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FREFACE

This final program report on the development of a 100 Ampere-Hour Battery
Module for a large Manned Space Station fulfills a part of the requirements
listed in NASA/JSC Contract NAS 9-1107h, Exhibit "A", Statement of Work, paragraph
5.0, Table I. BSpecifically this report covers the Entire Cell Development phase,
the Charge Controller and Test Equipment Design phase, the Computerized Datas
Analysis/Reduction Erogram rhase and the parametric cell characterization test
phase, The Design and Test phase of the Battery Mbdule was reported separately
and was published in March 1973. o

The -author gratefully acknowledges the guldence, assistance, patience and
understanding of the Technical Monitor, Mr. J. Cioni, of NASA/JSC and Mr. F. E.

Ford of NASA/GSFC.
Gratitude is also hereby expressed to Messrs. E. Carr and W. Harsch of Esgle

Picher Industries for their cooperation.
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NOTICE

This report was prepared as an account of government-s ponsored
work. Neither the United States, nor the National Aeronautics
and Space Administration (NASA), nor any person acting on be-
half of NASA:

(a) makes warranty of representation, expressed or
implied with respect to the accuracy, complete-
ness, or usefulness of the information contained
in this report, or that the use of any informa-
tion, apparatus, method, or process disclosed in
this report may not infringe prlvately owned
rights: ,

(b) assumes any liabilities with respect to the use

' cf, or for damages resulting from the use of any
information, apparatus, method or process dis-
closed in this report.

As used above, "person acting on behalf of NASA" includes any
employees or contractor of NASA, or employee of such contractor
_to the extent that such contractor prepares, disseminates, or
provides access to any information pursuant to his employment
with such contractor.

GRUMMAN
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1.0 - INTRODUCT'ION

It was the purpose of this program to develop a long-life, re-
lisble and safe 100 ampere-hour sealed nickel-cadmium cell and battery module
with ancillary charge control and automsted test equipment to fulfill the re-
quirements of a large Manned Orbital Space Station which uses Solar Arrays as
its prime source for 25 K.W. of electrical power.

A sealed 100 ampere-hour cell with long life potential and a replace-
able, space maintainable battery module has been developed for Manned Space Sta-
tion applications. The 100 ampere-hour cell has been characterized for initial
(early life) anticipated conditions. Tong term life testing of these cells could
not be performed due to lack of progrem funds, |

2,0 OBJECTIVE
2,1 100_Ampere~Hour Cell

A long life 100 ainpefe-hour cell was designed and developed. ﬂlree
design variations have been established a.ﬁd. initial performance characteristics
under simﬁlated conditiong have been cobbtained. All initial life objectives were
met. Iong term life per:f'oi'mance testing has not been conducted due to lack of
funds for this effort. However, long term life performance capabilities were
glven prime consideration in these designs and higﬁ reliability materials and
process controls were applied. These factors should result in long life cap-~
abllities, Life cells are now hbelng fabricated. | 7

2.2 100 Ampere-Hour Battery Moduls _
The problem of heat transfer from the célls to the statlon mounting rack

'was carefully analyzed. An optimum design, using conventional cold rail-cooling
loop system was established., A four () cell module was developed and an engineer-
ing test module using active eells and built-in heaters was fabricated. Its pur-
pose was simulation of heat generation to evaluate and verify computed hea‘t. trans-
fer capabilities. It met all design objectives, All module design and test in-
formation was reported in an éarlier dociment. '

2.3 Charge Control Test Equipment
A reliable efficient and safe charge control technique was developed .
Nine (9) charge control test cyclers were designed and constructed for the para-

metric test program. |
Five (5) other units are partizlly constructed and were scheduled for
the life performance test. .



The test equipment is partly automsted for unattended operation. The charge
technique and test cycles were evaluated during the parametric cyeling end met

all objectives.

2.4 Computer Programs
Cell performence model and data analysis/reduction problems were de-

veloped., These were tested and met all of thelr objectives.

3.0 PROGRAM SUMMARY
Cost effectiveness, without quality compromise, was exercised throughout

the program. With this consideration in mind, the manufacturer's established cell
design was carefully analyzed with respect to materials, components and processes
applied to achieve a long term reliable cell., From this review a baseline cell
design was evelved., Subseguently, varjations of this design were evaluated and

major items are listed below:
& Opposite face terminal location.

® Large terminal design (0.5" diameter) with different ceramic purity and

surface finish.
® Polypropylene Separator Material
- WEX 1242 (washed)

T21047 (washed)

Hercules MF

Combination of FT 2140 (washed) and woven polypropylene (washed)

® Stack compression,
¢ Flectrolyte guantity.
® Sensing type auxiliary electrode
~ Design
- Wrap'
~ Terminal insulated from container
® Thin electrode (,022" thickness).

® Application of semi-automatic plaque laying process on large size electrodes.



® Optimization of plate characteristies through the Manufecturing Process
Varisble Study (NAS 5-21159).

® Application of & low cost, highly relisble pressure sensitive switch.

These variables were selectively evaluated in three consecutive cell develop-
ment groups and in a parametrlc characterization group under anticipated space
station conditions. The cell development and characterization phases have been
successfully completed. The life test cell groups, consisting of & "preferred
design" with nylon separﬁtor and thin electrodes and two alternate designs with
polypropylene WEX 1242 (washed) sepérator and thin and standard thickness elec-
trodes respectively, have been constructed. However, no life tests are scheduled

under this program since funds are not currently available.

Associated with a 'long life capebility 100 A.H, cell the following major

items were developed under this program:
8 Flat lug type large size Butt-Seal Terminal.

® TNon-destructive terminal braze uniformity examination technique-Radio-

graphic analysis.
e A more:sensitiﬁe mass spectrometric leak inspection technigue.
¢ (ontamination-free electrolyte filling technique.,
& An eiectroly£e'qﬁantity‘filling technique baged on the cell's frée volume.
@ A closely predictable prechﬁrge adjﬁstment technique.

® A more uniform large size electrode from the "Dry Powder Process" as applied
from the Manufscturing Process Variable Study (NAS 5-21159).

Since the station will require a iarge number of cells (up to 672 are antici-~
pated) a modularized concept must be épplied_for maintainability and logistic reasons.
Study determined that optimized conditions (maintenance/replacement costs, human
factors) will be achieved when each module contains four (4) cells, After a fhorough
analysis of difference packaging factors and cooling concepts, a four cell battery
module was developed and designed to meet the thermel, mechanical, electrical and
handling requirements for this application. An engineering model was constructed,
‘tested and evaluated, and met all of its requirements. This information was pub-
1ished last March in a report entitled, (Design & Test of a 100 Ampere-Hour Nickel



Cadmium Battery Module). No final development module as previously scheduled,
was constructed for dynamic testing., This was caused by lack of funds and antic-
ipated lower dynamic levels, yet tc be established, due to a change to the shuttle

vehicle.

The Grumman Segmented Source Ibﬁer Regulator was used as a baseline charge
controller. The mein control consists of three temperature compensatéd voltage
contrel levels, using four consecutive constant current (3 main and one trickle)
steps. The current stepping ls triggered by the voltage 1limit achieved (main
control mode), or by a preset auxiliary electrode voltage level or pressure level
(backup control mode). Since these cells have yielded inconsistent auxiliary
electrode signals as a function of cell pressure it appears that a-pressufe slgnal

will result in a more reliable backup control.

A low cost, reliable, Ppressure switch was selected for this purpose, Auto-
mated test equipment was developed and designed capable of handling the high
currents with complete safety. Nine (9) independent charge control-cyeles units
were constructed for the parametric tests and five (5) additional units are par-
tislly completed for life cell testing. An independent over-under voltage detector
system was designed. Tt samples each cell's voltage at one (1) second intervals.
As an additionel safety feature, the pressure gauge of esch cell was modified to
terminate cycling in case a cell reaches +85 PSIG. Thie charge control-test equip-
ment was successfully evaluated during the parametrie testing. A Hewlett-~Packard
Mbdel 2012B Digital Data Acquisition System with magnetic and paper tape readout
monitored all test data, except pressure. Computerized rerformance prediection
model and data reduction analysis programs were developed and tested. These
programs have performed well.

4,0 REQUIREMENTS, GROUND RULES & ASSUMPTIONS
The basic requirements for this program are those called out in paragraphs
1, 2 and 3 of the Statement of Work, Exhibit A of NASA/JSC Contract NAS 9-1107k.

In addition certain ground ruleg, assumptions and estimates were uged.
These are fully described in paragraph 4 of the "Design & Test of a 100 Ampere-
Hour Nickel Cadmium Battery Module Report”, issued in March 1973.



5.0 “ CFELL DEVELOPMENT

5.1 Approach Philosophy

5.1.1 Phase I - Parametric Cell Design Selection Program at Cell Manufacturer

. To achieve a cost effective program the following approach was taken.
A Bageline 100 ampere-hour cell design was established. Then a parsmetric selec-
tion test program was conducted at the cell manufacturer, whereby a limited number
of major design variables were evaluated and established on the first cell group.
The established parameters were then kept constent in the following cell group and
other parameters evaluateﬁ. Tn this fashion a total of three {3) .consecutive cell
development groups were constructed and evaluated. With the completion of this phase,

the cell designs for performance characterization at Grumman were selected.

'5.1.2 Phase TI - Parametric Performance Characterization Test Program ab Grumman

The chosen cell designs were characterized at Grumman in a partial fac-
torial parametric test program under anticipated Space Station conditions. These
early life performance characteristics were then used to establish a computerized

performance prediction model.

5.1.3 Phase IIT - Cycle Life Verification and Memory Inveétigation Testing

The last Phase of this program was to be conducted to obtain long term
performance data to determine life capabllities, performance charscteristics
changes and "memory effect" and its prevention. This phase was to be conducted
in a partial factorial_fashion under simulated space station orbital conditions.

Cells for this phase were not started due to lack of funds. - '

5.2 Cell Program Description

5.2.1. Phase I - Development Program st Cell Manufacturer

A few 100 ampere-hour sealed nickel-cadmium cells had been constructed
by a number of manufacturers at the start of this program. Howevér, none had received !
extensive evaluation and ch&racter@zation testing. The cell dimensions, howevef,
were pretty well established and differed little between manufacturers. One manu-
facturer (Gulton) had designed his cell with opposed end terminals, based on findings
of a NASA funded study under contract NAS 1-4289 and reported in Report No. CR 66300.
It was concluded that better voltage characteristics and réduced thermal gradients

were achieved in this fashion on large size cells, However, & weight and volume



increase is essentisl for this design to provide two head spaces for leads and
terminals. All existing designs were carefully reviewed to establish the base-
line dell design for this program. Included in this design were all material

and process controls and experience from OAO and other Grumman programs to assure
reliable long life operation. Since the selected cell manufacturer (Eagle-Picher
Industries) conducted concurrently a "Cell Manufacturing Process Variable Study"
under Contract NAS 5-21159, a strong effort was made to include pertinent findings

into this program as they became available,

Figure 5.2-1 shows a step-by-step chart of the cell manufacturer's
parametric selection test program. The interphase sequences of the various phases
leading to the fabrication of the parametric cycle cells are depicted. The cell
development portion consisted of construction and evaluation of a total of 26 full
size 100 A. H. cells. These cells were constructed in 3 consecutive groups. Tte
purpose was to evaluaste a few variables at a time, select the varisbles yielding
best results, hold it constant for the next group and evaluaste other variables.

5.2.1.1 CELL DESIGN DESCRTIPTION

5.2.1.1.1 Group I Cells
This group consisted of a total of six (6) cells of three (3) different

designs. In addition, two opre-contract cells, constructed under an earlier

program, were included in the evaluation testing of these cells, -

All cells,\except those with opposed end terminals which are described
later, had overall dimensions of 7.30" (H) X 7.34" (W) X 1.46" (T) and outline
is shown on figure 5.2-2 (E.P. DWG. 005265). All cell cases and covers were
constructed using type 304 stainless steel. 0.031" material thickness stock was
used for the pre-contract cells, and 0.051" material thickness stock was used for
all the other cells. - (The material thickness was increased at Grumman's request
based on & stress enalysis study which had shown that fatigue can occur below the
design value of 100 PSIG if the cell is restrained on the broad faces only. Sub-
sequently, Grummen's cell packaging approach was modified to restrain all 6 cell
faces. Accordingly, later cells in this program (parametric and life cell groups)
returned to the .031" housing material thickness.). All cells had (2) ceramic-to-
metal hermetically sealed terminals. The overall terminal assembly iz shown in
figure 5.2-3 (E.P, DWG. 85-40-138-5). The terminal stud wes constructed of #270
cold drawn nickel stock with 0.500" diameter. The terminal wes made by Ceremaseal
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using their standard manufacturing technique. 94% minimum purity alumina ceramic
material was used. The electrodes were separated with the standard maximum loft

non~woven nylon (pellon type P2505). The separator was washed twice in methanol ,
followed by distilled water rinses in order to remove organic impurities prior

to use,

A1l cells, except the two pre-contract cells, contained a signal type
auxiliary electrode. This electrode consisted of a teflonated nickel strip of
10 cm2 area and was located along one edge of the cell pack. It was grounded
to the cell conteiner and a small stainleass ateel bracket was welded to the

cover to form the electrode's terminal,

The electrolyte concentration was kept at specific gravity of 1.300.
The quantity used per cell was based on an electrolyte to cell core weight ratio
and was held at a value of 21% for these cells. The two pre-contract cells had

a 23% ratio.

Each cell, except the pre-contract cell S/F 13, was equipped with gtain-
less steel compound pressure gauge with a pressure range (-30 inches of Hg to
+100 P.8.I.). The gauge was connected to a stainless steel "T". One end of
the "T" held a stainless shut-off valve, and the other end was mounted to the
cells' fill tube by means of a stainless "Swage~lok" fitting.

5.2.1.1.1,1 Baseline Degign - Two (2) such cells were manufactured and assigned
S/N 14 and 15, They contained 17 positive and 18 negative electrodes of standard
.028" thickness. After completion of the group I tests, electrolyte quantity in
cell S/N 1Lk was reduced end the cell retested in the group I retest series,

5.2.1.1.1.2 Thin Flectrode Design - Two (2) cells (S/N 16 & 17) were built with
20% thinner electrodes. This decrease allowed use of four (4) asdditionsl electrodes

per cell. There were then 19 positive and 20 negative plates, Agsin after com-
pletion of the group T tests the electrolyte quantity in cell S/N 17 was reduced
end the cell retested in the group I Retest series.

5.2.1.1.3 Opposed Terminal Design - The third design tried consisted of two (2)
cells (S/N 22 & 23) with the positive and negative terminals on opposite faces
of the cell, '
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To accomplish this, a different plate design was used. The plate tabs used for
connection were fusion welded acrbss the width of each plate at one end. These
tabé were then shaped together and fusion wel@ed to the aypmpria:be terminal
on each end of the cell. The dimensions of the ‘Vcexll'a_re;, 9.00" (H) X 7.34%" (W) X
1.46" (T), with an overall height to the ends of the terminals of 10.24". An X-ray
photograph showing front and side views can be seen 1n a,ttached figure 5.2-k. Cell
S/N 23 also had its electrolyte quantity lowered a.f‘ter completlon of the group I -
tests to evaluate its ef:f'ect during the group T retest ser:l.es.

5.2.1.1.1.%  Precontract Design - Two (2) cells (S/N 1 and 13) were manufactured
"“prior to this contract. These are identical %o the baseline designs with respect

to the mumber and thickness of the electrodes, separator mater:.al and overall
dimensions. This d.es:.gn differs from the baseline design in 'the negative to posi-
tive active material ratio (lower for these cells), electrolyte quantity (23%)
(higher), auxiliary electrode (mt present) electrode tab des:.gn (narrover),

and cell container material £hickness ( 031" . Mo quality assurance cell speci-

fication provisions were applied.

5.2.1.1.2 Group II Cells , .
This group consisted of a total of six (6) cells. These were constructed after

“electrical test and evaluation of the cells of Group I. All Group II cells had

the same signal type auxiliary electrode, container, cover, and terminals as
described above. The electrolyte quantity for all cells in this group was kept

at a 19% ratio (electrolyte weight to core weight). '

5.2.1.1.2.1  Polypropylene WEX-1242(W) Design ~ Two (2) cells were built (S/N 24 &
25) with baseline type electrodes, but with non-woven polypropylene separator, type

WEX-1242 (after washing in ldentical fashion as the previous nylon separators to
remove organic impurities). Each cell had 17 positive and 18 negative electrodes.

5.2.1.1.2.2 Baseline and Shim Design - A design to evaluate cell compression
was tested. This consisted of two (2) cells (S/N 26 and 27) of the Baseline Design,
wj_t‘_h‘ incréased int‘ema.l cell pack compression. Two _.030" stainless steel shimé
were pléced next to the inside flat faces of each cell to accomplish this.

5.2.1.1.2.3  Combination Polypropylene Design - Two (2) cells, (S/N 28 & 29) using
a éombination of polypmp'ylerie separators were built. One layer of FT-2140 non-

woven“poly:pmp:)r'lene manufactured by Pellon Corporation, Lowell, Massachusetts
and one layer of woven Ipolypropy1ene manufactured by,' Howard Textile Mills, Ro'sl;y'n,
New York. ' '

11
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5.2,1.1.3 Group III Cells

This group consisted of fourteen {14) cells of six (6) different designs. This

was the first group which applied the semi-automatic plague laying technique

and the "Quality Assurance Specification for Use During Manufacture of Porous
Nickel Plagues”. Both the semi-automatic plaque laying technique and the Q.A..
Spec. were developed under the '"Manufacturing Process Variables Study", contract
NAS 5-21159. This factor plus two additlonal candidate polypropylene separator
materials and a tighter design using two additional electrodes were evaluated.
As a secondary goal, an auxiliary electrode wrap variation, to obtain a more re-
liable signal-pressure—full state of charge relationship was evaluated. Also a
design with an electrically isolated auxiliary electrode terminal to determine
possible signal masking due to commonality to a large housing was evaluated.

All cell hardware was identical to those of groups I and II. The
electrolyte quantity for all cell in this group was kept at a 19% electrolyte to

core weight ratio.

5.2.1.1.3.1 Thin Eleétrode, Standard Stack Design - Six cells (S/N 32-37)

were constructed with thin electrodes (19/20) and P2505 (washed) separator mater-
ial. Cells S/N 32 & 33 had a type I auxiliary elsctrode wrap. This wrap was
used on all previous cells and had the auxiliary electrode sandwiched in nylon
separatar on both large surfaces. Cells S/N 34-37 had the type IT wrap, where
the nylon sepaxétor was removed from the surface-facing the gés spaéer. Cells
S/N 36 & 37 had an electrical isolated auxiliary electrode terminal.

5.2.1.1.3.2 Thin Electrode, Polypfopylene Separator Type Hercules Microfiber
Design - Two cells (S/N 38 & 39) with thin electrodes and Hercules microfiber (MF)

polypropylene separator material were constructed. The Hercules microfiber
separator material had shown some successful results on a mumber of & A.H. cells
constructed by Eagle-FPicher for NASA/GSFC for screening tests. This is the only
material evalusted where the washing procesgss to remove organic impurities could not
be applied since it disentegrates during this procesé. It was, therefore, used in
the "as received" condifioh Material was brittle due to its short fiber length
and was difflcult to handle during plate wrapping and stack assembly. This handle-
ability problem becomes worse the larger the plate size. For this large plate it
was extremely difficult to determine that the material did not tear during assembly.
Both of these cells had the type II auxiliary electrode wrap.

13



5.2.1.1.3.3  Thin Electrode, Tighter Design - Two cells (S/N 40 & 41) with thin
electrodes and nylon P2505 (washed) separator and two additional electrodes {one
positive and one negative) were constructed. These cells were identical in con-
struetion to those in paragraph 5.2.1.3.1 except for the additional two electrodes.
Both cells had a type II auxiliary electrode wrap.

5.2.1.1.3.4 Thin Flectrode, FPolypropylene Type T21047 Design - Two cells (S/N k2 & 43)
with polypropylene separator type T2104T (washed) were constructed. This separator '
is the U. 8. made material from the Pellon Corp. ard replaces the FT2140 material

which was discontinued and had been imported from Germany. These cells were in
all other respects identical in design to those in parsgraph 5.2.1. except for
the type IT auxiliary electrode wrap.

5.2.1.1.3.5  Baseline Electrode, Standard Stack Design - Two cells (S/N bk & 45)
were constructed with baseline electrodes and nylon F2505 (Washed.) separgtor material.
Again the auxiliary electrode wrap type II was used in these cells,

5.2,1.2 TEST EQUIPMENT DESCRIPIION
5.2.1.2.1 Lesk Test Equipment - Each cell menufactured was tested for lesk-

age prior to cell activetion using a C.E.C. Model 2L4-120A Mass Spectrometer,
equipped with a vacuum Jar and externsl probe detector. Figure 5.2-5 shows &
photograph of typical lesk test setup for a cover prior to assenbly to case
(extra cover is shown in front). The leak test setup for a completed cell is

shown in Appendix A,

5.2.1.2.2 Glove Box - A glove box, manufactured by Eagle-Picher, was used
for activation and cell handling after activation. It is a plexigliss structure
with a door at one end. The gtmosphere is dry nitrogen. A cireulating pump
contimually cycles the atmosphere through a filter of Iithium hydroxide. Figure
5.2-6 is a photograph of this glove box.

5.2.1.2.3 Activation Equipment - For cell activation, a fill tube assembly
was constructed. It consists of a flexible, hollow tube with a cell gauge con-
nection on one end end a KOH bottle screw cap on the other. To. activete s cell,
the cell 1s first evacuated end the shut-off valve closed. The £111 tube assembly
1s then attached to the shut-off valve by the cell gauge comnector. The other end
of the assembly is attached to a bolyethylene bottie containing a premessured
agount of KOH. The bottle ig inverted and the shut-off valve slowly opened. The
internal cell vacuum sucke the KOH from the bottle into the cell. Activation is

complete when the polyethylene bottle collapees on itself. Figure 5.2-T shows a
typleal set-up,

1k
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5.2.1.2.% Cell Restraining Hardware - Bach cell was individually restrained
on the broad Paces during testing. The restraining fixture consisted of two 3"
aluminum plates 9.50" x T.25" mounted to the broad face of the cell. The plates
were held together with a total of six (6) bolts along the two short edges. The
bolté were torqued to 6-8 inch pounds. The alumimm plates were insulated from

the cell by two (2) .060" mylar shims.

5.2.1.2.5 Thermocouple - Each cell was equipped with a thermocouple located
on one flat face of the cell. The thermocouple used was & copper-constentan type
and was electrically isolated from the cell by teflon tape.

5.é.l.2.6 Temperature Chamber - Cell testing was done at 0%¢ ana +20°c. To
maintain these ambient temperatures, the cells were tested in a Messimer temper-

ature chamber.

5.2.1.2.7 Electrical Circultry - The cells tested were connected in series

through a series-parallel relay. Each cell could be removed from the circult
withou‘t. disturbing the rest of the cells In the series string. Each cell had
voltage tape that were connected to the cell terminals and fed directly to the
recorder. The thermocouples from each cell were connected to a cold junction

. apd then back to the recorder. The thermocouples from each cell were connected
to a cold Junction and then back 0 the recorder. Figure 5.2-8 is a schematic of
the cell control panel.

5.2.1.2.8 Data Acquisition System ~ All test data were recorded using an NIS,
Model 24611 Data Acquisition System. This system has a Model W09 VM display,

a Model 155 printer and a Model 265B paper tape punch. All three (3) readouts
were used. Cell voltage reedings were taken directly off the data systems cross
bar scanner. Cell temperature readings were taken after a 1000 x amplification
through the data system Model lhh- -é..m_]_::J-.ifier. Figure 5.2-9 showé. a photograph of
the data acquisition system. '

5.2.,1.3 TEST DESCRIPTION

5.2.1.3.1 FPhysical Tests

5.2.1.3.1.1 Lesk Cheek -~ Each cell in Group I received the standard sealed cell
mess spectrometer leak test after activation. Group II cells were checked before
filling. The latter group, and later cells, used the procedure of EP-MP-152,

dated 12 March 1971, a copy of which ie attached as Appendix B. This technique,
unique for sealed aerospace cells, calls for pressurizing the cell with helium
before filling. Past experiemce in seal integrity testing has demonstrated thet

presence of moisture (KDH, H,0, oils, etc) can, and usually does, occlude fine lesk
18 '
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paths {i.e.: openings capable of passing helium at 1.0 atmosphere differential
Pressure at a rate < 1,0 x 10-h std cc/sec.). Furthermore, the usual cleaning
methods do not prevent this, yielding doubtful random results. 4
‘ Y

5.2.1.3.1.2  Radiographlc Fxamination - Each cell was subjected to radiographic
(X-ray) examination before and after covers were welded in place. This procedure,
performed in accordance with EP-BI'-QC-8, 2 March 1971 (attached as Appendix C),
vas used to detect presence of foreigh particles, and assgss.proper location of
cell components. The radiographs of Group I cells were poor 1n quality due to
lack of experience with-thé techniqﬁe. A typical radiograph'picture of a Group III

cell is shown on figure 5.2-10.

5.2.1.3.1.3 Seperator Analysis - Separator material was inspected and analyzed
in accordance with EP-MS-118, attached as Appendix D, to assure compliance with

accepténce criteria. .
5.2.1.3.1.4 Electrolyte Testing and Analysis - Electrolyte used in these cells

was subjected to chemical analyéis for acceptance in accordance with EP-MS-36,
6 February 1964 (Appendix E). Thereafter, the following tests and analyses were
performed before the electrolyte was used in the cells:

Test ' © Document Appendix F
' Para.

Nitrate EP-MP-151(3/15/71) 3.1.1, 4.1.1
Silica (Dist. H,0) | " 3.1.2, 4.1.2
solids " n A ST
Conductivity - 3 | " ", k1.2
Alkalinity, Carbomate o " | k.2
Bottled Tests " 4.3
Spectral Analysis - o y b
,5.2.1.3.2 - BElectrical Tests

5.2.1.3.2.1  Activation and Conditioning - Activation and conditioning procedures
and tests used for Groups I and II are shown in EP-MP-1L46, Appendix G attached.

5.2.1.3.2.2 Cell Development Tests - The development tests were cohducted in
accordance with EP-DVTP-153-2, March 1971, attached as Appendix H. These tests
were run after successful completion of the activation and conditioning pro-

cedures.

21



g

_ TYPICAL CELL RADIOGRAPHIC PICTURE =

FIGURE 5.2 "10 et
22



5.2.1.3.2.3 Gmup I Retest - Four (k) cells from 'G-roup I were selected for
retest during the 'tesﬁs of Group IT. It was decided to remove electrolyte from
‘three (3) cells and add electrolyte to one cell before the retest.

To remove electrolyte from the three (3) cells (S/N 1, 1%, 1T), the cells were
fully charged and allowed to stand on open cirecult. After internal pressure
decayed, a hole was punched in the cover next to the cover weld. A syringe needle
was fitted into this hole'and_ potted in place. The cell was then accelerated at |

10 g"s with the cover fa.c'i'ng out. The electrolyte remove'd wag collected for analysis.

After this procedure was completed, the needle was removed and the hole rewelded.

5.2.1.3.2.4% Electrode Capacity Test (Ratio Tests) - Four cells were selected

from Grovp I and II cells Yo conduct the destruetive céll ratio tests. These
tests were conducted in accordance with EP-QC-686, dated May 1971 as modified
per GAC AVO D559-1-23 shown as attached Appendix I. '

5.2.1.4 TEST DATA SUMMARY

5.2.1.4.1 Physical Data

5.2.1.4.2.1 Separator Analysis - The organic and inorganic separatoi' analysis
data for most separators used in cell development groups I - ITT 1s shown in at-

tached Table 5.2-1. " Each separator material was analyzed twice. The first anal-

ysis was conducted on the material in the "as received” condition. The second
was made afber the "methanol-distilled water" wash. The organic residue content
shows a substantial decreas'e for the pellon type 2505 materisl due to the wagh-

. ing pioceés (from 0.418% to 0.026%). A slight decrease was observed for the
FT2140 material (from 0.012 to trace) when the same washing procedure was ai‘:plied.
No significant changes were observed for the other polypropylene materials since
the original anslysis indicated trace quantities .in the "as receiveci" condition.
In most instances, a reduction of inorganic content was observed after washing.

5.2.1.4.1.2 Electrode Welght and Thickness Distribution Date
5.2.1.k.1.2.1 Positlive Electrode Weight Distribution - Positive electrode weight
distribution for group IT is shown in Figure 5.2,11. The total plate weight ranged

from 58 to 66 grams. A weight telerance spread of +6.3%from the average of 64
grams can be observed.
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TADLE W, 5.2-4

SEPARATOR ANALYSIS DATA

Item Separator EP Lot Seller's Copdltion - Orgunic

e

Tnorganic Content Rerarks
No. Haterial Nember Lot No. Content ——— — Spectrogrophic Amalysis {PIM}-~~— Atomic Abserp. (FE:)
Description % Residue cd B Mg S Fe Cu Az Ca Ti 2Zn Zn Ri
1 Pellon 2505 L As recelved 4.418 - 10 3 % 3 1 2 30 500 1020 40.0 0.08 Ci-trice
”1- Pellon 2505 L Washed in methanol 0.026 - - 3 20 3 13 g 10 200 - 2.10 0.05 Ci.trmce
3 Folypro. FT-2140 L As recelved 0,012 - = 1 0 - .- 1 10 - - 0.16 ©.05
L Folypro. FT-2140 1 Washed in methanol: trace - - 3 Wwo 3 1 2 50 100 ~  0.10 0.05
5 Folypro. WEX 12k2 1 Ap Tecelved truce - - .5 20 - .5 12z 1 - 0,18 Q.11
[ Polypro. WEX 1242 1 Washed in methanol trace - - 5 - - - 5 = - - 0,13 0,07
T Pbiypm. woven 1 As recelved trace - - 1 20 - .5 =3 0 500 - 0,10 0.0

ROTES:

1. Excen’ where noted above no chlorine could be detected
2. NO3 ion neot detected in any of the extracts
3. Siog not detected In any of the extracis
L. €03 fon rot detected in anf of the extracts,
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Positive electrode weight distribution for Group IIT iz shown below:

TABLE 5.2 ~.2
No. of Welght in Grams
Electrode Type Samples Averas e Range
Thin 195 57.0 5560
Baseline 41 68.8 6572

A weight tolerance spread of +5.3%, -3.5% from the average weight for the
thin electrodes and ++,7, -5.5% for the baseline electrodes can be noted.
Thus, 8 19% spread tolerance refuction was achieved when the baseline elecs -
trodes from Group III are compared with those of Group II.

5.2,1.4.1.2,2 Negative Electrode Weight Distribution

Negative electrode weight distribution for Group IT is shown in Figure
5.2-12. A total plate weight range of 65 to 77 grams can be noted, This
results in +8.4% weight tolerance from an average of Tl grams.

Negative electrode weight distribution for Group ITI is shown below.

TABLE 5.2 - 3

No., of Weight in Grams
Electrode Type Bamples Average Range
Tain | 203 6.k 59-69
Baseline : Lo 76.8 75-81

A weight tolerance spread of +7.1%, -8.4% from the average weight for the
thin electrodes and +2.8, -4.8% for the baseline electrodes are observed.

A 55% spread tolerance decrease on the bageline electrodes between Groups

TIT and II is shown.
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5.2,1.4,2,3 Weight Distribution Comments

A comparison between positive snd negative electrode welght tolerances
shows that consistently closer welight control was achieved on the positive
electrodes.

Lower observed welght tolerances for the Group III electrodes were

achieved by application of the semi-automated plague laying process,

5.2.1.4,1.3 Electrode Thickness Distribution

Electrode thickness distribution for development.Group IT cells are shown
in Figure 5.2-13. It was obtained by measuring the thickness of each elec-
trode at esch of the four corners, computing an average value therefrom,
Positive electrodes range from 0.024" to 0.028", resulting in an average value
of 0.26" +,002". Negative electrode thickness ranged from 0.024 to 0.029",
resulting in an averasge value 0.0265" + .0025", |

The Group III cell electrode thickness distribution is shown below:

TABLE 5.2 = L4

o, of Thickness in inches x107
Flectrode Type Samples | ' Average Range
Thin Positive 199 21.2 20,3-22.,2
Baseline Positive 36 26.5 25,9-27.5
Thin Negative 204 | 23.5 21.8-25.0
Baseline Negative 38 31.0 29,0-32.5

5.2.1.4.1,3.1 Thickness Distribution Comments

Agelin s comparison between poéitive and negative electrodes shows that
closer thickness control was achieved on the positive electrodes. Also the
Group IIT cell electrodes showed closer thickness tolerances than the Group

II cell electrodes,
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5.2.1.4%,1. 4 Electrolyte Anelysis Data

The electrolyte used for each cell had successfully passed the analysis
requirements specified in FP ddcument no. EP-MS-36 (Appendix E).

A gample of electrolyte from pre-centract cell, S/N 1, removed during
electrolyte adjustment, was analyzed for potassium hydroxide and potassium
carbonate content using the double titration method. (The electrolyte was

removed with the cell fully charged). The following results were obtained:

| Total | choqr K,C0,
‘Deseription Alkalinity % KOH % K,004 (g/1t.) (g/cell)(%)
Flectrolyte
Prior to filling 30.33 30.29 0.04 0.k 0.2
Electfolyte
Removed from cell 28,08 18.61 9,L7 102.8 ko 2
Electrolyte chenge -2.25 -11.68 9,43 +102,4 #2,0

NOTES: (*) dissolved in the electrolyte solution only

5.2.1.4.2 Electrical Data

5.2.1.4.2,1 Development Group I

5.2,1,4.,2.1.1 Capacity
Capacity date for Group I tests, conducted at both +20°C and OOC, are
shown in attached Tables 5.2-5 and 5.2-6.
5.2.1.4,2.1.2 Pressure
Pressure Maximum cell pressures during charge, and at end of discharge, are
shown in attached Tables 5.2-7 through 5.2-10,

5.2,1,4.2.1,3 Cell Discharge Voltage

The cell's voltages after 75 AH discharge st 2000 are shown in Teble 5.2-11.
Voltages after 50 AH and 75 AH discharge at OOC are shown in Tables 5,2-12 and

5.2~13.
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TABLE 5-2"-5

+200C TEST - DEVEIOPMENT GROUP I

CAPACITY TO 1.0 VOIT

NOTES: * As defined in the DVTP-153-1 test plan, Table I.

