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NOTICE

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

(a)

(b)

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 privately owned
rights; .

assumes any liabilities with respect to the use
of, 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.
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PREFACE

The material contained in this report summarizes and consolidates
pertinent information on specifications, manufacturing process and test
controls, and performance results for OAO batteries. The 20 Ampere-hour
sealed nickel cadmium cells for these batteries were manufactured and
tested under the most stringent quality assurance requirements used to date,
closely monitored by Grumman and NASA/GSFC engineering. The report relates
changes in cell and battery performance to improvements in these controls.
By updating the cell/battery computer model used in the OAQO FPower Supply
Simulation Program, this report also improve battery performance prediction
capability significantly.

Applicability of regression analysis technigues to correlate process
controls to cell performance proved to be somewhat limited. However, this
effort showed several areas where further control imrpovements, especially:
in documentation and traceability improvements, would not only' pmvidé more
uniform results, but would also enable more sharply defined correlations.

The cell data analyzed hereln is taken from lots manufactured and
tested for 0Ad-2, OAO-B, and OAO-3 flight and flight spare use. While
trends and correlations were shown to exist on these data, the reader is
cautioned in his interpretation of these results in application to other
nickel cadmium cells. ‘

The authors gratefully acknowledge the guldance, assistance, pro-
vision of data, patience and understanding of Messrs. Floyd E. Ford and
' Thomas J. Hennigan, Sr. of FASA/GSFC. Their helpfulness has been in-
valuable to the sucessful completion of this effort.

Gratitude is also hereby expressed to Messrs. E. E. Miller and
F. Burgess of Grumman for their assistance in the preparation of this
report, and to Me‘ssrs. I. Schulman and E. Kipp of Gulton Battery Corpo-
ration, for supplying required information,
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INTRODUCTION

The OAO (Orbiting Astronomical Observatory) spacecraft mumber 2 has success-
fully completed over three years and 16,000 orbits, powered by a solar array/nickel
cadmium battery power source.

The battery assembly consists of three parallel connected strings of 21 (oa0-2)
or 22 (0AO=-3 and following) series connected cells, divided into two sub-assemblies
(battery stacks) as shown in photograph on page . Each steck has an assigned
serial mmber, the higher of which contains the third electrode cells,

Each cell is insulated with Kapton £ilm end potting compound (Dow-Corning
mmber 325) and faces a 1/8" thick anodized aluminum heat fin. Each heat fin, in
turn, is mounted against a thermally louvered heat sink., Quad-redundant temperature
sensing resistors and thermostats are mounted directly against the coldest and hottest
cell surfaces for thermal control, The total battery weight is about 165 pounds.

The primary charge mode is a voltage versus temperature charge control. Eight
voltage/temperature (BVLS) levels are available for charge control., The charge
backup mode consists of a preset trip level generated from the oxygen sensing auxil-
iary electrodes.

Prior to OAO-2 batteries, it was common practice for the user to specify a
minimm of quality assurence and control provisions on the cell component level,
A considerable amount of testing on flight cells was therefore required to obtain
an acceptable reliability level. A different approach was taken here, starting from
0A0-2 spacecraft flight units. Each component, material and manufacturing step was
carefully and continuously reviewed by an engineering team with representation from
NASA/G-SFC Grummen and the manufacturer. The results of these reviews were 1ncor_porated .
in parallel, and interactively, into the OAO cell specification and the NASA/GSFC-
Industry interim high reliability cell specification (Reference 1), Total Grwmman
engineering and/or quality control coverage monitored and enforced the provisions
thereby generated, assessed the results-tirereof is terms of cell and battery performance,
life and reliability, and evaluated and analyzed cell test data to update and :merofe
both specifications noted above. As a result, flight hardware for OAO-2 and on
appears to represent the highest state-of-the-art to date. '

The data presented herein has been taken from the four assemblies of OAO
batteries constructed since the 0AO-2 flight set (S/N 25A and 26A). The list below
shows these batteries, their production dates and vehicle assignments. '



Battery Assembly Date of Mfg. (Filling No. of

o/N with Electrolyte) Cells/Bett. Vehicle Assignment
25A and 26A August 28, 1968 " 21 OAO-2 Flight
30 and 31 October 9-16, 1968 21 QA0 Backup, then

22 QAD-B* Flight

32 and 33 | August-September 1969 22  OAO-B Flight
34 and 35 July-August 1970 22 QAD-B Backup, then
0A0-3 Flight Backup

_36 and 3T** April 1972 22 OA0O-3 Backup

NOTES:

*  S/N 30 and 31 were not flown.
¥t S/N 36 and 37 were constructed during the vriting of this report
and limited data is avallable,

~ The amount of cell production data on these later assemblies will
be enhanced by progressively increased efforts to control cell materials

and manufacturing processes.

The report is divided into sections, each of which follows a particular
phase of battery assembly from material selection through final battery
performance in tests and flight. '

 Preceding page blank



SECTION 1.0

PROCESS CONTROLS

This section documents the controls employed durlng thc manufacture of the
OAO batteries. It includes data on physical and chemical analyses of those compo-
nents intrinsic to the cell (separator, electrolyte and plates) as well as extrinsic
factors (effect of plate weight screening).

1.1 CHRONOIOGY OF PROCESS CONTROLS AND CELL SPECIFICATION DEVELOPMENT
During the fabrication of the subject batterles, frequent changes were made
to the cell manufacturing pmceés. Many of these changes were the result of in-

creased understanding of the nickel-cadmium state-of-the-art. Others were incorp- ~
orated to increase reliability of the finished batteries.

Table 1.1 presents a summary of the cell process changes made during the
subject battery builds. It is to be used 1n' conjunction with OAO cell Specification
Nb. AV-252CS-25F, Appendix B. The cell changes, the battery first affected, and
the specification persgraph changed, are all listed in the table.

1.2 PRE-CELL FABRICATION
Included in this section are the results of many of the analyses performed

on the subject battery cell components. These include separator, KOH and plate
anslyses from the four batteries manufactured, beginning with the batteries
currently in the OAO-2 spacecreft (S/N 254, 264).

1.2.1 Separator

Effort here included analysis of and improvements to physical parameters
(thickness, strength, porosity, wettability, ete.) chemical characteristics (purity),
electrical parameters (resistivity, interference with electrochemical reactions, ete.)
and handling requirements (lot control, washing and drying, etc.). The:following -
suwimarizes this work and its results.

Much controversy arose in the latter part of 1968 concerning the value of
wetting agents in geparator material. At that time, the batterles originally in- -
tended for the OAO-2 flight sets showed higher-than-expected cell voltages during
spacecraft tests at Goddard Space Flight Center, and it was speculated that the
presence of wetting agents in the separators of those batteries could be causing
the anomaly,

The addition of wetting agents to the separator was a result of requests by
battery manufacturers to suppliers of nylon spearator materials for faster wetting
times in commercial cells,
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A high voltage trend was observed by various serospace cell users
in thosé cells having separators with wetting agents. It was postulated
that these wetting agents were interfering with the electrochemical
reactions of the cell, Since there 1s no necessity for "quick-wets” in
aerospace-grade sealed Ni-Cd cells, it is generally felt that these
agents should be absent from such cells. The NASA interim high-reliabllity
cell specification incorporated this constraint, as did the OAO cell
specification, beginning with S/N 25A, 26A battery construction.

Not only wetting agents, but other possible mechanisms which could
interfere with the electrochemiocal reactions of Ni-Cd cells causing ab-
normal cell performance, became the targets of extensive study and intensive
investigation. By the time of the issuance of the NASA interim high-
reliability specification, numerous chemical and physical tests had been
defined for separator quality assurance alone., Among the quality tests
incorporeted in the OAO cell spec were the following (see OAO cell epec
AV 252-CS-25F, Appendix B - Paregraph 3.L4.3):

o Name of separator material supplier

0 Base materlal

o Fiber manufacturer .

- part mmmber
~ lot number
- date of mfg.

o Separator suppliers style mmber
- lot number
- date of mfg.

Material slit by:

Absence or presence of wetting agents added by separator supplier?
Type of wash and number of timee pmm‘w_r \n.shed

Nominal, maximum and minimm thickness

Weight (gn/me) on three samples

Dimensions and dimensional changes (width, length and thickness
when wet and when dry)

Percent thickness change

Wet volume

o 0o o 0o O O

Electrolyte absorption
Electrolyte retention
Porosity

o 0O 0 o ©o



Separator resistance '
Tensile strength and appearance of break
Analysis of organic content
Analysis of inorganic content
Discoloration in electrolyte

The OAO cell manufacturer uses Pellon style 2505 separator* .in the
finished cell but uses Dynel and Viscon separator during plate formation.
Pellon lot #16015 was used for battery S/N's 254, 26A through 32, 33 while
lot #17160 was used for S/F 34, 35. Neither 1ot contained wetting agents.

© 0O o O ©o

Included in Tables 1.2.1-1 through 1.2.1-3 are the results of the
determination of the organic and inorganic content of the various separ-
ators.?, The organic content was obtained by a method defined in paragreph
3.4.3.1.6 of the OAO cell specification (see Appendix B). The determination
of the inorganics was accomplished by the following analyses:

NITRATE The Taylor method with phenoldisulfonic acid
SILICA ' The Taylor method using color reagent one and two
CARBONATE The Barium-Chloride method '
NICKEL Atomic Absorption method

ZINC Atomic Absorption method

TITANIWM Sulfuric-Acid Peroxide Colordmetric method
CHLORIDE The Mohr method

A sample of pellon (lot #17160) was ashed and analyzed for inorganic
constituents using a8 Baird atomic emission spectrogreph. This spectrogram
is shown in Figure 1l.2.1-l. . ]

Shownin Table 1l.2.1-1 is the specifieation,target for total organics
and inorganics. Although the target for total inorganics is less than
1.0% by weight, it was controlled tighter (lese than 0.25% by weight)
for OAD battery S/N's 254, 26A through 32, 33.

Tgbles 1.2.1~4 through 1.2.1-6 1list results of the determination of
the physical properties of the pellon seperators. Table 1.2,1-Tis &
listing of explanatory notes on how the tesis were conducted and on which
cell batches these separator lots were used.

* Formerly designated as 2505 ML



+,D230939p 30U, S93WOTPUT /N, °Z
W $052 PaIBuILsop ATISMIOF 58A G052 STAIS °T
:SEION

. .

O O rd N O
OO0 O0OHOO OV

Ay
O oy
.

) U\ Yy
.« o

N (MY 1 (W
.

na O
[sVU @ N al]

OO0
0 WO O

O
=

=
[3Y]

snTe8) XBH

082°0 - 002°0
g00°0 >

002°0 = 09T°0
110°0 - 0T0°0
. £00°0 >
$70°0 = #70°0
g£0°0 - 2€0°0
062°0 - 08T'0

g -0eTt
08°0 - 09°0
62°T - €2°'1

GE°T

[=4

n

(o)
1

09TLT

6062

2€ *qE N/S

soTusBiou] T8303 3uBTem £q %0°T usyl ss3T -
sojusBro TB303 uITem £q %0°g ueBU3 S8IT - q98a8] UOF38OTJToeds o

0£T°0 = 290°0 PTIOTHO § -
a/n wnjusltl § -

a/n outz ¥ -

a/n TOMOIN § -

02T°'T - 059°0 ajsuoqas) § -

(2) a/n BOITIS § -

6¢1000°0 - 21000°0 93BI3IN § -
oLT'0 - TIT'O usy § -

quoguo) ofusSaoul e

00'2 = 02°T (9S3) 1O SUSTAUISH
0g8°0 - 09°0 (gs¥) ToUsUIT
gs e - 05°2 Tousy3a|
(8807 *IN % -
e - L2 T Tenpysay § -

3ua3uo0) Oofusdap e

STO9T ‘oN 30T -
5052 ‘oy aTA35 uOTTad
€€ Y2c 1t Y0f 'v9e 'vaZ N/S £13338g 21quoTTddy e

stsATeuy Joysxedsg wolTad OVO T~T°2°T 9Tqs8L




0TT*0
700°0
€00°0
010°0
1€9°0
gT0°0
050°0
702°0

0161
0LE'2

anTeA XBW

090°0
100°0
£00°0
01070
g10'0 = S00°
810’0
050°0 = 620°
0ET°0 - §90°

Ivivivi

o v

0L9°0 = 0LG°0
ooL*0 - 0T$°0

Lglg
¢E “qE N/S

(=2 =201

OTT*0 - gno°0 apIIoTYD ¢ -
a/n . umyueltl § -
a/nN ouiz § -

(2) a/m ToNOTN § -

TE9°0 ~- 6£6°0 . aguuoqIe] § -

V/N ’ BOITIS § -
21000°0 = 0T000°'0 990J3IN § -
702°0 - 610°0 uysy § -

LU EL L (o) oﬁnwwuonu

oT6°T - o:m.ﬁ 8807 JUItoM ¥ -
0E€*e - 062°0 enpysey § -~

auaquo) ojuedap

lglg . N/d uodsTp

€€ ‘2€ ‘1€ ‘Of ‘v9e ‘vse N/S Kasqqeg aTqeoiTddy

uoosTp - STsATBUY J038IBdag UOTIBWIO TT3) OVO €=1°2°T 21981




OLT'0
700°0
£00°0
oT0°C
T6T°T
ST0°0
920°0
ccl'0

SNTBA XVW

0ET"0 - OTT'0
700°0 >
£00°0 >
010°0 >
70070 >
$10°0 >
920°0 - 610°0
H70°0 - €20°0

08L°0 - 099°0
09L°0 = 0LS°0

neElL

GENE N/S

TOT°0 - 240°0 SPTIOTUD § =~
asm unjuelrl § -

a/n Juyz ¢4 -

as/n ToWOIN § -

T6T°T - tigh"0 ajeuoqIB) 3§ -

(2) I/N BITIIS § -

£6000°0 = TT000°0 298I3IN § -
* -

e2T'0 ~ 120°0 ysy
quaquo) ojusdaour

00f*T - 000°T sso] JY3tomM ¢ -
028°T - 0l2°o anpisoy § -

4uajuo) oa:dwno

*ON *¥'¥Y -
nseL N/d Teufg
€€ *2€ ‘1€ *Of ‘v9e ‘ve2 N/S £19398g aTqedTTddy

Toufq - sysfrsuy Iojeredeg uoyysWIod TT3) OVO &-T°2°T 9T48L

1¢



‘v s Tl e 30Vee
"03 N39Z1310 IN3SN3

'

HIN 83d O X O
HidVg Hdvd9 N3IBZi31Q O -HOVE ON

L]



Table 1.2.1-4 Pellon Lot #16015

Test Maximum Minimum Mean # Samples
Dimensional®
Thickness (dry)(cm) 0.0k2 0.041 0.0458 110
{wet)(cm) 0.095 0.088 0.0915 -
Electrolyte .l\'btsorptione
Dry weight (gms) 0.5 0.5 0.5 N
Wet weight (gnms) L7 L7 L.7 4
Grams of electrolyte absorbed k.2 4.2 4.2 -
Porosity - - - -
Resistance @
Separator resistance (ohm-cmz) 0.069 0.060 0.065 -
Tensile Strength at Break
(1vs) 6.0 5.0 5.75 L
Air Permeabilitya
(seconds to pass 300 cc) 2.5 2.5 2.5 -
Wettability®
(seconds to minimum resistance 80 66 72 -
Wicking - 35% Ko ®
Height (mm) € S minutes 0 0 0 -
15 minutes 2.5 2 2.25 -
30 minutes T.0 5.5 6.25 -

NOTE: See Table 1,2,1-7 for superscript explamations




Table 1.2.1-5 Pellon Lot #17160

Test Maximum Minimum Mean # Samples
Dimensional ©
Length  wet (cm) 6.5 6.5 6.5 9
dry (em) 6.5 6.5 6.5 9
Width wet (em) 2.5 2.5 2.5 9
ary (em) 2.5 2.5 2.5 9
Thickness wet {cm) 0.043 0.035 0.0395 9
_ ary (cm) 0.045 0.037 0.0b413 9
¢ thickness change 9.1% 2.2% L.3% 9
Electrolyte Absorption®
Dry weight (gms) 0.1076 0.0858 0.0984 9
Vet weight (gms)? 1.0250 0.790L 0.9605 9
Grams of electrolyte absorbed 0.9246 0.7046 0.8621 9
Grams of electrolyte retained 0.8359 0.61L1 0.7450 9
4 electrolyte retained 96% 7% 86.7%
Porositxd
Percent porosity 125% 104% 115% 9
Resistancéc
Separator resistance (ohm-cu’) o.ob43 | 0.0081 | 0.0198 6
Specific resistivity {ohm-cm) 0.969 0.177 0.433 6
Tensile Strength at Breék
{1bs) 6.5 5.0 5.75 L
Discoloration of Sample in
Electrolyte - NONE -

NOTE: See Table 1.2,1-T for superscript explanations
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Table 1.2.1-6 Pellon Lot #11097
(Third Electrode Separator)

Test Maximum Minimum Mean # Samples

Dimensional ©

Thickness wet {(cm) 0.038 0.025 0.0312 18

dry (cm) 0.035 0.025 0.0295 18

Electrolyte Absorption

Dry weight (gms) 0.1080 0.0770 0.0904 18

Wet weight (gms)? 1.0770 0.7460 0.8982 18

Grams of electrolyte absorbed 0.9730 0.6670 0.8079 18

Grams of electrolyte retained 0.8730 0.5940 0.7160 18

% electrolyte retained 93% 85% 88.7% 18
Pc»rosit:yd

Percent porosity 148% oT% 115.1% 18
Resistance ¢

Separator resistance (ohm—cmz) 0.258 0.080 0.185 3

Specific resistivity (ohm-cm) 0.0079 0.0016 0.0047
Percent Elongation 1.230 0.625 0.928 -

NOTE: See Table 1.2.1-T for superscript explanation

1
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1.2.2 Electrodes

The OAO cell contains nilne (9) positive and ten (10) negative sintered
plaque electrodes. The elctrodes are rectangular, approximately 13 cm x T cm
and range in thickness from 0,081 cm to 0.095 cm (positive) and 0,079 em to 0,087
cm (negative). An oxygen sensing electrode is included in some cells as a method
of charge control. This electrode is U-shaped, located around the narrow sides
and bottom of the cell pack, and measures approximately 36.8 at x 1.9 cm x 0.07 em.
It is also wrapped in Pellon separator, but one which is thinner than that used in
plate separation. The plates are initially tested at the plate manufacturer's
facility (Socie'te' des Accumulateurs Fixes et de Traction - S.A.F.T.) for the
properties shown in Table 1.2.2-1 and Table 1.2.2-2, Also presented 1s the calcu-
lated plate utilization in ampere-hours per gram of active material, based on the
hydrate loading and the results of the SAFT sample capacity test.

No information is aveilable on the nitrate and carbonate content of the plates
used in the subject batteries. However, subsequent to OAO battery S/N 34, 35, the
cell specification incorporated a requirement for the cell manufacturer to perform
a determination of the electrode's nitrate and carbonate content. The results of
the tests, as performed by Gulton Industries, are shown in Table 1.2.2-3 for OAO
battery S/N 36, 37. Also shown are the results of carbonate analyses performed at
SAFT. The nitrate test employed the standard Kjeldahl method of nitrate detemin-
ation, while the carbonafe content was determined by a leaching/titration method.
A modification to the carbonate determination is performed on the positive plate,
by Gulton, in which acid is added to a pulverized plate sample and the quantity
of 002 gas evolved is measured. The current OAO cell specification (Appendix B,
Paragraph 3.4.5.4.2.8.4.3) defines a nitrate maximum requirement of 330 micrograms
per gram of active material, sinter and substrate on the nickel electrode and a
maximm of 10 milligrams of carbonate per gram of active material, sinter and
substrate, on the cedmium electrode. The design goal for the carbonate content
is less than 5 milligrams per gram of electrode.

No additives were reported in the plates. However, at least one source has
found cobalt present in the positive p]ate.h

A chemical analysis5 was performed in April, 1968, on an OAO cell (S/N 221)
in which cobalt was also detected in the nickel electrode, Table 1.2.2-4

16
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shows the results of the combined analyses on the negative and positive
electrodes, as well as the third (adhydrode) electrode. It should be
noted that silicon is present in significant amounts. However, the plates
in this analysis were from an earlier assembly than S/N 25A, 26A, and at
this time the silica content in the water used for rinsing plé.tes was not
controlled. Beginning with S/N 254, 26A, the OAO cell specification required
a maximum silica content in the water of 1 ppm.
1,2.3 Electrolyte

The OAO cell specification req{zires complete traceability of the electro-
lyte back to the manufacturers batch number, grede and analysis, The date
the electrolyte is purchased as veli as the date thet the container is first
opened is also recorded. :

Potassium hydroxide "mercury cell” grade electrolyte is mixed with
distilled water to the required concentration. The following specification
requirements ensure a contamination-free electrolyte:

TTEM SPECIFICATION TEST PROCEDURE USED
Distilled Water - silica content less than
1 ppm :
- p0lids content less than
%0 ppm
Electrolyte - carbonate content less double titretion with
than 0,01 gm/liter phenclphthalein and
- hydroxyl ilon concentration & methyl orange
held to +20 mg/cc enalytical methods -
- nitrate content of 1 mg/liter colorimetric analysis
or less .
- content of silver, cobalt, spectrochemical analysis

copper, iron, sulfur, zinc
and any other impurities
present in concentrations
greater than 100 ppm shall
be noted and reported

The spectrogrephic results for the électmly‘te used in OAO battery S/N's
32; 33, 34, 35, 36, and 37 are shown in Table 1.2.3-1.

1.2.4 Cell Terminals '

All standard 0AO cells for batteries up to and including battery serial
number 32 hed one insulated (ceramic) terminal. The other terminal (negative) -
was welded directly to the case cover. All auxiliary electrode cells had two
insulated terminals. The auxiliary electrode tab was welded to the underside

of the cover.
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The decision to use one insulated terminel on OAQ standard cell was made

several years back when insulated temminal seal latkage was the predominant

ethanism in cell failure,

< Early in 1967, Grumman funded & study for & ceremic seal improvement
for the OAO cell. This study resulted in the addition of a "stress relief
collar"; the use of the silver-copper eutectic brage alloy to replace silver
breze; and the addition of nickel plating over the braze material to the
underside of the cover assembly; As a result of these terminal modificetions,
seal failures became rare as cell life detemining factors, However, some
terminal corrosion (plating) problems were observed whereby the brate material
formed a "bridge" across the ceramic sleeve causing an internal cell short.
Also occasionally, during cell testing, when & voltage probe, or any other
metal object touched both terminal stud and cover, the accident caused
permanent damage to the seal.

To further improve cell performance reliability it was decided, in
1969, to change from one to two insulated teminals. This decision was
malnly based on the follo'wingsz

o Higher reliability for the insulated terminal was achieved by
addition of the "stress relief member (collar)" and change to the
silver-copper braze alloy plus nickel plating.

o A slover plating (cormsion) rate of braze material across the
ceramic was observed when two, rether than one, insulated terminals
are present. Now a total of two shorts (one across each ceramic)
need to be present for a cell to fail electrically.

o Accidentally induced external shorts between a terminal and the
container will not support sufficient current to permanently
damage the seal.

In November 1968 it was discovered that cells, constructed 9-12 months
earlier had developed leaks through the lower nickel-iron cup of the tem1m1,7
It was determined that the acidic tinning flux used for the soldering operation
was trepped in the terminal cavity causing stress corrosion. This problem
was eliminated when the terminal cavity was blocked, using a silicone potting
material (E.C. 1663) prior to the fluxing operation. This potting material
vas removed after completion of timning, and assuring that all flux treces
were removed. In addition, precautionary instructions were added to the
cell specification (see Appendix B, Paregraphs 3.4.6.2 and 4.5.15) and to all
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Table 1,2.3-1 KOH Analysis

Element S/N 32, 33 S/N 34, 35 S/N 36, 37
Aluminum vit vit Vit
Arsenic ND ~ ND ND
Antimony ND ND ND
Berium ND ND "ND
Boron ND ND ND
Bismuth ND ND ND
Cadmium ND ND ND
Calcium ND ND ND
Carbon X X X
Chromium ND D ND
Cobalt . ND ND ND -
Copper vit ND ND
Iron vit ND ND
Lead ND ND ND
Lithium ND ND * ND
Magnesium vft ND ND
Mangeanese vit ND ND
Mercury X X X
Molybdenum ND ND ND
Niobium ND ND ND
Nickel ND ND ND
Phosphorus X X X
Potassium P PH P
Sodium ND ft ND
Sulfur X X X
Silicon vit ND ND
Silver vft ND ND
Tantalum ND ND ND
Tellurium X X X
Tin ND ND ND
Titanium ND ND ND
Tungsten ND KD ND
Uranium X X X
Vanadium ND ND ND
Zinc ND KD ND
Zirconium ND ND ND
P - 10 to 100% X - Not tested . ft - Less than 0.01%

KD - Not Detected H -~ Upper half of range shown vft - Very faint trace
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cell/battery operational instructions. These require a thorough cleaning
and drying of the cavity after each phenolphthalein lesk check,

1.3 CELL FABRICATION

Once the plates have been imspected and approved, they are screened
according to plate weight. This procedure was incqgporated beginning with
the assembly of battery S/N 34, 35 and consiste of first determiming the
average weight of all the positive or negative electrodes and then rejecting
any plates which fall outside :3.5‘ of the average. The effect of plate
weight screening is to improve capacity uniformity among the cells in the
battery. This was shown in an analysis performed at Goddard Space Flight
Center by G. Halpert. '

Table 1.3 shows how plate weight screening reduced the spread in capecity
smong cells in battery S/N 34, 35. The standard deviation of capacity
in these cells (6 = 0.33) is spproximately half of that observed in cells
without screening. Since the cells are designed to be positive limiting
both on charge and discharge, the distributions reflect the correlation of
positive plate weight with capacity and cannot reveal wvhether the negative
capacity distribution is also tightened by weight screening.

Battery 6/N Flate weignt ~ Mean Capacity Capecity Std. Range

Screened? A= Deviation (A-hr,) {A-hr

§7i 2%, 26A no 25, . « 2e 3

30,31 . no 25.63 0.69 . 3.66

32, 33 no 26,22 0.51 . 3.68

34, 35 yes 23.27 0.33 . 1,50
TABIE 1.3

Effect of Plate Weight Screening (Plate Average Weight +3.5%)
On Cell Capacity
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SECTION 2.0
INITIAL CELL PERFORMANCE AT SELLER'S (CELL MANUFACTURER'S) FACILITY

2,1 EFELECTRICAL TESTING

This section summarizes the results of the initial tesling performed ab
the seller's facility on both the electrode packs and finished cells. In-
cluded are (in the order of the cell fabrication):

e Formstion

Precharge

Manufacturer's electrical testing
GAC cell selection tests

Ratio tests

2,1.1 Formation
The formetion {electrochemical cleaning operation) is performed at Gulton

on individual packs of nine positive and ten negative electrodes using & comb-
ination of Viscon and Dynel separator material and placed in open nylon contain-
ers. The packs are flooded to a minimum of 1/b4 inch above the separator with
34% potassium hydroxide solution. The packs soask at room temperature for a
minimum of four hours and a maximum of twenty-four hours prior to the Tirst
electrical operation. All electrical connections to the pack or between the
electrodes in the pack which are susceptible to attack by electrolyte are either
of stainless steel or nickel plated materisls. Electrolyte level is maintained
throughout the operation at 1/4 inch above the separator by adding 34% KOH when
necessary. ’

The electrical regime consists of a series of charge-discharge cycles
(Gulton proprietary) followed by & ¢/2 discharge to 0.70 +0.1 volt to determine
the positive electrode capacity. After a 0.1Q drain on individual cells to
0.1 #0.1 volts, the total negative electrode capacity is determined by an
additional 2.0 amp discharge to -0.25 volts.

Following the formation cycling and electrode capacity determination, the
packs are disassembled,- the positive and negative electrodes are separated and
immediately submerged in separate de-ionized water baths. This rinsing operation
is compieted when the last drippings from the seample electrodes display & Fh
reading of 6 to 8. The plates are then air dried at 50 +5°C for e 16-2k
hour period. The deionized water used to wash the plates must exhibit e
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resistivity greater than 1.0 megolm-cm, & eilica content less than 1.0 ppm,
and a solids content less than 50 ppm.

Figures 2.1.1-1 and 2,1.1-2 show the distribution of the positive and
negative electrode capacities during the formation discharge. The effect
of the plate weight screening shows as a tighter distribution for the positive

. plates on S/N 34, 35, although the negative capacity spread did not appreciably
change. This suggests that the weight screening of the negative electrodes did
not improve the spread of negative plate capacity. The point may be erroneous,
however, since during the formmtion discharge the cell reverses to only -0.25
volts. Perhaps if the cell were discharged down to -1.0 volts, the true value
of the negative electrode oapacity would be realized. The -0.25 volt inter-
cept occurs at the beginning of the negative electrode discharge curve "knee"
and hence is not completely representative of the total negative capacity
(see Figure 2.1,1-3). It has been determined, in fact, that & 10 amp
discharge down to -1.0 volt consistently reveals an additional 10%
negative capacity than is shown by & 2 amp discharge to ~0.25 volte. Based on
results from NASA/GSFC,BAahwing a strong correlation between negative plate
veight and capacity, it 1s expected that, if the discharges hed been wade
down to -1.0 volts, the distribwtion of negative capecity would be tighter for
the S/R 34, 35 cells then for the cells bullt previous to battery S/N 34, 35.
2.1.2 Precharge .

Precharging the negative electrode is desirable in sealed Ni1-Cd cells to
have a charged cadmium reserve to prevent a negative electrode capacity limit-
ing condition during discharge in cycling.g’ 10 It is desimabdle that a certain
amount of precharge (usually a proportion of the total negative) exists, and
that this amount be known and controllable., In reviewing the literature
one can find a wide diversity 6? precharging techniques, each with:its own
degree of uncertainty as to the ssiount of precharging which the cedmium electrode
reoceives. )

. To resolve some of these uncertainties, FASA/GSFC and Grummen undertook steps
during the construction of battery S/N 34, 35 t0 measure and set the precharge on
the negative electrode.¥igure 2,1.2-1 shows, in diagram form, the Bulton pre-
charge operation, Cells are charged in a rete/time method vhere most of the
oxygen gas evolving from the fully charged nickel electrodes can escape, thereby
minimizing the recombination at the negative electrode. Hence, the pegatives
will receive an additional charge over the positives, Upon dischayge
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this will show up as a reserve supply of charged negative and thus ensure the
cell to be positive limiting. OFf course it is undesirable for the negatives

to become fully charged at the end of charge as this could make the cell nega-
tive-limiting on charge where hydrogen gas evolution would occur. It can be
appreciated that this technique is valuable but can present difficulty if the
negatives are charged too much or too little. To control this precharge set-~
ting it is essential to determine the negative electrode residual charge content
(ca) after the washing end drying operation. Figure 2.1.2-2 shows the apparatus
used by GAC and NASA/GSFC to measure the precharge more relisbly., It consists
essentially of apparatus to collect the gas which evolves from the cell while

it is on charge. The gas was analyzed and found to be essentially oxygen. The
quantity of oxygen gas evolved can be considered as the equivalent amount of
negative capacity stored in excess of the positive capacity when both electrodes
were started on charge from the fully discharged state.

Figures 2.1,2-3 through 2.1.2-T show plots of the gas evolution on charge
as a funetion of time., A few items to be noted are that there is quite a spread
in the final amount of gﬁs generated during the period on charge and that each
cell begins gassing slightly below nine hours. The cells appear to gas when the
positive electrodes reach full charge which, for a positive plate capacity of
about 27 A-hrs., should be around 8.7 hours at the 3,1 amp rate. Thus the onset
of gassing is consistent with the expected. 1In this test the cells were found
to evolve between 60 ml and 1600 ml of oxygen during the period, representing
precharges ranging from 0,25 A-hr. to 7.2 A-hr,, based on 1 A-hr. of precharge
being equivalent to 220 ml of oxygen gas. '

Some of the cells were later subjected to ratio tests where the actual
precharge was measured. As Figure 2,1.2-8 shows, 1k a strong correlation exists
between the amount of gas collected and the measured precharge. The theoretical
220 ml/A-hr. line is also shown. It appears that the theoretical line has the
correct slope but should be shifted to the right of the origin. In other words,
the cells seem to exhibit a threshold (of about 300 ml) of gas which must evolve
before any precharge is measurable on the cadmium plates. Shifting the theoretical
line to the right by 300 ml fits the data nicely. Thus, the equation for deter-

mining precharge, based on gas measurements, can be written as:
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Y o = Xpy - 3%
b oPY 220

where

xml = ml of 02 evolved

YA-hr. = precharge negative

Some sources have indicated that more reliable precharge results may be
obtained when an electrical cycle is executed ﬁrsf , before the precharge
operation. This was done on an experimental basis for a few cells in the
OAO battery S/N 34, 35 manufacture and the results are shown in Figure 2.1.2-9.
Also tried was an incrementel venting technique whereby the pressui-e was
alloved to build up in cells to a pre-determined level and then the cell was
pertislly evacuated, leaving a residusl positive pressure. This was perfoimed
sequentially for the duretion of the charge and the precharge calculated as a
Aumction of the cell case volume and pressure relationship. Figure 2.1.219
shows that, not only did the celle which had received one electrical cycle
prior to the precharge operation evolve gas earlier, but also there vas a
tighter range of gas quantity evolved as a function of time,

Another result of the precharge studies indicated that the cells were
receiving inpdequate soaking before being placed on charge. Figures 2.1.2-10
and 2.1.2-B ehow the effect of this inadequate soeking. In both curires, those
cells which soaked for under ten hours showed both increased vgria.bility
and increased precmrge over those with longer soaks. It 18 postulated that
the separator was not sufficiently wetted yielding non-uniform electrode
charge current densities. This results in poor charge acceptance and premature
gaseing on the positive electodes, and uncertain precharge on the negative
electrodes.

As & result of these precharge studies, changes have been incorporeted
into the OAO cell specification, A minimur soaking time of twenty-four hours
is now specified and the precharge 1s being comtrolled to a specific ampere-hour
input based on the results of gas measurement., The charge rate remains at
3.1 amps as before but the temination time is dependent on evolving sufficient
oxygen to achieve the reduired precharge.,

2.1.3 Mamufacturer's Electrical Testing

After the pre-charge is adjusted, the cells und.ergo Gulton's standard

electrical cycling. These tests are shown in Teble 2.1.3. They
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Sequence

ELECTRICAL TESTS PERFORMED AT GULTON

ON QA0 20 A-hr. CELLS¥

Operation

Measure

1

2

£ w

O 0 9 O W

Charge C/10, 2L hours
Automatic (10) ecycles:

- Discharge C/2, 30 min.

- Charge C/5, 90 min.
Overcharge C/10, 24 hours
Discharge C/2 to 1.0 volts
Short 10, 16 hours

Dead short one hour

Charge C/10, 24 hours

Discharge C/2 to 1.0 volts

Short 1M , 16 hours

Dead short one hour

TABLE 2.1.3

Voltage, pressure, pheno ck.

Low pressure during
last cycle

Voltage, pressure, pheno ck.

_Capacity, pressure

Voltage, pressure, pheno ck.

Oapacity, pressure

* Manufacturers standard tests. Room temperature.
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are designed to show that the cells are capable of meeting the specified capucity
at acceptable voltages and pressures and to screen out any cells which may have
internal shorts, and/or leeks.

2.1.4 Ratio Testing
During cell manufacture, some cells are selected for destructive ratio tests

after each of the following steps: formation cycles, drying operation, and com~
pletion of all selection testing.9 Ratio tests determine total negative and posi-
tive electrode capacities, as well as the distribution of excess negative capacity
on charge and discharge.

The first step is the determination of the amount of precharged negative
capacity, After normal discharge to 1.0 volt, cells are flooded with a 34% KOH
solution and drained using a 1 flresistor for 16 hours. They are then discharged
at C/2 rate to =1.0 volt. This discharges that portion of negative capacity set
during precharge, and represents surplus ensuring positive limiting on discharge.
In this way, the precharge is permanently removed.

The cells are then charged at a 2.0 ampere (C/10) rate for a period of not
less than 4O hours, and not more than 64 hours, to 1.51 volts. This assures both
electrodes are fully charged, since no significant recombination can occur with the
cells flooded, In the past it has often been necessary to utilize the full 6k
hours to reach 1.51 volts. The cells are next dlscharged at a 10 ampere rate to
-1.0 volt, Times to +1,0V, +0.5V, 0,0V, -0.5V, and -1.0 volt are recorded. Cal-
culations may now be made of: total positive capacity, total negative capacity,
excess discharged negative capacity, and excess charged negative capacity. These
figures may then be used to compute precharge and negative to positive capacity
ratios. DPositive electrode capacity is defined as the discharge to +0.5 volts,
and negative electrode capacity as the discharge to -1.0V. A reference electrode
is used to determine which electrode is the limiting factor during any rapid change
of cell voltage.

Earlier OAO specificetions required minimm negative to positive capacity
ratio to be 1,30 to 1,00, Recently this was increased to a minimm of 1.40:1.00
to assure large enough reserve to correct for negative electrode inefficilencies
(fading) during prolonged cycling.

Tables 2.l.4-1 through 2.1.4-3 shov ratio test results for the various battery
builds. Positive plate capacity appears to decrease steadily by about ten percent
from post-formation to final cell., Negative plate capacity, however, shows a much
smaller decrease -- approximately five percent -- from post-formation to final cell
but shows an increase in the post-neutralization (drying operation) ratio. Thus,
although ratios appeared low following formation, final ratios (finished cells)
showed higher results and met specifiedurequirements.
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Apparent chenges of electrode capacities through each processing step
are seen more clearly in Tables 2,1.4-4 and 2,1.4-5, The SAFT figures are
projected plate capacity based on results taken on a sample 1 am® plate.
This 1s taken as a baseline value, The percentage shange from baseline
occurring in each operation is shown in parentheses. It can be readily
seen that the final cell ratios are significantly higher than those from
the formation step. These tables allow one to predict e_ither final cell
retio or electrode capaclities at intermediate steps in processing, based
on initial SAFT sample capacity results for identieal plate lots.

Table 2.1.4-6 shows the measured precharged hegative dis'_tributions an the
subject battery builds. Altim@ the amount of data for early builds is
slight, that from two later builds indicate the majority of cells have low
messureble precharges of less Sban one aﬁr}ere-hour. 12

Table 2,1.4-7 is a summary of the ratios obtained for the various
battery assemblies, Battery S/N 34, 35 bad the highest values because
positive plates contained much less active material than previous builds
(see Table 1.2.2-1 and 1.2,2-2), The range of B/N 3L, 35 ratios is marrowed,
due to effectes of plate weight screening.

2.1.5 Cell Selection

All cells selected for flight batterles must come from an identical
plate and separator lot and be oonstructed within a shart time interval,
Then, in addition to the standard seller's (Gulton) electrical tests,
Grumman requires the cells to undergo a seﬁes of tests for thorough
characterization of each cell's performance for selection purposes. The
flight batteries require matching of cells with nearly identical electrical
characteristics.

Table 2.1.5 lists the tests regquired during cell sedection. The regime
consists of electrical tests designed to match cells with similar capacity,
cycling performance and volta.ge/preesum response during overcharge. A
low temperature (4.4°C/LOOF) overcharge is also performed to screen out
potential negative-limiting cells. The cells are grouped based on the
results of the third capacity cycle. A histogram of the capacity distribution
is drawn and cells are chosen forAeach battery such that the total ampere-
hour spread in any single battery does not exceed one (1) ampere-hour.
Traditionally the cells within the low third of the total capacity distribution
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Table 2,1.4-6

Distribution of Measured Precharge on

Various Battery Assemblies During Final

Cell Ratio Tests

Range in Ampere-Hours| S/N 254, 26A S/N 30, 31 S/N 32, 33 S/N 34, 35
0.00 - 0.40 2 20 9
0.41 - 0.80 L
0.81 - 1.20 1
1.21 - 1.60 2 2
1.61 - 2.00 2 2
2.01 - 2.k0 1 1
2.4 - 2.80 1
2.81 - 3.20 1
3.21 - 3.60 1 1
3.61 - L.00 1 1
L.o1 - h.ko 1
L.b1 - 4.80
4,81 - 5.20 1
5.21 - 5.60 1
5.61 - 6.00
6.01 - 6.40 1

FTotal Number of 2 S 30 19
Precharge Samples

51




Post Rinse Ratios

S/N 25A, 26A 30, 31 32, 33 3k, 35 36, 37

Meximum 1.591 1.367 1.631

Minimum 1.hb5 1.351 1.49]
! Mean 1.503 1.360 1.568
Range 0.1L46 0.016 0.140
' # Samples 6 5 10
' Post-Formation Retios
S/N 254, 26A 30, 31 32, 33 34, 35 36, 37
" Maximum 1.397 1.500

Minimum 1.239 1.%07

Mean 1.307 1.453

Range 0.158 0.093

# Samples 19 16

Final Cell Ratios

! S/N 25A, 26A 30, 31 32, 33 34, 35 36, 37
! Maximum 1.39 1.279 1.476 1.559

Minimum l.22 1.07h 1.287 1.41%

Mean - 1.160 1.381 1.503

Range - 0.205 0.189 0.1L5

# Samples - Y 30 19

Summary of Ratios Obtained for

Various ‘Battery Assemblies

Table 2.1.4-7
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TABLE 2.1.5

Tests Required by Grumman During

Test Name

o 0o o 00O

Capacity Cycle #2
Capacity Cycle #3

Drain

Dead Short

15% Depth Cycling
- Precharge

Capacity Cycle #1}

- Cycle #2
- Cycle #3

Overcharge

- Cycle #1 }

- Room Temperature

- 4o°F
- 90°F

Final Discharge
Drain
Retention of Charge

Final Drain & Short

Cell Selection Testing

C/2 charge to 1.5 volts; C/4 charge to 1.5 volts,
¢/10 charge for 1 hour or 1.5 wlts, C/2 dis-
charge to 1.00 volts each cell.

short each cell with 12 for 10 hours
dead short each cell for one (1) hour

C/2 charge to 1.5 volts or 37.0 volts for the
series string. C/4 charge to 1.5 volts or 37.0
volts for the series string. C/10 charge for 1
hour or 1.5 volts/cell,

36 minute (15%) discharge at appropriate rate.
C/2 charge to 1.50 volts; 1.6A for remainder of
65 minute charge

At end of 65 minutes of cycle #3 of the 15% depth cyc-
ling continue overcharging at 1.64 for four hours.

Stabilize chamber at LOPF *3°F while charging cells
at 0.5 amperes. -

Charge cells at 1.0 emps for four (4) additional
hours after temperature stabilization.

Stabilize chamber at 90°F X3°F while continuing

1.0 empere charge

Tnecrease rate to 2.3 amperes after temperature stab-
11ization and continue charge for four (&) hours,

Discharge C/2 to 1.0 volts/cell
Short each cell 102 for 16 :(1) hours

Restrain cells to forces similar to those experienced
in battery assembly

Remove 1 resistor and allow cells to remmsin open-
circuited for 24 *} hour

Immediately upon completion of 24 hour stand take open-
circuit voltage :

Voltage must be 1,15 volts or higher to be -

acceptable

Drain each cell witha 10 resistor and then

"dead short each cell individually
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are designated as battery 1, the middle third as battery 2 and the cells in the
upper capacity distribution one-third are selected as battery 3. Ensuring that
the total capacity spread in any single Pattery is within one ampere-hour reduces
the chance of cell reversals during capacity run-down conditions and assures that
all the cells will reach & full state-of-charge at approximately the same time.
The third-electrode cell in each battery i1s chosen from this same capacity distri-
bution. Third electrode cells are usually chosen to be the lowest capacity cell
in each battery. This allows these cells to begin overcharge slightly before

the rest of the cells in the battery, avoiding excessive overcharge in the battery
as a whole. The cell specification also imposes a provision that the three
batteries in the assembly must be within +1.0 ampere-hours of each other on the
average.

2.2 MULTIPLE REGRESSION ANALYSIS

Knowledge of which processes and components have the greatest effect(s) on
reliability (life) and performance is necessary ‘to meet today's high standards
L J

for complex products for aerospace. While the sealed Ni-Cd cells used in QAC
are produced under, perhaps, the tightest quality control in the industry,
finished cells prior to the study and selection efforts reported herein displayed
sufficient parametric variations to necessitate some compromises in specification
limits. TFor such cells, key factors include the electrodes, separators, electro-
lyte and process time/temperature.

Another technique, useful to support and verify the type of result already
obtained, for relating these factors to performance and reliability veriables is
that of multiple regression analysis, done on a computer. Such analysis has been
successfully used on the Lunar Module (IM) program to predict primary (silver-zinc)
battery capacity from manufacturing data, and in a NASA/GSFC sponsored study of
the effects of various electrode process variables for nickel cadmium.

Normally regression analyses are based on data in which the parameters
thought to have effects are deliberately varied over relatively wide ranges.

The effects are called "response variables" or, simply, "variables". The
analyses covered herein, however, were limited to data derived from routine
manufacturing, and so are narrower in range than ideally desirable. Further,
some parametric information was not available (e.g.: plate thickness, post-
formation drying times and temperé.tures ’ etc.) Some parameters were constant
for all cells (e.g.: separator, electrode and KOH analyses), and could mot



be used. The manufacturing parameters available are only those found subsequent
to assembly into cell stacks -- i.e.: traceability starts at this point, and
the plates maintain their identity through to the finished cell. It was thus
necessary to rely heavily on electrical data taken at the seller's facllity
during early performa.née tests. The major value of these analyses, then, are in
the tightening of electrical limits , and the ability to identify potentially
poor risk cells without extensive and expensive tests.

2.2.1 Description of Parametric Variables
The perameters studied herein ruy be divided into two classes:
o0 Manufacturing/Processing variables
o Test date variables (early tests)
The former may be considered as independent quantities in that each may be altered

more or léess without regard to any of the others., Test data generally consists
of effects, or response varlables,
The variasbles listed in Tables 2.2.2-2 and 2.2,3-1 as used in the two analyses
conducted for this program falls in the above noted categories as follows:
Manufacturing Processing
Dry Cell Weight
Wet Cell Weight
Cell Pack Weight (Total weight of plates and separafor)
Positive Group Weight
Negative Group Weight
Time -~ activation (filling) to start of precharge
Test Data
Pressure at end of cycle 1 of cell selection
Pressure at end of 90°F overcharge
Voltage at end of cell selection, 40°F overcharge .
Electrical operation: 3rd cycle capacity in A-hr,
Cell selection: 3rd cycle capacity in A-hr,
" Pressure at end of UO°F overcharge
Pressure at end of room temp overcharge
Pressure at end of cycle 3 of cell selection
Pressure at end of cycle 3 of electrical operations
Gas evolved during precharge
Pressures at ends of cycles 1 and 2 of cell selection
Pressures at ends of cycles 1 and 2 of electrical operation
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Each vaeriable listed above was used in the analyses. Gas evolved during
precharge was treated as input data in the voltage divergence analysis, and as
the output (dependent variable) gquantity in the precharge analysis. The purpose
of the anelyses is to demonstrate one or more of the following:

1. The particular way in vhich an "input" (independently treated) quantity

affects the "output" (dependent) quantity

2. The relative weight with which each input quantity affects the output

quantity

3, Whether, in fact, a particular input has any relation to the output.

The results are shown in "Beta" coefficients of each input quantity with
respect to the output. These coefficients are normalized values. The higher
a Beta coefficient in mmerical (absolute) value, the more significant the
_correlation to the output. Positive and negative values only signify the sense
in which the effect occurs (e.g.: output increases with increasing input shows
as & positive value)., Anomalous results (see 2.2.2,1) either means that insuffi-
cient data is avaeilable, or the perticular parameters chosen have little or no
effect on the output. Very small numerical results lead to essentially the same
conclusion. 4
2.2,2 Cell Voltage Divergence Analysis

An attempt was made to correlate divergence among the end-of-overcharge
voltages found in the spare cells of battery S/N 34, 35 to initial electricdl
tests. Table 2,2.2-1 is a summary of these diverged quantities after several
thousand 100-minute cycles; showing a range of 143 mV (Pack 23B Group I) to
29 mv (Pack 35B).

The cycling was done using 15% depth of discharge, and no constraining
voltage limit during charge and overcharge. The latter feature allowed each
cell to reach its matural potential for the rate and time of overcharge, inde=-
pendent of the pack a.nd/or any other cell. Weighted values -- from 1 to 9 --
were assigned to each cell, for the analysis, based on relative end-of-overcharge
voltage, Weightings are described at the bottom of Table 2,2.2-2, which lists
~all the veriables assigned,

Results (details in Appendix A) show relatively low overall correlation
between divergence and the chosen parameters. Following are the five highest
correlation factors (Beta coefficients) listed in descending order:
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Rank Parameter Number Beta |
v2 Wet Cell Weight ~T.5153

1

2 vi - Dry Cell Weight i« 45,8596
3 V13 Room Temp. Overchg. Pres, -2,6627
L V9 Time-Fill to Precharge - +2,15T7
5 V12 40°F Overchg. Pres. +1.9176

2.2.2,1 Discussion of Results

Tt is of interest to note that the cell weights show significantly higher
correlation to divergence than any other perameters. At the same time the two
coefficients involved are 'opposite in sign, and nearly equal in value.

To understand the significance of the above, it must be noted that Wet Cell
Weight consists of Dry Cell Weight plus electrolyte weight. Electrolyte weight
is held very nearly constant by controlling the volume (cm3) of 34% KOH solution
used to fill the cells. The fact that opposite slgns exist indicates opposite
effects on cell divergence. It mekes little sense to conclude that Dry Weight
has one type effc_ect , and Dry Weight plus a constant has the opposite effect.
Some other cause for the opposite signs must be found.

