Problems were encountered in two areas of
extrusion:

I) Due to the large amount of moisture present
in the raw mix , during material compaction
water is expelled and a moisture gradient
develops across the extruder with the driest
material near the discharge end. This caused
a gradual slow down and stoppage of extrusion
as the “wet” material at the feed end was un-
able to displace the “dry” material at the
discharge . By reducing the amount of trapped
moisture , this gradient can probably be
minimized.

11 
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2) Uniform transfer of the material to the
extrusion screw was the other area of
difficulty. To obtain a uniform ex-
trusion in a screw type device it is
vital that feed be uniform. The
solution to constant feed is still
being investigated but it appears that
a “side packer” , that is, an auxiliary
device feeding the main screw at a
constant rate may resolve this problem.

The second process studied for automating cathode formation
was one of continuous filtration utilizing the rotating drum
vacuum technique and the continuous belt technique.

A. Rotating Drum Vacuum Process

A drawing illustrating the fundamental operation of the
rotating drum vacuum is shown in Figure 6. Specifically , this
operation is one of depositing a coating of the carbon/binder
mixture onto a substrate (alumin’im screen) by filtration. Since
the aluminum screen is available in continuous lengths and the
cathode slurry is easily pumped and filtered , a continuous
rather than a batch—type process is possible. When utilizing
this technique, the aluminum screen is continuously fed to the
face of the filter drum which is partially suhn~erged in the
cathode slurry , as is illustrated schematically in Figure 7.
As the suspension is filtered , the “cake” builds up on the
screen and forms the cathode. The cathode weight per area is
controlled by filtration rate and filter surface speed.
Following filtration the cathode is further de—watered , com-
pressed to lock the coating into the openings of the conductor
screen and dried.

16
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The selected approach for the first prototype machine
essentially consists of a horizontal traveling belt that
receives the raw cathode slurry through a feeder which
maintains even distribution across the entire width of the
belt. Solvent is continuously drawn through the belt until
the slurry attains the proper consistency. As the cake
laden belt approaches the discharge end , it is further com-
pressed by a series of sizing rollers prior to its
removal. Initial drying of the cathode is accomplished by a
;eri•s of radiant i--eaters. ~t ~loc~ diagram of the proposed‘vstem is sho’~”n in Viaure 8.

Additional sizing rollers have been fabricated and installed
on the machine to permit uniform control of cathode thickness.
These rollers have multi—axis alignment adjustments to insure
proper tracking of the filter belt during the filtration pro-
cess. Rotational speed of the driven rollers is keyed to the
speed of the belt to maintain uniform tension.

Continuous feeding of the conductor grid will be guided
along a series of alignment rollers and transferred to the
horizontal belt filter at the cathode feeder.

Part of the cathode fabrication process includes selec-
tive removal of carbonaceous material from the conductor
grid to permit subsequent welding of the aluminum cathode tab.
The equipment must have the capability of performing this
operation along both the belt direction axis and along the axis
of rotation depending on the required cathode length. Various
techniques will be evaluated during the next reporting period
and will include pressure impinging of the cathode with solvent
and/or dry air to selectively remove cathode material from the
grid.

Wbrk during the next reporting period will include evalu-
ation of various slurry feed equipment. A uniform homogeneous
mixture must be maintained at all times to prevent clogging of
the discharge and to insure depositing of sufficient slurry
mix onto the filter belt.

19
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VI. CORE WINDER

During this quarterly period , work has been directed
toward completing the first prototype core winding machine
which is scheduled for delivery in January 1977. Initial
machine evaluation and debugging has been accomplished
using lead foil to simulate the anode structure. The duc-
tility of lead is quite similar to lithium and does not
require a humidity controlled environment. Final machine
evaluation is scheduled for February 1977.

The machine can presently accomodate electrode widths
up to 1 7/8 inch and can continuously feed and transfer non-
woven polypropylene separator through the guides and into
the pre—positioned slot in the winding mandrel.

Maintain ing a unif orm an d consistent tension of the
separator material is necessary to insure proper feed rate
and alignment within the roller guides. Actuation using a
pneumatic cylinder resulted in an irregular feed which dis-
rupted the winding cycle. This problem has been corrected
by using an oil cylinder/reservior system which results in
smooth actuation and uniform feed of the electrodes.

Another problem which is presently being evaluated is
surface abrasion of cathode material during the transfer
process. Residual carbon from the cathode electrode accumu—
lates on the roller guides and periodically obstructs the
free transfer of material. Various self-lubricating roller
materials are presently being considered to minimize this
surface abrasion.