Test Condition No. (%) 1 2 2 e 3 L S 6 T
Design CELL CONDITIONING CAPACTIY CAPACITY CAPACITY 100 AMP 60 AMP 15 AMP  AFTER  AFTER 3 ORB.
Description S/N CYCLE CICLE #1 CYCIE #2 CYCLE #3 CAPACITY CHARGE _CHARGE OVERCHARGE CYCLES
| 1 116.7 115.9 112,5 109.6 105.1 -106,3j,_196:6 122.5 113.3
- Precontract Cells 13 116,7 17,5 112,5 107.8 103,3  104.9 103.3 . 117.5 105.7 .
AV - 116,7 116.7 112,5 108.7 10k,2 105.6 103.5 120.0 109.5
Baseline Design 14 101.2 974 97.6 - 95.0 93.4 93.5 98.4 99.1 92.5
| Lo o6 9Tk 976 950 Bk B5 .1 99.3 92.9
AV 101.4 9T.4 97.6 95,0 93.4 93.5 98.8 99.2 92,7
Thin Plate 16 115.9 116.3 - 113.8 112.9 108.3 110,1° 115,0 115.4 T 110.0
it 114,1 113.2 112.1 112,17  105.0. 107.1  113.0 112.9 107.8 .
AV 115.0 114.8 113,0 112,5  106.7 108.6  114.0 11,2 108.9
Opposed Terminals 22 106.7 104 ,1 "97.5 . 9k 85.9 92.8 97,5 97.k 95.4
23 106.7 104.1 98.0 94,1 85.9 91.1 95.9 9T.k 94.0
AV 106.7 104,1 97.8 94,1 85.9 92.0 96.7 9Tk ok, T
Discharge Current ' 50.0 50,0 50,0 50,0 100.,0 50,0 50.0 50,0 50.0
Amp, .
' Charge Current 10,0 30,0 30,0 30,0 30.0 60,0 15.0 30.0 37.4
Anp. ' o . +30,0 +10.,0



TABLE §5.2«8

0°C TEST - DEVELOPMENT GROUP I
CAPA TO 1.0 VO

Test Condition No. (¥) 8 9 9 9 10 11 12 13 14
Design CELL CONDITIONING CAPACITY CAPACTTY CAPACITY 100 AMP 60 AMP 15 AMP AFTER  AFTER 3 ORB,
DBScitption s/ CYCLE CYCLE #1 CYCLE #0 CYCLE #3 CAPACTTY CHARGE CHARGE OVERCHARGE CYCLES
Precontract Cell 13 93.4 87.4 87.5 83.4 88.3 81
Baseline Design 14 90.8 90.8 88.7 91.7 91.7 89.7  90.0 97.9 91

15 90,8 90.8 88.7 1.7 91.7 90.0 90,5 97.3 92

AV 30.8 90.8 88,7 91.7 91,7 89.9  90.3 97.6 91.5
Thin Plate Cells 16 101.6 100,0 100.8 101.3  97.1 101.2  102.5  113.3 105

17 ' 96.4 96,6 100.% 96,4 99,1 101.3 110.0 103.3

Av 101.6 98,2 98.7 100.9  96.8 100,2  101.9 111.7 104 .2
Opposed Terminals 22 88.0 87.1 82,6 90.0 70.8 8k.2 79,6 TTe5 75

23 90.8 89.3 88.7 90.9 90.9 90.9  83.k 90, 87.5

Av 89.4 88.7 85.7 90,5 80.9 87.6 81.5 8h,.2 81.3
Discharge Current - 50.0 50,0 50,0 50.0 100.0 50.0 50.0 50.0 50.0
Amp,
Charge Current 10,0 30,0 30.0 30.0 130.0 60.0 15.0 30.0 37.k
Amp, - _ +30,0 +5,0

NOTES: * As defined in the DVTP 153-1 test plan, Table 1,
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MAXIMM PRESSURE ON- CHARGE (PSIG) 20°C TEsT

TARIE 5.2-7

DEVELOPMENT GROUP I

CELL  CONDITYONING® CAPACTTY  CAPACTTY CAPACTTY 100 AMP 60 AMP 15 AMP OVERCHARGE 3 ORBITAL
NO. CYCLE CYCLE #1°  CYCLE #2 CYCLE #3 CAPACITY CHARSE CHARGE ' CYCLES
1 52 16 12 13 12 11 27 86 -
14 -2 12 28. 33 22 o~ 85 78 k5
15 b 10 26 33 22 1k TT . 70 39
16 -11 6 15 16 7 9 L7 h3 1k
17 -6 Y o5 30 18 12 9 75 36
2o -1 0 12 18 18 1k 38 30 15
23 -l 1 13 20" 18 10 43 35. 22
TARLE 5.2-8
PRESSURE AT END OF DISCHARGE (PSIG) 20°C TEST .
_ ' DEVELOFMENT GROUP I
(ELL  CONDITIONING CAPACITY  CAPACTTY CAPACITY =~ GOUAMP: 35 AMP  OVERCHARGE .3.ORBITAL .
o CYCLE _CYCLE #1 CYCLE #2 CYCLE #3 CHBRGE CHARGE CYCLES
1 26 6 5 5 5 7 a1 o
1 2 -5 0 3 0 25 23 20
15 -k -5 0 b 0 21 20 19
16 ~11 -10 -7 -6 -6 0 0 2
17 -6 -6 -1 2 -l 15 15 2
22 -1 -3 -2 8 T 16 11 9
23 b -k by 5 20 15 L
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0°C TEST  MAXTMIM PRESSURE (N CHARGE (PSIG)

TABLE

02"

DEVELOEMENT GROUP I

CELL  CONDITIONING  CAPACITY CAPACTTY CAPACTTY 100 AMP 60 AMP 15 AMP OVERCHARGE 3 ORBITAL
No. CYCLE CYCLE #1  CYCLE #2 CYCLE #3 CAPACITY CHARGE CHARGE CYCLES
% "k -6 -T -6 -6 -6 2 50 27
15 0 ~9 -9 -8 -9 -9 -2 43 20
16 = -10 -10 ~-10 -10 -10 -7 2k 6
17 -15 =12 -12 =10 -10 -10 -5 38 9
22 -6 -3 2 0 0 2 4 56 1%
23 ~10 -9 -7 -7 ~T -8 -4 23 9
TABLE, 5.2-0
PRESSURE. AT END OF DISCHARGE (PSIG) o°C TEST

DEVELQOPMENT GROUP I _
CELL CONDITIONING  CAPACITY CAPACITY CAPACTTY 100 AMP 60 AMP 15 AMP OVERCHARGE 3 ORBITAL
NO. CYCLE CYCLE #1  CYCLE #2 CYCLE #3 CAPACITY CHARGE CHARGE CYCLES
1h -2 -7 =7 -7 -9 =T -2 20 -5
15 -2 -10 -9 -10 -10 -10 -5 12 -10
16 -7 ~11 -10 -11 ~11 -11 -9 -1 -10
17 -15 -13 -11 -11 -10 -10 -6 9 -10
22 -1 -3 2 -1 0 0 2 k& +8
23 -2 -9 -7 -8 -7 -8 -k 16 0
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20°¢ TEST VOLTACE AFTER REMOVAL OF ¥5 A-H -~

TARBLE 5.2~11

DEVELOPMENT GROUP T

* After T9.2 A-H removed,

CELL  CONDITIONING  CAPACITY  CAPACTTY - CAPACTTY 100 AMP 60 AMP 15 AMP OVERCHARGE CYCLE
NO, ' CYCLE CYCLE #1 CYCLE #2 . CYCIE #3 CAPACTTY CHARGE ° CHARGE. - B

1 1,215 1.217  1.216 1.216 1,179 l.221  1.211 1.219 1.202%
13 1.21h 1.218 1.217 1,217 1,172 1,221 1.207 1.207 1.179
1k 1.191 1.198 1.192 1.192 1.161 1,207 .  1.193 1,190 1.170
15 1.188 1.198 1.192 1.192 1.153  1.200 1.188 1.185 1.163
16 1.213 1,217 1.212 1.214 1.185 1,226 1.215 1.212 1.196
7 1.211 1.216 1,216 1.219 1,182 1.225 ~ 1,216 1,212 1.195
22 1.192 1.208 1.195 1,191 1,115 1,199 1.190 1.188 1.167
23 1,199 1.208 1.197 1,190 1.119 1,197 1.186 1.187 1.16%
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NOTES s %‘ts after 83.2 A-H removed.

* 080 TRETA VO LEARR AFTER REMOVAL 'OF 50 A-H
Table 5.2-12 DEVELOPMERT GROUP T

CELL CONDITIONING CAPACITY CAPACITY CAPACTTY 100 AMP 60 AMP 15 AMP OVERCHARGE 3 ORBITAL

NO, CYCLE CYCIE #1 CYCLE #2 CYCLE #3 CAPACITY CHARGE CHARGE CYCLES

13 - - - 1.22L 1.179 1,126 1,222 1.224 1.217

14 1.222 1,227 1.227 1.227 1.189 1.229 1.222 1.219 1,213

15 1,218 1.223 1.224 1,223 1,185 1.225 1,221 1,212 1.211
16 1.241 1.239 1.239 1.239 1.208 1.240 1.239 1.230 1.226

17 - 1.237 1,238 1,239 1.210 1.240 1.238 1,230 1.225

22 1,229 1.227 1,223 1.221 1.175 1.217 1.211 1.168 1,190

23 1,235 1.232 1.231 1.231 1.201 1.231 1.230 1.223 1.215

TABLE 5.2-13
0°C TEST  VOLTAGE AFTER REMOVAL OF 75 A-H
DEVELOPMENT GROUP I

GELL CONDITIONING CAPACTTY  CAPACITY CEPACITY 100 AMP 60 AMP 15 AMP OVERCHARGE 3 ORBITAL

KO, - . CYCLE. CYCIE #1  CYCLE #0% . CYCLE #3° CAPACITY CHARGE  CHARGE CYCLES

i '

13 - - - 1.186 1,063 1.176 1,131 1.169 1,143

1k 1,171 1,191 1,151 1.189 1,148 1.193 1,181 1,188 1,177

15 1,161 1,184 1,141 1.182 1.139 1.186 1177 1.176 1.172

16 1,212 1.217 1.201 1.214 1,184 1.215 1.213 1.212 1,204

17 - 1.211 1.196 1.213 1.186 1.215 1.212 1.210 1.203

22 1155 1.179 Q. Okl 1-155 - - 1.131 1,101 1.023 0.967

23 1,183 1.191 1.128 1.188 1.153°  1.191 1.185 1.182 1.168



5.2.1.4,2.1.% Ampere Hour Input

The inputs for all charges are shcwn in Table 5.2~1L and 5 2-15,-
5.2.1.4.2.1.5 Cell Performance Curves

The following cell
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5.2-20

5.2-21
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5,2-23
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- Pest

- Test.

- Test

- Test
Test

Cond.
Cond.,
Cond.
Cond.
Cond.
Cond.
Cond.
Cond.
Cond.
Cond.

Cond.
Cond.

performance curves are included in this report:

#1 - Cell and aux. signal discharge
voltage profiles

#2, Cycle 2 - Cell. and aux. signal
charge and discharge voltage profiles

#2, Cycle 3 - Cell. and aux. signal
charge and disdharge vdltage profiles

#3 - Cell. and aux. signal charge and
discharge voltage profiles

#6 - Charge and overcharge cell and aux.
signal voltage profileg

#6 - Cell charge and overcharge pressure and
temp. profiles

#7 - Cell and aux. signal voltage profiles
for 30% D.0.D. 5

#9, - Cycle 3 - Cell and aux. signal
voltage profiles

#10 - Cycle 3 - Cell and aux. signal.
voltage profiles ' ' '

#13 - Charge and overcharge cell and aux.
signal wvoltage prolees

#13 - ‘Overcharge cell pressure proflles

#lh - Cell and sux. signal voltage
profiles for 30% D.0.D.

For test condition detsils, see appendix H Table 1.

- Tegt conditions 1-8 were conducted at +20°C aﬂbient and test conditions

9-16 were conducted at 0°C ambient temperstures.
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TARLE 5.2-1h

20°C TEST  CHARGE INPUP, AMPFRE HOURS
DEVELOPMERI GROUP I

CELL  CONDITIONING  CAPACITY  CAPACITY CAPACITY HIGH RATE HIGH RATE¥ LOW RATE OVERCHARGE FINAL
NO. CYCLE CICLE #1 _ CYCLE #2 CYCLE #3 CAPACITY  CHARGE  CHARGE ' DISCHARGE
1 150 126.5 123,5 - 113.5 115 105 108.8 190 155

13 150 126.5 = 123.5 113355 115 105 108.8 190 155

1L 160 121 115 105 105 g8 150 190 160

15 160 121 115 ;o5 %05 98 150 190 160

16 160 138 127.5 120 : 120 112,5 150 200 160

1T 160 138 127.5 120 120 112.5 150 200 160

22 160 133 118.5 107.75 105 93 150 190 160

23 160 133 118.5 107.75 105 93 150 190 160

*NOTE: Charger malfunction at beginning of charge caused charge rate in excess of 100 amps for approximately
45 seconds; this input was not included in calculations,

TABLE 5.2-15 -
ofc TEES GRARSR FYPHE,) ENFEREUESURS
DEVHEUBSERRE FROURCLT -
CELL  CONDITIONING CAPACITY CAPACITY CAPACITY 100 AMF  60/MMP 15 AMP OVERCHARGE FINAL
WO, CYCLE CYCLE #1  CYCLE #2 CYCIE #3 CAPACITY CHARGE CHARGE DISCHARGE
13 113 -- -- 101.5 90.5 7 93.5 92.8 109
1k 100 89.5 91 91 90,5 -85 95.3 110 109
15 100 89.5 91 91 90.5 85 95.3 110 109
16 112.5 101.5 101 101.5 100 95 105.5 168.5 109
17 - 101.5 99 101.5 100 95. 105.5 168.5 109
22 100 75 89 86.5 85 T3 80.0 99.6 75

23 100 75 89 91 90.6 83.5 95.3 106.1 109
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5.2.1.4.,2.,2 Development Group II

5.2.1.4.2,2,1 Capacity

Capacity data fér the Group II cell tests are shown in Table 5.2-16,
5.2,1.4,2.2.2 Pressure |

Maximum cell pressure changes on charge, end at end of dlscharge, are
shown in Table 5,2-17. |

5.2.1.4.2.2,3 Cell Discharge Voltage - 50 and 75 AH Removal

The cells' voltégés after 50_and 75 AH discharges, reépectively, at 0°C
are shown in Tables 5.2-18 an@ 5.2-19, Voltages after 75 AH dlscharge at
20°¢ are shown in Table 5.2-20.

5.2.1.k,2,2.4 Ampere;Hbur Input

The inputs for all charges are shown in Table 5.2-21,

5.2,1.4.2.2,5 Cell Performance Curves

The following cell performance curves are included.in this report.
Figure 5,2-26 - Test Cond. #6 -‘Overchdrge cell pressure profiles
Figure 5.2427 - Test Cond, #8 - Cell press. and aux. signal volt.

| profilgénat 30% D.O.D..
Figure 5.2Q28 - Test Coﬁd. #16 - Cell pressure and aux. signal
N voltage frofiles at 30% D.0.D.

5.2.1.4,2,3 Development Group I Retest

Cells S/N 1, 1&, 17 and 23 were retested;‘during Group IT tests, after
adjustment of elecfﬁqi&ﬁe quality.
5.2.1.%.2.3.1 Capacity

Table 5.2-22 ghows the output capacity for thése cellé whén tested as
Group I cells, and later during the retest. AléoAshpwn are capacity changes
from originqllGroup I to retest with Group II.‘ Fiﬁally the electrolyte quantity

adjustment and percent change are given.
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Test Description S/N 2k | s/N 25 S/N 26 |s/u 27 S/N 28 |8/N 29

Cell Type WEX 13k ) 2505 Péllon-Shiims FT 21400 + Hoved Polynudn
Electrolyte ce | 350 350 36 346 354 354
% Ratilo=Or, of Flectro., | 19.2 | 19.2 19,1 [19.1 19.1  |1ig,1

Gr. of Cell Core
: Ty = Al
+ 20T CEPACITY 9]

. Conditioning 96 96 99 100 31 8l
¢ Cyele #1 95 oh 98 {99 8 83
Cyele #2 92 92 99 100 75 81
Cyele #3 93 99 99 199 7L 8
Hi Rate 89 88 95 97 75 T8
Lov Rate 93 93 ] 102|103 75 80
Overcharge 103 102 o 1oh 108 82 80
Final Disch, 102 100 104|105 83 86
"C" rate Disch, 73 T3 83 185 65 63
o T ¥= 93 93 98100 kE) - TARIE 5.2-16 &
Av.Afo/gm pos.actauat 0, 0.208 .219 [0.903 0170 10,176 CAPACTTY T0 1,0 VOIT __._
s.actmatd 0,208 - 2 0.2] 203 0 ‘ =
0°C Capacity - AHo
nditioning g2 90 91 ol 80 81
~CyeIs #I 82.5 81 88.5 [91.5 | |75 6.5
Cycle #2 81 B0 - | 86 87,5 T T
_Cyele #3 80 TTa5 83 87 Th Th
Hi Rate 17 83 86 T4 72.5
Low Rate 87.5 86 30 91 79 79
Overcharge . g9 68.5 oh 91 T8 T8
Final Disch, 85 82 90 90 78 78
TG Rate Disch. O 66 82 2 | 68 68
Av, capacity =£/8 |83 81 88 89 76 (]
Av.RBo/gn pos.actmst,) 0.185 | 0,181 0.196 10.199 1o.170 |0.169
. Av. AHo (20 + 0PC) 88 87 93 95 76 T8 4
Av, AHO/gm ( 0 & 20) [0,197 0,195 0,207 |0.211 0,170 [0.173 .
% Ghg IHo/gm (205 0) | -IT 26,3 =IT [-6.0 ] 0 -0
Av.AHo/en T Elect. Rath 1.026 |1.016 1,084 [1.105 0.890 10,906 :

[-3-11 1 m,r‘no



£

TAPLE 5.2-17

PRESSURE CHANGE (Psz) AT CHARGE

DEVELOPMENT GROUP II

s8/N 25

Test Description S/N 2k S/N 26 S/N 27 S/N 28  8/N 29
20°C Conditioning +42 +h1 +31 +15 +53 +45
Cyele #1 21 15 12 14 16 15 -
Cycle #2 11 6 9 12 1k 9
Cycle #3 17 15 10 10 17 25
High Rate 7 3 8 T . 8L R
Low Rate 35 26 | STARE 14 20 .21
Overcharge 25 33 35 22 36 %
Final Dischg. 38 Ly 4g 23 36" -
"¢" Rate 27 20 30 21 29 26
Average = £/N 25 23 25. 25 25 21
Av. 4P [ FElect. Ratio 1.30 1.20 1,3 1.3L 1.31 1.10
Q_O_C ~ Conditioning +12 +9 +h +h +6 +7
Cyele #1 0 +1 -1 +3 ~3 -1
Cycle #2 0 - -1 Q -1 -1 -1
Cycle #3 +2 -1 +2 +1 . +1 +1
High Rate +2 -0 +1 +1 +1 +1
Low Rate +8 +5 +3 +3 +6 +3
Overcharge +16 +13 +28 +7 +13 +11
Fim 1l Disch. +4 0 +3 +1 +2 +3
"C" Rate -1 0 -1 0 -1 -3
Average = Z /W ‘ 5 3 y 2 3 2
Av. AP/ FElect. Ratio- .26 .16 .21 LAl .16 L1
Av. a P (00 + 20°)C 15 13 15 NRI 1L 12
Av. 4P (0° + 20°)/Elect. Ratio 0.78 0.68 0.79 0.73 0.73 0:63



0°C TESP  VOLTAGE AFTER RBMOVAL OF 50 A-H

* TABLE 5,2-18

CELL CORDITIONING CAPACITY CAPACITY CAPACTTY 100 AMP 60 AMP 15 AMP OVERCHARGE 3 ORBITAL
NO., CYCLE CYCLE #1  CYCIE #2 CYCLE #3 CAPACTTY CHARGE  CHARGE CYCLES
2k 1.199 1,196 1.295 1.21%4 1.202 1.196 1.190

25 1.195 L191 1.191 1.211 1,159 1.191 1.186

26 1,194 1.191 1.193 1.211 1,183 1,192 1.185

27 1.203 1.199 1,200 1.216 1.204 1.199 1.193

a8 1,180 1,177 1,178 1.199 1.183 1.175 1.173

29 1.161 1.158 L 1,157 1,178 1.1654 1.157 1.151

TABLE 5.2-19 |
0°C TEST  VOLTAGE AFTER REMOVAL OF 75 A-H

CELL =~ CONDITIONING CAPACTTY CAPACTTY CAPACTTY 100 AMP 60 AMP 15 AMP OVERCHARGE 3 ORBITAL
NO. CYCLE CYCLE #1  CYCIE #2 CYCLE #3 CAPACITY CHARGE = CHARGE CYCLES
2h 1.155 1.123 1,112 1.095 1,098 1.146 1,145 1,133

25 1,14k 1.103 . 1.093 1,057 1,028 1.135 1.130 1.109

26 1,145 S 1,124 1.128 1,139 1.123 1.140 1,146 1,139

27 1,161 1.145 1,144 1,141 1,14k 1.155 1.153 1.147

28 1,096 090Dk 1.026 1,184 Q8860 1.083 1.069 1.087

29 1.092 05483 07888 1,182 | Q55%5 1,068 1.070 1,064



a5

e

20°C TEST VOLTAGE AFTER REMOVAL OF 75 A-H TABLE - 5., 2-20

CELL  CONDITIONING  CAPACITY CAPACITY CAPACTTY 100 AMP 60 AMP 15 AMP OVERCHARGE 3 ORBITAL
NO. CYCLE CYCLE #1 CYCIE #2 - CYCLE #3 CAPACITY CHARGE  CHARGE CYCLES
ol 1170 L.ITL 1174 | LI9L 1168 1168 1,180
25 1.169 1.170 1.175 \ 1,180  1.169 1,166 1.168
26 1,120 1.180 1.183 - 1.192 1.182 1.178 1,177
27 1.179 1.189  1.192 LA™ 1390 1,185 1.186
28 1.102 . ° 1,024 05997 o 108 @000 SO0k ©1.106

29 1.136 1.138 1.197 1,123 1.088 1.103 1.102



Test Deseription s/m 2k [s/N 25 S/N 26}s/N 2T S/n 28 | s/m 29
20C Conditioning | 160 | 160 1601160 160|160
Cyele #1 100 100 105 {106 83 91
Tycle 72 U6 218 10T 102 T 83
Cycle #3 93 93 102|103 175 83
Hi Rate 88 g4 101 105 76 81
Tow Rete . 104 107 150 [150 85 90
“OVerchaTEe I72 x [ Il x 182 x |18k x 155 x | *
_Final Disch. 160 160 160|160 1160 160
"C" Rate 87 8l ol 9k \ |82 83
Aversge = %/% 111 111 122 |13 100 10k
| TABLE 5,2-21
DG Conditioning 112 110 12 (1s 96 99 THEUT “'z'ﬁ S
s Cyele #1 83 83 86 90 75 |76 DEVELOPMENT GROUP II
O TyEle 83 86 90 90 T8 (i
Cycle #3 75 76 82 85 h T3
Hi Rate T6 83 86 75 73
Low Rate 88 87 91 g2 83 83
Overcharge 109% o | 11T¥,, 225 x JITh %x g5 ¥ x | g5 ¥ X
“Fimal Disch, 10T 108 =0 ITF g5 o7
¢ Rate 69 68 85 86 64 60
AV, ="%/N T 87 g5 |95 80 80
v, B (0 v 20°8) |99 99 108|109 30 9
* turely
% excluded from average valuep

Gala \.zooo




E Mot

EWGENE DIETZGEN CD.
M ALY

CIFATTLL Paprie
Ll

FGEN
IMETE

I
u
o)

L]

<

ju]
£

——m Y

NP g S Ay

R S

R

FiTiat

NN
=3



S
\\\
h—

. ,_‘__;\\‘

ThE SyCLE

o

CTHE PUSa-nideE OMTIL

THE EuY
Q:
\

oSl 24 xslue A 33
‘@sfmzs‘ ‘®‘5pr4 T @ S]rv" 27

"":--.,___ . - Lo
\-‘ -
MelEs crgit 3 mamormmeD

SVEIpES R

TIME
-no.a A
"
-
H !
P- i
|

20°C
Ic:437-4ﬂ x.g:
i \\\
|
! .
S
|
A ?
—=¢ ?/
”@“‘*——g ﬂﬁg

“l EIGURE 5.2:17

CELL PRETSUCE AND AUX. sIGHDAL VS

.
i
n
E
i
&
A

VAR =R
v/

TEST _COMDITIoN NO. 8 ..
1 -
i
P

DE VELOPMENT SBouP T

[ —

57N ~{F

CORRIT B . -

g0

0

50 co

10 - 40

— OR\}\T z
[

20

TS
Tl

. -EO

o !
o o[ 1

.
0.8

L

.

‘E .

.50 0.

G ORBIT L

;40

|

2Q 40

|
: i

Lo

7
'
]

)

) & g

f2°2 8

— WL R [

150
%
£.250
260

- 140
%0
<10

-

|4 (2i5d) 2UNSSIIS - ¢ — BOVIIOA BQ0BADITT weW

= . o —— 1 ..

o

B *

AR E PN
Yl ¥ ad

.
mm £7CL AP R Y R O X



e eeemeraez T T L F/GURE 5.2-28 A
© e1p | TEST.compiTioy No. 16 s ol GEL PRESSURG LMD RUK SigNAL xS TME . . shwzA  xshepE 4 Fm23

w4 e 3¢% v.C.0. e . : g @um 25 @2T @323
' e e e et £37.44 Ioe=B50.0A . 0. .0 ; |

BB & o

R

»
1
-

. e '

& ——

FUOLHE DLETZIOLM CO.
[P T Y

6s

DI rRGEM LuAPK PARTR
PO X V0 PLR HALF RGN

ESEaLT R o L

[ I

e S o e et e 2 S e e o
i : TR P P EE

. AUX, ELECTRODE VOLTAGE = b i

. PRESSURE. (PSIG) -+ .l .o
] 1‘“
BN

e -

ZA‘
Te——

%‘—;:@:@—nsm#f




——

Cell S/N 1 __ Cell 3/N 1k Cell 5/N 1 Cell S/N 23

1 X -
Retest [% Inc./ Retesy 4 Inc, / Retest|% Inc ./ Retestl 4 Inc. /
Test Descripton Grp. T | Gxp.II [becreasq GrpeI |Grp. IT Decrease|Grp. I | Grp.IT|Decreasd Grp.I | Grp. IT Decreasg
Cell type Pre- {Contracy Basgline Thin} Elect, Opgosed Tejm,
Electrolyte ce | 433 Los -6 390 388.5 -1 386 371 -4 410 450 +10
; Ratio=Gr. of electroly. 2.2 22.6 -6,6 211 |20.9 -1 21.0 20,2 -3.8 21l.1 23.2 1 +10
Gr. of cell core
Tapacity AXo
20°C conditioning 117 105 -10 0L |90 =11 {1k 91 ~20 107 107 10
Cycle #1 116 104 -10 97 93 -1 113 89 21 104 103 -1
Cycle #2 113 101 -1 93 92 -6 112 8h -25 98 100 +2
Cycle #3 110 1Ok -5 95 oK I 110 87 =22 ok 5 | *1 gl
High Rate 106 100 -6 3 88 =5 07 g2 =23 Q1 89 =2 E F‘
Low Rate 107 105 -2 o |93 -l 113 89 -21 96 89 -7 §
Overcharge 123 105 ~15 o) 92 -7 113 86 =2l a7 88 =9 ' % g
Final Disc. 113 106 -6 93 95 +2 108 87 =19 9L 89 -5 3
"C™ Rate Disc. 105 ok ~-10 93 87 -6 105 75 =29 86 83 -3 a -
Average = /N 112 103 -8 96 92 =l 111 86 -23 96 9l =3 %ﬂ o
o Av, Afo/gram Dpos. . A i3l _
S act, mat. 256 | .208 . 215 {.210 LOHT | <187 219 | .215 HIS
, °©
0”C Conditioning 99 ‘ 91 89 -2 19 91 86 =6 ES
Tycle #1 103 S -7 9% T 20| 89 10k [y e
Cycle #2 106 89 8L -6 97 79 -19 89 oh -3
Tyele #3 96 92 ™ | -5 100 T3 27 91 g2 -10
High Rate 98 90 81 -10 99 6 =23 91 82 ~10
low Rate 9 90 89 =1 101, 83 -18 83 835 +2
Overcharge 10k 98 8 ' -9 110 78 -29 1 89 =2
Piml Disc. 1103 g1 8T -5 103 = [80 -22 88 88 0
te 90 92 60 -26 |96 63 -3k 91 83 -9
Average =& /N . 101 92 83 =11 100 T6 =2L 39 87 -2
Av, AHo/gram ppS.
act. mat, . 204 .210  |.189 217 | .165 203 | .199
AV, KIS (0 ¥ 209) 102 ok 88 106 81 93 91
“Av. AHo (0 + 20°C) .206 .215  [.200 229  |.176 211 | .207
% chg. Abo/gm (20+0) -1.9 4.1 [-10.0 T -10.0 [-11.8 -T<3 -7k
Av. AHo/gm elect, ratio 915 1.02 |.957 1.09 O7L 1.00 .892
% chg. av. Afo/gm (GE'Ll-3) ~T.0 -23.1 1.9
(GP L), I

G318 10/8 o

rasu@lon Form



5.2,1.4,2,3.2 Pressure
Maximim pressure change for each cell during esch charge, and at end

of discharge, both as Group T cells and during the retest are ghown in Table

5.2-23

5.2.1.4.2.3.3 Ampere-Hour Input
The inputs for each cell for each charge, both as Group I cells and for
the retest, are shown in Table 5.2-2k,

5.2.1.4.2.3.4 Cell Performance Curves

The following cell performance curves are incuded in this report:

Figure 5.2-29 - Test Cond. #8 - Cell and aux. signal volt, profiles at
30% D.0.D,

‘ Figure 5.2-30 - Test Cond. #16 - Same as 5.2-29, except at OOC.
5.2.1.4.2.4 Development Group III

5.2.1.h,2,4,1 Capacity
Capacity dsta for Group III tests, conduct both at +20°¢ and 0°C are
shown on attached Table 5,225, | |
5.2,1.4.2,4,2 Pressure
k The cell pressurglchange at charge are shown on attached Iabie 5,226,

5.2.1.4.2,4.3 Ampere—Hour Input

The inputs for all charges are shown in attached Table 5.2-27.

5.2.1.5 Test Results

5.2,1.5.1 Capacity -

A review of positive énd negative active material quantities for the
verious designs shows substantial differences, Normalizing capacity data
emong the designs is %hus required; Since all types were to be positive
electrode ca@acify limiting, during both charge and diécharge, only the
positive active material information need be so treated. Posgitive active
material ﬁeight, as deséribed in this report, ié defined as the material

weight gain during the ilmpregnation of the positive electrode plaque.

61



_ ———— | TS — —— % .
N o i
CELL S/N 1 CELL S/N 14 - CELL 8/N 17 - CELL S/N 23

Test o Retest % Inc./ Retest % Inc./ ‘Retest % Inec./ Retest % Inc./

Description Grp. I Gyp, IT Decy. Grp. I Grp, IT Decr, Grp. I .Grp, IT Decr. Grp. I Grp. II Decr.