A similar analysis of the other variables used in this regression shows
similar results., Two possibilities exist:

o TNone of the variables chosen has any resl effect on cell divergence

o The amount of divergence is too small to show any really significant

effect from any source.
The smallness of divergence is somewhat overcome by use of weighted values (see
Table 2,2.2-2) since these would tend to exaggerate effects rather than hide them,
The first, then, seems the most reasonable. The regression analysis would also
tend to show no correlation between cell divergence and the data taken in the
early tests. . In other words, use of any early test data 't6 predict later diver-
gence would be nearly lmpossible.
24243 Precharge Analysis

Essentially the seme data as above, plus some additional pressure information
was used to attempt correlation with gas evolved during precharge -~ see Table
2,2.3-1. A summary of the results -~ printed in full in Appendix A -- 1s shown
in Table 2.2.3-2 which lists the five largest corrslations.
2.2.3.1 Discussion of Results

The results show little basic difference in principle from those found for
cell divergence. What differences exist are in degree in that the correlations
here are even less significant than before. '

Perhaps the only variable showing even moderate strength is V9, as expected
(see Section 2.1.2). It has been found that soak times less than 10 hours cause
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not only excess gas evolution, but large variability of actual precharge.
Accordingly, current OAO specifications require soaks of 2k hours minimum prior
to first electrical operation.



Bpere Cells 1rom OAC Battery

S/N 34, 35 on Cycling Tests

TABLE 2,2.2-1
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Pack Cell Overcharge Coded
Number Iocation S/N Volts Valie
151k 1442 5
5184 1.453 T
5 GSFC 1526 1.425 3
5264 1.455 T
1531 1,456 k¢
1542 1.h20 5
Losa 1.hk01 2
6 GSFC 1554 1.k2k 5
L9T7A 1.361 1
1575 1l.h22 5
1494 1.510 N
_ 1517 1.380 1
23B NAD, Crane 1546 1,516 5
Group I 1588 1,520 5
1591 1,523 5
1499 1,518 5
1537 1.396 1
23B NAD, Crane 1587 1,515 5
Group II 1589 1,531 7
1590 1,514 5
1573 1454 5
. 5124 “1.h52 5 .
35B NAD, Crane 1578 1448 5
515A 1474 8
1492 1,445 Y



Variable Number

TARLE 2.2,2-0

Variables in (Voltage-Divergencel Regression

Description

V1
ve
V3
Vi
V5
V6
V7
v8
V9
V10
V1l
viz
V13
V1lk
V15

V16

V17 (depena-
ent VAR)*

Dry cell weight

Wet cell weight

Pressure at end of cycle 1 of cell selection
Pressure at end of 90°F overcharge at Gulton

Cell pack weight

Positive group weight

Negative group weight

Voltage at end of cell selection 4O°F overcharge
Time~activation to start of precharge

Electrical operations: 3rd cycle capacity in A-hr.
Cell selection: 3rd cycle capacity in A-hr,
Pressure at end of 4O°F overcharge at Gulton
Pressure at end of R.T. overcharge at Gulton
Pressure at end of cycle #3 of cell selection
Pressure at end of cycle #3 of electrical operation
Gas evolved during precharge

Voltage duri recent overcharge at test facility
(see Table 2.2.2-1)

* this variable coded as follows:

"1"
"2"

o

"h LU

ften

"6"
"8 "
"9"

nonoonon o nnon

Very low voltage relative to rest of pack

Ilow voltage relative to rest of pack

Nominally low voltage relative to rest of pack
Slightly low voltage relative to rest of pack
Nominal voltage relative to rest of pack )
Slightly high voltage relative to rest of pack
Nominally high voltage relative to rest of pack
High voltage relative to rest of pack

Very high voltage relative to rest of pack



TABLE 2,23-1

Variables in Precharge Gas Evolution Regression

Varlable Number

Description

V1
ve
V3
Vi
V5
V6
VT
v8
V9
V10
Vil
vie
V13
Vi
V15
V16
V17
V18
V19

V20 (dependent

variable)

Dry cell weight

Wet cell weight

End of precharge voltage

90°F overcharge pressure

Cell pack weight

Positive plate group weight

Negative plate group weight

Voltage at end of 4O°F overcharge
Time-filling to start of precharge
Capacity ~ 3rd cycle elec. op. in A-hr.
Capacity - 3rd cycle cell selection in A-hr,
LO°F overcharge pressure

Cycle 1 Pressures at end

Cycle 2 - of each cycle of

Cycle 3 Gulton's electrical operations
Cycle 1 Pressures at end of each
Cycle 2 cycle of cell selection.

Cycle 3

Room temperature overcharge Pressure

Gas (ml) evolved during precharge
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Variables Selected as Having the Largest Correlation With the Amount of

Gas Generated During the Precharge of OAO Battery S/N 34, 35

Rank Description Beta Coefficlent
1 V9 Time-fill to precharge -0.944
2 viz Pressure, end of 4o°F overcharge +0.8L49
3 Vi Pressure, end of 90°F overcharge -0,709
L ve Wet cell weight +0.583
5 VL Dry cell weight +0.416

TABIIE 2o2-3-2
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SECTION 3.0
BATTERY PERFORMANCE EVALUATION

3.1 QAD_BATTFRY MODEL

A computer program has been developed to predict the performance of OAD
batteries during acceptance tests and flight oconditions. This progrem is
written in Fortran IV langusge and has been modified for use on a 360/67
time-shering system. It is capable of predicting {nstanteneous battery voltage
and current at each orbital mirnute, with various charge-mode data inmputted.
Percent capacity returned, watt-minutes input and output and efficiency are
calculated and displayed at the epd of each orbit, The model was based on
154 depth-of-discharge during the orbit. It does not presently update
battery temperature at. each orbit although the amount of heat generated in
the battery is predicted. Minor modification is necessary to eneble utiliz-
ation of predicted heat generation to update temperature. The voltage limit
to which the battery is charged is a function of battery temperature. Since
temperature remains constant in the program, the BVLS curves become single
point values, initially established by inputting the constant temperature,
The operator establishes battery rating (nameplate capacity) and specifies
the mumber of cells in the battery, enabling the progrem to convert from
cell voltege to battery voltage levels.

3.2 LOGICAL OPERATION
The medel basitally oconsists of five discrete sections, all appearing
in subroutine BI'R, These are the discharge model section,.the charge model

section, an overcharge model section an efficiency section and & thermal
section.
3.2.1 The Discharge Model

The discharge model wés developed from a series of pa.nmetﬁc tests vhich
characterized the discharge profile of a Ni-Cd cell as functions of depth-of-
discharge, battery voltage, current and temperature. These tests ylelded
the following type curves:
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The curves were developed for reasonable discharge currents at various
temperatures and preceding charge cycle voltage limits, Shapes were determined
by a least-squares fit of data for various temperatures and depths-of-discharge
(DOD). Hence, the battery voltage can be charecterized as a function of
depth-of-discharge and the voltage limit of the preceding charge cycle.

Fotice that the curves are independent of temperature (nmormmlized over

the temperature range from 4OPF through 90°F), These Vpapr vs. Vinar

curves are assumed linear of the form y = mx + b vhere:

Yy = BIVL = Battery Voltage
m = RFRLD = Slope of Curve



x = BATVL = Battery Voltage Limit
b = RFVLD = Voltage Intercept

The input data set coneists of a set of six such curves, each at a part-
jcular depth-of-discharge. The indicator for the depth-of-discharge is
B »uriable lebelled RFOUT. Thus, the input data set takes the form:

RFOUT,
for values of .
1 (x) 6

Veagr
) : RPOUT (NX)
/L Slope =
RFVID(RX) + —— RFRLD (RX)
Vypar (BATVL)
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The test data was obtained under the condition AMINT = AM10O, or, when
the battery started into the discharge phase at 100% state-of-charge.
In practice this is not always true so an adjustment must be made
relating the input data to the actusl state-of-charge of the cell.

This is done by the function RBOUT where:
AMINT

RBOUT = .O45 [m - 1]" [1 m%m) ]*(w%)

This equation takes the form of y = mx + b where:

y = RBOUT = Adjustment Factor
m = Scale Factor

x = CTHR/60 * BPCAP

b = Offset Factor

Notice that if AMINT = AM10O then both the scale factor (m) and the
offset factor (b) equal zero, When we begin an orbit (if we assume the
initial 5,0,C, = 100%) then:

CTOT = BSOC * AM100 = 1,0 x AMIOO = AM10O

AMINT = CTOT

AMINT = AM100

The value of RBOUT then reduces to:
RBOUI‘:m = O since CTHR = O

The calculated RBOUT is compared to the values of RFOUT that were

entered as input data. The relative position of RBOUT amongst the

RFOUT curves is established by the DO loop (statement #310-3).

When the value of statement #310-1 becomes zero or positive then the

true value of the line is found by interpolation between the RFOUT curves,

This 1s accomplished by statement 320:



- REOUT - RPOUT (NXSOC
(320) RDSOC = FroGT (RXSOC + 1) - FFOUT (IX50C

Having determined the location of the point between two input data

curves & slope and intercept of a line through the point and equidistant

from the input data curves can be determined:
RFVD (Voltage Intercept) = (1 - RDSOC) * RFVLD (NXSOC) +
RDSOC * RFVLD (NXSOC + 1)
RFRD (Slope) = (1 = RDSOC) * RFRLD (NXSOC) + RDSOC * RFRLD (NXSOC + 1)
-~ RFOUT{NXSOC)
" RBOUT

' rrro

- RFOUT(NXSOC + 1)

BATT

BATVL

From this curve, the battery voltage can be determined for a particular
¥y, (Voltage Limit from preceding cycle), The voltage intercept (crx)
is adjusted for the mumber of cells in the battery and modified by the

tolerance of the input data set:

CFK = (1 + ,003 * BIOL) * (BCEL * RFVD + - BATVL * RFRD)
N Y/ \_N_/ S —~
Tolerance Factor Adjustment for voltage from
nuber of series intercept to actual
connected cells in wvoltage limit,
battery

CFCR (Slope) = O since we assume a constant discharge current
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BATT

BATT

- Ty O * Ipgm .
The calculated instantaneous battery voltage and current are therefore:
BIVL = CFK = Voltage

BICR = CNEG = Current

3.2.2 The Charge Model

The input data set for the charge model is developed in a similar
manner to that for the discharge model data set; i.e.: as a function of depth
of discharge and battery voltage limit from the preceding orbit. One
important difference, however, is that whereas the discharge data is
defined for "reasonable current rates”, the charge model data is particular

to two discrete rates, namely, a C/2 and a C/4 charge. In similer

-manner to the discharge section, a set of curves were developed relating

battery voltage to the voltage limit of the preceding orbit, at the

two current rates:

@2*@ .“’ @%T

BATT — RFIN
— _
BATVL BATVL



These curves, again a linear, least-squares interpolation over the
temperature range hOoFé b4 é 90‘?, are each characterized Ly a state-
of-charge indicator RFIN; & slope RFRIC; and a voltage intercept,

RFVIC. They are inputted in this form. for the two charge rates.

The input data set was derived from data on cells which were cycled
to 15% D.0,D. In any particular orbital regime the discharge depth
may exceed or be less than 15% of rated capacity. Therefore &
scale and offset factor adjusts the input date set to comply with

particular usage restraints, - Statement 400 is the offset factor:

AMI00 - AMDL AVDL
(400) FBSDL = .300 * Iogy, [M&x °f< g ¥ BECAT )°"(1°‘9(Am—oo" -9 *'BPCAP-))]

RBIN

where the factor (9 * BPCAP) is the number of ampere-minutes corresponding .
to a 15% D,0.D. relative to the nameplate capacity at 100% S.0.C. Therefore
this equation, in effect, compares the number of ampere-minutes out of

the battery at the end of the discharge (eclipse) period to the

actual (AM100) capacity the cell can contain, and determines whether it
is.less than or greater than a 15% depth-of-discharge (9 * BPCAP).

Tt then adjusts the data accordingly.

The scale factor is given by:

CTHR
= TAM100 - ADL) - .5 (MW - (Minimm of AMIOO or AMINT) )
’ «95

If the cell is not in the overcharge region, the next step is to locate
the position of the instantaneous data point amongst the imput data
curves. This is done by a "do loop". (as 1t was in the discharge model)

and the exact location calculated by:
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RBIN - (RFIN (NXSOC) + RBSDL
(520) RCSOC = = B A
This statement ds.sixply aclinear interpédatioh-between the lines EPIN
{NX900): and REIN. (HXSOC +.23u.
Having defined the locus of the point between two input deta curves,
a slope and intercept of & line through this point and equidistant

from each inmput data line is found by:

RFVL (NCR) = (1 - RCSOC) * RFVLC (NXSOC, NCR) + RCSOC * RFVLC
(MXsoC + 1, NCR)
RFRL (NCR) = (1 - RCSOC) * RFRLC (NXSOC, NCR) + RCSOC * RFRIC

(mcsoc + 1, NCR)
where FRFVL =Voltage Intercept
RFRL = Slope of Line
These factors are detemined for the two values of current (C/2 and C/L)

where NCR = 1 to 2 giving:

c/2

RFVL(1) L

RFVL(2) -

—

T0



Using this curve, two points can be determined for a given voltage limif
(of the preceding orbit), shown here as FFV (1) ang RFV (2) and definea
mathematically as: |

(530-1) RFV (NCR) = BCEL * RFVL (NCR) + BATVL * RFRL (ncR)
Again, the "BCEL" factor adjusts the value of RFV to account for the
;mmber of series-connected cells in the battery while BATVL adjusts

the voltage limit intercept.

Replotting the points on a general V-I curve gives the following

relationship:
V:L L
VeATT
V2 4+ - -

¢/ c/2 I

The slope of this curve can be defined mathematically as:

wm;%——ﬁlﬂvl'mvz (c = EPcAP)

The voltage intercept can be defined by:

CFK = (1 - .003 * BIOL) (RFV(Z‘)'M)

where the factor (1 - .003 * BIOL)
accounts for the tolerance of the

inmput data curves.

At this point the program returns to EPBAT (the main) and the calculation

T



of the instantaneous battery voltage and current proceeds:

BICR = (,50°'°) CPOS  (Current)

Note that since the cell is not in overcharge then:
NXSYS = 2
XSYS = RXSYS -2 =2 -2 =0

BICR = (.50°) CPOS = CPOS

CFK + CTCR (CFCR) (Voltage)

BIVL

BICR

3.2.3 The Overcharge Model

Overcharge, in subroutine BTR, begins at statement label number
~600, with NXSYS now at a value of 3 or greater., At statement mumber 520
(in the "DO" loop or the charge model) the value of NXSOC will become
equal to 5 on overcharge, implying that loterpoiation will begin from
the topmost curve in the input (charge) data set. The two curves defined
with NXSOC =. 5 are obtained identically to the method described for

the charge model:
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BATT

Vl Voltage Limit

Again two points, here labelled A and B, can be defined for any voltage

limit of the preceding orbit.

Another set of curves can be derived as & function of charging temperature,
the data having been derived at two overcharge rates: C/10 and C/40.

The curves assume the form:

VeaTT
for temperature
°r £ V4
LOF £ TBATI' < 9%
c/10
c/ho
T ' Ioglo temperature

For a given T, therefore, two points (voltages) can be derived; VEOCL

and VEOCH, defined by:

@ C/40 rate: VBOCL = BCEL * (8.,060872 - .43429 * 10G (BTEMP))/k.LT1236

@ C/10 rate: VEOCH

BCEL * (7.397980 - .L43429 * 10G (BTEMP))/3.84204T



vhere: BCEL is the factor relating the voltage of s ingle cell to
the number of series-connected cells in this battery
BI'EMP is the battery temperature and

the coefficients are least-squares fits of test data in linear (y =

mx + b) form.

Re-plotting on semi-logarithmic paper glves:

c/10

I0GI

c/uo

T



Tor a given voltage limit, VL, a tangent to the curve can be

constructed, the equation of which is:

rore (i) ")+ (BE L) (esepe

cFk2 = (1. - (.015381 * ,43429 1N (BTRYP) - .023575) * BIOL)

* (aTVL -(ERCH - vaL)) (Current Intercept)
L3629 IN (&)
Combining the two relationships: ev

Veamr

Using the values of CFK2 and CFCR2, the % return can be calculated

as a function of the voltage limit:

PCRTN = (1 + .O13 BTOL) (-923253 + .222928 (ﬁ%ﬁ»’(mmgcizm)

Notice that the factor -_ﬁ___}i : '101;2:”: is & current,

the factor (.923263 + .222928 (20/EPCAP) normalize
" the data to a 20 A,H, cell and
the factor (1 + .013 EIOL) is a tolerance on the imput data

curve.
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Since this data was for continuous overcharge, it can be expressed in

. the following graphical form:

Tmoc 1
Next, an interpolation factor has to be calculated to determine
the locus of the line ‘between the two V-I curves (the one temperature-

based; the other voltege-limit-based). This is eccomplished by the

factor RSO:
RSO - cmT)"‘(RBm-RFm5+ )
ma) (TR e

Notice that if AM100 = 100% and CTOT = 95% S.0.C. then

4 "
CToT .
(m) = (.95) = 6
if AMIOO = 100% and CTOT = 97% S.0.C. then
L L
CroT :
(m) = (.97) = .88

Thus, for a 2% increase in the state-of-charge, the interpolation

factor 1s increased by 28%, resulting in unequal increments for

ampere-minutes returned.

By combining the scaling factors, we can derive the equation of the

current line as a function of charging voltage:

6



b
CFK
New I
Charge
Current
Coefficient

Expressed mathematically:

CFCR (1 - RSO0) (CFCR1) + RSO (CFCR2)

CFK (1 - RSO) (CFK1) + RSO (crk2)

n

At this_point control is passed back to the main program. The new

charging current and voltage is defined by:

(1) BIVL = VREG Taper Charge~ (Mode 1)
BICR = (BIVL - CFK)/CFCR
(2) BICR = (.50°°t°) # CEOS _
. Step Charge (Mode 0)
BIVL = CFK + BICR * CFCR

In (1), the teper charge, the battery voltage is locked at the voltage

limit and & new, reduced, current value is calculated.

In (2), the step charge, the battery current is reduced by 50% each
time the voltage of the battery hits the limiting voltage. The new,

reduced, voltage is then calculated accordingly.

3.2.4. The Bfficiency Model

The discharge efficlency is set at a constant = 1.0

by definition. When on charge or overcharge, efficiency is a function

of temperature, charge rate and state-of-charge.
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From empirical (test) data, a family of curves was generated relating
efficiency to state-of-charge, for various rates and temperatures.

The: curves were reduced mathematically to equation form and ithen voel't'd
clents read in as input data. Temperature ranges of Lo° , 550 , 70° and
90°F were employed and at each temperature, four charge currents were
ﬁbilized; 1, 2, 5 and 10 amps. The input data looks thus, in

graphical form:

erT
BATT

(e.g. 90°F)

'O RATE

AMDL AM100

_ CTOT - AMDL  _
where PNPR = 100, x 00 — BOL - CADD
PNPR determines the relative number of ampere-minutes from the start
of the light period to the end of the light period.

By knowing the battery temperature, a certain family of input data

curves 1s selected by the factor KT,

ITP ITP
KT 1+ 4 % ﬁ)+ h*(m)

and ITP

L}

10, * BTEMP

Thus, if the battery‘tenpemture is less than 55° F, KT will have the
integer value of 1; if f.he tenperature is greater than 55° yet less
than 70°, KT will have the integer value of 5; etc.. An extrapolation
between two temperatﬁre sets of data (values of KT) is then performed

to determine the exact temperature locus relative to the discrete inmput
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levels, This factor is éalculated to be:

RTE = __ BIEMP - RPSE (KT o
T e TR for MRP L 10°F

where RFSE is the input data indicator (= Rate x Temperature)

A current extrepolstion is performed next to determine the relative loc-

ation of a given point between the various efficiency curves,

) IBICR %ﬁg& IBICR  IBTCR - 501
KIC = KT + S5 - ER—== Y oo SO

where TBTCR = 100, *(%Kf) (ercr)

This establishes the rédative position of the point between two charge

curves., The exact locus éan be found via extrapolation by:

RCE = 20,/HPCAP) * BICR * RFSE (KT) - RFSE (KTC
; RFSE (KTC + 1) - RFSE (KIC

Now knowing the relative location of the curves relating to temperature
and current, the exact locus of the curve can be found by extrapolation.

This will yleld three points on the efficiency vs. S5.0.C, curve:

EFFC

0, EP(1) ‘ -
= { EP(2), EP(3)
- K

A S
N\

\
n \
\

SRR, 0

Where:
" EP (IEP) = (1. - RTE) * ((1. - RCE) * RFEP (KIC, IEP) + RCE * RFEP
(XIC + 1, TEP)) + RIE* ((1. - RCE) * RFEP (XIC + L, IEP) +

RCE * RFEP (KTC + 5, IEP)
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The equation of the exponentlal fit through these three points

is glven by

()
EFFC = EP (1) * 1.0 -EJI e'Ce ¥ EFR)/ 1.0]

where: EP

a1 = (1.-%&%) * € G )
(2@ -v)/ oo (- -EB)

Limits are now set on the curve; a maximm efficiency value given by

c2

ERMAX - RFEP (XT + 3, 1) and a minimum value given by

EFMIN = ,01 - ,0001 ¥ CADD., Graphically this can be shown as:

T ) Minimum

>

PRER 100% S.0.C.

Thus the efficiency at a given state of charge 1s defined by the locus
of the line EFFC up to point where it 'is thén dePined as
(.01 - .000L * CADD). ’

3.2.5 Thermal Section

The present OAO battery model has shown close eorrela'l;ion with
actual data although it does not incrementally update the battery
temperature at the end of each orbital mi{lute. However, the heat
generation is calculated and updated at each minute interval.

Essentially two thermal models are employed and the aversge of these two
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used for the heat generation rate.

BHGM1 (Model 1) is defined as:

(WMIN - WMOUT ) + (AMINT - AMFIN) (BCEL) (1.48)

BHGM1 TORD

EHGM2 (Model 2) is given as:

o1 WMOUT ) + WDCHG

BHGM2= )

They are then averaged to give

BHGM1 + BHGM2

BHGM = S
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3.2,6 Listing of Variable Names (Label Table)

- A -
AMAX] Function for Determining the Maximmm of Two Variables
AL Ampere Minute Capacity at E.0,D./6.0.L.
AMFIN Ampere Minute Capacity at E.O.L
AMIN1 Function for Determining the Minimun Value of Two Variabdles
AMINT Ampere Minute Capacity at S,0.D,
AM100 Theoretical Capacity in Ampere Minutes
e B -
BATVL Battery Voltage Limit on Charge
BCEL Number of Series-Connected Cells in Battery
BCRTN Capacity Returned at End of Orbit
BH Battery Average Heat Generated in Watts
BHGM1 Heat Generation Model #1 for Battery
BEOM2 Heat Generation Model #2 for Battery
BOC Initial Pattery Steate-of-Charge (x 100%)
BTCR Battery Current Rate
BIrRfPr Battery Temperature
BTOL Tolerance of Input Data Curves (Usumlly tsken as zero)
BIR Subroutine for Caleulation of Instamtansous Battery Parameters
BIVL Battery Voltage Limit on Charge
BVLS Charging Voltage Limit Based on Temperature
- C -
CADD Relative Charge Indication
CAP-RTN Capacity Returned at End of Orbit
CFCR Slope of General V-I Curve
CFK Voltage Intercept of General V-I Curve
CREG Discharge Rate in Amperes
CFOS Charge Rate in Amperes
CTHR Instantaneous Summation of Ampere-Minutes to a Particular Time *
CToT Actual Energy Content in Amp-Minutes (Theoretical x State-of-Charge)
g;' Coefficients of Determined Efficiency Curve
D=
-E -
EDBV Battery Voltage at E,0.D.
EFFC Efficiency Coefficient (x 100%)
EFMAX Line Defining Maximm Theoretical Bfficiency
EPMIN Minimm Realizable Efficiency ’
EOD-VOL Battery Voltage at E,0.D.
BOL-CUR Battery Current at E,0.L.
BOL-EFF Battery Efficiency at E,O.L,
B0L-VOL Battery Voltage at E.O,L
Defines a Foint on the Efficiency Curve
EPBAT Main Progrem
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LIORB

MODE

-H -
I

Battery charge rate normalized from 20 AH NiCd data
Records day of month of user run

Decides to stop program or read in new orbit parameters
Records month of user run

Is zero if regulator 1s off; is one 1f regulator is on

Argunent of BIR; allows program to read in model coefficients

only vhen it is the first minute of discharge, otherwise it
skips the reading section and begins proceasing
Integer count for each minmute of orbit

‘10, x battery temperature

Year of user run
.
- K -

Temperature index to locate bettery temperature relative to
input data set
Index relating charge rate to temperature

-1 -

Becomes positive only when not in eclipse portion of orbit
Total orbit time in mimtes

- M-
Method of charge ocontrol ("O" = step, "1" = tgper)
- N -

Integer velue of orbit number

"0" means no printout at end of orbit

"1" means print paremeters at end of orbit

Fumber of minutes into the eclipse (discharge) region
FTunber of minutes into the light region

Integer value of orbit mumber

Total number of orbits :

Has the value "1" when system 1is on discharge

Has the value "2" vhen system is on charge '

"Has the value "3" or greater when the system is in overcharge

-0 -
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PCRTN

QBAY

TSUN

VEOCH

WDCHG

« P -

Per-cent capacity returned
Relative charge indication

-Q -
"Q" value of battery heat sink
-R -

Capacity returned at end of orbit

Scele factor for charge model curves

Scale and offset factor for discharge model curves

Scale and offset factor for dischmtge model curves

Offeet factor for charge model curves

Relates rate difference between data set and actual battery current
Iocation of instantaneous charge curve between input data curves
location of instantaneous discharge curve between input data curves
Coefficients for efficiency model on input data set

Indicator for input charge model data set

Indicator for imput discharge mode data set

Slope of voltage vs. voltage limit curve for discharge model
Slope of voltage vs, voltege limit curve for charge model

Slope of charge model on input data set

Slope of discherge model on input data set

Rate/Semperature index for imput efficiency model curves

Point on charge curve relating battery voltage to voltage limit
for two charge rates

Voltage intercept on charge model curve i

Voltage intercept on charge model input data set

Voltage intercept on discharge model input data set

Relative location of overcharge curve on I-V plot .

Relative temperature difference between battery and input date

-5 -
S
Dumy veriable, not presently used in program
-U-
-V -
End of charge voltage for C/4O rete at specific temperature
End of charge voltmge for C/10 rate at specific temperature
Maximm allowable voltage on charge
-V -

Sumnation of watt-minutes
Updates vatt-mimrtes on charge



WMOUT

XSYS

Sumation of watt-minutes : v
Summation of watt-minutes out of battery during discharge

eX -
Becomes positive when system is in overcharge
Y -

-7 -
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3.3 PROGRAM MECHANICS

3.3.1 Operating Procedure

The execution begins with rew date being printed out. The program asks
the operator if the data is correct. If the answer is no, the program
returns to the step in which the charge time (NSUNT). etc. are entered.

In s0 doing, incorrect data is erased and the new input parameters

are accepted. The operator selects the number of orbits next and tells
the program to print the dSutput on & minute-by-minute basis by the command
BRITE = 1. If a minute-by-minute output is not desired NRITE is set equal
to zero. NIORB is the number of orbits through which the‘batteriea cycle,
If the operator wishes to print the output onto & disk the program has the
capability to do so. The output is printed onto the disk in 4F10,3 format,
the data consisting of the efficiency, battery state-of-charge, battery
voltage and current at a time interval specified by the next statement.
The output is also printed onto the console (see sample output) at a time
interval specified by the final statement, e.g. - every "I" minutes.

The example given herein was executed for ! orbits with the printed
output appearing at 1 minute intervels., Summaries are given for the first

three orbits consisting of the following:

EODV - the battery voltage at the end of the discharge
EOLV - <the battery voltage at the end of the charge period
EOLF - the efficiency at the end of light

CRTN - % capacity returned

AMINT - A.MIN capacity at start of thé dark period
AMOL - A_MIN capacity at E,0.D./S.0.L.
AMFIN - AMIN capacity at end of the light period

WMO - watt-minutes out this discharge
WMIN watt-minutes in this charge.

Below this output are three numbers representing the thermal coefficients.
The first two are heat generation rates for the orbit; the third is an

average of these two. The fourth (0.0) is a constant, not presently used.
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Upon exccution of the final (U4th) orbit, the data is printed et the gpect -
fied interval, in this case each minute, Reading from left to right, the
output date consists of the following: TIME (orbital minute), REGULATOR
STATUS ("0" = OFF,_ "1" = ON), RBOI, CFK, CFCR, CTHR, WATOT, EFFC, CTOT,
BSOC, BTVL and BTCR, The interpretation of each of these variable names is
listed in the label Table (Section 3.2.6).

The program terminates by asking the operator if he wishes to stop
(progrem execution), loop or start again. By looping, the opera-
tor returns to the statement asking him to specify the number of orbits and
if a print-out is desired. By starting again the operator returns to the
beginning of the program and may read in new battery input parameters
(state-of-charge, BVLS, temperature, etc.).
3.3.2 Sample Output

The OAO battery model was used to predict the performance of the space-
craft A-2 batteries during orbit 14,427. The perameters were inputted into
the model in the following order:

° Date of program execution in month, day, year
- inputted as 012172 (21 January 1972)

° Time in sun {charge time) of 65 minutes
Total orbital time of 101 minutes
Neameplate capacity equal to 20.0 AH
Number of cells in battery (21)
Mode (of charge), in this case "1" which means taper charge
after voltage limit.

° Initial state of charge inputted as 1.0, or, 100%
BVLS = 2
Battery temperature (a constant) of 50.0°F
BTOL, the curve tolerence, usually set at zero
CNEG, the discharge rate, equal to -4.6 amps
CPOS, the charge rate, equal to +4.8 amps.

A copy of the computer output is shown in Appendix F, and Figure 3.h4-1
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3.l PREDICTION CAPABILITY

A comparison of the predicted and actual flight date is given in Figures
3.4-1, 3,42, and 3.4-3, As can be seen the computer model satiafactorily.
predicts the battery charge and discharge response &t each BVLIS level, Pre-
dictions comply best with actual data in the end-of-dark battery voltages,
time in shunt mode and end-of-light battery currents. The largest difference
between actual and predicted data appears in the ahape of the charge voltage
curve during the unregulated portion. In each case the model predicts a
lower voltage than is realized in flight. Some difference also appears in
tie regulated battery voltage parameter, This difference is probably caused
by the inability of the model to relate thaxml gchangee in the battery . -
back to changes in the charging voltage limit. Nevertheless, the model does
predict battery operation, when operating in a power system having known
' characteristics , Quite well despite the thermal inflexibility.
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SECTION 4,0

OAO-2 FLIGHT DATA SUMMARY
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4.1 0AQ-2 FLIGHT PERFORMANCE - FIRST TWO-WEEK SUMMARY

Batteries

Baettery operation has proceeded under the Power Charge Controller (pcu)
BVLS control (levels shown in Figure b,1-1) for the entire mission. Battery
cool-down following separation was &s expected. (see Figure 4.1-2), The
batteries have been in a high state of charge for the entire mission, as
evidenced by the high ad.hydroda voltages at the end of light.

Thus far there have been ghree BVLS levels used:

1.

2.

3.

launch to QT0-5: BVLS 4 - Under this level of control the adhydrodes
were reaching into the 450-500 millivolt renge at end of light.
While this is not dangerous, it was considered to be desirable

to lower the level.

QTO-5 to MAD-146: BVLS 3 - Under this level of control the adhydrodes
were reaching 350 to W25 millivolts at end of light. This was
comfortable but still on the high side. '
MAD-146 to present: BVLIS 3 - This change in BVLS level was made

in order to establish a new battery operational regime., Under thie
operation, the battery temperature has lowered to about 50°F R

from the more or less typical value of 54-55OF above. In addition
end of light adhydrode voltages are now in the 315 to 385 nmv region.

Overall battery performance 1s excellent,

Maj

Specific comments are as follows:

l’

2.

5.

Battery temperature - presently holding steady in low 50's for
past 100 orbits.

End of light adhydrode voltages - conslstently high indicating
overcharge in every light period, except for flip maneuver.
End of light charge currents - holding steady at reasonable
values, no evidence of xising.

End of dark battery voltages - holding steady in the area of 26
to 26.5 volts. (Under-Voltage Regulation-Generator (URG) activates
at 25.2 volts). .
Minttes of shunt charge - spacecraft orientation (beta angle)
dependent to a large degree, but for a given attitude it holds

. steady in 10-20 minute region.
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k.2 30-DAY OAO-2 FLIGHT SUMMARY
Battery performance was excellent with no problems of any sort. Specifically
there was no evidence of the problem observed during the vehicle acceptance thermal

vacuum test. . .
NOTE: . The batteries on board during the test had become negative limited,
causing potential gassing problems, and reducing effective power utilization.
For this reason, they vere deemed umworthy for £1ight, and a new set of bat-
teries was built, tested and flown. '

Battery overcharge characteristics appeared satisfactory. In general, end-of-
charge currents were in the anticipated range, (see Figure L,2-1) , and were high
enough to verify that the battery was not negative limited. (1t should be noted
that, if the batteries were negative limiting, bettery voltage would normally tend
to rise sharply, and hydrogen evolution would ensue. In a voltagerregulated charge,
as used on 0AD, the effect would be that of a relatively sharp reduction in end-of-
charge trickle current due to the batteries' higher back EMF. Hence, the preceding
statement). Iack of telemetry resolution presented & problem ina detailed analy-
sis. i

Battery temperature decree.sed from the launch level of 78 , a8 expected. After
the initial cool-down, the tempemture remained in the range of 50-60 T (see
Figure 4.1-2).

Battery internal impedance was &s anticipated, with voltage decreasing to
26-26.5V by the end of the dark period (see Figure h 2-2). Matching of the bat-
teries was adequate, evidenced by typicael current sharing as follmls° Dark - 33,
34, 35%, shunt charge - 32, 34, 344. Comparisons of flight data points with pre-
£1light predictions of charge and discharge performance are shown in Figure 4,2-3
and 4.2-4, Comparisons are quite good, considering errors and uncertainties in
telemetry interpretation.

Adhydrode performance was consistent, and, as anticipated, the actual opera-
ting range immediately after launch confirmed that batteries were receiving the
high degree of overcharge demonstrated in the thermal vacuum acceptance test.

Battery Recharge and Load Support

The solar array output was entirely adeguate to provide sufficient battery
recharge and support the vehicle load requirements. Since there is no known way
of directly monitoring battery state-of-charge, the inference that the battery
was consistently fully recharged was dravn from the performance of the following
parameters: ‘

a. Adhydrode voltages at the end-of-light

b. Battery charge currents at the end-of-light

¢. Battery discharge voltages at the end-of-dark

d. Battery temperature - )

e. Duration of short charge (battery 92«1:31:3 until regulatér turn-on).
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Stability of the above parameters over many orbits is the
characteristic performance which indicates full battery recharge. Con-
versely, if the batteries were not being fully recharged, the resultant
orbit-to-orbit loss of capacity would be evident from orbital trends showlng
the parameters to be unstable in the following manner*:

a. End-of-light adhydrode voltages, end-of-dark battery voltages, and

battery temperature would gredually decrease;

b.. End-of-light charging currents, and shunt-charge duration would

gradually increase. ‘ :

As can be seen from Figures 4.2-2, 4,2-5 and 4.2-6, the parameters were
very stable (except for the predictable effects of BVL, load, and/or
attitude changes - see discussion below). Over many orbits, there is no
tendency toward the stability trends discussed above., On this basis
it was concluded that the battery was consistently fully recharged. The
correlation among flight data, prediction, and pre-flight tests wlll be
discussed below in this report.

* NOTE: The characteristic relationship of stability of these parameters
with sufficient battery recharge and instability with insufficilent
recharge had been demonstrated and verified in pre-flight sub-
system tests. ' r

Twice during the early orbital life of the spacecraft, the BVL was
deliberately lowered by command. In both cases 1t was done because end-
of-light adhydrode voltages showed that the battery was receiving a
higher degree of overcharge than was necessary. In neither case was there
any immediate danger to battery operation, but it was felt that a reduced
amount of overcharge would be more conduclive to battery longevity.

Prior to launch, the BVL had been pre-set to level 4 (nominal) as the
optimum level for safe battery recharge considering the uncertainly range
in Solar Array performance predictions. Pre-flight battery and subsystem
tests had demonstrated that an end-of-light adhydrode voltage of 300 mV,
if stable from orbit to orbit, was indicative of full recharge, and also
that values well above 300 mV - indicative of a high degree of overcharge -
could be expected if Solar Array performance should be substantially
above the worst-case minimum performance prediction.
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During the first five orbits after launch, 1t was observed that:

a, Overall subsystem performance was good;

b. Solar array performance was within predicted limits and well

above the worst-case minimm prediction;
¢. Ind-of-light adhydrode voltages were conslstently in the mnge of
400-460 mV, verifying the high degree of. overcharge expected from b..

Based on the above observations, and the decision to reduce the amount
of battery overcharge, the BVL was commanded from level 4 to level 3. The
command was executed properly and, as expected, had the following effects
(see Figure 4.2-5):

a. Adhydrode voltages decreased by 20-40 mv,

b, Battery overcharge currents decreased to 0.6-1.0 A.

Vehicle loads vwere gradually increased during the checkout period
and into Coarse Pointing and Experimenting, with resultant increased
battery dep’ch-c;f-discharge and reduced charge current availability. As
expected, the following effects were observed (see Figures 4,2.2, L4,2-5
and k,2-6):

&. Further decrease of end-of-light adhydrode voltages into the

range of 320-430 mV;
b. Slightly higher overcharge currents (st111 stable over many
orbits) in the range of 0.7-1.0 A;
c. Increased shunt-charge duration to the range of 11-16 minutes
(stable, except for the few orbits at 80 B-side with its poor
_ solar array attitude);
d. Decreased end-of-dark battery voltages in the range of 26.0-
26.5V,
In addition (see Figure k,1-2), battery temperature decreased as predicted
during this period to a stable level of approximately 55°F. As shown
in Figures 4.2-2, 4,2-5 and 4.2-6, the flight date corresponded well with
pre-flight predictions.

Observation of end-of-light ad.hydmdé voltages through orbit 1l5
indicated- that the batteries were stlll being overcharged more than was
necéssary, and the BVL was therefore commanded from level 3 to level 2,

As expected, the following effects were observed (see Figures 4.2-5 and
4,2-2):
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a. end-of-light adhydrode voltages decreased into the range of
305-390 mV;
b. overcharge currents decreased into the range of 0.6-0.9 A;
¢. battery temperature decreased to approximately 50°F.
Continued monitoring demonstrated stabllity over many orbits and
verified optimization of subsystem performance.

Comparison with Predictions

Subsystem and component performance correlated very well with pre-
flight predictions and tests, as shown in the figures throughout the
j)revious sections of this report. The flight battery T/V test, which was
the final and most representative pre-flight demonstration of subsystem
performance, has been emphasized in the comperisons of Figures 4,2-5,
4,2-2, and L,2-6, " It must be especially noted that the obvious differences
in performance of adhydrode signals, overcharge currents, and shunt-charge
duration are entirely explicable and anticipated, in that the T/V test
was conducted with simulation of noﬁxinal solar Array performance, while
actual flight performance was above nominal.

4,3 FLIGHT SUMMARY - FIRST 15,000 ORBITS
The battery assemblies aboard the OAO-2 spacecraft (S/N 25A and
26A) have successfully delivered power to the vehicle for over three

years so far, with no indications of major degredation, Battery end-
of-light currents, end-of-dark voltages and charge time in shunt (unreg-
ulated) mode have changed little since orbit #2000. No thermal problems
have been encountered although there has been some indicated rise in
end-of-light battery temperatures recently. Operetion has been largely
confined to low recharges (BVL 2 or 3) to minimize overcharging the
cells and, thus, to lengthen useful life.12

Table 4,3-1 gives the summary statistics for representative orbits
at a 900 beta angle orientation, 65 minute charge time and BVLS 3 for
orbits 2,143 through 15,126, Temperatures varied between 45-55°F,
consistent with acceptance test data. End-of-light charging currents
remained uniform at about 0.7-0.9 amps. End-of-dark voltages ranged between
25,6-26.5 volts, slightly lower than early orbital data indicated. However,
the voltages appear uniform and any differences appear to be correlated to
tempereture which causes the charging voltage limit {BVL) to shift accord-
ingly (see Figure 4.3-1, top and middle curves). The time in unregulated
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(shunt) charge mode held steady at 20-27 minutes, this value being

somehwat higher than early flight data but close to the 'I‘/V test data
(see Figure 4,2-6), Eerly date (orbits O to 3000) showed lower duration

snunt charges of 10-20 minutes, Over 3000 orbits the time to regulator

~ turn-on has deen consistently staying about 20-27 minutes. Eguivalent
data at BVLS 2 are shown in the lower tabulation of Table 4,3-1. Again
the time to regulator turn-on shows a signffiocant increase over early
orbital data. End-of-light charge currents and end-of-dark battery
voltages remained consistent throughout. Table k,3-2 shows & summary
of orbital characteristics for BVLS 2 and 3 at 30 days and after three
years of flight. As oan be seen, the only appreciable change 1s in
the time to regulator turm-on. All other paremeters indicate little
or no battery degredation. '

No data is available on percent return for each orbit. However,
the paremeters studied are indicative of & battery receiving a full
charge with each orbit. Figwres 4.3-2 and 4,3-3 show the mumber of
ampere minutes being put imto the battery during the unregulated (shunt)
charge portion. An average value of 120 A-min., (2 A-hr.) eppears
to be returned at BLVS 2 and slightly lower values for WIS 3.

The plot af Bettery waltage as & funotien of orbital time is given
in Figures 4.3-4 and 4,3-5. The curves show good consistency between
early and recent orbits except for differences in shunt charge time, -
The uniformity in battery charging response 1s seen clearly in Teble .
4,3-3 where the average battery voltage during the first fifteen minutes

_on charge is given for orbits 2,143 through 15,126,
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SECTION 5.0

SPECIAL CELL TESTS
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5.1 SUMMARY OF TEST REGIME FOR PACX 23B

o .No. of series connected cells in pack: 10

o. Cells from OAO battery S/N 34, 35 spare lot
Cell serial nos.: .
@ e @ % g % o B @ oo
1kgh 1517 1546 1588 1591 1k99 1537 1587 1589 - 1590

o On test at: )
NAD, Crane ® Goddard Space Flight Center O

Depth of discharge: 15%

Temperature: 10%¢

Cycle Period: 90 minutes

Charge Rate: 8 amp

Discharge Rate: 6 amp

Date Test Began: 1/26/71 )

Type of Charge Control: BVLS 4 with periodic switches to BVLS 8 and BVLIS 1
for 100 cycle periods.

0O 0 0 0 © 0 ©

. TEST DETAILS -

o This pack received a controlled precharge (3.5 A-hr.) based on gas measuring
techniques,

o Periodic capacity discharges on two cells at a time are made every B8 dmys.

o Cell S/N 149k failed at 7800 cycles.

16



PACK 23B

S5.1,1 Pack Description and Test Regime

Pack 23B consists of two S5-cell groups of series-connected cells from OAOQ
battery S/N 34, 35 assembly. These cells received a modified Gulton precharge
adjustment wherein the gas generated during the precharge operation was collected
and recorded. The cells from group A were charged with their vent valves
closed, being opened to evacuate the accumulated oxygen only when e pre-determined
pressure had built up in the cells, The group B cells were charged with their
valves opened and the gas which evolved was collected into the gas-measuring
apparatus described in Figire 2,1.2.2. Both groups had the precharge terminated
wvhen each cell received an equivalent 3.5 A-hr, of precharge. Following the pre-
charge and routine electrical characterization cycles at the seller facility, the
cells were sent to NAD, Crane for additional testing in January 1971,

Upon arrival at Grane the cells first received a ¢/20, 48-hour conditioning
cycle (see Figure 5.1.1-1), From 1/26/T1 to 2/4/T1 they underwent various tests
including capecity checks, low temperature overcharges (0°C) and open-circuit
recovery tests, On 2/4/TL the pack was placed on 10°C life cycling, the 100-
minute cycle consisting of an 8.0 amp charge to 1.457 volts/cell (BVLS 4) followed
by a 6.0 amp, 15% depth discharge. Every twelve-hundred cycles a capacity
check is performed on two cells. Prior to the capacity check the pack receives
a significant overcharge by charging to a higher voltage limit (1.505 volts/cell
or BVLS 8) for 100 cycles, followed by a reduced charge to 1.420 volts/cell
(BVIS 1) for an additional hundred cycles. Finally the pack is returned to
BVLS 4 for another hundred cycles after which the capacity check is run.

Since only two cells at a time receive a capacity check (to +0.5 volts),
the remaining cells in the pack will contimue to accumulate additionsl cycles,
uninterrupted by a low discharge, It has been demonstrated (see "Summary of
Test Results on Spare Nickel-Cadmium Cells from OAO-2 Flight Batteries," in
Appendix E) that cells which eccumilate large numbers of uninterrupted cycles
without a low discharge (below 1.00 volts) show a "double-plateau" voltage
profile on discharge. Tie higher, stable plateau occurs in the vicinity of 1.18-
1.19 volts while & second, lower, plateau occurs at an average level of approxi-
mately 1.05 volts. By staggering the capacity checks on pack 23B by two cells
every 1200 cycles, a family of curves is generated showing the discharge voltage
pmt:lle at 1200 cycle intervals, Thus the rate at which the double-plateau
inflection point moves along the x-axis can be defined as a function of cycle
life. As of completion of this report, four cells have received capacity checks,
Cells Cl and C2 received a check after 3,900 ecycles and cells C5 and C6 received

nr7



a capacity check after 5,600 cycles. Cells CT and C8 also received capacity checks

" at around 5,600 cycles during a special test on these two cells in February, 1972.
‘Full details of this test are given herein,

5.1.2 Test Results

A summary of the test events for pack 23B is shown in Table 5,1.2-1l. Initial

capacity to +0.5 volts is given in Table 5.1.2-2. During the first two taper chargeé*
on 1/30/71, high pressures developed during the 5 emp charge and the taper charges had
to be terminated prematurely (see Figure 5.1.2=1). The cells hit a maximum voltage _
about 20 minutes into the C/4 charge. Cell voltage thereafter steadily decreased, show
ing overcharge, and charge was terminated due to the high pressure after about 1 hour,
10 minutes at C/4. After each taper charge the pack was discharged at C/2 until the
first cell reached +0,500 volts. In each case the pressures dropped to zero or a
vacuum resulted. On the third taper charge, cells C9 and ClO reached the limiting volt
age after 18 minutes at C/4. The rate was then changed to 1.6 amps for five hours and
the end-of-charge pressures ranged from +19 to +36 psig. The pack was overcharged at
0°c on 2/2/71; a profile of the charge voltage is shown in Figures 5.1.2-2 and
5.1.2-3. Pressures at the end of the overcharge ranged from a low of +22 psig for
cell C5 to a high of +38 psig for cells C7 and C8. The maximum voltage reached was
1,559 volts on cell C9 after 45 minutes on charge. At that time the voltage spread
was about 10 millivolts. Following another capacity discherge, the pack received two
lOOC taper charges during which no abnormal voltages or pressures developed.

The pack began active cycling at 10°C to BVLS 4 (woltage limit = 1.457 V/cell)
on 2/L/71. Percent recharge throughout the first thousand cycles was about 108%. When
the voltage limit was lowered to BVLS 1 (1.420 V/cell) the percent recharge fell to
about 102%; when raised to BVIS 8 (1.505 V/cell) the recharge increased to 130-140%
(see Figure 5.1.2-4). End-of-charge voltages were very uniform amongst the ten cells;
the average divergence was less than 25 mV (see Figure 5.1.2-5).

After 1,509 cycles the entire pack was given a capacity check (6 amp rate until
first cell reached +0,500 volts). Cell CB was the low capacity cell, delivering 22.1
A-hrs. This represents a slight decrease from its initial capacity of 23,8-2L4.3 A-hr,
A plot of its discharge curve is shown in Figure 5.l.2-6. No double plateau is evident
from this curve.

After approximately 2700 cycles cell C2 began to show & decrease in end-of-
charge voltage. Table 5.1.2-3 shows typical end-of-charge voltages for the BVLS L
cycling between cycles 2,289 and 5,600, Cell C2 (S/N 1517) remained, on the

* Taper charge is defined as. follows: C/2 (10 Amp.) until first cell
reaches 1.496V; then C/4 (5 Amp) until first cell reaches 1,496V; then
1.6 Amp for 4 hours. '
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Date

1/26/ML
1/26 to
2/4/71

2/4/1

2/10/11
2/17/n
2/23/n

5/10/T1

10/4/T1

10/24/T1

2/1/72
2/23/72

PACK 23B log

Event
Cells received at NAD, Crane
Initiasl chaerecterization tests

Start cyeling @ BVLS 4

Change from BVLS L4 to BVLS 8 NOTE: This type of ewitching
from BVLS 4 to BVLIS 8 to’

Change from BVIS 8 to BVIS 1 " BVIS 1 was performed

Change from BVLS 1 to BVLS 4 . every 100 cycles although

it is not shown.
Capacity check - entire pack

o Discharge entire pack until first cell reaches 0.5 volts
o Taper charge entire pack
© Resume cycling @ BVLS &

Capacity check - Cl and C2 only

o Discharge Cl and C2 each to 0.5 wolt
0 Taper charge Cl and C2
o Resume cycling @ BVLS &

Overcharge test (0°C) - entire pack

o Discharge 6 amp for 5 min.
o Charge 1.0 amp for 5 hours @ 0°C
o Resume cycling @ BVLS L

Special test on CT and CB (See Table 5.1.2-5)
Capacity check - C5 and C6 only

o .Discharge C5 and C6 each:to 0.5 volt
o Taper charge C5 and C6
0 Resume cycling

TABLE 5.l1.2-1
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average, about 70 mV lower than the other nine cells in the pack for about
1000 cycles. By cycle 3,710 cell CT (S/N 1537) hed also fallen in end-of-discharge
voltage to spproximately 60 mV lower than the rest of the pack. Cycling con-
tinued and these two cells, C2 and C7, remained coﬁsistently lower than the
remainder of the pack.