Some of the required cell designs will utilize micro-
porous polypropylene film as the separator material~
especially for the high rate versions. Use of this material
has presented some material handling and transfer difficulties~
primarily due to the presence of static electricity and the
inherent material consistency. The generation of static , as
we are concerned with it in the handling of materials , is
basically the result of an imbalance of negatively charge
electrons. This imbalance is due primarily to the fact that
the electrons of conductive materials such as metal machine
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r arts nove more freely than the electrons of insulators.
5~urf ace contact of an insulator wi th a meta l lic ma terial  ~~l1
therefore result in a transfer of electrons to the insulators
~eaving itself in a charged condition . The most effective ~~r-
rroach towards elimination of this static charce involves ier.i-
zation of the ambient air with which the insulator mater ial comes
in contact. Such an electrostatic environment will  ef fect ively
neutralize the static charqe as shown in Figure 9.

Two effective approaches to the rroh]em are prcsert1~’
~eine con~ iderec~ electrical static eliminators and nuclear
Static eliminators. Electrically powered static elimination
ecuipynert consists of two basic components: the jon—prnducirtc~Fource and its high voltage power supply. The neutralizing por-
tion consists of one or more electrified needles rigidly he1’~less than ar inch from a grounded metal housing. Ion cyprera-
tion occurs in the space surround i ng the highly charged needle
roirts. Nuclear powered static elimination eaui~ment work s on
the 1-asis of introducing ionized air by harmless irradiation
of the surrounding air. The ionizing zone, unlike those of
electrical type devices, is spread out over a relatively ]arqe
area, resigned in a self—contained bar requirin~ no exter nal
electrical connections , the neu tralizer is normally 1ro4rter ~n r roximity  to a charged surface .

It is bel ieved that neutralizinq the static charge
of the sep arator material will greatly facilitate material
1 andlinq and transfer and will minimize the attraction of
‘ust particles and other contamination during the core wind i ng
secuence.

Work during the next reporting period will he directo~to~.’ards f i n a l debugging of the f ir s t  prototype core winder .
Design specifications will be prepared for the second core
bi n ding machine which will be designed to acconuodate short ,
narrow electrodes and permit the use of microporous rolyproryirre
separator .
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VII. ELECTROLYTE PREPARATION AND DISPENSING

Evaluation of various valve and metering dispens-
ing systems has been continued during this quarterly
period to determine the optimal technique for dispens-
ing electrolyte within the cell. Two dispensing
techniques are being considered.

The first technique consists of partial evacuation
of the cell to a pre—determined residual dry gas pres-
sure that corresponds to the desired proportion of dry
gas in the finished cell. This residual air allows
for thermal expansion of the electrolyte which is sub-
sequently transferred into the cell until pressure
equilibrium is reached.

The second technique is essentially a volumetric
fill system using a graduated syringe to meter a pre-
determined amount of electrolyte into the cell. The
cell is fully evacuated and a specific amount of elec-
trolyte is dispensed. Five to ten per cent void space
is allotted to permit thermal expanaicn of the elec-
trolyte and prevent hydraulic pressurization. Cell
weights are checked before and after fill to insure
operation within an acceptable distribution curve.
One disadvantage of this system is that volumetric
set—up adjustments must be made for each cell size
prior to a production run. However, normal electrolyte
volume variations can be controlled to a minimum level .

The electrolyte dispensing valve system has been
reviewed during this quarterly period in an effor t to
finalize the optimal design configuration. Such a sys-
tem will consist of a series of 4—way shuttle valves as
shown in Figure 10. The basic valve body contains stain-
less steel or aluminum spoo1s which transverse from end
to end within seals locked in the valve body. Because
of the gradual transition between major to minor spool
diameters, sealing is achieved with minimum friction
and without the seals being squeezed across holes that
could cause them to extrude, cut and pr~ naturely wear.

24 
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One proposed valve system as shown in Figure 11
will permit multiple evacuation and dispensing of elec-
trolyte by actuation of the shuttle valves. Various
valve component and seal materials are presently being
considered to assure minimum equipment maintenance;
especially those components which are continuously
exposed to electrolyte. A four station dispensing
system is currently proposed to attain the required
production rate.