20°C Conditioning - 15 - - 87 - - 91 - - 12 -
Cycle #1 - 9 - - 23 - - 18 - - 8 -
Cycle #2 13 7 -45 4o 16 -60 37 11 -70 23 7 -59
Cycle #3 8 9 +13 33 2k -27 31 19 -39 27 7 -Th
High Rate - 3 - - L - - 1 - - 5 -
Low Rate - 15 - Ls - - 27 - - 23 -
Overcharge 91 T* - 89 h3* - 89 21% - o 16% -
Final Disch, - 28 - - 56 - - . L8 - - 33 . -
"C" Rate Disch. - 19 - - 32 - - 32 - P as -

- Average = Z/N 37 24 -35 54 37 =31 52 30 42 32 15 -53
A¥, AFP/Elect.Ratio 1,53  1.09 - 2.56 177 - 2.48  1.h9 - 1.52  .64T -
0°C  Cenditioning - - - 15 7 .53 0 1 - 0 0 0
o Cycle #1 - - - 5 1 ~20 3 1 -67 2 2 0

Cycle #2 - - - b 6 +50 3 1 -67 3 1 -66
Cycle #3 - - - 5. 1 -20 4 2 -50 3 2 -33
High Rate - - - L 2 ~50 L 1 -25 1 2 +100
Iow Rate - - - 9 b -5 . .6 4 -33 k 1 -75
Overcharge &0 37 - 60 17 =71 2y 8 -66 13 3 -TT
Final Disch. - - - 30 7 2T &9 0 -100 2 b +100
"C" Rate Disch, - - - 7 +2 - - 3 - 2 1 -
Avernge = X /N - - - 15 5 -66 7 2 STl 3 2 -33
Av. AP Eleet, Ratio - - - .TL .24 - .33 .10 - L1 .09 -
Av. 4P (0+200C) - - - 35 21 -40 30 16 =46 18 9 -50
Av, aP (0+200C)/
Elect. Ratio - - - 1.66 1.00 - 1.43 0.79 - 0.85 .39 -
Y ' .
NOTES: * Overcharge was terminated prematurely
TABIE 5.2-23

PRESSURE CHAWGE (PSI) AT CHARGE
DE ROUP T RETEST



-

i

e

RPNt -, v U it S

5N i ChL, 8/% 17

e

o+ r—————————

CELL 8/N 23

CELL S/N 1 TCEIL S/N
Test f Retest % Inc./ Retestr % Inc./ Retest % Inc./ Retest % Inc./
Description Grp. I Grp, II Decr. Grp. I Grp. IT Decr. Grp. I Grp. ITZ Decr, Grp. I Grp. II Decr.
20°C Conditioning 150 120 -20 160 120 -25 160 120 -25 160 0 120 -25
~  Cycle #1 127 105 =17 121 92 -24 138 93 -33 133 105 -21
Cycle #2 124 102 -18 115 95 ~17 128 90 -30 - 119 102 -1k
Cycle #3 114 105 -8 105 9k -10 120 87 -28 108 103 -5
High Rate 105 ok <10 98 88 -10 113 .83 - -26 .93 89 -h
Low Rate 109 120 -10 150 105 -30 150 100 -33 150 97 L
Overcharge 190% X110% - 190X X105% .- S X200 X100% - X190 X93% -
Final Disch, 155 120 -22 160 115 -28 160 120 -25 160 107 -33
"c" Rate 115 106 - 105 95 - 102 8L - 105 9L -
Average = £/N 125 109 - 127 101 - 136 97 - 129 102 -
0°¢  conditioning 113 120 +6 100 124 +1h 113 115 +2 100 110 410
Cycle #1 - - - . 90 83 -3 102 Th -28 75 83 +11
. Cyele #2 - 100 - 91 84 -8 99 76 -23 89 8 -6
w Cycle #3 102 - - - 91 76 -17. 102 TL -30 91 T9 -13
Bigh Rete T7 122 +58 85 101 +19 95 ol -1 91 109 +20
Low Rate oL 102 +9 95 88 -7 105 85 -19 95 88 -7
Overcharge - - - - - - - - - - - -
Final Disch, 109 110 +1 - 107 - 100 105 - - 106 -
"¢" Rate 91 o7 - gl 70 - - 85 - 91 83 -
Average = £/N 97.7 109 - 92 90 1 102 88 . 90 . 93 -
Av, AHi (20+0%C) 112 109 - 110 96 - 119 93 - 110 98
NOTES: * was terminated preméturely
X exeluded from average values
TABLE 5.2-2k DEVELOPMENT GROUP I RETEST

INPUT AES
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CELL [S/N A
TEST DESCRIP]?ION 32 33 34 35 36 37 38 39 Lo hi
| L T
 _Electrode Type Thin 2>» Bagellne
To. of Pog/Neg 19/20 - > 20/21 >
Separator Pellon{PP505 W) S-tercules MP. Pellon (W)
Hold Down X - X X X X
Aux. Wrap 1 1 2 2 Tsolated Term. 2 o
Electrolyte 375 > 3T 339U N
2000 capacity-Alio . TARLE 5,2-25
Conditioning 115.0 | 116.6 | 116.6 115.0(113.3 | 113.3 92.5| 80.8 120.8| 120.0 DEVELOPMENT
Cycle #1 116.6 [ 116.6 | 116.6{ 115.0( 111.0] 111.,0 75.0 | 79.0 122, 1224 GRPUP IIT
Cycle #2 14,0 16,0 116,01 131.8] 133.3 75.01 75,0 | 125,0! 125.0
Cycle #3 14,0 114.0 | 1240 111,51 108.%] 108.,%| T79.0 121,6| 120.8 CAPACITY TO
"C" Rate Disch, 116.8 | 116.8 | 116.8| 116.8| 135.0] 15,00 - - 123.3 TE VeuT
High Rate 110.0 | 110,87 110.0 [ 110.9] 106.6| 106.6 - - LI
Iov Rate 118.2 | 118.2 | 19,0 118.2| 1.7 111.7) - - " 125.8| 125.6
Overcharge 17.5] 118,k 1 119.2 116,6| 116.6] 115.0 - - 121.6] 119.2
Final Disch 113.3 | 113.3 | 115,01 113.3| 113.3] 111.6 - - 121,01 120.0
Average 715.1 | 115.6 | '116.0 | 1ih.2| 112.1| 111.5| 80.3| 78.2 | 120.5] 120.8
Pos, Act. Mats 497 > 52k >
|AV. AHog pesaect.mat,| .232 .233 234 .230 226 .22h .162 .158 .230 231 |
AHo g/De ign .2R2 245 - . ; 231,
| 0°c Capacity-AHo 111.6 | 11°.5| 113.3 | 111.§| 111,6] 108.3] - - 111,6] 112,5
Conditioning :
Cycle #1 108,3| 108.3 | 110.0| 10k,2| 10k.2| 100,8| Hb9.1| - 111.6] 111.6
Cycle #2 102,5 | 102.5] 103.3} 100,8( 100,8]| 100.0 50.8 | ~ 109.2| 109.2
Cycle #3 , 105,0 | 105.8 | 103.8 | 104,16 104.2| 100.0 50,8 = 211.6) 109.2
"C" Rate Disch 105,0 | 105,01 106,6 | 101.6) 101,6% 96,6 Uh5.0 11,6 1131.6
High Rate 107.5 | 107.5 | 108.3 ] 105.0| 104.2} 100.0 36.0 11%,2| 113.3
Low Rate 107.5 | 108,3 | 109.2| 105.8! 105.8| 102.5 56.6| = 108,3| 11h,.2
Overcharge 116.6 | 117.4 | 119.1] 116.6| 11%,1] 114,1| 83.3| = 126,6| 125.7
Final Disch. J%% 110,7] 110.7) 108.,2] 108.2| 1ok9]| 64.9] - 119,2] 110.2]
Aver. [ 108.2 [ 108,71 109.6| 106.L] 106,0] 103.2] G54.5[ = 113.5 | 114,0]
- AV.AHog pos.act,mat,] 217 .218 .220 L2154 2213 207 .109 21T 217
AV, AHo/g/Design 217 210 —F |, 217

G318 REV, 2
8-72 2000P
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CELL|S/N
TEST DESCRIPTION 4o 43 | Lk 45
Cell Type : A
Plectrode Tvpe Thin gwBoseline — - = R
Yo. of Pos/ies 20 /01— 17/18
Separator T 2104 (W) Pellon (W)
Hold Down X X
Aux, Vrap 5 R S - CONTINUATION
Tlectrolyte cec 394 3108 OF TABLE 5,2-25
20% Cepacity-Allo
Conditioning IT7.57 II3.3] I28.3 I27.5 DEVELOPMENT GROUP 111
Cycle 7l 112.5! 110,0] 129,0] 129,0 CAPACITY TO ]
Crale #2 113.4] 109,27 126,0{ 126.0 '
Cycle 73 111.6} 108,3] 129.0} 128.2
"C" Rate Disch. 110,0]  110,0] 123.3| 123.3]
High Rate 107.3} 105.0| 112,8] 112.8
Low Hate 115.0! 107.5] 130.0| 330.8
Overcharge 109,2] 105.0[ 2133.4] 133.41
Tinal Disch 108,41 103.3| 127.5] 127.5
Average . 1.6] 107.9] 126.5| 126.5
Pos, Act. Mat. | sor—f—————%p 538 —f—— e
T AV. AH?(%'?Eos.act.mat. 213 | .206 | .236 | .236
Ao /Design = 210 230
0°¢ Capacity-AHo 110,0! 119,0] 106.6] 108.3
Conditioning - }
Cycle #1 108.3] 104.2] 212,5] 115.8
Cyele #2 103.3] 100,81 110.0] 118.3
Cyele #3 104,16 104,2[ 113,3] 115,0
"CY Rate Disch 103.31 OL.6[ 11.6( 111.6
Hiph Rate 105.8] 10k 2| I15.0[ 116.6
Low Rate 106.6] 105,8] 115.0{ 120.0
Overcharge 107.4) 103.3] 126.6] 130.7
Final Disch, 102,5 99,21 114,14 120,8
Aver, 105,71 103.7| 113.9] 11T7.%
AV,AHofs Pos, Act.Mat.f .201 197 .211 .218
AV, Allo/g/Design ———1 " 199 2L

TaG REV. 2
Erpuid [alg

GRUMMAN
e
f
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TEST s/N
DESCRIPTION | 32 33 34 35 36 37 38

Conditioning | 42 30 27 o7 Lo 29 . 27 Il _12
Cycle 71 3 2 3 3 | 2 3 T 0 1
Cycle #2 L1y 5 5 g iy 3" 3] T -1
Cycle #3 6 ] 5 7 6 | 25 | 15 3 2
High Ratke- | 13 17 23 35 19 16 - 14 6
Low Rate 78 68 3 79 76 62 - L5 W1
Overcharge 62 60 L9 6l 56 Lo ~ 75 60
Final Disch. {67 | 60 52 72 6: | 53 - 9 By
"C" Rate 18 16 11 23 20 17 - 23 20
AV, =3Yn 33 29 26 35 32 29 - 23
AV.APY Elect.

Ratio

oc , _

Conditioning | 12 1 12 6 14 8 - 1. ) T 5 0
Cycle #1 1 1 1 0 1 2 2 2 2 0 1 7
Cycle #2 1 1 6 0 1] 1 5 0 3 1 1 1
Cycle #3 L 2 5 |2 2 1 1 3 3 2 2 1
High Rate 0 1 1 0 0 0 2 0 1 1 0 0
Low Rate 9 8 8 6 9 L 1 10 8 6 6 2
Overcharge: 49 hs 39 1k LW | .10 8 8h 2 Th 6 bWt
| Final Disch. 0 26 22 13 25 . 12 2 5 g Lo 62 5
| "C" Rate 5 A k 3 4 3 1 5 L 3 4 1
AV, =2 /W 12 11 11 5 13 5 - 12 12 15 10 T
AV.AP% Blect

Ratio

AV.AP{0+20°C)

AV.AP)0+20°C) , TABLE §.2.26

1% Electr. Rafdo .

LOPMENT GROUP TII
PRESSURE CHANGE AT {HARGE

Gglﬁ REV. 2
872 20007 GRUMMAN
S
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| TEer | cmiL u B | __?
DESCRIPTION ;| S/N32| 33 34 35 36 37 38 39 Lo L1 L2 43 Ly 45
20°¢ | ] L .
Conditioning [160.0 [160.0 |160.0 [160,0 |160,0 | 160.0 | 160.0 {160.0 | 160,0 {160.0 160.0 {160.0 [160.0 [160.0
Cap. Cyele#l 1125.0 ]125,0 [125,0 J122,5 |117.5.]117.5 80.0 | 80.0 ] 127.5 [127.5 120.0 |117.5 }135.0 {135.0
" " #2 |122,5 [1p2,5 {122.5 |120.0 |110,0 | 110.0 78.0 8.0 | 196.0 |126,0 110.0 |107.0 |1%0.0 |140.0
" "3 |124,0 {122,5 [122,5 |121,0 120.0 |- 85. - 131.5 {131.5 130.0 |217.5 |132.5 |132.5
"C"Rate Disch|123.0 {121.,0 1121.5 |120.5 }115.5 | 115.5 | = - 128.0 j127.5 118.0 |115.0 [131.5 |130.0
High Rate Ch, {123.3 [121.5 l121,5 [121.,5 |110.5 | 110.5 87.0 | - - 142,5 107.5 1107.5 [1k2.5 [1k2,5
Low Rate Ch. [150.0 [150,0 [150.0 |150,0 |150.0 | 150.0 | - - 150,0 [150.0 130.0 {130.0 [150.0 [150.0
Overcharge(*) [227.0 [205.0 |206.0 [206,0 |202,0 | 202.0 | - - 163.5 |153.5 | 140.0 ]193.5 [209.5 [|209.5
Final Disch. [160.0 |'160.0 (160.0 {160.,0 |160.0 | 160,0 | - - 160,0 {160,0 160.0 {160.0 |160.0 {160.0
Aversge = 2/N [136.0 |135.3 [235.% [13h.% |130.% |131,9 | - - 1ko.L 1140.6 129.4 [126,9 |143.9 |143.8
0°¢ .

Conditioning [160.0 [160.0 [160.0 |160.0 |160.0 | 137.5 | - - 160.0 [160.0 160.0 [160.0 |160.0 |160.0
Cap, Cyele #1 09,5 [109,5 13111.5 |107.5 |107.5 | 107.5 57.0 | - 112,5 1112,5 106,0 |106.0 {135.0 [120.0 |
" " #2 N07.5 [107.0 [108.0 [101.0 101.0] 97.5 | 90.0 | - 101,0 1112,0 106.5 {115.5 |131.5 |115.5
" " #3007.0 [106,5 1107.0 |106.0 | 105.0 | 103.0 51.0 | - 113.0 [112.0 105.0 |103.5 [115,0 [118.5
"C" Rate Dischll07.5 | 107.5 !107.5 |106.5 |106.5 | 101.5 ho,0 | - 1ik.5 J132,5 109.0 {106.5 [116,5 |118.5 -
High Rate Ch. g07.0 1108,0 [110.0 [105.0 | 10k.0 99.0 | k7.5 - 11%.0 J]113,5 106.0 1109,5 }111.0 |117.5
Low Rate Ch. h.3 14,3 |i1h.3 {112.0 |112.0 | 109.0° | 108.8 | - 121,3 |118.8 111.8 {109.8 [123.,0 }121.8
Overcharse(*) Lk8.5 [146.5 [1h7.5 |144.0 | 1kk.0 | 139.5 9l.5 | - 154.0-|152,0 Akh,0 j1lh,0 [152.0 1157.0
Final Disch, 20,0 |120.0 {120.,0 |[120.0 [120.0 |120,0 | 120,0 | - 120,0 |120.0 | 120.0 !120,0 [120.0 [120.0
Average ==/N 116.6 [116.6. 1117.3 |114.8 | 11k,5 | 109.h | 7h.8 | - 119.5 [120.2 | 115.5 [116.4 [121,5 [12k,0
AV.AHL (020 C)| 126.3{ 126.0 [126.4 [124.6 [2122.5 | 120.7 | - - 130,0 [130.4 122.5 121.? 132.7 - [133.9

, _TABIE F5.2-27
NOTES : *)Exclluded frpm Averake valuef. . = :
DEVELORMENT GROUP T
, INPUT A.H,

G218 REV, 2
F-72  2o0o0P

GRUMMAN



Normalized capacity dats is then defined as each cell's discharge capacity

(st the specified current) to 1,0 volt, divided by the cell's pogitive active
material weight. T-he resulting figure is usually described as "material util-
izetion", The higher the material utilization number, the better the cell
design. The lower this figure is, the less deeirable the design,

Figure 5.2-31 shows the average cell capacity obtained for each degign
of development Groups I .- III when tested under conditions shown. The
following can be note&: |

® A general trend of a capacity decrease exists when ambient temperature

was changed from +20°C to 0°C.

e The Group I and IT cell designs show & very pronounced capacity

decrease for the "c"-ra.té (100 ampere) discharges as compared with
"C/2" - rate (50 ampere) dlscharges., This trend cannot be observed
on the Group III cells,

@ The 100 A,H, minimum specified capacity was notr met by any design

of Group I and IT under all conditions., However the thin electrode
yielded 100 A.H, for all but three test cﬁnditions. Even there, the
minimm capacity wes 98 ampere hours, only 2% below specified gorl,
Most cells from Group III met this 100 AH, minimum capacity under all
conditions,

e BSubstantial capscity losses were observed when the Group I cells were

retested after electrolyte removal,

@ A genersal capacity inérease after application of an overcharge was

observed as snticipated.

e The Group III cells appear to show lower cepecities et +20°¢ when

charged at 60 amperes.

70
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# Comparison of average capacity among cell degigns within each group shows the
following:
Group I - The thin electrode cells (design 3) showed highest average
capacities. The pre-contract cells (design 1) showed next to the
highest average capacities at +20°C temperature only, The poorest
average capacities at 0°C was obtained from the opposed terminal
cells (design 4).
Group II - The shimmed cells (de51gn 6) showed highest average
capacities. The FT 21h0(W) and woven polypropylene cells (design 7)
showed lowest average capacities.

Group I Retest - The pre-contract cells (design 1) showed highest

average capacities.

Group III - The baseline cells (design 13) showed highest average

capacities, followed by the thin electrode design with additional
electrodes (design 11). The lowest average capacities were obtained
by the cells with Hercules MF polypropylene (design 10).

5.2,1.5,2 7Positive Active Material Utilization

Pogitive active materisl utilization for Groups I « III is given in
Tables 5.2-28 to 5.2-31 and are plotted in Figure 5.2-32. The following
points can be made:

e All designs yielded higher averasge material utilizations at +EOOC
than at OOC. (There was one exception on one cell at one test
condition).

® The thin electrode cells (demgn 3) had shown the hlghest ma'terla.l
utilization resuits in Group I. However, in the Group III tests this
electrode design yielded nearly identical results as the baseline

electrode cells {comparing designs 8, 9, & 11 with 13).



- ']lA.‘BLE 5. .08
DEVELOPMENT GROUP I |
POSTTIVE ACTIVE MATERTAL UTTLIZATION IN A-Ho/g x 1075

GALC.  CONDI- | | | CAPACITY CAPACITY AVG.
' POSTTIVE TIONING - CAPACTTY CAPACITY CAPACITY 100 AMP 60 AMP 15 AMP AFTER ~ AFTER 3 FOR
CELL DESIGN - CELL ACTIVE CYCLE CYCLE #1 CYCLE #2 CYCLE #3  CAPACITY GAPACI‘I'Y CAPACITY OVERCHG., OREIT ALL
DESCRIPTION SN WE, G - . o | CYCLES __TESIS
+20°¢ | |
Pre-Contract 1 _ . -
Pre-Contract 13 . 495 236 237 228 - 218 208 212 208 238 23l ool
Baseline 14 438 o231 222 222 217 213 213 22l 226 211 '
" Baseline 15 . 438 231 222 222 217 . 213 _ 213 226 226 212
7 AV, ' 231 222 222 217 213 213 225 226 = 212 . 220
Thin Plate 16 460 252 253 248 245 236 239 250 251 239
o 17 460 2h8 246 2l 24 228 233 246 26 234
AV, 250 - 250 2L6 2h5 - 232 236 245 29 237 2l
_Qpposed Terminals 22 438 C2hdy 238 222 215 196 e12 222 poe 218
Opposed Terminals 23  L438 24y 238 . 224 215 196 208 218 202 214
a . AV, . 2118 ~238 223 215 - 196 210 220 222 216 = 220
o%¢c
Pre~-Contract 1 ‘ . , . .
Pre-Contract 13 495 - - - 189 177 177 169 179 164 176
Baseline 14 438 207 207 202 209 209 205 206 © 22k 208
> . 15 ~ Lb38 207 20T 202 - 209 209 . 206 . 206 200 210
AV, | 207 207 202 209 209 206 206 223 209 209
Thin Plate . 16 Léo 221 218 219 220 o2n 220 223 ok 228 '
Thin Plate 17 . 460 - 210 211 . 220 . 209 .. 216 . 220 239 205
AV, 221 21k 215 220 210 218 222 243, 207 221
Opposed Terminals 22 438 201 199 199 206 162 192 181 17T-. 1TL
23 438 207 . 20k 202 208 .- 208 206 191 208 200

AV, 204 202 201 207 185 199 186 193 186 196



CALC,

POSITIVE TIORING

DEVELOPMENT GROUP IT
POSITIVE ACTIVE MATERIAL UTILIZATION IN A-Ho/g x 1073 D

PABLE 5.2-29

CONDI~

CAPACITY CAPACITY CAPACITY

100 AMP 60 AMP

15 AMP AFTER

CAPACITY CAPACTTY AVG.
AFTER 3 FOR

CELL DESIGN CELL  ACTIVE CYCLE CYCIE #1 CYCLE #2 CYCLE #3 CAPACTTY CAPEGTPY CAPACITY OVERCHG. ORBIT ALL
DESCRIPTION 8/ Wr., G, CYCLES TESTS
+20°0
WEX 12Lo 2 448 214 212 205 206 164 197 207 229 207
Polyprop. 25 4148 21k . 210 205 206 164 196 207 227 223
AY. o1k 211 205 206 164 197 207 220 225 206
2505 Pellon 26 448 202 219 220 220 186 212 227 233 233
+ Shims 27 448 223 200 203 220 190 216 229 240 235
AV, 223 221 222 220 138 21L 228 237 234 221
FT 2140 + 28 LLB 180 173 167 158 145 167 167 182 186
‘woven polyprop.29 448 188 186 180 175 1h1 173 179 179 192
= AV, 184 160 173 167 143 170 173 181 189 173
0%
WEX 1242 ol L48 20k 184 189 179 156 17T 195 199 190
Polyprop. 25 448 201 182 187 173 149 171 192 197 182
AV, 203 183 188 175 153 174 194 198 136 18%
2505 Pellon 26 43 203 197 191 186 182 186 201 210 201
+ Shims 27 448 210 204 195 19k 182 191 202 203 201
AV. 207 P01 193 190 182 189 202 207 201 197
FT 2140 + 28 448 179 167 181 166 152 166 177 175 177
woven polyprop.28 L8 180 171 180 166 152 162 177 175 177 _
Av. 180 169 18T 166 152 16% 177 175 177 171



TABLE §.2-30
DEVELOPMENT GROUP I RETEST §
FOSITIVE ACTIVE MATERIAL UPILIZATION IN A-Ho/g x 1073

prrePi PR ' - ~ CAPACITY CAPACITY AVG.

. msn'm TIONING - CAPACITY CAPACTTY CAPACITY 100 AMP 60 AMP 15 AMP AFTER  AFTER 3 FOR
CELL DESIGN CELL “#ACTIVE CYCLE CYCLE #1 crm“#e CYCLE #3  CAPACITY Mcm CAPACTTY OVERCHG. ORBIT  ALL
- DESCRIPTTION S/N W, G 7 7 CYCLES _TESIS
: yo0Pc _ 4 : :
~Pre-Contract Cell 1 500 210 208 202 208 188 200 210 210 212 205
‘Baseline 14 438 205 211 209 214 199 201 211 209 217 208
‘Thin Plate 17 ko 198 1192 181 189 209 177 192 187 188 190
_Opposed Terminal 23 438 2h2 234 228 216 190 - 20k 202 200 202 213
%
Pre-Contract Cell 1 ° 500 199 207 21 192 196 195 198 = 209 205 201
" Bageline-~ 1 438 202 192 191 177 185 188 20k 202 198 192
~ Thin Plate 17 460 172 167 179 159 165 165 181 170 1ty 169

Opposed Terminal 23 © 438 196 238 195 186 187 186 194 202 202 198



9L

POSTTIVE ACTIVE MATERIAL UTILIZATION IN A-Ho/g x 10~

- TABLE 5,2-31A

3

CAILC.

POSITIVE TIONING CAPACITY CAPACITY CAPACITY 100 AMP 60 AMP

CONDI-

DEVELOPMENT GROUP 11T

CAPACITY CAPACITY AVG.

15 AMP AFTER AFIER 3 FOR

CELL DESIGN CELL ACTIVE CYCLE CYCLE #1 CYCLE #2 CYCLE #3 CAPACITY CAPACITY CAPACITY OVERCHG. ORBIT  ALL

DESCRIPTION: S/N Wwr. G CYCLES TESTS
+20°¢C

Thin P1l, Pellon 32 A9t 231 235 . 229 229 235 221 238 1236 227 232

" " 33 "o 235 . 235 . 233 220 235 223 238 238 228 233

" " 23 " 235 235 233 220 235 223 239 2ko 231 233

AV, 232 234 230 ‘228 235 222 238 237 229 230

Ditto Iso. Aux, 36 497 228 223 228 218 231 215 225 235 228 226'

3t " 228 23 - 28 2 25 225 231 22k 22k

AV. 228 223 228 218 231 215 225 233 226 225

Thin Pl, Herc., MF 38 497 186 151 151 159 - - - ‘m - '226

9 " 163 1 151 - = = - - = = 224

AV, 174 154 151 159 - - - - - 225

Lo 20

Thin PL. Pellon Lo 5oh o231 234 239 232 - - 240 232 232 162

AV, 230 23 239 232 235 213 240 230 230 160

Thin PL, T21047 ho o soh 224 214 216 213 210 205 | 219 208 208 230

b3 216 210 28 27 210 200 25 g0 200 231

220 212 215 210 210 203 212 200 2ok 231

B:L., PL., Pellon 4L 538 238 240 234 2k0 209 eio _ oh2. 248 248 213

b " 2 240 234 238 22 210 24 248 248 206

%, s M O 5 B = & = @w oo



TABLE 5.2-31B

|

TAL UTTLIZATION IN A-Ho/g x 10~

3

FOSITIVE ACTIVE MATER

v°c

DEVELOPMENT GROUP 111

CALC.,  CONDI~ CAPACITY CAPACITY AVG,

POSTIIVE TIONING CAPACTTY CAPACITY CAPACITY 100 AMP. 60 AMP 15 AMP  AFIER = AFIER 3 FOR

(ELL DESIGN CELIL, ACTIVE OYCIE CYCLE #1 CYCLE #2 CYCLE #3 CAPACITY CAPACTTY CAPACITY OVERCHG. ORBIT  ALL
DESCRIPTION s/N WI. G : CYCl¥s TESTS

Thin PL. Pellon 32 ho7 225 28 206 - em 211 216 216~ 235 221 218

33 " 206 218 206 213 211 216 - 218 236 223 219

U 228 221 208 213 21’5 218 221 2O 223 221

" " 35 " g5 g 23 zo & oz 23 233 A8 2

AV, 226 217 206 211 210 - 215 217 236 221 217

Ditto Iso, Awts 36 k9T 225 209 203 209 20l 209 213 230 218 212

3" 28 203 20l 2oL 1k 200 206 230 2n 208

AV, 202 206 202 205 198 205 210 230 21k 210

Thin Pl, Herc. MF 38 49T - 99 102 102 90 T2 12 168 131 110

39 1 - - - - -_ - - - - -

AV, - 99 102 102 90 T2 11k 168 131 - 110

Thin-PL. 20/21 Lo 524 213 213 208 213 213 218 207 2l 207 217
LN 215 213 208 208 23 26 g g e A8

AV, pl% 213 - 208 o1l 213 217 213 2k 227 218

Thin PL. T2104T L2 524 210 207 197 199 197 202 203 - 205 196 202

AV, 210 203 195 199 196 200 203 201 193 200

B:L. PL. Pellon W 538 198 209 20k 211 207 o1l s e35 212 212

AV, 200 212 212 213 207 215 219 239 21 215
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e The opposed terminal cells (desien 4) showed nearly identical material
utilizations as the baseline cells (design 2) at +EOQC,:but performed
considerébly-more poorly at OdC. |

e All poly‘propyleﬁe geparator cells (designs 5, 7, 10 & .12) showed
poorer utilizations than the nylon separator cells, The highgst
material utilization among the polypropylene group was observed from
cells with the T21047 (washed) materisl (design 12).

e All more tightly stacked cells (design 6 & 11) did not show any improvement
in material utiiization over the désigns with normal compression.

5.2.,1.5.3 Average Cell Pressure Increase During Charge

Average cell ?ressure inerease during charge for Groups I - III is shown

in Figure 5.2-33. The following can be noted:

e All cells, with one exception,.showed higher pressure rises during the
charge at +20?C than at OOC. However, since end of charge voltages
were pre-selected for each femperature and ﬁmessure'ihcreasg is a

¢ function of this voltage, the observation is a resultant of the voltage
values selected.- |

¢ The pre-selected charge cul-off voltage value for the low rate
conditions at +20°C (15 ampers snd finsl charge) was too high and
resulted in large ﬁressuie rises,

e The dvercharge preséures deta is only applicable in very general terms
due to variation in cell manufacturer's test conditions between
groups. rIn some instances cells were kept at rest overnight between
full ch&rge.and overcharge, without & clear entry in the data sheet.
Thus, only intragroup (since each group received identical conditions)
rather fhan'intergroup efaluation is possible,

Group I - The opposite terminal cells (design L) showed the least
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pressure rise for this and all other tests in this group., This is
expected due to their larger free volume. The thin electrode cells
showed nekt t6 the lowest and the baseline cells showed the highest
préssure rise. Again this was anticipated due to the ;arger surface
ares in the thiﬁ_electrode cells.
Group IT - The tighter (shimmed) cells (design 6) éhqwed the highest
preésure riée,lgs anticipated.
Group ITT n:Agﬁin the thin electrode cells exhibited the lowest

. pressure riée (design 8 & 9). The thin electrode tighter cells
showed the highest pressure rise at +20°C. The Hercules MF cells
(design 10) showed such high pressure rises that they were
removed from:fhe overcharge prematurely.

5.2.1.5.4 Percent Conlometric Efficilency

Percent coulometric efficiency for Groups T = III is shown in Tables
5.2-32 to 5.2-35 and flotted in Figure 5.2-34%, All overcharge condition
values have'been exciuded fram theée.data since they havé no rgal meaning for
this pﬁrpose. The follOW1ng p01nts can be made

e Occasionally more than a 100% value wag obtained. -Thig can only be

explained by either a recording error, or by residual capacity from
" the previous éycle.
e In general {he 0% charge efficiency was higher than the +20°C values.
¢ Comparing the Group ITT average values with those of Group I a general
increase in eff1C1ency for the +20°C values and a slight decrease
for the 0°C values can be noted. |

e Using the Group ITI average values of 90% and Qh% for +20 ¢ and
o°¢c respectively and taking their reciprocal values we obtain a
charge return. (Input A.H. divided by Output A.H. times 100) of 1119
and 106% resfectively. These values compare very favorably with

earlier reported values for small size sealed nickel cadmium cells.

8
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TABRLE..5.2-38

DEVELOPMENT GROUP 1

PERCENT COULOMETRIC EFFICIENCY (AHo/AHi x 100)

CELL S/N

-Test Description 1 13 AV, 1 15 AV, 16 17 AV, 22 23 AV,
+20°¢c

Conditioning 78 T8 78 63 et 6h 72 L 72 67 67 67
Cydle #1"" : 92 93 93 81 81 81 8k 82 83 78 8 78
Cyele #2 91 91 91 85 85 85 89 88 89 82 82 82
Cycle #3 97 95 96 91 91 91 9k 93 9% 87 87 87
"¢" Rate Disch. 91 90 91 89 89 89 90 88 89 82 82 82
High Rate 101 98 . 300 95 95 95 98 95 09f 100 98 99
Low=Rate 98 95 oF 63 61 65 TT 75 76 65 6k 65
Average Z/N 92 81 86 80
o°c

Conditioning - - - 9l 91 9l 90 85 a8 88 91 Q0
Cycle #1 - - - 101 102 102 99 95 g7 116 118 117
Cycle #2 - - - 98 98 98 100 100 100 93 100 Q7
Cycle #3 - 92 92 101 101 101 100 97 99 104 100 102
"¢" Rate Disch. - 97 97 101 101 101 97 96 97 83 100 92
High Rate - 11k 114 106 106 106 107 106 107 115 100 107
Low Rate - 89 89 95 95 95 98 105 102 100 87 9k
Average X/N 98 99 99 100
Average (20 + 0°C) 95 90 953 90



€8

CELL 8/N
Test Description 2k 25 AV, 26 27 AV, 28 29 AV,
+20°0 . 3 e c
Conditioning . 60 60 - 60 62 63 63 51 . 53 52
Cycle #1 95 b 95 93, 93 93 oh 91 93
Cycle #2 96 96 96 98 98 98 95 98 o7
Cycle #3 100 106 103 97 96 97 95 9k 95
"G" Rate Disch., 8L 87 - B6 88 9L 90 T9 % 78
High Rate 99 9k 97 oL 92 93 99 96 98
Low Rate 89 89 89 68 -~ 68 88 89 89
Average = £/N 89 86 86
o°c | _
Conditioning 92 90 g1 91 ok 93 80 81 &
Cycle #1 83 81 g2 89 g2 91 75 7 76
Cycle #2 81 80 81 86 88 87 T8 M T8
Cycle #3 80 T8 79 83 87 85 Th ™ Th
"¢" Rate Disch. 101 o7 99 96 g4 95 106 113 110
Tigh Rate T9 T 78 83 g6 85 Th ™ Th
Low Rate 88 86 87 30 91 91 79 9 79
Average = Z/N 87 .96 82
Average (20 + O°) 88 88 8l

TARLE D,2-33

DEVELOFMENT GROUP I1

PERCENT COULOMETRIC BEFFICIENCY (AHo/AHi x 100)




DEVELOPMENT GROUP [ RETEST

PERCENT (QULOMETRIC EFFICIENCY (AHo/AHi x 100)

CELL S/N 1 CELL S/N 14 CELL S8/N 17 CELL S/N 23
Test Description Group 1 Group 2 Group 1 Group 2 Group 1 Grapp 2 Group 1 Group 2
+20°%¢ , |
Conditioning T8 88 63 75 71 99 67 89
Cycle ﬁIQL : 92 99 81 101 82 96 T8 98
Cycle gl 99 85 97 88 93 82 98
Cycle #3 7 99 91 100 93 100 87 92
"C" Rate Disch. 91 89 ' 89 ge 88 89 82 88
High Rate 101 106 95 100 95 99 98 100
Iow Rate o8 87 63 89 5 89 6l 92
Average = /N 93 95 81 93 85 95 80 ok

£ o

0°C
Conditioning - 83 91 78 35 69 91 78
Cyele #1 = - 101 101 95 0k 118 125
Cycle #2 - - 98 100 100 104 100 102
Cycle #3 - - 0L 103 97 103 100 104
"C" Rate Disch. - 100 101 g7 96 ™ 100 100
High Rate - 80 106 80 106 81 100 75
Low Rate - a7 95 97 105 98 87 o7
Average = Z/N - - 99 ok 98 91 99 97

Aversge (20 + 0°C) - - 90 9k 92 93 90 96



a8

CELLS ‘
TEST S?N s/ B8/N s/N s/N s/n
DESCRIFTION 32-35 | 36+37 | 308+39 | LO+hd | ho+h3 | 44+hs
Cell Design No. 8 9 10 11 1z 13
S } } o
Conditionign® T2 71 sk 75 T2 80
Cap. Cycle #1 93 95 96 196 |9k 96 _
L M ok 103 97 9 102 90
A & 93 90 93 92 189 97
"c" Rate Disech, 96 100 - 196 gk |94
High Rate Ch, 9% 97 - 18 99 19
Iow Rate Ch, 179 15 - 84 86 87
Average = 3N 88 90 - 89 91 89
o°c
Conditioning TO Th - TO 69 64
Cap. Cyele #L 98 95 86 99 100 97
™ i ﬁ 97 101 56 103 g2 101
i U %] 98 98 100 98 100 98
"¢" Rate Disch, 98 95 92 98 95 95
High Rate Ch. 100 |10 76 100 97 101
Low Rate Ch. 95 ok |52 93 96 96
Average =5 /N ok oh 77 ok 93 93
[Averege(20 + 0°c) oL 93 - 92 92 91
5.2-3%
EVELOPMENT GROUP III
AéﬁﬁﬁGE RCENT EFFICIENCE
JAM x 100)

GRUMMAN
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5.2.1.5.5 Cell Terminal Development

5.2.1.5.5.1 Early Program Review

An existing Eagle-Picher teiminal was selected for use on the early develop-
ment cells (groups I-III). Iong manufacturing lead periods of‘h to 6 months in-
fluenced this decision. The terminal is shown in figure 5.2-3 and the stud is
shown in figure 5;2-35 This header was manufactured by Ceramaseal Inc., New

Lebanon Center, New York.