During cycle 3,900 cells Cl and C2 were given a capacity discharge to +0.500
volts while the remainder of the pack continued on cycling. Figure 5.1.2-7
shows the voltage profile of the cells on discharge. Althmigh both Cl and C2
had accumulated an equal number of cycles (3,900) without & low dlscharge
(to +0.500 volts), it is apparent that C2 has a lower second voltage plateau
than Cl, and 1t reaches this plateau sooner in the discharge. A comparlson
of the émpere-hours returned during this discharge with that returned during
an earlier c¢ycle (#1,509) is shown in Table 5.1.2-k4,

. ] Ampere-Hour
Cycle# Cell No. Capacity to +1.0 Volts Capacity to +0.5 Volts
Cycle 1,509 Cl S 22,1
c2 22,0
Cycle 3,900 C1 19,0
c2 16.5 18.3
TABLE 5,1,.2-k

It was decided that a low temperature overcharge be given the entire pack to
determine how C2 and CT7 would behave if they were charged without being tied
to a voltage limit. The overcharge was performed on 10/24/T71 at approximately
cycle #4,000, Figures 5.1.2-9 and 5.1.2-10_show the voltage profile during
the test. As can be seen, both C2 and C7 failed to come up in voltage with the
other cells in the groups., Likewlse their pressures barely increased dui'ing the
S5-hour overcharge. Cell C2 incressed from -6" at start-of-overcharge to -4"
upon completion of the five hours, while C7 changed from -5" to -k", The
other cells in the peck started into the overcharge with slightly positive
pressures (+6 psig to +11 psig) and ended with pressures renging from +22

psig to +31 psig. The positive electrodes in C2 and CT were either not gassing
or else the negative electrodes were recombining the 6xy3en as fast as it was
evolving. Following the overcharge the pack was again .placed on 10°C cycling.
Figures 5.1.2-11 and 5.1.2-12 show & typical charge cycle approximately 200
cycles after the overcharge test, The pecui:lar behavior of C2 and CT is still
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apparent.
A special test was performed in February, 1972, on two cells which exhibited

a large voltage difference at the end of each charge cycle. Just prior to the
test these cells (CT7 and CB) had acquired a total of approximately 5600 cycles
without a deep discharge and the total pack was receiving & recharge of 135.6%.
The voltages at this time were as follows:

AP CL Ce C3 Ch C5 [ C7 (03] C9 T10
E.0.C.V. 1.400 1,508 1,508 1,488 1,508 1,388 1.362 1,496 1,499 1.476
E.0.D.V. 1.196 1.249 1,200 1,214 1,218 1.200 1,120 1,208 1,212 1.208

Cells CT &/N 1537) and C8 (S/NI587°) vere selected for the special tests
based on their end-of-charge voltage difference (134 mV). The test regime
shown in Table 5.1.2-5, was conducted with the intent to perfomm e chemical/
physical analysis afterwards to see if the voltage divergence had any physical
manifestations in the cells, It was found, however, that both cells appeared
"normal" upon completion of the electrical tests. The chemical/physical analyses,
therefore, were not performed on these two cells as had been planned. The
initial discharge of CT and C8 after they had been removed from pack 23B is
shown in Figure 5.1.2-13. Eoth cells to this point had receilved 5,600 cycles
without receiving a deep discharge yet, as in the case of Cl and C2, thelr
voltege profiles are not the same. Cell C8 has two definite plateaus; the higher
at around 1.18 volts (the OAO spacecraft URG level) and the lower around 1.05-
1.07 volts. Cell C7, on the other hand, shows only & single, lower, plateau
and falls below +1.00 volts much sooner than CB. The ‘capacity to +1.00 volts
and +0.5 volts shows a marked reduction from the original capacity measured
for cell CT while CB shows little difference.

Anmpere-Hour
Cycle # Cell No. Capacity to +1.0 Volts Capacity to +0.5 Volts
Cycle 1,509 CT 22.2
c8 21.0 ) 22,1
Cycle 5,600 cT 17.0 17.7
c8 22,0 23.5
TABLE 5.1,2-6

Although, as Table 5.1.2-6 indicates, cell C8 shows an increase of only about one
ampere hour of cepacity, & comparison of Figures 5.1.,2-6 and 5.1.2-13 shows that
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TABLE S.1.2-!

Upecial Test on Cells C7 & C8 of

Pick 23B During lebrunry 1972

TABLE O) EVENTL

Step Number . Step Description
1. Run pack 23B on tally prior to removing CT and CB.
2. Remove C7 and C8 from pack. Place pack back on

life cycling.

3. Run 10 life-cycles on C7 and C8 as a pack using
t?e OAO test regime with a voltage limit of 1.%03
v/ec.

L, Discharge each cell @ 6.0 amps to +0,5 volts.

5. Taper charge eaéh cell.

6. {(a) () (c) () Overcharge test @ 0°C followed by leak test and gas

e sample,

T. Discharge at C/2 rate to +0.5 volts per'cell.

8. Taper charge each celi.

9. Run 10 life-cycles.
10. Discharge @ C/2 rate to +0.5V per cell, Placelel

resistors across cells for 16 hours. Remove resistor
and read OCV for 24 hours.

11. Charge each cell for 48 hours @ C/20 rate.
12, © Perform ieak test at end of 48 hour charge
13. _ Discharge @ C/2 rate to +0.5V each cell,
1k, Taper charge each cell,

15. Run 10 life cycles.

6. - ' Discharge @ C/2 rate to +0.5V per cell.

Place 10 resistors across cell when discharge
is complete.  End of test.
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the discharge profile of C8 has changed significantly. Upon closer inspection we
see that the average wattage is lower for cycle 5,600 from about ninety minutes
until completion of the cycle. Table 5.1.2-7 shows the watt-minute accumulation
to +1.0 volts for C8 at 1,509 cycles and 5,600 cycles.

Cycle 1,509 Cycle 5,600
Avg. Avg. Accumulated. Avg. Avg. Accumulated
Time Interval T Volt. Watt. Watt-Min. Voit., Watt Watt-Min

0-10 min. 10 1.32 7.92 C719.2 1.29 7.T4 T7.4
10-30 min. 20 1,25 7.50 229,2 1.23 7.38 225.0
30-60 min. 30  1.20 7.20 Lhs,2 1.19 T.14 L39,2
60-100 min, 4o  1.19 T.14 730.8 1.18 7.08 T22.k
100-150 min. 50 1,18 7.08 1084 .0 1.13 6.78 1061.L
150-180 min. 30  1.15 6.90 1291.8 1.07 6.42 1254,0
180-200 min. 20 1.10 6.60 1423.8 1.05 6.30 1380.0
200-210 min. 10 1.03 6.18 1485.6 1.04 6.24 1kko, L
210-220 min. 10  -= - -- 1,02 6,12 1503.6
TOTAL WATT-MINUTES TO 1,485.6 1,503.6
+1.0 V

TABLE 5.l.2-7

We see from Table 5¢1.2-7 that the total watt-minutes delivered from C8 i: nearly
the same in both cases although the average voltage delivered by CB is lower during
the later cycle.

C8 thus appears to perform in a manner typical of the OAO flight and test
cells generally. C7, on the other hand, (and C2 as heretofore noted) seems to have
experienced an exceptionally accelerated degradation of some kind. Not only was ‘
discharge voltage significantly lower, but ampere~-hour capacity was also severely
reduced (see Figure 5.1.2-13). At the same time, the prior o°c overcharge test
data showed both a much lower voltage for CT than the rest of the group, and a
rising characteristic rather than a falling one (see Figure 5.1.2-10). These two
sets of.observations lead to the questions of how well C7 was accepting and storing
charge, and what the possible causes may be. Since a few cells in this lot exhib-
ited similar characteristics, answers to these questions are important. Accordingly,
investigations are ongoing at this time,
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Following the discharge, the two cells were recharged via a taper charge.
Ac Figurc 5.1.2-14 shows, both cells reached the limiting voltage (1.496 volt:)
after approximitely 130 minutes on the 10 amp rate, This comparcs tavornbly with
the taper charge @ 1,509 cycles when CT and C8 hit the limiting vulinge at mvund
128 minutes on the 10 amp rate. Notice, however, that the cnd-of-charpe wvoltage
of C8 is 27 mV lower than C7. In the overcharge test which followed, cell C7
became the higher voltage cell of the two (see Figure 5.1.2-15). This is contrary
to what would be expected since earlier tests had shown that the cells which ex-
hibited low end-of-charge voltages on cycling also showed low voltages during
overcharges. When the cells were discharged (Figure 5.1.2-16) the profile does
not show a docuble-plateau as it had earlier. Ampere hour capacity to +1.0 volts
on CT and CB was 22,8 A«hr,-and 21.0 A-hr, respectively, and to +0.5 volts was
23.6 A-hr., and 21.8 A-hr. respectively. All indications were that the low volt-
age cell had been "conditioned" and no longer displayed the low end-of-charge
voltages or lower discharge plateau voltage that it had previously shown. The
conditioning was probably due to the low discharge (to +0.5 volts) incurred during
step No. 4. The ability of deep discharges to eradicate the double plateau effect
has been demonstrated elsewhere (see Appendix E) although it was not previously
known if a deep discharge ﬁould bring a low voltage cell on charge up to a nominal
end-of-charge voltage. Subsequent discharges (Figures 5.1.2-17 through 5.1.2-20)
show that the capacity of the two cells remained fairly uniform throughout the
remainder of the tests.

On 2/23/72, another 88 day capacity check was performed on two cells from
pack 23B. The cells selected for this capacity check were C5 (3/N 1591) and C6
(s/N 1499), Table 5.1.2-8 shows the end-of-charge voltages before and after the
capacity check as well as the percent recharge, It is apparent that the capacity
discharge improved the voltege of C6 and brought it from 30-40 mV lower than C5
to less than 20 mV lower than C5. Cells C7 and C8 are displaying voltages approx-
imately 30 mV higher than other cells in the pack. Apparently the series of charges
and discharges encountered during the special test of February 1972, conditioned
these cells so well that they now respond better than the other pack cells, Cells
Cl and C2 are lower by 60-TO mV than the pack average. Cell C2 has remained low
since approximately cycle 2,&00 or so, while Cl has exhibited a divergence only
after about 5000 cyecles, Figure 5.1.2-21 shows the capacity discharge of C5 and
C6 at 6,000 cycles., As Table 5.1.2-9 indicates there is no appreciable capacity
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change in C5 from 1,509 to 5,600 cycles. However, C5 shows a decrease of 6 A-hr.
in the later cycles., This is verified from Figure 5.1.2-21. We can sec, turther-
more, thn{; although C5 delivered the seme capacity to +1,0 volte, it does so
a lower woltoge. Therefore, 1t shows a net decreasc in wati-hours returncd vver

the earlier cycles.

Cycle 1,509 Cycle 6,000
Ampere-Hour Ampere-Hour
Cell No. Cap. to +1.0V Cap. to +0.5V Cap, to +1.0V Cap. to +0.5V
Cc5 22,1 - 20.8 23.3
cé 22.1 -- 16.2 _ 18.7

TABLE 5.1.2-9

Followiné the capacity check of C5 and C6, cells CT and C8 were reunited
into the pack. All four cells received a taper charge first before being placed
into the pack. Cycling was continued on BVLS L until 3/2/72, when the vol%age
1limit was lowered to BVLS 1.
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5.2 SUMMARY OF TEST REGIME FOR PACK 5

No. of series'connected cells in peck: 5
Cells from OAO battery S/N 3k, 35 spare lot
Cell serial nos.:
@ e ¢ ¢ L5 % oI B & gl
1514 5184 1526 526A 1531 - - - - -
On test at: )
a0, creane ) . * Goddard Space Flight Center (%)

Depth of discharge: 15%
Temperature: 12-13°C

Cycle Period: 100 min,

Charge Rate: 8A

Discharge Rate: SA

Date Test Began: T/T1

Type of Charge Control: BVLS L

TEST DETAILS ~

o

This pack underwent approxiﬁately 1200 cycles of cell verification testing
under BVLS control before beginning these life cycling tests.
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PACKE 5

5,2,1 Pack Description and Test Results

Pack 5 consists of five, series-connected cells from the spare lot of QAO
battery G/N 34, 35, The pack underwent 1200 cycles during cell verification
testing before being placed on life cyeli;zg at Goddard Space Flight Center in
July of 1971. The cycling regime consists of & 6 amp, 15% depth discharge and
an 8 amp, charge to BVLS 4, at 13°C.

Table 5.2.1-1 lists the events that the pack has experienced to date, In-
itial end-of-charge voltage divergence was low, about five millivolts. Percent
recharge stabilized to approximately 122% in the first 120 days and remained
at that level until day 250. At this time (eycle 1608) an overcharge test at
0°¢C was performed. Following this overcharge the pack showed & dramatic increease
in end-of-charge voltage divergence, paralleled with & rise in end-of-charge
pressure and percent recharge (see Figure 5.2,1-1), This rise in voltage
divergence is shown in Figure 5.2.1-2. A capacity check ’perfomed at cycle 2,408
temporarily reduced this divergence but the end-of-charge voltage spread
quickly returned to 1ts pre-discharge conditions,

In an attempt to check the steady rise in voltege divergence, pressure and
percent return, it was de'cided to lower the voltage charge level from BVLIS 4 to
BVLS 3, This was performed at cycle 2,785 and, after a few hundred cycles, the
pack showed favorable performance changes. By cycle 3000 the end-of-charge
voltage spread among the cells had decreased from 130 mV at the peak (cycle
2,800) to nearly 65 mV. Percent recharge had dropped from 175% to 162% with
an accompanying 10 psia decrease in end-of-charge pressures. At cycle 3000
the voltage charge level was again lowered, this time from BVLS 3 to BVLS 2,
Again the cycles immediately following the change showed & rise in divergence
followed by another decresse in dlvergence, recharge and pressure. The charge
voltage level was finally reduced to the lowest level, BVIS 1, at cycle 3,158.
This had the effect of reducing the voltage divergence to about 35 mV at which
value it levelled off and remained. Percent recharge stabilized at 110-115% and
cell end-of-charge pressure converged at around 5-15 psla.’

By cycle LOOO cell voltage divergence had again esppeared and therefore
an attempt was made to control the divergence by lowering the input chargerate.
On cycle 3,996 the rate was reduced from an 8 amp to a 4 amp charge and 88
cycles later 1t was reduced further to 3 amps. This had the effect of lovering
the percent recharge into the pack while maintaining the cells at a full
state-of-charge at each cycle. The voltage divergence, however, did not decrease
significantly as seen in Figure 5.2,1-2. A precharge ad justment was made on

151



TABLE OF EVENTS

PACK 5
Cycle No, . Event
1,606 Performed low temperature (0°C) overcharge test
2,408 Capacity discharge to +1.0 V/cell
2,785 From BVIS 4 to BVLS 3
2,918 to 2,973 Temperature rise to 20°C
2,973 Temperature return to 13°C
3,015 From BVLS 3 to BVLS 2
3,158 From BVLS 2 to BVIS 1
3,996 Charge rate lowered from .8A to HA
L,084 ' Charge rate lowered from LA to 3A
4,250 . Removed 2 A-hr, oxygen gas (precharge adjustment)
from cell #5 ‘
TABLE 5.2.1-1
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one cell in the pack (#5) by charging the pack until & positive pressure existed
and then venting it to remove oxygen ges in the equivalent amount of 2 A-hr. This
was performed at cycle 4,250, As seen from Figure 5.2.1-2 the adjustment was
followed by an immediate rise in voltage divergence followed by a decrease to pre-
adjustment levels. Subsequent to cycle 4,500, the end-of-charge voltage spread in
the pack again increesed and reached a 81 mV peak about a thousand cycles after
the adjustment was made. Beyond cycle 5 ,000, end-of-charge voltages again conver-
-ged to a minimun of 24 mV by cycle 5,800. This reduction in dlvergence was parelled
by & reduction in percent recharge as shown in Table 5.2.1-2. Although energy bal-
ance is shown to be maintained at low recharge levels (less than 110%), the table
seems to indicate that the recharge is running down but at a very slow rate, How-
ever, end-of-discharge voltages are not showing a‘ny consistent degradation, indi-
cating that changes in end-of-charge voltege and recharge do not seem to impair
the ability of the cells to function normally.
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5,3 SUMMARY OF TEST REGIME FOR PACK 6

No. of series connected -cel.le in pack: 5

‘Cells from OAO battery S/N 34, 35 spare lot

Cell serlal nos.:
oL g2 &3 ¢ g g6 oI 8 9 ol
15k2  495A 1554 U9TA 1575 - - - - -

On test at:
nap, crane O Goddard Space Flight Center (¥
Depth of discharge: 15%
Temperature: 12-13°C
Cycle Period: 100 min.
Charge Rate: 8A
Discharge Rate : SA
Date Test Began: T7/T1 .
Type of Charge Control: BVIS L, except between cycles 1501-2360 and 36505900
when BVIS 1 was applied,

TEST DETAILS ~ -

(o]

This pack had received approximately 1200 cycles of cell verification testing '

at BVLS 8 combined with third electrode control before beginning these life
cycle tests. Third electrode control involved a bi-level decrease to BVLS J.

vhen auxiliary signal reached its limit.
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PACK 6

—————

5.3.1 Test Description and Results

Pack number 6 consists of five (5) series connected cells taken from OAO
battery lot S/N 34 and 35. These cells had first received cell verification
testing at NASA/GSFC where they were cycled at BVLS 8 in combimation with third
electrode control.l

Following this test, in July 1971, this pack was placed on life test at
BVLS 4 et 13°F temperature., Figure 5.3.1-1 shows an end of charge voltage
divergence of 65 mV, observed after, 1500 orbital cycles. The limit was reduced
to BVLS 1 from cycles 1501 through 2360, This resulted in a smaller divergence
-- gbout 30 mV -- by cycle 2360, The test was then returned to BVLS L to
determine if a return to the original divergence value would occur. Slowly, an
increase was noted, and by cycle 3400 1t had reached a value of LT mv, At
cycle 3,413 the charger malfunctioned, exceeding its preset voltage. Cell #5
in the pack reached 1,573 volts, and total divergence was 112 mV. Three cycles
later the mishap was corrected. Then, with the voltage controlled at BVLS
4 on all subsequent cycles, another 112 mV divergence occurred at cycle 3,480,

The direct reletionship between voltage divergence and BVLS level (as
the control of charge reg.’une) has been previously noted. Generally, divergence

value seems nearly linear function of BVLS level for any given group of cells,

Prior to cycle 3,400, pressures in the pack were about 10 psia, except
cell 3 (closer to 20 psia). During those cycles without current cutback, cell
3 reached 82 psia. Later, pressures returned to normsl.

Table 5.3.1-1 shows the cha.rge/discharge parameters found in cycles 5000
'thmugh 5900. Voltage divergence was low -~ 10 to 30 mV., Despite a falling
recharge percentage, these cycles demonstrate that 3 amp charge rate at BVIS 1
is sufficient to maintain energy balance for more than 1000 cycles. This is
identical to the findings from pack 5 tests.
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S.4 SUIMMARY OF TEST REGIME FOR PACK 35B

No. of series connected cells in pack: 5

Cells from OAO battery S/N 34, 35 spare lot

Cell serial nos.:

cL 2 @3 &
1573 5124 1578 515A
On test at:

NAD, Crane ®
Depth of discharge: 15%
Temperature: 10°C
Cycle period: 90 minutes
Charge rate: 8 amp
Discharge rate: 6 amp
Date test began: 1/26/T1
Type of charge control:

TEST DETATLS -
0 This pack is similar to pack 23B except for the following details:
- Has two third-electrode cells (5124 and 515A)

- Has not received any capaclty checks

£
k92

BVLS L4 cycling

6 g B @

Clo

Goddard Space Flight Center ()

- Has not received any overgharges greater than the BVLS L4 cycling.

~ The cells received an urmodified Gulton precharge.
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PACK 35B

5,4,1 Pack Description and Test Results

hck 35B consists of five series- connected cells from the spare lot of OAO
battery S/N 3%, 35. Unlike peck 23B, these cells received an unmodified Gulton
precharge., However, the gas vented from each cell was collected and is given

in the precharge section of this report. Following the routine electrical
testing at the seller facility, the cells were sent to NAD, Crane for additional
testing in January 1971. '

Upon arrival at NAD, Crane the cells received a C/20, 4B-hour conditioning
cycle (see Figure s.4,1-1). Following the conditioning, the pack was discharged .
at C/2 rate to +0.5 volts each cell, Capacities were as follows:

Cl c2 C3 2 Ch B ~C5
24,2 A-hr, 23.7 A=hr. 24,0 A-hr. 23.5 A-hr, 24,2 A-hr.

During two taper charge:i-\'lhich followed, the cells developed high pressures in
the 5 amp portion of charge since they did not reach the voltege limit »- 1.496
volts -~ result;ing in an overcharge. The maximum voltage during the first
taper charge was 1.487 V (Cc5) after twenty minutes. In the second, cell C5
was again just short of the voltage limit 1.491 volts after twenty-five minutes
‘at 5 Amp rate. (A similar occurwence was observed on peck 23B,) During the third
teper charge, cell C5 reached 1.496 volts at 5 Amp rate after seventeen minutes
and no high pressures occurred.

on 2/1/TL a 0°C overcharge test was performed on 35B Figure 5.4.1-2
shows the results of this test., Cell voltages remained falrly close throughout
the overcharge; divergence at the voltage peak was 15 mV while at the end of
the charge it was only 11 mV, ’

After two more taper charges the pack vas placed on automatic cycling
at BVIS L. Initial recharge ranged between .108 and 110 perdent as shown in
Figure 5.4.1-3, Although this pack never disp]ayed the extent of voltage
divergence that pack 23B did, by cycle 2300 cell ch (S/N 5154) was beginning
to show higher voltagee than the others. Tseble 5,4.1-1 shows representative
end-of-charge voltages from cycles 2301 through 5600 with the pack at BVLS '

" %  Taper charge is defined as follows: ¢/2 (20 Amp) until first cell
reaches 1.496V; then C/4 (5 Amp) until first cell reaches 1.496V; then
1.6 Amp for U4 hours.
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Cycle cl ce c3 ch (o]

2301 1.4k 1.43 1.Lk3 1.45 1.bk2
2L 77 1.Lhb 1.43 1.43 145 1.L43
2567 1.4 1,43 1.43 1.45 1.43
2827 144 145 1.4 1.6 1,45
3336 1.4h 1.4 1.L43 1,46  1.43
3752 1.4 1.4 1.4k 1.46 1.4k
14000 145 1.5 145 LUT 145
5600 1,45 1,46 1.5  1.48 1.k5

TABLE 5.4.1-1

As can be seen, cell Ck is 20-30 mV higher than the rest by c&cle #5600, Pack
23B had a divergence of 150 mV by cycle 5600. A typical charge, around cycle
#4000, is shown in Figure 5.4.1-4, The peculiar voltage profile of cell Ch,
with respect to the rest of the pack, 1s obvious.

On 10/24/TL, at cycle 4200, the pack received a 0°C overcharge to see
how cell Ch would behave if not tied to a voltege 1imit., The results, shown
in Figure 5.4.1-5, demonstrate thet Ck is truly exhibiting a higher voltage
than the rest of the pack for the same charge current.

on 2/23/72, at cycle 5600, the cells exhibited the following end of
charge voltages: Cl = 1,450V, C2 = 1.455 v, €3 = L.W47 v, Ck = L.L75 V, and
C5 = 1.451 V. Agide from cell Ch, which has a divergence of nearly 30 mV,
the rest of the pack shows remarkably close voltages. If we compare this to
pack 23B after the same number of cycles, we see that 35B shaws much better
voltage uniformity. It is not believed the special precharge ‘perfomed on 23B
accounts for its greater voltage divergence since similar divergences have
oceurred on other cells with the standard precharge adjustment; and from this
seme battery lot. However, inspection of the cycling regimes of the various
packs shows that pack 35B received lover totel overcharges in ampere-hours
than the other packs., Overcharging seems to cause certain stresses in the
cell which may be manifested as voltage divergence., The nature of these stresses
are, as yet, unknown, although they have appeared'frequently. In an attempt
~ to assess reduction techniques for divergence, the pack was placed on a lower
1imit (BVLS 1) on 2/24/72 at approximately cycle 5610, This should heve the .
effect of limiting the overcharge each cell would experience since the current
is exponentially decreased earlier in the charge period. By 3/17/72 -
approximately three weeks (300 cycles) later -- cell Clk was only 16 mV higher
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than the lowest cell in the pack. VVoltages at end-of-charge were as follows:
Cl - 1,415V, ¢z = 1.,k23 v, €3 = 1,k23 V, ch = 1,431V, C5 = 1,419 V. Thus it
appears that lowering the degree of oyercharge (percent recharge) controls
and minimizes voltage divergence. Additionel evidence for this is shown for
packs 5 and 6 on cycling test at Goddard (see 5.2.and 5.3).
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5.5 SUMMARY OF TEST REGIME FOR PACKX 12F

No of series connecfed cells in pack: S

Cells from OAD battery S/N 32, 33 spare lot

Cell serial nos.:
a e g3 oo 6 g B8 @ g
LolA 916 95k 920 955 - - - . -

On test at: : .
NAD, Crane (® Goddard Space Flight Center ()

Depth of discharge: 15%
Temperature: 20°C

Cycle Period: 90 minutes
Charge Rate: 8 amp
Discharge Rate: 6 amp
Date Test Began: 5/5/T0
Type of Charge Control

TEST DETAILS -

[o]

This pack was on the same regime as pack 35B, except at higher temperature
(20°C instead of 10°C)

This pack was previously tested for 800 cycles at Goddard on various BVLS
levels. It was designated Pack #1 at GSFC.



PACK 12E

5.5.1 Pack Description and Test Results

Pack 12F is a five (5)-cell pack on 20°C life cycling at NAD, Crene.
The cells, from the spare lot of OAO battery S/N 32, 33 cells were tested
for 800 cycles at GSFC on various BVLS levels before being sent to Crane,
It began 20°C 1ife cycling in May of 1970,

Upon receipt at NAD, Crane, the pack was given a C/10, 16-hr. conditioning
charge after which a C/2 capacity dlscharge to +0.5 volts was performed.
Capacities ranged as follows: Cl = 29.3 A-hr., C2 = 28,0 A-hr., C3 = 28,5 A-hr.,
ch = 27.1 A-hr. and C5 = 27.5 A-hr,, The pack was then shorted, and a follow-
ing open circult recovery test revealed no shorts. Following & taper charge¥*,

another capacity discharge at C/2 to +0.5 volts gave the following capacities:
Cl = 27.3 A-hr., C2 = 27.8 A-hr., C3 = 28,1 A-hr., Ck = 27.8 A-hr,, C5 = 27.1
A-hr.,., A slight decréase in capacity is seen in a few of the cells. After
another taper charge the cells were agaln discharged, this time at the cycle
rate (6 amps) to +0.5 volts. Capacities were lower: Cl = 25.26 A-hr., C2 =
25,38 A-hr., C3 = 25,38 A-hr., Ck = 24,96 A-hr., C5 = 25.56 A-hr.. The pack

. began active cycling on 5/13/10. Percent recharge for the first thousand cycles
remained at 107-108% (Figure 5.5.1-1). The end-of-charge voltages among the
cells ranged from 1.42-1.4% volts duting this period, a divergence of 15-20 mV,
Figure 5.5.1-2 shows the voltage spread between the cells for the first 9000
cycles.

In July of 1970, pack 12E was subjected to its first o°c overcharge test
at approximatelyA eyele 917. During the charge, cell Cl reached a high voltage
(over 1,55 volts). The discharge following the overcharge revealed that Cl
was the highest capacity cell (C/2 to +1.0 V):

Cl = 29,00 A-hr.

2 = 27.60 A-hr.
C3 = 26.80 A-hr.
Ch = 25,80 A-hr.,
C5 = 27.10 A-hr.

Following the capacity check the pack was taper charged and returned to
cycling. On 10/19/70 after 2,477 cycles, the pack was again subjected to o°c
overcharge tests. Cell Cl reached very high volteges during the first over-
charge (a maximum of 1.621 volts). The cell was shorted and reversed by 2

* For this pack taper charges were C/2 to voltage limit then
¢/4 to voltage limit then
€/10 for one hour
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A-hr. to discharge the negative electrodes by that amount. The overcharge
tests were repeated., Once agaln cell Cl exhibited high voltege on charge,
about 1.612 volts at the peak. At this point it was decided to remove Cl
from the pack and perform electrode capacity tests to determine the ratio
and distribution of the electrode capacities, S

On 10/26/70 this cell (S/N 494) was removed from pack 12E and discharged
at 6.0 amps to +0.5 volts. Capacity to +1.0 volt was 28.8 AH and to +0.5 volt
was 29.22 A-hr.. A 1 L1 resistor drained the cell for 16 hours prior to
performing the electrode capacity retio tests. The cell was reversed to -1.0
volts to determine the amount of precharged negative capacity. It was then
£looded witl electrolyte,charged at C/40 for 48 hours, and discharged at a
C/2 rate to -1,5 volts. Table 5.5.1-1 shows the results given in ampere-

hours:

Precharged Negative Capacity to the Following volteges in A-hr,:
Capacity in A-hr. +4,0V 40,5V +0.0V -0.5V -1L,0V =-1l.5V
7.23 29,50 29.80 30.02 34.90 35.10 35.40
TABLE 5.5.1-1

As indicated, little or no excess negative capacity exiets at the charged end;
the total excess being in the form of precharged negative. The cell was again
charged for 48 hours at €/10 and then discharged at C/2. The results from
+1.0 volts to -1.5 volts were: 27.83 A-hr., 28,17 A-hr., 29,00 A-hr., 32,50
A-hr., 82.70 A-hr. ‘and 32.80 A-hr., respectively. Additional tests were
performed on individual electrodes removed from the cell case, The nickel

and cadmium plates were charged at a 0.222 ampere rate each for 16 to 20 hours.
Discharges were performed at & 1.11 amp rate on each plate. The results of
tests on two cadmium and two nickel plates from Cl are given in Table 5.5.1-2.

Sample Type E,0.CeVe Capacity (A-hr.)
P1 Cadmium 1.633 V 3.02
P2 Cadmim 1.632 V 3.13
Pl Nickel -- 3.h2
P2 Nickel -- 3.25

TABLE 5.5.1-2

We see from Table 5.5.1-2 that the positive capacities exceed the negatives
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by as much as 12%. Crane reported that the separator "showed excess migration
and moderate separator deterioration.” It appears that the high voltages
experienced during the low temperature overcharges were the result of nega-
tive limiting on charge. This should have the effect of establishing high
pressures within the cell since the negatives would gas hydrogen with each
overcharge. However, no high pressures were indicated.

On 11/10/70 at cycle 2729, cell C4 (S/N 920) was removed from the pack,
also due to high voltages. The cell was discharged at C/2 to 0.0 volts and
then reversed at C/lO to =1.0 vwlts to determine the amount of negative pre-
charged capacity., Table 5,5.1-3 gives the results of this precharge measure-
ment as well as a subsegquent capacity discharge at C/2 to -1.5 volts.

Precharged Negative Cepacity to the Following vVolteges in A-hr.
Capacity in A-hr, +1,0 V +.5V 0,0V =0.5V -1, 0V -1.5V

10.6 A-hr. 24,33 26.83 28.50 - - -
’ 28,00 28,20 29,00 37.70 38.50 38,50

TAEBLE 5.5.1-3

Table 5.5.1-3 shows essentially the same results as Table 5,5.1-2 showed for
cell Cl. About 10,6 ampere-hours of precharged negative capacity exists in
the cell, representing all of the excess. This cell, like Cl, was probably
negative liniiting on charge, resulting in high voltages and hydrogen gas
evolution, :

The othef three cells in the pack remained on cycling after Cl and Ck
were removed. Percent recharge remained about 107% until cycle 4500 after
which it dropped to lower than 104%. Divergence in the three-cell pack
showed a slight rise after the two cells were removed, but remained less than
100 mV through cycle 9000, End-of-charge voltages at cycle 9042 ranged from
1.403 volts to 1.460 volts., It is likely, in view of the high amount of pre-
charge measured on the two cells removed, that the remaining three cells are

also negative limiting on charge. A gas sample taken on 9/1/T.L, at cycle ThoO,
revealed 100% H; gas in cell 3.

5.6 SPECIAL TESTS ON BATTERY SERIAL NUMEERS 30 AND 31
Nickel-Cadmium Aerospace batteries are rarely used immediately after

manufacture, Generally, there are several weeks of pre-flight checkouts,
each separated by periods of inactive storage. A prerequisite for maintaining
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quality battery performance, therefore, is a proper storage mode prior to
flight use.

Data on OAO battery S/N 30, 31 indicated that a high voltage divergence
among the cells was occurring, and that this was correlatable to the time
the battery stood open-circuited, Other data indicated that divergence
could be significantly reduced by keeping the batteries short-circuited when
not in use. .

Figure 5.6-1 shows the overcharge voltage profile of two cells in
battery S/N 30, 31 as a function of battery age*. The charge at 15 and 185
days shows no appreciable rise or divergence in voltage. However, after
500 days cell S/N 698 reached the hydrogen evolution voltage limit before
three hours into the charge and the current had to be reduced. Even at this
reduced rate (0.5 amp) it again reached the hydrogen evolution voltage limit
and current had to be further reduced. The trend after 750 days (bottom
curve) is similar although the voltage limit was reached even sooner.

Figure 5.6-2 shows the rise in cell voltage with age. As seen, those
test cells from the battery S/N 30, 31 which were stored in e shorted con-
dition since theyileﬁ. the seller's facility immediately following thelr
manufacture and test showed neither high overcharge voltage nor a large
‘divergence at over 500 days of age.

Figure 5.6-3 presents the maximum cell voltage spread on low temperature
overcharge as a function of the cell's age. Again, the general diverging
trend is readily observed. :

Voltage rise with age has been attributed to negative electrode
capacity loss through a mechanism reducing the amount of eactive cadmium
available for electrochemical reaction. Charging the cell at low temperatures
imposes more of a stress on the cadmium electrode than on the nickel
electrode. Unless there is a sufficlent excess of Od(OH)2 at the charged end,
the cell could become negative limiting, evolving hydrogen. Battery S/N 30,
31 had a low final ratio of negative to positive capacities (1.074-1.279
based on four sé.mple cells from that assembly). Later batteries have been
fabricated with higher ratios to ensure sufficient negative excess.

Carbonate in the electrolyte has also been shown to cause an increase in
cell voltage, but the amount of carbonate in those cells was not measured and
the extent to which carbonate can raise cell voltage is not well known.

* Age is defined as the time from cell activation to test date.
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FIGURE 5.6-2
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5.7 SUMMARY OF TEST REGIME FOR PACKS 2154, 216A, 217A

o No. of series connected cells in pack: 5 per pack
o Cells from OAO battery S/N 34, 35 spare lot

o Cell serial nos.:

217A

521A

1473
917

1484
522A

I

[
N
[
e

Q

| d

C1
ca
C3
chk
C5

o On test at:
NAD, Crane (X Goddard Space Flight Center ()
Temperature: R,T.
Dete Test Began: 4/14/T1
Dep;bh of Discharge:
Cycle Period:
Charge Rate?
Discharge Rate:
Type of Charge Control:

Cl = 525A
c2 =
1523 C3 = 1478

c5 523A c5

nonononon
58
%

o
23
g
838
nunauan

0 0 0O o 0o O ©o

TEST DETAILS -

These three packs underwent six-month storage perlods in various modes.
Pack 215A received a random electrical manipulation to duplicate the conditions
vhich OAO batteries experience during their pre-flight vehicle integration.

Pack 216A was shorted for the full six months while Pack 21TA
received a continuous trickle-charge for the duration of the storage period.
Afterwards, the packs were tested to determine the effecte the various storage
modes had on their performence. Following these tests all three packs were
placed back in theif respective storage modes for another six-month period.
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5.7.1 Test Results

The packs were stored in various modes for & six month period., Pack
215A underwent a random electrical regime to simulate the type of treatment
an OAO battery would receive during the spacecraft integration and checkout
period. Pack 216A was kept electrically shorted for the entire six month
period, the mode. presently used when the OAO batteries are in inactive
storage. Pack 217A was on trickle-charge (500 ma) throughout the period.
All three pecks received electrical characterization cycles upon termination
of the storage test period to determine what, i1f any, changes had occurred
in their performance. The results which follow are .for the end of the first
six month storage. Upon completion of the electrical re-characterization
regime the cells were placed back in their respectlive storage configuretion
for testing at six month intervals. Tables 5.7.1-1 through 5.T.1-3 list
the checkout tests performed on the packs before and after they were stored
for the six months.
5.7.2 Analysis of Results

Tables 5.7.2-1, 5.7.2-3 and 5.7.2-5 show the capacity measurements
made before and after the storage period. Before the storage period, all
packs showed similar capacities; the cells ranging from 23.3 A-hr. to
25.2 A-hr.. Following the storage, pack 2154 (Table 9,7.2-1) showed a slight
increase in capacity while the other two packs showed slight decreases., It

is interesting to notice the large increases tn cepacity which occurred on
packs 2154 and 217A :en 10/24/7l. These two packs received an 11 hour, 1
amp, charge prior to being teper charged. This low rate charge before
the taper charge may be responsible for the increased capacity since
pack 216A, taper charged without first having the 1 amp charge, did not
show any capacity increase. All three packs had been sufficiently overcharged
prior to this capacity check and the A-hr. input was similar on all the
packs (36.3 AH to 41.6 AH). If the low rate charge is, in fact, responsible
for the capacity increase, the mechanism causing the greater returm
is unknown, slthough it may "condition" the cell to take the higher rate
charge more efficiently., No shorts of any kind seem to have occurred &s
a result of the storage as evidenced by the open-circuit recovery results '
shown in Tables 5.7.2-2, 5.7.2-4 and 5.T.2-6.

Of prime interest in these tests was to see how the cells reacted to
& lov temperature overcharge following storege. Recsll that it was the
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TABLE 5.7.1-1

CHECKOUT TESTS AT NAD, CRANE (PACK 2154)

183

DATE TEST COMMENTS
4/9/TL  c/20 for L8 hours Initial conditioning charge
L/9/T1 Capacity discharge C/2 to 0.5 V each Capacity data given in
taper charge Table 5.7.2-1
4/11/71  Taper charge See variation of cell voltage
on taper charge in Figure 5.7.2-1.
4/12/7T1 C/2 dischg. until first cell reaches C5 first to reach 0.5 V after
0.5V 2. hr. 25 minutes. (24,10 A-hr,)
"4/12/71 16 hr., 14 -short _
4/12/71  24-hr. open ckt. stand Open-circuit volteges Table
5.7.2-2 ‘
4/13/TL Taper charge
4/1k/T1  h-hr. stabilization in 0°C chamber @
0.5 amp
4/14/71 Dischg. 6.0 A, 5 minutes
4/14k/TL  Overcharge C/20 for S hours See varietion of cell voltage
in overcharge, Fig. 5.7.2-k
L/14/71 Capacity discharge C/2 to 0.5V C5 first to reach 0.5 V after
(1st cell) 2 hr. 24 minutes (24.00 A-hr.)
4/i4/T1  Taper charge .
L/1k/T1
to STORAGE TEST
10/19/T1 0
10/21/71 k-hr, stabilization in O C chamber,
€@ 0,5 amp
10/21/71 Dischg. 6.0 A, 5 minutes
10/21/7t Overchg. C/20 for 5 hours See Figure 5.T.2-4
10/22/71 Capacity discharg. C/2 to 0.5 V ea. See Table 5.7.2-1
10/22/71 16 hr., 1Lishort See Table 5.7.2-2
10/23/71 1 emp charge for 10,5 hours S/B teper (10A) charge instead
of (1A) charge rate
10/24/TL Taper charge
10/24/71 C/2 to 0.5 volt ea. See Table 5.7.2-1
10/2h/ Tl Taper charge (NOTE: terminated after 10
minutes on 1.6A due to high
cell pressure on cell #508 =.
+76 peig and ceil #520 = +82
psig
10/24 /71 .
to OPEN CIRCUIT
10/27/70 o
10/27/71 4 hr. stabilization in O C chamber
@ 0.5 amp
10/27/71 Dischg. 6.0 A, 5 minutes
10/27/TL Overcharge C/20 for 5 hours See Figure 5.7.2-4 (NOTE:
' overcharge terminated after
2 hr,,15 minutes @ O°C @ 1
amp due to high voltage on
A cell #508 = 1,553 V). ,
10/27/7T1 Capacity dischg. (C/2 to 0.5 volt See Table 5.7.2-1 (NOTE: cells
ea. discharged past 0.5 V - cell
_ #530 down to 0,171 volts)
10/28/71 Taper charge See Figure 5.7.2-1 (WOTE: 1.6A

rate terminated after 1 hr. 47 min,
due to high cell pressure on cell #508
= +64 psig and cell #520 = +T5 psig.



TABLE 5.7.1-2

CHECKOUT TESTS AT NAD,” CRANE (PACK 2154)

DATE
4/7/TL  C/20 for 48 hrs, : Initial oconditioning eycle
L/9/T2 Capacity dischg. C/2 to 0,5V ea, Capacity data given in Table 5.7.2-3
4/11/T1  Taper charge : S8ee variation.of cell voltage on
- taper charge, Figure 5.7.2-2
4/12/71 c/2 dischg. until lst.cell reaches C3 first to resch 0,5 V after 2 hr.
‘ 0.5V . : 27 min. (24,5 A-hr.) :
4/12/71 16 hr. 1fLshort ) - .
4/12/71 2k hr. open-ckt. stand : open-ckt. voltages Table 5.7.2-k
4/13/71 Teper charge ’ o . : :
k/ik/T1 4 hr. stebilization in 0°C chamber
@ 0,5 amp
4/i4/T1  Dischg. 6.0 A, 5 min, o ‘
4L/14/TL  Overchg. C/20 for 5 hrs. in 0°C See variation of cell voltage in
chamber : overcharge, Figure 5.7.2-5
4/1k/T1  Capactty dischg. C/2 to 0.5 V C3 first to reach 0,5 volts after
(st cell) 2 hr, 20 min, (23.33 A-hr.)
L4/14/71  Taper charge A
4/15/71 Dischg. C/2 to 0.5 V (1st cell) C3 first to reach 0.5 volts after
_ ' 2 hr, 15 min, (22.50 A-hr.)
L4/15/71  1.fishort, 16 hrs.
4/15/7T1 Dead short each cell
4/15/71
to STORAGE TEST
10/20/T1
10/20/T1L C/20 for 48 nrs. Post short conditioning
10/22/71 Temp. stabilization L hrs.,
o°Cc @ 0.5 amp
10/22/71 Dischg. 6.0 A, S.min,
10/22/T71 Overchg. C/20 for 5 hrs. See Figure 5.7.2~5
10/22/71 Capacity dischg. to 0.5 V ea, See Table 5.7.2-3
10/22/T71 16 hr. 10 short
10/23/TL 24 hr. open ckt. stand See Table 5.7.2-k
to
10/24/T1 24 hr, open ckt. stand
10/24/T1 Taper charge . : .
10/26/T. Capacity dischg. to 0.5 V ea, See Table 5.7.2-4
10/27/T1 Taper charge
10/2T/T. b hr. stabilization in 0°C
chamber @ 0.5 amp
10/28/71 Dischg. 6.0 A, 5 min, - .
10/28/T1. Overchg. C/20 for 5 hre. FOTE; Terminated after 45 min.
due to high wolteges on cells
1,543 V to 1.556 V, all cells).
10/28/T1 Capacity dischg. to 0.5 V ea, See Table 5.7.2-3
10/28/7L Taper charge _ See Figure 5,7.2-2
10/28/71 Dischg. C/2 to 0.5 V 1st cell C2 first to reach 0.5 V after
2 hr. 14 min, (22,33 AH)
10/28/T1 Short 1.a., 16 hrs.
10/29/7L Deed short each cell



TABLE 5.T7.1-3

CHECKOUT TESTS AT NAD, CRANE (PACK 217A)

DATE
4/7/7TL  C/20 for 48 hours Initial conditioning cycle
h/9/71 Capacity dischg. c/2 to 0.5V ea. Cepacity data given in Table 5.7.2-5
4/11/71 Taper charge See variation of cell voltage on
) taper charge, Figure 5.T.2-3
k/12/T2  C/2 dischg. until first cell C5 first to reach 0.5 volts
reaches 0.5 V after 2 hr. 21 min. (23.50 A-hr.)
4/12/T1 16 hr., 1 S-short
4/12/71 24 hr. open-ckt. stand Open-ckt. voltages, Table 5.7.2-6
4/13/7L Taper charge
L/1k/TL b hr. stabilization in 0°C chamber
@ 0.5 amp
4/14/71 Dischg. 6.0 A, 5 minutes
L/14/TL  Overchg. C/20 for 5 hrs. in o°¢c See variation of cell voltage
chamber in overchg., Figure 5.7.2-6
4/14/TL  Capecity dischg. C/2 to 0.5V C5 first to reach 0.5 volts
(1st cell) after 2 hr, 20 min. (23.30 A-hr.)
L/14/TL  Taper charge : _
4/15/T2 Trickle charge (500 MA)
L/15/M
to STORAGE TEST
10/21/71 :
10/21/71 Temp. stebilization
' 4 hr., 0°C @ 0.5 amp
10/21/TL Dischg. 6.0 amp, 5 min.
10/21/TL Overchg. €/20 for 5 hours in See Figure 5.7.2-6
0°C chamber
10/22/T1 Capacity dischg. €/2 t0 0.5 V ea.  See Table 5.7.2-5
10/22/71 16 hr. 1.wshort
10/23/7t 24 hr. open ckt. stand See Table 5.7.2-6
10/23/TL 1 emp charge for 11 hrs, ~ S/B taper (10A)
10/24/T1L Capacity dischg. C/2 to 0.5 V ea.
10/25/TL Taper charge ' See Table 5.7.2-5
10/27/TL Temp. stabilization
4 nr., 0°C @ 0.5 amp
10/27/7L Dischg. 6.0 A, 5 min,
10/27/7L Overchg. C/20 for 5 hrs. in
0°C chamber See Figure 5.7.2-6
10/’?,7/_’.’1 Capacity dischg. C/2 to lower C5 discharged down to 0,195 wvolt
U tham 0.5V T en o
10/28/71 Taper charge - See Figure 5.7.2-3
10/29/71 Placed back on trickle charge _

(500 ma).
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low temperature overcharge tests on OAO battery S/N 30, 31 that revealed

a rising end-of-charge voltage trend with age. Low tempereture is known

to place a stress on the cadmium electrode making it perform poorly on
charge. It has been suggested that some undefined mechanism operates to
reduce the amounl of active cadmium in a cell as a function of age. One
such might be growth of the cadmium hydroxide crystal size with age, with the
concomitant effect of reducing overall active surface aree on the negative
electrode. Whatever is occurring, the possibility of negative limiting
could be detected ir advance by running low tmnpefature overcharge. A

cell whose negative-to-positive ratio is epproaching unity due to age
should become negative limiting under the stresses imposed on the cadmium
electrode by the low temperature. On 4/14/71 & 0°C overcharge was performed
on the three packs. Before this the cells were charged fully by a taper
charge, Figures 5.7.2-1 through 5.7.2-3 show profiles of the three pack
voltages during taper charge before and after storsge, Before the stomée
period, all three packs exhibited similar voltages on charge. Each pack
reached a maximm of about 1.490 volts while in the S5 amp portion of the
charge and did not have to be cut back further in current. In the taper
charge following storage, the current for packs 215A and 216A had to be re-
duced to the lowest rate (1.6A) or some cells would have exceeded the volt-
age limit in the 5 amp portion. Pack 21TA did not exhibit this sharp voltage
rise, Pack 2154 had to be temminated early into its 1.6 amp charge due to
high pressure. A gas sample was not taken,

Figures 5.7.2-4 through 5.7.2-6 show overcharge results for two tests
after storage compared to a pre-storage test. Pack 215A again exhibited
high pressures as 1t did during taper charges. On a later overcharge it had
to be terminated due to high voltages, another possible indication of a
negative-limiting cell, Pack 216A did not appear very different on the first
overcharge following the storage period, but hed to be prematurely terminated
on a later overcharge due to high voltage indications., Pack 21TA performed
nearly identically both before and after the storage period as can be seen
in Pigure 5.7.2-6. No evidence is shown that the storege period had any
adverse effects on the pack, Although peck 21TA did not reach high voltages
on overcharge, it exhlbited an increase in voltage divergence with étorage,
as did both the others. Table.5.7.2-7 is a summary of the high and low voltages
reached during overcharge tests. The increasing spread in voltage at the
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VOLTAGE DIVERGENCE ON LOW TEMPEDRATURE OVERCHARGE

PACK 21
Test Date Max. V Min. V Time Delta (Max.-Min,) (mV)
L/1v/m 1.532 V (1) 1.525 V (3) O+45 min. 7.0
10/21/71 1.580 ¥ (1) 1.541 v (3) 0+90 min. = 39.0
10/27/T2 1.553 ¥-{1) 1.522 v {3) O0+135 min.* 31,0%
PACK 2164
Test Date Max, V Min., V Time Delta (Max.-Min.) (mV)
L/14/T1 ' 1.528 v (3) 1.522 (1,4,5) O+45 min. 6.0
10/22/T1 1,549 v (5) 1,536 (&) 0+45 min, 13.0
10/28/71 1.556 Vv (&) 1.543 (1) O+45 min.* 13.0%
PACK 217A
Test Date » Max. V Min, V Time Dé&lta (Max.-Min.y (mV)
L/1k/T1 1.530 v (5) 1.523 (1,3) O+45 min, 7.0
10/21/71 1.541 V (3) 1.522 (2)  O+45 min, 19.0
10/27/T 1,535V (3) 1.506.(1)  O+45 min. 29.0

% CHARGE TERMINATED, VOLTAGES WERE STILL INCREASING

TARLE 5.T.2-T
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PRESSURE CHANGE ON LOW TEMPERATURE OVERCHARGE

PACK 2154 - CELL S/N 508

Test Date Initial Pressure End-0f-Charge Pressure Delta Pressure
L/14 /71 -08 psig +0T psig +15 psig
10/21/71 +22 psig +76 psig +54 psig
10/27/1L 415 psig +44 psig +29 psig
PACK 216A - CELL S/N 525
Test Date Initlal Pressure End-0f-Charge Pressure Delta Pressure
h/lh/"?l -0l psig +09 psig +13 psig
10/22/T2 +02 psig +10 psig +8 psig
10/28/71 +01 psig +00 psig -1 psig
PACK 217A - CELL S/F 521
Test Date Initial Pressure End-Of-Charge Pressure Delta Pressure -
y/1v/m -0OT psig +08 psig | +15 psig
10/21/71 -11 psig +03 psig +1k psig
10/27/71 -09 psig +18 psig +27 psig

* CHARGE TERMINATED EARLY DUE TO HIGH VOLTAGES

TAHLE 5,7.2-8
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meximm point during the charge is evident. The voltage values are generally
lowest for pack 21TA and highest for pack 215A. The pressure data is given
in Table 5.7.2-8., Packs 215A and 216A had to be terminated prematurely
during the third overcharge and therefore the end-of-charge pressure shown
is lower than it might have reached. In generel it appears that pack 215A
gassed the most during the overcharges with packs 216A and 217A prebebly
gassing similar emounts. Notice, too, that the three packs gassed very
similarly during the pre-storege oVercha.rge test (+13 psig to +15 psig).