PCI is also considering the employment of an im-
pedance measuring unit which would continuously monitor
cell impedance or capacitance prior to the electrolyte
dispensing cycle. This unit would be permanently
mounted to the dispensing station. Cell impedance would
be required to conform to a pre—determined acceptance
level to permit completion of the dispensing cycle.
Failure to meet such conditions would automatically
sequence a reject actuator to terminate the dispensing
cycle. Such a system would allow in—process screening
of shorted and/or open circuit conditions within the cell.
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VIII • HERMETIC SEAL AND CELL CLOSURE

During the second quarterly period , significant
effort  has been directed toward finalizing a hermetic
cell top design and demonstrating the closure
techniques which will be used to meet the required
hardware production levels. Basic design considera—
tion~ were hermeticity requirements, overall reliability ,
economics and adaptability to automated production.
Evaluation of various leak detection equipment has also
been completed to determine the optimal process which
will be used at various stages of cell fabrication.
Such in-process leak detection is considered necessary
to insure meeting the pre—established hermeticity re-
quirements. The specific areas presently being investi-
gated are as follows:

• Glass/Metal Seal Assembly

• Eyelet/Top Resistance Weld

• Cel]. Peripheral Weld

• Fill Tube Closure

. Leak Detection Equipment

• Hermetic Cell Storage

1. Glass Seal Assembly

Two sizes of the glass/metal seal assembly as shown
in Figure 12 are presently being used in the fabrication
of the required cell types ; the .400 inch size to be
used for .625 inch diameter cells and smaller, the .500
inch size for .930 inch diameter cells and larger. We
are presently investigating the use of a coum~n eyeletdesign which can be utilized for all required cell sizes.
This would minimize tooling and fixturing costs and
simplify cell top construction.

The seal primarily consists of a tantalum fill
tube, a steel eyelet and a glass insulator jr e form; the
assembly of which is thermally fused to effect an her-
metic compression seal. A detailed engineering speci-
fication for the glass/metal seal assembly has been
developed to quantitatively define the following physical ,

28
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4

electrical , hermeticity and environmental requirements:

• Visual Inspection

- Dimensional configuration

— Evidence of cracks , voids, delamination

— Surface cleanliness

• H~~-meticity Test ~ 2.0 x 10~~ atm cc/sec
maximum leak rate

• Thermal Shock ~ —65 to 125°C (3 cycles )

• Dielectric withstanding voltage ~ 1500 volts AC

• Insulati n resistance @ 500 volts DC ,
50 megohms minimum

• Pressure Test @ 500 psi for 30 seconds
minimum

The above parameters will be continuously monitored
and tested by the glass seal manufacturer to assure
product uniformity arid reliability. Certificates of
material compliance will also be su1~nitted in addition
to the above test results.

Effort is continuing to formulate a cleaning pro—
cess to remove surface oxidation from the tantal ~m tube
which is formed during the glass fusion process. Such
oxidation prevents successful spot welding of the
aluminum cathode tab to the tantalum fill tube. It was
found that an increased electroless nickel plating
thickness is required to prevent eyelet damage during
t~e cleaning process. Various solvents are presently
being evaluated to assure complete removal of any
residual acid which may degrade the glass seal.

Tantalum inter-connection tab material has
also been procured and will be evaluated as an interim
solution. Voltage drops across the we1d~d joint will be
measured at various current levels to determine the
feasibility of this design change.

3n 
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2. EyeletJTop Resistance Weld

Numerous samples of each size glass seal assembly
were resistance welded to various size top shelis
using a 60 KVA resistance welder equipped with a low
inertia head to provide quick response at constant
pressure during the entire weld cycle. The units were
subsequently inspected and tested to quantatively mea-
sure 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 specificd limits of the con-
tract.

The units were also subjected to a pressurized
pneumatic bubble test. Each welded assembly was ex-
posed to 160 psi of dry air while inmersed in an
alcohol solution for up to 24 hours. No evidence of
leakage was observed on any of the tested samples.

Resistance weld parameters are currently being
finalized to insure consistent welds which meet or ex-
ceed all structural and hermeticity requirements.

3. Cell Peripheral Weld

a. Plasma Arc Weld

Hermetic closure of the cell periphery is
presently being accomplished using a plasma arc welding
process. One problem associated with the peripheral
weld has been weidment porosity at the joint overlap.
This condition is primarily due to rapid cooling of the
joint interface at the termination of the weld cycle.
This tends to produce a structurally weak joint which is
porous, especially during exposure to high pressure.
This discrepant condition has now been corrected by in-
corporation of a down slope function as part of the weld
cycle. This operation gradually reduces the weld cur-
rent levels at the termination of the weld cycle and re-
suits in slow cooling of the joint thereby eliminating
weidment porosity at the overlap.