Concurrently this design was reviewed at Grumman to improﬁe its function
and reliability. Each‘ﬁefminal component was scrutinized and Pindings are sum-
marized below: | r., '
5.2.1,5.5.2 Terminal design - A cell impedance review ag s function of the ter-
minal geometry is described in Gruwmm Project Interoffice Memo D-559-0-2, dated
20 October 1970 shown in Appendlx K-1, It was concluded therein that & number

- of design changes are mandatory. The internal te}minal flags were reinforced

to improve the conductivity. The flat base termminal top, to which the intercell
connector is fastened by means of a bolf, had inherent problems due to stresses
exerted on the relatively brittle ceramie sleeve, Frequently cracks either
developed or extended into the ceramic sleeve when torque strESses were applled
which could lead to leakage mths. As a remedy to this potential problem, the
terminal top was redesigned as shown in figure 3.2-36., A slot was added to the
upper terminal‘to insert the intercell connector and provide‘a weld joint. The-
bottom portion shows an increased contact area between the electrode tabs and
terminal when compared to the Bagle Plcher terminal shovm in figure 5.2-3. The
bottom terminal portion design is very similar to that used by Gulton on their
100 ampere-~hour cell with opposite side temminals, supplied to-NASA, langley
(Gulton cell P/N 552-8047-86 using Ceramaseal terminal P/N 808B6350). This ter- .
minal design did resolve the concern expressed in the Grumman document, Appendix
K-1. | o | | o

The above design.was subsequently modified as shown In figure 5.2—37.. Tﬁe
upper slot was replaced byka lug which eliminates weld‘joints. This avoids pos-
sible cell heat damage which is difficult to inspect on a completed cell. . Such
-a design 1s also more readily adaptable for quick intercell and intermcdule con-
- nectldns, 'The connector‘ie again bolted in place but torque stresses to the
ceramic are drastically reduced. This lug type berminal was ﬁsed‘on all para~
metric and life test group cells. '
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5.2.1.5.5.3 Terminal Retainer Material Alloy 42 vs. Alloy 52 - Alloy 42 terminal

retainer material was used sucaeszull& on nickel-cadmium cells. It was selected

to achieve thermal expansion characteristics close to that of the ceramic material.
Ceramasesl's experience has shown that a copper plating of the collar is required
Prior to the bhrazing operation to obtain a satisfactory Joint. From the chemical.
Point of view an exposure of copper to the ceil‘s interior is undesirable since
copper oxide is partially‘soluble in the electrolyte: An epoxy coating will some-
what retard tﬁié effect but-will not stop i1t completely for long durations. It
was therefore desirable to eliminate this copper plating.- Ceramaseal found that
no copper plating is required if alloy 52 is used. However, the thermal expansion
of this material is slightly higher than alloj k2, Alloy 52 was selected after a
thorough analysis and evaluation testing.

5.2.1.5.5.% Choice of Alumina Purity - In the past Ceramaseal has used a 94%

minimum (96% nominal) aluming content ceramic material for sealed nickel cadmium

cells. Gulton, who manufactures their own terminals, has used 99.4% minimum alumina
content.ceramic materials. Since a large percentage of the balance in the ceramic
is siliba, and since silica is attacked by the electrolyte, it appears desirable

" to use the highest purity available for long life nickel-cadmium cells,

A review of the avallable ceramic materials had shown that Coors (Coors
Pbrcelain Compeny, Golden, Colorado) can supply a 99.9% alumina. This materisgl, in
addition to its high purlty, has a smaller crystal size and, consequently, is
stronger. No working experlence with this material for cell terminal use was avallable
" at that time,

Experience had shown that 94% minimum alumina content material could readily
‘be utilized for cell terminals. The 99,9% material appeared to be the best choice

but required an experimental evaluation prior to incorporating it in this design.

5.2.1.5.5.5 , Choice of Braze Materials - In the past Ceramaseal has successfully

used a copper-silver-palladium alloy for cell terminals, Culton has used & copper-
gilver eutectic rlloy succéssfully for their cell terminals. A nickei-gold alloy

is now available but it has not been experimentally evaluated. From the chemical
inertness point of view, the nickel-gold appears very desirable, However, preliminary
information shows thaﬂ it will result in a poor bond. At present this item requires

further investigation before a final choice can be made.
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5.,2,1.5.5.6 May 1971 Terminal Design Finalization for Parametric Cells

Tn May 1971 a decision was made on the materials to be used for the cell
terminals for the parametric cell group. This was based on past performance
information of the various candidate materials and program economy. 95% minimum
purity alumina ceramic material and alloy 42 retainer material was selected. A

configuration change to a stud shown in figure 5.2-38 was made,

5,2,1.5.5.7 July 1971 - Large Ceramaseal Terminal Problem Observed At Other User

In July 1971, Hughes Ajircraft reported a seal problem on the large Ceramaseal
terminals on their 50 A.H., cells (Hughes Aircraft July 1971 Monthly Progress Report

on U.S.A.F. Contract F33615-70-C-1710).

Specifically, leaks around the terminal seal areas were observed. Thelir metal-
Jlurgical analysis had shown that, "this type of leakage path is a direct result
of improper jigging with regard to heat distribution --". They also concluded
that large terminals require much closer controls in the braze operation than
smaller size terminals.

As a result of this Pinding, Grumman made an immediate request to Hagle
Picher to send two of the ratlo test cells to Grumman for a terminal metal-
lurgical analysis, even though none of the cells constructed under this program
had shown any signs of leakage.

5.2.1.5.5.8 November 1971 Meeting on large Size Terminal Problem

The potential lesk problem on large size terminals was discussed at the NasA/
GSFC Battery Workshop meeting held in November 1971. This discussion occurred both
at the general meeting and separately between Grumman, Fagle Picher and Ceramaseal.
This review is summarized in Appendix K-2. It was decided there that a number of

immediate steps must be taken to eliminate this potential problem, and should be

——— e —
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incorporated in the parametric group cells. These were:
e) Increase in the alumina purity level to 99.5% minimum.
b) Elimination of the surface glaze on the ceramic,
c) Change in retainer material to 52% nickel alloy.
d) Tighter component tolerances.
.e) Greater control of braze material. _
£) Application of the Quality Assurance provisions for the manufacture
of ceramic to metal seals shown in the Third Quarterly Report of the
"Study of Process Variables Associated with Manufacturing Hemmetically
Sealed Wickel Cadmium Cells” (Contract NAS 5-21159), and issued as
Eagle Picher Specification EP-MS-122. (document is shown in Appendix K-3)
The alternate terminal designs, listed in Appendix K—é were rejected based
on considerations of cost ; schedule and availability of sufficient design ewal-
uation data. ‘
5¢2.1.5.5.9 Grumman Metallurgical Analysis Results of Development Group I Cell
Terminals - Grumman conducted a metallurglical analysis on terminals of a develdop-

ment group I cell, Its purpose was to determine if inberent seal weaknesses are
present in this design. Gruman AVO 559-2-8 (Appendix L-4) summarizes the findings.
Hairline cracks in the ceramic under the braze Jjoint and voids in the braze were
observed., These cracks centered around the ouwter diameter of the ceramic sleeve,
but 4id not extend to the inner dlsmeter, Thus a leakage path from the cells
interior to the exterior was avoilded., However, the Joint integrity was question-
able due to this condition.
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5.2.1.5.5.10 May 1972 Meeting with Ceramasesl on Terminal Problems
On May 4, 1972, Messrs. W. Harsch (Eagle Picher) and S. Gaston (Grumman)

visited Ceramaseal in New Lebanon, New York, to monitor the progress of cell

terminal'redesign. Changes described above, as shown in figure 5.2-39 were
reviewed with Mr. R. Turner and A. M, Bredbenner of Ceramaseal. All sample
terminals seen contained hairline cracks. The 96% purity. alumina ceramic
gamples showed fewer and ehorter cracks than the 99,5% samples. For nelther
purity did the crack extend enough to result in a leakage path., However, since
units were dissected without prior encapsulation some cracks might have formed
then., (Ceramesseal used this teehnioue since the potting meteiial fouled their
cutting wheel.) Ceramaseal contended that all terminals produced in the past
~could show these fine cracks, if examined as closely as those in question.
This requirement for e'total absence of any cracks thus appeared unrealistic,
belng probably unechievable at that time. However they could not indicate the
nature of more "realistic" eriteria, ekeept to state that the terminal must
pess a fine leak rate (helium) test. As alternate solutions for future appli-
cations, "butt-type" terminal seals and large terminals using tapered ceramic
gleeve were under development. )

Based on available informatioh, Grumman and Eagle Picher representatives
decided to have one complete cover asgembly constructed immediately. This con-
tained one terminal with 96% purity alumina and one with 99, 5% purity. It was
constructed using standard production technliques to represent the batch to be
produced ehortly thereafter. This sample was sent to Gruman for metallur-
glcal examination. Based thereon, Grumman and Eagle Picher would decide on the
terminal construction for the paraemetric celis.

This sample was mailed to Grumman the foliowing day, and was examined during
the week of May 8, 1972, The following results were obtained.

1. The 96% alumina showed better structural integrity than the 99. 5%
piece. One flne hairline creck, however, was noted in each seal --
with the shorter in the 96% alumina. There was no cause to question
seal 1ntegrity.

2, The potted and Polished cross-gections showed good braze joints on

- both terminals.

Ceramsseal was thus told, on May 9, 1972, to construct terminals for the
parametric cells using 96% purity alumina, provided that production techniques
_identical to those for the above samples were used.
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5.2.1.5.5.11 May 1972 Meeting with General Electric
On the afternoon of May 4, 1972, Messrs. W. Harsch and S. Gaston visited the
"General Electric Tube Department, Microwave Tube Operation, in Schenectady, New

York to obtain information on the G.E. "Butt-Seal” for possible future use in this
program. This was discussed with Messrs. A, Michaelson (Mﬁnager) and R. Bristow
(Senior Ceramist). They éppear to have found a 97% purity alumina well-suited to
this application. Théy had tooling for studs up to 0.352" diameter, but none for
the 0.500" diameter required for 100 A-H cells. At best, delivery would range from
several weeks to several months depending upon the design selected. G.E. promised
to guote cost and delivery schedule for a few alternate approaches, such as various
stud diameters, and whether G.E. or E.P. will supply the terminal stud.
5.2.1.5.5.12 Seal Prdﬂlem on Some Cells of the Parametric Gfduﬁ‘

In September 1972, after construction completion of the parametric cell group,
cell terminal leak probleﬁs were detected on some cells. (Thesé-cells had used
terminals described in above paragraphs 5.2,1.5.5.8 & 5.2.1.5.5.10.) As a con-
sequence all terminal seal areas were externally coated with epoxy. This temporary
measure had to be resolved life test group terminals which were immediately placed
on a "production hold". Grumman offered immediate assistance to Eagle Picher and
Ceramaseal to resolve this problem, Alsc the Ceramaseal "EMtt" design was con-
sidered as an alternate if it appeared that no quick and satisfactory solution
could be found. L ' | o
5.2.1,5,5.13 Ceramaseal "Butt Seal Terminal® Design Sample Review

In October 1972, it became apparent that further effort on the above described

.terminal would be unsuccessful in resolving its inherent problems. Consequently
the Ceramaseal "Butt Seel" terminal was examined mo:é closely. - A sample cell cover
was received from Eagle Picher on November 10, 1972. This cover was welded to a
case at Grummen for a mass spéctroﬁeter leak test. These terminals have successfully
passed a leak test of 2.6 x 10-8 cc per second of helium (the value was the minimum '
detectable with the staﬁdard gsample used). The cover sample was then given to the
- Grumman Metallurgical.léboratory for dissection and examinatibn qf‘the seal areas.
This showed that this terminal looks superior to those designs supplied previously.
The design is shown in figure 5.2-40. A few improvements were indicated in the
following areas: | )
1. Better cleaning at bottom weld to cover - a burr was left at the cup -
- and weld penetration could be improved. .
2. Incomplete braze penetration - braze material flows toward the perimeter
legving less material nesr the inner dismeter,
. To strengthen this design in the- areas outlined above, and to expedite delivery
of the life cells with this terminal, Fagle Picher was contacted to arrange a meeting
wiﬁh Ceramaseal at the Grumman Metallurgical laboratory as soon as possible.
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5.2.1.5.5.14 TFinalization of the Cell Terminal Design for the Life Test Cells

On 12 December 1972, a meeting was held at Grumman concerning the cell-terminal
seal. It was attended by W. Harsch (Eagle Picher); R. Turner, M, Bredbenner
(Ceramaseal); S. Gaston, M., Wertheim(Grumman) and J. Gfeenspan,'J.'Winn, P. Dent
Grumman Metallurgical Laboratory}. The results obtained from the sample cover
were viewed and discussed.. Ceramﬁseal indlcated that additional manufacturing
modifications were made after the sample in question vas supplied. These were
done to ilmprove seal integrity. They felt Grumman's comments were valuable,.and
that this design can meet requirements., |

As a result of thié meeting, Grummen issued an action item document {AVO D-559-
2=39, shown in Appendix K-5) to Eagle Picher to expedite delivefy of the Life
Test Cells, These are sumeirized beélow : '

a) The "Butt Seal terminal™ appears superior to previous designs and was
to be used on the life test cells. . -

b) The Quality Assurance épeéification for the manufacture of ceramic-to-

metal seals, E.P.-MS-122 and comments listed in Grumman AVO-D-559-1-33

_ {shown in Appendix K-3) was to be reviewed gquickly for specified terminsl

meterial and dimensionai changes. Actual changes were to be transmitted

to Grumman immediately for approval, Thenceforth, this specification

must be enforced. '
¢) A mmber of production sample units were to be examined metallurgically for
for good bnaze'integrity, and copies of results were to be fﬁrﬂished to Grumman
quickly for review and approval, '
d) Finalized terminal design and cover drawings were to be furhished to Grumman
‘for information. - o '

e) Application of-an-DestructiVe Terminal Braze uniformity Detection

Technique
Subsequent to this meeting, the Grumman Metallurgical Leboratory radio-

graphically examined one "Butt Seal"” terminal mounted on a cover. A top view and
one angular view, using standard X-ray techniques can detect small internal voids
in the braze material. These views are shown in enclosure 2 to Addendum to AVO-
1559-2-39 (see Appendix K~5). '
Eagle Piéher we.s reéuésted to review this technigue with respecf to incor-
poratlon in the process requirements for life test cell terminals. Acceptance/
Re jection ecriteria were to be established thereafter. |
All 1ife cell terminals were then constructed and examined as desceribed sbove.
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5.2,1.5.6 Auxililary Electrode Signal Review
5.2.1.5.6,1 Develomment Group Cell Manufacturer's Test Results ~ The results of

the group I development cells had shown ‘that the auxiliary electrode signal changes
~ were too low to provide usable control. A more careful revliew of the data in April

1971 showed the following performance characteristics of the group I auwxiliary elec-
trode design, as reported in the April 1971 Menthly Progress Reports.,

a) The residual voltage at O psia was high compared to the change in volt-
age with increasing pressure, This characteristic showed up at gll load
registance values measured. In general, the range of signal—to-residualé
level ratio was -1.3 to 1.6/1. This is in contrast to the per formm ce
of OAO 20 Amp-Hr. cells (6 to 7/l ratio), 6 Amp-Hr cell reported in Jan-
uary 1968 on NAS 5-10261 (> 5:1), and ATM 20 Amp-Hr, cells reported in
June 1970 on NAS 8-20055 (~3.5:1).

b} The voltage-pressure data indicated a fairly large temperature sensiti-
vity ~ 3-5%°C.

¢) The apparent maximum power load resistor indicated -- 1 ohm -- showed
a large variation as a function of pressure and temperature -- from ap-
proximately 0.5 ohm to 1.5 ohm.

It was concluded from the above that some phenomena, not well-understood, are
oceurring. Among the possibilities (see Appendix K-1 for a thorough discussion

of the investigation of auxiliary electrode design and performance) suggested -
were:

a) Electrode area insufficlent for total oxygen volume (mass) generated.

b) Electrode is improperly located in the plate stack.

¢} Use of non-woven {Pellon) can liner rather than polyvinyl chloride (FVC)

 causes oxygen molecule entrapment and/or other deleterious electro-
chemical action. '
While any or all of the above possibilities could be true, it was felt that no defini-
tive conclusion could be reached based on the existing level of understanding of
auxiliary electrode operation. Accordingly, the decision was made t-o
investigate design and performance parameters with the ex_preséd gé'aléﬁéi':v

a) Deriving design date and rules for the geometry, location and material
requirements of auxillary electrodes.

b) Deriving design data and rules for optimization of auxiliary electrode
load circuitry. Optimization shall be taken to include individual and
mutual effects of the following:

1) Maximization of signal change to residual level ratio.
2) Minimization of temperature sensitlvity of both levels and signal

ratios,
100



3} Minimization of cell-to-cell differences to permit standard design
techniques and parsmeters to be used for semsing circuitry.
Initial results of this effort, as reported in Appendix ﬂ-l, indicated the proba-
bility that the above-cited gosls were achievable. The following were noted
tentatively: . ' .
a) The relationships describing electrode performance appear to be very
' similar to those_used to characterize thermodynamic phénomena.
If verified by t‘ésts , these relationships would permit the achievement
of most of goal b. above‘by means of a paper prediction once the

geometry, location and material data of an electrode are known.

b) Utilizing the above described rela'bibhships, it may be possible to con-~
struct meaningPul experiments which would yield parametric data for use
in the ‘electmde‘design. " Such data may also result in insights re-
garding the design criteria as functions of such things as negative
electrode construction, electrolyte quantity, cell s;i.ze » and so forth,

Tt should be n_cﬂ:ed that achievement of either goalrabmr'e, or any signj‘.fi-
canﬁ part thereof, woﬁld.répresent'a major advance in gstate-of-the-art of cell
design and charge control. | _

The Test Program to understand the interelstionships among basic auxiliary elec-
trode parameters, as &éécri’bed in be.ra.graph 3 of Appendix L-1, was not con-ducted
due to lack of program funds. The Eagle Picher effort described in Appendix L-2
wae carried out é.t 'théir own expensé. Griman i‘eq_uested five (5) selected develop-
ment group I & IT cells frem Fagle Plcher for tests here to obtain auwxiliary elec-
trode charecteristics under continuously orbiting conditions (not doneé previously
at Eagle Picher), ‘ . | :

5.2.1.5.6.2 Results of Special Tests to Investigate Awxiliary Electrode Problem-
In July 1971, Eagle Picher reported the findings of their 'bgasts to investigate
auxiliary electrode performance problems. These results are shown in Appendix
L-3; A total of 18 cells of 36 A.H. size (RSN-36) instead of the planned 12 A,H,

size were constructed. The prewfiously suggested use of a larger area auxiliary

alectrode was not ineluded and all had areas of 10 square centimeters. Variations
evaluated were: | * :

a) VWrap 1 - a gas spacer was placed between electrode and container.

b} Wrap 2 - no gas épacer, but electrode was wrapped In non-woveh nylon

P2505 (washed). .
¢) Teflon was placed on a nickel screen.
| d) ‘Teflon was placed on a raw plaque.

e) Uncoated raw plaque.
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f) Recombination type electrode with platimm.
g) Cell electrolyte to core weight ratios of 19, 21 & 23%.

The results may be summerized as follows:
1. Auxiliary electrode signal values are inconsistent with cell pressures
and vary widely among cells of identical designs.
2, The followlng trends, however, were Observed:
a, Cells with less electrolyte show higher electrode voltage pesks
and grester oxygen sensitivity, :
b. Cells with auxiliary electrode wrap 2 have less oxygen sensltivity.
¢. Cells without teflon on the auxilisry electrode have lower signsls.
d. The maximm power resistance for all signal electrodes appears to
be less than one (1) obm.
5.2.1.5.6.3 Auxiliary Electrode Evaluation ‘I'es’cing at Grummen - The test pla.n
shown in Appendix L-4 (Grumman AV0-559-2-3) was followed. However, tests were
terminated prematurely since consistent repeatable signal results were not ob-
tained in cycling, and no technique for selecting an optimm resistor load was
found., From the data it appeared that one or more of the following scemed to

be true:

0 The electrodes were completely saturated, even at pressures as low as
zero (0) PSIG.

o The variations in negative electrode-‘bo-ca.se (as neutral) voltage were
suff:.ciently greater than the auxiliary signal to completely swamp out
any effect from oxygen presence.

o Cells S/N 24 dnd U2 may have generated some hydrogen.,

5.2.1.5.6.4 Discovery of Design Weakness in Auxiliary Eléctrode Tab-to-Can Welds -
In Jamuary 1972 Grumen discovered & design weakness in the tab-to-can welds of

the awdiliary electrode. This problem wes found when development cell S/N 1%

(from development group I) was digsected, These results are shown in Appendix L-5
(Grumman AVO-D559-2-2), The auxiliary. electrode tab Pormed a bend touching several
layers of main separator in the plate stack. This 1s undesirable since a short
could be induced. In addition, two (2) nicks across the tabs' width, in close
proximity to the tab-to-can weld area were observed. Since, during the cells
assembly, the cover is forced onto the can while this tab is sandwiched between,
tab damege can occur (tab material 1s.,005" soft nickel),
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Two alternate solutions to eliminate the above described problems were proposed
and are alsgo shown in Appendix 1-5.

5.2.1.5.6.5 Auxiliary Flectrode Modifications for the Groixp TIII Cells - Most
of the group IIT cells were constructed with the auxiliery wrep 2 (as defined

in parsgraph 5.2.1.1.3). Only two cells {S/N32 & 33) of this group had the type 1
wrap for use as & controi Two cells (S/N 36 & 37) had their suxiliary electrode
terminal insulated in the housing.

Agein the results had shown no substantial performance lmprovement useful for
repeatable charge control. )
5.2.1.5.6.6 Final Attempt to Correct Auxiliary Blectrode Performance Defects -
In April 1972 it was decided to ‘make cne final attempt to correct the auxillary

electrode performance problem. It was to utilize three (3) different

designs in nine (9) cells of the parametric group, These were:
‘a} 10 square centimeter nickel mesh with teflonated gas side surface.
b) " 30 square centimeter nickel mesh with teflonated gas side surface.
¢) "U" shaped nickel mesh, teflonated; running down one narrow face,
| across the hoffom and up the other narrow face.
Each design used a tab welded to the underside of the cover, Wrap 1 was used
(as defined in paragraph 5.2.1.5.6.2.a). o |
The above declsion was subsequently mod.ified to ex_pa.nd the number of auxiliary
electrode 'byjpes to be evaluated. All of the 25 delivered parametric cells con-
tained an auxiliary electrode. A total of six {6) different types of auxiliary
electrodes were used., ' These were: '
© Type I (cells S/N K7, 57 & 67) - Grumman Sl@pl:l.ed Teflonated one Slde,
1.6 sq. inches X ,010",
o  Type II (Cells S/NW 48, 49, 8, 68 & 69) - Sintered Teflon one side, 1.6
5Q. inches X ,010",
0 Type I (cells S/N 51, 60, 61 & 72) - Standard as previously used, no
teflon, 1.6 sq. inches X 025",
o Type IV {cells S/N 52, 53, 62, 73 & Th) - Both sides Teflonated. 1.6
sq. inches X .025",
o Type V (cells 8/N 54, 56, & T5) - One side Teflon film and teflon
' dispersion on the other, 1.6 sq. inches X .025".
o  Type VI (cells S/N 55, 65 & T6) - One side teflon film, larger size
k,1 sq. inches X .025", Two electrodes, one on each narrow face, -
The "U" shaped design, as proposeci in sbove, was not readily ”ad.aptable to the cell
design without causing possible internal cell shorts. It was therefore not in-

corporated.
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Even though the larger size auxiliary electrodes had shown somewhat better
signel changes than those of standard size, many signals were still inconsistent
with pressure changes, varied between cells of identicel designs and were there-
fore unsuitable for charge control. Thusg, all further work on auxiliary electrodes

wes terminated.

Other testing demonstrated this point and salthough assoclated with auxiliary
electrode effort and stemming from its failures, this conclusion logically must
be stated separately in that portion reporting the pressure characteristic effort.

The results have shown that a direet sensing of cell pressure can yield a prac-
tical and reliable charge back up control. A4s a consegquence, life test cells

were constructed without auxiliary electrodes.
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5.2.1.5.7 Cell Pressure Sensor Investigation & Selection

5.2.1.5.7.1 . Farly Program Review - The field of pressure sensors, other than
the auxiliary electrode, was reviewed early in the pfogram for automatic recording

of cell preasufes, or for alternate use for charge control, This review led to

two suitable pressure transducers. These were:

a) = Servonic Instruments (Costa Mesa, California), One Million Series,
unit cost = $210. ‘

b) Computer Instruments Corp. (Hempstead, New York), Model 3000,
unit cost = $150. ' B

The cost for elther of the above units for use on ﬁll or some of the test
cells, although less than many available devices, was still prohibitive to this

program,

5.2.1.5.7.2 Pressurg Switch Selection -~ In May 1972? it became apparent that a

pressure sensitive device ag a possible replacement for the auxiliary electrode was

required. The lowest cost device among them is a pregsure sensitive switch., A
review of existing switches of this kind had shown that a unit manufactured by
Hydra Flectric (Burbank, California), P/N 12213, appears well-suited for this
purpose, This part was previbusly used by the U,S5, Army Flectronics Command on
s number of batteries without any problems. ‘The unit cost is $65.00 but has not
yet been space qualified. ' :

A total of ten (10} of these units were purchased with preset pressure.set-
tings permitting an evaluation from 1.0 to LO.0 PSI.

They were scheduled to be included. in the parametric characterization tests
at Grumman in case unsuitable auxiliary electrode signals were obtained. However,
due to delivery delays these tests came to completion and program had exhausted

its funds before evaluation testing of these units could be conducted.

5,2.1.5.8 Cell Free Volume Determination, Equations and Application of
Volumetric Electrolyte Filling Technique

5.2,1.5.8.1 Cell Free Volume Meésurement'and Apparent Core Dénsity Calculations =

The cellls free volume was measured on eight (8) selected cells from development
groups I - ITI. The cell internal free volume is defined as the unoccupied volume
inside the cell after it is filled with its internal components and electrolyte.
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Tt was determined by filling each cell with dry nitrogen gas at constant temperature
and volume and measuring the pressure rise, The summarized free and electrolyte
volumes, and core (stack) weight data are shown on Table 5.2-36, Reviewing these
data it becomes readily apparent that planned variations 4in the Previously applied
"electrolyte weight to core weight ratio" filling technique can in some instances
result in identical free volume values. For example, cell S/N 16 was filied using A
a 21% and cell S/N 32 was fllled using & 19% weight ratio, yet nearly identical

free volume ratios of 50.4% and 50.9% respectively were messured. The average
electroiyte volume to initial free volume (prior to fllllng) was 51.7%. A norma-
lizing factor, called "apparent core density", was calculated to correct for varia-
tions in core weight for the different designs. This value was found to be 6.13g/ce.

5.2,1.,5.8.2 Free Volume Equations -~ Table 5.2-37 shows the derived free volume
equations applicable for a volumetric £illing technique. Equation 1 is a general
case and is self-explanatory. Equations 2-4 are specifically applicable to these
-100 A.H. cell designs, They utilize the inside cell volume (empty) and the "average

apparent core density" as described above. Using these two conatants, measuring the
cell core weight and selecting the desired free volume one can calculate the electro-
lyte volume by means of equation 3. Equation 4 shows s spécial cage in which the
electrolyte volume equals the free volume; that is the remaining free volume (after
filling) equals to 50% of the initial free volume (prior to filllng)

5.2.1.5.8.3 Application of Volumetric Electrolyte Filling Technique - The above
described volumetric electrolyte filling technique was subsequently applied on all

parametric and life test cells rather than the previously used "core welght filling".
Equal electrolyte volume to free volume ratios were selected. The electrolyte
filling procedure applied is shown in appendix G and quantities used are shown in
appendix N.

5.2.1.5.9 Cell Ratio Testing

5.2.1.5.9.1 Philosophy - The purpose of the first portion of the ratioc test is

to determine the negative electrode precharge capacity after the positive electrode
capacity has been exhausted., The rurpose of the second portion of the cell ratio test
is to determine the total cell capacity, where the positive electrodes are capacity
limiting on charge, the negative electrodes cannot be fully charged, due to oxygen
recombination. Therefore, the cell must be flooded with electrolyte to reduce

oxygen recombination to a very small value.
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THIN PIATE P2505 ‘ 15 3 19/20 375 381 T% Lo.6 1164 uod 25@0 £.32 19
THIN PIATE IS0 Aux, a7 3 19/20 375 362 737 50.9 1164 - ka7 2580 €.0k 13
THIN PIATE IS0 AUX, 13 3 20/21 394 331 725 ' 54.3 116k L3 2710 €.17 13
THIN PIATE T210L7 -] 3 20/21 354 3 ™7 55.7 115k Ls7 270 5,93 19
BASELINE P2505 Ls 3 17/18 Los 303 pit 57.4 1164 k53 2805 6.19 19
= £,13
BTD, DEY. = 0.066




TABLE 5.2-37 |
FQUATTONS FOR VOLUMETRIC FILLING

Definitions:

Inside Volume (IV) = Free Volume (FV) + Eleatyolyte Volume (EV) + Core Volume (CV)

1 0R IR R A
For This 100 AH Cell

IV = Galcniated cell :i,naide volume = 1191» cc
CW = Core wéight in grams =~

: GV = Core woéight in grams divided by 6.13 &/cc

6.13 = Apparent density of core material. This valus was calculated

80T

1 - | '. ' . from the development cell free vohume and core waigm‘measupmenﬁs -
3 g see_attached tablel, -
2 Therafore eq. 1. peccnies: :
1164k = PV + BV = :
o eememegy, \
3 For a free volume goal = 100x % . L, For a 50% free volume goal, BV =F.
- - L - ' . Then equation 2. becomes -
116!;==FV+(1-3)EV+$ '
_ - . . 013 : 116k = 2 EV + g;
- . ; ._ \ ol -
S (1-x) EV = 3164 - FV - G - Pel3
%}é‘g " , 13 2 EV n,&sa%;
ﬁ‘§ s - ¥ - o ‘ g i @;13
_ L 1 s 582 =
Eé? Ev ] T—-.x __3 ST . a ". 5026
feus
&5 _ 1164 - FV - 0.163CH
e B = T =-x
& -
g5 '
o=



P

The first portion of the ratio test is not repeatable since, after negative
_elecfrode precharge has been removed, no additional precharge is left. It has
been Grumman's experience that the second portion of the ratio test is also not
repeateble since later cycles have yielded large unexplainable differences in

results from the first cycle (see Table 5.2-39).

~ Due to the "destructive" nature of ratio tests theﬁ, not every cell con-
structed can be subjected to them. Therefore, a sampiing technique must be
applied using a small number of cells. ZFEach sample result is thus of great value
and extreme care must be ‘exercised to obtain meaningful and reliable results. Since
nickel-cadmium cell perféimance is very much.dependent on both previous history and
test conditions, it is of critical importance to keep these conditions identical

‘ for each test and betweeh tests.

»

5.2.1.5.9.2 Procedure - The ratio test procedure shown in appendix I was followed
with the exception of the earlier sample cells. (These cells did not receive electro-
lyte ad@itions during the flooded full charge and spewed electrolyte which was not
replaced résulting in incomplete fﬁll charge of the negative electrodes due to re-

combination. )

5.2.1.5.9.3 Results - The ratio test results summary for groups 1, 2, 3 and
parametric cells is shown in Teble 5.2-38. All positive electrode capacities exceeded
the minimum required 100 A,H. All negative to posltive capacify raticos exceeded
1.50. The negative precharge values were somewhat erratic. All precharge valﬁes

were high due to insufficient power discharges. The early sample cells up to cells
S/N 29 had lost large electrolyte quantities during the flooded charge_preventing‘
them from reaching full charge. Repeated test cycles generally resulted ip incresased

positive and negative electrode capacities.