»
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SECTION 6.0
CONCLUSIONS

This study demonstrates that the OAO design program has indeed improved the
quality and lengthened the life of aerospace-grade Ni-Cd cells and batteries.
Further, abllity to understand and predict performance of these devices under
actual operating conditions has been enhanced considerably. It can safely be
said that Ni-Cd batteries are now moving from the "art" stage into an engineering
phase. Quantitative data to support these statements are contained in this
report.

Specific conclusions to be drawn and findings include:

o Improved operating life - shown by 3—% years of successful OAO-2 operation

without single cell failure

o Capability to provide flexible full charge control without excessive over-

charge - shown by results of using eight (8) BVLS levels and a sensitive
third electrode signal

o Necessity to design future spacecraft equipment to accept lower discharge-

voltages due to "double plateau" effect
o Ability to predict battery performance using a computer model with adequate
cell characterization data
- Tmprovement of cell characterization technigues

o Cell storage - long term - under about C/1+0 trickle charge may result in
less performance degradation due to apparently negligible parameter changes
compared to other techniques (if it can be shown that excessive component
degradation will not thereby ensue)

o OAO-2 battery thermal design amply adequate to retain msximum life and per-

formance characteristics - shown by spacecraft data

- Low temperature spread (cell-to-cell) results in small, negligille
characteristic differences

- Temperature regime safely below nylon separator hydrolysis degradation
point

0 Cell processing and écreening techniques lead to greater uniformity, both

inttially and after prolonged cycling. Among the items contributing are:
- Plate weight screening

~  Minimm 2k-hour soak after activation

- Controlled technique for negative precharge adjustment

- Careful ratio testing as a verification test
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- Capacity predictions from sample plate data
- Specification of single lots for a build
o Plates ‘
v Separatore
o Electrolyte
-  Cell selection testing
o Pressure measurement
- lLimitation of overcharge in early tests
- Adequate quality assurance provislons
o Radiography
o Terminal inspection
This study also raised some specific gquestions, and pointed up areas in which

more information is reguired. These are discussed briefly below.

6.1 CHARGE CONTROL AND THE THIRD ELECTRODE
The multi-level voltage vs. temperature limit (BVLS) charge control is now a
proven technique. OA0-2 amply demonstrates its viabllity.. The third electrode

experiment also seems to have been successful in that a signal sensitive to state-

of-tharge was found, and its time of appearance was representative of how much
overcharge would occur at any BVLS level. In flight, this fact was used by opera-
tions personnel to modify BVLS levels by ground command. What remains, then, are
the following gquestions: h
o How should future spacecraft designers best integrate third electrode with
BVLS control?
o What factors affect third electrode signal performance (e.g.: hydrogen evolu-

tion, cell reversal, loading, etc.)?

6.2 OPERATIONAL VOLTAGES AND RECONDITIONING
It has been found that the "double plateau” effect in discharge (i.e.: the ten-
dency for cell: and batieries in extended cyeling to expend large,increasing por-

tions of their ntored enermy nt Inw voltage - obout 1.05 volts per cell) can be
reversed by subjecting the cells to "deep" discharge - to 1.0 wolts per cell or
less. Ford (Reference 1L4) and others have determined this "reconditioning" is &
temporary effect. Test data taken for this and other recent programs show that
recharge rates and/or techniques (up to at least C/2) following deep discharge
have no effect on either disappearanée of double plateau or the duration of the
"reconditioning" effect. These conclusions are borne out by the data presented

‘herein. Several points, however, remain unclear:
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o0 What phenomena are responsible for "double plateau"?
o Why does "reconditioning” work at all, and why is it temporary?
o What is the exact relationship between the lowered discharge voltage of
"double plateau" and end-of-charge voltage performancec? .
o Is there & relationship between "double plateau” and either or both of
oxygen and hydrogen evolution?
- Is there a way to utilize third electrode signal to minimize "double
plateau" effects?
- Is it necessary to have either pressure relief or pressure cut-off"
for cells and batterles subject to prolonged cycle life?
o Can voltage dlvergence (cell-to-cell in a battery) be predicted and/or
controlled for either charge or discharge?
-  What, if any, are the relationships of divergence to any of the
above?
~ Are there maximum divergence limits? Based on what criteria?
Answers to the above and corollary questions would contribute much to understanding
the flight performance of batteries, and to the ability to predict and control this

performance over long periods of time.

6.3 MULTIPLE REGRESSION ANALYSIS
In the program of which reference 1l is a report, it has been shown that Ni-Cd

cell parameters can be related to manufacturing -processes and control by means of a
mathematical technique called multiple regression analysis. To a limited extent,
this program has established the same principle - analysis confirmed observation
that a minimum sosk time is required after activation to assure stable, predictable
precharge adjustment. Other attempts to achieve correlation were less than fruit-
fui. It was concluded ﬁhat insufficient data were available. Th‘s fact, rather
than an inherent weakness in the analysis technique, accounts for lack of useful
results. .k :

. The program reported on by reference 11 relied heavily on electrode processing
and construction data - material which was lacklng here. Should such information
become available, cells be fabricated from the plates reported on, and these cells

be subjected to adequate testing, regression analyses would show their usefulness.
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SECTION 7.0
RECOMMENDAT JONS

7.1 MANUFACTURING AND PROCESS CONTROLS

The material manufacturing and process controls covered herein should
be applied to all future builds of aerospace-grade cells and batteries. FPlate-
processing and manufacturing variables should also be included (Section T.T7).
Performance and long-life reliebility will thereby be enhanced without any
necessity to incur increased cost. Ultimately standardization and lower
reject rate, along with reduced screening requirements, will result in

cost savings.

7.2 NEGATIVE/POSITIVE RATIO

To insure good performance over long-life, minimum excess negative

capacity is required. Actual valies may be application oriented. Up to
the last battery build, OAO required minimum ratios of 1.30:1.00. For the
last build, this was increased to 1,40:1.00. It is recommended that stan-
dard minima be established to improve life characteristics, and that ade-
quate sample 'Eest requirements be imposed. These should be based on as
complete as possible an understanding of negative-limit phenomena for both
charge and discharge.

T.3 PRECHARGE

Along with sufficient negative/positive ratio, it is necessary to have
proper balance of the excess negative capacity. This can be achieved by a
cpntrolled negative precharge adjustment. Wherever possible the gas (oxygen)
collection technique should be used since it appears to be the most accurate
and reliable method devised to date.

7.4  QUALITY ASSURANCE
To insure cell reliability, battery performance and long life, strictly,
" but intelligently, enforced quality comtrol should be imposed from the raw
material stage through to the finished product. This includes insistence
on adequate analysis and lot sample date of all materials and components
{e.g. electrodes, separators, electrolyte, etc.), and sufficient in-process
inspection and test to assure both good procedures and traceability.
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7.5 CELL SELECTION

Adequate criteria ghould be established for each cell and battery
design to assure battery performance in flight systems. Similar require-
ments to those shcﬁn in Appendix B should be used to match cells, with
specific items based on known characteristics of the cells.

7.6 CELL CHARACTERIZATION
From each lot of cells built for flight use, a sufficiently large
sample should be taken and subjected to prescribed characterization and
1ife tests., These tests would:
o Provide data to verify cell selection
o 'Update the cell performance prediction model
o Verify spacecraft power system design
o Provide data for analytic process/performance studies
Further suggestions for these efforts include 2 test facility capeble of:
(] Automatic' cycling simulating predicted orbital, charge and
load parameters
Data format directly compatible with computer programs
o Safe operation against cell or test equipment failure

o Overpressure

o Over/under voltage

o Power faults
Such capability makes: this kind of testing economical since it allows for
repetitive use of the same equipment and data reduction software, and avoids
excessive use of persomnel for continuous 2h-hour, T-day testing.

7.7 ARALYTIC STUDIES .

It is recommended that the work begun her: to relate early test data
to actual cell performance and life be extended. An attempt should be made
to achieve correlation among early ;tests, performance end life on one hand,
and component characteristics on the other, Suc.‘n elements as electrode
parameters (utilization, etrength active material purity, etc,), separator
types and construction, electrolyte concentration and the like should be
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7.7 (CONTINUED) -

studied from the point of each one's impact on cell results, This effort
would require cooperation of the component suppliers, but would eventually
lead to greater understanding of nickel-cadmium technology (see ref, 11).
Similar work should be undertaken on design and use of oxygen-sensing
(adsorbed hydrogen) and fuel-cell electrodes for state-of-charge sensors,

7.8 BATTERY VOLTAGE REGUIATION/"DOUBLE PIATEAU" EFFECT

For long-lived systems, especially in low-earth orbit, other on~board
equipment should be designed to operate safely, and within normal. performance
limits, over a voltage ra.ngAe' wide enough to include a minimum discharge voltage
of 1.05 volts/cell, The "double plateau” effect found in extended cycling
does not represent a real capacity loss as previously thought, but is due to

the tendency of nickel-cadmium cells to release stored energy at lower

voltage spread, requiring using and power conditioning equipment to accept

a wider range. Where OAO-2 was specified at 2k-35 volts for a 21-cell

battery, future designs should reduce the lower figure to approximately 20.75

volts (includes diode drop).

7.9 PRE-FLIGHT TESTS/STORAGE
Batteries designated for flight or flight spares usage should receive

- & minimm of systems test before launch, At all other times, they should

be stored in the recommended manner to avoid excessive component degradation
and concomitant shortening of life. Storage techniques should be studied
to determine optimum method(s) (e.g. shorted ve. low trickle charge - -

see 6.0).



SECTION 8.0

FUTURE EFFORT

8.1 PRESENT PROGRAM EXTENSION
An extension of this program should be made to record, analyze and
codify the following material:
o Cell and battery data for batteries S/N 36 and 37, now being
constructed for use as CAO-U flight epares.
" o Addition of data on extra cells of batteries 34, 35 lot; and
batteries 36, 37 lot
- Characterization tests
- Life tests
- Storage tests .
Review and include OAO-2 flight data past end of this program
Include OAO-l flight data -- launch scheduled for August 1972
Include storage test results, second six-month period, packs
2154, 216A, 217A.

8.2 BASIC COMPONENT STUDIES
The following component studies should be undertaken:
o H‘fecté of adding cobalt to positive electrodes
- Electrode parameters
= Initial cell performance
- Long term cycling performance
- Life
o Establishment, with plate manufacturer's cooperation, of
manufacturing and process controls.
- Quality assurance provisions
- Detailed plate data requiréments
o Plate chemical analysis
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8.3 CELL EFFORTS
The following work should be started to increase knowledge of cell
performance and characteristics: '
o Investigation to determine capacity retention enhancement by
gtarting charge at low rate
.= Initial (Conditioning) charge only
-« Cyclic charges
o Investigation of storage techniques at less than room
temperature (< 20°C)
o Reduction of all cell and component data to computer format
- Economical bookkeeping, storage '
- Eagier to use for analytic purposes
o Continue analytic effort to relate manufacturing, process
and ear]\v‘test parameters and data to cell and battery
performance
- Improve controls
-~ Improve cell prediction model
- Optimize early test techniques
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"APPENDIX A

Print-Outs for Regression Analyses

Described in Section

Voltage (Divergence) Regression

Precharge (Gas Evolution) Regression
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GRUMMAN AEROSPACE CORPORATION

Beth; LI NY,
Codemt. No. 26512

Page 1 of 86
Specification No. AV-25205-25G

SPECIFICATION  Release Date _4-25-72
Superseding AV-252CS-25F
deted 6-11-71 with
Amendment 1 dated T-4-T1
snd Amendment 2 deted
11-10-T71.

NICKEL-CADMIUM STORAGE CELLS

POWER SUPPLY SUBSYSTEM

ORBITING ASTRONOMICAL OBSERVATORY

SPECIFICATION FOR

/ ' -
C. Monsco C WJQ 3 Bur =

Specifications Engr Approve : Engineering
L. Needle A, Gertenberg
Approved by Vehicle Design Proj. Engr Approved by Subsystem Project Engr

T.J. Heuermenn .
Approved by OAO Engineering Meneger

Contract No.

Eng200.1 7-66

List No.



GRUMMAN AIRCRAFT ENGINEERING CORPORATION

LINY.
m. No. 26512

REVISION DESCRIPTION
sw No. AV-252CS-QSG

Descriptioa

D | 6-20-68

G |L-21-72

Revised per latest requirements of §/C 3 and subsequent. Bars
to the right of paragraphs indicate revisions subsequent to
AV-252C8-25C.

Revised per latest requirement of S/C 3 and subsequent.

Revised to incorporate the requirements of Amendments 1 thru 5

of AV-252CS-25E, to incorporate the requirements for the Auxiliary
Electrode Cells, previously covered by AV-252CS-89A with Amendment
1 thru 5, to incorporate changes associated with State-Of-Charge
adjustments and to incorporate changes agreed with or requested
by the GSFC.

Bars to the right of parsgraphs indicate revisions subsequent -
to Amendment 5 to AV-252CS-25E.

Incorporsted Amendments 1 mnd 2 snd revised per lstest requirements,
Bare to the right of peresgraphs indicate revisions subgequent to
Amendment 2 to AV-252CS-25F.

Eog 200.11 566



GRUMMAN AEROSPACE CORPORATION

Beth; LI,N.Y.
Code No. 26512

SPECIFICATION
No. _AV-25205-25G

NICKEL-CADMIUM STORAGE CELLS

POWER SUPPLY SUBSYSTEM

ORBITING ASTRONOMICAL OBSERVATORY

SPECIFICATION FOR

1 SCOFE

1.1 General. - This specification establishes the require-
ments for & hermetically sealed, Nickel-Cadmium Storage Cell {Cell) which
is to be used in the fabrication of the Storage Battery for the Orbiting
Astronomical Observatory (OAC). This specification also includes the
requirements for the Auxiliary (Signal) electrode. The Signal electrode
shall be included in the cell if specified by part number in the Purchase
Order. ' '

2 APPLICARLE DOCUMENTS
2.1 " General. - The following specifications, standards,

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

Grumman

RC-252C8-1kC Subcontractor Reliability Control - OAO
Specification for

AV-252CS-26D Nickel-Cadmium Storage Battery Assembly,
Power Supply Subsystem - OAO -
Specification for

SP-252CS-38¢C Material Selection and Processes - OAO
General Specification for

ET-252CS$-39C Vendor's Environmental Testing - OAO
General Specification for

AV-252.1-88 A Rework Procedure Bsttery Terminsl

Solder Termination

230

Eng 200.3 566




GRUMMAN AEROSPACE CORPORATION

" Code

LI,NY.
. No. 26512

SPECIFICATION
No. AV-252CS5-25¢

2.1

1SP-14-14201D

GSS 7011
Federal

QAs-766
Military
MIL-B-7883-1

MIL-W-8611A

MIL-F-14072
STANDARDS
Military
MIL-STD-202C

DRAWINGS
Grumman
2528CAV110

- 2528CAV113

HANDBOOKS

(Continued)

Dielectric Sealing (Potting) of
Electrical Connectors and Components
for High Temperature

Safety Solvents - Cleaning

Steel, Plate and Strip, Corrosion
Resisting

Brazing of Steels, Copper, Copper
Alloys and Nickel Alloys

Welding, Metal Arc and Gas, Steels,
and Corrosion and Heat Resistant Alloys,
Process for

Finishes for Ground Signal Equipment

Military Standard, Test Methods for
Electronic and Electrical Component
Parts

Nickel-Cadmium Storage Cell - Avionics
Power Supply Subsystem

Nickel-Cedmium Auxiliary Storsge Cell-
‘Avionics Power Supply Subsystem.

" Aero Propulsion Lab, Wright Patterson AFB, Ohio

Screening Method,

Edited by:

J.E. Cooper

and A. Fleischer

Cherscteristics of Sepsrators for
Alksline Silver Oxide-Zinc Seconderk
Betteries
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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:

(a) 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 specificetions and documents referenced herein may be obtained,
upon request from Grumman Aircraft Engineering Corporation, Bethpage,

Long Island, New York, 11714; Attention: OAO Specifications Group. Requests
for Militery Documents listed herein should be addressed to the Superinten-
dent of Documents, Government Printing Office, Washington, D.C. 20402,

3 REQUIREMENTS

3.1 Qualification. - The cells furnished under this
specification shall be products which have been tested and have passed
the Qualification Tests listed in Section 4.

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

constructed so that a 99.8 percent probability of successful operation
during the launch and orbital lifetime (See Note) is achieved. The
achievement of the specified reliability shall be assured by the
implementation of a comprehensive subcontractor reliability program in
accordance with Specification RC-252CS-14C.

NOTE: Orbital Lifetime = Minimum of 5200 orbital cyclings during a
minimum operating period of one (1) yeer.

3.2.2 Operating Life. - All components and component parts
shall have a minimum operating life of 26,250 (See Note) hours as well as
a charge-discharge capability of 10,000 cycles during this period. The
operating life shall be defined as wearout or deterioration to an extent
which causes the equipment to deviate from the performance limits specified
herein. Environmental test conditions representative of ground operations,
launch and orbit shall be as specified in ET-252CS-39C, except as otherwise
specified herein.

NOTE: 17,500 hours to be electrically active and balance in electri-
cally drained and shorted (inactive) condition.

Q3
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3.3 Materials. - Materials used in the manufacture of
storage cells shall of high quality, suitable for the purpose intended,
and shall be selected in accordance with the requirements of SP-252-38C.
Plates, separator end electrolyte are the only items to be installed in &
cell. All materials mast be approved by Grumman prior to their being used.
A list of materials shall be supplied by seller.

3.4 Deglgn end Construction. - Individual cells shall be
hermetically sealed to permit operation within the environmental require-
ments of this specification. Cells shall contain the necessary plates and
terminal posts and shall be secured so that no motion of the plates, rels-
tive to the container or hold-down arrangement, cen occur. The deteailed
mechanical and electrical design of the nickel-cadmium storage cells shall
be accomplished by the Seller subject to the requirements of this speci-

fication.

3.4.1 Interchangeability. - All cells of a given Seller's
part number shall be dimensionally and functionally interchangeable with
each other. The Seller's part number shall be identical with the Seller’'s

drawing number for the same cells. )

3.4.2 Cell Lot. - Cells purchased under one lot shall use
components from one specific batch only and shall be assembled as one batch
under identical production techniques. This requirement shall be further
defined as follow:

Components from one batch are mandatory for all active components

such as; separator material, electrolyte, plates (one batch = nne
melange or 2 randomized melanges*). For all other cell components,
one batch is desirable. This requirement must be strictly adhered

to. Complete records must be kept of each component batch and be

made available to Grumman upon request. Each cell shall be serialized
with a non-recurring number. : :

* A melange shall be used to febricate the cell order. In the event one
melange is not adequate to manufacture the cell order, two or more
melanges may be used if mixed and randomized prior to cell production.
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3.4.3 Separators. - Separators shall be of a Grumman spproved
type, free from flaws, cracks, contamination and/or other imperfections likely
to vermit short circuits and/or other failure mechanisms. They shall be
fabricated from materials which are physically and chemically stable in the
presence of potassium hydroxide. (Materials shall be selected in accordance
with SP-2520S-38C). They shall have a low electrical resistance and shall
be capable of absorbing and retaining larege quantities of potassium hydroxide
electrolyte when subjected to the environmental conditions given in Tables I
and II of Specifications ET-2520S-39C. Separators shall also be capable of
withstanding without damage the thermal tests (See paragraphs 4.5.11, L.5.12,
and 4.5.13) which are representative of environmental conditions anticipated
during the two years of minimum battery life.

3.4.3.1 Separator Quality Assurance Provisions. - The following
tests shall be conducted on the separator and is to be used for cells pur-
chased under this specification. Sample Data Sheets as shown in the attached
(Appendix 1 and Appendix 3) shall be prepared by the seller. Two copies of
each Data Sheet and a separator sample of 100 sq. in. minimum size shall be
furnished to Grumman for approval prior to start of further Processing.
Material traceability shall be reguired.

3.4.3.1.1 Separator Manufacturer's Information. - Record all infor-
mation requested under 1.0 on sample Data Sheets of Appendix 1.

3.4.3.1.2 Electrolyte Absorption, Dimensional Chan, Electrolyte
Retention and Porosity. - Six samples of each material shall be cut Zin the
machine direction) to 6.50 cm. by 2.50 em. and individually measured using
& standard die. The thickness of each sample shell be measured using an
Ames gauge Model 262 platform dial micrometer with & 0.5 in. diameter stain-
less steel anvil. The diml shall be graduated in 0.001 mm. An equivalent
thickness measurement system is acceptable. Each sample shall be weighed to

imately 100 cc of aqueous potassium hydroxide (KOH) solution in non-corrosive

be the same percent as used in the cell filling and shall be of the same

the nearest one milligram on an analytical balance and then immersed in approx-

containers with air tight covers. The concentration of the KOH solution shall

Eog 2003 5.66
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3.4.3.1.2 (Continued)

quality. Dimensional changes shall be measured after three hours of equili-’

bration. The samples shall be returned to their individuel containers for
an additional hour. At the end of one hour, the equilibrated samples shall
be wiped across & clean lucite plate until no droplets are left on the plate.
Then re-weigh the sample.

(a) ‘Electrolyte Absorption - Electrolyte absorption is the difference
between the wet equilibrated samples and the dry sample weilghts.
Record dete on dimensions, dimensional changes and absorption in
a manner similar to that delineated under 2.1 on the Sample Data
Sheets of Appendix 1. ' .

(b) Electrolyte Retention - Electrolyte retention shall be meesured
on the same samples after draining for 15 + 5 minutes on a clean
lucite plate positioned at a 45 + 2 degree angle. The samples
shall be re-weighted. During draining, the samples shall be en-
closed in &an inert atmosphere. Record data on electrolyte reten-
tion in & manner similar to that delineated under 2.2 on Sample
Data Sheets of Appendix 1.

() Porosity - Porosity shall be calculeted in & manner similar to
that delineated under 2.3 on the Sample Data Sheets of Appendix 1.

3.L.3.1.3 . Separator Resistance - DC Method. - The resistance of
three samples of separator material shall be measured. 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 cell used is a modification of that used in the AC
‘method. The platinized platinum current electrodes are replaced by disc
cadmium electrodes (capacity 0.7 A-hr) which ere meintained in a partially
discharged sta%e. The voltage drop across the membrane is measured using
two Hg/Hgn reference electrodes which fit into ports in either cell half.
The bottom of each port is connected by a diagonally drilled capillary to the
membrane surface.

Eag 2003 366
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3.4.3.1.3 (Continued)

Equilibration technique and sample size are the same as
in the AC method. The sample is introduced between the cell healves and the
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 voltage drop is measured between the two reference electrodes using
either an electrometer or a potentiometer. A blank determination is made
and subtracted from the cell resistance with the membrane in the path.

(a) cCalculations -

(1) sSeparstor Resistance
R' =E, - Ep A

'r
I
R" = Separator resistance ohm-cm®
E, = Voltage drop between Hg/HgO electrodes
with separator in path - volts
Ep, = Voltage drop between Hg/HgO electrodes

with separator out of path - volts
I-= Current - amperes

A = Separator area exposed cm2
() Separator Specific Resistivity -
P =R
tw
P" = Separator specific resistivity ohm-cm

R" = Separator resistance ohm-cm®
ty;, = Equilibrated separator thickness cm

Perform calculations above and record data in a manner
similar to that delineated under 3.1 on the Sample Data Sheets of Appendix 1.

230
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3.4.3.1. 4 Separetor Wettability. - Separator wettability of three
semples of 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 cell, filling the cell with electrolyte,
and recording the time required to attain a stable resistance. Measurements
shall be made st five second intervals. Plot the date of the three determina-
tions on one graph, 10 x 10 to the inch.

3.4.3.1.5 Tensile Strength at Break. - Tensile strength at bresk
shall be measured on at least six samples, each two samples cut from a differ-
ent roll. Separator tensile strength measurements shall be made on die cut
specimens 12.7 cm by 2.5 cm, cut in the roll direction, each of which must be
carefully examined for flasws. Samples containing cracks, nicks or inclusions
must be discarded. At least five samples of each meterial shall be run and
the mean value reported. The tensile strength at break shall be measured on
samples which are conditioned both at T5 # 5°F, TBD + 5% relative humidity
for 24 hours, and after 2L hour immersion in 34% KOH. A cross head speed of
2 inches per minute shall be used and the specimens positioned in rubber faced
jaws so that the grip separation is 3 in. Elongation measurements cen be
obtained by measuring the grip separation as the test progresses using the valug
at break to calculate % elongation. For the tensile measurement, the load
in pounds shall be measured at the breaking point. Samples breaking outside
the area between the jaws are not included.

Temperature and humidity at test site shall be recorded
on data sheet. Perform calculations as follows:

Calculations -

Tensile Strength at Break = Bresking Load 1bs.
C.S.A.

C.S.A = sample cross sectional area
% Elongation = L - L, x 100

: Lo
L= Semple length at break

Lo = Original length

3
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3.4.3.1.5 {Continued)

Record data in a manner similar to that delineated under 5.1 on the Sample
Date Sheets of Appendix 1. Also record the appearence of break, (i.e., clean
or fuzzy). Repeat the test on six samples thaet have been stored for 24 hours
at T0°C in cell electrolyte COp free atmosphere. Record data in & manner
similar to that delineated under 5.2 on the Semple Data Sheets of Appendix 1.
The seller may suggest alternate methods to Grummen for approval.

3.4.3.1.6 Extractable Orgenic Content. - At least three samples,
each from a different roll shall be analyzed for soluble organic materisl.
The sample size shall be a 10 cm. square. The following method of extrac-
tion of organies i1s recommended. If a different method is used, it shall be
submitted to Grumman for approval.

(a) Weigh the sepasrator sample on an analytical balance.
(b) Determine volume of separator sample.

(c¢) Put the sample in a weighed container with methanol, reagent
grade. Use & volume ratio of 20 solvent to one of separator,
cover container. '

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

(e) Remove separator sample and weigh after drying.
(f) Evaporate solvent.
(g) Determine weight of residue and welght loss of sepéarator.

(h) Perform IR analysis of residue. Submit copy of IR trace to
Grummen and indicate major organic constituents. (If_a larger
residue sample is required to perform this task, a proportionally
larger sample is permissible).

(1) Record data in & manner similar to that delineated on the Sample
Data Sheets of Appendix 1.

NOTE: Target Specification - Less than 2.0% by weight of total organics.

BEng 2003 5.56 "
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3.4.3.1.7 Inorgenic Content. - At least three samples, each from
a different roll, shall be analyzed for inorganic materials. The sample
size from which inorganics are to be extracted shell be & 10 cm. square.
Quantitative analysis of the.following will be determined: Carbonate, silica,
zinc, chloride, nitrate and nickel titanium. Submit & description to Grumman
of the method used. Record data in & manner similar to that delineated under
T.1 on the Sample Data Sheets of Appendix 1.

NOTE: Target Specification - Less than 1.0% by weight of total
inorganics as determined by ignition residue.

3.4.3.1.8 Discoloration of Samples in Electrolyte. - During
testing of samples requiring equilibration in electrolyte, report any dis-
coloration of the sample in & manner similar to that delineated under 8.1
on the Sample Data Sheets of Appendix 1.

3.4.3.1.9 Thickness Variation. - The seperator thickness shall
be measured at minimum intervals of one measurement for each 20 cells
constructed. Each measurement shall be made on samples of two feet in
length, teking 10 thickness readings at approximately two inch intervels.
The geuge described in 3.4.3.1.2 shall be used. Record date in & manner
similar to that delineated under 9.1 on Sample Date Sheets of Appendix 1.

3.4.3.1.10 Materials Used In Cell Formation. - Apply the sampling
criteria and test procedures specified in 3.4.3.1.6 and 3.4.3.1.7 for the
separatcr used in cell formation. Record date in a manner similar to that
delineated under 6.0 and T.1l on the Sample Data Sheets of Appendix 1. Where
applicable, furnish information in & manner similar to that delineated on
Semple Data Sheet 1 of Appendix 1.

3.4.0 Cell Container. -
3.4.4.1 Cell Case. - The cell case shall be Type 304L stain-

less steel, condition A per Specification QQS-766. Material thickness shall
be 0.030 inch stock. Electric are welding using inert gas shielding per
Specification MIL-W-8611 shall be used. All welded areas shall be passivated
in accordance with Specification MIL-F-14072, Finish E-300.
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3.4.4,2 Cover. - The cell cover shall be made from class 30UL
stainless steel, condition A, in accordance with Specifisation QRB-T66.
3.4.4.3 Metel Container Quality Assursnce Provision. - The

seller must supply with every order, the supplier, name, alloy @esignation,
batch number and chemical-composition of raw material with certified
analysis. Two copies of this information shall be furnished to Grumman
prior to further processing. The tolerances on the cell case wall thickness
shall be within + 1.5 mil.. The compléted cell must conform ‘to Grumman
Drawing 2525CAV110. Each can shall be visually examined for dblemishes, pits,
cuts, cracks, burrs, file marks, weak points, intomplete weld penetration
and/or any other defects. “Metal ¢ontalners nét ‘meeting these requirements
shall be rejected.

3.4.5 Electrodes and Electrode Assemblies. -

3.4.5.1 General. - The electrode materials shall be identieal
to those used in cells for the cell Qualification Program as stated herein.
No changes in material quality, contents and manufacturing technique shall
be made without prior written approval by Grumman.

3.4.5.2 Flectrode Quelity Assurance Provisions. - Two copies
of either the electrode purchasing specifications end/or the manufacturing
process specifications delineating the process from raw materials tarough
impregnation and storage for use on cells as specified herein ghall 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 contain the
following minimum information:

(a) Assigned plate bateh number.(melange)
{b) Spiral number
(c¢) Dates of impregnation

(d) Percent porosity
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3.4.5.2 (Continued)

{(e) Weight of active materiai per plate.
(f) Positive capacity obteined.
(g) Negative capacity obtained.
(h) Plate thickness.
(1) Meximum Plate Compression
(3) Hydrate totals (gm/dn®)
(1) Average
{2) Range

NOTE: Sample results based on & reasonable sample from each
positive and negative spiral are acceptable for items (a)
through (3) above. Tolerances are to be supplied by
seller.

3.4.5.3 Electrode Agsembly Quality Assurance Provisions. -

Manufacturing and inspection operations on completed positive and negative
plates shall be controlled as follows prior to their formetion:

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

(b) Edges shall be coined to prevent flaking of sinter material.

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

NOTE: Inspection criteris will be established by the seller
reflecting items listed in paragraph (d) (1) through (9)
and (e). Sample plates showing each type defect shall be
posted at inspection station.

o4l
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3.4.5.3
(d) Plates shall be rejected if defects as listed below are found:

NOTE:

(1)

(2)

(%

(5)
(6)

(N
(8)

(9)

(Continued)

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

Rough edges, burrs and snags exceeding 0.0005 inch.
(Inspection will be made with nylen gloves to feel for
pulls on fibers of glove. Inspection will include the
entire electrode surface),

Pimples, blisters, and peeling of sinter material.
Pimples and blisters in exesss of 0.002 imeh sbewve
electrode surfaces or svidense of sinter material
bresking away from grid.

Electrodes shall be of uniform thig¢hkmess over entire
surface area (+ 0.001 inch). A 10% raddom sample .shall

be selected for thickness dstermination. If all samples
can meet this thickness requirement then all plates are
acceptable. If one or more plates from this semple cannot
meet this thickness requirement, then a $00% sample ia
required in exrder to eliminate all electredss which cannot

meet this thiekness. Rejection is final,

Tab shall be free of sinter material.

Coining of edges shall be uniform, (i.e., within * 0.015
inch, visual verification only).

Grid support for sinter material shall be free of any
breaks or cracks.

Cut edges of plades shall be coated with polystyrene to
prevent flaking of sinter material. :

Dimensional checks shall show that plates are in accordance
with applicable drawings.

‘The seller may submit an alternate procedure subject to
Grumman approval. Two coples of the specifications and
documentation for use shall be furnished to Grumman prior
to application.
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3.4.5.3 (Continued)

(e) Plate Weight Screening - Establish the average weight of the
positive electrode and negative electrode by & screening method.
Then each plate shall be screened by a GO-NO-GO technique. Each
plate weight shell be within 3.5% of the average established
plate weight (i.e., + 3.5%). The seller shall establish detail
procedures and submit to Grummen for approvel prior to start of
task. Weigh and record each euxilisry electrode strip. The
Seller shall establish an acceptance procedure and furnish
information to Grumman.

(f) Plate Samples - The seller shall supply Grummen with 10 unformed
acceptable positive electrodes and 10 unformed acceptable negative
electrodes and 5 auxiliary electrode strips from each plate lot
(melange) used in the production of this cell lot. Each electrode
type shall be pleced in & polyethylene bag, heat sealed, end
permanently marked with the plate lot (melange) number.

3.4.5.3.1 Auxiliary Electrode Construction. - The auxiliary
electrode shall be made of sintered nickel plaque which contains & pure
nickel grid or substrate, The electrode shall be free of noble metels such
as gold, platinum, etc. The auxiliary electrode tab.shall be pure nickel
and an integral part of the substrate. Location of the auxiliary electrode
within & cell shall be such as to minimize the possibility of shorting to
the cell plates, with specific emphasis on preventing shorting to the
positive plates. Details of location and procedure are subject to Grumman
approval. The completed cell must conform to Grumman Drawing 252SCAV113.

3.k.5.3.2 Auxiliary Electrode Signal Requirements. - The esuxiliary
electrode signal voltage shall start to increase when the cell is at approxi-
metely 80% state-of-charge. The signal voltage shall reach its end-of-
charge value when-the cell is fully charged {100% state-of-charge). The
signal voltage shall decrease to TO% of its end-of-charge walue within the
first ten (10) minutes of discharge and continue to decrease for the remainder
of the discharge. ) L . :

(a) The end-of-charge value shall be 200 millivolts minimum when
: the auxiliary electrode is externally loaded by a forty seven (LU7)
ohm resistor. : : : )

(v) The end-of-charge value shall remain constant within * 10% over
’ the operational life of the battery 10,000 cycles,

24
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3.4.5.3.3 Auxiliary Electrode Characteristics. - The auxiliary
electrode signal characteristics shall be established for each cell. It
shall be shown that each auxiliary electrode signal is continuous. Auxiliary
electrode signal characteristics as a function of pressure shall be estab-
lished when cell is charged at the ¢/2 (10 ampere) rate and a 47 ohm
resistor is connected between the negative terminal and the auxiliary
electrode terminal. For continuous overcharge currents up to the limits
shown in Figure 4] the auxiliary electrode signal, (when discharged through
a 47 ohm resistor), shall not exceed those values shown in Figure 7.

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

3.4h.5.4,1 General. -

3.4.5.4.1.1 Atmospheric Environment. - The environment of the
formaetion fecility shall be monitored with respect to humidity and tem-
perature.

3.4.5.4,1.,2 Handling of Materiels. - All plates, separators end
materials shall be handled with gloves and shall be sesled in clean room
grade plastic bags when not being processed.

3.4.5,4,2 Operational Conditions. - The following conditions shall
be observed during operations associated with 3.L4.5.k:

(a) KOH level in formation conteiner shall be maintained sbove top
of plate stack. .

(b) Charge and discharge times shall be maintained as specified by
seller within + 4% 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 Grumman notification
and joint meterial review board action.

|
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3.k.5.4.2 (Continued)
NOTE: (Continued)

(2) 1In case of power failure, & notation shall be made and
shall be clearly visible in a maenner similar to that
delineated on the Sample Data Sheets.

(c¢) Where constant currentsfor charge or discharge are specified,
and/or current measurements are used for calculations of ampere
hour cepacity, currents shall be regulated within + 2.0 percent of
gpecified value.

(d) Positive and negative current leads of each formation series
circuit shell have an ammeter inserted in.series with each lead.
One armeter shall be marked "control"; the second emmeter marked
"monitor". Readings of two meters shall elways be within + 2.0%.

(e) Voltage of each formation cell, and current of Series formation
circuit measurements shall be made not more than five minutes
prior to end of all charge or end of all discharge periods.

3.4.5.4.3 Electrode Formation. -

3.4.5.4.3,1° Formstion Pack Identification. - Sufficient numbers of
previously inspected positive and negative electrodes constituting e cell
pack shall hsve a formation pack jdentification number assigned. Formation
pack identificetion numbers shall be referred to for all data recording
during formation. Numbers shall be visible on each formation pack.

3.4.5.4.3.2 Separator Material (or Materisls). - Separator material
or materisls used to wrap plate groups for formation shall be inserted such
that the outside surface of the two outer electrodes 1s covered with
separator meteriel.

3.4.5.4.3.3 Formation Cell Fabrication. - All formation packs shall
be feabriceted from @ikall resistant meterials such as nylon, plexiglass,
ete. The adhesive or epoxy used to assemble the containers shall also be
alkali resistant.

ok
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3.4.5.4.3.4 Electrical Clips and Leads. - Electrical clips and
leads must be steinless steel, nickel or nickel plated steel. Means
for attaching leads to clips must be alkali resistent.

3.4,5.4.3.5 Formation Pack Connectors. - The connectors holding
the plates together in the formation packs shall be constructed of 316 or
304 stainless alloy, and sball be washed and rinsed in deionized water
prior to installation.

3.4.5.4.3.6 Addition of Electrolyte and Water to Formation Packs. -
Electrolyte bubbling out of the pack during formation shall be avoided. At
the end of the first formation cycle, electrolyte shall be added to a preset
-mark. Use 34% KOH to maintain preset mark.

3.4.5.4,3.7 Assembled Formation Packs, - Assembled formation packs
shall be soaked in KOH 36 + 0.5°Be, for a minimum of 1€ hours and & maximum
of 24 hours prior to the first electrical operation of formation.

3.4,5.4.3.8 - Pack Formation. - Formation shall be performed in
accordance with sellers schedule, Exceptions to certain operations are
listed below and apply to all cells manufactured herein. The following
steps shall be adhered to during the finel cepacity determination of
positive and negative electrodes. The cell pack shall consist of 10
negative and 9 positive electrodes:

(o) Last formation discharge to determine capacity of positive
electrodes shall be made at the C/2 constant current rate (10.0
Amps) to & cell voltage of 0.70 #+ 0.1 volt. The time for each
pack to reach 0.70 + 0.1 volt shall be recorded. .

(b) Voltege of each pack and discharge current shall be recorded at
15 minute intervels during cepacity discharge. More frequent
voltage monitoring is required to obtein a discharge time to an
accuracy of one minute.

(c) Each pack shall be removed from the discharge circuit at the
specified voltage and individually placed under & 0.1 ohm + 10%
resistive load such that the voltage decreases to 0.1 + 0.1
volt. The resistor may be removed from the pack as soon as it

reaches its specified voltage range.

Al
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3.4.5.4,3.8 (Continued)

(d) Ampere hour capacity of positive electrodes as determined in
paregraph.(a) shall be sminimum of 24,0 ampere hours to a
maximum of 30,0 ampere hours. Any pack exhibiting capecities
outside this range shall be permanently rejected.

(e) Formation discharge shall be continued at 2.0 ampere rate when
all pack voltages in a series formation circuit are less than
+0.1 + 0.1 volt. Each pack voltage shall be recorded before
starting the 2 ampere discharge.

() Positive electrodes shall be verified as limiting electrodes by
sampling one pack from each series formation circuit. Series-
formation circuit consists of up to 26 packs.

(g) Discharge time at the 2 amp rete shall be such that the negative
plate capacity of packs in the series formation circuit are
discharge by & minimum of 1.3 times the average of the positive
plete capacity of the packs in the series formation circuit as
determineg ég peragraph (a), and each pack shall be discharged
to -0.20 -.02 volt. Any pack to be acceptable must show & mini-
mum cepacity ratio of 1.3:1.00. This capacity ratio is defined
as the ratio of the negative ampere hour cepecity obteined,
divided by the positive ampere hour capacity obtained for each
‘respective peck. .

(h) Pack voltage and series string current shall be recorded at
least every 15 minutes during the 2 ampere discharge. More
frequent voltage monitoring is required to obtein a discharge
time to accuracy of on: minute. Total time that .each pack is on
2 ampere discharge shell be recorded.

3.4.5.4.4 Wash, Rinse and Drying of Plstes. -

3.4.5.4.4.1 Plate Stecks. - Plate stacks shell be removed from forme-
tion packs and immediately submerged in deionized water having the initial
required resistivity measurement per 3.4.6.3.1. Plates from a series

L
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3.4.5.4,4.1 (Continued)

formation circuit shall not be mixed with plates from other circuits.
Wesh 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.

3.4.5.4.4.2 Drying. - Drying of plates shall be accomplished in air
et 50 + 5°C. Drying time shall be & minimum of 16 hours end e maximum
of 24 hours. Oven temperature not exceeding the maximum limit specified
during drying operation shall be demonstrated, "Time-in" and "time out"
of oven on each group of plates shall be recorded.

NOTE: All internal cell components shall be handled with lint-free
cotton gloves in en area designeted for aerospace cells. Good
housekeeping procedures are required.

3.4.5.4.4,3 Carbonate and Nitrate Tests. - The carbonate and nitrate
content of the negative and positive electrodes respectively shall be
measured by the Seller., The nitrate content of the positive (Ni) electrode
shall not exceed 330 micrograms per gram of the active material, sinter
and substrate. The carbonate content of the negative (Cd) electrode shall
not exceed 10 milligrams per gram of the active material, sinter and
substrate. Design goal cerbonate content is less than 5 milligrams per
gram of electrode. The test procedure for determining these contaminant
contents shall be submitted for Grumman approval.

3.4.5.4,5 Assembly of Cells. -

3.4.5.4.,5.1 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 corners on grid and blisters on
sintered material. Positive, negative and suxiliary electrodes for each
cell shall be grouped and their weight per cell shall be recorded to the
nearest 0.1 gram.

3.4.,5.4.5.2 Weld Plates to Combs. - Plates shall be stacked and
welded. Welds shall be in accordance with Specification MIL-W-8611 as
applicable and shall be reasonebly free of oxidetion upon visual inspection.
Welds shall be inspected for burn through of plate grid or comb and in-
spected for loose materials. Plate edge alignment shall be mainteined

cuﬁ)
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3.4.5.4.5.2 (Continued)

during welding by use of an alignment fixture, The seller shall supply
weld procedures used and rejection criterial to Grumman for approval prior
to start of task.

3.4.5.4.5,3 Plate Stack Wrap (Separator Materisl). - Separator
material shall be tested in accordance with 3.4.3.1, Lot number and type
of separator material shall be recorded on cell date sheets. Alignment
of plate edges utilizing en alignment gage shall be performed.

3.4,5.4,5.4 Resistance Test of Plate Stack Assembly. - Electrode
essemblies shall be compressed to the_minimum equivalent final stack

thickness of 0.72L + 0.005 inches.

NOTE: Controlled periodic calibration required if conducted on & test
Jig. o

While under compression, minimum resistance, (at 50 VDC)
ghall be tested. Cells with less than 100 megohms shall be identified.
One rework cycle ig allowed for cells not meeting the 100 megohms minimum
requirement during the first test. Subsequent failures ere cause for
rejections.

3.4.5.4,5.5 Radiographic Examination. - Radiographs shaell be teken
of each unit for inspection of workmanship, foreign metallic particles and
drawing compliance. Three radiographic views shall be provided for each
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) shaell 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
cells shell be included in each radiograph teken of the flat view snd no
more than four celle shall be included in each radiograph tsken of the edge
view. As & minimum, each radiograph shall contain, cell serial mumber, -
positive or negative terminel location, view number, suiteble control
number, dete 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 approval a
Rediographic Examination Procedure. Radiogrephs of all cells purchesed
herein shall be submitted to Grummen prior to shipment of the cells.

Eog 2003 566
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are:

3.4.5.4.5,5.1 Rejection Criteria, - Cells shrll be rejected if the

following is observed:

(a) Foreign particles greater than 0,010 inch in any direction (*).

(b)

Tab bends greater than 90 degrees,

(¢) Poor Workmanship and non-conformance to drawings.

*

The exception shall be those cells which heve completed one
rework cycle and still show foreign particles greater than 0.010
inch in any direction. These cells are permissible for use as
test cells, provided that they cen successfully pass all electri-
cal and mechanical requirements specified herein. These cells
shell be tagged and prior to shipment they shall be marked FOR
TEST USE ONLY.

3.4.5.4.5,5.2 Rework. - One rework cycle on defects detected prior to

(a)

(b)
(c)
(@)
(e)

(£)

welding of cover to case is permissible. Additional rework requirements

Workmanship - Each cell stack shall be closely re-examined, prior
and during re-insertion in the container, for quality workmanship

standards. Any degradetion in workmanship standards, after or
during rework, from those existing at the time of originel manufac-
ture shall be cause for rejection. :

Complete replacement of the stack wrapper is required if the stack
was completely removed from its container during the rework.

Each cell, if the stack was completely removed from its container
during the rework, shall be subjected to the resistance test
requirements of para. 3.4.5.4.5.4 and shall meet the requirements
specified therein.

A complete rework log shall be maintained and submitted to Grummen.

A complete radiogrephic re-examination shell be conducted on the
reworked unit.

No rework shall be permitted on units where defects are detected
efter cover weld and/or pinch-off is completed.

950
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3.4.5.4.6  Activation of Cells. -

3.4,5.4,6,1 KOH Fill. - KOH shall be prepared and tested in
accordance with 3.47.6,3.3, Date from batch cerd on cell deate sheet shell
be recorded. Each 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 burets while filling and by minimizing KOH exposure to atmospheric
conditions. The amount of KOH shall be specified by the seller subject to
Grumman approval.

3,4,5.4,6,1.1 Wet Stand Time. - Subsequent to KOH filling each cell
is required to meet & Wet Stand Time of 2L hours minimum before any elec-
trical operetions are performed on the cell.

3.4.5.4.6.2 Cell Weight, - Each cell shell be weighed immediately
after fill and the dust cap installed to fill tube. Cell weight with dust
cap shall be recorded to the nearest 0.1 gram, Weight gein must be within
+3% of nominal value specified by seller. Pre-tested gage assemblies shall
be installed within 10 minutes of filling operation. Cells left unsealed
longer than 10 minutes shall be rejected. Immediately after installation
of gage assembly, cells shall be evacueted to 25 inches minimum gage
vacuum. All fittings, gages and associated components of the gage assembly
shall be of non-corrosive meterial in a KOH environment. Jacket must be
put on cells to assure surface of plates are perallel then torgued to a
specified value.

3.4.5.4.6.3 Leak Test of Cell and Gege Assembly. - If & cell reaches

20 inches minimum gage vacuum prior to the Veeco leak test from the original
25 inches minimum gage vacuum, it shall be permanently rejected. The lesk
rate of the completed assembly shall be established prior to further process-
ing. The cell shall be backfilled with helium at 0.0 + 2.0 psig &and placed
in a Veeco to measure its leak rate. The leak rate shall be recorded and
ghall not exceed 10-7 cc/sec. If minimum rete cannot be established, &

" repeat of test with another gage assembly is permitted provided care is
exercised in refitting gage assembly. The cell shall be evacuated to &
25 inch vacuum or greater and the valve closed as soon as vacuum is
obtained. .

Eng 2003 3-66
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3.4.5,4.6.3 (Continued)

The integrity of this seal condition is to be maintained
through all tests prior to pinch of the fill tube. Any intentional or
accidental opening of the velve assembly without Grumman approvel is reason
for rejection of the cell., During the State of Charge Adjustment, as
specified in para. 3.4.5.4.7 the gage valve may be opened.

3.4.5.4,7 State of Charge Adjustment. - The Seller shall provide
a procedure to adjust the charge on the negative electrodes of each cell,
The procedure used shall include sufficient quantitative measurement of
each cell parameter such that calculations can be made to determine exact
charge edjustment on negative electrodes. The procedure shall be as noted
in pare. 3.4.5.4.7.1 and shall be submitted for Grumman approval.

The State-of-Charge edjustment shall yield e precharged
excess negative capecity (I, (TN1) of 1.0 to 3.15 ampere-hours. TN-1
shall be verified on a sgmpiing basis in accordence with para., 3.4.5.4.8.