Another problem encountered during the peripheral
weld was the flow characteristics of the molten metal
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at the joint interface. High weld currents were pre-
viously required to overcome the surface tension of
the molten metal to produce a uniform and consistent
peripheral bead. However , such weld current levels
cause excessive heat generation which can degrade the
heat sensitive components within the cell; especially
the insulators, electrode separator and glass seal as-
sembly. This problem has now been corrected by using
a shielding gas containing 95% argon and 5% hydrogen.
Such a mixture improves the flow characteristics and
has permitted the use of lower weld current levels
to achieve a hermetic peripheral weld on cell sizes
ranging from .625 inch to 1.625 inch diameter.

Heat sinks and holding nests have also been fabri-
cated for various size cells to transfer excess thermal
energy away from the cell during the weld cycle to
avoid degradation of heat sensitive components.

Implementation of the above corrective action has
now resulted in a significant decrease in peripheral
weld rejection rate.

Leak detection of the peripheral weld is qualita-
tively performed using a pressurized pneumatic bubble
test. A maximum pressure differential of 160 psi of dry
air is applied within the cell while immersed in an
alcohol solution for 30 seconds. Alternative leak de-
tection techniques are presently being evaluated in an
effort to quantitatively measure leak rate within a
minimum cycle time.

b. Laser Welder

Evaluation of various continuous wave neobiurn YAG
laser welders has resulted in the following conclusions:

The YAG laser welder has insufficient power
to effect a peripheral weld within the re-
quired time allottment; especially for large
cell diameters. Efforts to increase weld
speed resulted in inadequate beam penetra-
tion and poorstructural weld characteristics
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Excessive heat was developed during the
long peripheral weld cycles which degraded
heat sensitive components within the cell.

Operational cost and periodic maintenance re-
quirements were not acceptable within a
production environment.

Significant effort has now been directed toward
achieving a hermetic peripheral weld using a CO2 laser
welder. The C02 laser as shown in Figure 13 es*entially
converts energy from an electrical discharge into mole-
cular vibrational energy within the C02 gas. Photons
are generated as some of the CO2 vibrational energy is
released. Alignment mirrors direct and focus these
randoml y emitted photons to sustain the photon genera-
tion , i.e. the lasing action.

The CO2 laser welder is available in several high
power configurations which have been evaluated £ or peri-
pheral welding of the various size cell cans. The re-
sults are as follows:

Weld Power Number Output/8 Hours*
(Watts) Heads inch~~:c — 

(“D” Cell)

250 1 0.5 2400

500 1 1.0 3600

500 2 0.5 4800

1000 1 4.0 5760

1000 2 4.0 11, 520

*Assumeg material handling (load/unload) time of 4 sec.

A two station (dual head or split beam) laser welder
appears to be the most advantageous system since it mini-
mizes “dead” time during in—process loading and unloading
of cell sub—assemblies. Prototype samples using the
above equipment are presently being fabricated and eval-
uated for hermeticity and structural integrity.

The CO2 laser welder can be operated under two modes;
a pulsed (Gaussian mode ) and a continuous wave (mixed
mode) as shown in Figure 14. Gaussian pulsed mode consists
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of overlapping spots which concentrate high energy
pulses over a prescribed duty cycle which minimized
heat transfer to the workpiece. The mixed mode is a con-
tinuous welding cycle at a higher average energy level
which permits faster weld speeds and greater throughput.
Evaluations are currently being performed to determine
the thermal characteristics of each mode and their
effects on heat sensitive components within the cell.

c. Resistance Weld

Resistance welding of the cell periphery has been
accomplished on small diameter cells by utilizing the
blunt can edge formed during the clip-off operation and
by rolling the edge inward to minimize contact surface
area. A pneumatic weld fixture as shown in Figure 15
has been f abricated to permit continued evaluation of
the peripheral resistance weld on .625 inch diameter
cells. Radial force is applied to the external walls
of the can to minimize wall collapse and deformation.
Phenolic spacers within the fixture permit welding of
various height cans. Evaluation of this technique will
be continued during the next quarterly period and welder
specifications and operating parameters will be es-
tablished.