5.2,1.5.9.4 Precharge Setting for Parametric and Life Cell Groups - Two sample

test cells received ratio tests; one full size cell (8/N L6) and two 12 A.H, size
cells cut from tﬁe'lOO_A.ﬁ. plague lot. These data are shown in Table 5.2-38.
Table 5.2-39 shows the precharge prediction for the parametric test group from the
sample cell results. Based on these results the power discharge was increased to
68.0 A.H. fof the thin electrode group. The pcwer-discharge settings for all other
cells of the parametric and life groﬁps were determined in the same fashion accord-
“ing to their positive and negative active material contents. A goal to achieve a

209 precharge of the excess negative electrode was applied.
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OTL

. 1 POSTTIVE L TP31 R VH I #N3 | RATIO
DISCH, f T NL[f T N2yI T P3|ACTIVE | 3 FOS,| I TN3 | $°NEG, |=I,TH3
1°¢) | MATERIALACT, MaT, © ATER |
T . .. — ¥ -
AH | AH, |AH JAH IGRAM jAH/G! aH lorav la.u /g,
MEAS, . |MBEAS, | CALC, | MRAS, |MEAS. [CATC. MEAS, | MRAS, |cATC
14 BASFLINE (%) 1 26,0 |54.3 9.7 13185 | 432 274 |182.5 {60k ogp | 1 sk
17 THIN ELECT, **) 1 26,0 22,5 66,5 126,0 | us55 277 _1215.0 1673 319 117
26 BASELINE + SHT 1 26,0 137.5 jh5,0 | 1120,5 | Uép 2 1195.0 |59k L328 | 1.7
29 BASELINE, 2 26,0 ]37.5 26,0 110,5 | Lée Ll 1176.0 |59 296 | 1.56
FT2140 + W, POLYFPROP, , ,
4 THIN ELECT, CYCIE 1| 3 40.0 |92.,0- 13,0 } 103,0 | ko5 208 1182,0 | 70k 259 11.77
19/20 CYCIE 2 - - - 133.0 ] 495 269 {215.0 | 704 2305 | 1.60
CYCLE 3 - - - 131.0 | bos 265 | 225 (xxa)70l 3704 |1 704
40 THIN RIRCT, CYCIR 1] 3 55.0 166.4 7.6 _1.110.0 | 525 209 118h.0 | 739 oho | 1 A7
20/21 CYCIE 2 - | - - 140,0 | 525 .267 {2200 {739 298 | 1.57
CYCLE - - - 142.0 | 525 271 | 225 (*x9)739 | .305+ | 1,58+
43 THIN EIECT, — |CYCIR 3 50.0 1120(x%8) . 105.0 | 525 200 | 300 (3%4)73g Lob+ | 2 8R4+
20/21 T2104k7 CYCIE 2 - - - 138.0 | 525 263 | xxx 739 - =
35__THIN ELECT. 3 4.0 | 7.7 - 127.9 | ko3 257 _13190.0 | 7ok 270 | 1. 50
19/20
41 THIN ELECT 3 b5.0 |0k 3 - 131.0 | 525 | .250 }215.0 }739 201 | 1.6L
20/21
46 THIN EIECT, PARAMETY 45,0 39.5 6.5 1240 | b9 270 |28 5 |6up 325 1,68
RSN12 (EQUIV, TO CELL 1 _|PARAMET om=—NO_POWER DISCH.— 15,5 | 459 252 12154 | 6o .335 1.86
100 A.H.) fcprp 2 [paraven) 33,3 [75.2 27,7 | 100.9 | 450 270 | 206.7_ |62 322 | 2.05
HOTES. (%) I N2 ={T (TNR) - (TPR) - (mh)| aril|svmpors|are as pEFmeED GAC_CRLL_SPEQ, AV-D5$9CS-1
{(**) |ELECTROLYTE REMQVAL ON [HESE CELLSCOUII HAVE RESULTED IN PRECHARGE VAIUE CHANGES
(3%} ICELL_VOLTAGE DID NOT REACH -1.d0 VOILTS] DIScHARGE WAs,i .'_'L;HEREFDRE . TERMINATED

G316 REV. 2 TABLE 5'2-38
9.70 2000F RATIO TEST SUMMARY >




TABLE 5.2-39 FPRECHARGE PREDICTION FOR PARAMETRIC TEST GROUP CELLS (BASED ON SAMFIES)
Total , FPower Digch,
Dev, Precharge Unch. Excess % Precharge Efficiency
Cell Design Group Power (-) (-) I _TNL + I_TN1 © 1 _TN2
. ; o . 0 X 100 "0 X 100
S/N Deseription  Fo, Disch. I TN I N2 I TN2 I T 7 LT fower Disen
Measured  Measured Calc. Cale. Cale. % Cale. %
A.H, AH, AH, A.H. -
46 Thin, Flect. Para, 45,0 39.5 45,0  8L,5 L7 100
*  Thin, Elect, Para.  33.3 75.2 30.6  *105.8 71 %
NOTES: * 12 A.H. SIZE CELL WAS CONSTRUCTED FROM PARAMETRIC GROUP ELECTRODE PLAQUES, RESULTS SHOWN WERE MADE

EQUIVALENT TO A FULL SIZE 100 A, H, CELL.

GOAL = 20% PRECHARGE OF TOTAL EXCESS NEG, ELECT, CAPACITY =

I TN2

.20 IoTl\Tl'

I TNL + I TN2
o o

. |
(@) UNCHARGED EXCESS NEG, ELECT, CAP = ,8 LT+ 1T,

SINCE POWER DISCHARGE (P.D.) EFF, WAS 100%, IT FOLLOWS THAT

@ P.D, = I TN2

THEREFORE EQ, 1 EQUALS TO:

P.D,
) °8O(f;'t["521—"-1“f=__13.

SINCE CELL S/N 46 CELL RESULTS SHOW THAT TOTAL NEG. ELECT, EXCESS CAP, = 8%.5a H, IT FOLLOWS THAT:

)

& P.D. = .80 (84.5 A.H.) = 68 A.H.



5,2,1,5.10 Mechanical Tegts - Two cells (S/N 33 & 44). Selected from
development group III, received mechanical tesis in accordance with Eagle

Picher "Qualification Test Procedure,” Q.T.P, - 169, and comments thereto,

ghown in Appendix M=1, Cell S/N 33 exhibited signs of demege during the 30g
sinusoidal vibration (deteils are described in Appendix M-2). Subseguently,
with the change in launch vehicle for the space station, the specified vibration
levels were reviewed and revised to reflect anticipated Shuttle leunch conditions.
These revised levels are shown in Appendix M-3 (Grumman AVO D559-2-29), Cells
S/N 35 (with holdown) and S/N 36 (without holdown) were selected and received
thege reviged mechanical tests, The wvent tube plug on cell S/N 35 loosened

and fell off during the sinusoidal vibration and subsequent tests on this cell
were terminated, (The electrical and mechanical data for this cell are shown

in Appendix M-U4), Cell S/N 36 received and successfully completed all scheduled
mechanical tests, Its results are shown in Appendix M-5,

5.,2,1.5,11 - Thermal Tests

5.2,1.5,11,1 Purpose = A calorimetric cell test program was included in the
gcope of the 100 A H, cell development effort to provide heat generation rate
data for the final cell design and to optimize the Battery Module Package
design. These thermal tests were conducted at two separate facilitieg, Eagle
Picher and NASA/GSFC,

5.2,1.5,11,2 Tests at Eagle Picher - Two cells, S/N 16 with thin electrodes
and S/N 22 with opposed terminals, were selected for these tests. Fagle Picher

econstructed a special calorimeter for this purpose, The equipment, theory of
operation, planned calibration and test runs are desecribed in Appendix 0-1.
Unfortunately, after a limited number of test rune the calorimeter was damaged
beyond repair due to an uncontrolled cell overcharge and test runs had to be
terminated. A typical run for a 50% depth of discharge (worst case heat
generation) is shown in figures 5.2-L1 and 5.2-12, The heat generated in

cell S/N 16 for two stabilized orbits were 11.8 and 12,2 watts per orbit
respectively.
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5,2.1,5.11,3 Tests at NASA/GSFC - Subsequent to the tests at Eagle Picher

~ the above cell (S/N 16) and cell S/N 15 were shipped to NASA/GSFC for thermal
testing in their large conduction heat flow calorimeter, congtructed by Rocketdyne
under contract NAS5-2151k. . '

The planned test procedure for these two cells is shown in Appendix 0-2.
“Again tests had to be:terminated prematurely due to an observed crack. in the
epoxy of the center conduction rod limiting its intended function severely.

A typical wnrstdcﬁse stabilized run at 50% depth of discharge for cell
$/N 16 is shown in figure 5.2-43, A value of 7.4l watts per orbit was obtained,

5.2,1.5,11.4 Thermal Test Summary - The NASA determined heat value of 7.hkk
watts differs considerably from the E.P. determined values of 11. 8 and 12 2
watts for the 50% D.0.D., +20°C runs. In addition the NASA mgnltored electrical

d&tﬁ seem incongistent with the thermal data., They were as follows:
hr. input = Th.66
Integrated Watt - hr. ocutput = 61.29

Watt - hr, leoss = 13.37 _
Watt loss per orbit = W.H (loss)/1.567 H. = 8.53

. Integrated Watt

[H

~If, indeed, such a difference exists, there would be an additional energy

ebsorbing mechanism in the cell ~-- one not accounted for by heat generation,

Another attempt was made to obtain cell heat generation dete during the
peremetric cheracterization testing, whereby the inflow and outflow tempera-
tures of the clrculating fluid through the cell stack at a preadgusted rate

was monitored., .These results will be reported in a later section of this

report,
5.2,1.6 Parametric Characterization Group
5.2,1.6,1 Cell Design Finalizetion - Based on all of the results of the

development group.I = III cells the design for the 100 ampee-hour cell was
finalized for the parametric cheracterization group., (A short summary.as
shown in figure 5,2-Li), However, since none of the early design group cells
had received long term éycling evaluation it would have been risky to select
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only that cell design with the best initial characteristics without regard

to long term performence. For example, the best initial results were obtained
from the nylon separator cells as compered with the polypropylene seperator
cells tested. A design finalizetion on this basis would have eliminated
polypropylene separators completely. Thus three (3) finelized cell designs
were selected for the parametric characterization group. All cells had

two insulated terminals (Cersmaseal design) located on the same face,

as described in peragraph 5.2.1.5.5.12, They also had auxiliary electrodes,
ag deseribed in parsgraph 5,2,1.5,6,6. The active material and electrolyte
quantities used are shown in Appendix N, The typically used stack holdown
device was removed since it could lead to internal shorting if plates expand
in this direction during cycling. Mechanical tests in this program have shown
that cell can meet its requirements without a holdown device. All separator
material used was washed as described previously to remove orgenic impurities,

such &8 wetting agents.

The following cells were constructed:
a) Group P-1, cells S/N k7-49, 51-56, total of 9 cells.with thin

electrodes and nylon P2505 {washed) separator.

t) Group P-2, cells S/N 57-62, 64 & 65, total of O cells with thin
electrodes and polypropylene WEX124k2 (washed) separator,

¢) Croup P-3, cells S/N 67-69, 72-76, total of 8 cells with baseline
electrodes and nylon P2505 (washed) separator.

5.2.1.6,2 Acceptunce Testing at Eagle Picher - All cells of this group

received acceptance with the E,P. Acceptance Test Flan, A,T.,P, - 251, shown

in Appendix P-1, These test results are summarized as follows:

a) Teble 5.2-40 "Capacity to 0.9 Volts" - The average capacity for
the polypropylene group for the 2000 and ODC tests was 99 + 9L A H.
respectively. The thin electrode and the baseline electrode cells
with nylon for the identical tests showed 109 and 107 and 121 and
115 A H, respectively.
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6TT

CAD, CAD,
ITEM DESIGN CE CAP, . [CAP. |CAP, |apTep |AFTER |FINAL [oap,  laap, cAP, £ | AFTER
. M. s/ e |Gl |cyele B oRpin e | cieia il CLE 3 ORRIT cHXER:
B Pl A7 115.8 [111,6 [108,3 |109.2 | 106.7 |107.5 |110.0 [105.9 | 110.0 |110.0 [113.3
2 " L8 115.86 [112.5 ]109.2 [110.0 | 108.3 |108,3 |107.k [104,1 | 108.3 [108.3 |11k.2
3 " Lo _(1n5.8 |111,7 [108.3 |108.3 |106.7 |107.5 |107.% [103.3 106.6 |106.7 {113.3
L " 51 14,2 [112,5 [109.2 |109.2 | 107.5 | 108.3 |107.6 |10k.1 105,0 {106.3 [113.3
5 " 52 1h.2 113.3 1110.0 [110,0 {107.5 {109.2 |105.0 [102.5 | 105.8 |106.7 |11h.2
6 " 53 113.3 1111.7 1109.2 [ 305.9 1106.7 {107.5 |1Q3,2 [102.5 | 105,8 |106.7 [113.3
7 " Sk 113.3 [111.7 ]109.2 [108.,3 | 106.7 |106.7 |105.0 |101.7 105.8 106,77 {lik,.2
8 " . 55 115.8 (14,2 11108 | 110.8 | 108.3 |110.0 |105.0 |101.7 105.8 |106,7 |11k.2
" - 56 106.7 97.5 |105.0 |100.0 | 105.8 |105.0 |103.3 | 98,5 98.3 1 95.0 [107.5
© |Average =2 /N 113.9 110.7 1108,8 {108,3 | 107.1.1107.8 f106.0 [102.7 | 105.7 [105.9 |113.1 |
" 1Av, for all tests ol — : 109.4 —— 106.7 -
10 P-2 37 11042 9%.0_ 1101.7 | 97.5 ]1305.8 !100.0 06.7 | .91.9 Q1.7 |g0.0 108.3
11 " 58 103.3 92.5 198.3 oh,5 | 10k,2 8.3 88.3 187.3 85.8 88.3 1108,3
12 " 59 103.3 90,8 |100.0 96.7 | 102.5 99.2 | 91.7 | 91.7T 9.7 | 91.7 1106,7
1 " 60 100,8 87.5 98.3 9.2 | 102,5 97.5 88,3 | 89,6 20,0 | 90,0 [105,0
ik " 61 103,3 | 90,0 | 99,2 25,0 | 100,0 99:2 | 90,8 | 90,8 89.2 90,0 |105.0
15 " 62 103.3 92.5 | 100,0 95.8 97«5 99.2 92.5 | 91.9 91.7 | 90.8 [105.0
6 " 64 105.0 | 94,2 [102,5 | 97,5 | 99.2 | 99,2 | 92,5 | 93,7 93.3.] 92.5 1100.8
17 " 65 10%.2 .| 95,0 [101.7 | 97.5 | 100,8 |100.0 89.2 | 88,7 87.5 | 89.2 [10k,7
| Aversge =2 /N 1035 | 9207 17002 | 963 1 101.6 | 99.1 | Gi.2 | 00.8 90.1 | 90,3 [105.5
Av, for all tests -ty ‘ 98.8 . st 93.6
18 P-3 67 2h,2 1120,0 [125.0 [115.8 | 112.5 | 120.8 13,3 }110,0 109.2 |106.7 |126,7
1: " 68 125,8 13121,7 [125.0 [117.5 | 113,3 J122.5 | 115.0 1140 112.5 j111.7 [ 128.2
20 " 69 25,0 |123,3 |125.8 | 120.0 | 113.3 | 123.3. [ 115,0 1142 112.5 |111.7 [130.0
21 " T2 . 127.5 |123,3 |126,7 {3ilk,2 | 113,3 |122,5 }115.8 |112.2 110.8 1106.,7 [129.2
20 " 73 1242 3.3 1125.8 |120,0 | 126,7 |325.0 {1315.8 [11°.9 112.5 {109.2 1128.3
23 " h 127.5 }120,0 |125,0 | 16,7 |111.7 | 119.2 | 11k.2 [112.2 110.8 {109.2 [126,7
o " 75 120.8 |113.3 [120.0 |115.,0 |106.7 | 116.7 | - 110.8 110.0 |106,7 |121,7
25 " 76 127.5 {122,5 |127,5 |117.5 | 110,8 |1r1,7 | 113.3 [11°,9 110,0 1109.2 |126.7
Average =F/N 125.3 [120,9 1125.1 | 1i7.1 | 113.5 | 121.5 | 11k.6 |112.L 111.0 {108.9 [197.2
Av. For gll tests el 120.6 - et p e 114,8 =
Temp — +20°¢ T ~1 0°¢ -
$25% "5dap PARAMETRIC TEST GROUP (E.P. DATA)
TABLE ,5-'2_1‘_0 E%m FAPACTTY TA 1 0 UATT TN Aun  rme




b)

c)

e)

Table 5.2-U41 shows the "Positive Active Material Utilizations™

for these testa. The polypropyleneAcells showed aversage velues of
0.215 and 0.203 éﬁ%jél for the 20°C and 0°C tests respectively.
The thin electrode and baseline electrode cells with nylon showed
average values of 0,238 and 0,232 and 0,239 and 0,228 Aﬁg/go
respectively.

Table 5.2-42 shows the Input in empere hours for all tests for
these 3 groups.

Table 5.2-43 ahows the pressure rise during charge_for all tests
for thege 3 groups.

Figure 5.2-45 shows the Acceptance Test Suﬁmary, such:as average
values for capacities, positive active material utilizations,
coulometric efficlency and pressure rise during charge for each group
st the two test temperatures, The polypropylene cells showed sub-
stantially lower capacities and positive actlive material utilizations
when compared with the ny¥on.separator.cell groups. The coulemetric

"efficiencies for the 3 groups are nearly ldentical, The average

pressure rise at charge for the polypropylene cells at 20°C was
somewhat lower than that for the other 2 groups, indicating that
increased cepacities might have been obtained ifcharge would have
been continued to a slightly higher cut-off voltage.

Appendix P-2 shows voltage, pressure and suxiliary signal volt-
age profile curves for the 3 orbital cycles at 20°¢ end 0°C, Figureg
1-3 shows the voltages for cells of the three cell designs at 20%¢
and figures 4-6 -show the corresponding pressures and auxiliary
signal voltages. Figures 7-12 shew similar préfiles for the 0°C testa.

After successful completion of theilr acceptance tests all above
cells were shipped to Grummen for parametric characterization testing.
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Tet

DESTGN CAR, GAP, CAP, AFTER | FINAL AV, FOR REMARKS
MO, s?m CLE CLE | CYCLE 35‘%@13 QVER- | CAP, ALL
1 cﬁgr fa CHARCGE | CYCLE TESTS
+20°C | B ] ' ' |
pP-1 _ 47-k9,51-56 R 237 235 233 - |23k | 236 460g. |Pos. ack. materfal
| p-2  57-62,64,65 225 200 218 209 221 215 215 " " K "
| P-3 67-69,T2-T6 248 239 243 232 . .| 229 241 239 505g. " " il
0°C ]
P-1  47-49,51-56 230 223 230 230 oh6 - 232
P2 o7-62,64,65 198 197 196 196 29 | - 203
[ P-3  67-69,72,76 227 223 220 216 252 - 228
| NOTES: 1) Dasign Bll = Thih Plate } Nylon P25050W
PLo = " " - Polypronylene | WEX . 12420
"P}-3 = Baskline Plate + Nflon P2505W
FABLE 5.3-41
] BIC TEST GRQIP 4 F,. P, _NATA
POSITYVE ACTIVE MATERIAL UTILIZATION
T 4 Ho/glx 1075
3273 TS GRU




AN

TTEM DESIGN CELL

INPUT IN AMPERE - HOURS

CAP OVER- CAP CAP cAP OVER- AV. FOR|AIL

o m o £ e | gee | e gy | | 980 gee | e R

1 P-1 L7 150.0 [120,0 | 120,0 | 270.0 | 126,- | 135.0 | 112.5 |110.5 | 182.0 +20°C | 0°¢C

P 48 o1 | " w n " 133.5 | 110.0 |112.5 e

3 49 150,0 | " " " " 133.5 | 110.0 1109.5 "

b 51 43,0 | " " " n 133.5 | 110.0 {111.0 "

5 52 139 .0 " " 11 114 128 R 5 10500 lll,O 1]

6 53 137.5 | " " " " 128.5 | 105.0 [111,0 [ "

T 5k 139.5 | " " " " 130.0 | 105,0 [110.5 "

8 55 137.5 | " " " i 130.0 | 105.0 |111.0 E

9 56 112,0 - | 17h.5 1 211.5 | 182,5 | 116.5 | 115.0 | 107.5 | 92.5 -

Average =S/N 138.2 | 126.0 | 119.1 | 171,k | 19k.9 | 129,7 | 107.8 |108.8 182.0 127.2 {115.4

10 P-2 57 105.0 | 107.5 | 103.5 | 182,5 | 107.5 | 101.5 97.0 | 2.5 132,5

11l 58 105.0 |10k.5 1101,5 | 281,5 { 106.0 9Te5 | 095.0 1 87.5 130.0

12 59 105.0 | 104.0 | 101.5 | 182.5 | 106.0 | 100.0 97.0 | 92.5 134.0

13 60 105.0 ] 100.5 | 101.5 | 181.5 | 103.5 97.0 | 96.0 | 90.0 132.5

24 61 105.0 | 103.0 | 101.5 | 162,5 | 105.5 97.5 | 97.0 | 90.0 132.5

15 62 105.0 | 105.5 | 102,5 | 41,5 | 105.5 | 100.0 97,0 | 92.5 134.0

16 6l 105.0 | 107.5 | 104,0 | 185.5 | 10k.0 | 100,0 97.5 [94.0 135.0

17 65 105.0 {108.0 | 105,0 | 184.0 | 104.0 95,0 95.5 | 92,5 131,0 _

Average =5/N 105,0 | 105,1 } 102,6 | 175.2 | 105.3 | 98.6 | 96.5 | 91.% | 132.T 104,5 | 95.5

18 P-3 67 132,0 1134.5 | 129,5 | 121,0 | 126.5 | 124,5 | 119,0 [111.5 150.5

19 68 136.0 | 137.5 (132,0 | 1h2,5 | 131.0 | 128,5 | 123.5 |116.0 155.0

20 69 136.0 |138.5 | 134.0 | 1s2,5 | 131.5 | 128.5 | 123.0 |116.0 155.0

21 T2 135.0 | 138.5 | 134.0 | 42,5 | 131.0 | 128.5 | 122.0 |115,0 151.5 |

22 73 136,00 |139.0 }133.5 | 212,5 | 131.0 | 3131.,0 { 123.,5 1114.0 152.5

23 i 132,0 | 135,0 | 131.0 | k2,5 | 127.5 | 125,0 | 121,0 11140 152.5

oh 75 130.0 | 135.0 | 128,5 | 42,5 | 125.5 | - 129.0 |114,0 153.0

25 76 128.5 | 138.5 | 134.0 | 1h2,5 | 127.5 | 135.0 [ 127.0 {114.0 155,0

Average =5/N 133.2 | 137.1 | 132.1 1 148.6 | 128.9 | 128,7 | 122,9 |1ik.3 153.1 132,8 |122,0
0

Temp e 20 ¢ [O(®!
§25% F5ds05 TARIE 5.2-42 ERUMMAR PARAMETRIC TEST GROUP - E,P, DATA




tet

P
ITEM DESIGN CELL | CAP CAP CAP %- FINAL CAP CAP CAP QVER-
CYCLE CYCLE GE { CAP CY CYCLE |CYCLE CHARGE
0. NC. S/N #l CY%E _#i CYCLE 1 #2 #3
1 P-1 L7 73 4o 34 98 €6 5 L 16 53
2 - R Lo 37 32 8k 5k 5 5 6 | 48
3 49 87 - |k 35 95 58 6 b 4 b |
4 51 4s Lg 3k 107 3 6 7 6 | 59
5 52 ' 30 133 32 99 61 2 8 T 48
16 53 3h 46 33 103 T3 3 9 T 153
T Sk Iy 4g Lo 101 66 5 11 8 43
8 55 _ 35 136 27 lioz |61 L 6 7 55
9 - 56 : 31 26 |31 |98 leo 13 op i 56
Average =E/N G ) 33 99 ok 15 9 T 51
AV, Tor all tests et -5T7 g 18 ot
10 P-2 57 i 17 15 20 | 109 38 1k 28 @ |2 73
11 58 20 10 16 103 39 6. 13 2 - 173
12 59 27 9 19 114 39 6 28 2 75
13 60 30 8 - 21 108 38 L 33 3 75
1 61 34 9 . 2k 115 33 7 31 3 82
15 : 62 : 29 12 22 114 43 8 28 3 81
16 6l 38 12 22 105 .| ke 0 26 2 6l
17 65 28 16 22 91 Wy 8 25 6 69
Average =5/N 155 10 51 107 . 1 %0 7 5% 3 72
Ay, for all tests i '} it o7 =
18 P-3 67 {54 hr o |51 95 = T2 11 11 6 98
19 68 55 |49 51 99 7. 9 1l )3 Q2
120 69 . {40 50 Lg 95 . 63 11 11 3 93
21 ( T2 57 ° ke 31 les | 70 8 |12 5 103
122 T3 66 bs Lo - - |10 10 5 gk
23 h s |k8 ho 95 - | 59 10 1l 6 ok
2k 75 53 46 40 96 - 1 13 17 90
25 76 (A L3 54 |98 T0 5 12 3 83
Average =5 /N _ 56 h7 . L7 96 69 8 12 6 ok
AV, for all tests - 63 fpopal- 30 : g
Temp ' +200C 0oC
8552 "Edion TABLE 5,2-43 - GRUMMAN  PARAMETRIC TEST GROUP - F,P, DATA

PRESSURE RISE AT CHARGE IN PST
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5.2.1,7 Iife Test Group -

5.2,1.7.1 Cell Design - The construction of the life test cells was started
shortly after completion of the parametric characterization group, A total of 54
cells were constructed for thig purpose, All auxiliary electrodes were eliminated
from these cells due to inconsistent and poor performance results achieved on all
earlier cells. These cells were identical in design to the parametric characteri-
zation group and details are shown in Appendix N, The de51gn breakdown is as
follows: ‘

a) 6 cells - 8/N 77 - 82, polypropylene WEX 1242 (washed) separator, base-

line electrodes.
b} 42 cells - §/N 83 - 124, nylon P2505 (washed) separator, thin electrodes.

¢) 6 cells - S/N 125 - 130, polypropylene WEX 1242 (washed) separator, thin

electrodes.

5.2.1,7.2 ' Acc.eptancé Testing at Eagle Picher - All cells received an identical
acceptance test es the pgrametric characterization cell group, per acceptance

test plan shown in Appendix_P—l.

5.2.1.7.2,1 Acceptance Test Results - The acceptance capacity results are sum-
marized in Table 5.2 - hh (A & B). It can be noted that all cells yielded 100

ampere-hours or better, except those cells contalnlng thln electrodes with poly-
propylene separator and discharged at 0° C. The average capaclty and average
positive active material utilizations are shown in figure 5.2 - k6. The thin
plate, nylon and the baseline, polypropylene cell groups showed nearly identical
capacity results at both temperatures. However, the positive active material
wtilizations for the thin plate, nylon group is substantially higher than that
for the baseline electrode, polypropylene group. ' ‘

5.2.2. . TPhase II - Parametric Characterization
5.2,2,1 Test Matrix - A parametric characterization test matrix was estab-

lished to obtain maximum smount of test data for the minimum amcunt of test runs.
The following independeht test ‘variables were selected:

e Cell Design (3)

1t

Thin electrodes, nylon separator.

Thin electrodes, polypropylene (WEX 1242w) separator.

P1
P2
P3

Baseline electrodes, nylon separator,
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T0 1.0 VOLTS

DESTGN —EE—-IT— CON‘!_‘) ‘ _'—TAP. CAP_. CA{P. m CAP. CAP, CAP., OVER~
CYCLE | CYCIE | CYCLE | CHARGE CYCLE | CYCLE § CYCLE | CHARGE
DESCRIPTION s/N CYCIE | # 4 #3 Av. | # #2 #3 _ AV,
TEMP °C R,T, 0 o | o 0 20 20 20 20
I CHARGE AMFP 10 30 30 30 |10+5 30 30 30 11048
1 DISCHARGE AMP 50 50 50 50 50 50 50 50 50
BASELINE POLYFROP 77 111 112 113 10k 107 113 109 109 118
SELINE POLYFROP 78 111 112 113 1ok 107 113 109 109 118
SELINE POLYTROP 79 111 4 112 113 10k 107 1313 109 109 118
BASELINE PQI¥FROP 80 111 112 113 1ok 107 113 109 109 118
- { BASELINE POLYPROP 81 111 112 113 10k 107 113 109 | 109 118
BASELTNE POLYPROP | 82 A1 ) 112 113 1 ok | 107 113 109 109 118
AVERAGR 111 112 113 ioh 1107 109(*)| 113 109 109 118 12
¥ _PL, NYION 83 111 | 11k 115 108 1108 113 104 10k 116
" 8l 111§ 1k 115 108 | 108 113 10k 10k 116
85 111 11k 115 108 108 113 10k 10k 116
86 120 101 106 108 10k 113 108 104 113
87 120 ] 103 106 108 104 113 108 10k 115
88 120 107 106 108 1ok 113 108 1oL 116
89 120 107 106 108 104 113 108 10k 113
90 120 | 105 106 108 104 113 108 104 116
91 120 105 106 108 104 113 108 10k 115
9 120 108 106 108 104 113 108 10k 115
xa 120 | 10s 106 _ 108 1oL 113 108 10k 113
ol 120 102 106 108 1oL 113 108 104 115
95 120 101 100 100 104 106 105 100 113
9% 120 | 101 106 108 ] 10k 113 108 10k 113
97 120 103 106 108 104 113 108 104 11h
o8 120 103 106 108 104 113 108 104 115
9 120 102 106 108 104 113 108 10k 11k
100 120 101 106 108 | 1ob 113 108 104 113
101 111 114 115 108 108 115 100 100 115
102 111 11h 115 108 108 115 104 10k 116
103 111 114 115 108 108 115 104 104 116
10k 1131 11k 115 108 108 115 104 104 116
105 111 | 11h 115 108 108 115 10h 104 116
j 106 131 | 113 115 108 ] 108 115 ok 10k 116
: - : LIFE TEST GROUP -
£70 2000r TAHE 2.2 ih ERPSSY  ACCEPTANCE TEST CAPACITY RESULTS




L2t

8.70 2000P

ACCEPTANCE TEST CAPACITY

MTOTITM™Y M,y 1 My TrAT e

A prs1eEw CELL CONDIT | CAP. [CAP. [CAP, [ OVER- “CAD. CAP, CAD. BVER
, - CYCIE |CYCIE | CYCLE {CHARGE | - CYCLE | CYCLE | CYCLE | CHARG
[;DESCRIPHO _is/n CYCIE | #1 #o # AV, Pl #o # AV,
| TEMP °C 1 R, T, I 0 0 0 0 20 20 20 20
1 CHARGE AMP 10 30 30 30 |10+5 30 30 30 ] 10+8
| T DISCHARGE AMP 50 50 . 50 50 50 50 50 50 50
THIN P, NYLON 107 112 . 1 105 . 109 1ok 108 122 115 109 12k
" 108 312 13102 1109 104 | 108 12 115 110 124
109 112 | 102 109 | 102 | 108 122 116 119 124
110 . 112 | 1o2 108 | 1ok 108 lz2 116 110 124
111 112 105 2108 | 103 | 108 100 113 109 124
112 12 lee 109 { 106 | 108 122 | 116 .| 110 124
113 112 . 102 110 102 | 108 121 15 109 124
1k 112 | 102 108 102 108 - 122 16 110 12k
115 112 102’ 108 | 102 | 108 122 116 110 124
116 112 102 108 101 108 121 115 108 124
117 112 | 112 109 108 108 121 115 108 124
118 112 112 109 108 108 121 115 108 1 124
119 112 112 109 108. | 108 i1 115 108 124
120 112” | 112 109 108 | 108 121 115 108 124
121 3 - - 1 - - - - -~ -
122 112 112 109 108 | 108. 121 115 108 124
123 112 | 102 107 100 | 108 121 11k 108 124
. 3 124 L3112 | . 102 109 | 102 108 R T *-a 115 108 124
AVERAGE | 114 | 107 109 106 | 107 107 (%), 116 110 106 119 | 113
THIN PL. POLYPROP. | 125 102 gl - 0 97 | 89 10k 93 103 113
" 126° .o | o4 | 90 |. 97 89 100 oy | 105 113
| 227 woh | ok | 90 97 89 101 gl 103" 113
128 106 ol 90 97 89 102 33 103 113
129 105 ol -~ 90 97 89 101 9 104 113
130 106 ol 90 97 89 101 o2 103 113
AVERAGE ' - 105 gl 90 o7 89 93 (*)] 102 93 103 113 103
NOTES (*)} | CONDITIPNING CAPACITY 18 EXCLUDED FROM|THIS AVERAGE VALUE
aa1s mev. z TABLE  5.2-UiB BRUMMAN CONT, LIFE TEST GROUP -
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e Temperature (3)

T = 0°C
2 = 10°¢
T3 = 20°C
e Depth of Discharge (3)
Dl==12%
D2 = 30%
D3 = 50%

e Charge Voltage/Témperature Eimit (3)
Ll = Low level .
12 = Medium 1eVEl
L3 = High level

e Charge Pressuie (Auxiliary Electrode Signal) Limit (3)
Il LowrleVel
12 = Medium level
13 = High level

A total of nine (9) cell groups were selected consifting of three (3)
groups from each de51gn. Each group was to eonsist of three (3) identical
cells resulting in a total requirement of 27 cells for these tests (actually
only a total of 25 cells were dellvered to Grumman which resulted in that two
(2) groups contained only two (2) cells each). “One;group of ench design -was
kept at each of the three temperatures throughout the entire test. This test
matrix is shown in Table 5.2=845. Two out of the three possible conditlons
‘were selected for testing as 1nd1cated by & circle. The number ingide each
01rc1e shows the applled test sequence and order whlch was established to minimize
test equipment adjustments and re-calibration, Each group received a
minimum of 25 orbital hurn-in cycles (or until cheracteristics were stabilized)
' ﬁrior to the characterization cycles, Each characterization test was conducted

unﬁil cell cheracteristics had stabilized before going into the next condition.. '

5.2,2.2 . Test Egquipment

5.2.2,2,1  Battery/Cell Test Controller Design and Construction - A test

controller, with functions as described in the Program Summary'of paragraph
3,0 wag designed. A total of nine (9) independently 0pérating units were
conétructed for these tests., Rach unit in conjunction with & Sorensen type
SRL 10/100 Power Supply is capable of automaticelly cycling three 100 A H.