3.4.5.4.7.1 Stete-of-Cherge (SOC) Adjustment. - The S0C of the
negative electrode shall be adjusted in accordance with the following:

(a) Connect cells in series.

(b) Charge each cell st 3.1 amp until it reaches the equivalent of
L.6 + .1 Amphours precharge.

(¢) Open vents when each cell pressure reaches 2-5 psi.

(d) Measure and record the gas evolved from each cell, {(Note: totel
gas 1s=1050 cc.)

(e) Record end of charge voltage.

(f) Close cell vent at charge completion.

(g) Remove cell from charge circuit.

(h) Allow cell to remain open circuit for two hours minimum.

(i) Evacuate to 25" HG.
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3.4.5.4,7.1 (Continued)
(3) Discharge at 10 amp. to 1.0 volt per cell.
(x) Record time and capacity.

(1) Short with one ohm resistor for 4 hours minimum and until each
© cell is cool.

(m) All test date shall be recorded on data sheets.

3.4.5.4.8 Quality Assurence Provisions for Electrode Capscity Test
(Ratio Test). - The Electrode Capacity, or Ratio Test, shall measure the
individual discharge cepacities of the positive and negative electrodes.
The test shall be conducted on a sampling basis es specified by para.
3.4.5.4,8.2. The sample cells represent specific production lots which
are constrained by successful completion of the Ratio tests. The Ratio
test shell determine the excess negative capacity beyond complete discharge
of the positive (or excess positive beyond the negative if the cell is
negative limited on discharge) in addition to determining total electrode
cepacities. Failure of the Ratio tests shall be cause for rejection of the
cell lot represented by the samples. The data shall be used to determine
the following:

(a) Range and distribution of positive capacities. (Io (TP3)
(b) Range and distribution of negative cepacities. (I, (TN3)

(c) Difference between and/or ratio of total negative and positive
- cepacities.

(d) Excess negative (or positive) on discharge. (I, (TN1)

3.4,5.4.8.1 Retio Test Requirements. - The average of the Retio Test
cells from each lot shall successfully meet the following criteria:

(a) Post-Formation Semples.
1. Negative to Positive Ratio - 1.30:1.00

2. ™ - (Information Only)
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3.4.,5.4.8.1 (Continued)

(b) Post Rinse and Dry Sample

(e)

(1) Negative to Positive Ratio
1,30:1.00 minimum

1.35:1.00 (design goal);

(2) M1 (Information Only)

Finished Cell

(1) Negative to Positive Ratio - 1.40:1.00

(2) TNy 1.0 to 3.1 A-H (design goal,

only)

3.4.5.4.8.2 Retio Test Sampling Rate. -

(a)

(b)

(e)

Two cells from each formation group of 52 cells (or less) shall
be randomly selected at the conclusion of the electrical formation
cycles. The test cell(s) shall be selected prior to further
processing. Electrolyte level shall be adjusted to & minimum of
1/L inch above the separator. Tests shall stert as soon &s
possible but bot to exceed 2 days.

A minimum of one cell from each formation group of 52 cells

(or less) shall be randomly selected at the conclusion of the
plate neutrelization &and drying operation. The test cell shell
be fabriceted with formation hardware to a standard cell core
configuration (i.e., 9 positive and 10 negative electrodes).
The cell shall be flooded with 3U4% KOH solution to & level 1/k
inch minimum above -the separator. Tests shall be performed as
soon as possible but prior to activation of cells of this
particular formation lot.

Two cells from each formation group of 52 cells (or less) shall
be randomly selected at the completion of the standard capacity
test. (Discharge cepacity immediately prior to pinch tube
closure). Following the standard one-otm short period, the
test sample(s) shall be opened by removal of the gage assembly
and flooded with 349 KOH.

I3
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3.4.,5.4.8.2 (Continued)

NOTE: Cells rejected for cosmetic or radiographic reasons only
i may be used for this test; provided each cell meets insula-
tion resistence and electrical test requirements.

3.4.5.4.8.3 Ratio Test Applicabie Conditions. - The following
conditions are applicable: ’

(a) Cell tempersture shall be between 75 + 5°F.
(b) Cell terminal voltage ghall be recorded.

(¢) Voltage from both positive and negative terminels to the
reference electrode shall be recorded continuously or at intervals
not to exceed 15 minutes.

NOTE: Since the cell is in a stainless steel container, and both
electrode terminals are insulated from the container, the
container itself may be used as & rough substitute for e
reference electrode. Even though the container potential
is a function of the pressure O, or Hy in the cell, the
changes in electrode voltage &t end of capacity are
reletively large and ususlly cén be clearly identified using
the container as a reference.

3.4.5.4,8.4 Ratio Test Procedures. -

3.4.,5.4.8.4.1 Regidual Negative Electrode Capacity. I (TNj) - A
one ohm resistor shall be placed ecross the cell terminals Por 16 hours.
Then discharge at 10.0 amperes until terminal voltage indicates -1.0 volt.
Terminal (cell voltage and voltage from both positive and negative terminals
to reference electrode shall be recorded.

3.4.5.4.8.4.2 Filling. - Cells shall be filled until flooded with
3L% KOH solution. KOH quantity required and additional electrolyte added
during entire test shall be recorded. :
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3.4,5.4.8.4,3 Charge. ~ Cells shall be charged at 2.0 amperes for &
minimum period of 4§ hours. The charge is completed when & minimum cell
voltage of 1.51 or a 64 hour charge period is obtained. Cell and reference
cell voltages shall be recorded contimmously or at intervels not to exceed
1 hour.

3.4.5.4.8.4.L Discharge. - Cells shall be discharged at 10.0 amperes
until terminal voltage indicates -1.0 volt. Positive and negative terminal
to reference voltages shall be time recorded when the cells' terminals
reach:

(a) +1.0 volt

(b) +0.5 volt (TP3)

(¢) 0.0 volt

(d) -0.5 volt

(e) -1.0 volt (TN3)

NOTE : The cells shall be protected from further contact with the
atmosphere in the event further testing is required.

3.4.5.4,8.5 Ratio Test Calculations. -

Let
(TNl) = time to -1.0 v (as delinested in 3.4.5.4.8.k4.,1)
= time to discharge precharged hegative
(TP3) = time from stert of discharge (full charge5 to +0.5 v
{as delineated in 3.4.5.4.8.4.4(V))
= time to discharge positive electrode
(T3) = time to -1.0 v as delineated in 3.4.5.4.8.k.4(e))
= time to discharge total negative electrode
Io = discharge current = 10.0 amps.
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3.4.5.4.8.5 (Continued)

Then

I (TN3) - (TP3) = excess capacity of totel negative over
positive

Ip (INp) = precharged negative capacity

I (TN3)-(TP3)-(TN1)=Excess (discharged) negative capacity at

(TN3) charged end.

1TP35 = Negative to positive ratio

3,4.5.4,8,6 Submittel of Date, - Two copies of all information
obtained shall be submitted to Grumman prior to further processing.

3.4.6 Terminels, - Terminals provided for positive and

. negetive electrodes shall be rated at not less than 35 amperes continuous
duty. The terminals shall be made from 304 stainless steel, condition A,
complying with Specificetion QQS-776. Both terminals shall be insulated
from the cell cover by means of & ceramic insulator heving an alumina
content of not less than 99.4 percent. The insulator-to-cover junction
shall employ & stress-relief configuration such thet relative motion
between the terminel essembly and the cover applies minimum stress to the
insuletor and to the metal-to-insuletor bonds. The collar-to-insulator
and insulator-to-terminal bonds shall be made using a metal-to-ceramic
bonding process subject to approval by Grumman. Any silver containing
braze meteriels used for metal-to-ceramic bonding or elsewhere in the cell
shell be nickel plated to & minimum thickness of 0.00015 inches. A dull-
mette nickel plating process shall be used and the process specification
shall be subject to approval by Grumman. The cell terminals shell be
constructed as shown in Figure 5.
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SPECIFICATION
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»

3.4.6.1 Contrel and Testing of Feedthrough Terminals
and Seals. - Materials, mamufacturing and test operations on the cell
feadthrough terminals, seals and related hardware shall be controlled by
the following criteria. 7Two copies of all data obtained herein shall be
furnished to Grumsan prior to further proocessing.

3.4.6.1.1 " Cermpic Material. - Tpe ceramic material shall be
alumina of 99.4 percent purity minimm.

3.4.6.1.2 Mechanieal Innggc‘;ion. -

(a) Dimensions - sampling 2.5 A.Q.L.

(b) Chips, cracks, grain
structare (uniform

density), voids - 100% inspection
3.4.6.1.3 Cleaning. - Componemts shall be cleaned by

ultrasonic bath using freom.. .

3.4.6.1.4 Lot Tensile Tegt. - Each new lot of active metal and
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 42
washer. Sample tensile stremgth must exceed 6000 pei. The seller mey
propose an alternate test, subject to approval by Grumman.

3.4.6.1.5. Braze Alloy. - An alloy with a minimum of carbon
contents shall be used. Eech new lot of active metal shall be subjected
to a semi-quantit&tive spectogreaphic analyeis. In sddition to the expected
elements, the carbon content shall be measured. Allowable impurity limits
shall be established by the cell seller and mede available to Grumman. A.
braze flag test shall be run.en each lot to determine solidus and liquidus
points, or supplier's certification on each lot used herein shall be
furnished to Grumman. Immediately after completion, a 2% sample of
brazed headers shall be supplied to Grumman for metallurgical studies.
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. 3,4,6,1.6 Cover Assgmbly. -

3.4.6.1.6.1 " Metal Parts. - Metal parts shall be inspected for con-
formance to drawinge, physical dimensions, surface defects, and burrs that
may interfere with intended funetion.

3.4.6.1.6.2 Cleaning. - Chemical eleaning shall be utiliged on all
parts and a cembination of chemieal eleaning and furnace firing shall be
utilized on cup and eollar to prepare them for vecuum brazing.

3.4,6.1.6.3 Welding of Pineh Tube to Cover. - Welding of pineh tube
" g0 cover shall be controlled by a precess specifieation to imerure adecuate
weld strength and seal integrity. The weld -shall also bé tested as an inte-
gral part.of the cover.

3.4.6.1.7 Inspection. - Cracks, porosity, excessive burning,
oxidation and foreign inelusions shall be inspected 100%. 100% inspection
shall be performed on all pineh tube cover welds and they shall be capable
of passing a helium leak test (leak rate 1 x 10-8 atd cc/sec). Samples
shall be tested periodieally for weld quality by metallurgical sectioning.

3.4.6.1.7.1 Assexbly Fixturing. - Mechanieal fixturing shall be
adequate to insure maintainance of part positions during brezing eperation.
Self-jigging features shall be included where possible, Partieular
attention shall be paid to alignment of terminal post and eeramic to
maintain concentricity. Provisien for periodic cleaning of fixture shall
be made. C

3.4.6.1.8 Vacuum B%B Operations. - Processes shall be established
which ensure clean handling of parts and fixtures. A brdzing indpection plan
shall be submitted by seller subject to mutual approval. ’

3.4.6.1.9 Visuam) Inspection. - All units shall receive inspection of
terminal. location, seal junction continuity, braze joint quality, pinholeés, and
flowout shall be visually inspected using magnification aids wisere required.

3.4.6.1.10 Insulator Resistange. ~ All units shall receive an insu-
1ation resistance -check. Each unit must exhibit resistance above 100 megohms
at 50 VIC.

25
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3.4.6.1.11 Leak Check. -8The complete cover assembly shall pess a
100% sample leak check of 1 x 10™° ce/sec of helium.

3.4.6.1.12 Nickel Plating. -

3.4.6.1.12.1 Fixture. - The cover assembly shall be mounted in a
fixture designated to prevent access of plating solutions to ceramic-metal
terminal well.

3.4.6.1.12.2 Cover Agsembly Preparation. - Cover assembly preparation
shall consist of hydrohone and wash in water.

3.4.6.1.12.3 Ingpection Criteria. -

(a) Plating Thickness - Plating thickness shall be checked by 2.5
AQL sampling. Thickness shall be measured with magnagage or
equivalent. Any part outside of limits shall be rejected.

(b) Plating Quality - Blisters shall be checked by 100% sampling.
Adhesion shall be checked by 2.5 AQL sampling using test tape.

(c¢) Corrosion - Corrosion shall be checked by 100% sampling. All
cover assemblies shall be checked for evidence of plating solution
leakage following removal of the fixture. Any stains or evidence
of wetness on the cover surface in the vicinity of the ceramic-
terminal post seal shall be cause for rejection. A 5% sample of
finished assemblies shall be subjected to a halide test. Any
evidence of halide shall cause 100% of the lot to be subjected to
the test. All samples showing positive halide shall be rejected.

(@) Insulator Resistance - Insulstor resistence shall be tested by
by 100% sempling. The resistance across each insulator shall ex-
ceed 100 megohms when 50 VDC is applied. After completion of cell
assembly the resistance shall be measured, using & megohmeter ap-
plying 50 VDC as follows:

(1) (+) terminal to (-) terminal, resistance shall be 100 megohms
or greater. ’

(2) (+) terminel to case} Resistance shall be 5 megohms or great-

(3) (-) terminal to case er.

3.b.6.2 Tinning of Terminels. - The negetive and positive terminsls
shall be cleaned, tinned snd inspected to the following requirements.

3.4.6.2.1 Pre-Tin Clesning. - The terminels shall be cleened prior to
tinning in accordence with the requirements of Grummsn procedure AV-252-I-88.

U
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3.4.6.2.2 - Tinning of Terminals. - Both positive and negative ter-
minals shall be tinned after cell conteiner closure. Prevention of flux from
entering the terminal pockets shall be accomplished by epplying EC1663(*)
between post and ceramic. Terminal pockets area shall be inspected to assure
complete coverage with EC1663 material prior to flux application. During
the dip in flux (Type LA-CO-N12A), the cell container shall be inverted (ter-
minals facing down).

(*)Components as specified in Grumman Specification 1SP-14-14201D, (EC16634,
EC1663B and Nuocure 28 in ratios of 2.5g; 25g and 4 drops respectively).

3.4.6.2.3 Cleaning of Terminals After Tinning. -

(a) After pre-tinning, posts shall be washed with running hot water
(110°F) and scrubbed thoroughly during this wash for a minimum
of 30 seconds using & nylon tooth brush or test tube brush.

(b) ‘Terminal erea shall be dipped in & solution of 5% Ammonium
Hydroxide and posts immersed for a minimum of 10 seconds.

(¢) Rinse terminal area with water.
(d) Rinse terminel area in acetone.

{(e) Place cell under & minimum vacuum of 25" Hg.

3.k.6.2.k Analytical Check For Flux Traces. - A standard fluoride-
chlorice uvest (silver nitrate) shall be conducted as follows:

() Pour 4O cc of boiling distilled water over thg terminal areas
and collect water in a beaker.

(v) Corduct & standard fluoride-chloride test on this collected water.

(¢) 1If the analytical check is negative (showing absence of fluoride-
chloride traces), the EC1663 potting can be removed and the cell
can go to the next production step.

(a) 7f the analytical check is positive ( showing presence of fluoride-
chloride traces), repeat steps (a) through (e) of 3.4.6.2.1.

3.4.6.3 Control and Testing of Water and Electrolyte. - The
electrolyte solutions and wash water used for cells specified herein shall

be of high purity. Two copies of all data obtained herein shall be submitted
to Grumman prior to further processing.

g{@(
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SPECIFICATION
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3.4.6.3.1 Deionized Water. - Deionized water used in all wash
water, dilutant, or additive shall have a resistivity of greater than 1.0
megohm-cm. In the event the resistivity drops below 1.0 megohm-cx the pro-
cess shall be stopped until the resistivity is restored to the specified
limits. The resistivity is to be determined prior to each operation in
which the water is used. A suitable conductivity cell calibrated less than
two weeks prior to start of water requirement tests used on cells constructed
under this specification shall be used. Criteria for calibration shall be as
follows:

(&) The conductivity cell shall be re-calibrated at two week intervals
(maximum) until completion of the water requirement tasks.

(v) The calibration shell be conducted in & 0.1% potassium chloride
solution and shall record & conductivity of 1410 + 20 micromhos at
25°C (& temperature correction as per the handbook of Chemistry
and Physics may be used). If conductivity is not within these
tolerances, the conductivity cell must be replaced or replatinized.

(¢) The silica content in the water shall not exceed 1 ppm.

(d) The solids content of the water must be determined by the seller.
The maximum solids content shall not exceed 50 PPM.

3.4.3.6.2 Distilled Water. - Distilled water used either as wash
water, dilutant or additive shall be tested and shall meet the requirements
of 3.4.6.3.1(c) and (d) above.

3.4.6.3.3 Electrolyte. - The supplier, batch number, grade, analy-
sis, date of purchase and date container is opened must be recorded. The
potassium hydroxide "mercury cell" grade electrolyte concentrate as defined
by Allied Chemical Company or e€quivalent, shall be mixed with the distilled
water to make-up & solution with & tolerance of + 0.5 Baume. Each batch of
electrolyte shall be analyzed for carbonate content and hydroxyl ion concen-
tration using the double titration method of Phenolphthalein end point fol-
lowed by methyl purple or orange end point. Carbonate concentration must be
less than 0.0l gm/liter. The hydroxyl ion concentration shall be determined
by analytical methods. The concentration tolerance of KOH shall be +20 mg/ce.
The electrolyte shall be analyzed for nitrate content. The tolerable level
is 1 mg/liter nitrate or less, using & colorimetric analysis technique. The
§eller shall prepare procedure details and submit them to Grumman for approval.
The shelf life of the standard acid used in the titration shall not have been
exceeded.

g&%
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GRUMMAN AEROSPACE CORPORATION

Bethpege, L. I, N. Y.
Code Ident. No. 26512

SPECIFICATION
No. AV-25205-5G

3.4.€.3.3.1 Sample. - The seller shall supply Grumman with an electro-
lyte sample of each electrolyte batch (after dilution to the proper concen-
tration) used in the cell construction. The quantity of electrolyte sample
shall be approximately 1 oz. It shall be supplied in capped polyethylene
bottle(s) permanently marked to identify the cell serial numbers this electro-
-1lyte batch was used for.

- 3.4.6.3.4 Spectrochemical Analysis. - A spectrochemical analysis
shall be performed on the electrolyte from each batech used for cells. The
content of the following impurities shall be determined end reported:

(a) Silver
(b) Cobalt
(¢) Copper
(38) Iron
(e) Sulfur
(£) 2Zinc

Any other impurity found to be present in concentrations
greater than 100 ppm shall also be reported.

3.4.7 Cover-to-Case Junction. - The cover shall be electric-
arc welded to the container using inert gas shielding. No welds beyond
dimensional limits shall be permitted. Weld joints shall not be ground or
polished. Weld beads shall be smooth and free of folds. Porosity, cracks,
and excessive oxidation are not acceptable. Prior to case to cover weld
and prior to complete insertion of the cell stack, the exterior of the cell
container shall be permanently serialized. Any technique other than electro-
etch requires prior Grumman approval. :

3.4.8 Electrolyte leakage. - The cell shall show no evidence
of electrolyte leakage whenever subjected to the test of 4.5.15 after a two
(2) year period.

/j.[&3
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SPECIFICATION
No. _ AV-25205-25'G

3.k.9 Size and Weight. - The size and weight of the storage
cell shall not exceed the limitations specified in Specifications Control
Drawing 252SCAV110, The Seller shall establisgh such weight control pro-
cedures as are necessary to insure meeting this gusrantee.

3.4.10 Operating Bosition. - The cell shall operate nermally
in any position smd.under any grevity conditiens from zero "g" to 11.3 "g".
(8ee paragraphs 4.5.7 and 4.5.9). '

3.4.11 Operating Temperature, - The cell ghall be capable
of functioning normally, shall have dimensionel stability, and shall
deliver at keast 80 pereent of the respective rated capacities within
the specified voltages, when operating at temperature extremes of 30°F
and 1109 .

3.4,12 . Thermal Vacuum. - The cell shall be capable of
opereting in e pr.aunre'o? 15=é mk Hg without evidence of mechamical or
electricel failure or electrolyte leakage,

3.4.13 Vibration. - The cell shall be capsble of opereting
under vibration as specilied in paragraph 4.5.8 without internal cell
mechanical failure or leakage.

3.b4.1k Meehanical Shock. - The cell shall be capable of
operating under sheek as specified in paragraph 4.5.10 witheut showing
evidence of mechanical or eleetrical failure,

3.4.15 Gas Tightness of Cells. - The cell shall be
hermetically seealed and shall be capgble of withstanding en internel gss
pressure of at least 225 psias at 145 F without leakage for 30 minutes at
any ambient pressure from one atmosphere down to a vacuum of 9 %4108 Torr
mercury or better. In order to permit satisfachorwsleak deteection pro-
cedures to be used on sealed equipment, all such items shall contain be-
tween 2 percent and 5 percent of helium gas by volume. The design objec-
tive for each item shall be zero leskage at the expected pressure dif-
ferential. The maximum allowable leak-rate of the sesled cell shall be
10 ® atmosphere cc of helium per second per atmssphere of helium in the
cell,

2
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SPECIFICATION
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3.4,16 'Acceleration. - The cell shall be capable of withs
standing aceelerations as specified in paragraph 4.5.9 without mechanical
or electrical failure.

3.4.17 Container Finish. - The cell container shall be made
of an alkasline resistant meterlal or thoroughly covered with an alkaline
resistant material. It shall be capeble of withatending 1.33 specific
gravity potassium hydroxide {XOH) for at least 168 hours at any tem-
perature from -37 F to +182 F without penetration of electrolyte, whitening,
checking, blistering, or showing any trace of corresion or appreciable
change in hardness. This finish shsll also withstand & test for flex-
ibility after heat trestment of 200 F, The interior of the cell con-
tainer shall be eonstructed and the appliceble parts lined with an-alkaline
resistant materiasl so that it will be capable of withstanding 1.33 specific
gravity KOH for e period of 150 hours at 200 F without physical change in
the lining material such as blistering, sagging, checking, or breaidown
-in dielectric atrength. .

3.4.18 Identification of Product. - The manfscturer shall
identify each cell by branding or stgmping e serisl number plus dete of
activation on an accessible area, In additien, cells that are delivered
to Grumman shall be stamped or tagged es follows:

Weight AH. et 1-hour Rate

Date of Activatien Type

Manufacturer Model No.

Manufacturer Serial No.

GAEC Specification Control Drawing No and Desh No.

3.4.19 Polarity Markings..- The polarity of the positivé terminal
shall be plainly indicated on the container by electrol-etch.

i
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GRUMMAN AIRCRAFT ENGINEERING CORPORATION
Bethp?e, LI NY.
Code Ident. No. 26512

SPECIFICATION
No. _ AV-252C5-2%

3.4k.20 . Manufacturing Data. - The manufacturer ghall maintain
a log on the history of eaeh eell by recording the following data:

(1) Serial mumber of cell

(2) Date of manufaeture (date of pinch-off)

(3) Date of activation (addition of electrolyte)

(it) Type and duration of electrical tests performed on cells

(5) Charge and discharge method and rate used in electrieal tests
(6) End of charge and discharge voltages

(7) Test conditions

(8) Test results including failures

(9) Material traceability (eonsisting ef complete records of cell
components including bateh numbers and components).

This log shall be maintained on all cells manufactured
for the OAO program and shall be available to Grumean on requést, °

3.h.22 Workmanship. - The cells, including all parts and
accessories, shall be manufactured in a thereagh workmanlike manner.
Particular attention shall be paid to neatness and cleanliness.

3.4,2L1 Neatness. - To include thoroughness of soldering,
wiring, impregnation of coils, potting, conformal coating, marking of
parts, and assemblies, plating, painting, riveting, machine serew
assemblage, welding, brazing and freedom of parts from burrs and sharp
edges.

3.4.21.2 Cleanliness. - Each part, camponent of the equipment
shall be free from residual contaminants such as corrosion inhibiting oils,
cutting oils, forming oil lubricants, greases, dyes, wire clippings, solder
balls, non-metallic shim stock, extraneous debris and dirt.

P\
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GRUMMAN AIRCRAFT ENGINEERING CORPORATION
Beth; LI,N Y.
Code t. No. 26512

SPECIFICATION
No.  Av-252C5-25G

3.hb.20.2 (Continued)

Precautions shall be taken to prevent contemination
of the equipment during manufaecturing, handling, and shipping. The seller
shall maintain adequate controls to assure consistency in maintaining
acceptable workmanship and cleanliness levels. Quality workmanship and
cleanliness standards, ineluding any required visual aids, shall be es-
tablished and submitted to Grumman for approval.

3.5 Performance. -
3.5.1 Capacity. - The cell shall meet the following capacity
tests:
gmp. Discharge Discharge Min. Min. Req'd. %
Condition F) Current - Time Cut-off  Rated cap.
(amps.) V. (100% = 20 A.H.)
1 75 ¢+ 3 10 2 hrs. 1.00 > 100%
2 75 + 3 20 1 hr. 1.00 100%
3 7 + 3 60 S min. 1.00 --
L 75 +73 70 3 min. 1.00 -
3.5.2 Life. - The cell shall be capable of withstanding a

10,000 cycle charge-discharge test as specified in paragraph k.5.3.

3.5.3 Retention of Capacity. - The cell shall be designed
to meet the retention of capacity after tests specified in 4.5.h.
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] SPECIFICATION
o No. AV-252Cs-250

3.5.k Storege. - '
3,5.4.1 In Dry ‘Unfilladz Condition. - The fully aseembled,

dry (unfilled) cell, when stored for periods up te three (3) years, shall
shov no detrimentsl performance effects, After activation, the cell
shall be cepable of meeting all performance requirements stated herein
and shall show no pesrformence deviations.

3.5.k.2 In Pilled (Sealed) Condition. - The cell in filled

(sealed) condition shall be designed to mest the storage test of paregreph
4.5.5,

3.5.5 Thermal Requirements. - The thermal requirements for the
nickel<cadmium cells are based on & semi-aetive temperature control spstem
which is dependent on the battery container thermal design, (See Grumman
Specification AV~2520S-26D.} Specific operating temperatures will vary
depending on an observetory crientation in a circular orbit of 500 Statate
miles with the observatory in the sun from 65 percent to 83 percent of the
orbital time, Since the cell operating temperatures are dependent on
battery conteiner design, the maximum and minimm cell temperatures to be
used for cell qualification tests are as specified by the battery case
thermal design. Specific thermal design criteria for the nickel-cadmium
cells are as follows:

(a) The semi-aetive cooling system depends on redisting the -heat
gercrated in the battery comtainer to the skin of the
observatory. The thermsl design of the cells shall be
such that satisfactory operation of the celle is assured
under all operating conditions (including overcharge)
when the battery container heat sink surfece temperature
is 35°F to 110°F. The Seller's thermnl design shall
include provision for conducting or radiating the heat
gererated in the cells to the battery container heat
sink surface, and redisting that heat to the ohserwatozy
skin.

Eng 200.3 566

Lo
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Beth LI.NY.
Code I No. 26512

SPECIFICATION
No. AV-252C85-25G

3.5.5 (Contimued)

(b) The observatory will have an outer skin absorptivity te solar
rediation of 0.18 and an emiseivity of 8.70. Crumman epproval
of the packaging and thermal analysis of the equipment is
required to insure adequecy of the Seller thermal design as
well es compatibility with the overell observatory therwal
design.

(¢c) The Seller shall make provieion in the thermal design far
maintaining the cell comtainer in good thermal contact with
the battery container.

(d) The temperature range specified in 3.5.6(e) 1s the amticipsted
operationsl temperature range that the heat sink surface of
the Battery will be expected to experience in orbit. All
equipment operetion, performance amd reliability requiremente
must be met within these extremes. The qualificatien
temperature extremes of 16 to 129°F provide for setisfactory
operation outside the anticipated erbital extremes.

3.5.5.1 In view of the stringent requirements placed on the
thermal design by the semi-active cooling arrangement, the themmal-anelysis
and the destgn of the eell must be submitted to Grumman for review to
insure its compatibility with the overall thermal desigu of the OAC,
Grummen will work in close cooperation witlWthe Selier to determine sur-
face properties and materials that will be suitable for appliestion to
the surface of the Seller's equipment,

3.5.6 Charging. - All cells shall be capable of being
charged at a maximum charge rate of 30 amperes, Cherging shall be accom-
plished within the maximum limiting voltage constraint specified in
Figure 1. Bach cell shall be capable of .being fully charged from 65 per-
cent to 100 percent state of charge in a maximum of 65 minutes without
exceeding the 1imiting voltage value spscified in Figure 1. (7his charge
shall include the overcharge necessary to account for the ampere-hour
efficiency value of the cell at a particular temperature.) (See Figure 2.)
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SPECIFICATION
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3.5.6 (Continued)

All cells shall be capable of accepting contimuous evercharge currents up
to the maximum values shewn in Figure L without éxceeding 75 psig internal
cell gas pressures and the limiting voltage value specified on the lowest
curve in Figure 1. .

3.5.7 Retention of Charge. - Each cell shall be free of short
circuiting paths between negative and positive terminals and shall mhintain
an open circuit voltage of no less than 1.15 volts when tested in sccordance
with the provisions of 4.5.16,

3.5.8 Internel Impedance. - Each cell shall have an internal
impedance not greater than 0,010 ohm when measured in accordanee with the
specified test of 4,5.1.3.

4 QUALITY ASSURANCE PROVISIONS

' ) ir of Tests. - The inspection and testing
of the Nickel-Cadmium H se!ﬁ and compenent parts shall be classified
as follows:

(a) Development Tests

(b) Qualifieation Tests

(¢) Quality Assurance Tests

4,2 " Develomment Tests. - Development Tests are those tests

conducted at the discretion of the Seller for the purpose of providing data
to be used in the design of the Nickel-Cadmium Storage Cells.

4.3 Qualification Tests. -~ Qualifieation Tests are those
tests conducted om protetype units of the Niekel-Cadmium Storege Cells,
The units are "protetype” enly in the sense that they are intended for
evaluation and test purposes; they are to be identiecal in manufacture to
production units, Qualificatien tests shall censist of twe (2) parts:

(a) Performance Tests

(b) Envirommental Tests

290
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LI NY.
mn& 26812

SPECIFICATION
No. AV-252CS-2%

k.31 Ferformance Tests. - Performance Tests shall be
comucted under lebormtory cemditions for the purpose of demonstrating
that the electrical performance and container characteristics of the
Nickel-Cadmium Storege Cells meet the requirements of this specification.
Performance tests shall inolude but not mecessarily be limited to the

following:
| Spec, Paragraph
(a) Examimstion of product k.51
() Capactty k5.2
(¢) Life-eycling : k,5.3
(d) Retentten ofsCapueity b.5.4
(e) Storage b.5.5
(£) Modified constent potential L.5.6
(g) Opersting position L.s.7
(h) Electrolytic leakage test 4.5.15
(1) Retention eof charge 4.5.16
k. 3.2 Enviromeental Tests. - Enviromsental Tests shall be

conducted in accordance with the requirements of Specification
ET-252C5-39C, except as noted herein, for the purpose of demonstrating
that the Nickel-Cadmium Storege Cells can withstand the envirommental
requirements specified for the OAO. B8ince the Nickel-Gadmium Storegs
Cells are required to operate during launch, they sball be operated
during all Envirommental Tests as ipdisabted herein. Envirommntal Tests
shall incluie but not necessarily be limited to the following:

~
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SPECIFICATION
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b.3.2 ~ (Cent1nued)
8pec, h

(a) Sinusoidal and randem vibration 4,5.8

(b) Accelerstion L.5.9

(c) 8hock k.5.10

(4) High temperature 4.5.11

(e) Low tempereture 4.5.12

(£) Thermal vacum h.5,13

(g) Ieak deteetion 4.5.14

4.3.3 Qualification Test Plans. - Qualification tests are

those tests conducted on the test samples specified in %.3.3.1, for the
purpose of demonstrating that the cells meet all the requirements of

this specification, The Selier shall propose complete qualification
testing of the cells and provide the necessary facilities for accomplish-
ing this task. Available facilities for envirommentsl testing shall be
described. Testing procedure and equipments 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 deteils as to the scope and purpose of the tests,

the determination of the test conmiitions, a description of the test setup
and procedures, and other pertinent deta., Upon approval of the test plan
by Crummen, the tests shall be comducted in accordance with the approved
test procedure., OGrummen shall be advised when tests are to be conducted
80 that a representative may be desigmted to witnese the tests when so
desired. Photographs shall be obtained wherever practicable ami test
logs shall be maintained to record all significant observations and
events during the test. Qualification test plans shsll be inm accordance
vith the requirements of Specifications ET-252C8-39C and RC-252CS-14C.

o1
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LI,NY.
m. No. 26512

SPECIFICATION
No. __AV-252C5-256G

k.3.31 BSampling Instructions. - Qualificetion test samples
shall consist of a specified nmumber of cells identical in manufacture to
production units, BSamples shall be identified as such and they shall be

used as follews:

(2) A specified number of cells sball be subjected to Capacity
and Life tests,

(v) A specified number of cells shall be subjected to all the
Qualification cell tests of this specification except Life
tests, i

ROTE: The purchase order will specify the number of test
samples to be used for each test.

N Quality Assurance Tests. - The Seller shall conduct
a performance test om each production unit of the Nickel-Cadmium Storage
Cell to demonstrate the continuance of quality of each unit intended for

orbit,

L.h1 Performence Tests, - Ferformance tests shall be
conducted under laboratory conditicns far the purpose of demonatreting
that the electrical performance of the Nickel-Cadmium Storage Cells
meets the requirements of this epecification, Performence tests shall
include but not necessarily bde limited to the follewing: N

Spec. Paragraph

{a) Examination of preduct ' k5.1
(b) Leak Detection L.5.1h
(¢) Electrolyte leakage test - ) 4.5.15
(d) Retention of charge : L.5.16 -
(e) Cell electrical operations requirements ‘ 6.0
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GRUMMAN AIRCRAFT ENGINEERING CORPORATION
Bethpage, L. I, N. Y,
Code Ident. No. 26512

SPECIFICATION
No. __ AV-252CS-25¢

L 4,2 Data Approval. = Two copies of all data obtained on
the tests described in G.L.1 shall be furnished to GAEC for approval prior
to further proeessing.

4,5 Test Methods. -

L.5.1 Examination of Product. - Bach complete cell, submitted

for qualification and acceptance under contract, shall be inspected as
Grumman may deem nseessary to determine eampliance with this speeification
and the applicable drawing with respect to workmanship, construetion,
interchangeability, sedling, @ell container, weight, dinensiens, identifica-
tion marking, packaging and packing, and terminals.

4,5.1.1 Ingpeetien of Cell Assembly. - The final cell assenbly
shall be witnessed by a Grumman quality sssurance representative to verify
the integrity of intermal and external compomsnt parts.

4.5.1.2 Hermetic Seal. - The cell shall be tested for seal
leakage (Helium) in accordance with Standard MIL-STD-202C, Method 112,
Test Condition C, Procedure IV, at a chamber pressure no greater than 10-5
millimeters of mercury maintained until the leak rate stabilizes. The
hermetic seal shall meet the requirements of 3.4.15.

4.5.1.3 Internal Impedance, - The cell impedance shall be
measured between the positive and negative terminals at 60 cycles/sec.
The impedance shall be meagured by passing a known AC current through
the cell and measuring the AC voltage developed. The circuit shown in
Figure 3, or its equivalent, shall be used, The impedance shall be
measured when the cell 1s charged to a minimum of 10 percent of full
charge.

oM
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SPECIFICATION
No. AV-252CS-256

4.5.2 Cepacity. - Unless otherwise specified, capacity tests
shall be run at 75 + #F dienﬁ temperature. Ampere hour capacities shall
be measured to the cutoff voltages given for the rates specified and shall
not be less than the capabilities specified in 3.5.1. Ceapacity measurements
shall be made by sequentially charging and discharging the cell e total of
six cycles, a cycle being defined as one charge-diseharge routine.

Two cycles are allowed for capaeity development at the
cells maximum charge rate. A "tapered charge" (see note 2) may be utilized.
The maximum capacity returned to the Cell for cycles 1, 2 and 3 shall be
33 AH. On the third discharge, the Cell shall develop more than 20 AH at
the 2-hour discharge rate (10 amps). The Cells shall then be charged, there-
after, and discharged at the 1-hour rate (20 amps) and shall deliver a
minimum of 20 AH (cycle 4). The Cells shall then be recharged and deliver
a minimum of 60 amperes for 5 mimutes, and 70 smperes for 3 minutes, in
cycles 5 and 6 respectively. At no time shall the voltage at charge exceed
the specified maximum Cell voltage shown in Figure 1, and et no time shall
the discharge voltage fall below 1.00 volts.(or 1.00 volts for 60 to TO emps).

NOTES: (1) The voltege st charge shall never exceed the gpecified
meximm cell voltage shown in Figure 1.

(2) A tapered charge is defined as follows:

10.0 amperes to voltage in Figure 1, 5.0 amperes
to voltege in Figure 1, 2.0 ampere for either
1.0 hour or maximum cell voltage in Figure 4
whetever occurs first.

(3) Eech cell voltage, cell pressure and externmal cell
cagse temperature (a minimum of two temperature
sensors for a group of 26 cells is permissible)
shall be recorded as follows:

(a) Immediately prior and after start of each
charge or discharge step

(b) At one hour maximum intervals during all
charges

(¢) At 15 minute maximum intervals during all
discharges.
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GRUMMAN AIRCRAFT ENGINEERING CORPORATION
Bethpage, L. I, N. Y.
Codemnt. No. 26512

SPECIFICATION
No. AV-252CS-25G

4.5.3 Life. - All cells shall have a minimm operational
life of 10,000 cycles of charge and discharge. The life tests shall be
at temperatures and charge rates specified by Grummen. All cells shall
be discharged at 5.0 + 1 amperes for 3% minutes. The cutoff volteage
shall not be less then 1.10 volts. At all temperature, the cells shall
be exposed to ambient air on all four sides and top.

k,5.3.1 Cycling. - The 10l-minute orbit time of the 0AQ
shall be simulated in cycling tests. Each cycle shall consist of 65
minutes of charge, followed by 36 minutes of discharge. Cycling shall
be continuous for 10,000 cycles, all of whieh shall be counted as life
cycles.

k.5.4 Retention of Capacity. - The test cells shall be
fully charged during each cycle of the ﬁte test. After every 100th
charge cycle, one cell at the low temperature and one cell at the high
temperature specified in 4.5.3 shall be dilsconnected from the charge/
discharge circuitry and immediately discharged at the 2-hour rate to
end voltage of 1.0 volts. Both cells shall deliver a minimum of 80
percent of their l-hour rated capacity. The same cells selected from
each respective temperature value shall always be used during this test.
Thereafter, the cells shall be recharged and placed back in the life
test.

b.5.5 Storage Tests. - Two cells shall be stored in a
discharged and shorted condition for at least 12 months but not more
than 24 months from the date of manufacture at a temperature of 60 to 80CF.
At the end of this time, each cell shall be charged at the 2-hour rate (%)
to a voltage not to exceed that speeified in Figure 1, and shall be
capable of deliverying 100 percent of its rated capacity at i$s l-hour
rate. Three charge-discharge cycles shall be allowed for capacity build-
up.

k5.6 Modified Conatant Fotential Charge. - A cell whiech
is in a discharged condition shall be charged at its highast eharging rate
per 3.5.6 for l-hour to & voltage not to exceed that gpecified in Figure 1.
(Three cycles of charge and discharge are allowed for capacity buildup.)

The cell shall then deliver not less than 85 percent of the 2-hour rated
capacity if discharged immediately.

(*) After reconditioning

gﬂé‘
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k.5.7 Operating Position. - A nermal discharge shall be made
on the fully charged cell at the highest continuous test rate at 73 + 3°F
and to the corresponding cutoff voltage specified in Specification Control
Drawing 2528CAV110. After 1.2 mimutes of discharge the cell shall be
inverted without interrupting the diseharge, and after 1.2 additional
minutes, the cell shall be returned to the normal operating position. The
voltage records shall include readings, taken 5 seconds before and 5 seconds
after each change in the position to the cell. The cell shall deliver full
rated capacity in this discharge, and the voltage change as & result of the
gnversion shall not exceed 0.025 volt. There shall be no leakage of elec-
trolyte when the cell is in any position.

4.5.8 Vibration. - Qualification Test cells shall be subjected

to the sinusoidal and random vibration requirements specified in Tables I
and II. During these vibration tests, test cells shall be discharged at
frequent intervals at the one-hour rate for periods of 30 seconds. The
current and voltage values observed during these discharges shall show no
fluctations, and visual inspection of the cells, upon completion of the .
test, shall show no mechanical failure. This cell shall be under- a "clamp
up” load of 2500 pounds applied through a stiff metel plate.

k.5.9 Acceleration, Centrifugal. - Qualifieation Test cells
shall be mounted on the test apparatus {centrifuge) in the applicable
positions defined in Table I of ET-252CS8-39C to produce the reguired
acceleration in the direction specified. The cenmtrifuge shall be brought
up to the rotational speed required to produce the radial acceleration
specified. Longitudinal and lateral accelerations shall be combined to
occur simultaneocusly for the duretions indicated. This may be accomplished
by four orthogonal tests for each basis longitudinal direction, or by
rotating the test unit 360° about x-x axis éuring & period of nine mimutes.
During the above test, for each direction ‘indicated, the test cells shall
be discharged at frequent intervals at the l-hour rate for periods of 30
seconds. The acceleration gradient across the cell shall not exceed 15%.
The current and voltage values observed during these discharges shall show
no fluctuations, and visual inspection of the cells upon completion of the
test shall show no mechanical failure. .

Eog 2003 366
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4.5.10 Shoek. - Qualification Test cells shall be subjected
to the Shock Test indieated in Table I of Specification ET-252C5-39C.
The cell shall be discharged at the l-hour rate and the discharge voltage
shall be recorded by a recerding veltmeter, such as a Mamo-seops. during
the period of eaeh Shock Test, any @fseondtimxity in the voltage resulting
from a shoek in any direetion shall be cause for rejectioen.

k.5.11 Bigh T rature ratien. - A fully charged cell shall
be discharged at the l-hour rate at 73 * 3°F, recharged and then placed in
an oven at a high temperature ef 110 + §°F. .This texmpersture shall be
maintained for 24.5 hours.. The cell shall then be discharged at this
temperature at the 2-heur nto and its capecity measured to 1.0 volts. The
cell shall then be returned to romm temperature and echarged at the 2-hour,
rate. Following this charge, the ocslls shall again be discharged at the
2-hour rate. The ecapaetty of this second discharge shall be 100 pereent
of the capaeity specified in Drawing 252S8CAV11O0.

4.5.12 Low T rature ratien. - A fully charged cell
shall ke discharged at the l-hour rate at 730 + 3OF, recharged and then
placed in & chamber at a low tempersture of 30 - * 5°F. .-This temperature
shall be maintained for 24.5 hours.. The cell shall be discharged at
this temperature at the 2-hour rate and its capacity measured to 1.0
volts. The cell shall then be returned to roam temperature and then
charged at the 2-hour rate. Follewing this charge, the cells shall again
be discharged at the 2-hour rate. The capacity of this second discharge
shall be 100 percent of the capaeity specified in Beawing 2528¢AV110.

4.5.13 Thermal Vacuum. - Two fully charged cells ahall be
discharged at the l-hour rate at 5° bt 3°F, reeharged and then placed in
a vacuum chamber. One surface of each cell shall be adjusted to a high
temperature of 110 + 2°F and the chamber shall be exhausted to 9 x 10~6 Torr.
This conditions shall be maintain for a period of 2L.5 heurs.- Daring
this period sach eell shall be cyclsd sequemtially fer a minimm of eme
cycle of charge and discharge as speeified in 4.5.3. The above procedure
shall be repeated except that one eell surface shall be maintained at a
low temperature of 30 + 5°F. .The above procedure shall be repested a
& third time at 75 + SOF exespt that the test time shall be for four hours.
The delis shall show no evidenes of failure dellewimg these tests.

L.5.14 Leak Detection. - To permit satisfactory leakage detection,
all cells shall be sealed with 5 percent of helium gas by volume. A fully
charged cell shall be allowed to cool to 73 + 3°F at which time a leaksage
test shall be made. Cells shall have a leaka.ge rate of less than the limits
specified in Specification ET-252CS-39C.

275
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4.5.15 Electrolyte leakage. - This test shall occur immediately
after completion of charge, during which cell puet have received some over-
charge to assure & positive cell pressure with respect to atmospheric pres-
sure. The cell shall be thoroughly cleaned with distilled water and alcohol
prior to start of charde. All mechanically seeled areas on the ‘ceIl cover shall
be swabbed with phenolphthalein solution.* A red indication on the swab 1s
evidence of electrolyte leakage. In the event of ‘a positive indication, the
cell shall be again cleaned and the test repeated. If & positive indication
of leakage is present during the second test, the cell shall be rejected.

4.5.16 Retention of Charge. - This test shall occur 1if the
cell was discharged to 1.00 volt. Drain cell for 16 + 1 hours at T3 * 3°F
ambient temperature using & one (1) ohm resistor. lLet cell. stand at open
circuit for 24 + 0.5 hours at 73 + 3°F ambient témperature. The 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 cells of the lot represented have already left the
contractor's plant, they shall be subject to return to correct the defects
and resubmitted for all the specified tests. Before resubmitting, full
particulars concerning previous rejection and the action taken to correct
the original defects shall be furnished to Grumman. Units rejected after
retest shall not be resubmitted without the specific approval of Grumman.
This retest, however, is only permissible if doubt exists with respect to
the test equipment employed, test procedure applied or imcomplete cell
conditioning is suspected. _

4.6.1 Failure Reporting and Analysis. - When failures occur
during test operations, the procedures of paragraph 3.9 of Grumman Specifi-
cation RC-252CS-14C shall apply.

(*): 0.5% phenolphthalein in 50% alcohol and 50% distilled water
solution. All areas where phenolphthalein was applied shall be
subsequently rinsed with distilled water; then all areas shall
be rinsed with acetone and cell shall be placed in a vacuum
chamber for one hour at & pressure of 1 mm Hg or less.

27
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4.,6.1 (Continued)
Permanent rejection is applioAble if the following has otcurred:

(a) Unit was expesed to temperstures ocutside the O to +120°F
range* regardless eof time duration of overtemperature expesure.

(») Unit had received ewrrents in excess of 10% over the maximum
currents (33 amperes for charge and 77 amperes for discharge
for maximm time of 3.3 minutes.)

(c) Unit hed exhibited veltages 0.12V above the uppermost curve in
Figure 1. C " '

(4) Unit was over discharged Belaw 0,0 velts ufter sealing.

(e) Unit was physically damaged in any manner.

k.7 Equipmsnt Changes. - After successful completion of
the qualification test, no ehanges shall be incorporated in the cell design
or manufacturing techniques unless approved in writing by Grummen.

5 PREPARATION FOR DELIVERY

5.1 Appli . = The requirements of Sectien 5 apply to
direct purchases by or direet shipments to Grumman.

5.2 Preservation, Packaging and Packing, - After completion
of tests each unit s e preserved within one week by performing the
following:

{a) Each unit shall be discharged below ©.1 volt by eclipping a
one ohm resistor asress the ¢ell terminals.

(b) Remove the one ehm sesistor and short the cell termimals
by wrapping a copper wire around cell terminals.

(*) Except for Qual. Units where the tqﬁpemture extremes specified herein
shall be considered the permissible temperature range.

24V
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5.2 (Continued)

(¢) Each unit shall be placed in a pelyethlene bag and an inert
drying agent shall be added to exclude moisture. Bag shall
be heat sealsd. :

NOTE: Cell serial number shall be clearly visible from the eutside
of the bag.

(d) Each unit ghall be pwékaged in a manner to avoid damage during
shipment.

5.3 Marking of Shipments. - Interior packages and exterior
shipping containers shall be marked in accordance with Grumman instructions.

6 NOTES

6.1 Intended Use, - The cells covered by this specification
are intended for continuous duty in electrical systems of satellites.
They will be used in combination with a solar cell array to provide energy
storage and furnish peak power demands. (See Specification AV-252CS-26C
for storage battery design.)

6.2 st Conditions for Cells. - All cells which are
kept on long term storage Epﬂods in excess of one week) shall be stored
as follows: ’

(a) Saume as 5.2(a)
(b) Same as 5.2(b)
(¢) Same as 5.2(e)
(d) Same as 5.2(d)

(e) Each unit shall be stored in a clean dry area at a temperature
between 59 to 85°F, .

]
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6.3 Definitions. -
6.3.1 Cell Capaetiy. - Cell eapacity is the discharge

measured quantitatievly in ampere hours at the specified discharge rate
to the speeified cutoff voltage.

6.3,2 Cutoff Vol%. - The eutoff voltage of a cell is
defined as that discharge wo which represents the complete discharge
condition of the cell for a particular rate. Discharge beyond this volt-
age would yield an insignificant amount of useful energy.

6.3.3 Constant Current Discharge. - The discharge made at the
" rate specified until the final voltage reaches the specified cutoff value.

6.4 Charging Instructions. - The Seller shall furnish,
with cells, one reproducidle printed copy of charging instruetions.

Eag 200.3 566
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TABLE II

QUALIFICATION VIBRATION REQUIREMENTS

Sinusoidel Vibration. - The control signal shall be filtered for sinusoidal
testing, if harmonic distortions is evident this can be determined by
viewing the control signal on an oscilloscope during the fixture survey.

MAXIMUM TOLERANCES

Sinusoidal Vibration Amplitude: + 10%
Sinusoidsl Vibration Frequency: + 28
Random Vibration: 1.3 db (The overall rms-g applied
shall be maintained within & tolerance
£ +15%
o5

Sinusoidal Vibration. - The vibration input levels shall be measured at

or near the test unit mounting location. Whenever more than four mounting
locations exist, only four points need be monitored. Any accelerometer )
fastened at any one of the mounting locations can be used as the servo
control input provided that:

(a) The control input maintains levels at the test frequency
within + 1 db of the requirements.