4. Fill Tube Closure

Final fill tube closure problems due to non-uniform
hardness of the tantalum tube material have been alleviated

by implementation of the following correction action:

• specification of tantalum hardness require-
inents

• Imposing a maximum surface defect level
on the ID and OD of the fill tube

PCI is also investigating the feasibility of provid-
ing a chamfer on the O.D. of the tantal* tubs to
facilitate cell installation and rea~ va1 in the elec-
trolyte dispensing head. This deei~n change will also
minimize damage to the 0—ring seals within the dispensing
head and reduce the frequency of periodic seal replacement.
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5. Leak Detection Equipment

Various helium mass spectrometers Lave beer eval-
uated for leak detection of the followinc’:

• C-1~ ss to metal seal assemb]y

seal/Top assembly

• Toy,/Can peripheral ~‘eld

• n il tube closure

Leak rate measurements of the above ~uh-assemb1icswill be continuously monitored throuqhout the fabrica-
tion of the hermetic cells to assure conformance to
the hermeticity requirements which have been established
at 2.0 x 10—8 atm cc/sec helium . Fuch leal-aqe measure-
ments will permit in-process screeninq of defective cell
components and sub-assemblies. The helium mass spec-
trometer has a sensitivity of 1.0 x iO iOatm cc/sec
helium and is therefore well suited for this apnlication .

Ve are also investiqatinq the feasibility of intro-
ducjrta a trace amount of helium into the cell durinq the
electrolyte dispensing operation . This will permit
auantitative leak detection of the completed cell to
ver i fy  hermeticity of the fill tube closure and will permit
lealraqe measurements after cell exposure to elevated tempera-
ture storaqe environments .

6. Hermetic Cell Storaae Prq~ram

Approximately one hundred fifty (150) herm etically
sealed 660-5AS (1.625 inch diameter, 5.500 inch heiaht)
are presently underqoing a lona term elevated temperature
storage proqraxn. The cells are equipped with a bottom vent
confiquration and contain a tantalum tube glass seal assembly.
Both test cells and control samples are heinq stored under
various thermal environments in an effort to quantitatively
measure the followinq~

Electrolyte leakaae rates

Capacity discharqe characteristics

• Flectro-chemical corrosion of the qiass
seal assembly
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Resul ts to date indicatQ no loss of cell weight
after 30 days storage at 160°F. Capacity levels of
these cells which were observed to be within normal
distribution limits are as follows:

Storage Time Storage Discharge Load Service Lif e
(days) Temp. Temp. (2.0 volts)

(OF) (OF ) (avg. hours )

0 — +70 1.9 17.5

o — —20 1.9 9.7

30 RT +70 1.9 16.1

30 RT —20 1.9 9.1

30 160 +70 1.9 15.8

30 160 —20 1.9 10.2

The tests will be continued for a period of six (6)
months to obtain sufficient data verification to permit
detection of any design problems.
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IX. Conclusions

Durina the present cuarter , ef fo r t has con tinued in ac-
cordance with the planned engineering ob-lectives as defined in
the revised PFPT/TIME Network. These oblectives include fi-
ralizing the production fabrication techniaues and eauipmEnt
desiqn and subsecuent implementation of such equipment in th c’
construction of the required hermetic cells and batteries.

I~ermetic cell and battery design has been re-evaluated in
an effort to attain required cell capacity at minimum current
density levels. An evaluation is also underway to determine
the effects of various PCI electrolyte formulations on cell
discharge performance and operation of the safety vent mechanism .
Initial design and fabrication of a coined safety ven t for sm all
diameter cells is presently underway . The proposed design ~il l
occupy a minimal amount of internal cell volume and will therecore
not reduce anticipated cell capacity. Preliminary tests indi-
cate that the proposed side vent structure can he utilized on
all cell sizes at a pressure of 425 psi.

Finalization of the anode fabrication eauipment has pro-
ceeded to the design stages for inteqratinq the anode tab cold
weldina techniaue and lithium rotary slitter desicvn into a
prototype production machine. Material transfer and alianment
is presen tly beina considered to minimize distor tion of the elec-
trode during the slitting process. A continuous feed of lithium and
tab material appears to he the most feasible approach to automatiro
this oreration .

Initial fabrication of a continuous horizontal belt cathode
machine is underway . Preliminary compression , sizina and dryina
of the slurry mix is presently under evalua tion in an ef for t to
determine the final design parameters. Sizing of the cathode
thickness must be carefully controlled to avoid damace to the
pore structure and alter porosity characteristics.

Two approaches for electrolyte dispensing are T resentlv
being considered ; a pressure equilibrium system and a volumetric
fill system . Various shuttle valves and metering systems are
being considered in an effort to optimize electrolyte transfer
and dis~ensinq to meet the cell design specifications and tolerarces.
Incorporation of an impedance monitoring sensor may he reauired
to rrevent electrolyte dispensing within shorted cells.