129



0LT.

NOTE

. . :- A g AT 5T S e -

n

Mi- VOLT/TEMP LiMIT | Mz- PRESS QR AuX LIMIT- "
DESIGN L/ LZ L3} L/ L2 L3
ot 0203 \D1 02 03|01 D2 D3

STRING
o (BUYIN|TENF

)| e

RI

3
BEE
2

woN|{atd | WNY -~

' : {74l ECEDNNCE 37;475/4/7“)/ (EAECTf/C‘ﬁL
wafwm PF?ES R&' RBICE Y ALEIELRS L MiNMBWG C 5 O RBITS, COVIZEZS
BURN - IN BND Té‘.S?'Q_Q/VZ)/TJ’O/V D ‘

77 HALL BE RUAN T O, 7L RFORMRNCE. STABILITY OR A
/AL, /
27/ Q"C(,gz"ﬁ:)wr_sn 72= B"c (46°FJ//VL£T, T3=/8%C(64°C)NLET, ALL 7EMPS + 2 5°F,
3 Ll= 4 44\/@20";, ﬁgﬂg@g C ggog 3 geu;) D= 12% DOCL
L2z .53V @ 20°C, 4 63V RO°C. - DLz 30% DOD
43 = 462V @20°C, 4 T7V@ 0°C D3= S0% LoD

4L CAPACITY TESTS SHALL BE RUN AS EOLLOWS (AT CfE DISCH RATE 70 O- D0V f7RST CELL)
Q. AFETER 1M 1AL CONDITIONIVG,
& AETER BURN-IN STRBILITY. THEN FUNTO STABILITY ACHIN
L. AFTER 7EST CONDT/oN (6)

0. RETER FTLEST CONVLIT/I0N (1 2)




cells., This multi-level constant current charge controller senses string
voltage ( or auxiliary electrode signal voltage) and "fires" to the next
lower chaerge current level when this pre-set voltage is reached, A photo-

- graph of this control rack is shown in figure 5.2-U7. Tt consists of a
frame which houses six printed circuit boards and & bottom tray, Each of
the six boards has a,eeparate function and is. fully described below (it must
be noted here that all units constructed after the unit (S/N 1) shown in
figure 5,2-U47 combined components on boards 5 and 6 and thus conteined 5
boards only): .

e Test Controller (Rack) Operation - See Appendix Q-1.

e Pre-Regulator/Biass Regulator, Board 1 - See Appendix Q-2.

Voltege/Temperature Detector, Board 2 - See Appendix Q-3.
e Current Control, Board 3 =~ See Appendix Q-k,

Counter/Coincidence, Board 4 - See Appendix Q-5.

e Contactor Controller/Fault Protectlon, Board 5/6 - See Appendix Q-6
o Mode Controller, Board (Tray) 7 - See Appendix Q-7.

5,2,2,2.2  Test Safety Equipment

5.2,2.2,2,1 Over/Under Voltage Scanning Detector - An independent over/
under voltage scanning detector was conceived, designed and conetrueted'at
Grumman, (Tte schemstic snd layout details are shown in Appendix @=8). It
contingbusly‘scanszegery cell at a rate of one chammel per second. If any

voltages outside the pre-set range are detected the entire string, conteining
the cell with this condition, will be terminated from further cycling. Thus
a:posaible,melfunction in the charge controller, or e poasible cell capacity
run-down due to insufficient recharge, or cell overcharge or reversal due

to cut-of-step condition with re:pect to its group can be detected and
cycling terminated before any permanent damege to either cell or equlpment

has occurred.
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5.2.2.2,2.2 (Cell Pressure Gauge Safety Switeh - Since each cell was tested.

with an attached pressure gauge, Grumman installed an in-house developed and
constructed switch inside the gauge assembly The switch was installed in
such a menner that it closes at approximately +85 PSIG sending & signal to
the charge controller and terminating all cyeling for that string. This
switch formed another independent safety feature preventing extremely high
cell pressure buildup with possible case distortion, rupture ahd/or damage

to the test equipment.

S 5,2.2,2.3 Test Instrumentation - A Hewlett-Packard Model 2012B Digital
Data Acquisition System with magnetic and paper tape readout monitored all
test date, except pressure, Table 5,2-45 shows & channel assignment for the

parametric tests, For a quick data trend review two Bristol 24 chennel
recorders were operated continﬁbusly. The Bristol recorder channel assignment
is shown in Table 5.,2-L6,

5.2.2.2.k4 Test Iaboratory Layout - The photograph (Figure 5,4-48) shows
the battery test laboratory layout prior to completion, The test controllers,

with the power supplies located behind them, are sitting on a large shelf,
Below it are the constant temperature baths (Iabline No, 3324-x) and benches
on which the insulated cells stacks were to be located, The right side of
the photograph shows a rear view of the Data Acquisition System, which is

in the center of the room. Figures 5,2-49 and 5.2-50 show the floor plan
and the upper tief-plan views of the asrea, Figure 5.2-51 shows the location
of the various fused test and instrumentation terminal boards of the test
set~up, A typical block diagram of the cables is shown in Figure 5.2-352

5,2.2.2.5 cell Group (Stack) Mechanical Design - The 3 cell group, 2
cell group and planned 5 cell group {for life tests) steck mechanical
assemblies are shown in Appendix Q-9. The philosophy for this type of cell
temperature control is described in the Grummen Project Memorandum D559-1-1
(shown in Appendix Q-10). A view of the "Cell String Constant Temperature
Package" is shown in Figure 5.2-53, The cooling flow rate for each string

was controlled by & flow valve permitting circuleting fluid flow rate

adjustmente necessary for the cell heat generation calculations,
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i L RE CHAWREL, I.D.

-

ot

RECORDER #1 BECORDER #2

CHART ar CHART INST )
CEANNEL CHAN FURCTION CHANNEL CEAN FINCTION
NUMBER NUMBER

1 101 Bat 1 081l 1 voltege 1 150 Bat 7' Cell 1 voltage
.2 102 Bat 1 Celi 2 voltage 2 121 Bat 7 Cell 2 voltage

3 103 Bat 1 Cell 3 voltage 3 7 129 . Bat T Cell 3 voltage

y 04 Bat 2 Cell 1 voltage . i 123 ‘Bat 8 Cell 1 voltage

5 105 Bat 2 Osll 2 voltage 5 124 Bat 8 cell 2 voltage
) 106 Bat 2 Cell 3 voltage 6 125 Bat 8 Cell 3 voltege'

T 107 Bat 3 Cell 1 voltage T 126 Bat 9 Cell 1 voltege

8 108 Bat 3 Cell 2 voltege 8 127 Bat § fell 2 voltage

g 109 Bat 3 Cell 3  voltage 9 128 Bat 9 Cell 3 voltage
10 110 Bat % Cell 2 voltage 10

11 111 Bat 4 Cell 2 woltage 11 77 Bat 3 Cell 1 Aux

12 112 Bat & Cell 3 voltage 12 78 Fat 3 Cell 2 Aux

13 113 Bat 5 Cell 1 voltage 13 9 Bat 3 Cell 3 Aux

14 uk | sat 3 Cell 2 voltage . L) 86 Bat 6 Cell 1 Aux

15 115 Bat 5 Cell 3  voltage 15 87 Bat 6 Cell 2 Bux

16 116 Bat 6 Cell 1 voltage 16 88 Bat 6 Cell 3» Aux

8 1T 117 Bat 6 cell 2 valtage 17 96 Bat Q Cell 1- Aux

18 118 Bat & Cell 3 valtage 18 a7 Bat 9 Cell 2 Aux

19 131 Bat 1 eurrent 19 a8 Bat 9 Cell 3 Aux

20 132 BRat 2 current 20 \

a1 133 Bat 3 current 21

22 134 Bat L current 22 137 Bat eurrent

23 135 Bat 5 current 23 -+ 138 Bat current

24 136 Bat & _current 24 13 Bat current

[OTE: (1} Wire is two conductor twisted shielded; Blue conductor is "H1Y. White is "LQ".

(2) Shields are connected at the Inst. Termiral Boards; not at the Chert Recorders. GShields at the Chart Recorders are endcapped.
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5.2.2.3 Computerized Deta Reduction/Analysis Program

5,2,2,3,1 Program Development - The initial data reduction/analysis

progrem for the parametric cheracterization and 1life cycle tests was written
in Fortran IV for use on the IBM Computer using the magnetic tape output from
the Hewlett Packerd Data Acquisition System. :The, program could—be used for
either the time sharing (360/675 or batch processing (360/75) operations.

(A sample output was reported in the January 1972 Monthly Progress Report

and is shown in Appendix Q~11,) Due to freqguent errors by the tepe reader
converting the 7 track instrumentation tape, a premature output termination
resulted. Consequently, the program was revised for use on a (DC-3200 Computer,
All perametric characterization test data was processed by the Grummen LMDRS
(LEM Data Reduction System) group using e NASA owned CDC-3200 Computer, which
was purchased under NAS 9-1100, The main program revisions to incorporate
mejor functions are described in Grumman AVO's D559-2-20 and D559=2m26

(shown in Appendix Q~12). .

5.2,2.3.2 Finalized Computer Program - The finalized computerized data

reduction/anakysis program wes subdivided into two separete sequentially run

programs,

Progrem 1 - Battery Data Reduction, "BDR". - It processes variable
record length binary coded ilnstrumentation tepes., To
permit more operational flexlbility ell data references
were generalized by creation of a descriptor asrray using
channel assignment cards. It produces a tab listing for
each string for each orbit, A summary file of all error
mesgages ls provided.gnd listed when all data are processed.

Progrem 2 - Designated "ORBPLOT" for the orbital plotting routine. It
uses & binary (E.U; formated) tepe produced in program 1
a8 input to a selective data plot progrem. The computer
produces these plots on microfilm by meens of & movie
camera. taking pictures of an oscilloscope screen. A
complete "BDR" and "ORBPLOT" source program printout is
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shoﬁn in Appehdix Q-13. A listing of all channel sssign-
ments for input cerds for both programs is shown in Appendix
Q=1h4, A typicel tab liéting sample is shown in Table 5,2-48.
The abbreviations used therein are as follows:

01, 2, C3 =~ Voltage for cells 1, 2, 3 in string
Test Data - Shows Julian day -

Time - - Real-Test Time .
OLT - String outflow temperature in °F .
‘TSR ; .- Temperature sensing resistor tempersture in Op

(Located on restralnlng plate inside the insulated
" battery package)
scv - - String voltage
AMP - Current in amperes
Al, A2, ‘A3 Q_Auxillary electrode signal: voltage in~ volts fori
| cells 1, 2, 3 in string

Fl, P2, P3 - Auxili&ry electrode power output for cells

1, 2, é in string - this function was not used

and is shown as zero,

Typical orbital plot semples are _presented in figures 5. 2~5h and 5, 2-55
They show orbitel time profiles of each cell voltage, currents, average stack
temperature, calculated heat generated from thermal data end auxiliary

electrode . signal voltages.

5,2.2,4 Parametric Characterization and Life Cycle Test Plaﬁs

'5.2.2.h.l Electricsl Operation =- ?hé.pdr&metric/life cycle set-up and

operation test plan is shown in Appendix R-1 (Grumman AVO D559-3-1), It
describes the step -by-step operation starting with incoming inspection
through string essembly, test set-up, conditioning, capacity discharge and -
orbital eyeling. The perametric test cell grouping into nine (9) test
strings is shown in Table 5.2-49.

5.,2,2,4,2 Circuleting Fluid Flow Rate Plan - The circulating fluid. flow

rate plan for use in conjunction with the electrical operations to obtain

cell heat generation information is shown in Appendix R-2.
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LRT

STRING CELL CELL ELEFTRODES | SEPARATOR AUX,
No. . WO. $/N_ | THIN |B4SEL. |NYLON |POLYFR.| ELECT. CoMmpENTIS
| ' (*) ) | (k) NoTES: (*) TYPE P25Q5 (WASHED)
1 1 59 v - v 11 (**) TWPE WEX]242 (WASHED)
o 61 v v TTI (%) DESCRIBED IN PARAGRA
3 - 5.2.1.94.6.6 ‘
2 1 9 v v I
2 72 V. v 111
3 Th v ~ IV
3 B 55 | v VI
2 52 v v IV
3 .| u8 v v 1T
b 1 53 v V- IV
2 51 v/ v IIT
3 9 v v 1
5 1 67 vV |« 1
2 75 v V4 v .
3 —— .
& 1 58 v v I
2 62 v v v
3 65 v Vv vt
7 1 L7 Vv v T
2 5l . ‘+ v IIT AUX. EIECTRODE MALFUNCTION
3 56 v v v ' '
8 1 57 ~ v T .
2 60 R Vv ITI
3 6L R vV y
9 1 63 v v II
- 2 73 v v TV
3 76 v V' VI .
a1 REV. 2 | ‘TABLE 5,2- L9 PARAMETRIC CHARACTERIZATION

B-70 2000P

GAUMMAN

CELL GROUPING




5.2.2.4,3 Test Equipment Turn-On-Procedures - The Test Controller

turn-on-procedures are shown in Appendix R-3.

5.2.2,5 Parametric Characterization Test Data Summary

5.2.2.5.1 Cheracterization Test Runs - The paremetric characterization

test runs were conducted after conditloning, capacity determination and
completion of about 274 orbital burn=in cycles for most cell strings,
Most of those test conditions for the voltage/temperature limit, shown in
Table 5,2-4l4, were conducted, The second postion of the planned tests,

. pressure or auxiliary electrode signal 1limit characterization ( conditions
7-12), could not be condueted due to poor muxiliary signal responses and late
delivery of pressure switches, Teble 5,250 shows & test condition summary
for all orbital runs conducted after the burn-in cycles, Tt also shows an
assigned MODT run number and the number of orbital cycles conducted at each
test condition (each generated test tape was assigned s consecutive "MODT"
number and could contain as much as four days of continuous test run data).
Appendix R-4 shows the computer printouts of selected stabilized cell
characteristlcs for each string at each test condition Appendix R-5 shows
the computer plots (ORBPLOTS) of stabilized cell charscteristics for each
string at each test condition,

The initial cyele life cell characteristics based on these tests are
summarized as follows:

¢ The clamp voltage at charge as a function of percent smpere-hour return at

0°, 10°, & 20°C embient temperatures and for 12, 30 & 50% D.0.D. (depth of
discharge) is presented in figure 5.2-56, The three different cell designs
showed no significant differences in the percent returns for identical
conditions and are, therefore, presented together, As anticipated, a
steeper slope for lower depth of discharge and a shallower slope for a
higher depth of discharge can be noted. A direct correlation between charge
voltage decrease with temperature increase for identical percent return

can be observed.

e TFigure 5.2-57 presents the percent depth of discharge as & function of clemp

voltage for 100, 105 & 110% ampere-hour return.

e TFigure 5.2-58 shows the percent ampere-hour return as a function of average

gell pressure at end of charge for stabilized orbit at conditions at OO,
100, & EOOC amblent temperature. At 0°C the point of inflection for the

- gassging curve appears to occur in the 100 - 106% charge return range. The

depth of discharge appears to have little or no effect on this curve. At
10°C embient temperature the gassing curve inflection point for the 50% and
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6T

— E— ‘ 7 —_— -
ASSIGRED-SIR NG NO, 1 ' 2 3 4 5 6 7 8 9 co +'M ENTS
MOD T WO . 1 : : —
i T
45 COND, NO, 1 1 1 1 1 1 1 1 1 ORBITS 27sﬂahi
LEVEL NO, 1 1 1 1 1 1 1 2 1 (COMPYTER DATA SHOWS
D.0.D. 12 12 12 30 12 12 12 30 12 B} ORBITH 1-72)
SPEC, FLOW RATE | 11,66 { 17.50 | 17.50 §43.61 | 11,63 | 17.45 | 19,42 | b3 5L 1§ 17.h2 BS/wr,
46 COoND, NO. 2 1 > | o 2 1 2 2 2 ORETTS 3h7-30%
ILEVEL NO, .1 2 1 1 1| 1 1 2 1
D.0.D. 30 12 50 | 50 50 | 12 30 30 50 o
SPEC. FLOW EATE | 29.03 | 19.50 | 72,84 72,56 [ 48,37.1 17.h5 J U361 | 72 Wb | 37 ko ety
L7 COND, NO, - 3 2 3. 2 3 2 3 2 3 OREBITE qqeﬁglg_
LEVEL NO. 2 o 2 1 2 2 2 2, 3 1, 2
D.0.D, 30 12 50 50 50 12 30 50 50 _f oot
SFEC, FLOW RATE | 29,03 | 17.50 | 72.84 [ 72.56 | 48,37 | i7.45 | 43,61 | 72441 73.89 ["°°/HR,
48 CcOND, MO, I 3 4 3. Yy 3 b 3 3 ORBIT§ 415-43%
LEVEL NO. 2 1 2 2 .2 1 2 2 .2
D,0.D, 12 . 30 30 50 30 30 12 12 50 -
SPEC. FLOW ATR | 311,65 | 43.54% | 43,5k | 72.56 | 29.08 | 43.61 | 43.61 | 43.61 | 73.89 ">/ IR
L9 COND, NO, 5 4 5 3 5 L 5 L 3 ORBlzﬁ,h%%-h7<
LEVEL NO. 3 2 3 2 3 2 3 3 2
D,0,D, 12 50 30 50 12 50 12 12 50 b oo
SPEC, FLOW RATE | 11,65 | 72.84 | 43,54 [ 72,56 [11.63 | 72.56 | 17.45 | 17.45 | 73.89 [""/HR,
TAELE-5.2§50 PARAMETRIC CHARACTERIZATION
TEST CONDITION SUMMARY
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30% D,0.D. appéars to range from 103 - 110%. Thus, there is a definite trend of
a higher charge return requirement for the lower depth of discharges at the high-
- er temperatures. |
° !Figurels.é~59 preggnfs the average cell pressure at end-of charge ag a
funetion of clemp voltage at charge for each of the three designs at OO,
10°, & 20°C. Comparing the 10°¢ & 20°%¢ curves for the ‘three designs one
can note that the lowest pressures for identical clamp vOltages were
| observed cn the thin plate, nylon, cells, The 0°¢C data for the stendard
'r(baSeline) platé, nylon, and thin plate polypropylene cells show a
considerable shallower slope than those for the other test conditions.
® Figure 5.2-60 shows the capacity data after completion of the parametric test-
ing as a function of the discharge current at O, 12) & 20°C. These cap&citiés
were obtained at the last paréﬁetric test run.condition (described in Table 5.2 -L9)
and do not necessarily represent a full state of charge.. However, the data show
it at under the test conditions gpplied the tﬁiﬁ plate, nyion cell yielded the
highest capacities of the three designa and shqwed appro;imately_loo ampere=-
hours to dischargé currents up to.about 50 amperes at all three temperatures.
The polypropylene cells {WEX12Lk2, washed, yiélded consigtantly the lﬁwest
capacities. |
-9 Figure 5.2-51 shows plots bf temperature and discharge current ag a function of
positive active material utilization.obtained pfior and after bq;n-in and
parsmetric-testing. Th¢ thin plate, nylon cells yielded the highest:post
parameiric positive material utilization for all discharge current for the
.enterd temperature'range tested. 'The standard (baseline)rpiate'nylpn yielded
the second highest u‘biliza.ti-on values Afor the higher discha;rge current ranges

(about 30 amperes and above).
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5.2.2,6 PROPOSED CYCLE LIFE/MEMORY EFFECT TEST

- The proposed cycle life/memory effect test is outlined on Teble

5.2-51, None of these scheduled tests were started.

15k
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QML (CHLE LIFE S MEMORY FAAACT TEST

P = PRESSURE CUT-OFE
AS DEFINED FRON]
FRRBIGETRIC TESTS

L = VOLTRAGE LivirT
AS DELINE D FROW
PRRRIETIIC TESTS

T/ T O°C

72 = l0°C

T3 = 20T

O/ = 12% 000

2 = 30% 05

D3 = 50% 0L

Fr = LoW PRESS,
57 = MED PRESS,
P33 = HICH PRESS,

PREFERED
Ce

T

Iz

73

Li|L

Ll i

(4

3

5

o

P2

e

SR E

PI*I

€

TOTHRL 3 CFLL STRINGS 2
TOTAL I4€ CFLL STRIMGS

! ONVT MOLULE

/

£
P2

/

STORAGE TESTS(SEE BELOW)

STORAGE TESTS

GROU P STHGN2 LLERIOD

TEMFP

S CrRL2 emMONTHS o°C
+ 6 MONTHS 25°C

crPlr) | 12 monTHS o°c

(| r2 monrws

25°C

2

ALTERNVATE
CA
T/ NT2VT3
sl mlzeltaleelin
2o |
3 PE]
2lor 2
2 P
ez lor
N TOTAL CELLS
31 135 X! peoured  AvmissE
o s 7 S =36 S4 LIFE :
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100 AMPERE-HOUR

NICKEL-CADMIUM STORAGE CELLS

POWER SUPPLY SUBSYSTEM

MANNED ORBITING SPACE STATION

SPECTIFICATION FOR

1 SCCOPE

l.1 General. - This specification establishes the
requirements for a hermetically sealed, 100 Ampere-Hour Nickel-Cadmium
Storege Cell (Storage Cell) which is to be used in the fabrication of the
Storege Battery Module for the Manned Orbiting Space Station.

2 APPLICABLE DOCUMENTS
2.1 General, - The following specifications, stendards,

drawings and puvlications, of current issue, form a part of this specifi-
cation to the extent speecified herein: -

Grumman
GSS T01l Safety Solvents -~ Cleaning
Federgl
MIL-S-40433 ' Steel: Corrosion resisting (Extra Low
Carbon Type 304), Plate, Sheet, and
. Strip
Military
MII-R-5031 o Rods and Wire, Welding, Corrosion

and Heat Resisteant Alloys

L
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2.1 (Continued)

MIL-B-7883B ‘ Brézihg of Steels, Copper, Copper
Alloys, and Nickel Alloys, Aluminum
and Aluminum Alloys '

MIL-W-8611A Welding, Metal Arc and Gas, Steels,

. and Corrosion and Heat Resistant
Alloys, Process for
MIL-S5-5002B - Surface Treatments and Metallic
: Coatings for Metal Surfaces of
Weapons Systems
STANDARDS
’ Military

MIL-S5TD-202D Military Standard, Test Methods for

: C Electronic and Electrical Component
Parts

MIL-STD=-2T71D Military Standard, Nondestructive

' Testing Requirements for Metals

MIL-STD-Lsk REQ. 15 Ferrous Alloys, Corrosion Resistance

DRAWINGS

Grumman

TBD ' 100 Amp-Hr Nickel-Cadmium Storage

. Cell S ’

HANDBQOKS

Aero Propulsicn Lab, Wright Pattersen AFB, Ohio

Sereening Method, Characteristics of Separators for
Edited by: 4. E. Cooper Alkaline Silver Oxide-~Zinc Secondary
.and A. Fleischer Batteries
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2.2 Precedence. - When the requirements of the purchase
order, this specification or subsidiary specifications are in conflict,
the following precedence shall apply:

(e) Purchase Order - The Purchase Order shall have precedence over
any specification.

(b) This Specification - This specification shall have precedence
over all referenced subsidiary specifications.

2.3 Availability of Documents. - Copies of this specifica-
tion and other Grumman specifications end documents referenced herein
may be obtained, upon request from Grumman Aerospace Corporation,
Bethpage, Long Island, New York, 1171k, Attention: Specification Group.
Requests for Military documents listed herein should be addressed to the
Superiniendent of Documents, Government Printing Office, Washington,
B.C, 20Lp2,

3  REQUIREMENTS

3.1 Qualification. - The storage cells furnished under this
specification £2ull be products which have been tested and have passed the
Qualification Tests listed in Section L, -

- 3.2 . Reliability and Operating Life. —
3.2.1 - Heliability. - Each storage cell shall be designed

and constructed so that a 99,8 vercent probebility of successful operati~rn
during the launch ang orbital life as defined in 3.2.2 is achieved.

3.2.2 Operating Life. -~ All cells purchased under this
specification shall have & minimum life of 11,000 orbital cyeles.,. (An
orbital cycle is defined in 3.2.2.1.) 30,000 corbital cycles shall be
considered a design goal. The operating life shall be defined as
wearout, deterioration, or catastrophie fajlure to an extent which
causes the cells to deviate from the performance limits specified
herein. Environmental test conditions reprsentative of ground

et

Eng 200.3 3-66

170



. GRUMMAN AEROSPACE CORPORATION

- - Bethpage, L. I, N. Y.
Code Ident. No. 26512

SPECIFICATION
No. _AV-D559CS-1

3.2.2 {Continued)

operaticns, launch and orbital operations shall be as specf?ied
herein. The storage cell surface temperature shall range between 0°C
and 20°C. The average required Depth Of Discharge (DOD) is 30 percent.
The minimum DOD is 12 percent, and the maximum DOD is 50 percent,
Orbital life shall be defined as that peried following ground and
launch operations. ' ' '

3.2.2.1 ‘Orbital Cycle. - An orbital cycle shall be defined
as having 94 minutes duration. The longest dark (discharge) period
shall be 36 minutes duration,

3.3 , Materizls., - Materials used in the manufacture of
storage cells shall be of high quelity, suitable for the purpose intended,
and shall be selected in accordamnce with the requirements specified herein
and those contained in the final statement of work, negotiated as part
of the Purchase Order.

- Plates, separator and electrolyte are the only items
to be installed in a storace cell, Any other materials must be approved
by Grummen pricr to their being used. A list of materials shall be
supplied by the seller for Grumman epproval. -

3.4 . Desien and Construction., - Individual storage cells
shall be hermetically sealed to permit oper-tion within the environmental
requirements of this specification, Storage cells shall contain the
necessary plates and terminal posts and shall be secured so that
no motion of the plates, relative to the container or hold-down :
arrangement, can occur, The detailed mechanical and electrical design
of the storage cells shall be accomplished by the Seller subject to
the requirements of this specification.

3.4.1 Interchangeability. - All storage cells of a given
Seller's part number shall oe dirensiocnally and funetionally interchangeable
with each other. The Seller's part number shall be identical with the
Seller's drawing number for the same storage cells. ’
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34,2 Storage Cell Lot. - Storage cells to be purchased
under one lot shall use components from one specific batch only and shall
be assembled as one batch under identical production techniques. Com-
ponents from one batch are mandatory for all active components such as;
separator material, electrolyte, plates {one batch = one melange or 2
randomized melenges (See NOTE)). For all other storage cell components,
one batch is desirable. This requirement must be strictly adhered to.
Complete records must be kept of each component bateh and be made
available to Grumman upon request. Fach storage cell shall be
serizlized with a non-recurring number.

NOTE: A melange shall be used to fabricate the storage cell order.
In the event one melange is not adequate to manufacture the
storage cell order, two or more melanges may be used if mixed
and rendomized prior to storage cell productiocn.

3.4.3 Separators. - Separators shall be of an approved type
for space application, free from flaws, cracks, or other imperfections
likely to permit short circuits. They shall be fabricated from materials
which are physically and chemically stable in the presence of potassium
hydroxide. They shall have a low electrical resistasnce and shall be
capable of absorting and retaining large quantities of potassium
hydroxide electrolyte when subjected to the environmental conditions
specified herein. Separators shall also be capable of withstanding
vithout damaging the thermal tests (See 4.5,9, 4.5.10 and 4.5.11) which
are representative of environmental conditiens anticipated during the
11,000 orbital cycles of minimum Storage Battery Module life.

3.4.3.1 ‘Separator Quality Assurance Provisions. - The following
tests shall be ronducted on the separator which are to be used for
storage cells purchased under this specification. Sample Data Sheets as
shown in the attached (Appendices I, IT and III) shall be prepared by
the seller. Two copies of each Data Sheet and a separator sample of
100 square inch minimum size shall be furnished to Grumman prior to
start of further processing. Material traceability shall be required.

Eag 200.3 5-G6
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3.4.3.1.1 Sepsrator Manufacturer's Information. - The informa-

tion requested under 10.l1 on ssmple Data Sheets of Appendix I shall be
recorded. .
3.4.3.1.2 Electrolyfe Ahsotption, Dimensional Change,

Electrolyte Retention and Porcsitv. - Six samples of each material shall
be cut (in the macnine direction) to 6.50 cm. by 2.50 em. and individually
measured using a standard die. The thickness of each sample shall be
measured using sn Ames gauge Model 262 platform dial micrometer with

a 0.5 in. diameter stainless steel anvil. The dial shall be graduated
in-0.001 mn. An equivalent thickness measurement system is acceptable, .
but must be submitted for Grumman approval., Each ssmple shall be weighed
to the nearest one milligram on an analytical balance and then immersed

in approximately 100 cc of aqueous potassium hydroxide (KOH) solution

in non-corrosive containers with air tight covers., The concentration of
the KOH solution shall be the same percent as used in the storage cell
filling and shall be of the same guality. Dimensional chenges shall

be measured after three hours of equilibration. The samples shall be
returned to theis individual containers for an additional hour. At

the end of one hour. the egquilibrated samples shall be wiped across a clean

methyl methacrylate plate untii ho droplets are left on plate. Then the
sample snaliy be re-weigned. '

(a) Electrolyte Absorotion — Electrolyte absorption is the
" difference between the wet equilibrated samples and the dry
sample weights. Dimensicns, dimensional changes and
gbsorption shall be recorded in a manner similar to that
delineated under 10.5 of the sample Data Sheets of Appendix I.

{v) Electrolyte Betention - Electrolvte retention shall be measured
on the seme samples after drainineg for 15 + 5 minutes on a clean
methyl methacrylate plate positioned at a 45 + 2 degree angle. The
samples shall be re-weirghed. During draining, the samples -
shall be enclosed in an inert atmosphere. Data on electrolyte
retention shall be recorded in a menner similar to that
delineated under 10.6 of the sample Data Sheets of Appendix I.

(¢) Porecsity - Porosity shall be calculated in & manner similar to
that delineated under 10,7 of the sample Data Sheets of
Appendix I. ' '
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3.4.3.1.3 Separator Resistance - DC Method, - The resistence
of three samples of separator material shall be messured. Each sample
shall be cut from a different roll, This method is essentially that
described by Lander in Chapter 6a of the Cooper-Fleischer Handbook.

The storage cell used is a modification of that
used in the AC method. The pletinized platinum current electrodes are
replaced by disc cadmium electrodes (capacity 0.7 A-hr) which are
meintained in a partially discharged state. The voltage drop 28cross
the membrane is measured using two Hg/Hegd reference electrodes vwhich fit
into ports in either storage cell half. The bottom of each port is
connected by a diagonally drilled capillary to the membrane surface,

Equilibration technigque and sample size are the same
as in the AC method. The semple is introduced between the storage
cell helves and the storage cell promptly filled with electrolyte and the
reference electrodes placed, Current is passed by means of & constant
current source to give 50 ma/cm®., The voltege drop is measured between
. the two referenco electrodes using either an electrometer or a potentio-
meter. A blank determination is made and subtracted from the storage
cell resistance with the membrane in the path.

(a) Calculations -

(1) Separator Resisteance

R"=Er-EbA
1

R" = Separator resistance chm-em?

Ep = Voltage drop between Hg/Hg0 electrodes
"with separstor in path - volts

Ep = Voltage drop between Hg/HgO electrodes
with separator out of path - volts

I = Current - amperes

A = Separator area exposed - eme

Eng 200.3 $.G66
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3.%.3.1.3 (Continued)

(b) Separator Specific Resistivity -

p" = R
by |
p" = Separator specific resist;vify ohm-cm
R" = Separator resistance chm-em®
ty = EqﬁilibrAted separaﬁor thickness cm

-

The Calculatioﬁs'above shall be performed and deta
yecorded in a manner similar to that delineated under 10.8 of the
sample Data Sheets of Appendix I.

3.4.3.1.% ~ Sepsrator Wettability. - Separator wettability of
three smwples cf separator material shall be measured. Each sample shall
be cut from a different roll. Separator wettability shall be measured by
placing the dry separator sample in the resistivity storage cell, filling
the cell with electrolyte, and recording tre time required to attain a
steble resistance. Mepsurements shall be made st five second intervals.
The data of the three determinations shall be plotted on one graph,
10 x 10 to the inch. ' :

3.4.3.1.5 Tensile Strength st Bresk. - Tensile strength at
bresk shall be measured on at Jeast six samples, each two samples cut
from & different roll. Separator tensile strength measurements shall be
made on die cut specimens 12.7 cm by 2.5 cm, cut in the roll directionm,
each of which must Dbe carefully examined for flaws. Samples containing
cracks, nicks or inclusions must be discarded. At least f{ve samples ot
each material shall be yun end the mean value reported. The tensile
strength at break shall be measured on samples which are conditioned -
both et 72 * 5°F, 50 % 5% prelative humidity for ol nhours, and after
2k hour irmersion in 34 percent KOH. A cross head speed of 2 inches

Eag 2003 $-56 ]
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3.4.3.1.5 (Continuegd)

per minute shall be used and the specimens positioned in rubber faced
Jjaws so that the grip sevaration is 3 in. Elongation messurements can
be obtained by measuring the grip separation as the test progresses
using the value at break to calculate percent elongation. TFor the
tensile measurement, the load in pounds shall be measured at the
bresking point. Samples bresking ocutside the area between the jaws
are not included.