Bag200.3 366 6 . _ 9\0”
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TABIE II (Conmtinued)

(b) The level at any input location is within % 4 db of the
requirements at the test frequency.

(c) The average of all inputs at the test frequency is within
+ 2 @b of the requirements.

Exceeding the lower limits of the above toleranoces shall be cause for
rejection of the delinquent portion of the test end shall necessitate
rerunning only that portion of the vibration test. Selsction of the
comtrol point shall be subject to Grummen approval.

Random Vibration. - The vibration input for this test shall be controlled
from the same accelerometer as used to control the simusoidal vibratioen
test.

Vibration Fixtures. - The fixture, and its connection to the shaker head,
shall be capable of transmitting the vibretions specified berein. It
shall be a design objective that the fixture be free of reeonances within
the test frequencies. In any event, the fundamental resomance of the
fixture compensated for test unit mess shall be above 750 Hz., The trans-
verse motion (crosstalk) in any direction preduced by these fixtures
shall not exceed the vibration levels in the transverse direction speci-
fied herein. The requirements outlined above shall be verified by a
sinusoidal vibration sweep at test frequencies using a mass simulated
dummy test item. The vibration input for this sweep shall be monitored
with tri-axial accelerometers.

X-Y Plots. - X-Y plots of vibration test comtrol accelerometers shall be
made and included in the test repcart. For sinusoidal vibration tests,
the following ground rules shall be used:

a. The centrol signal shall be filtered if harmonic
distortion is evident. This can be determined by
viewing the contrel signal on an osecilloseope
during the fixture survey.
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TABLE I1 (Continued)

b. If a filtered control signal is used, then the X-Y
plots shall be filtered.
X-Y plots for sinusoidal tests shall show peak "g" vs Hz. For randem
tests, the plots shall show the Spectral Density (PSD) analysis in
gz/Hz vs Hz. Parallel filter or tracking filter anslysis can be used.
Both sinusoidal and random X-Y plots should be made using on-line or
taped signals from the control accelerometer and reduced using auto-

matic X-Y plotters. Plotting of meter readings by hand is not acceptable.

NOTE: If track filter PSD analysis is used, the analyzing filter
bandwidths should not exceed 20 Hz for frequencies below
200 Hz and should not exceed 50 Hr for frequencies between
200 and 2000 Hz. Analyzing constants such as averaging time,
sweep rate and tape loop length should be consistent with
good analysis practice. It is recommended that the statisti-
cal quality of the analysis be equivalent to 60 degrees of
freedom minimum.

A copy of the X-Y vibration test plots shall be submitted to Grummen
within 5 days of the completion of the vibration portion of the environ-
mental test.

Bng200.3 $5-66
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Appendix I

SAMPLE DATA SHEET I

APFENDIX T
SEPARATOR TESY PROGEDUKRE

NOTE: The following infermation is to be supplied on each cell lot
produetion.

Separator Material Supplier:
Base Material:

Fiber Manufacturer:
Part No.
Lot No. ‘
Dat of Mfg.(mo/yr)
Separator Suppliers Styds Ko.
Lot No.
Date of Mfg.
Material Slitted By:
(Do Not Use Anti-Static Agent)

Finishes or Wetting Agents Added By Separator Supplier
Yes
No

Finishes or Wetting Agents Added By Cell Manufacturer

Yes
No

State type of wash and number of times separator washed ’

Applicable Grumman P.O. #

Prepared by date

Eog 2003 5.66
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Appendix I (Continued)

Sesple Data Sheet 2

1.0

Applicable Grumman P.0. #
Above tests condueted by date

Prepared by date

Nominal Thickness
Méximu.m Th:_Lckness

Minimum Thickness

WEIGHT (gn/m°)
Sample 1 Sample 2 Sample 3

DIMENSIONE AND DIMENSIONAL CHANGES

Length(cm) Width Thickness
Dry Wet Dry Wet Dry Wet

Sample 1

Eng 200.3 5-66
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Appendix I (Centinued)

Sample Date Sheet 3

Applicable Grumman P.0. #

Wet Volume (V)

2.0 (Continued )
% Change In Thickness
Sample 1
2
3
L
5
6
2.1 ﬁlectmw Abscrption
Dry Weight (gm) Wet Weight (gm)
WD Ww
Sample 1
2
3
In
6

Grams of
Electrolyte
Absorbed (Wy - Wp)
WA

Above tests conducted by date
Prepared by date
Eng 2003 3566
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“Appendix I (Centinued)
Sample Data Sheet U

2.2 Electrolyte Retained, -
o Crans of Electrolyte
Dry Weight (gm) Wet Weight (sm) Retained (Wy-Wp)
L) Wy WR
Semple 1
2
3
L
5
6

Calculate percent electrolyte retained frox the follewing:

W

R .
T X 100 = Percent Electrolyte Retained

WR = Grams of Electrolyte Retained
Wy = Grams of Electrolyte Absorbed
Percent Electrolye Retained
Sample 1
2

3
L

5
6

Applicable Grumman P.0. #

Above tests conducted by date

Prepared by date
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Appendix I (Continued)
Saxple Data Sheet 5
2.3 Poresity. - Peresity or intermal vold volume is
calculated by the follewing:

W - ¥p

= Percent Porosity
WXxP

Where

W, = Wet weight of separator (gm)
Wp = Dry weight of separator (gm)
Vy = Wet volume of separator (ec)

P = Denslty of absorbed electrolyte. The density
of the absorbed elecyrolye is taken to be the
same as the density of the equilibrating
electrolyte.

. Percent Porosity
Sample 1
2
3
L
5 -
6
3.1 Separator Resistance. -
Applicable Grumman P.0. #
Above tests conducted by : date
Prepared by date B
Eog200.3 566 ‘/9\ ‘a
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Appendix I (Continued)

Sample Date Sheet 6

3.1 . (Continued)

Separator Specific

Separator Resistance Resistivity
. ohme ohm ~ em
Sample 1
2
3
5.1 ~ Teneile Btrength at Break, Temperature OF, Bumidity %. -
Tensile Strength Percent Appearance
At Break Lbs/en® Elongation Of Break
Sample 1
2
3
L
5
’ 6
5.2 Sample 1
2
3
L
5
6
Record Temperature OF Record Humidity
Appliceble Grumman P.0. #
Above tests conduced by ' date
Prepared by - ) date .

Eng 200.3 3-66
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Appendix I (Continued)

Sample Dats Sheet 7

Bample
6.0 DETERMINATION OF ORGAN IC8 1 2 3

Weight of separator before extraction 2@1)
Weight of separator after extractien (gm)

Weight less (am)

Weight of container plus residus (gm)
Weight of contaimer (gm)

Veight of residue (gm)

Percent organies (Weight of residue divided by weight
of separator after extraetion) X100

7.1 Determingtien of inorgamics. -
Inorganic : Percent
Sample 1
2
3
8.1 Discoloration of SBamples in Electrolyte. - Deseribe
color change and in which test discoloration occurred.
9.1 Thickness Variation. -
Reading Sample
1 2 3 L 5
1
2
3

Applicable Grumman P.O. #

Above tests conducted by date
Prepared by date
Bag 2003 366 30 D
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Appendix I {Centinusd)

Sample Dets Sheet 8

Reading

f

O © N 0w

10

Average

Reading 6
1

2

= W

0 OO N O W

10

Applicable Grumman P.O. #
Above tests conducted by

9.1 (Continued)

Sample -

Circle maximum and minimm value for each sample.

7 8 9 10

date J

- Prepared by

date

Eag 2003 5-66
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Aypendix I (Centinmued)

Sample Data 8Sheet 9

10.1 Dimensiens and Dimensional Changes. -
Iength (cm) Width Thickness
Dry Vet Dry Wet Dry Wet
Sample 1
2
3
In
5
6
% Change In Thickness Vet Volume (Vi)
Sample 1
2
3
L
5
6
Electrolyte Absorptien
Grams of
Electrolyte
Dry Weight(gm) Wet Weight(gm) Absorbed (W~ WD)_
¥p Wy WA
Sample 1
2

Applicable Grummen P.). #

Above tests conducted by date
Prepared by date
Eng 2003 5-66
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Appendix I (Continued) .

Sample Data Sheet 10

10.1

10.2

Applicable Grumman P.0, #

(Continued)

Sample 3

Electrolyte Retained., -

Grams of Electrolyte
Dry Weight (gm) Wet Weight (gm) Retained (Wr-Wp) Wp .
Wp Wr

Sample 1

N

= W

6

" Calculate percent electrolyte retained from the following:

WR

ﬂXlOO

Percent Electrolyte Retained

Wy = Grams of Electrolyte Retalned

W = Grams of Electrolyte Absorbed

Above tests conducted by : date
Prepared by date
Eng 200.3 5-66
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GRUMMAN AIRCRAFT ENGINEERING CORPORATION
Bethpage, L. I, N. Y.
Code Ident. No. 26512

SPECIFICATION
No. Av-252C5-25
Appendix I (Centinued)

Sanple Data Sheet 11

10.2 {Contimued )

Percent Electrolye Reta.inegl

by the following:

Wi = WD _ percent Porosity

WwXPp

where
Wy = Wet weight of separator {gm)
Wp = Dry weight of separator (gm)
Vit = Wet volume of separator (cc)

P = Density of absorbed electrolyte. The density"
of the absorbed electrolye.is taken to be the
sanme as the equilibnt_;ing electrolyte.

10.4 Plot data of the three determinations on ox;e graph,

10 x 10 to the inch.

10.5 Tensile Strength at Break, -

Applicable Grumman P.O. #

Sample 1
2
3
4
5
6
10.3 . Porosity. - Porosity or internal void volume is calculated

Above tests conducted by date
Prepared by date /
//
Eog 2003 366
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GRUMMAN AIRCRAFT ENGINEERING CORPORATION
Bethpage, L. I, N. Y.
Code Ident. No. 26512

SPECIFICATION
No. AV-252CS-25G
Appendix I (Contimued)
Sample Dats Sheet 12

10.5 (Continued)
Tensile Strength
At Break o Appearsance
Los/cm? Percent Elongation Of Break
Sample 1
2
3
L
5
6

Pore Volume 0.38 cc/GM
Aminco-Winslow Mereury Intrusion Porosity Meter

Applicable Grumman P.O. #

Above tests conducted by date
Prepared by date
Eng 200.3 5-66
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GRUMMAN AIRCRAFT ENGINEERING CORPORATION
Bethpage, L. I, N. Y.
Code Ident. No. 26512

SPECIFICATION
'No. AV-252C5-25

APPENDIX IT

NOTE: Thie appendix establishes the regquirements for the electrical
operations of Niekel-Cadmium Stormge Cells for OAO applieations.

1.0 General, - All cells shall come from one cell lot,
constructed at the same time using identical assembly techniques and using
camponents from one single batch.

2.0 Temperature Requirements. - During the cell electrical
operation process, the average cell temperature shall be between 70 and 80°F.
Once the average cell temperature has been initially determined, it shall not
vary more than 13°F during the ‘entire electrical cperation except during over-
charge. The maximm temperature gradient across the cell ‘@roups shall be less
than 6°F. Thermocouples ghall be uséd as necessary to monitor temperature
and temperature gradients every hour during the selection procedure. Thermo-
couple .installation shall be #ubject to Grumean approval. If necessary, the
cells charge voltage may be adjusted to ' maintgin the cells temperature within
specified 1imits, but mnder no circumstances shall the requiremsrts exceed
those specified on Figure 1 of Specification AV-252Cs-25,

3.0 Technical Data. - Technical data shall be recorded as
specified in the text of this appendix. The recorded data shall be submitted
to Grumman. :

k.0 Grumman Representatives. - -Grumman shall be advised

when the electrical operation procedures are to be conducted so that OAC
Engineering and Quality Assurance representatives may be designated to
witness the electrical operation procedures.

5.0 Test Eguimnt. ~ Teet equipment and automatic record-
ing equipment, of sufficient response to obtain econtinuous records, shall be
used to obtain continuous current readings in each circuit.

Bag 2003 3-66 _ 36
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GRUMMAN AIRCRAFT ENGINEERING CORPORATION
Bethpage, L. I, N. Y.
Code Ident. No. 26512

SPECIFICATION
No. _ Av-25205-25G
Appendix II (Continued)

6.0 Cell Electrieal Operation Requirements. - All cells
shall be electrically operated in accordance with the following procedures.
Any retest or deviation from this procedurs shall be subject to immediate
Grumman notificatien. Infarsstien ahall be -recordsd as shewn oa atteched
Sample Data Sheets (Appendix 3).

(a) Charge each cell at 2,0 amps for 24 hours minimm. At the end
of the charge, record the voltage, the pressure and the results
of an Alkali Leak Detection, hereafter referred to as Phenolph-
thalein or phenol check which shall show no red indication.

(1) Maximum veltage shall be 1.50 V
(2) Maximm pressure shall be 50 psi

(b) Connect the eslls to autematic cyclse. Diseharge at 10 amps for

30 minutes and charge at 4 amps for 90 minutes. Perform 10 cyeles
jminimm starting with the discharge. Record low pressure during
last ecyele. : :

(¢) Remove from automatic cycle and place on overcharge at 2.0 amps.
Keep on overcharge for 24 hours. At the end of overcharge,
record the voltage, the pressure and result of phenol cheek:

(1) Maximm Veltage shall be 1.50 V
(2) Maximm Pressure shall be 50 psi

(4) Discharge at 10,0 amps to 1.0 velt per cell. Record time, pressure
and capacity:

(1) Minimm capacity shall be 20,0 ampere hours.
(2) Pressure shall be equal to or less than O psi.
(e) Short each cell with one (1) ohm resistor for 16 hours minimum.

(£) Dead short for one (1) hour minimm.

T 20
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GRUMMAN AEROSPACE CORPORATION

Bethp.dge, LI NY.
Code Ident. No. 26512

SPECIFICATION
No. _AV-252CS-25G

6.0
(&)

(h)

{1

6.1

attached

(a)

(Continued)
Place on charge at 2.0 amps for 2L hours. At the end of over-
charge, record the voltage, the pressure and result of phenol
check:
(1) Meaximum cell voltage shall be 1.50 V,
(2) Maximum cell pressure shall be 50 psi.

DPischarge at 10.0 amps to 1.0 volt per cell. Record time,
pressure and capacity:

(1) Minimum capacity shall be 20 ampere hours.
(2) Pressure shall be equal to or less than O psi.

Charge at 2.0 amps for 2 hours. Record cell vollage and pressure
Jjust priecr to charge termination.

Measure internal cell impedance per 4.5.1.3.
Short each cell with one (1) ohm resistor for 20 hours minimun.
Dead short for one (1) hour minimum.

Review all recorded data.

Auxiliary Cell Electrical Operation Reguirements. - All

cells shall be electrically operated in accordance with the following proce-
dures. Any retest or deviation from this procedure shall be subject to im-
mediate Grumman notification. Information shall be recorded as shown on
Sample Data Sheets (Appendix 3).

Charge each cell at 2.0 amps for 24 hours minimum. At the end
of the charge, record the voltage, the pressure and the results
of an Alkali Leak Detection, hereafter referred to &s Phenolph-
thalein or phenol check which shall show red indication.

Eag 2003 566
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GRUMMAN AEROSPACE CORPORATION

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

SPECIFICATION
No. AV-252C5-25G
6.1 (Continued)

(a) (Continued)

(1) Meximum voltage shall be 1.50 V
(2) Maximum pressure shall be 50 psi

(b) Connect the cells to automatic cycle. Discharge at 10 amps for
30 minutes and charge at L amps for 90 minutes. Perform 10 cycles
minimum starting with the discharge. Record low pressure during
last cycle.

(¢) Remove from atuomatic cycle and place on overcharge at 2.0 amps.
Keep on overcharge for 2k hours. At the end of overcharge, record
the voltage, the pressure and result of phenol check:

(1) Maximum Voltage shall be 1.50 V
{2) Maximum Pressure shall be 50 psi

(1) Discharge at 10.0 amps to 1.0 volt per cell. Record time, pressure
and capacity:

(1) Minimum capacity shall be 20.0 ampere hours.
(2) Pressure shell be equal to or less than O psi.

(e) Short each cell with one (1) ohm resistor for 16 hours minimum.

(f) Dead short for one (1) hour minimum.

(g) Place on charge at 2.0 amps for 24 hours. At the end of overcharge.
record the voltage, the pressure and result of phenol check:

(1) Maximum cell voltage shall be 1.50 V.
{2) Maximum cell pressure shall be 5C psi.
Eag 200.3 5-56
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GRUMMAN AEROSPACE CORPORATION

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

SPECIFICATION
No. AV-2520S-25G

6.1
(h)

(1)
(3)
(k)

(1)

(m)

(n)
(o)

(Continued)

Discharge at 10.0 amps to 1.0 volt per cell. Record time, pres-
sure and capacity:

(1) Minimum capacity shell be 20 ampere hours

{(2) Pressure shall be equal to or less than O psi.

Short each cell with one (1) ohm resistor for 16 hours minimum.
Dead short for one (1) hour minimum,

Charge at the 10.0 Amps to O psig. Record cell voltage, auxiliary
electrode voltage current, and pressure every 15 minutes. Record
the time for the pressure to reach O psig to an accuracy of one
minute.

(1) All auxilisry electrode signals will be within + 50 mv of
the average auxiliary electrode signal &t O psig.

Continue charge to 20 psig. Record cell voltage, auxiliary
electrode voltage, and cell pressure every 15 minutes. Record the
time, to an accuracy of one minute, for the pressure to reach

20 psig.

(1) All suxiliery electrode signsls will be within + 50 mv of
the average suxiliary electrode signel at 20 psig.

Discharge each cell at the 10.0 Amps to 1.0 volts. Record cell
voltage, auxiliary electrode voltage current, and cell pressure
every 15 minutes.’ *

Short each cell with a one (1) ohm resistor for 16 hours minimum.

Remove the one (1) ohm resistor and charge at the 10.0 Amps to
20 psig. ‘Record auxiliary electrode voltage, current, cell
voltage, and pressure on either continuous recorders or at 5
minute intervals. Record the time to the nearest minute for
cells to reach 0, 10, and 20 psig.

(1) A1l auxiliary electrode signals shall be within + 50 mv
of the average auxiliary electrode signal at 0, TO, and 20
psig.

Bng 2003 $.66
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GRUMMAN AEROSPACE CORPORATION

Beth LI NY,
Codemt. No. 26512

SPECIFICATION
No. AV-252CS-25G

6.1 (Continued)

(p) Plece each cell on open circuit for a minimum of one hour.
Within 5 minutes after the beginning of the open circuit stand
and after one hour + 5 minutes record pressure, auxiliary
electrode voltage, current, and cell voltage.

(q) Discharge each cell at the 10.0 Amps to 1.0 volts. Record cell
voltage, auxiliary electrode voltage, current, &nd pressure
every 15 minutes. :

(1) Short each cell with (1) ohm resistor for 16 hours minimum.

8. Maximum pressure at end of 16 hours shall not exceed
20 inches of Hg."

(r) Dead short for one (1) hour minimum.
(s) Review 811 recorded date.
NOTE: Auxiliary Electrode Resistor and Measurements. -

All third electrode cells shall have 47 ohm resistors
connected to the suxiliary electrode and negative terminals
for all tests. The third electrode voltages shall be
recorded at the seme intervals required for cell voltege
and pressure data unless otherwise specified.

7.0 Cell Selection Requirements. - All cells purchased herein
are sutject to cell selection criteris as specified in Appendix A of
Specification AV-252CS-26. Whenever cells are purchased as single units
in contrast to complete batteries, the applicable capacity selection
criteria are hereby modified as follows:

(a) The total number of cells purchased shall be considered as one
battery assembly (: 1.0 empere hour) for capacity matching
criteria. :

(v) Approximately 1/3 of the total mumber of cells purchased must
meet the capacity matching criterie for each battery (: 0.5
ampere hour).

Bag 200.3 566

e G




AV-252C8-25G

APPENDIX III

ELECTRICAL GPERATIONS-FLOW

No.

CUSTOMER

FACTORY ORDER NO.
DELIVERY SCHEDULE
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Sample Data Sheet 2

(Continued)

APPENDIX III

CUSTOMER

FACTORY ORDER NO.

DELIVERY SCHEDULE
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Code 1deat, No, 26512

SPECIFICATION

No.

AV -252CS -250

Sample Data Sheet 3

APPERDIX III (Continued)

CUSTOMER

FACTORY ORDER NO.

DELIVERY SCHEDULE
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APPENDIX C

Histograms of Cell Variables

345"



HISTOGRAMS OF CELL VARIABLES

In this sectién are computer-drawn, histogrem plots of the intrinsic cell
variasbles for the subject batteries. Presented with the plots are tﬁe various
statistical parameters assoclated with the distributions. These include the mean,
standard deviation (sigma), the range, the maximum (VMAX) and minimum (VMIN)
values of the data points in the distribution, as well as the total mumber of data
points (NV). The variable number corresponds to the parameters listed in Table

XX. A sumery of the averages and standard deviations is presented in Table XXI.
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RAW DATA LISTING

Presented herein is a listing of the data for the cells constructed during
the subject battery builds. This date is listed as 1t appeared on IBM cards
used for the regressions carried out under this contract. The date is in F6.2
format with variable V1 through V12 eppearing on the first card, variables
V13 through V24 appearing on the second card, and variables V25 through V28 on the
third card. The_ cell serial mumber and card number is indicated on the extreme

right., Card data is read consecutively from left to right.



TUTTRRM DATA LISTING T VARIABLES 1N NUMERICAL OKDER
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2.0 5 0_0 ...*7..'.94.. 558-3
T BsH-3"

_T64.5 851.5 l.4s4 529.8 1,481 _.26.00 569-1
5.0 3.0 5.0 : 569-1
o o ) ) 569-3
T T780.3 B6T7.6 l.4s 528.7 1.4713 25.51 570-1
8.0 9.0 12.0 570-¢

- 570-3

_ . 163.4 850,32 1,44 523.8 . .25.00 571-1
4.0 2,0 540 8,0 : 571-2

o o _ 571-3

(7783 wes5.»
3.0 3.0
16345 R50.4

5.0 2,0

1ottt

5e0)

la44

5

Y

25485



e 159.3. Bb4bWH
6.0 6e0

o m— e e e e

T 77644 Ab4S l.ok
J\;,.-s.n“,~3,n”, L7 | B

e 160.1 B4H8..
- ‘,.0 3 .0

1.44
6.0

leth -
3.0

773.5 B69.9
- 1.0 __ 6.0

162 .8 848.8
3.0 3.0

“T76.5 86440
5.0 340

179.6. 867 .3
6.0 AG N
T763.7 B51.7
5.0 3.0
7776 865.3
5.0 L.).r‘

783.7 BT15.2
4 a0 340
N TT7e8.865.2
3,0 A0

1le44
. 940

leb4

‘1.513

1l.48

. ... 526a0 . la412 . .- 25451
3.9 ’
52543 1,460

5.0

Lot
940

1.479

R

5.0

lebs .
3.0

104

3.0

1 hb
2,0

1.476

N2 A% M-

527.4

52863

1,477

Clesbl o

T T 26417

25-34

T4l BeT.H 1abs 525,7 1.488 BT SN
3.0 3.0 2.0 i
782,1 86G.7 1ot _ B2Be4 . .. 1.%88 2534
4.0 3.0 3.0
TS UE 850.9 Loh4 T 52404 1.486 2617
4,0 3.0 5.0 e e e
. 764,2 850.8 1.44 528.6 1,463 _25.34
3n0 3.0) )no
7816 BARLO 1.44 531.4 1.466 26485
L bl 2.0 30 e
 7BOLT_BARLO 1.E4 529,1 1.468 25417
3,0 3.0 1.0 .
TR5.2 RT7.0 Lok 533.5 1.486 - 76.34
e 560 _FeO0 7 70 . e e _- e
g 1563 Ra%e1 1ebd 520,03 l.ael 25417
3,0 240 1.0 T
A\
—TTI5B.Y BAG.Y Lalh 52247 1.479 T8
3.0 3.0 2.0 ]

T 5R0-2

580-3 .

T aR1-1

_5R1-~4
581-3
~§582-1
582-2

..582-3.

582=-1
583-1
RE3=
GRO =1
§ b=
_BB4-3
HRHE=]
SR8/
K5 =%
5r6=1
58h-.
5R6=3

TTERT -1,

RRT—2
557 =4

5g3—2

DL Ao

519=]1
H89-4
580-34
5901
s90-2
 590-x

TTUEg1-1

59172
591-3
oA -1
BY2-2
592-3

- _._\ 6?."— T

SEER S
5923

[



1.469

1,482

C8594-1
594-2
5643
595-1
TTEA5-7
595-3
TTRGE-1
. B9&L=?
596 -3
597-1
T 597-7
597-3
§9R~1
598=2
e GE -1
599-1

— 1404 _ 1,477 25.51
3.0 3.0 3.0
T T 1e44 1.486 26.00
e Te0 70 5.0 _ e
l.44 1,472 26,00
2.0 3.0 0.0
ot T 1.44 T T 25.00
. ...6s0 5.0 3.0 ___ —_ 11.0 _
1le45 1,472 2600
7.0 6.0 4,0
T T T LA - 1,474 ‘26.68
. ..9.0 7.0 9.0 _ . e
. l.44 1,477 ZQfQB
4,0 3,0 3,0 -
_: 1.44 o i.458 25417
_er4e0 3.0 0.0 e
I & X..3- 1,470 25417
9.0 6.0 6.0
lehth 25.00
2.0 0.0 1.0 8.0
- a o 1.45“- T 1.476 24.51
— 7.0 . 6.0 4.0 _ e -
- o Ye4s5 = 1.466 242§l“;,_".
5.0 5.0 4,0
) 1.45 T 1,476 TT25.51
T _790_m7'0..h'0_m_.- U S
i _.1'44. L 1,477 25.17 ’
— R 0.6 0.0 _ e E2 Y
1oé TTTTTTT Ty 66T T 25.34
4.0 AN 20
" — - - — e
=~ O 1.45 . . 1.489 N 25.00
5.0 L0 1. 0 oot o
T 1eh5 o 2%2;37 h o T 24451

T TR05-2

599-7
599=-3
600-1
600-2

© T 600-3

601-1
Py
601-3
Ce02-1
602=2
602-3
603-1

it ) L E R

"603-3
604-1
6042
604-3

_605-1

605-3

T A06-1

606-2
€063

_607-1

607~2
607-3
THOK-1
6£08=-2
AOE=3
605=1
609-2
~0G =3
610-1
61i-x
610-3
61ll-1
p11=-2
611-73
612-1
6l2-2
612-3
613-1
613=2
H1li=3
614=1]



12.0

1.473

25.51

1,468

2'5_ '. 1 7_',.._

1,468

T 25034

. _2%9.0Q0

13.0

1045 .

12.0_10.0

. 1.488

- _Eé '68 )

2.0

. WAy § S [P ¥ S

o lelle
240

R AP S —

1.476

. ..25485 .

44,0

1.44
5.0

T 26.68
14,0

2.0

10,0

1,465

.. 2534

BWAT

25451

e La 808

2600

4o )
1,64 T ) B 24451
Q_D.Q._.__. - & (Y Q POV e —
1 . & D - e e et — —— _lj_liz _— _ 25 . 5 1
540
V.44 T 1.475 25466
- 3a0_ —
1.45 et e . . ..25.00
Nel) 7.0
lebt o T T T24.85
0 1D Qe
o leds _ 1.473 2600
N 7.0 B -
1.45 o - 1.471 T 25,51
e B0
1.45 L 1,471 26417
0 PN faé;é: b

e 240850

24436

Gle=2
6l4a-3
615-1
615-2..
615-3
- ....6leT).
616-2
_616-3
617—-1

. 6112
617-3
6ls-1
6lH-{2
61lE-3
619-1
610=2
61¢-3
. 620-1
620-2
£20=3
621-1

R - V-3

621-3
622-1
622-2
62273
623-1
. 6232
623-3
624-1
A24=2
(20—3
hP5—]
625=2
525=3
hR6-1
G 2h=2
£H26=3
APT-1
L 621-2
627-2
HPH=1
b25=5
APM-T
a26-1
ARY=2
H629-3
A30-1
A30U=s
6A30=3
A~31-1
h3l=-¢
TR31-3
532-1

6342



1,463

A3b=4
A3h=1

"370—‘— 1.0 . .0 635;2
635=-3
I DA 1.459 25,17 T636-1
A 5.0 3.0 0.0 ... 636-2
- - 636-3
— o Yeas 1,474 26,00 __637-1
4.0 2.0 1-0 637-2
_637-3
1.46 1.482 26.85 638-1
8.0 5.0 240 L 638-2
T £
L L _1.45 L 1,482 25.68  639-1
11.0 7.0 10,0 o 639=2
_ 639-3
‘ 1.45 1,459 25434  640-1
- L6:0__ 3.0 4,0 - s - 6402
640~3
_ 1.45 L 1,465 - 25417 - 641-1
9.0  A.0 T.0 o 641-2
S e e e _.541=3
1.45 1.481 25.68 T Te42-1
7.0 3.0 2.0 L . N 6422
642-3
~ o lesb 1.479 25400 420-1
6.0 5.0 N.0 420-2
e . e 420-3
le46 1.467 75.857 77 7 Tg7i-1
) 9.0 6.0 4,0 i ~ o o 421-2
( 421-3
_ - . . '[.A.S - N e e e M_]--‘*ab S 26017 422‘1
7.0 6.0 Re D T 422=2
e S e 422-3
1.45 1.475 25.68 423-1
3.0 2.0 0.0 423=7
S T - 4233
145 L le4T12 26400 424=)
7.0 640 260 l CoTTTTTTT e 424-7
i e . ' 4243
o 1e45 1.672 B TUTTL00 T T T e25 =0
4,0 3600 1.0 S o 4925=-2
o C425-3
o 1.46 1.480 25417 426-1
6.0 5.0 0.0 T T T L 426-2
JE . - . e 426-2
lettb 1.4178 TT25.68° TR T -
R 4,0 3.0 ').0 _ e . 427-2
427-%
146 1.471 24 .85 428-1
TTTTUU7.,0 5.0 3,0 T T Tt T428-2
e ——e 483
- . - 426~
6.0 440 2.0 429~
T T s 7 429-3
( 4
) ot DATA FIIR BATTERY S/n —3—{2% -

-6 -




—. 179.3_868.9

1.487

26485 .

643-1
643=2

64373,

780.6 369.6 529.6 l.474 25400 644-1
- R . 644-2
644=-3

e . 1B4LY 531,17 1.479 .. 28485 oab-1
b h=p

e e = U -1 3oL B
' 781.3 B870.2 530.0 1.4R9 25468 646-1
e e e e L .646-2
- 6463

- _...18041__5&5‘1_4_, JU— S 128 n7 1 -485 2_5.68 . b‘#?‘l
6472

. - 647-3.

782.8 872.1 531.5 1.482 25434 648-1

et e N, e - e e e e .N,.bﬁs‘z
648-3

. 7180.4 . 86Ta% . . . ... D286 1.485 26.00 .. 649-1
649-2
R : — 648-3_

780.2 869.4 53044 1.487 26417 650-1

e e e . ... 6502
. 650-3

o 181.4 870.8 ... ~529.2 1.476 25400 . 651-1
6512

e .. 6513,

781l.6 AT70.0N 53145 1.484 25.68 6R2-1
O OO O - — e 6582-2
( L7 -3
_A_lso_lzb&?nio . e - ____'526.0 _l_._"'a,o P 25.85 652-1
hR3=2

— e s s _..653-3
780.5 B70.0 529.2 le474 24 .68 654-1
e —— — 654-2
. AB4 -3

. 17645 BH6L0O 252549 1,492 25.68 655-1
’ A55=2

. S . __.655-3
T779.9 8B6&,2 52543 l.484 2534 656-1

——- SR - I S o as6-2
656-3

. _T180.7 8698 - 533.3 l.488 26417 657-1
’ 6572
.. 657~3

777.6 8HT.0 527.2 1.476 25.00 a5H =]

- e me e = o R 65--2
: HRE=3
.. 182.3 871.3 . . .. 530.7 1.489 _26.68 659=1
65v=7

SR S 659-3
785.0 874.2 533,1 le445 25.68 660-1

- - R I o ABU~Y
66113

. 1730 8h6e7 _ 527 6 o 1.485 25468 a61-1
{ o Gel1=-2
e - T — o 661-3
782.5 871.8 532.4 1.489 26.5¢% T eb2-Y
e = - . . B 6hZ=-2
370 Hhb2=35

a7



774.5 863.3

25451

24434

770.7 860.3 519.7 1.475
5.0 B.0

L

788.8 886.1

776.7 86908 T T

26,00

1,479

© 7 780.8°870.2

780.9 869.7

20,0

33,0

1,485

e SEIERT

1.477

2134

663-1
663=2
663=3 .
664=1
T6b4=2
bbb =3
6h5=1
665=2
f65=3
666-1
Tehb -2
666=3
667-1
667-2
6673
6645-1

T 781.7 870.6

748 BH4.2

779.7 869.0

778.8 86%.8

'Z S 780.1 8A9.)
-

e 184.6 AT4.6

TTT76.5 RALL3

781.3 870.%4

T 77646 RAL LA

. 183.9 R72.2

"T778.6 863.7

7783 8667

7R0.4 BAY.&
1

= 781.1 AT1.2

TT9.0 247,01

6,0

1.484

1,486

1.480

666=-2
C 668-3
669=1
(169"2
669-3
6T7T0-1
wT0=2"
670-3
671-1
671=2
671-3
672-1

812=-2
672-3
T 673-1

673-2

AT3-3
674"}
Y PV
674 =3
ATH-1
675=2
615 -3
676-1

T TRIEST

; ) r')_7f\’3
677-1
6772
4773

J6re-1
ATi=2
6T1T8-3
67G-1
6T74=-2
a7a=3
680-1
60—z
6gi=3
6i51-1
AH)=-2
aul=3
b82-1
aB2 -2
6HH2=3
683-1



)

. 683=2

e - S . 683-3
783,3 870.7 533.8 1,485 2585 s584~1

.. .6B4=2

. H84=3
L, 7B4.0 873.3 . 53B4,2 . __.1.487 . __ 26485 bUR=1
T’ ) : ARR=/
e e - e e e = e ———— . ) b -3
TH0.,1 BTV .4 530, 6 1.476 25400 b=l

—— e __ : e _ ~ (=2
. HhEE=3

e .. .T183.2.871,2 o ._...533,2 1,480 . __25.68 AET=1
687-2

e e . e ... 68T=3
786.6 B875.8 538.1 1.479 284,00 6 R8-1

- 5,0 10,0 . _688-2.

. 688-3

e 18642 81547 (- .~ 931.2 1.481 - 26668 - . 689-1
686-2

e e e . e .689-3,
777.4 B8B66.8 528.6 1,484 26400 690-1

) R 690=2_

. 690-3

e _1B7.8 877a7.. .. e 534,11 1.480 L _...._ 25851 _. 691-1
6912

e e . - OO e e 691-3
T7745 BATLN 530.,2 1,489 26417 ° 693=~1

e e e S — H693-2
693-3

... . .181.9.871.8 - ... 528.9 . 1,492 o _. 2551 694-1
( . 694-2
b4 _ e S 694=3

T 779.7 869.9

- . 18145 870.9

T 779.2 B67.6

530,64

1.486
3.0

o .. 52Ta.8_ __

53044

1.482

T 26468
10,0 .

1.481

695-1

L. .695-2

6953
6HUR=-1

696=2

696-7

6597=1
L697-2

697-3
C6Y6-1
698=2
69E-3
69u-1
699,

__M_mllblb.ﬁbﬁ.;- A. 52602 10479 24468
TTTT777.2 8664 ) 527.3 ) 1.483 I I {
_..._.181,2.871.1 531.2 __ _ 1,483 "é;L17V
TUTTARS T BT4.Y 835,40 1.48R T25.85
__.T78.5 R69.3 527,17 1490 _ --__ 25.85"—“ -
1‘-,77§f§ 3h3,4 523.1 1.476 24.45
R L BTA

699-3

~ 706-1

T O0-2
T00-3
701-1
701-2
T01-3

S 702-1

702-2
U2 =3
Joz-1
703=2
R EY
1061
T



TTTTFRzL.0 87008 T 531.6 1,477 26.3%
{ 2.0 7.0
PR e ) e
. 178.,0 BhA.R - 527.1 1.479 24468
778.8 907.0 5728.9
 7180.7 869.6 530.3 1.479 26.51
0. | & TG - o2
T77T.% 866.0 5726.9 T.%489 75.51 -
785.6 874.1 535.5 _ 1.477 26.68
10.0 15.0
T77.8 8661 o T526,.9 1,277 25,007
. 181.7 870.5 .530.3 1,477 _...25.00 .
781.3 a70.0 T T T TTE31.1 1.439 25.85
 182.3 873.7 531.3 1.482 o 26.51
6.0 15,0
T 776.3 8AS.T T526.5 1.479 26017 T
N ' 3.0 1240
7823 BT0.H 531.7 1,478 26.6%
TTUTHRLL2 BA9LR 530,27 1.483 75,85
T7844 BAHLO S23¢4 1.478"__ w?ﬁtOO
TTI79.6 865 525.9 1.472 T TR 000 B
... _178.8 8AB.9 52847 1.481 2235

773.3

167 .0

TTT5LT Real)

TT82.7 872.9

522.3 o l.eTy 24451
52508 1.474 TTUTTTT 24068

T04=4
T08=1
Y=
Ton=3

Toe-1

TU6-2
706-3
707-1
707-2
707~3

TUB-1

1T06-2
708-3
T09=1

S 709-2¢
709-3
" T10-1

7110=-2

T 710-3

Tli=-1
111-2
TLI-3

“T12-1

712-2
712-3
713-1
713-2
713-3

TTLe-1

714=2
T14-3
T15-1
715=2
715-3

Trie-l

Tl6-2
T1A-3
T1i-1
1T17-2
1T17-3
Tle=1
Tle=2
Tia-3
T1v-1
716-2
71¢-3

Y FIC!

T70=2
T20-
121-1
721-7
121-3
T22-1
122-2

S T722-3

723-1

T2%-1

T123-3
T26-1
Tat=2

124=3



T77.3 Bb6B.H

e IT346. BO2a 0 e

1.476
10,0

25485

110 .

1,416 .2‘*:.@..5.

Kt

~ 74,5 8h3.0

716.3 3hH.3

s23.4 T 1.474 26 461

524 .0

775.17

e 172,)889,7

24285 .

T s523.8

25.00

521.4

785.2 874.3

25.85

 779.4 8A9.7. . _ 52845 1,460  26e17._
: 6.0 9.0
T 774.2 86346 2202 1.472 © 24,85
17649 . .. .. ... 523.8 1,480  _ . _._.25.51 .
I 779.3 8£9.0 T oy57.9 T T T T l4R0 25.34
A A e e -

- 174.8.863¢5

77404 BAZ A

25.34

25.00

T - - 4.0 6,0
760.0 BAQ,2 529.7 R 1.469 T4 .85
I 000 3.0 ]
174.9 523,2 26434
TTIRN.A B6Y9LR T529.2 1.414 06434
o o o 4,0 o
(
~ 1708 _RAGLC 519.5 1,478 25400
TTUT19.3 A s 327.5 77 ;'?li_ 1.483 T 25 .h0

26485

t25=1
25—
T25-3
T26=1
=2
126=3
127-1
42h=2
1273
L.T728-1

25.51_ _ .

128=7
128-3
729-1

L. 129-2

729-3
__130-1
T730=2
730-3
731-1
731-2
731-3
73271
TR2=7
T32-3%
733-1
V232
T33-3
 73a-1
T34-2
134-3
735-1
135-2
7353
- T736-1
T36-¢
736-3

137-1
737 =2
737~
ETES
(38=2
Ta3gE=3
T36-)
13~=7
739-34
T4t-1
(A2
T40:=3
T4 1=
Ta4)=2
741-3
XY 32!
ey
T42-3
1az=-1
Ta3-7
T62-73
744-1
Tet =75
tai-3
1451



( 70,5
v-’—el'..t,.]: - ..7_ e

77§ R Be9s2

—229.1

523.7

T 7778.9 865.3

525,2

"529.8

1,472
3.0

777.2 868.1

74,7 873.5

- T83.8 3T4.6

786.3 875.2

179.0 .

o
e

T Ea.3 #7240

776.9 26k.1

782.3 #7245

780.7 #71.0

784,6 8T74.0

 785.3 BT3.0

T 782,17 R72.7

78442 AT2.2

,{ : N
~ 7987

50,2 RG1,7

1.470

25.85

TTT25.85

L...25.00

N "535.0
. .526.4
" 533,2

26468

524.9

_ 2510

| -1,0 0.0 T
"7 529,8 1.471 26000
o 4,0 5.0 L
52801 1,483 | 26.68
4,0 7.0
532.5 1.421 o 26.34
6.0 e
532.4 1.470 25434
4,0 6.0 T
531.1 —~ 71,476 o
6.0 10.0
53245 1,474 .
T.0 7.0
526.2 T T
BZQ. ,, e 1_;4,3,(_).._ o __25-51
- Q. N
B =

... 26.00



: ' 430=3
e . BQ2.0 o . .52949. .. e O C431-1
- 431-2

)
- — 431-3

801.9 9N1.6 52743 1.494 26.00 4372-1
e R : 11.0 26,0 ... ... 437=2

’ 43A2 =3

e BOD LA 4905 . X 3 5 S l.488 . 29468 ' 633~
AAi=2

e e e ot e e — A3g=3
H01,.0) BY4,] 52648 1,472 Zh.00 Hhdp=)

00 .. . . B Ty

. . L2 =%

. H00.7 893.5. 530,2 1,487 26468 . 435-)
' 0.0 8.0 435=-2

R . _...435-3
801.9 895.4 529.3 1.481 25.00 "436-1
’ 436=2

436-3
792.9.886.3.. .. . .—._.D22.68 e e - .. 4371
4372

I 437=3

800,22 892.7 530.6 1.485 25451 4348-]
.. 438-2
438-3
e, 802.3.89¢.53. ... - 52746 1.485 e 25400 . 439-1
- 439-2

S e e . 4393
801.8 894.8 531.4% 1.474 26434 ) 440-1
e e 3,0 e 440=2
{ : 4403
- _805 -6_9(‘1 B 5316 ___LI_A&Z-.-__,,.H.._ L _,_2() -00 &6 1- 1
5.0 13.0 441-2

e i 413
TYR.6 B3 531.2 1.483 25.68 442-1
=3.0 0,0 . . R 442 -2
442-3

1917.9. 86065 . L . 52724 l.472 24485 L 4s3=1

5.0 6.0 L63-p

e e : e 48373
799.6 895.1 523.9 1.475 25434 444-]
 444=2
' G444 =3

 804.7.89643. . ......_529.1 1,487 o . as5-1
- 0.0 , 445-2

. 44572

s T e DATA ENR o

789,06 AT7.Y 1.6%2 . ... 257.6 2716 1,494 26,92 2034 26434 320-1
23, e, A, -3 13, 19. 17. 18, 27. T b N
. 3. B Lre ) I _ #20-3
1 79G.H RRT .0 1,452 259.6 279.1 1,489 26,92 znoib 26461 2i-1
224 Pme . 47 Le 20, 25, 17, 21, 420 1e00 172.0 2&340) 21-¢

3, Ly T T E21-3
C795.7 SrRez LanSe 25846 27407 1,490 30,07 27.17 26.3¢ By VR
12. 15, 12, 0. 2. 8. e, 0 T S22k

4 : 2 T,
e - (7 /2,
-13 -




3, 29, 2. T 8422-3
. 793.3 881.0 1.443 257.1 2744 1.488 T.00 26434 26.34 823=~1 .
9. 13, 21, 0. 16. 19. 8. 13, 28, 09 17345 238.0 B23-2
3, 109, O B23=3
795.4 BR3.1 1.440 76B.4 P15.6 1,493 6.15 26.17 736,17 7T T Rza=1
___\ Te 12 1R, '5,'_A 37, 33, 24, 224 45, !10 17640 237,08 R24=2
B DU ¥ DA PR TooTTTt d24=3
_793,5 RANLT 1.458 25645 27643 30,67 21.00 HPhe-l
12, 15. 19. ' o HoR=2
3. 729, 2. H?F‘-"
79570 BR2.9 1.444 ?55.7 2715.1 1.493 23,50 500 25.50G° 7 77 A26-1
. 1li. 14, 17, 9. 26 25. 19, 16, 31. H26-2
it et o v e §36-3
_ 795,2 B882.9 14455 255.4 277.7 le4B6 29.75 26434 25.50 827-1
4, 7 5. -6, 12. 7. 2. 4, 1%, i o TTUTRET-Z2
3- ?9. 2' 827"3
794 .7 BR2.6 1.455 756.1 276.1 1.487 30.10 26.51 25. 33 B2E=-T
8. _12.  15. 2. 10 10, 6. 6. 15. 828-2
3. 29, 2. E - "828-3
_791.5 B79.5 1.459 . _ 255.8 273,2 1,485 29.90 26451 25483 829-1
9. Ti2.7 712, -1. 10. 10. 5. 8. 19. a2y-2
e B3e  29. _ 2= . 829-3
797.4 885.,2 1.455 558.9 275+9 1.40% 29,58 2134 26433 TE30-1
. ’_‘_.100 Al%- 11-_ '7_!__7 . 5. 9. 6. 8Q 22. . —_ 8%0-2
3. 29, 2e T H#30-3
i 795.4 883.0 1.458 257.8 275.4 1.488 6,00 27417 27,00 831-1
20. 19. 20, -2 12, 15. 15. 31. 10.00 173.0 248,0 3831-2
3, 45, 25, 331-3
792.2 879.8 255,71 273.2 TTTTTTT T u32-1
T, o . #32-2
( 3. e9. T " R832-3
N/ 79704 884.9 1.455 25842 277,00 1,485 29.25 26468 26400 832-1
17. 1%, 17. 0. 11. 11. 9. 9. 19. $33-2
- X 2%e 28 .. . . 6833-3
794,72 BR1.9 1.456 256.9 275.2 1.486 29,42 26.68 26400 T H34-1
T T 1l 0.  Be 10, 6. 9.  18.. ' B34=2
3, 29, 2 T B834=3
793.,9 871.2 1458 25744 ?75 1 1,487 29,10 27.17 26. 17 8351
11. 13, 20 -2, 10, 10. B. 8. 17. HB35=2
o 3.,_ 79. 2. o . 835-3
762.0 87945 1.450 556.1 2746 1.5R7 25.00 76485 26417777 83é-1
_ 9, 12, 172, 2e 16. _ 18.__19. 20. 3% o 836-7
3. 29, 2e B536=4
7¢4.3 B31.1 1.4%54 ) | 255.4 27644 1,487 24,83 26485 264,00 £ 7-1
16. 16 23 3, 14. 15, 10. 10. 22. a37=-2
L Be _?29e 2e B o B3 =3
762.0 879.6 1.4%9 258.3 271.9 74.67 27136 26450 T Ran-i
. 1‘1‘. 16. .1(""0 2. 11. R __1‘(._)_. e e e e e o - ’:3,“&
3. 24, 7 3=
T91.2 BTie4 Llo454 _259.1 270.7 1.486 26,83 25451 26450 Q3u—]
14. 16. 23, D 14, Ti8. 4, 12, 29. 439-2
3. Bhe 5. ' $3%-3
T U UTG0.4 BTT.4 1.436 755.9 272+1 le&B3 76.75 26.34 286017 7T T B40~
_30. 32 41 2. 21, 20. 17, 22, 40, B4 u=—2
3. R4, L5 T ToTTTTTT T T BH0 -3
790.1 377.7 14451 25344 274.6 1,490 23,50 26434 25467 fel1-1"
{ 19. 7. 27, PUREERS - Sanilis |- DU ¥ SUR (U T YR
3. 7k 2. o 541-3
791 .0 ATE.T 1eknl SELTE 276.5 1.4R6 23.5° 720051 25.83 36z -1
_ 11, 12, loe -7 10, Te____6be 10, 24, $62=2
3, 249, Y ; —_— T T T h4z-3

_B77

-1l -



. 301.) 88%.5 1,

s

259,8 279.2 1,490

27,17 26445 25.83

796.9 KRG .6 14456 256.1 277.0 1,487 246,17 26434 25.67 843-1

e 13 S5 19, . —Ta _. 1le Qe T b, 1o .“4.3_2
3. 29. 2e H43-3
- 09442 881.8 256.8 2760 _Bb44=l

a Bab—2
AL 3. 109, s S | | #344-3
79040 3775 1o 4‘34 25544 272.5 1.485 27,33 )6 68 2‘5 8"\ 345-1

e obe e e 124 Qe Ha 10, 5. __ba 154 R tgh-2
3. 29, 7. ' By b=
e e oee s 255.7.270,% —_— Luao-L
R4 &=2

i e B _ _ e e e e e BH6=3
795,00 8R2.6 1 446 257 1 278.1 1.486 6,00 26417 26617 REY AN
13, ._12. 14e_ .. 20 .14, 16, 16, 9, 2le . <10 .1_77"._»_ d4(-2

3. Ql- 170 . “47"3
194.7 BB81.8 14449 2566 276a7 1,483 25,323 26,00 26,00 . _ __Hap-1_

20. 24 o 25. O. 17. i8. 17. 12. 25. BHr=2

e e B 6Te. . © 24 e e e et e e e e .848-3
791.6 B878.8 1.443 257¢5 273.8 1.486 25,33 26.68 2650 849-~1
254 . 260 .- 24 .. Q.. 12 14, Ba 15, 298 o e . 8“9—2 R

3. AT 2. : B49-3

. _797.6 885,3 1.450 258.5 27749 1.401 27,33 27,17 26017 .. 850 1
) 13, 15, 21. 2e 11. 10. 5 14, 3l : bSU—Z
e Be L2560 28 e e - - e e 65U=3
792.2 8796 1454 25646 275.0 1,487 27,50 27.00 26617 451-1
13.. - léde .. 23.e 2_.-___4,.13_'.- 13, G 1 1. Zi: - e }“3 1-2