Fabrication of the semi -automatic core winder is schedulc’i
for comp~ct.ion in January 1977. Plans are aiready underway to
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ascertain those modifications necessary to permit core windinri
of multi width/lenqth electrodes using both non-~~ver and micro-
porous polypropylene separators. Use of static eliminators

- - may be recuired to orevent contamination of the separator cur-
face .

Various welding techniques and eouipment have been ev~
1
~~’te~

to accomplish hermetic closure of the cell components. A de-
tailed engineering specification has been developed to cuanti-
tatively define all critical physical, electrical , hermeticitv
and environmental requirements. Refinement of the plasma arc
welding process has been particularly successful; hermetic
closure of cell cans ranging from .625 to 1.625 inch diameter
has been renroduciblv demonstrated . Both CO2 laser welding and
resistance welding equipment have been evaluated for accomplishina
the peripheral weld. Final system selection will he made (~1rircr
the next a-uarterlv period .
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X . PROGRAM FOR 3RD QUARTER

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

Continued procurement of cell and battery
prototype hardware and tooling.

Fabrication and evaluation of prototype
hermetic cell assemblies.

Initial evaluation of an operational core
winder and continuous cathode fabrication
prototype machine.

Peripheral weld system selection and pro-
curement of required components , fixtures
and material handling equipment.

• Re-evaluation of equipment design status
and initial procurement and fabrication of
prototype components.
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XI. I[WNTIFICATION OF PERSONNEL

The fo l lowing addi t ional  nersonrel ar ~ nre s er t lv
i nvolved in the subject proaram :

Thoma s ~~~. Vatson

Educat ion:  B .~~. E .E . ,  Manhattan Colleae , May 1969
Graduate Courses, New York University ,
C.~’. Post, 1970—73

Pro~essiona1 Experience:

Power Conver sion , Inc.
Mt. Vernon , NY 10550

1976 - Present: Engineerina Manaaer

Responsibilities include:

1. Management and supervision of all engineerinq
functions for both research and production batter” prnqrajns
including the development of hermetic seal and
safety vent techniques and cell optimization studies.

2. Fstablishynent and surveillance of an automated
nroduction facility to permit expansion of existinci
prototype product lines for the Lithium/SO 2 system .

3. Preparation and review of technical and cost nrc-
posals for new development proiects sponsored ~v
various military and consumer organizations .

4. Management of configuration control and related
documentation for hardware design , manufacturinc~
tooling and equipment and the design and packacina
of lithium batteries for specialized applications.

P.R. Hallorv Corp.
Tarrytown , NY 10591

1973 - 1976: Senior_Pr~j~ect Fnaineer3 Li thium_Pow ’

Responsibilities included :

1. Management and supervision of li thium ba ttery
prototype development nroqrams.

2. Design of consumer and military power systems
includina the development of requ i red perform .irc~
and safety specifications .
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3. cuality control surveillance of all production
assembly and testing operations.

~~~• 
er ep arat ion of proaram and cost pror ’esa)c , r’roduct
improvement presentations and customer liaison .

1969 - l973:Grur~ann Aerospac 2~p.,_ Pethpaae, NV 11714

Cognizant Ertqineer, (~uidance systems, Lunar
Module Program -

~~~~~~~~~

_____

Pesrons ih i l i t ie s  included :

1. rstahlishment of all performance specificatior.s
for  iner t ia l  guidance systems .

2. Fnaineeririq surveillance and inspection of
iner t ia l  hardware assembly procedures and f a c i l i ti es.

3. railure analysis and implementation of recmired
corrective action and configuration control .

4 . Evaluation of program costs , r rodur ’t i~~eroverients
aM customer l i a i son .
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Ths-’ la~or hours expended during this ciuarterlv renort-ire
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Dr .  ~~~ c~~ a r t  ~~~. Chodosh 166 hrs
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Prooram Maraqer

Martin ci . Posa n sk y 4 f l 5  hrs

Senior Fnqineer

Thomas ~i. watson 405 hrs

5~en ior  T nginecr

?‘nandarair 3oshi 719 brs

Tes t Fnq in eer

JuliuS Cirin 762 hrs

Technic ian

N._Bartilucci 269 brs

Techr ici in

Jam_s~~~~~~i 415 hrs
T c h r i  ci an

Prakash J2~j ~46 hrs
FrgTh eer

Tames Maquire 323 hr~
Supervisor
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