Temperature and humidity at the test site shall be
recorded on the sample Data Sheet. Perform calculations as follows:

Calculstions -

Tensile Strength at Break = Breaking Load lbs,
C.5.A,

C.5.A = sample crogss sectional area

% Elongation = L - Lo x 100
Lo

L = Semple lenth at bresk
Lg = Original length

Record data in 2 mamner similar to that delineated
under 10.9 of the sample Data Sheets of fppendix I. Also record the
appearance of break, (i.e., clean or fuzzy). Repeat the test on six
samples that have been stored for 24 hours at T0°C in storage cell
electrolyte. The surrounding atmosphere shsll be free of CO0z. Dets
shall be recorded in a manner similar to that delineated under 10.9
of the sample Data Sheets of Appendix I. The Seller may suggest
alternate methods to Grumman for approval.
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3.4.3.1.6 Extracteble Organic Content. - At least three samples,
each from a different roll, shall be analyzed for soluble organic
meterial. The sample size shall be a 10 cm, square. The following
method of extraction of organics is recommended, If a different method
is used, it shall be submitted to Grumman for approval.

(a) Weigh the separator sample on an analyticsal balance.
{(b) Determine volume of separator sample.

(¢) Put the Sample in a weighed container with methanol, reagent
grade. Use a volume ratio of 20 of solvent to one of
separator. Cover the container.

(d) Stir with a magnetic stirrer for a minimum of 16 and =
maximum of 24 hours.

{(e) Remove separastor semple and weigh after drying.

4

(£} Evaporate solvent,

(g) Determine weight of residue and weight loss of separator.

(h) Perform IR analysis of residue. Submit copy of IR trace to
Grumman =znd indicate major orgenic constituents. (If a larger
residne sample is required to perform this task, a proportionally
larger sample is permissible.)

(i} Record data in a manner similar to that delineated on the
sample Data Sheets of Appendix I.

The extractable organie re51due shall be less than
2.0 percent by weight of total organics.

3.4.3.1.7 Inorranic Content. - At least three samples, each
from a different roll, shall be analyzed for inorganic materiails. The
sample size from which inorganics are to be extracted shall be a 10 ecm.
square. Quantitative analysis of the following will be determined:

N
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3.4.3.1.7 (Continued)

Carbonate, silica, zinc, chloride, nitrate, nickel and titanium. A
description of the method used shall be subritted to Grumman for
approval. Data shall be recorded in a manner similar to that
delinested under 10.11 on the sample Data Sheets of Appendix I,

The extractable inorganic content shall be less than
0.25 percent by weight of total inorganics.

3.L.3.1.8 Discoloration of Semples in Blectrolyte. - During
testing of samples requiring equilibretion in electrolyte, any dis-
coloration of the sample shall be reported in a manner similar to that
delineated under 10.12 of the sample Data Sheets of Appendix I,

3.4.3.,1.9 Thickness Variastion. - The separator thickness
shall be meesured at minimum intervals of one meesurement for each
.20 storage cells constructed. ZEach measurement shall be made on
samples of twe feet in length, taking 10 thi-kness remdings at
approximately two inch intervals. The gauge described in 3.4.3.1.2
shall he used, Data shall be recorded in a manner similar to that
delineated under 10.13 of semple Data Sheets of Appendix I.

3.k.3.1.10 Materials Used In Storage Cell Formation or
Electrochemical Cleaning. - The sampling criteria and test procedures
specified in 3.4.3.1.6 and 3.L.3.1.7 for the separator used in the
storage cell fermation shall apply. Pata si:all be recorded in & manner
similar to that delineated under 10.10 and 10.11 of the sample Data
Sheets of Appendix I. Where appliceable, information similar to that
Gelineated on 10.1 of sample Data Sheet of Appendix I shall be furnished.

3.4.% Metal Container, -
3.h.4.1 | Storage Cell Case, - The storeee cell case shall be Type

30k or 30LL stainless steel per M
shall be 0.031 + 0.002 inch. The container shall either be welded

or deep drawn. Internal and/or excernal teper snail not exceed 0,01U
inch for total measured dimensions after drawing. Storage cell case

TL-S-4043, Condition b. Material thickness

Eng 2003 56§
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3.4.4.1 {Continued)

surface Tlatness shall not exceed 0.0k0 inch Total Indicator Reading
{TIR) on the broad faces. On the narrow faces end end face, flatness
shall not exceed 0.010 inch TIR, Flatness reouirements are for finished
storame cell with cover welded in place. Other dimensions shall be held
to tolerance of + 0.010 inch for finished storage cells. o

3.h.4.2 Cover. - The storage cell cover shall be made from class
304 or 30LL stzinless steel per MIL-S-4043, cond. b and passivated per
MIL-8-5002 and MIL-STD-454 REQT 15. P .

3.4.4.3 Storage Cell Case Quality Assurance Provisions. - The
Seller shall provide Grumman, with each shipment of storage cells,
data regarding the metal supplier, alloy designation, batch number and
certified chemical composition enalysis of rav material. Two copies
of these data shall be provided. Each can shall be visually examined
for blemishes, pits,.cuts, cracks, burrs, file marks, weak points,
poor wetting of braze Joints, incomplete pencirction of weld seams
or any other visual defect prior to further processing or test. Such
defects shall be ceuse for rejection and/or rework. Ceases shall not
be reworked for any cause more than iwice. <Cases requiring more than
two reworks shall be permanently rejected. ‘

344k . Storage Cell Case Assembly. - Storage cell covers
shall be assem>led to storaze cell cases using electric arc welding
with inert gas shielding per Specification iXL-W-8611. . The cell case skall
be passivated in accordance with Specification MIL-S-5002 and MIL-8TD-L5L,
REQ'T 15. Completed case assemblies shall conform to Grumpan Drawing TED.

6

3.L.5 Flectrodes and Electrode Assemblies. =

3.4.5.1 Geheral. - The electrode materials shall be
jdentical to those used in storage cells used for the Qualification
Program as stated herein. No changes in meterial guality, contents and
menufacturing technique shall occur without written approval by Grumman.
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3.4.5.2 Electrode Quality Assurance Provisions. - Two copies
of either the electrode purchasing specifications or the manufacturing
process specifications delineating the process from raw materials through
impregnation and storage for use on storage cells as specified herein
shall be furnished to Grumman prior to start of further processing.
Two copies of the electrode suppliers certification for both positive
and negative electrodes used herein shall be furnished to Grumman prior
to start of further processing. This certification shall slso contain
the following minimum information:

{a) Assigned plate batch number {melange).

{b) Assigned lot number.

(c) Dates of impregnztion.

(d) Percent porosity.

(e) Weighi of active materisl per plate.

(f) Positive capacity obtained.

(g) Negative capeacity obtained. ~

HOTE: Sample results based on 2 ressonable semple from each
poritive and negative sriral are acceptable for items (d)
through (g) ebove and tolerances are to be supplied by
the Seller.

3.4.5.3 Electrode Assembly Quality Assurance Provisions. -

Manufecturing and insvection operations on completed positive and
negative plates shall be controlled as follows prior to their formation:

(a) Inspection of cutting, coining and other operations affecting
the integrity of the sinter and grid.

Eng 2003 566
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3.4.5.3

{Continued}

(v) Eadges shall.be coined to prevent fleking of sinter material.

(¢) Visual inspection of plates. {100 percent inspection on
positive and negative plates prior to assembly into formation
pack) .

NOTE: Inspection criteria shall be established by the Seller
reflecting items listed in (d)(1) through (9) and {e)
as follows. Sample plates showing each type defect shall
be posted at inspection station.

(d) Plates shall be rejected if defects as listed as follows
are found: :

(1)

(2)

(3)

()

Crack detected in sinter exceeds 0.50 inch in length,
0.005 inch in depth, or 0.001 inch in width.

Rough edges, burrs and snags exceeding 0.0005 inch.
(Inspection shall be made with nylon gloves to feel

for pulls on fibers of glove. Inspection shall include
the entire electrode surface). -
Pimples, blisters, and peeling of sinter material. Pimples .
and blisters in excess of 0.002 inch above electrode
surfaces or evidence of sinter material breaking away

from grid.

Electrodes shall be of uniform thickness over entire
surface area (+ 0.001 inch). A 10 percent random
sample shall be selected for thickness determination.

‘If 81l samples can meet this thickness requirement then

ell pletes are acceptable. Yf one or more plates from

this semple cannot meet this thickness requirement, then

a 100 percent sample is. required in order to elinminate

all electrodes which cannot meet this thickness. Rejection
shall be final.

Eog 200.3 5-6G
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3.4.5.3 (Centinued)

{a) (Continued)

(5) Tab shall be free of sinter material.

{6) Coining of edges shall be uniform, (i.e., within #0.015
inch).

(7) OGrid support for sinter material shall be free of any
breaks or cracks.

(8) cut edges of plates shall be coated with polystyrene to
prevent flaking of sinter material.

(9) Dimensional checks shall show that plates are in sccordane
with applicasble drawings.

ROTE: The Seller may submit an alternate procedure subject Lo
. Grumman approval. Two copies of the specifications and
documentation for use shall be furnished go Grumman prior
to application.

(e} Plate Weisht Screening - Establish the average weight of the
positive electrode and negative electrode by a screening
method, Then each plate shall be screened by a GO-KO GO
tectinique. Each plate weight shall be within 3.5 percent
of the averape established plate weight. As an alternate,
the Seller may weigh and record each plate weight of each
electrode for each storage cell and measure each electrode
thickness at a minimum of four (%) locations, Electrode
traceability is required. The Seller shall establish detail
procedures and submit to Grumman for approval prior to start
of task,
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3.4.5.3 (Continued)

(f) Plate Samples - The Seller shall supply Grumman with 10 unformed
acceptable positive electrodes snd 10 unformed acceptable
negative electrodes from each plate lot (melange) used in
the production of the storage cell lot. Each electrode type
shall be placed in a polyethylene bag, heat sealed, and
permanently marked with the plate lot (melange) number,

3.4.5.4 Quality Assurance Provisions for Production
Processins of Electrode Assemblies. - Production processing and test
operations on storage cell electrode assemblies consisting of initial
inspection of plates, through formation, addition of KOH and sealing
of storage cell with gauge essembly shall be controlled as follows:

3.4.5.4.,1 . General. -
3.k.5.k.1. Atmospheric Environment. - The environment of the

formation facility shall be monitored with :espect to humidity and
temperature, , '

3.4.5.4.1,2 Handling of Materials. - All plates, separators and
materials shall be handled with gloves snd shall be sealed in clean room
grade plastic bags when not being processed.

3.4.5.4.2 Storage Cell Formation. - If the formation step on the
processes plajues oceurs prior to cutting io finished size, or if the
Seller finds the requirements stated as follews in compatible with
.his production process, the Seller may submit an alternate procedure
Tor Grumman apwproval. Two coples of such submission, including all
specifications and decumentation shall be furnished prior to use.

"3.b.5.4.2.1 Formation Pack Identification. - Sufficient numbers
of previously inspected positive and negative electrodes constituting a
storage cell pack shall have a formetion pack identifiecation number
assigned. Formation packx identification numbers shall be referred to
for all data recording during formation. Numbers shall be visible on
each formation pack. - '
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3.h.5.4.2.2 Separator Material (or Msterials). - Separator
material or materials used to wrap plate groups for formation shall be
inserted such that the outside surface of the two outer electrodes is
covered with separator material,

3.k.5.4.2.3 Formation Storage Cell Fabrication. - All formation
storage cells shall be fabricated from alkali resistant materials such
as nylong, plexiglass, ete. The adhesive or epoxy used to assemble
the containers shall also be alkali resistant.

3.k.5.4.2.4 Electrical Clips and Leads. - Electrical clips angd
leads must be stainless steel, nickel or nickel plated steel. Means for
attaching leeds to c¢lips must be alkali resistant,

3.4.5.4,2.5 Formation Pack Connectors. - The connectors holding
the plates together in the formation storage cells shall be constructed
of 316 or 30L stainless alloy, and shall be washed and rinsed in deionized
-water prior to installatiocn,

3.4.5.k.2.6 Addition of Electrolyte and Water to Formation Storase
Cells. - Electrolyte bubbling ocut of the storage cell during formation
shall be avoided. At the end of the first rormstion cycle, electrolyte
shall be added to a preset mark. Use 3k percent KOH to maintain preset
mark. -

3.4.5.5.2.7 Formation, Flectrochemical Cleaning, Cavacity
Determination, end Setting Relative State-of Charge of Electrodes. -

3.4.5.4.2.7.1 Assembled Formation Packs. ~ Assembled formation
packs shall be soaked in KOH (concentration as specified by the Seller)
+ 0.5 percent for a minimum of 16 hours and a maximum of 24 hours prior
to first electrical operation of formation.

3.4,5.4.2,7.2 Operational Conditions. - The following conditioens
shall be observed during operations .associated with 3.4.5.4.2.7:

{(a) XOH level in formation container shall be maintained sbove
the top of the plate stack.
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3.4,5.L.2.7.2 (Continued)

(v)

(¢}

(a)

(e}

Charge and discharge times shall be maintained as specified
by the Seller within + b percent of designated time periods.

NOTE: (1) Exact time of each charge and each discharge shall
: be recorded to nearest minute. Deviation from-
periods specified shall be subject to immediate
- Grummen notification and joint material review
board action. i

{(2) 1In case of power féilure, a notation shall be made
and shall be clearly visible in a manner similar
to that delineated on the semple Data Sheets.

Where constant currents for charge or discharge are specified,
and/or current measurements are used for calculaticons of ampere
hour capeacity, currents shall be regulated within + 2.0
percent of specified value,

Positive and negative current leeds of each formation series
circuit shall have an ammeter inerted in series with each
lead. One ammeter shall be marked "control'; the second
smmeter marked "monitor’. Readings of two meters shall
alvays match within 4 2.0 percent.

Volvage of each formation storage cell, and current of
serics formation circuit measuremcnts shall be made not more
than five minutes prior to end of all charge or end of all
discharge pericds. ‘

_ 3.4.5.5.2.7.3 Storase Cell Formation. - Formation shell be performed
in accordance with seller's schedule. Exceptions to certain operations
are listed below and apply to all storage cells manufactured. The
following steps shall be adhered to during the finel capacity determina-
tion of positive electrodes and setting of relative state-of-charge of
caedmium electrodes. The cell stack shall consist of 18 negative and
17 positive electrodes.
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3.4.5.4.2.7.3 (Continued)

{a)

{v)

(c)

(a)

(e)

(1)

Last formation dischargze to determine capacity of positive
electrodes shall be made at the C/2 constant current rate
(50.0 amps) to a storage cell voltage of 0.70 + 0.1 volt,

Voltage of each storage cell and discharge current shall be
recorded at 15 minute intervals during capacity discharge.
More frequent voltage monitoring is required to obtain a
discharge time to an meccuracy of one minute, Positive
electrodes shell be verified es limiting electrodes by
sampling one storage cell from each series formaetion group.
(Series formation group may consist of up to 26 storage
cells}. Time for each storage cell to reach a voltage of
+0.7 # 0.1 volt shall be recorded.

Each storage cell shall be removed from the discharge circuit

at the specified voltage and individually placed under a 0.l ohm
+ 10 percent resistive load sueh that the voltage decresses

to 0.1 # 0.1 volt. The resistor masy be removed from the

storage cell as soon as it reaches its specified voltage range,

Ampere hour capacity of positive electrodes as determined in
paregraph (a) shall be a minimum of 110.0 ampere hours. Any
storage cell exhibiting capacities below this value shall be
rermanently rejected,

Formation discharge shall be continued at 10.0 ampere rate when
all storage cell voltages in a gseries formation circuit are
less than +0.1 + 0.1 volt. Each storage cell voltage shall be
recorded before starting the 10-ampere discharge.

Positive electrodes shall be verified ss limiting electrodes by
sampling one storage cell from each series formation circuit.
Series formation circuits may consist of up to 26 storage cells.
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3.4,5.4.2.7.3 (Continued)

(g) Discharge time at the lO-emp rate shall be such that the
negative plate capacity of storame cells in the serles formation
circuit are discharged by a minimum of 1.50 times the average
of the positive plate capacity of the storage cells in the
series formation circuit as determined in paragraph (a)
and each storage cell shall be discharged to ~0.20 +O Og volt.

Any storage cell to be acceptzble must show a minimum capacity
retio of 1.50:1.00.. This cepacity ratio is defined as the

ratio of the negative ampere-hour capacity obtained, divided

by the positive ampere-hour capacity obtained for each respective
storage cell.

(h) Storage cell voltage and series string current shall be recorded
at least every 15 minutes during the 10-ampere discharge. lore
frequent voltage monitoring is required to obtain a discharge
time to &n accuracy of one minute., Total time that each
storage cell is on 1l0-ampere discuarge shall be recorded.

(1) Any storage cell exhibiting a voltage more negative than
~0.25 volt during or at the end of the 10~ampere dischearge
period shall be rejected. -

3.4.5.4,2,7.4 Wesh, Rinse and Drying of Plates. -

3.b.5,b,2,7.4.1 Plate Stacks. - Plave stacks shall be removed from
formation pact¥s and immediately submerged in deionized water having th~ '
initial required resistivity measurement per 3.4.6.3.1, Plates from a
series formation circuit shall not be mixed with plates from other
circuits. Wash and rinse shall be completed when & Ph reading of 8.0
or less is demonstrated from the -last dripping taken from plate samples
pulled from wash container. Ph reading shall be recorded.

3.4.5.5,2,7.4.2 Drying. - . Drying of plates shall be accomplished
in air at 50 + 5°C. Drying time shall be a minimum of 16 hours and a
maximum of 2/ hours. Oven temperature not exceeding the maximum limit
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3.4.5.4,2,7.4.2  (Continued)

specified during drying operation shall be demonstrated. "Time in" and
"time out" of oven on each group of plates shall be recorded. All
internal storage cell ccmponents shall be handled with lint-free

gloves in an area designated for aerospace storage cells, Good
housekeeping procedures are reguired at all times.

3.4.5.%.,2.8 Inspection and Weighing of Electrode Assemblies. -
Inspection on each electrode shall be performed in accordance with 3.4.,5.3.
Particular attention shall be given to bent comers on grid and blisters
on sintered material, Positive, negative and auxiliary electrodes for
each storage cell shall be grouped and their weight per storage cell
shall be recorded to the nearest 0.1 gram.

3.4,5.4.2.9 Weld Plates to Combs. - Plates shall be stacked
and welded. Welds shall be in accordance with Specification
MIL-W-8611A as applicable and shall be reasonably free of oxidation
upon visual inspocticn. Welds shall be inspested for burn through
of plate grid or comb and inspected for loose materials. The Seller
shall supply weld procedures used and rejection criteria to Grumman
for approval prior to use.

3.4.5.4.2.10 Plate Stack Wrav (Sevarator Material), - Separator
material shall be tested in accordance with 3.4.3.1. Lot number and
type of separator material shall be recorded on Data Sheets. Alignment
of plate edges utilizing an alignment gage -hall be performed.

3.4.5.4,2.11 Fesistance Test of Plate Stack Assembly. - Electrode
assemblies shall be compressed to the minimum equivalent final stack
thickness of 1.363 inches * 0.010 inch.

"NOTE: Controlled periodic calibration required if conducted on a
test Jig.

While under compression, minimum resistance, (at
50 VDC)} shall be 100 megohms, Storage cells not meeting this criteria
shall be identified on Data Sheet and not reworked more than once.
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3.4.5.4,2,12 Radiographic Examination. - Radiographs shall be
taken of each storage cell for inspection of workmenship, foreign
metallic particles snd drawing compliance. Three radiographic views
shall be provided for each storage cell. Prior to welding the cover
to case, one edge view along the Zc axis (as defined in Figure 6) and
one flat view along the Xc axis {as defined in Figure 6) shall be
provided. After welding of cover to case and pinch-off, one flat view
along, the Xc axis shall be provided. No more than three storage cells
shall be included in each radiogzraph tazen of the flat view and no
more than four storaze cells shall be included in each radiograph
taken of the edge view. As & minimum, each rediogresph shall contain,
storage cell serial number, positive or negative termineal location,
view number, suitable control number, date radiograph was taken and
an image quality indicator. All radiographs shall have good clarity.
Prior to the performance of this task, the Seller shall submit to
Grumman for review and approvel a Radlographic Examinaetion Procedure.
Radiographs of all storage cells purchased shall be submitted to
Grumman prior to shipment of the storage cells.

3.%.5.4,2.12.1 Relection Criteria. -* Storage cells shall be
rejected if the following is observed: ' ,

(a) ‘Foreign particles greater than 0.010 inch in any direction.

NOTE: The exception shall be those storage cells which have
completed one rework cycle and $till show foreign
particles grester than 0.G1% inch in any direction.

These storage cells are permissible for use as test
storage cells, provided that they can successfully

pass all electrical and mechanical requirements specified
herein., These storage cells shall be tezgged =nd prior to
shipment they shall be marked FOR TEST USE ONLY.

{b) Tab bends greater than 90 degrees.

(¢) Poor workmanship and nonconformance to drawings.
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3.4.5.4.2.12.2 BRework. = One rework cycle on defects detected
prior to welding of cover to case is permissible. Additional rework

reguirements are:

(a) Workmanship - Each storage cell stack shall be closely re-
examined, prior and during re-insertion in the container, for
quality workmanship standards. Any degradation in workmanship
standards, after or during rework, from those existing at the
time of original manufacture shall be cause for rejection.

(b} Complete replacement of the stack wrepper is required if the
stack was completely removed from its container during the
rework. ' oo

(c) Each storage cell, if the stack was completely removed from its
container during the rework, shaell be subjected to the resistance
test requirements of 3.4.5.4,2.11 and shall meet the requirements
specified therein, '

{d) A complete rework log shall be maintained snd submitted to Grumman.

(e) A complete radiographic re-examinstion shall be conducted on +th~
revworked unit. _ ' :

(f) No rework shall be permitted on units where defects are detected
after cover weld and/or pinch-off is completed.

3.5.5.4.2.13 KOH Fill. - KOH shall be prepared and tested in
accordance with 3,4.6.3.3. Data from batch card on Data Sheet shall be
recorded. Each storage cell with dust cap shall be weighed to the
nearest 0.1 gram before KOH is added. Contamination of KOH shall be
prevented by utilizing pre-weighed, bottled allotment while filling and
by minimizing KOH exposure to atmospheric conditions, The amount of
. KOH shall be specified by the Seller. The exact procedure shall be
submitted for Grumman approval.
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3.%.5.%.2.1%  Storase Cell Weipht. - Each storage cell shall be

weighed immediately after fill and the dust cap installed to fill tube.
Storage cell weipght with dust cap shall be recorded to the nearest 0.1
grem. Weight gain must be within * 3 percent of nominal value specified
by the Seller. Pre-tested gage assemblies shall be installed within 10
minutes of filling operation. Storage cells left unsealed longer than
10 minutes shall be relected. Immediately after installation of gage
assembly, storage cells shall be evacuated to 25 inches minimum gage
“vacuum. All fittings, gages and associsted components of the gage
assembly shall be of non-corrosive material in a KOH environment.
Jackets must be put on storage cells to assure surface of plates are
parallel, and then torqued to a specified value. This torque value,
and the restraining procedure shall be submitted for Grumman approval.

3.4.5.4.2.15 Lesk Test of Storage Cell and Gauge Assembly. -~ After
the cover has been welded to the storage cell case, and prior to filling
with KOH electrolyte {as specified in 3.4,5,2.13), the storage cell shall
be filled to 2.0 psia +0.2 psia with Research Type, Zero Grade helium
hzving the following impurities composition:

Cop = 0.5 PPM by volune
CHy = 0.5 PPM b& volume
No = 5.0 PPM by volume |
Total Hydrocarbon Content (1HC) = 1.0 TFM by volume
0 = 4 PPM by volume

Ho0 = 4 PPM by volume

‘DEW Point = -89°F.

The pinch tube shall then be sealed.
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3.4,5,4,2,15.1 Helium Soek. - The storage cell under test shall be
placed in a chamber which shall be pressurized to 2.0 + 0.1 etmospheres
using Research Type, Zero Grade helium as deseribed above. The storage
cell shall soak at this condition at an ambient temperature T7 + 10°F,
and with the pressure maintained within the sbove noted limits for a period
of not less than 48 hours, or more than 72 hours.

3,L.5.%,2,15.2 leek Test. - At the termination of the sosk period,
the pressure in the chamber shall be reduced to 1.0 + 0.05 atmosphere,
and the storege cell shall be removed to the helium detection mass
spectrometer bell jar. No more than 2 minutes shall elapse between
removal from the pressure chamber and sealing of the mass spectrometer
bell jar. While handling the storage cell under these conditions, contact
with welded or sealed surfaces .shall be avoided. White lint-free gloves
shall be worn and the room atmosphere shall be that of a Cless I Clean
Room.

NOTE: The above constraints may be avoided if the mass spectro-
meter bell jar is modified for use as & pressure chamber.
However, handling of the storage cell prior to placement
in the bell jar shall be subjlect to the constreaints listed

. gahove,

_ The mass spectrometer bell ja+v <hnall he evacuated to
a pressure of < 1.0 x 10-6 mmHg. The mass spectrometer shall be activated
within 1 minute after the pressure has stabilized, BSince the high pressure
sosk may cause helium to become entrapped on rough surfaces, the iuitial
readings may be very high. Continuous leakage rate readings shall be
taken at least once every 5 seconds until tue readings are stable,
{Stability is considered to be change of less than 1 percent in any
3 sequential readings.) The stable readings shall indicate a leskage
rate of < 1.0 x 10~° std ce/sec. per cubie inch of free volume., The
readings shall stabilize within less time than that required for 10
percent of the helium backfill (by volume} to be emitted through the
seal at the leakage rate limit. In the event that steble readings are not
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3.4,5.4.2.15.2 (Continued)

obtained within this time, or that the stable readings are > 1.0 x 10-6

std ce/sec. per cubic inch, or Z1.0 x 10-10 std4 cc/sec. per cubie inch, the
storage cell shall be subjected to the gross leak bubble test of

Stendard tIL-STD-202D, Method 112A, Test Condition B before proceeding to
the next step in fabrication. If the storage cell passes this test,

no further lesk testine other than KOH leskage per 4.5.15 shall be
performed. If the storage cell fails the bubble test, it shall be
permanently rejected. {llote thet the above test is a modified form

of Standard MIL-STD-202D, Method 112A, Test Condition C, Procedure ITIA).

3,4.5,4,2,16 State of Charge Adjustment. - The Seller shall provide
for a procedure to adjust the charze on the negative electrodes of each
storage cell. The procedure used shall include sufficient guantitative
neasurement of storage cell parameters during the charge adjustiment
such that caleculastions can be made to determine exact charge adjustment
on negative electrodes. The procedure is sublect to Grummen approval
prior to use. ' :

_ The excess negastive capacity as measured in
3.4.5.4.2.7.3(g) shall be distributed in & Zinished storage cell as
follows:

: (ToTN1) shall show a value between 20 percent and
30 percent of (IoTH3), as defined in 3.L.5.5.3.5. :

‘The distribution of the negative electrode capacity
shall be determined in accordance with 3.4.35.5. If any storage cell
of & formetion lot fails to meet the requirements of this paragraph, or
cannot yield a negative to positive capacity ratio (TH3) of >1.50:1.0C,
as defined in 3.%.5.5.3.5, for the total storage cell stack, the entire
formation lot shall be rejlected. ' i C

3.4.5.5 Quality Assurance Provisions for Electrode Capacity
Test. - The electrode capacity test shall provide a measure of the
discharge capacity of the positive {nickel) electrode and of the
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3.4.5.5 (Continued)

negative (cadmium) electrode of storage cells as separuate data under
a standard set of conditions. This test shall be rum in & manner such
that the excess negative capacity beyond complete discharge of the
positive (or excess positive beyond the negative in case of storage
cells that may be nepgative limited on discharge) may be determined in
addition to the total capacities of the electrodes. These data may be
used to establish one or more of the following:

() Renge and distribution of positive capacities.
(b) Range and distribution of negative capacities.

{(¢) Difference between and/or ratio of total negetive and positive
capacities.

(@) Excess negative {or positive) on discharge.
{e) Excess negative on charge.
A total negative/positive capacity ratio of 1.50:1.M0
minimum is required. Any ratio less than 1.50:1.00 obtained under the
following conditions specified is subject to rejection of the entire

storage cell group it represents,

3.4,5.5.1 Sampling Rate., -

{(a) A minimum number of storage cells, as shown in the table as
follows, from each formation group of 52 storage cells (or
less) shall be random selected at the conclusicn of the
electrical formation cycles. The test storage eell(s) shall
be selected prior to further processing. Electrolyte level
shall be adjusted to & minimum of 1/4 inch above the separator.
Tests shall start as soon as possible, but not rmore than two
days after formation.,
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(v)

(c)

3.4.5.5.1 (Continued)

(a)

(Continued)

NOTE: Electrodes of a smaller size may be used for this
sample, but minimum size shall bte 12.0 ampere-~hour
capacity. Such electrodes shall be taken from the
same plagques as those for the formation group, and
plaque uniformity shall be demonstrated. FPlaque
uniformity criteria, and other processing and test
criteria relating to this test under the following
conditions shsell be submitted for Grumman approval.

A minimum number of storage cells as shown in the table as
follows, from each formation group of 52 storage cells {or
less) shall be random selected at the conclusion of the
plate neutralization and drying operation. The test storage
cell(s) shall ve fabricated with formation hardware to
stendard storage cell core configurations {i.e.: 17 positive
electrodes, 18 negative electrodes). The storage cell(s)
shall be flooded with 34 percent KOH solution to a level

1/4 inch minimum sbove the separavor. Tests shall be per-
formed a3 soon as possible, but prior to activation of
storage cells of this particular formation group. '

A minimum number of storage cells, 2s shown in the table

as f-llows, from each formation group of 52 storage cells

(or less) shall be random selected at the completion of the
standard capacity test. (Discharge capacity immediately prior
to pinch tube closure). Following the standard 0.2 ohm =nd
dead short periods, the test sample(s) shall be opened by
removal of the geze assembly end flooded with.34 percent

KOH. . Tests shall be performed on sample storage cells prior
to any pinch~off tube closure of formation groups from which

- the sample was taken.
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3.L4.5.5.1 (Continued)

TABULATION OF SAMPLING RATE

Development Storage 27-Storage  Th-Storage Cell
Paragraph Cell Group Group Group
3-‘4-5-5-1(&) 2 l 2
3.4.5.5.1(b) - - -
3.4.5.5.1(¢) 2 1 2
. 3.4.5.5.2 Appliceble Conditions. - The following conditions are
applicable: ’

(a) Storage cell temperature shall be between 75 + 5°F,
{b) Storage cell terminal voltage shall be recorded.

(e) Voltage from both positive and negative terminals to the
reference electrode shall be recorded continuously or .at
intervals not to exceed 15 minutes. _

(d) Since material purity is of utmost importance to the performance,
life and reliability of these storage cells, no contamination by
foreign meterials is permissible. The following preceutions
are those considered minimally adequate to assure fulfillment of
this requirement during all hendling and storage:

(1) Electrode plagues, and stored electrodes shall be kept in
inert atmosphere in sealed containers,

(2) If the same facility, mznufectures or processes silver
and/or zinc electrodes, complete separation of the ares
in which these storage cells are handled is mandatory.
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3.4.5.5.2 - (continued)
{a) (Continued)

{3) No smoking, eating or food storage shall be permitted
in the electrode processing and/or storage cell assembly
axreas. : ’ ‘

(¥) Lint-free gloves and clothing shall be worn at all times
by personnel handling plagues, electrodes and storage cell
assembly. Hair covering are strongly recommended.

(5) As a minimum, stmosphere in the plaque, electrode processing
end storape cell assembly area shall be conditioned to
maintain temperatures of 75 + 5°F, 50 + 5% relative
humidity. Alr exchange techniques and filtering shall
be used with exchange flow rates of not less than 75 linear
feet /minute to avoid settling of dust and other foreipgn
contamination particles. A Class I Clean Room is preferred.

NOTE: Since the storage cell is in a stainless steel container, and
both electrode terminals are insulated from the container, *u»
container itself may be used as & rough substitute for a
reference electrode. Even though the container potential is
a function of the pressure O» or Hp in the storage cell, the
changes in electrode voltage at end of capacity are relatively
la~me and usually can be clearl, identified using the container
8s & reference.

3.4.5.5.3 . Teést Procedure. -

3.4,5.5.3.1 . Residual Negetive Electrode Cavacity. ~ A 0.20 ohm
+ 5% resistor shall be placed across the storsge cell terminals for 16
hours. Tnen discharge at 10.0 amperes until terminal voltage indicates
-1.0 volt. Terminal (storage cell) voltage and voltage. from both positive
and negative terminals to reference electrode shall be recorded.
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3.%.,5.5.3.2 Filling. - Storsge cells shall be filled until flooded
with 34 percent KOH solution. KOH guantity required and additional
electrolyte added during entire test shall be recorded.

3.%.5,5.3.3 Charge. - Storage cells shall be charged st 10.0
amperes for a minimum period of 40 hours until a storage cell voltage
of 1.51 volts is reached. A maximum period of 64 hours shall not be
exceeded, Storage cell and reference storage cell voltages shall be
recorded continuously or at intervals not to exceed 1 hour. :

3.4.5.5.3.h4 Discharge. - Storage cells shall be discharged at
50.0 amperes until terminal voltage indicates -1.0 wvolt. Positive and
negative terminal to reference voltages shall be time recorded when the
storage cells terminals reach:

{a) +1.0 volt

(b) +0.5 volt

(¢} 0.0 volt

(e} -1.0 volt

NOTE: The storsge cells shall be protected from further contact with
the atmosphere in the event furcher testing is required.