3. 29. 7. 851-3

L. 793.2 BAlal leaald 258,2 27342 1.492 25,00 26 B85 26,83 #h2-1
20 19. 32, -9. 10. 12. 18, 16, 31. 62 =2

- 3. SGe . 154 e e e . o . 852~3

( 795.8 BA3.4 1.451 , 258.1 275.9 1.496 27.50 27.17 26433 (53—
\/ 13 5. L 18- .. 29.-__.._.1_3__:.__ ._134_.__._&.'..___11.-.-____'./».7_.0, .. BY3a-/
3. 2%, 2e WHA=S
e ¢ e i e e 256.1 27342 . L LY
Bl

- 3. 2‘/‘- . - o - - e —— . . — - 54.-3
7G64,3 88143 leods 257 6 27‘5 3 1. 493 5.75 26,17 26617 B8~

- 12, 15, 256 . 5. 54, __44, 20s 24, 50, W19 177.0 236.0 355-2
3. Q1. 17. Ay -3
19542 BBh.0 lea4? 255.1 275,77 l.4B6 24,83 25,85 25.67 neA=1
12, 1L, 17. - 2 l4. 13, 11, 11, 24 ALY

S« .. 55, 15. e e e . R56-3

794.9 382,06 1.453 257.8 275.2 1,489 27,25 2A.45 25.83 W57 -1
12.. loe  le 2. 9. _ 100 5. 10.  20. 58 T=2

5 30, 2. . T T

10. 15, 22 2, 14. 15, 1R, 13, F
Se.... 304 2 R _
794.6 B1LO l.bsh 357,67 275.6 1.486  S.07 76400 26434 5
- .%. 12, 2le. 0. 24,  24. 14, 12, 24, .19 17440 24040 =5
5, 92, 17. o T
7934 321.1 14445 . 258.3 273.5 1,484 23,75 25,45 25,67
14. Ve, 15, O E 10, R 9, 27. T
s 585. 15 L . e
793.1 “”l.ﬂ Le/52 356 4 374.5 1.4R% 2110 2ha3& 25,67
5. . T 4, 15, 14, 7. 6. 16,
( 7_\ - Rt 9 . o T T ‘“.-V—_ CTTTTTTTT T T
D £ W N CP I UL T 257.9 271.9 1,484 2417 26617726000
T, e, Pl i, 100, 13. il. 10. zz, T T T
). " e LY ’
TR AT 05 Leesl TT256.5 27240 }.48?’?7;nn'25.ua’26.17

-15 -



‘(;.‘ —V.g..” ‘i'r)—." -60 40 5. 1. 'qo l(’»‘. \’((‘-“-/‘

SRR F SN LA Zo I Red=
763.9 830.1 le44l 356.2 275.5 1.6R8  5.33 26485 25,68 Hou=|

7. Re 20. 3. 24 25, 13, 12, 26. W90 172.0 743,00 #64=2
5. 109, 1. REL=3

L 790.9 RT3 Le4ke 258.9 272.1 1.488 27.00 27.00 26450  _ hAS-1
4. t, 1R. 0. 5. 6. I 6. i5. : 265-7

5. 3n. 2. R6E5=3

796.7 8R4 LS5 1.459 B 5617 273.5 1.607 26.83 25.85 26440 rES =1

10. 10. 154 2 11. 10. 8. 17. 20. N __566=2

5e 30 2e 866-3
793,0 R80T 1,441 257.9 275.1 1,487 27.50 27.00 26433 867-1
3.7 CVIL 13, T 2. 10, 11. 6. Re 19. T B6T=2
_5e. _3u. 2. A6T7-3
"393.2 881.7 1.445 2576 2758 1.486 23,75 26417 26,17 HoE~1

23. 21, 19. 0. 16. 14, 10, 14, 29. v6E=2

5. 701 A I % P

_ 795.2 B83.1 1.448 L 259.4 27641 1.487 27,50 27.00 26.00 869-1
11. 13. 20, 2. 10. 1. 10. 10. 0. T 869-2

5. . 30 e e B69-3
765,37 503,1 1,449 55T .4 2768 1e4R5 27.472 20,68 26.00 870-1

10. 140 24 2. 8. 10. 10. 10. 24, BT =2

e TER ST T S £PE Y
793,77 RAL.2 1.486T7 2574 274:5 1.484 3,33 24.85 26400 A71-1
14. 15 19. 3. 9. 11. ]. 10. 21, o YA

S, an, S ' 871-3

TAY 3 BTIT.L leaky T TSR 651,68 10480 23.3% 26417 25.83 372-1
16. 18, 17. 0. 11. 13. 11. 10, 24, 572-2

—5, &5, 15. ' - T TR =%

B 707.7 89,7 1,448 _ | 263.2 272.5 1,496 3.25 27.34 26433 s72-1

( 10. 12, 23, 0. 8. 9. 6. 8, 22, T Q73-2
lwr Be 300 3. [ 473-3
795.0 822472 1442 555.4 2737 1.4BO  Z2en3 27417 26417 ToR74=-1

o te . He lie mle 6. 7. ) 6. Lle e - B14=2
5. . 30, 2, wla=3

797.2 RB%5.6. 257.4_277.3 ) -1

) WY -

5, 54, o B L TR s=-3

796 .6 84% 8 14650 USRI 274,35 5478 26400 WTh=
e _]._{!_g» AN 21. e e e e e s e . -
S G, 17. v

- 796,15 A4 GZ 1o443  #59.1 274.6 1,492 2,92 27.34 26433 slT-1
10. 14, 23. 2. 9, 10. 6 . 23, ST =2

5. 320, Ge e N o 5773

795,00 812,272 1.43 256.3 275.6 1.666  3.00 25.34 25.50° UYH-l

10, 10, i9, 4, 10, 13, 7. 10. 20, : RTB-

. o Lo 3 e e “/&_ﬂ
703.,5 ARlen l.b4b | 257.1 274.2 14482 22,53 26400 2543 TG

i A, 14, 10 2. 6. 8, s 9. 18, :Vv—«
8. 3B, 1. BT 9=3
T792.6 AR, lJhed CSHGTe PT1.E 1.49% 3,00 27.17 26450 w5 0=

- _.__'(f',. o 1.’.. . J._Qo .].._o_____SQ 90 5 8. 17-:_' (_'_'_pp lf‘q ” 24‘1.0 Br(i=4

- 5. 2, 3. T A=
79241 HTv.¢ lo44H _258,5 273.3 1,492 3,17 27.17 26.33 RR1-1

- 14. 18, 73, 4, 12. 14. 9, 10. 24, ) MR 1=2
o Se St 3 . . e e s ) 5 L=3

( o 79%.2 AThen Letshh 7 SETLE T ITB LR 1. htis ST .00 26034 25460 L2-1
o Te ) 12. fe 1. _lb, 10. 12. 24. 420 17440 23640 nR2-2

D PR

T9242 whiet Lebdd 25848 271,68 1,490 256,00 2Ae5] 26.00 =

9. 1200 Lo e 21, 21, 15574714. 21, T ABE-2



. 5, 70, 10. 883-3
U 791.6 B19.6 1445 . oo 28001 21342 1,686 3,17 26451 25.67.. . .. sg4-1
10. 7. 12, 1. b T 4, 8, 15, BG4 =2
5 30. I W . L BB4A=3_
( 795.4 552.3 1.445 258.6 274.7 1.489 5,10 26.00 26417 . s85-1
AN P 19 .. 2e_. 2ba  24a 4. 12. 24, . 8685=2
5. ¢7. 17, 885-3
 796.4 B884.0 l.440 ... - 268.2 276.2 1.486 2.75 26.68 25.83 . . BRT =),
13. 144 15 3. 9, 10, 5 84 16, L ghT=2
— B5e A0 . _3a e .. .BB1-3
793.3 BRN.S 1.452 257.,1 275.1 1,491 150 27.00 26433 Aaa-1
13, .12 226 .. A vLLH___l_é_L..__..-B_.___LL.___ZZ..__lZlOO 168.0 24Be0 88H=2
S5 AN, 3 888=3
. 193.2.880.9 le&4l .. _._...,_-___Zil‘L1744_L._BS__ZLL§i 2668 26450 . .....889=1
16, 18. 18. -1l. 9. 10. 20. 8. 7. B89=2
—.___-54—_..&.8_0.,. — 2a - e e e e e e H~6.9.7 3
795,0 8R2.6 1.447 - 257.6 276.3 1.486 31,33 26,34 25,83 #90-1
16. 154 ... l4a .. 0. 154 15, 10. 130 29 .. BO0-Z
5 55, 15. : 890-3
. 196.2.8P3.3 l.445. ... .. 25842 275.7 14490 31,17 26.51.26.33 . 592-1
16. ]9. 21. _10 11. 13. 10. 13. 28. . (392—2
e 5. 85, _:l%. . 892-=3
792.3 8R0.4 1.449 25648 2T4e% 1.492 30,25 26451 26.17 293-1
L 2Te 2ta. 224 Q.. 11. 13. 12 16, 32. e ... 893=2
5. 55, 15. ‘ 893-3
. 795.8 883.3 1,450_...  25Q,1 273.8 1,489 4.75 26,11.26.17 .. 894-1
10. 10. 15. 1, 22. 22. 11, 9, 22. 4016 17440 24140 394-2
_110. ... Qa . 8943
792.1 879.3 1.463 257.3 273.9 1.489 30,17 26434 26433 895-1
 20e.. 18. . 2%, _=2e . 13. 16, 14, 15, 3 B BO6=-2
3. 53. 15, RG&=-3
N 7943 84147 14639 .. .___256,1 275.1 1,493 30,00 26451 26433 _ 896-1
20. 20, N 2. 22. 24. 26, 25, 50, , HYp=7
e Qe B30 .15 e L. B96-3
793,7 AR0,4 1,445 357 .4 27445 1,490 2,67 27.17 2667 §9s—-1
_ . oM. lde . 0. 13, 1l6. fl. 15. 27+ 200 169.0 240.0 39k=2
3 2% 3. : 19:5.-3
7663 SEAGYL LeseT_ . 257,0 2756 1,493 3,58 2634 26451 . RY9O-1
g, T % -1. 42, 33, 21. 18, 3¢c. AYY=y
[ WU ¥ 2 P (Y e . L. .. 399-3
705 .8 Ki32,1 1l.4%0 25649 27641 1.402 29.90 26468 26450 cnp-1
_ 9e. . 1, 11e =12, Qe o 1le. . 9. 10, 22. . ... . S00G=2
3. 53, 19 G O=3
793,77 RR1.6 1434 258,64 273.5 1.491 2,75 2717 26433 gnl=1
a, a, 21. by, 12, 16. 12. 16. 30, 501-2
e De 25 - I ani-3
794 .6 BRZ0 ).o4b 3650.1 273.2 1.4R8 3.50 26.A8 26468 T T 907-1
e "5‘!' ??o 15 _ "__5_. . ”2.2'_0 ____Z_Q_o 10, 9. _____Z_‘?L( ~ . 902-2
3, 10, N,
C795,1, 8n2.3 leséi - 259.3 273.2 1.493 29,67 2685 26467
20 15 26. =104 20. 23, 2. 20, AN
_______3..:__..';?’ o  YBae _—
7912 BT en 1ebtT 358, 1 270.6 1.4Rb 29,54 26485 26461
R L. T 15, 17, -9, 9. 12, 10. 14, 29.
3, wE, 15 ‘
700,7 37 "W Lestt 25646 2721 1.4R6 7 1/f”-‘7 2h.33
{ 9. 1. Lo 5. 9. 10. &, 6. 1A o
__‘: e 7. R [ . 2s—4
TaTow 57 05 Latt 55305 376.7 1.491 27.42 26,85 23434 wle=)
. 5. ) e 2. 19. 17, 2. 0. 27. L Sl =
3.

e e

-17;,



TUURST S BRGLY L.kas 558.2 37248 1.500 23.90 26.85 26451 907-1

- la. 1/- e Ta 28. 27, 28 24, A8e o L Qu7-2
3. Ao, n. : T y07-3
19443 881 .56 la446 . 255,68 274.8 1.4R4 29,50 25.85 25.07  __ _wOb= 1
’( 18, . 19. 0. i0. 12, He 17. 25, . W=7 -
N 20 5%, V5 e - e A=A
793 .1 AHI.0 1a445 TE7.1 27T3.6 1.4R3 1,00 27.00 ?6e33 Qua=-y
13. 17, Jtie 0o Q_. 104 Hy 104 ?l G !
I o B L LR SRS AL Y. Cunemy
... 7190.8 B79.1 le44) . 256.1 27244 1,486 1,83 26,85 26000 _ JIlv-l
14. 16. 27 Te 17. i9. 16. 21. 3R, gio-2
3. 28, 3, : 9Q10-3
755,06 882.6 1.439 7 77 DET.E 274.2 1.487 1.15 27417 25.83 T T911-1
. 1o, 12. 17. 25. 23. 24, 17. 18. 33, 3.00 169.0 245.0 911-2
VU Y- DU PO T TETI-3
792.4 BBO.3 _1.446 A 254.6 274.2 1,483 4,17 26.17 25.83 912-1
e, 14. 18, . " 11. 13. 172. 13. 4. T 9TP-2"
3. 53. 160 e N . 912-3
735.5 BA2.6 1.443 SEBI0 374.2 1.4B7 1.56 21.51 26450 T 7T 9l3-1
9. . 9'..”191m_‘uQLm__ 6. 9. 6. S. 29« ... ... o L 913=2
3, 28, 3. 913-3
_ 796.6 _884.5 1.442 ) 257.2 276.8 1.493 4,00 26417 26.00 914-1
19. 20, 25, 2. 28 . 34, 38. 32. 61, - §14-2"
3. 53, lbe .. 535k 914=3
THG5.2 883.7 1,442 567.1 274.9 1.489 27.17 2634 25.68 © o 915-1
9. 12.  17.  Bs | 24s. 24, 20. 18. 320 915-2
ER ' 915-3
796.3 8R3.9 ;_5@9_ 25646 278.5 1,489 1,50 27.34 26450 Ql6-1
11. 13. 21, 2 9. iz, 8. C 20, TTTTTTOY6=2
_ 4. 27. Be .. 9le-3
( 791.5 879.7 l.441 355.5 274.9 1,492 27417 26417 25.68 917-1"
N 9. Be 10. 3. 10. 10, 8. 9, 17. . 9l7-2
4, ' : T 917-3
796.2 8R3.2 1.448 257.6 275.4 1,486 1.33 26451 25.67 alg-1
11, 10. 20 0. 10. 10. 5. 8. 18, . TG =2
4, 27« 3¢ Q18-4
794,5 8R2.4 l.44T : TET.L 27626 1.482 4.62 27.00726400 To919-1
. Be _10. 13, 2. 8. 10, - 6. 7. 16, 919-2
AN 27 3. T T T 919-3
19649 8R&.9 1.450_ - 257.3 2764 1.485 4,50 25.85 25483 : 920~1
i4. 14. 2R 0. 16. 20. 17. 16. 30. T920-7"
_ 4 52, 160 o G213
789.2 R17.2 let47 255.4 272.6 1.489 26481 26,00 $21=1
L 9, 1l. 13. 5. _ lé. 17. 12. 12. 24, 921=-2
4, - . T T g21-3
_ 793.6 88144 1,449 256.1 273.3 1.490 4.33 26.68 26.50 Gpa-1
16. 18, 21. -8. 9. 13, 2. 14, 28. TG 22-2
I L 52. 166 __ B v 9272-3
766 .5 BR& .6 1,445 555,65 277.7 1.489 4,17 25.68 25,67 923-1
R _?‘f._ _'7_4- . jn. . __3.__ 24_. - 30. 270 23. ‘f‘f. 923—2
4, 52 16, T TTorTm o mmmem U923 -3
 791.6 87902 1.451 . 259.5 270.5 1.487 3,33 26434 26451 924~
- 5. <. 11, 2. i5% I7. 10. IT. 5. 7T VI TTBLO U380 942
be NS4 17. Co GoL=3
—= g3 7 asl.b 1.452 77 T ZB8.T 273.0 1,496 4,17 26,00 25.83 928-1|
11. 13, 75 -7. 9, 12. 10. 9. 20, Gp5=2
(\’ T4, K7, 16. » T T T o Co 925-3
194, 3. 82147 lebba 257.8 274.1 1,485 3.00 26.85 25.85 926-1
11. 1. 15. -2, 23. 22. 8. 7. 19. .12 173 0 241.0 “26-2
L 4. 82, 55. e G2 6-3
795 .4 P8L,2 1ebbb 257.8 27631 17484 4010 76036 264177 T 7 927-1

- 18 -



. 12, 14. 20, -3, - 11. 15. 9, 10. 27. 927-2
e b 524 1B e e , A 927-3
) 795.,9 RR3,9 1.445 25746 276.1 1.497 3,90 26417 26450 928-1
-—-~——.ZB_‘,..._.23 » _3 ___.:5_1.. 16 a 19- &h _27 Py 49- ——— ___.._.___.L.)_?._b‘.:'.z.,
AN 52, 16 : 926-3

{ / 23, 7.881.9 l.4b2 . P ”2534ﬁ,21ﬁ41_14_&ﬁ__34di_Zé.éﬁ 26450 929-1
12, 13. 19. -10. 8. 10. 9. 11. 23, 929-2

e ke P24 b . . u2y-3
798.5 RAB2 1.445 25843 277.7 14481 2,75 25450 25.51 SETIESE

e 2134 134 25 b 23, 224 10. 16. 32. 213 . 172.0 24440 930-2
L% 52 55, ) - 93(=~3

792.1 880.3 lob44b6 . ._.  254.2 276.3 14487 26,67 26417 _25,68 . . 931-1

9. 10. 17. 5. 15. 15. 10. 10, 22, 931=-2

e 05 . XDe. . .. 9313

790.6 878.2 1447 257¢3 272.1 1,490 26.10 25.85 25.83 932-1
e Ba 9 .9 3, 10. 10, 9. 9, 16, 93272
4, . 932-3

795.5 B883.0 lebbb .. .. 25823 275.7 14495 3.67 26.68.26.,33 . 933-1

18. 19. 22. . 0. 22. 27. 27. 23. 46, 932-2

— e 52. .. 160 e s e e et e e e e . N 933-3
791.6. 3790 1.451 2574 2772.0 1.487 3. A7 76417 26417 934-1

e 2 1Ba  l6a.. 20 —5a 13 17. 12 . 13, 27 . e .. 9342
4 52, 16 Q934 -3

. . 197..6..838546 le452 . - . - 258.6 27R8.1 1,494 26417 27451 271.00 . 935-1
10. He 9. 0. 9. 10. 8. f, 18, 935-2
Y /U e e N o Q38-3
795 .8 %83 ,6 1.447 258 3 27he6 1,402 3,50 26485 26450 936-1
184, lbe. 20a...=8. . 1l1a. 184 5a 184 20 a o L9362
4, 52 16, 93+-3

. T795,.6..833.3 l.451 0 . e 2584627449 1485 3,33 26.00.25.83 G3n-1
( in. 14, 20, -6, 172, 16. 12. 10. 26, CEREY
N b.. B2 16 . ... _. e . e . 93r-3
793.0 AR1,7 1.439 25642 2TheT 1,483 3,10 26,00 26.00 Q3y=-{
el 13 _28a =9a Ha 11. Ga 10, 24.a [~ i Rt L2
G4, 2. 16. 9RG=3

794.5 83244 lat37 . PB6.T 215,10 . ..3.00 25017 24483 GGl )
14. 17 2R 1. 15. 11. Gety=

b 52« l6e. - e e e — —— e e e - . . 94("—.",':

T94 .6 822 ,8 1,444 25745 276,46 1,484 2,83 25.A8 25.67 94 1-1,

o M 1Ye L 25a_ De 15l 184 16, 134 30e 4l
b 57. 1. : G4 1-7

791.% B7Y9,.9 lobth . . 258,9 271.2 1,427 2442 22.51_26.33 942-1

16. 21, 23 -8, 1l. 14, 5. 9, 23, G40 =s

‘f. B2 1, [ O, ) - e 9‘?2_3

791.2 ATHeod 14449 2576 274.0 1,490 2.33 26.85 26467 943-1

.. 18. 1Te. .. 294 .. 0 Be 10, 10, 10, 23 . 4=l
Ly, 52 16. . 943-3

794.0 AR81.5 .44 25849 273.7 1.490 2,00 26,68 27.00 G44-1

16e 1A 25, =2. 1l. ~ l4s 14, 16, 25K, T 944-2

L be 820 o 00 Glt =3
795.0 HBPR2.6 1447 5573 276+0 1.491 1.67 ?5.55 27417 R IANSY
S - 234 2be __=3. 12. 15, 10. 16. A1, _HaDQ 1750 24i:,0 945-2
=7 . “)4‘3—‘3

29.1 fa 6 .. .259,1 27062 1,480 _ 1,50 2617 26.50 Ga6=1

23, S de  =11. Se 8. 11. 4, 11. N

Lo 52 15 o S A=

( 794,72 R#uZ .0 1l.44] 255.7 2/7 6 1.4R6 26,00 7H 17 24 .13 Gay =1
D § WS TR Ko P SN LU 4. 20, 14. 13. 260 )
4y il =

7018 =T7¢.6 14455 250,22 27443 1,400 2,55 25,48 20.64 Ghme—]
13,7 . 22, =9, T2u;TTT 200 11, T1e  Zée - <187 176.0 239,90 Gati-yg



4., 85, 17. ! YaH—4
_796.1 RR1.% lu44e 25& 2 274,5 1,489 1,42 26.34 26461 940=1
BRSO T O i2. 16. . 15, 35,77 3,00 16920 245.0 949=2
4. 520 lGe iy : o 2493
F95.7 PR3, 1.445 25843 276.6 1.492 1.33 25.65 26450 C U1

! lé. 21, 284 3. 24 30.' 28. 23, 4B, LIV
¢, a2, 16, j T w8 0-3

. 796.0 &83.5 14451 260. 275.4 1,489 2,17 26434 26468 @51-1
15. 17. 27. -2 27. 25, 16, 14, 31. Q& 1-2
4. 89, 1f. P - . -3 Sl B
794,2 BRL.8 14655 25:7+6 274.8 1,495 1.00 26.85 21400 952-1
24, 21, 34, 1. 16 20, 19, 20, 374 L - 952-2

4, 49, 16. HE . P .952-3
797.3 884.7 1.451 '260.5 274.7 1.496 1.83 27.51 2734 953~1

17,77 16, 24. -12.77733. 22.] 20. 15. 37. T 9532
4, 104, 0. P f [953=3
T TTIVA52 259 1 274.9 1.499 6T 3700 27.17 T T954-1

260 27 36, 0 21, 254 20. 24. 48, 1 954=2

4, 49, 16 A i 954-3

N 1.453 o 259.2 274.4 1,490 .50 26.34 27,00 955-1

32, 35, 35. -4, 19, 25. 19, 22. 45, Tt Q552
4, &4, 14, 3} . 9565-3
746 .0 883,4 1.451 559.6 276.5 1.608 1.17 27417 26.85 Tys6-1

13, 12. 22, 1. 13, 13. 12, 4, 26, B 956-2

4, 49, 33, , S 9563

i 794.8 882.6 1,460 25547 278.2 1.499 1. 67 27.85 28451 957-1
12. Q, 17, =25, 1. 10. 14, 13, 39, ".167188.0 242.0 957-2

L 4, %9, 55, B 957-3
CFGETITRATLVA 1VAET B 559.1 276.2 1.495 25.00 27.00 26.68 T gsE=1
10, 10, 15 1. 13. 12, 14, 12, 22. o Y58=2

( 4, 49, 33, T T T T T Q88 -3
N~ 796.1 883.2 1.479 259.5 274.8 1,498 24,83 26,00 27417 956-1
15. 17. 24, -1. 13. 14. 14. 19. 38, 959-2"
e B8 3R . _959-3
797.9 snk T571h457 750.6 275.1 1,496 24,42 26.85 26.68 TTYAO=1
9. 12. 0 1lH. 1, 11, 12. 12. 10. 22, Qh (=2

- 4, 49, 3%, ' ) e T 960=1
_795.4 BR3.0 1.451 259.1 275.1 1,496 24,33 27451 27.17 961-1
7. 160, 12. -2. 12. 12. 14, 15. 30. B “961-2
b 49.  33. 961=3
798,0 BR5,5 1.450 T758.8 275.0 1,490 24.10 26 "5 26.68 962-1"
. 1ll. 15, "v;9. 2. 14, 14. 12, 15. 29, 942-2
4, 49, 33 , : - B TG62-3"

_ 7154.8 886.2 1. 449_--_ ) _ 25643 274.5 1,489 23,17 26.51 26417 461-1

- i0. 9. 19 4, 14, 24. 5. 6. 21. 5740 1750 240,0 461-2
3. 90, . .,1?.'. 461-3
“TTTTR10.7 902.5 1.446 3607 JT3.T T.485 23.42 26,68 260177 746417
6. b 10, 2 11. 12. &, 7. 18, 270 17542 237.0 4642

- 3. an. 16, - ot T 4bb-3
795.6 BAT.O le4s4 25743 275.7 1.483 23,58 26.00 25.58 465-1

10, il. 22, 12. 14, 22. 15. 13. 5507 T 5071 73.0 Z37.0 465-2

o g

[ TS 1 E U S —. 465-3
"803.0 AO4 .3 1.46R 5E5.0 272.4 1.482 24,17 26.51 26400 661

R, 7. 12, be 23, 20, b 3, 15. Lp6-2

3, on, 1A, - T L66 -7

e DD5

.20 -



C

__..___ﬂ.O_D_‘_‘).. ¢ ._:.)J CL- . ‘)_.
{)o U,
3.. 00,
RO2 .4 HYZ 1
e Ye
3. Al

ceme—.B11 a4 903.4 labbhT .

11 . 13 . ZO .. CX 25 .,,_._.1_8_._ —_— _]_ZJ.—_W.._YJ .._._<2.2.l - — LTR~2
b Rb6 . 1AM : 475=3
. B07.7.890.1 Jakbh& .~ .. 259.3 272.2 1,496 25,37 27451 27.34._. LALTe-1
12. 172 20, 2 14, 20. 10. 7. 23, 3030 181e5 23447 4T6=7
e he . %6 164 .. - o e . 476=3
H0T7.9 POT.T 1.444 261.4 272.8 1.2 2Hetrd 27433 S
’ 11- 13. 2]0 .-130 ZA 2....__.___..1..._._._._ - _l}‘ 1”?.”0 1800() 2‘1“:0” ‘977"‘).
4, Sh. v aty-1
...... S 08 4 Q00,7 1651 . . . _. ._25Ta% 274e6 14487 25,92 JAoebl 26034 . ATr-1
4, 4. . 7 10, 12, 2. 3, 14, LeT0 1T7het) 238400 6TR=2
. 4, . Ah, 1fhe e e e e - . [ . RO R
AN1.1 892.6 1477 ) 25541 277.4 Lol7 29400 27467 aiu=1
18, . 14, =12 O 0. e be 1Te 19400 1820 2465.0 AT0=7
4, Sha t, s - d
*__EQQJY_)ﬂl T Le&B5._ .. 25948 2719 14486 26,25 2134 2700 Capti-]
be . LN 2. 11. 14, A 4, 14, LRG=Y
La . FH, L, et e - L80=3
509N UNDLE 14%A] 26104 272.9 1,497 26,50 27,48 27.34 4dl=1
Se. IS8 10 -1, e 12, he 3e 14, o 481-%
4, RA, Lo LR1=7
B0B .3 RCG,T la&t5hH. .. 25748 27641 1,485 27,00 26.68 2634 Lb2= ]
3. 3. &, 0, i 9. 2. 3, Q. YR
b S5 16, B e . B i LM =3
RN&G .9 HOA 3 1,456 259.3 2709 1.486 26,67 77417 26485 ba= )
7. Te 10, 2 12  1le  tg 3. 12, n
&y uha, 14,
0522 89T 14451 . 25644 273.9 1,493 27,25 23.00 27.5)
5., 9, 15, =1, a, 18. 13. 7. 24, T
. 4. u(j. ]“;‘. [P — - v e i S ————A————_ = = s T —
G01.T7 BOR,5 1,456 254.1 2748 14692 26,67 ?28.17 26.85
B e . e 12 . =2 To . 12¢ 10. 6, 27 _
&, 16 . 14
L BOBLS 2n0.0 llfsa 25645 275.7 1,483 29,070 26,65 26.00
10, G, v, 2e 13, 9. 1. 3, 12. ' T
by A, Yee o ,
$13.0 9N&.n 1ebnT 2576 279.0 1.484 22,07 26455 26451 4 sy
79 7. b, 7 R, lido 9. 6. la, 2.10 1760 () 246 48) it
< 4. - e ST T ’ A
D [l R BRI S Cy AT N 25848 276,464 1,401 1.00 26,00 26.83 LY
- 16. i, P, , 5, d. i0. 7. A (¥ T
f*l. ';_"" ° ll’f?“‘,—'_ )
TS0 SRS P TUESNIGRTE T TR T T 27unE 2hus0 4511

b4 4
3. _90..
A02,1 893.4

13, _ lbe
3. 60,
193.8_885.7
2, 9.
3. 90

RNT7.5 89G,.7

ia4b6 2640 276af_lahR4 _1.03
].1. 0. 8. S. /". .r‘- 1".
Y T268.4 2775 1.ATS 1,34
12, 12. 11, . dle . 5e .. . b ... 14,

1
, 255.8 27H.3 1 48T
R. 3. 19. 15 P 7. 19.
16. I . .
1,458 255.1 272.1 L.4R2  1.50

12.
q.

24,
lé-A.
1e45¢

letsl._ ..

Zhabbt 25033

Dlvg it 2hgnan

244 &A_Aﬁli&“ZQ-OU

10a  G9a _13.

25543 27642 1a4RT

e 1%

24,83

27.00 25.83

2085 2651 _

23.

19. 17. 14,

23.

261.9 271.9 1.501

25.67

80 177.5

27.68 27.17

i‘é’?lji

- 2] -

240 0

new=1
N A =g
A=\
dfue=
HTT0=4
A=t
Lf)=2
ari-3
&72-1
472-2
472-3
473-1
673-2

f .
- A

L 673-3

475-1



18, 18, 20 0. 1ie 12, L O Lo, o
b 56, 9, e ) AM =
B06.2 KOT.1 1.452 ' ' 356.0 2TA.5 1.48R D62 2T A 213N Her3e)
9, 9, 14, 1. 13, 20, 15, Q, 22, 4=

ST, T e, 13, TR
{069 8982 12674 259.5 272.1 1,490 .33 2¢.17 27.00 496=1

e i30T 17. =2 Te.T 6. 4, 7. 12. ' AT
4o 644 l. : ’ 494 =3

TR R DATA FOR BATTERY SN 34,35 wermrssies

o
*

787 .4 87545 1.445 540.6 259.8 27742 1.481 24.00 24.00 23,83 1478=1
18, 75, 33, 9. 22. 38, Z3. 72 . IT. STt 1a78-2
334, 1475-3
CTRYLOTEGRLE iv447T T T 536,86 25740 27547 17482 24,000 23.83 23.67 1679-1
16, 25, 34, 10. 22. 39, 27. 25. 42, . 1479=2
T S Y - B T T 14T0=2
783.5 871. B 1.442 53846 258.1 276.5 1.4R2 24,00 24400 23.33 l4v0-1
14, 23, 74, 12, 24, S2. 22. 22. 37. T I YA B
385, 1480=3

T 782.9 871.1 1.443 0 537.6 5555 27647 1.483 24.00 24,17 23.67 1481-1
16, 23. 26. 10, 22, 33. 22, 22. 3%. . 1481-2

260, B P75 K
TR&.1 BT2.1 1.444 534.4 256.9 273,7 1,480 24,00 2 4,17 23.67 14471

"""" 16. 51, 26. ’—’1'()7—' “18. 31, 20, 19, 30. T T awe -2
60, - . 1482=3

( 783,272 871.A 1.443 537.3 25648 2767 Lo4T19 24,00 24400 23,50 1483-1
w100 14, 17. 6. 18. 30, 16, 16. 26, A 14t:3=2
352, ) 146533

78609 87541 leas2  539.8 257, 2 278.7 1.480 24,00 23483 23,50 laor=1
15. 20 21 He 20. 45 19. is, an, ) T VeRa=2

iy '% ‘2 - . l[? L —:1

TRG 5 RT72.7 Latsh) 539.1 25706 277+6 1.4R3 24,00 26417 23.50 1t =1

16 23 32, 18, 3R,  60. 37, 36. _5Z. Tani=r

H\;
Yo

‘I\z
!w
¢J1

260, - B 14eR =2

18742 875.2 1,642 | 540.3 257,9 27H.5 1.4R1 24,70 24417 23467 L4s6=1
16. 20, 7h. He 21,7733, 21. 21. 3G, T BT
4THe Lann-=3

"T85 .6 873.2 1.643 ' 530.R 25043 279.4 1.4R4 24. SO0 2RGAT 23417 Last=)

17, 25, 37 9. .35. 37, _26. _22. 38, RN

N, ’ e R 1eRT=2

T83.4_R7143 Lledan 533,6 257.0 273.0 1. 479 24,00 24417 23,67 L= 1
17. 23, 29, £ 23. 4014 22 20. 35, I P

457, . 14 =2

T AT T RTR A Lessd 537.2 256.8 27645 1.6R1 26,00 23.#3 23450 VLia=1
o lae 1A 272 10. 23. 34. 20, 21. 2Be . lorv=z

0O, 1hnti=n
948 1,652  535.0 256eh 2T4,6 1 4R 24,00 23467 23,17
7. 20, 10. 37, 33, 23 19. 37, T
e
TR3 LI BRTNLE Lebnd ' 3368, 255.3 276’2“1‘ T8 Th o0 23450 23417

13. Vi, 7, Te  Zle 26 18, 29
( AR T T Tt
T 78T e ATH G ) enb] 84200 25903 27R.F 1.48R ALOD 2400 23450
1a. T, EXO 7. L6, 1. bh, 47 £0. o T

TRA LA RTLLEL Fasbs 5544 28846 ?71 1ALESL TR e 23003 23,00

- 22 -



16, 27.

34, 7. 32,

Bl

784.6 R72.6 1.347
e 10294

d
T

7875 87542 1.441

— 14 23.a

22,

36,

1.494

_ 40,

23017

Qb .

Rl5.

TBLGay #7340 let4o. ... 5354 25646 215,.1

31. 10. 35.
IS - -1 1P S

1.481

6.00_ 2383 23.17

16‘

36,

21a 1a 29

538.3 25648 277.6

1.492
28 a

6.00 23.33 23.00

43 .

1916 878¢2 .

19. 23.

Oa . 2ba

ST £ - 2 S
789,99 RTT7.R 1.443

507.
let48 . .
3 4 L[] 7 . 26 .

__538.0 257,3 27647

1,491

6,00 23.17 22.83

23,

34,

21, 5. 244

540,0 256.2 279.9

1.481
19,

6,00 23.50 23.17
34,

1403=2
(A=
T6avn=]
Lo lava=g
1494=3
14uh=]
149K =2
L4853
1496-1
Co2le9sa=24
1494-2
14971
1697-2
1497--2
14961
1495=2.

.. T181l.3 869.1

784.7 872.4
17. 22.

368 .

788.

1.490

.23.34

6. 22.
e .. B2Re L

20,

50.

1.438 536,7 25745 275.3

42, 21a .29

1.492
504

6.00 23450 23.00

149Rr=3
1402=1
1499-2
1499-3
1500=-1

10, <10 16340 242.0_1500=2.

e 1863 BT a% .

16. 24,

TB5 .4 BT2.9

. 786.9.875.2
( 11. 24,

786.6 874.5
4o 1L,

485,

35, T 30.
o bhlb.

e 53943 258.0 27743 1.485

18.

540023617 23.17
35.

]’.-o 440

_2Ba_._12a 424

53944 257.9 277+6 1,482

284

bba

440,

1o44t _ . . .540e1 258,3 27748 1.4B0

6,00 24417 24.00

31. Te 20,

22,

36,

1.444
24 3. _ 284

'537.6 25146 276.0 1,483

10,

6.00 23,67 23.1

25 O

7863 87¢.2

TU7ATO #75 LR
e I A

786.8 AT5.5
9., 16,

" YRy T RTLLe
. l6. 73,

78844 RTH,4
28, AR,

T 786,55 87540

23._ __25.

:’8,0-3 BAKR SR
13. 18,

( TR4.h 877.6
N

14, 20,

TRT.3 ST-a b
“la. 27,

1068 . .

539.5.259.6 275,17

.00 L L

1ebhs 562.5 261eb4 277+1 14483 5,00 24433 24400

2% Be_ _ 24 _

716,
Lottt
19. 0.01 13.
.. 6R2.
1.439

. 20s 12. . 34.

24

37,

12.

30.

538,49 255,6 279.2 1,485 _6.00 23.00 23.00

24,

44,

500,

101!'3’3_»__._

43, 22 46
470,

less3

bhe b bbs

541.6 260.5_270.9

1.500

58,

6,00 24,33 24400
85,

560,7 257.9 27446

1,494
2l.

5,00 23433 22.K3
85,

BB,
o426

53528 25446 27742 1,477

- 6'_;_‘]("! 22,83 7_2.50

200 16 41, 34, 42,
- A9,
1eée:? T w41 3 260.0 277 5 1,482 6,0y 23,83 23,50
uoe 5. 28, 22. E
I‘,/ Ne T T

21 7. 52,

S3R.7 257.7 27740

1.,4R4

430

A it 73483 23417

i ‘_5_{) .

6.00 23.83 23.33

1500=23
1501-1
1501-2
1501-3
1502-1
. 1502-2.
1502-3
1503-1
1503=2
1502-2
1504,
15G4=-2.
1504-3
150G5-]
1508-2
15i1%=13
150A-1
150nA-7
Ry
1507 =13,
1507=2
1807-34
150G¢=1
18068-7
T1508-3 7
1500=]
15im=y
1564 -7
14 La=]
1510.=-2
T 181023
1511-1
1511-2
1511-3
1512-1
1512-7
15 10-37
1512-1
"1513-2



T91.6 BT9.¢ 14437 540.6 258.1 278. 5 1,492 6,00 24417 23485 16161
5877 48, 53, e PO DA T I 54, 456, Te, R B RIS Y
. 771, 181a=3
CYRTI9 876.0 1.439 ¥40.54 258.9 277.8 1.484 6.00 ST R3S 23417 CTETe-T
Ler ast 36 13.  se. ke 32 27, 49, U 112
568, . 1515-3
_783.7 871. 444 540.2 25941 277.1 1.488 6, oo_g;_s? 23.00 1516-1
19, ?6. 27. 10. 34, 34, 26, 23, 35, ' 1514=2
I 669, _ _1516=3
TE6T9 AT T 143609 1.490 23.51 1517-1
.  B. 24 32, 41, 36, 55. L 1517-2
811. _ 1517-3
. T785.8 874, “miaﬁﬁl__.u_ 540.8 257.6 279.2 1.490 6,00 23.83 23.00 1518=1
27, 42. 4R, 6. 66 68. 67, 58, 84, ' 1518=2
e e 432 _.1518-3
TR4G 4 B12.7 letstsh £35.3 256.4 214.8 1.286 6.00 73.67 23400 “1519-1
20, 25.  30. 8. 24, 30. 24, 22, 35¢ o 1519-2-
599, 1519-1
TRT,4 87542 letas 539.8 260 8 275.1 1,483 6,00 24.00 23.67 1520-1
21. 28, 31, 10 30, 50, 30, 27. 45, ' 1520-2
e . i 428. 15203
B3 T RTILO 1.438 £33 .4 26844 215.2 1.494 6.00 73.61 2333 TTTIR21-1
_22.  32. 50, 24, - 54. _ 6% 72. 64, 90, 1420 1640 244 0 1521=2
. 5474 o TTmTm T 1521-3
_ 788,1 B76.1 1.453 539.1_258,2 27649 1,489 6,00 2367 22.83 C1522-1
22, 23. 3. 10 37, 38. 29. 27. 41, 1522-2
e 686, B 1522-3
792.6 RR0.3 1.437 542.7 259.0 279.0 1.495 6,00 33.50 23417 1523-1
20 .29, 47 22. 52. _6l. 75, 66, 90._ L _1523=2
( 409. "1523-3
o 787.3 875.4 l.443 538.8 25645 278.0 1. 485 6.00 23.33 23.00 1524-1
11. 15. 200, 4, 22. 20. 24, | 22. 35, 1524-2
R . B43. e _.1524-3
789.0 876.7 l.bst 53G.9 257.6 278.1 1,476 6.00 23.33 23.17 1875-1
16e 2&e 30 1. 18. 17. 20, 1R. 33. ' 1525-2
712. . 1525-3
TAT B BT5el 1o432 . 537.1 259.5 273.6 1. L6492 6,00 23,00 23.51 1520-1
26. a7, 51 14. 24. 38. 69, 62, 100, 15256~2
I 2230 o e S eSS 1526-2
TBR 3 RTAL2 14435 540.0 257.2 2786 1.489 6,00 33,00 22483 TIs2T-1
12. 21, 244 3. _28. 27._ _ 3le _28.  4De N 1527-2
605 1507-3
790.6 87i.1 14439 | 539.6 257.4 278. <0 1,488 ° 6.00 23.33 23,17 1524-1
) 18. 27, 42, 17. 40, 737, 50. 7. Ti. 1526-2
e e . .516. ~ o o 152:0=3
T85.8 B7544 1.453 £3G.3 257.3 211.9 l.486 6.00 23.037723.50 15241
LY A4, 33, 9. 5l. 80 57, 50, 77 <01 1630 ?39 0 1529-7
: 585. - T 1520=1
7R7.2 87542 14455 '539.7 257.8 277.9 1,478 6,00 23483 23.50 1530-1
21. 26, 31, 9. 24 . 45."”‘2@i““’76. 23, B "1530=2
607 1530=2
S R IG aRY E 1,630 7 7 540.2 357.3 278.0 L.%4R9 BonE IR TT 2351 1531-1
24, 6. S5he  —Be 26 26, 46, 40, U 1531-2
277. T e T s m T 15313
791.2 R79.7 1.435 540.0 25846 27743 1. aph 6,00 2350 23.00 15%72=1
{ 10, Vi, T 17 43, 52, T 4¢ THE TR, ’ 1527 =2
\'v_h o 478, R 1537=3
762,77 i, 100 R2 5060.1 258.9 277.0 1. g TELan 2301 22061 T1R23 -7
1h. a1, . 15, 42, 55, 15 63, cn, J10 163,00 239,00 1H33-2
) 06, iy ' o inz4=2

A

297

24 -

1241270




78649 BT5.0 1.440

539.1 259.3 275.9 1.435 6.00 23.67 23,33

1534=]

—— 16e .. 236334 124 - 324~ 38.- 30, . 24. 34. . ___ .. 1834=2
566, 1534=3

188.8 _876.4 14439 540.6 2594 27743 1,482 6,00 22,83 23,34 . .__..1535-1

. 24, 35, 43, 10. 28. 34, 29. 25. 44, 1835=2
- e e e . 586 L S 15353
790,2 B7H.3 1.439 537e¢6 25Te3 27663 1.,4RR8 6,00 23,00 272.67 1h3h=1
10e . 2le . 3Be_ ___l&a . 42s b1, _ H9.  43._  b2a ... .. ... I83o=2
535. JRAG=3

- 1B84.3 8172.4 1.490 234540 .. ... .1537=-1
8' 25. 35. 4(’. 39- 64. 1R37_)-

. RN A- L 2 S ' . S 1537-3
78644 874 6 14440 539,2 259,3 275.9 1.488 6.00 23, 83 “213. oo 1534-1
U V- 20,0 2be S 28, 21, 23, 22, 34, i _153n- 2
522 1538-3

—_785.6 B13,2 1.442 537.9 257.2 276.6 1,496  6.00 23,50 22,67 . __1539=-1
26. 25. 38. 24, 54. 64, 77. 69, 90, 1.00 169.0 239.0 1539-2

. S % PO e .1539-3
788 8 BT76.8 1.441. 539.1 25745 277.6 1477 6.00 23,67 23. 50 156 0=}

—— 13-‘-_--_—1-23-0...__2-7-‘—__._ - &‘ ..2_4'_‘_29_._._._23 a 22« 34 o e e ——— s 1.5.4‘(.'-2

: 807. 15402

T84 .8 R72.9. 14452 2766 1.479 6,00 246,00 23,67 S TS S
21. 27 30, 11. 25, 38. 23, 24, 36, 1541=2

e ——._109. SN 1541=-3
788.9 B76.7 1441 539.2 259.,2 27640 1.481 6,00 23.50, 23.50 15847-1
I I 26... ~3b.m_nlQ.“_MB04“__35‘___3Q4___2bJ___ﬁﬁ‘__.__‘“}“ - _1542-2
494, N 1542-3

—_790.7 KI8a.8. J_._440__53_94_3_25.1.2_21B...0_L~519_b..9.0_21;33_23_¢1 e 1543=1
12. 24, 33, 3. 20, 18, 23, 20, 35, 15432
O SRR & 4 - e fe i 1B43=3
789.8 877.7 1.437 540.,1 259.3 276.9 1.488 6.00 23.50 23.00 1544=1

. _Ba. __1T. 2N ... . Be_ 21 34, 31, 29, 4boe . . 15447
570 1844-3

793.9 882.0 1.440 53840 257.6 27646 1.477 6.00 23,50 23417 ... 15451,
13. 76. 3?. 6. 2‘0‘. 30. 25. 20. 38. 15‘!‘5-2

D e ... 6694 . . e e 1545-3
T84, o BT1.7 - 14491 23.51 1545-1

e e . 5B8a. ... 5. __2 28, 40, 36, 58, . . 1546-2
790. 15456-3
e 1B6 W8 87447 1ab42 _“__jsn;n.a&a;l“ZJJJQ_lJﬁll__9493_23 £33 23017 ____ 1541-1.
13, 22. 29. 2. 19, 18. 20, 33, 1547-2
[, B3 . 1547-3
790.9 87R.R 1.438 539.4 257.1 278.3 1,478 6.00 22.83 23 00 15441
13 .25 .. BTe o Te .. _2.3.- 28, 20, 18, 31, i 15"4:qu

. 610, 1548-3

791.5 879.2 . 2767 1,477 6,00 23.17 1569-1

12. 25, 35. 6. 22, 28. 24, 21. 33, 1549-2
e = o . 110. — . e e e . 1589-3
7R9.3 877.2 1.443 537¢3 25546 277.7 1.484 6,00 23.33 22.83 1550-1
2. 0 224 32. 0 5, 18, __19. 22. 2 e 32. 1550-2
728 1550-=3

188,85 876,77 le443 54240 259,8 277.8 1.487 6,00 23.00 23.00 __ _1§51-1
16, 25, 29, S5 26. 26 35, 31. 52. 1481=2
R UUR - 3 5 X R : i 1557 =%
790.7 HTR.5 1.442 53746 25746 275.0 1.486 6,00 23.17 23.00 "1552-1

. lz_o_ _7.4. :))6{__‘“_‘ 5. __“2.@. 26. 290 26. 44. o . 1%‘57_?
L 718, 1557-3
793,0 A .;;Jiggg__,_,__jﬁ}.4 259,2 278.2 1,480 6,00 23.67 23,00 1583=1
14, 32, ba 33, 34, 30. 24, 46, 1583=-2"
e habe . _ s 1552 =3
THS5 W3 (T34 1 &bl 53747 255,5 2 6,00 23,17 23.00 T 1554-1

278, 1.488
AL
-“B5 -



Bl.  45. 5, - 16 26, 56, S4. 48, 15, P

B 3680 o e e e o 1554 =3
T80.6 ATT.7 lebad 540.0 258.9 27649 1,497 6,00 23,17 23,00 14hh=1
18 18B. 39 15. _ 43, _ 4l. 61 52, 89e . 1hhn=?
377, . 1555=3

£~,7aa 2 R76.7 1.449° 53743 255.1 278.2 1.482 6,00 22483 2 ?2 67 _1556-1
15, "~ 20. 26 15. 21. 21, 22 20. 33, i556-2
B . T05. R e 1556=3
1557-1

1557=2

T T - T 7T {BeT -3
15450-1

. : - -7 T e TTTTT ‘155.&‘-2'

1558=2

TGS BTR.1 1.445 T 1.482 T3 .68 TT1569-1"
27 0,01 9. 13, 17, 16, 29. 1559-2
T 695 . it 1D
790.2 B77.8 1.452 . 540.8 256.9 279.8 1,474 6,00 23. 33 23.50 1560-1

© {2, 204 2R. F7777190 7 23.. 18, 18, 28""”" "1560~-2
B e 1560-3
FRL .4 BT72.8 l.obb 535.3 256.5 214.0 1.496 6.00 33.33723.00 1561-1
4. 25, 26 5, 21. 22, 26. 24, 38, 1561-2
Bt =1 I T T 1561-%
79443 832 0 1.453__ 540,86 258,7 277.7 1.483 6L“1VJ .50 23,00 1562-1
13, ?4. 28. 8. 24, 30. 24. 22, 37. 1562-2
o .B68. . e 1562-3
768.2 876.0 1.449 T 539.,3 256.7 278.3 le.477 6.00 23,33 2333 1563-1
18, 27. 32 4, 2%, 21. 26.. 22, 41, 1563=2
- 599, TTTTIEe3=3

_ 7B7.3 B75.0 l.e4s 534 2 254,2 275.5 1,487 qﬂoo 22.83 23.00 1564-1
.{' 7. 15. 14, 3. ig. 21, " 23, 2n. 3 1566-2
. _ 598, _ _ 1564-3
753,2 BROeR o645 540 4 258 52775 1.616 6400 24450 23433 156%=1