3.4.5.5.3.5 Caleculations, -

Let

(Tyy) = time to -1.0 V {as delineated in 3.%.5,5.3.2)

"

time to discharge precharged negative
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3.h.5.5;3.5 {Centinued)

Io E%N3) - (TP3) - (Tmiﬂ

(Ty3) . =
(Tp3)

obtained shall te submitted to Grumman.

nickel, number 270 cold-=drawn rod stock.

excess capacity of total negative

precharged negative capacity

(Tp3) = time from start of discharge (full charge)
to +0.5 V (as delinested in 3.1.5.5.3.4(b)).

= time to discharge ﬁositive electrode
(Ty3) = time to -1.0 V as delineated in 3.4.5.5,3.4(e).

= time to discharge total negative electrode
1o = discharge current = 50.0 samps.
Then : .
Ip [ETN3) - (Tﬁiﬂ =

' over positive

Io (Twy) | -

excess (discharged) negative

~capacity at the charged end

negative-to-positive ratio

3.h.5.5.3.6 Submittal of Data. - Two copies of all informetion

Sterage cell fabrication and/for

testing may continve, at the seller's own risk, provided that the
storage cells have met the criteria established above.

3.k.6 Terminals. - Terminals provided for positive and
negative electrodes shall be rated at not less than 100 amperes
continuous duty. The terminals shall be made from pure, non-porous

Both terninals shall be insulated

. from the storage cell cover by means of a ceramic insulator having an alumina
content of 96 percent nominal but not less than 94 percent. The insulatrr-
to-cover junction shall employ a stress-relief configuration such that
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3.hk.6 (Continued)

relative motion between the terminal assembly and the cover applies minimum
stress to the insulator and to the metal-to-insuletor bonds. The collar-
to-insulator and insulator-to-terminal bonds shall be made using a
metsl-to-ceramic bonding process subject to approval by Grumman,

3.L.6.1 Control and Testing of Feedthroush Terminals
and Seals. - Materials, manufacturing and test operations on the storage
cell feedthrough terminals, seals and related hardware shall be controlled
by the following criteria. Two copies of all data obtained herein shall
be furnished to Grumman prior to further processing.

3.4.6.1.1 Ceramic Material. — The ceramic material shall be
alumina of 9l percent purity minimum.

3.4.6.1.2 Mechanical Inspection. -

{(a) Dimensions - Samplirs 2.5 A.Q.L.

{v) Chips, eracks, grain
structure (uniform

density), voids - 100% inspection, visual & radiographic
3.4.6.1.3 Cleening. - Components shall be cleaned by ultrasonic

bath using frecr.

3.4.6.1.1 Lot Tensile Test. - Each new lot of active metal snd
each new lot of ceramic shall be subjected to an ASTM tensile specimen
test. A minimum of three sets shall be treated identieal to standard
production processes, then vacuum brazed using an iron-nickel alloy 52
vasher. Sample tensile strength must exceed 6000 psi. The Seller may
propose an alternate test, subject to approval by Crumman. '

3.4.6.1.5 Braze Alloy. - The braze alloy shall consist of
silver-copper ~ 5 percent palladium, and shall contain & minimum of
carbon. Each new lot of active metal shall be subjected to & semi-
quantitative spectographic analysis. In addition to the expected
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3.4.6.1.5 " {Continued)

elements, the carbon content shall be measured. Allowsble impurity
limits shall be established by the storage cell seller and made

sveilgble to Grumman. A braze flag test shall be run on each lot to
determine solidus and liquidus polints, or supplier's certification on
‘each lot used herein shall be furnished to Grumman. Irmedistely after
completion, a 2 percent semple or one(l) piece, whichever is greater,

of brezed headers shall be supplied to Grumman for metsllurgicel studies.

3.5.6.1.6 Cover Assembly., =

3.4.6.1.6.1  Metal Parts. - Metal parts shall be inspected for
conformance to drawings, physical dimensions, surface defects, and burrs
that may interfere with intended function.

3.4,6.1.6.2 Clesning. - Chemicel cleaning shall be utilized on
all parts and.a combination of chemical cleaning and furnace firing shall
be utilized on cup and collar to prepare them for vacuum brazing.

3.4.6.1.5.3 Welding of Pinch Tube to Cover. - Welding of pinch tube
to cover shall bé controlled by & process specification to insure adequave
weld strength and seal integrity or mey be tested as an integral'part of
the cover.

3.4.6.1.7 Insnection. - Cracks, porosity, excessive burning,
oxidetion and foreign inclusions shall be inspected 100 percent. 100
percent insvectlcn shall be performed on all pinch tube cover welds and
they shall be capable of passing a helium lesk test (lesk rate in
accordance with 3.5.5.%.2,15). Samples shell be tested periodically for
weld quality by metallurgical secticning.

3.k.6.1.7.1 Asserbly Fixturine., - Mechanical fixturing shall be
. adeguate to insure maintenance ‘of part positions during brazing operation.
Self-jizging features shall be included where possible. Particular.
attention shall be paid to alignment of terminal post and ceramic to
raintain conceviricity. Provision for periodic cleaning of fixture shall
be made. )
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3.4.6.1.8 Vacuum Braze Operations. - Processes shall be
established which ensure clean handling of parts and fixtures, A
brazing inspection plan shall be submitted by the Seller for Grumman
approval. :

3.4.6.1.9 Visuel Inspection. - All units shall receive inspection
of terminal location, seal Junction continuity, braze joint quality, pin~
holes, and flowout shall be visually inspected using magnification aids
where required.

3.4.6.1.10 Insulator Resistance. - All units shall receive san
insuletion check. FEach unit must exhibit resistance sbove 100 megohms
at 50 VDC.

3.4.6,1.11 Leak Check. - Each complete cover assenbly shall

receive a leak test to assure braze-joint integrity in accordance with
3.4.5.4.2.15 with the following exceptions:

(a) The lesk test process shall be done in accordsnce with
Standard MIL-STD-271, paragraph 6.1.2 throuch 6.5 as amended
for the actual hardware, and by 3.4.5.4.2.15 herein.

(b} Tne helium soak shall be done in the mass spectrometer's bell
Jar, with the under side of the cover exposed to the vacuum,
and the upper side exposed to the helium at 1.0 + 0.05 atmosphere,
The sesk period shall be 1 to 2 hours.

(e) Following the soak period, the maximum leak rate shall be
1.0 x 10-8 std. ce/sec.

(d) There shall be no bubble test for assembled covers.

The above test shall be performed on a 100 percent
sample basis st the Seller's cover assembly facility. The storage cell
' seller shall perform the same test as part of his incoming inspecticn
procedure on an AQL basis TBD. The storage cell seller shall be cause
for rejection of the cover 1ot,
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3.4.6.1.12 Insulator Pesistence. - Insulator resistance shall be
tested by 100 percent sampling. The resistance across each insulator shall
exceed 100 megohms when 50 VDC is applied. After completion of storage
cell assembly, but prior to filling, the resistence shall be measured,
using a megohmmeter applying 50 VDC as follows:

N

(a) (+) terminal to (-) tefminal, resistance shall be 100 megohms
or greater. ‘

{t) (+) terminal to case _
_ Resistance shall be 100 megohms or greater,.
(e) (=) terminal to case ’ C

3.4.6.2 Control and Testing of Water and Electrolyte., - The
electrolyte solutions and wash water used for storage cells specified
herein shall be of high purity. Two copies of all data obtained herein
shall be submitted to Grumman prior to further processing. '

3.4.6.2.1 Deionized Water, - Duloni.ed water used in sll wash
vater, dilutant, or additive shall have a resistivity of greater than
1.0 megohm-cm. In the event the resistivity drops below 1.0 megohm-cm,
the process shall be stopped until the resistivity is restored to the
specified limits. The resistivity is to be determined prior to each
operstion in which the water is used. A suitable conductivity sterage
cell calibrated less than two weeks prior to start of water requirement
tests used on s*~nrage cells constructed under this specification shall
be used, Criteria for calibration shall be as follows:

(a) The conductivity storasge cell shall be re-calibrated at two
. week intervals (maximum) until completion of the water
requirement tasks.

(v) The calibration shall be conducted in a Q.1 percent potassium
chloride solution and shall record a conductivity of 1410 +
20 micromnos at 25°C (a terperature correction as per the
hanbook of Chemistry and Physics may be used). If conductivity
is net within these tolerances, the conductivity storage cell
mist be replaced or replatinized,
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3.4.6.2.1 (Continued)
(c) The silica content in the vater shall not exceed 1 ppm.

(a) The solids content of the water mist be determined by the
geller. The maximum solids content shall not exceed 50 PPM, and
shall be recorded as data for submission to Grumman.

3.4.6.2.2 Distilled Water. - Distilled water used either as
wash water, dilutant or additive shall be tested, and shall meet the
requirements of 3.4.6.2.1(c) and ().

3.4.6.2.3 Electrolyte. - The supplier, batch number, grade,
englysis, date of purchase and dats container is opened must be recorded.
The potassium hydroxide "mepcury cell' grade electrolyte concentrate as
defined by Allied Chemical Company or equivalent, shell be mixed with the
distilled water to mesxe-up a solution with a tolerance of +0.5 percent.
Each batch of electrolyte shall be analyzed for carbonate content and
nydroxyl ion concentration using the double titration method of pheno-~
lphthalein end point followed by methl purple or orange end point.
Carbonate concentration must be less than 0.01 gm/liter. The hydroxyl
jon concentration shall be determined by analytical methods. The
concentration tolerance to KOH shall be +20 mg/ce. The electrolyte
shall be analyzed for nitrate content. The tolersnce level is 1 mg/liter
nitrate or less, using a colorimetric analysis technique. The Seller
shall prepare procedure detsils and submit them to Crumman for approval.
The shelf life of the standard acid used in the titration shall not have
been exceeded.

The completed solution shall be stored in sealed,
pre-weighed containers until used for sto.age cell fill., Tach such
container shall be identified with the original concentrate batch data
noted sbove, the date of dilution, the dste of test, the test data sheet
and the storaze cell serial number for which it will be used. During
storage process, minimum exposure to smbient air shall be required.

3.k.6.2.31 Semple. < The Seller shall supply Grummen with en
electrolyte sample of each electrolyte bauch (after dilution to the
proper concentration) used in the storage cell constructien. The
guantity of electrolytle sample shall be approximately 1 oz. It shall
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3.4,6,2.31 {Continued)

be suﬁpned in capped polyethylene bottle(s) permanently marked to
identify the storage cell serial numbers this electrolyte batch was used
fOI'- s . .

3.4.6.2.4 Spectrochemical Analysis. - A spectrochemical
annlysis shall be performed on the electrolyte from each batch used for
storage cells. The content of the following impurities shall be
determined and reported: : ' :

(a) sSilver

(b) Cobalt

(c) - éoPper

(d) Iron | ' .

(e} Sulfur

(f) Zinc | B

Any other impurity found to bé present in concentrations
grester than 100 ppm shall also be reported.

3.k.7 Cover-to-Case Junction. - The cover shall be electric-
arc welded to the container using inert gas shielding. No welds beyond
dirensional limits shall be permitted, Weld joints shall not be ground
or polished. Weld beads shell be smooth and free of folds. Repair welds
sre acceptable provided repair ereas meet wac above weld requirements and
the repair is accomplished by using filler wire conforming to Specification
MIL-R-5031, Class I or 1I. . ‘ ‘ ‘

Prior to case to cover weld and prior to complete
insertion of the storaze cell stack, the exterior of the storage cell
container shall be permanently serialized. Any technique other than
electro-etch requires prior Grummen approval.

3.4.8 ‘Electrolyte Leskase, - The storage cell shall show no
evidence of electrolyie leakage whenever subjected to the test of 4,5.13
up to four (L) years after completion of the storage cell manufecture.
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3.4.9 Size and Weight. - The size and weight of the storage
cell shall not exceed the limitations specified in Specifications Control
Drawing TBD. The seller shall establish such weight control procedures
as are nEEEésary to insure meeting this guarantee.

3.4.10 Operating Position. ~ The storage cell shall operate

normally in any position and under any gravity conditions from zerc “g"

to 11.3 "g". (See 4.5.7)

3.4.11 Operating Temperature. - Each storage cell shall be
capable of functioning normally, shall have dimensional stability, ang
shall deliver at least 80 percent of its respective rated capacity within
the ebove specified voltage, when operating at temperature extremes of
30°F to 110°F. (See 4.5.9 and 4.5.10).

3.4,12 Thermal Vacuum. - The storzge cell shall be capable of
operating in a pressure of 1.0 X 10° mm Hg without evidence of mechanical
or electrical failure or electrolyte leakage.

3.4.13 Vibration. - The storage cell shall be capable of opera-
ting under vibration as specified in 4.5.6 without internal storage cell
mechanical fajlure or leakage.

3.h4,14 Mechanical Shock. - The storage cell shall be capable
of operating under shock as specified in L4.5.8 without showing evidence
of mechanical or electrical failure.

3.b4.15 Gas Tightness ¢ Storar~ Cells, - The storage cell suitably
restraining, shall be hermetically sealed end shall be capable of withstanding
an internal gas pressure of at least 225 pa‘s at 145°F without leakage for 30
minutes at any ambient pressure from one atmosphere down to s pressure of 1.0 X
107 mmHg or less. In orderto rermit satisfactory leak detection rrecedures to
be used on sealed equipment, all such items shall contain between 8 percent
and 12 percent of helium gas ty vo.w:s. The design objective for each item
shall be zero leakage at the expected pressure differential. The maximum
aliowaﬁle lesk-rate of the sealed storage cell shall be as defined in
3.4.5.4,2.15, :
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3.4.16 Acceleration. - The storage cell shall be capable of
withstanding accelerations as specified in 4.5.7 without mechanical or
electrical failure.

3.4.17 Container Finish. - See paragraph 3.k.b

3.4.18 " Identification of Product. - The manufacturer shall
identify each storage cell by branding or stamping a serial number plus
,date of activation .on an accessible area. In addition, storage cells that
are delivered to Grumman shall be stamped or tegged as follows:

Weight : A.H. at 1-Hour Rate

Date of Activation : Type Nickel-Cadmium

Manufacturer Mode No?

Manufacturer Berial No..

GAC Specification Control Drawing No. and Dash No.

3.4.19 Polarity Markings. - The polarity of the positive
terminal shall be plainly indicated on the contaimer cover by electro-etch.

FEng 2003 5-66 ; )
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3.4.20 Manufacturing Data. - The manufacturer shall maintain a
log on the history of each storage cell by recording the following data:

~{a) Serial number of storage cell
{v) Date of manufacture (date of pinch-off)
{c) Date of activation (addition of electrolyte)

(4) Type and duration of electrical tests performed on the
storage cells ,

(e} Charge and discharge method and rate used in electrical tests
{(f) End of charge and discharge voltages

(g) Test conditions

(h) Test results including features

(i) Materiel traceability (consisting of complete records of
storage cell components including batch nurbers and components)
This log shall be maintained on all storage cells
manufactured for the Manned Orbiting Space Station Storage Battery Module
development program and shall be available to Grumman on reguest.

3.4.21 _ Workmanship. - The stor.ge cells, including all parts
and accessories, shall be manufactured in a thorough workmanlike manner.
Particular attention shall be paid tc neatress and cleanliness.

3.4.21.1 Neatness. - Neatness shall include thoroughness of
soldering, wiring, impregnation of coils, potting, conformal coating, marking
of perts, and assemblies, plating, painting, riveting, machine screw assenm-
blage, welding, brazing and freedom of parts from burrs and sharp edges.
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3.h.21.2 Cleanliness. - Each part, component of the equipment
shall be free from residual contaminants such es corrosion inhibiting oils,
cutting oils, forming oil lubricants, greases, dyes, wire clippings, solder
balls, non-metallic shim stock, extraneous debris and dirt.

. Precautions shall be taken to prevent contamination of
the eguipment during manufacturing, handling and shipping. The seller shall
maintain adequate controls to assure consistency in maintaining acceptable
workmanship and cleanliness levels. Quality workmanship and cleanliness
standards, including any required visual asids, shall be established and
submitted to Grumman for approval. :

3.5  Performance. -
3.5.1 Capacity. - The storage cell shall meet the following
capacity requirements: : _ :
Discharge Discharge . Min. Regd.
Temp Current Time Min. Cut-Off Capacity
Condition °C - Amp . Hrs. Volt. A.H.
1 20 ~ 83.5 1.20 1.00° ~100.0
2 20 50.0 2.10 1.00 105.0
3 20 20.0 5.50 1.00 110.0
b 0 l83.5 1.20 1.00 100.0
5 0. 50.0 +2.10 1.00 105.0
6 0 20,0 5.25 1.00 105.0
3.5.2 Life. - The étorage cell shall be capablé of withstand-

ing an 11,000 cycle charge-discharge test as specified in 4.5.3. Thirty-
thousand cycles shall be a design goal. ‘ .

'3.5.3 ‘ Retention of Capacity. - Thé storage cell shall be
designed to meet the retention of capacity after tests specified in 4,5k,
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3.5.h Storage. -
3.5.4,1 In Dry (Unfilled) Condjtion. - The fully assembled,

dry (unfilled) storage cell, when stored for periods up to 5 years, shall
show no detrimental performance effects. After activation, the storage
cell shall be capable of meeting all performance requirements stated herein
and shall show no performance deviations.

3.5.4,2 In Filled (Sealed) Condition. - The storage cell shall
be designed to meet the storage test of 4.5.5 in filled (sealed) condition.

3.5.5 . Thermal Requirements. - The internal thermal degign of
the storage cell shall be such that satisfactory operation of the storage
cells is assured under mll operating conditions when the storage cell case
surface temperature is maintained at 32°F to 68°F, All operation, perfor=
mance and reliability requirements specified herein shall be met within
these extremes.

3.5.6 Charging. - All storage cells shall be capable of being
charged at a maximum charge rate of 62.2 amperes, Charging shall be accom-
plished within the maximum limiting voltage constraint specified in Figure 1,
Each storage cell shall be capable of being fuily charged from S50 percent to
100 percent state of charge in a maximum of 58 minutes without exceeding the
limiting voltage value specified in Figure 1, (This charge shall include
the overcharge necessary to account for the ampere-hour efficiency value of
the storage cell at a particular temperature.) (See Figure 2.) All storage
cells shall be capable of accepting continuous overcharge currents up to
the maximum values shown in Figure 4 without 2xceeding 75 psig internal
storage cell gas pressures and the limiting voltage value specified on. the
lowest curve in Figure 1,

3.5.7 Retention of Charge. - Each storage cell shall be free
of short circuiting paths between negative and positive terminals and shall
maintain an open circuit voltage of no less than 1.15 volts when tested in
accordance with the provisions of 4.5.11.
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3.5.8 Internal Impedance. - Each storasge cell shall have
internal impedance parameters within the range shown below when measured
under the specified conaltions:

Parameter Range of Value(s) Measurement Condition
TRD TBD %.5.1.3.TBD
TBD TBD 4.5.1.3.TBD
TBD TBD 4.5.1.3.TBD
TED TBD 4,5.1.3.TBD
TBD TBD 4,5.1.3.TBD
TBD TED 4.5.1.3.TBD

b QUALITY ASSURANCE PROVISIONS

h,1 Classification of Tests. - The inspection and testing
of the 100 ampere-hour iickel-Cadmium Storage Cells and component parts
shall be classified as follows:

in two parts as follows:

(a)

{v) Thermal Testing

Storage Cell Testing

The results of these tests shall be used to provide
design data for the 100 ampere-~hour Nickel-Cadmium Storage Cell.

k.2.1 Storage Cell Testing. - Each storage cell of the
Development Test Group as defined in the Puw:chase Order shall be subjected
to the fellowing tests: , _ :

(a) Development Tests

{(p) Qualification Tests

(¢} Quality Assurance Tests |

4.2 - Development Tests. - Development tests‘shall be conducted

~
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y.2.1.1 Test'Conditioﬁs and Data Acquisition. -

(a)

The tests of 4.2.1 shall be performed under the following
conditions: |

(1) Temperature Tolerance: #* 1°C

(2) Current Tolerance: * 2%
(3) End Voltage Tolerance: + 10 millivolts

Data shall be taken on a continucus sampled basis to four
significant figures, and at a sampling rate of no slower
than four readings per second. Data acquisition shall be
by means of a 200-channel sutomatic recording system with
either punched paper tape or megnetic tape readout. The
gystem, which will be furnished by Grumman, will have a
printer readout as well which can be commended to observe
trends. Orumnan will supply data reduction computer
programs and will provide copies of the reduced data to
the seller. '

Tﬁe'following data shall be taken:

(b) )
(1) Storage Cell Series String Current
(2) 7ndividual Storage Cell Voltage
(3) Auxiliary Electrode Signal Voltage
(4} Two Individual Storage Cell Case Temperatures per
Figure TED '
(5) Environmental Temperature
(6) Time to the nearest minute
The seller shall provide a detaiied test plan covering these
items for Grumman approval at least 45 days prior to the start
of any test. ) '
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h.2.2 Thermal Testing. = Two selected storage cells of
different designs shall be subjected to thermal tests in e calorimeter
vhose construction is TBD. At least three days shall be devoted to testing
each storage cell at 2 storage cell case temperature of 20°C, and the same
time to testing at a storage cell case temperature of 0°C. One-third of
each test period shall be devoted to orbital cycling at 12 percent, 30
percent and 50 percent DOD, respectively, using the orbital cycle definition
of 3.2.2.1.

The following charge and discharge parameters shall be

used:
Depth of Disch. (Donggégggﬁe Time (Min.) Ra%%§g§é%%§é (Min.)
12% 1k.5 Amp | 58 20 Amp 36
30% 37.% Amp 58 50 Amp 36
50% 62.2 Amp 58 83 Amp 36

End~of-charge and end-c?-4ischarge voltage limits shall
be the same as those shovm in 4.2.1. If end-of-charge voltage limit is
reached before charge time expires, charging shall continue at constant
potential (tapered charge).

The seller shall submit a detailed test plan for Grusman
approval which shall contain at least the following information:

(e) Test Data to be taken and Measurement Techniques
(b) Calorimeter construction and test set-up,

This plan shall be sutmitted at least 45 days prior to
the start of testing.
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4.3 . Qualification Tests. - Qualification Tests are those
tests conducted on prototype units of the storage cells. The units are
"prototype” only in the sense that they are intended for evaluation and
test purposes; they are to be identical in manufacture to production units.
Qualification tests shzll consist of two parts:

{(a} Performance Tests
(b) Environmental Tests

4.3.1 Performance Tests. - Performance Tests shall be con-
ducted under lavoratory conditions for the purpose of demonstrating'that
the electrical performance and container characteristics of the storage
cells meet the requirements of this specification., Performance Tests shall

. include but not necessarily be limited to the following: :

(a) Exsmination of Product. 4.5.1
(b} Capacit . : h.5.2
*(c) Life-Cyciiﬁg ' ' 4.5.3
*#(d) Retention of Capﬁcity b,5.4
¥e) Storage ‘ k,5.5
(f) Modiiied Constant Potential 4.5.6
(g) Operating Position 5.7
**(ﬁ) Electrolyte Leakage Test | 4,5,15
(i) Retention of Charge 4.5.16

® To be performed at Grumman
*#¥%¥ May not be perf‘ormed prior to Leak Detection Test per 3.k. 5 4.2, 15
and 4.5,12.
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4,32 Envirormental Tests. = Environmental Tests shall be
conducted in accordance with the requirements specified herein, and those
contained within the Final Statement of Work, for the purpose of demonstra-
ting that the storage cells can withstand the environmental reguirements
specified for the Manned Orbiting Space Station Storage Battery Module,
Since the storage cells are required to operate during launch, they shall
be operated during all Envirommental Tests as indicated herein. Environ-
mental Tests shall include but not necessarily be limited to the following:

(a) Sinusoidal and Random Vibration ' 4,56
{b) “Acceleration : h.s.7
{(¢) Shock | 4.5.8

#(d) Leak Detection | 3.4.5.4.,2,15 &
4,5.9

* Must be perfcimed before performance of Electrolyte Leakage Tests,

4.3.3 Qualification Test Plans. - Qualification tests are
those tests conaucted on the test samples g_._cified in 4.3.3.1, for the
purpose of demonstrating that the storage cells meet all the requirements
of this specification. The seller shall propose complete qualification
testing of the storage cells and provide the necessary facilities for
accomplishing this task. Available facilities for environmental testing
shall be descriced. Testing procedure and 2quipment shall be subject to
Grumman approval. Qualification tests shall be proposed to Grumman in the
form of test plans submitted 45 days prior to the start of the tests.

These plans shall contain details as to the scope and purpose of the tests,
the determination of the test conditions, a description of the test setup
and procedures, and other pertinent data. Upon approval of the test plan

by Grumman, the tests shall be conducted in accordance with the approved
test procedure, Grumman shall be advised when tests are to be conducted so
that a representative may be designated to witness the tests when so desired.
Photographs shall be obtained wherever practicable and test logs shall be
maintained to record all significant observations and events during the test.
Qualification test plans shall be in accordance with the requirements speci-
fied herein and those contained in the Final Statement of Work.
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4.3.3.1 Sampling Instructions. - Qualification test samples shall
consist of a specified number of storage cells identical in manufacture to
preoduction units. Samples shall be identified as such and. they shall be used
as follows:

(a) A specified number of storage cells shall be subjected to
Capacity and Life tests. Life tests shall be conducted
at Grumman.

{(v) A specified number of storage cells shall be subjected to
all the Qualification Storage Cell tests of thils specifi-
cation except Life tests.

NOTE: The Purchase Order will specify the number of test samples
to be used for each test.

bk ‘Quality Assurance Tests. - The seller shall conduct &
Performance Test on eazch production unit of the storage cell to demonstrate
the continuance ol quality of each unit intended for orbit.

h.h,1 ' Performance Tests, ~ Performance tests shall be conducted
under laboratory conditions for the purpose oi demonstrating that the.
electrical performance of ithe storage cells meets .the requirements of this

specification. Performance tests shall include but not necessarily be limited
to the following:

(a) Examinatioﬁ of Product 4,5,1

(v) Capacity, | h.S.é

(c) Leak Detection o 4.5.12

(d) Electrolyte Leakage Test 4.5.13

{e) Retention 6f Charge b,5.14

(r) Storage Cell Electrical Operations

Requirements 6.
yh,2 Data Approval. - Two copies of all data obtained on the

tests described in 4.%.1 shall be furnished to Grumman for approval prior
to further processing.
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b,s Tegt Methods, -

C4,5,1 Examination of Product. - Each complete storage cell,
submitted for qualification and acceptance under contract, shall be inspected
as Grumman may deem necessary to determine compliance with this specifica~
tion and the applicable drawing with respect to wvorkmanship, construction,
interchangeability, sealing storage cell container, weight, dimensions,
identification marking, packaging and packing and terminals.

h,5.1,1 Ingpection of Storage Cell Assembly. - The finsl storage
cell assembly shall be witnessed by a‘Grumman quality assurance representa-~
tive to verify the integrity of internal and external component parts.

,5.1.2 Hermetic Seal. - The storage cell shall be tested for
seal leakage (Helium) in accordance with 3.4.5.4.2.15.

4.5.1.3 Internal Impedance. -~ The storage cell shall meet the
internal impedance requirements of 3.5.8 when subjected to the following
tests:

TBD

h,5.2 - Capacity. = Each storage cell_shall be subjected to the
tests detailed in 4.2.1 as test numbers 1, 2, 6, 7, 8, 9, 13 and 14. The
conditions of 4.2.1.1 shall apply. Each storage cell shall meet the capacity
requirements conditions 2 and 5, respectively, of 3.5.1 following the la:l
change cycle ot tests 2, 6, 7, 9, 13 and 14 of 4.2.1. :

4.5.3 Life. - All storage cells shall have a minimum opera-
tional life of 11,000 orbital cycles in acrcrdance with 3.2.2 and 3.2.2.1
life cycle tests shall be performed at Grumman.

k.5.L : Retention of Capacity. - These tests shall be performed
at Grumman.
L.5.5 Storage Tests, - These tests shall be performed at
Grumman. )
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4,5.6 Vibration. - Qualification test storage cells shall be
subjected to the sinusocidal and random vibration requirements specified in
Tables I and II. During these vibration tests, test storage cells shall be
discharged at freguent intervals’'at the one-hour rate for periods of 30
seconds. The current and voltage values observed during these discharges
shall show no fluctuations. Visual inspection of the storage cells, upon
completion of the test, shall show no mechanical failure. - During vibration
tests, the storasge cells shall be under a "clamp up" load of 6000 pounds
applied through stiff metal plates, 4

k.5.7 Acceleration, Centrifugal. - Qualification test storage
¢cells shall be mounted on the test apparatus {centrifuge) in the applicable
positions defined in TED to produce the required acceleration in the direc-

- tion specified. The centrifuge shall be brought up to the rotational speed
required to produce the radial acceleration specified. During the above
test, acceleration shall be 11.3 g's, 3 perpendicular axes, 2 directions
per axis per Figure .6, 5 minutes per direction, and the test storage cells
shall be discharged at frequent intervals at the one-hour rate for periods
¢f 30 seconds. The acceleration gradient across the storage cell shall
not exceed 15 percent. . The current and voltage values observed during
these discharges shall show no fluctuations, and visual inspection of the
storage cells upon completion of the test =%zll show no mechaniecal failure.

4,5.8 Shock. ~ Qualification test storage cells shall be

subjected to the Shock Test specified herein and in the Final Statement

of Work. The storage cell shall be discharged at the one-hour rate during
the test, and the discharge voltage monitored on a recording voltmeter with
a resolution capability of four significan. figures. If a sampled data
system is used, the sampling rate shall be at least three orders of magni-
tude faster than the rise or fall time, whichever is shorter, of the Shock
Pulse to avoid missing a voltage discontinuity. During the period of each
Shock Test, any discontinuity in the voltage resulting from & shock in any
direction shall be cause for rejection.
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k.5.9 High Temperature Operation. - A fully charged storage
cell shall be discharged at the one-hour rate at 50 + 3°F, recharged and
then placed in an oven at a temperature of 68 + 3°F. This temperature
shall be maintained for 2h.5 hours. ‘he storage cell snall then be uis-
charged at this temperature at the 2-hour rate and its capacity measured
to 1.0 volts. The storage cell shall then be returned to room temperature
and charged at the 2~hour rate. Following this charge, the storage cells
shall again be discharged at the 2-hour rate. The capacity of this second
discharge shall be 100 percent of the capacity specified in 3.5.1, Condition
2.

4.5,10 : Lov Temperature Operation. - A fully charged storage cell
shall be discharged at the one-hour rate at 50 + 3°F, recharzed and then
placed in & chamber at & temperature of 32 * 3°F, Thisg temperature shall
be maintained for 24.5 hours. Thu storage cell snall be discharged at this
temperature at the two~hour rate and its capacity measured to 1.0 volts, The
storage cell shall then be returned to room temperature and then charged at
the two~hour rate. Following this charge, the storage cells shall again be
discharged at the two-hour rate. The capacity of this second discharge shall
be 100 percent of the capacity specified in Drawing s Paragraph
3.5.1, Condition 5,

k.5.11 Thermal Vacuum. - Two fully charged storage cells shall
be discharged at the one-hour rate at 50 + 3°F, recharged and then placed in
8 vacuum chamber. One surface of each storage cell shall be adjusted to a
high temperature of 68 + 2°F and the chamber shall be evecuated to
1.0 X 10-6 mm Hg or less. This condition shall be maintained for =& period
of 24.5 hours. During this period each ste:.ge cell shall be cycled sequene
tially for a minimum of one cycle of charge and discharge as specified in
4.5.3. The above procedure shall be repeat-d except that one storage cell
surface shall be maintained at a low temperature of 32 + 3°F. The above
procedure shall be repeated a third time at 50 + 3°F except that the test
time shall be for four hours. The storage cells shall show no evidence of
failure following these tests.
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4.5.12 . Leak Detection. - To permit satisfactory leakage detec-
tion, all storage cells shall be sealed with 8 percent to 12 percent of
helium gas by volume, A fully charged storage cell shall be allowed fo ccol
to 50 + 3°F, at which time & leakage test shall be made. Storage cells
shall have & leakage rate of less than the limits specified in 3.%.5.4.2.15.

4,5.13 Electrolyte Leskage. - This test shall occur immediately
after completion of charge, during which the storage cell must have received
some overcharge to assure a positive storage cell pressure with respeet to
stmospheric pressure. The storage cell shall be thoroughly cleaned with
distilled water and alcohol, prior to start of charge.. All mechanically
sealed areas on the storage cell cover shall be swabbed with phenolphthalien
solution (see Note). A red indication on the swab is evidence of electrolyte
leakage. In the event of a positive indication, the storage cell shall be
again cleaned and the test repeated, If a positive indication of leaksge
is present during the second test, the storage cell shall be rejected.

" HOTE: 0.5 percent phenolphthalein in 50 percent alcohol and
50 percent distilled water solution. All areas where
phenolphthalein was applied shall be subsequently rinsed
with distilled water; then all areas shall be rinsed
vitn acetone and the storage ce’l shall be placed in
a vacuum chamber for one hour at a pressure of 1 mm Hg
or less, -

.5.1k - Retention of Charge., ~ This test shall occur if the
storage cell wa. discharged to 1.00 volt. Drain the storage cell for
16 +% hours at 68 + 3°F ambient temperature using a 0.20 + 5% ohm resistor.
Let the storage cell stand at open circuit for 24 + 0.5 tours at 68 + 3°F
ambient temperature., The storage cell voltage at the end of this open-
circuit stand shall be 1.15 volts or higher,.

4.6 ' Rejection and Retest. - When any test sample fails to
meet the requirements outlined herein, the product shall be rejected., If
for any reason the storage cells of the lot represented have already left
the contractor's plent, they shall be subject to return to correct the
defects and resubmitted for all the specified tests. Before resubmitting,
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