. _______1_2_.______ _l_(v._ 20« ___.2 5. . 19. 23. 18. 15, LR, - L . 1_5.64'_3—2
559, 1565-3

7TR2.6 A71.1 14453 - 536.4 256.9 215, 3 1,475 6,00 23,17 23.17 156~=1

12. 18, 27, §.7T19. T 20, 20, 17. 34, 1566-2
o (  B62.. N 16566-2
TREB.T BTT.0 1.452 530.8 258.4 277.1 1.477 EIo0 33.53 23.61 1567-1
9. 13. 20. &, 23, 26. 16 16, 28, . o 1567-2
K63, Tignt -z

. ) ) - ) . 18A==1

1665—-%

o o - i . 156--3
T8O .5 ATT.2 l.b4siR T53R8.0 259.2 27444 1. 275 5,00 23.50 23.33 1s6v-1
o AT.. . 26.. 30, 10, 27, 32. 24, 22, 38, B 1569=7
852 T T T {03

79541 882,80 1,450 539,4 258,9 276.R 1.479  6.00 23483 23.00 1570=1
17. 6. 32, 9. 35, 33, 27. 22. 39, ' 1570=?
L C800e e 1570=7
791.5 RR0,0 1.458 537.8 258.7 27448 1,477 6,00 23.67 23.00 15711
s T 19, 8. 25. 24 17. 16. 25, 25400 161le0 25160 1571-2
1087, Y B

T91.5 BYQ4 lahbR 537.5 258.3 279.1 (1,478 6,00 23450 23.00 18721

10. 1h. 274 9, 272. 5. 19.T T 2oL ek, o ' 16722

( o To9aT. e . =2
~ 7RG .8 nT81 la&5B8 539,5 258,9 274.0 TTGnE TR G skl 26400 m', a1
ST 10. MAe 27 9., _23.__38s 22 21. 29 . N nT73-2
1027, 1;77_‘

e 1574=1

1576-%



1874=

. 792.1 ST9.E 1.454. .. 538.0 257.7 276.5 1.485 6.00 23467 23,17 1575=

) 10.  27. 30. 8. 33. 3l. 22, 22, 3l. 1575-
e e 1050 IR TYCES
791.! Q79,4 1e44% . 537.8 25843 275.4 1,480 6,00 ?3 6/ ?* HU Lo (=

{ _-16. 260 27, 10,  38e. 38a. 324 . 29e__4T. , Lnii-
576 18-

79046 7.1 la4by . 53843 25700 2174112486 6,00 2307 23,00 ICYAEY
14, 200 22, Re 2T«  25.  1Re  1R.  2H, 29,20 16940 25040 L& jf=-
U ° & W LT
T89.6 BTT.7 1.447 53R,1 257.1 277.0 1.487 6,00 23,50 23.83 1574=1

- . 18. 22 3Q. . 1la ....‘23.1.,_-._3&;___2_6_%_2&4—.&;___... PR e e 1578~
788, : 1575=2

T85.0 372.6 1.444 1,483 234568 155 0=]
e 22V o =Bal ba 0. b4, 134 22, .. _ ... . . . .1880-=Z
k : 683 : - 1580=2
weon 150485 BT8,8 lebad . . __ 1,479 e 23451 1881~1
20. -4, 5. 10. 12. 10. 19, 15642

: JU .- 3, L e e, ABBL=3

790 2 ATV .4 1.475 23451 Lo&2=1

—— .—l3.A e l Ge 191 . 8 . 254__-3_2_-____L8_.__J._7_._Zb. e . l“'\ 2 -7
. 1582=3

. 18646 87445 e e . 1.483 ... 2285 Isri=1
11. 1he 21l 8. 22. 26. 22. . 20, 33, 15K3=2
e e e —_ e e o lsnien
792.2 H481.0 1,477 23.34 1584=]

e . 16e . 24, 334 .. Be. .. 30e 28a 244 24,  36. . __._.. ... . L 15R4=2
' . L584-3

. ( ~’~79‘?q3_.88.206. e e e e 11479 e e 23'_3_12 Isrs5=1
14, 16. 22, Te 25. 25. 24, 23, 38, 1585=-2

e e ' e 2 1BB523
T89,6 8R7.7 1,473 23.00 1586-1

lz.fn_lf‘n 21-"___ N (,)001 23“.:__2_1- ]Lbc 14' 25., i ],5!’"-’3‘2

: 15khn=2

786,90 875.2 1343 . _ . __, 1,488 e 23617 R AT N A ]

RV 10. 31. 338, 52. 44, 68, 1587=2
[ P20, . I 1 - ¥ k)

789,01 37745 1a350 1.491 23.51 1584~1

b()c ___f:’g . ZL;_______ _2_8_- 430 37. 62. e . 1__5?‘!“"
795. o 15Ha=3
L1862 BT4.6 1347 L o le493 . __23.5) 158%=-1

41, 6. 21, 28. 39, 43, 52. 1592

o R10. 1589-3
7S5 143423 1,490 23434 1590=1
e . B3De . _be. 19. . 26, 34, 30, 46, _ _ 1590-2
B24. ' T 1590-a

_. 79244 BROLS 1.253 . __ 1,487 . _23.34 1591-1
47. 2. 12, 17. 20. 18. 31, S 1s91-7

I e 784, : 1591-3
B0GoT RG6.1 14447 Bel 5408 25846 27842 1.483 4B.00 24467 23.68 7445y
10 1200 2. 0. 8. 11, 16, 5. 13, . 495=~2
555, - ) T T T qusas

CA01.7 89041 L.64n  A.9 540.9 258,9 278.0 48,00 490-1
L 9400 15740 2370 496-7
. L T2 e 4LYiN=-3
79544 RAT.T 14643 R.8 8536,1 257.4 774 4 1.4R1 48,00 24,50 23.68 AR

2 ]

Xy

1i. 13, 19, 10, 12, 6. 14, 497-2

- 323, 5?—& . 497-3

- 27T =




756i§"§6f}u'I:446"377' B37.17257.3 27543 1. TS RE.00 Th1T23.34 feR=T1"
6. 12, 16e =le . 12. 12. __ Bs ___A__7__.’__A 14e . R
375. 4OH=3
0N.5 89243 14443 Q.8 538.4 257.8 276.7 1. 487 48,00 24417 23434 499-1
( '10. Tiz. 26, 7T 0. 16. 14, 11. i0. 78. T URY9=7
: 410, 49%-3
N h01.0 B92. 14450 'ﬁ?%"'§ZGI§”§§§TE'?7§?7""’ AT T R ’ ’ 500=1
' 15430 15540 237.0 500-2
T fﬁ§6;"'“'“""‘” ’ T 500-3
795,2 BBH.A la448 R.8 537.6 25644 277,1 1,483 48,00 24.00 23434 502-1
14, 16. 19, 7 iz2. 16. 14. 12. 50. 53.70 162.0 247 0T TB07-2
o i 145e - S02=3
798 .6 891.6 1450 Heb '§3G.7 258.9 27648 o S © T 503-1
10.60_155.0 239 0 503-Z
- I o O. - T ‘50%—’;\
796, RR9.H 1.449 8.9 53642 257 4 274.8 1,477 48,00 34.33 23 .68 504-1
R.TTIR,T 124 2. 6 22, 6. 4, 5 DR TR
. o 655. . 504 -3
W06 4 BCR.E LekaB BT £42.1 25846 2719.9 1.475 HBIO0 Z4elT 23433 505-1
Ko 10, 17«  =2s . lae 14.__“ By 5. 14 i 505-2
A33, 505=-73
70,5 RN 14447 Bab 538.5 258.7 275.4 1.483 48,00 24433 24400 506=-1
S vl £ DU PO VP T8, 14, 5. 6. 10. . ST gk =d
N 752 . e e 506-3
TRB .0 875458 laiths 536.9 257e2 27549 2,00 ’ Coe0T-1
A B 670 1570 23940 507-2
557 - T T T s07-3
__19T.6 329.8 lea4T BB 53Tu4 258.7 274.9 1,490 48,00 24,50 23 51 506=1
10. 17. 14, 2. 10, 12. 9. 6. T4, ST UTRRE=2
{ o 352, o 0 508=3
796.5 88,5 1.445 BT 538.9 25641 27843 TJ483 A%.00 23483 23.34 510-1
N Be  1le 1T 0., 11, 11, 10. S 9, _17. 510-7
340, © &10-3
. 187.3 A395 1443, BB _ 53T.0 255.0 277.9 1,472 48,00 24.00 2334 . . 511=-1
6o o 11. =10, 5. 5., 3, 2. 10, 511-2
) ) 447 e e e e . ) S11-2
769.2 8G1.v l.as5 S8 53845 5564 2781 1a411 12,00 24400 23.51 G12-1
1R. 70, 37, 6., 2le . Llhe_ | 17. 14 260 512-4
555 . . S s12en
__§Q1tL_392l9_1145@__3.3_"215“9 257.8 276.9 1.00 L ...513-d
512-¢
. 1650, el e 513-3
4025 504 n LlabB BeR 53803 25T.6 276 .8 T2.00 24450 h C Ble-1
16. 1% 23. I _ 514=2
550, TcomTm T 5143
95,9 33341 Le44T_ BeR. 538,8 258.4 27604 le 476 72,00 24400 23417 515-1
1%, 15. 21. 21,7713, M. Y T 13. TTss=2
o 550 . 513-3
45 .7 RATGT lesol  RoR 53647 258.4 274.0 i.60° 0 T T T sla-1
R _ R . e 51h=-
1328, 516-3
793,3 AN6.H 1.4lT  Hae 7 53644 257.0 273.3 1,479 T72.00 24417 23433 517-1
S W 14, 13 -1.' CH il. Ge S 12 - ST BT -
) 305. e 517-%
506.5 Hi-.3 Lelbn  Bet 54242 SEGTT 2T .6 14479 124 TO6 24 .67 23468 53 -1
( 1he  P0e 20 3. 16. 18, 12, M. 21. 510-2
190, T51e-3
______ _H(‘u’\.;’: YA ...’ﬁ-".w')-w\ 1 25946 277 1.4R3 72_.__(}9» 2_4:33 24400 51o-1
G, 1. 0. 20, .12. 12. L T T T s
230, [ S 519-3
748,72 Mwn,% Loaal 3R 5400.2 256.9 27962 1,477 75 A0 24417 23433 520=1

N2



' 12. 13. 22 2e 13. 15, 10, 7. 1A, 52 0=
e U § A . I . .= 520~
) ADB .2 BYTeR L o446 BeB8 541.8 25846 27944 14475 72.00 24,00 23,17 ' 521-
— e dbe 1T e 2G. 4, 146 204 144 11, 20. . LB21-:
( ' 460, ) 521-:
Mv&no_.z_ 89242 la248.  BaB . 538.0 258.3 275,7 1.472 72.00 23.83 23.00. .. = 522=:
T Te 17. 1) 2. "10. 13. 6o 4, 12, ’ 522-.

- 1.1 ¢ e e L. BR2-
AN148 80444 1e4473 848 543.4 261.2 278.0 1,479 72.00 24433 23.51 523-.

- lhe )& 18a_ 2a 14 . 14, S Ha 14, e B23=
0. 523=:

- 303a2.89542. 10465 . 84853844 256,17 2777 1.00_ .. ..., ... _ 52&-!
: S 524=;

e - ._1466. e e i .. D524
80744 8G942 let4l Beb6 540.2 258.4 278.0 1.474 72.00 24,17 23.51 5265-1

e e 124 14 20. 3a 13, 15. 10. 8a 16. I Y4
70742 889e6 14438 _ 8B4l .537.7 258ab6 27542 1,476 T2.00 24.50.23.68. . . ..526-~1

20, 21. 26, 4. 17. 20. 15, 12. 23. 526=-¢

. ORI R, _A]_Qj_n...._,._ PR ,‘A,__._ e Z _526_?
7R8.8 BBC.H6 1,449 2.00 527-1
— e e e 12430 15740 240,0_521=¢
610. 527-2

T B B P B S -




APPENDIX E

Summary of Test Results in
Spare Nickel-Cadmium Cells From
OAD A-2 Flight Batteries

By: Floyd Ford
Engineering Fhysics Division
. Goddard Space Flight Center
Greenbelt, Maryland



X-761-71-228

SUMMARY OF TEST RESULTS ON SPARE NICKEL-CADMIUM
CELLS FROM OAO-A-2 FLIGHT BATTERIES

Floyd E. Ford

April 1971

GODDARD SPACE FLIGHT CENTER
Greenbelt, Maryland

A

394



SUMMARY OF TEST RESULTS ON SPARE NICKEL-CADMIUM
_ CELLS FROM OAO-A-2 FLIGHT BATTERIES

Floyd Ford
Engineering Physics Division

ABSTRACT

Five cells from the production lot for OAO flight batteries for the A-2
spacecraft were subjected to 6091 orbital cycles simulating some of the
various electrical conditions the spacecraft battery experiences in flight.
It was shown that the undervoltage cut-off of 1.18 volts per cell would
yield over 85% of the battery's ampere-hour capacity to 1. 00 volts aver-
age when new, but provided less than 65% after extended periods of or-
bital cycling. The loss of discharge voltage with cycling is attributed to
the onset of a ""double plateau" effect observed after extended periods of
repetitive cycling. Partial improvement in the discharge voltage was ob-
tained by allowing the battery to "run down" in ampere-hour capacity;
however, the voltage was enhanced only to the depth-of-discharge the
battery experienced during the "run down." A like "new" discharge
voltage profile can be obtained only if the deep discharge is conducted

to 1.0 volts per cell average, or below the voltage exhibited on the lower
plateau.

Low temperature (0°C) tests conducted at various cycle intervals re-
vealed an increase in each cell voltage of approximately 0. 020 volts.
One cell exhibited an abnormal voltage increase (above 1.55 volts) and
was shown to be generating hydrogen gas during the overcharge test.
After reverse charging the cell to remove 3.0 ampere-hours of pre-
charge, the overcharge voltage decreased to the values exhibited by the
other four cells. All cells operated satisfactorily after 450 days of test
and delivered 23. 0 ampere-hours after completing 6091 cycles. -

The test results have demonstrated that cells with apparently "normal"
characteristics when new may exhibit "abnormal" changes in overcharge
characteristics with cycling. Change in overcharge voltage for one cell

is attributed to excessive precharge combined with the effects of ""nega-
tive capacity fading" with cycling. The importance of rigid controls dur-
ing the manufacturing of nickel-cadmium aerospace cells is shown through
correlation of cell test results to the manufacturing process. '
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SUMMARY OF TEST RESULTS ON SPARE NICKEL-CADMIUM
- CELLS TROM OAO-A-2 FLIGHT BATTERIES

INTRODUCTION

Five cells from the group of cells manufactured by Gulton Industries for Orbiting
Astronomical Observatory (OAO) battery assemblies 25A and 26 A were tested

at Goddard Space Flight Center from September 16, 1968 to December 12, 1969,
These cells are identified by the serial numbers 424A, 602, 588, 603, and 639.
These cells were tested as a 5-cell pack. The exact details of each test sequence
and cycle condition are beyond the scope.of this document: however, the general
test conditions are as follows:

‘Cycle: 90 minutes (60-minute charge, 30-minute discharge)
‘Depth of Discharge: 15%

Chgrge Rate: 5 and 8 amperes

Tempe;‘ature; 0°C, 15°C, and 32°C (two test conditions at 40°C)

The temperature was 15°C or lower for over 707 of the total test period (6091
90-minute cycles during 450 days). To observe changes in overcharge voltage,
the pack was subjected to 2 C/20 (1.0 amperes) overcharge at 0°C after various
cycle conditions. The cifects of continuous cycling on battery discharge voltage
" and capacity were also observed. Findings and observations from the test on
the A2 flight cells are summarized below.

CYCLING TESTS

Figure 1 is a summary of the results obtained while cycling with various voltage
limits as controls. Charge rates of 5 amperes (lower curve) and 8.0 amperes ‘
(upper curve) were used throughout the series of tests. The test temperatures
were 0°C, 15°C, and 32°C. Also shown (along the ordinate) are the minimum
values for percent recharge at these temperatures. It is noted that, using the
nominal battery voltage limit system (BVLS), level four, the percent recharge
increases with decreasing temperature. Because of the slope of the BVLS
curves, the battery overcharge exceeds the minimum requirements at low tem-
peratures in order to meet the minimum requirements at high temperatures.
This design characteristic was implemented to minimize the possibility of ther-
mal run-a-way.

1
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At various intervals during the cycling test, the pack was discharged to deter-
mine the cell ampere-hour capacity and to observe the effects of continuous
cycling on the discharge voltage. Note that on some data sheets and/or curves
two cycle numbers are given. The larger number is the number of accumulative
charge-discharge cycles, while the smaller one is the number of charge-
discharge cycles completed since the previous capacity discharge of the pack.

Figure 2 is a comparison of the ampere-hour capacity from pre-cycling test
with the capacity after 627 continuous cycles (1437 total cycles).. The 627 con-
tinuous cycles were completed at the three test temperatures previously given
and under conditions simulating the various BVLS limits. The characteristic
observed on discharge after 627 continuous cycles, where the voltage decreases
from approximately 1. 16 volts per cell to just above 1.0 volts per cell, is ob-
served throughout the test program on these cells.

Figure 3 illustrates the voltage for a 6-ampere discharge after varying numbers
of uninterrupted cycles. Curve 1 is used as the reference for discussion be-
cause it represents 1636 continuous cycles. It is from this data that the "double"
or "two-plateau' voltage can be positively identified for the first time during
this test. -It is noted that for curve 1 after 1636 continuous cycles at 15% depth
of discharge, the end of dark voltage is 1.22 volts/cell (25.62 volts for 21 cells).
This value was consistent with the end of dark voltage from several previous
cycles. The first stable plateau on discharge occurs at approximately 1.18 to
" 1.19 volts/cell (24.78 to 24. 99 volts for 21 cells), which is very close to URG
(undervoltage restabilization generator) level for the A-2 spacecraft. The rea-
son for the change in voltage from the upper plateau to the lower plateau is not
fully understood. This change is sometimes referred to as "memory." The
maximum and minimum cell voltage during the transition between voltage pla-
teaus is shown to illustrate that all cells do not respond identically. It is noted
that on this pack the first cell to decrease in voltage to the lower plateau is the
highest capacity cell in terms of ampere-hours to 1.0 volt per cell.

Following the discharge shown by curve 1, the battery was returned to cycling
for recharge. After 28 cycles, a capacity discharge was made to assess any
change in the discharge voltage characteristics. It is readily apparent from
Figure 3 that the discharge voltage (curve 2) is significantly improved by the
previous discharge illustrated by curve 1. A comparison of ampere-hours to a
specific discharge voltage for cycles 3074 and 3101 is given in Table 1.

'.The ampere-hour capacity to 1.0 volts is greater after extended cycling than
after the discharge following the capacity cycle. Contrary to this finding, the

.~ capacity to other voltages listed is always greater on the discharge following

the capacity cycle shown in curve 1. It is obvious that the ampere-hour limita-
tion of a battery after extended cycling is primarily dependent on the definition

3
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Table 1

Comparison of Discharge Voltage to Capacity for Two Cycles

Discharge Voltage Voltage Ampere-Hour Capacity

Voltage for for

per Cell 21 Cells 22 Cells Cycle 3074 Cycle 3101
1.00 21.00 22,00 24.3 22.3
1.10 23.10 24,20 15.5 21.5
1.15 24.15 25.30 13.0 20.3
1,20 25.20 26.40 4.0 14.0

of undervoltage. It can be concluded that a safe undervoltage cut-off (1.10 to
1.15 volts/cell) for "new" or reconditioned batteries will result in a severe
capacity penalty for batteries that have experienced extended cycling under the
OAO cycle conditions, Data taken after 110 cycles (curve 3) show that the dis-
charge voltage has decreased slightly below that for the previous discharge
(curve 2). The steady-state percent recharge for the 110 cycles prior to the
discharge shown in curve 3 was 107%.

Because actual use of the battery in orbit does not provide for continuous dis-
charge as performed in the preceding test, it was decided to simulate a '"run-
down" in battery capacity such as would be caused by reduction of the available
charging current during the sunlit portion of the orbit. A total of 1003 cycles
was accumulated before the run-down was initiated. Curve 4 of Figure 3 illus-
trates the results. The depth of discharge was 15% (3.0 ampere-hours per
shadow period) and the recharge was 0.8 ampere-hours per sunlit period, caus-
ing a loss of approximately 2.2 ampere-hours per orbit. The similarity of the
voltage profile of curve 1 for the constant current discharge, and curve 4 for
the cyclic run-down, leads to the conclusion that the double-plateau voltage has
reappeared. The voltage profile obtained for the cyclic run-down was very
similar to that for the constant current discharge. Following the cyclic run-
down, the pack was allowed to recharge for 13 cycles by increasing the charge
rate to 5.0 amperes. The pack was again discharged by using a constant current
(6.0 amperes). Data for this discharge are illustrated in Figure 4 for compari-
son with previous discharge data.

The voltage profile for this discharge (cycle 4134) is very significant in that it
reveals two distinct characteristics: (1) The discharge voltage, up to 140

o4 -
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minutes of discharge, is higher than that obtained during the same period in a
cyclic run-down, and (2) The two-plateau effect was not eliminated by the
cyclic run-down to 1.1 volts per cell. It is noted that the increase in capacity
to 1. 18 volts per cell after cyclic run-down is approximately 1.5 ampere-~hours.

A comparison of discharge voltage vs. state-of-charge for three conditions re-
veals the following:

Percent of total capacity*

Condition to 1.18 volts/cell
Prior to Cycling 86% (10. 0 amperes)
After 1636 Continuous Cycles 62% (6.0 amperes)

Post Cycling Capacity (after

96% (6.0 a s
cyclic recharge) % ( mperes)

*Total capacity is that obtained for discharge to 1.0 voit per cell.

It is noted that the capacity obtained when discharging the pack at 15°C or 0°C
to 1.0 volts/cell was always greater than the rated value of 20 ampere-hours.
The final discharge after 6091 cycles resulted in 23.1 ampere~hours. It can be
concluded that the capacity obtained to any voltage between 1.30 and 1.0 is very
dependent on the cycle history of the cells or battery. The present URG level
of 1.18 volts per cell yields over 85% of the battery's total capacity when new,
but provides less than 65% after extended periods of orbital use. It has been
further demonstrated that allowing the battery to run down to URG in orbit pro-
vides for only a slight improvement in battery discharge voltage. To improve
effectively the discharge voltage to near "new" condition, a discharge well into
the second voltage plateau is-required.

Additional work is needed to determine the exact cause of the two-plateau voltage
and just how it can be prevented. One solution that seems feasible is to require
the manufacturer to use more electrolyte (KOH) in the cells. An examination

of components from cell #588 of this test group revealed two problems: the cell
was extremely dry, and cadmium migration had taken its toll on the separator.
The components from this cell were compared with the components of a cell
from three-year storage. There was no apparent degradation of the cell taken
from storage. Just how great an increase in KOH is necessary above the amount
now used is not known for the 20 ampere-hour cell. Tests at GSFC on the
Gulton 6.0 ampere-hour cell revealed that up to 20% increase in KOH quantity
did not cause any significant increase in cell pressure. The long~term effect
was not determined because of separator contamination. A proposed test to in-
vestigate the addition of KOH to OAO cells is currently underway.

'8’/”'4



OVERCHARGE TESTS

One reason for conducting the extended cycling test on these cells was to deter-
mine if any change in voltage characteristics occurred during the life of the cell.
Because the cell voltage is sensitive to temperature, the test was conducted at
0°C, using a C/20Vcharge rate. The data obtained at various intervals during
the 6091 cycles were compared with those measured by the manufacturer at 5°C
using the C/20 charge rate. The lower temperature of 0°C was used because
all previous overcharge tests at GSFC had been conducted at this temperature. -

Table 2 summarizes the results. The first overcharge test was conducted after
2538 cycles. The voltage of each cell at this time was slightly higher than the
voltage obtained during test by the manufacturer and may be attributed to the
5°C difference in temperature. Cell #424 exhibited slightly higher voltage than
the other four cells. During the overcharge test after 4577 cycles, all cells ex-
hibited an increase in voltage; however, cell #424 showed a significant increase
when compared with the other four cells. It was at this point that the trend of
increasing voltage was established on cell #424. During the overcharge test
following cycle 5438, the voltage of cell #424 was approximately 50 millivolts
higher than that of any other cell. :

During cycle 5595 (1.51 volts/cell limit), a gas sample was extracted from cell
#424 and analyzed. Of the 38 PSIG pressure, 70% was hydrogen and 307 was
oxygen. Cycling was continued, and the pressure trend was observed. By cycle
5642, the end of charge pressure was at 37 PSIG (increased from 32 PSIG after
the sample of cycle 5595 was extracted), while the end of charge pressure of

the other four cells remained stable during this period. Data for a typical cycle
(5642) are shown in Figure 5, illustrating the cell voltage divergence during
charge. The voltage of cell #424 never reached 1.55 volts during the cycling
test. C

Immediately following cycle 5642, the overcharge test was repeated. Results
from this test are illustrated in Figure 6. After two hours at C/20 (0°C), the
current was reduced to 0.5 amperes to bring the voltage of cell #424 below 1.55
volts. The voltage of cell #424 was allowed to exceed the 1.55 volt limit for
just over 75 minutes in order to observe the cell pressure change. During the
two-hour period, the pressure increased from 37 to 43 PSIG.

The condition of this cell prohibited further cycling and overcharge tests at 0°C,
and it was decided to adjust the pre-charge on the cadmium plates. Upon dis-
charging the pack, cell #424 was reverse-charged at 2. 0 amperes for 90 min-
utes. During the 3.0 ampere-hour reverse-charge, a gas sample was taken to
determine the gas content of this cell. (The cell had been evacuated before
reverse-charging.) The sample, which contained more than 97% hydrogen,

2‘07



-a)es 281eyo a1adwie O | Yitm ‘D0 1B PAIONPUOD 21M 5153} 9BIBYIIAAO0 DFSD [[Vee

*$0j9A5 [ 609 193J8 PAIBUIULII} SBM 1S3) Y L

€0S T | €2S°T| €0S'T | 2IS'T | €IS°T ¥109 69-9-2t
G6%°'T | 60S°T | 90G°T | 80S'T | 8IS'T 6.8 69-1¢-11
9IS T | 9€S'I | 28S'T | LES'T | 61IS'T L89S 69~-%1-11
HVO0'€ - 0T/D ®23xeyo | - - _ - - 69-21-11
posaeAal pgh# ([0 :98xeyosip f1oede)
sanoy g JI3jje pajeurwaa) 383L | 905 T | 90S°T | 0€S°T | €0S°T [ 925°T (4414 69-01-TT \Idw
uaBAxX0 %0¢ ‘ueBoapAH %0L :oldwes seD [ — - - - - S69S 69-L-11 =
66%°T | L6F°'T | OTS'T | 00S T | 9%S°'T 8€¥S 69-82-01 =
L6F T | $OS Y| QIS'T | 00S°'T | €9S°1 LLSY 69-GI-8
€8V T | 98%°T | 28% 'T | S8¥ I | T6¥ I 8€S¢ 69-8-¥
02/0 DD .b I2anjoeynuew Aq pajonpuod 1891 | 8% T | LLY T | €9%°T | %LV T [ SLP'1 - 89-6-6
adej[oA
* » SJUBWUIOY 6€9 €09 885 %09 ey vw”ﬂ:.mwo 938(Q 1891

SJoquInN [BlI98

SI190 M3HJ g-V 10} §988)0A 931821240

¢ alqel



(sa1adwo) INFHAIND A¥3ILLVE

OI

I+

Z+

£+

¥+

C+

Z¥9S 3}2AD Jo 314014 aboyjop "G aunbiy
(sainuiw) 3IWIL
06 08 oz 09 05 or oc 0z ol 0
1 ] 1 1 1 1 1 ¥ P\
- <ozt
— g~9
— /Q/q
/ﬂ
- INININD A¥ILLYE x—X ! —~, ot
6£9y N3ID o / ~
209¢ 113D o—an / Yoo
n ¥Zvy 113D v—v \n v
A . /
B d\ .
- d\ 01
<\<“o
| \Q\D\n— .
. v o’ olsd ¥l iS4
o——e— oo TTemeTeT0 0, n\qxo\ olsd ¥l %
X v’ o~ OlISd §°6 2y 40s°1
<||<|<.|«V|Tnlfnm|<\ Olsd L& M
= AN 3YNSSIYd IDYVHD 40 ON3
X
\ 2.0 3¥N1VYIdWIL _ .
~ x SIYIAWV €86°0 ‘LNFYIND IDYVHD 4O AN3 4097t
60°€ NI HV
S0°€ ‘1IN0 HY
B X
/ (O/A067"1) SLTOA 05¥°Z © LIWI 3OVII0A
B X—X =X ——X——X x

(s4104) 3OVITOA 113D

47

11



s8] @bioyoianQ Buling 3jijoid abojjop 9 aunbiy
(sa4nu1w) IwiL
ore ole 08t 0s1 ocl 06 09 ot

T T T T ./ T T T
1531 1S41d NO SI¥IIWY S°0

Ol @30ONA3¥ INIWRIND IOYVHD

895y 31342) ¥Z¥y 113D 4O LNIWLSNIAV

JOYVHD ANV NDIHD ALIDVIVD ¥3ldV ——— Olsd 8 OISd 6l g

Olsd ¥l OISd <l ‘€4
O1Sd §°¢ Oisd 21 *2d

(89954 21°4°) ¥Zvy 113D 4O INIWLSNray
Oisd 61 OIsd s Ty d

IO¥VHD ANV ADIHD ALIDVLVD 330438

A £895 oS
31DAD 31DAD
o oo o—o0=—0TT°TTo™—,  JYNSSIYd IDYVHD ¥IAO 4O GN3
\<\< ! o
\< \
o g ] 6€94 113D o\
\ o\
_o o~ o—° \m\\
I —=8-——"°——o6o——o0— — ol.|.o||.o.||uo\\o“\
9= —g— _. 00— —0— —O0— —0g— — v v
~o— g _. =T /
Ilcllall I.\..<I\|\<.\ v
v
<\
Q\
vZvy 113D —
——g—7

Do0  FYNLYYIAWIL
(se12dwo 0° 1) 0Z/0 IOYVHIUIAO

S¥l

0s'1

Ss°i

{s1104) 39V1TOA MID

il

12



verified that this cell was positive (limited on discharge—the normal condition).
The pressure at the 2.0 ampere rate was observed to increase at approximately
2.5 PSI per minute. )

Upon recharging the pack and completing 19 cycles, the overcharge test was
repeated. The voltages at the end of 4 hours are listed in Table 2. Voltage data
for the four hours of overcharge are shown in Figure 6, and are compared with
the voltages obtained from the test prior to the charge adjustment on cell #424.
Two facts are obvious: (1) The overcharge voltage of cell #424 was decreased
by the charge adjustment of the negative electrode, and (2) the overcharge vol-
tages of all other cells were slightly higher than those obtained on previous
tests. This latter result is attributed to the cell's having been completely dis-
charged only 19 cycles before the overcharge test was conducted.

The voltage data for cycle 5687 (19 cycles after charge adjustment) are shown
in Figure 7. Cell divergence still exists but is less than 0. 030 volts, as com-
pared with cycle 5642 where the divergence was greater than 0.050 volts. Even
though the control voltage for the two cycles was the same, there is a difference
in end-of-light current of over 0.2 amperes.

Additional overcharge tests were conducted prior to terminating the test on this
pack. Cell'#603 approached, but never exceeded, the 1.55 volt limit. All cells
were operating satisfactorily when the pack was subjected to the final capacity
discharge, at which time a total energy of 23.0 ampere-hours was measured.
The total test time was 450 days. Cells completed the open circuit voltage
(OCV) test with the following results:

Cell # : OCV (after 450 days)
424 1.179
602 ' 1.191
588 1.181
603 1.193
639 _ 1.192

DISCUSSION OF RESULTS

From the information presented about the overcharge tests, two conclusions
can be drawn: (1) The overcharge voltage during the 450 days of test increased

All
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by over 0.020 volts on all cells, and (2) The overcharge voltage of one cell in-
_creased to an intolerable degree that could have resulted in cell failure due to

overpressure. It was further shown that discharging the cadmium plates of cell
#424 by 3.0 ampere-hours could reduce the cell voltage to that of the other test

cells.

To understand the problem encountered during the cycling test of the A-2 cells,
it is necegsary to examine other data on these cells and also on cells from bat-
tery assemblies 30 and 31. Cells from the A-2 production lot (includes assem-
blies 25A, 26A, 30, and 31) were found to have pre-charges of 3.5 to 6.1 ampere-
hours.  The pre-charge was measured by oxygen recombination methods, and

. the results are as follows (Table 3):

Table 3

Pre-Charges of A-2 Cells

Cell # | OAO Battery # (a::}‘)ee-r(;l-l-:ziis) Comments
603 _25A & 26A 5.4 Cell had completed 529 cycles
639 25A & 26A 3.5 Cell had completed 529 cycles
666 - 30& 31 6.1 Completed cell selection for battery
668 30 & 31 - 3.4 Completed cell selection for battery
674 30 & 31 4.0 Completed cell selection for battery
762 30 & 31 . 1.0 KOH added at GSFC
429 30 & 31 1.3 Charge adjustment not made by

manufacturer

Negativé-to-positive capacity ratios for the production lot of cells for batteries
25A and 26A were 1.22 to 1.39. During formation of the cells by the manufac-

" turer, some cells were found with positive plate capacities of up to 30 ampere-
hours (those over 30 were rejected). With a required ratio of 1.30, the mini-
mum negative plate capacity hadtobe 35.1ampere-hours. Since the manufacturer
destroys the integrity of cells after formation and mixes the positive plates as
well as the negative plates, it is possible that a cell can be assembled with high
capacity positive plates and low capacity negative plates. Such a cell would have

#HI%



a difference between positive and negative capacity of 5.1 (35.1 - 30.0) ampere-
hours. It is apparent that 5.4 ampere-hours (cell #603) of pre-charge would re-
sult in a negative limited cell. This situation would be "worst case" and not
very likely. The concern is with cells that have high pre-charge which could
result in high cell voltage with cycling, and are not found by the 5°C overcharge
test required in the battery specification. Cell #424 is apparently such a cell.
The fact that the overcharge voltage did not increase significantly until more
than 4, 000 test cycles were completed typifies the problem with nickel-cadmium
batteries, and illustrates the need for very rigid controls by the manufacturer
when making sealed cells.

CONCLUSIONS

From the test results reported herein and from recent tests at Naval Ammunition
Depot (NAD)-Crane on cells with known pre-charge levels, it has been demon-
strated that cells with perfectly normal characteristics when new may show up
deficient after extended cycling. In both cases (GSFC and NAD-Crane) an in-
crease in overcharge voltage at 0°C was directly attributed to excessive pre-
charge level. In both cases the overcharge voltage was decreased by reducing
the pre-charge. These-results illustrate the effects of "negative capacity fading"
during the life of the cell, and the impact on cell operation. The importance of
rigid controls at the manufacturer's facility is emphasized. Extended testing,
such as was completed on these cells, is not only impossible on flight batteries,
but it is not feasible from a cell lifetime consideration.

RECOMMENDATIONS

The results of this test should have no immediate impact on the use of the A-2
flight batteries since the cycle regime for the test cells has been somewhat more
rigorous than the orbital conditions experienced by the batteries in the A-2
spacecraft. Based on the results of more than a year of testing on the flight
cells, it is predicted that some change in battery characteristics will be experi-
enced. The magnitude of this change, and the rate of its occurrence, are not
predictable. An increase in the overcharge voltage for cells in the flight bat-
tery will effectively reduce the percent of recharge per orbit for a given battery
voltage control level. Also, the third electrode will show a decrease in the end-
of-light readings. In all probability, it will be required to increase the battery
voltage control level above that used early in the flight. One point should be
emphasized - the increase in overcharge voltage on the test cells was deter-
mined at 0°C. The spacecraft battery temperature is approximately 10° to 15°C
above this temperature. Consequently the change should be less significant,

and not obvious as early in the battery life as it was during the cell tests.
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'T'o overcome the problem of increasing over-charge voltage with cycling as
_identified during this test, two solutions are recommended: (1) Impose a re-
quirement on the manufacturer to control pre-charge on each cell, and (2) In-
crease the negative-to-positive ratio requirement from 1.30 to a minimum of
1.50.

It is recommended that 30 to 35% of the 50-percent excess negative capacity be
utilized as pre-charge. It is noted that although zero pre-charge is thought to
be undesirable, tests on OAO cells at NAD-Crane with zero pre-charge have
not shown any degradation relative to cells with pre-charge. The consequence
of excessive pre-charge in flight cells can be premature battery failure, either
during ground test or in flight. Spacecraft batteries are usually made of many
series-connected cells. Each cell is a distinct and separate unit; consequently,
a battery is only as good as any single cell.

Cycling tests on the A-2 cells were terminated after 6091 cycles. Cells were
removed from the pack for physical and chemical analysis, including extraction
of KOH, measurement of pre-charge after cycling, and analysis of the separa-
tor material.

Test results and data related to the analysis are given in the appendices.

d)5
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APPENDKX A

SEQUENCE OF EVENTS IN PRECHARGE TEST

Ampere-Hour
Equivalent
Date Event
Cell # Cell #
603 639
Nov. 1968 Backfilled with O, to remove precharge. 5.3 3.6
Vented O, to restore precharge. 2.6 2.8
Feb. 1970 Backfilled with O; to measure precharge 5.1 5.2
(completion of electrical test).

JH1e
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APPENDIX B
CHEMICAL ANALYSIS OF CELL #602

During the soxhlet extractor washing procedure, a precipitate of grey particles
‘was washed off the 20 AH plate stack from OAO Cell 602 and deposited in the
extractor. The wash water became cloudy.

The solid precipitate was filtered from the water, which became quite clear.
The solid was enmeshed in the filter paper and no attempt was made to scrape
it off because filter paper can be used as a sample matrix. The grey solid was
- then analyzed in its filter paper matrix by X-ray fluorescence. The analysis
indicated that Cd, Ni, Mn, Fe, Co, Cu, Ba and Cl were present. Note: C, H
and O, although not detectable by X-rays, could be present (and probably are)
in combination with the metals that were detected (as CO,~, OH™ or oxides).

The sample (in its filter paper matrix) was also analyzed by X-ray diffraction.
(Fluorescence determines the component elements; diffraction determines the
crystal structure, and therefore compounds or molecules). Because of a sample-
mounting difficulty, the results of this analysis were somewhat difficult to inter-
pret, but evidence was rather strong that Cd(OH), was present. Somewhat less
reliably indicated were nickel metal (Nio), cadmium carbonate (CdCO;3), gamma
ferric oxide (YFE,03), and barium metal (Ba®).

These two X-ray analyses were qualitative, but gave a rough indication of the
relative amounts of the component substances. Apparently a preponderance of
Cd(OH) is indicated in the diffraction pattern. In the fluorescence plotout, the
Ba La, Fe Ka, Ni Ka& KB, Cu Ka, and Cd Ka peaks all went off scale (2 X 10°
counts per minute full scale), and this probably means that Fe, Ni, Cu, Cd and
Ba are present in more than trace amounts.

417
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APPENDIX C
PHYSICAL DESCRIPTION OF CELL #477 AFTER RATIO TEST
BRIEF HISTORY

Cell #4177 was manufactured by Gulton Industries for OAO battery assemblies

32 and 33. The cell completed all phases of the Gulton process as per specifica-
tion AV-252CS-89A and was subjected to the cell selection procedure of specifi-
cation AV-252CS8-26D. The cell met all requirements and was then tested to
determine the total negative-to-positive capacity ratio.

During the ratio test, the cell received a 10-ampere discharge from full charged
condition to a reverse voltage of -1.5 volts. Prior to the full charge, the cell
was reverse charged from 0. 0 volts to -1.5 volts to measure the precharge of
the cadmium electrodes. The total time of reversal was over two hours. The
main difference between this cell and those of batteries 30 and 31 is that during
the reverse charge the cell is flooded with electrolyte. This cell, along with
five flight quality cells, was delivered to GSFC late in November 1969.

ANALYSIS AND DESCRIPTION

On January 12, 1970, the cell was opened and extracted from the case for exam-
ination. Even though this cell was flooded by Gulton for the ratio test, no resid-
ual KOH was found in the cell case. The separator material was found to be
saturated with KOH. When the nylon cover for the cell plate stack was removed
from the case, reddish brown residue was found between the cell case and the
nylon cover. An analysis (X-ray fluorescence) revealed that the residue con-
sisted primarily of iron oxide, with some nickel. Figures C-1 and C-2 show
the nylon liner.

Photographs were taken of the cell as it was disassembled. Figure C-3 shows
the cell, with the third electrode attached, as removed from the case. Figure
C-4 shows the same cell at a 45° angle. In general, the condition of the plates
was from good to excellent. Some localized dark spots, observed on the sepa-
rator, may be attributed to blisters. A close examination of the positive plates
revealed only a slight indication of blistering. Few if any pimples were found
on the plates. Figure C-5 shows the separator with the first negative plate
lifted. The dark spot in the lower left portion of the plate was caused by the
positive plate next to the separator. This is better illustrated in Figure C-6,
where the separator has been folded away from the plate. The area immediately
under the dark spot can best be described as a hole that had apparently emitted
a solution - probably due to gassing. This gould not be classified as a blister

20
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since no material was found in the area or imbedded in the separator. Figure
C-17 shows a larger pinhole, similar to that described previously. There was
also a darkening of the separator material over this hole. Figure C-8 shows
another area where the separator was darkened although there was no hole in
the plate under the dark spots. :

It is my conclusion that this cell showed no physical deterioration that could be
related to the 10-ampere reverse charging. Features found in this cell were

no worse than would be expected on other cells that had received similar elec-
trical tests (not reversed). It is noted that there was no apparent degradation

of separator material. It was very easy to remove the separators from the neg-
ative as well as from the positive plates.

722
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APPENDIX D
PHYSICAL DESCRIPTION OF CELL #588 AFTER CYCLING TEST
BRIEF HISTORY

Cell #588 was a flight spare cell for the OAO A-2 batteries. It was activated
with KOH by Gulton in August 1968, and received at GSFC for test in early
September 1968. The cell completed over 6,000 cycles as part of GSFC's five-
cell test pack (designated A-2 Flight Pack 2). Total test time was 15 months.
Although the temperature range extended from 0° to 32°C, over 70% of the 15
months of testing was conducted at 15°C and below. Just before the end of test-
ing on this cell, the pack delivered 23.0 ampere-hours. Upon completion of

the discharge, an open circuit stand test was conducted, and cell #588 recovered
to 1.18 volts. This cell showed no unusual characteristics during the 15 months
of testing. '

ANALYSIS

On January 13, 1970, this cell was opened for physical examination. There were
no signs of leaking around the positive terminal. A photograph of the cell plate
stack as removed from the cell case is shown in Figure D-1. Because this cell
had only one ceramic seal, particular attention was given the ceramic portion

of the seal. As can be seen from Figures D-2 and D-3, there is no evidence of
silver migration or other discoloration on the ceramic.

The effects of the 15 months of testing became evident upon lifting the first neg-
ative plate. Figure D-4 shows the separator under the outermost plate (negative)
after this plate was lifted. The grayish-black material is a form of - cadmium.
Figure D-5 shows a close-up of the top portion of the separator. Note the fibers
that were pulied from the separator as they adhered to the negative plate. It
was observed that a gray- dust could very easily be rubbed off the negative plate
or separator. In all cases where the separator touched the negative plates, an
effort was required to remove the separator. This resulted in the tearing and
pulling of separator fibers.as they adhered to the negative plate. Figure D-6
illustrates a typical condition. Figure D-7 shows the brown discoloration found
around the positive plate tabs of the top of the separator. Several layers of
separator had the spot around the positive tabs. The probable cause is exces-
sive heat, from either a short circuit (burnt open) or overheating of terminals
during soldering.

Another observation made during this inspection was the dryness of the separa-
tor. When it was squeezed between the thumb and forefinger, no evidence of

2
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moisture was found. The significance of this finding is that the 65 to 70cc of
KOH used by the manufacturer is based on optimizing the parameters on a new
cell. In every case experienced by the writer, this quantity of KOH appears to
be much less than the amount the cell should have for long life performance.
Other cells from the test pack will be subjected to more detailed analysis.

Of particular interest were the small blisters (or pimples) found on the positive
plates. Some plates were in worse condition than others, but all positive plates
had some blisters. Figure D-8 shows a typical positive plate with the separator
folded away. It is noted that the dark spots on the positive plate resulted in sim-
ilar dark spots on the separator. The exact cause of these spots is not known,
but it is suspected that they are caused by the bursting of blisters (caused by
gas escaping from below the surface). Figure D-9 shows a close-up of a posi-
tive plate and reveals small blisters (more like pimples) distributed over the
surface of the plate, with large concentrations at the left edge. Figure D-10
shows another positive plate with blistering along the top portion. Figure D-11
shows the only case observed where flaking had occurred on the positive plate.
The small piece of material at the top corner is active positive material.

In conclusion, the most significant observance of deterioration in this cell was
due to migration of cadmium into the separator. Considering the length and
conditions of the test, this migration was more severe than had been expected.
The ceramic seal was in good condition, with practically no signs of silver mi-
gration. Separator material outside the areas between the plates appeared to

be in very good condition. There was no tendency for the separator to adhere

to the positive plates, only to the negative plates. There were blisters or pim-
ples, to varying degrees, on each positive plate. It was observed that the blis-
tering was concentrated around the edges of the positive plates, with few blisters
distributed across the plate surface.

yA9
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Figure D-11. Positive Plate, Showing Flaking
of Material Around Edge of Plate. Negative
Plate (Top) with Separator Fibers Adhered to

Surface.
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APPENDIX E

PHYSICAL PROPERTIES OF SEPARATOR MATERIAL*
Pellon Type 2505 (Formerly 2505ML)

PELLON 1605 SEPARATOR MATERIAL

The separator material used in the OAO-A-2 cells was tested to determine its

wetting- and physical characteristics. The Pellon 16015 separator material was

removed from the cell plates with difficulty, and it retained considerable cad-
mium metal. Part of the sample was washed according to the following sche-
dule: De-ionized (D.I.) H,O, 1/2 hour; 5% HOAc, 2 hours; D.I. H.O, 1 hour;
3% NH4OH, 1 hour, followed by three 1-hour washes with D.I. H,0. A final,
15-hour water wash was followed by vacuum drying at ambient temperature.
Tests on the wetting- and physical properties of washed, unwashed and stock
materials in 31% KOH were run concurrently, and the resulting data are given

in Table E-1,

Table E-1
Prbperties of Pellon 16015 Separator Material
Test Material | Materm | Stock
(Cell # 602) | (Cell # 602) Material
Wicking
min/cm 20 230 211
Wet-out time (min) 1.5 45 26 (Visual)
A.C. Resistance
cm height @  min 7.55@ 150 | 6.25 @ 1440 | 6.35 @ 1440
Q-cm 1.7 1.7 1.1
Q-cm? 0.020 0.021 0.016 (Repeat)
Dry Tensile Strength 195 195 225
Time to pass 300cc air (sec) 1.73 2.58 2.14
Thickness (inch x 103) 11.8 12.1 14.0
0.036cm

*In its original form, the material in this Appendix was transmitted by Mr. S. Orenstein of ESB, Inc.,
Yardley, Pa., in a letter to Mr. T. Hennigan, Space Power Technology Branch, GSFC, in 1970. This
work was done under NASA Contract NAS5-10418,

{52

34




Thickness measurements reflect adhesion of the separator material to the nega-
tive plate. The observed changes in specific resistance and tensile strength are
slight, and the latter can be attributed to damage resulting from "peeling" the
material from the ncgative plates, but the 10 decrease in viscosity molecular
weight indicates degraded material. The increase in specific resistance is
apparently real.

Ratio of viscoisty molecular weight (15 mg/cc sample in m-cresol):

Washed
Stock 0.92

Migration of metallic cadmium, though detrimental to cycle life, seems to offer

greatly enhanced wettability. This conclusion is based on the assumption that

cadmium is the only KOH-wettable material removed in the wash cycle.

PELLON 2505 SEPARATOR MATERIAL

Additional tests were performed on Pellon 2505 separator material. The re-
sults of these tests are given in Table E-1. For quick reference, a copy of
Table 4 of the ESB, Inc., 5th Quarterly Report (NAS 5-10418) is also given
(Table E-2).

Sufficient material to perform all tests on lot 16015 in both 31 percent- and 34
percent KOH was not available. However, the A.C. resistance of sample
16015B in 34 percent KOH was determined, and is shown below along with the

wet thickness.

1.80 2 -cm

A.C. Resistance ;
0. 066 2 -cm’

" 36.6x 10° cm.

Wet Thickness
14.4 x 10° inch

These data agree well with previously reported data on sample 16015B in 34
percent KOH. Furthermore, the data for lots #14000 and 12777 in 31 percent
KOH are comparable to those reported in 34 percent KOH, allowing for varia-
tions in the material and experimental technic. Note that the 31 percent KOH
wicking tests for the latter two materials were done open to the atmosphere.

4372
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This same configuration was used during the fifth quarter*. The only significant
difference between the data of the fifth quarter and those measured recently is
the thickness of lot #12777. At present, the only explanation is a typographical
error in Table 4 of the Fifth Quarterly Report.

In view of these tests, we can safely say that our previous conclusions about
wettability and molecular weight are valid. The extraordinary wettability of the
unwashed 16015 sample can best be explained by the presence of cadmium metal.
This explanation is supported by the superior wicking ability of the used, un-
washed material over the original separator. Note also that the 8 percent loss
of viscosity molecular weight is accompanied by a 13 percent loss in tensile
strength.

*Fifth Quarter Report, Contract NAS5-10418. 5‘{
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APPENDIX F

1) Listing, Battery Model

2) Flow Charts, Battery Model
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