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WQEC/C 79-144

REPORT BRIEF
INITIAL EVALUATION TESTS
OF

20.0 AMPERE-HOUR SEALED NITK'.iL-CADMIUM CELLS
MANUFACTURED rOR
NASA'S STANDARD CELL PROGRAM

Ref: (a) NASA Goddard Space F1ight Center Purchase Order S-57075AG
(b) GSFC Test Procedure for Qualification Testing of the Standard
20 ah Nickel-Cadmium Cell, TP 711.2-77-03.
(c) Initial Evaluation Test Procedure for Nickel-Cadmium Sealed
Space Cells: NAD 3053-TP324, 10 Apr 1973

I. TEST ASSIGNMENT BRIEF

A. The purpose of this initial evaluation test program is to in-
sure that all cells put into the Standard life cycle program are of
high quality. This is accomplished by the screening of cells found
to have electrolyte leakage, internal shorts, low capacity, or inability
of any cell to recover its open-circuit voltage above 1.150 volts during
the internal short test.

B. The 116 cells were purchased by the National Aeronautics and
Space Administration, Goddard Space Flight Center (GSFC) and provided
to NAVWPNSUPPCEN Crane for evaluation on life test. The cells were
purchased from four manufacturers in accordance with their Manufacturing
Control Documents (MCDs) produced to meet the intent of the GSFC Specifi-
cation 74-15000 with amendments: Eagle-Picher Industries (RSN 20-3),
General Electric Company (232A2222AA-84), SAFT America Inc. (MCD
NAS-0300), and Yardney Electric Division (MCD 21406). (See Appendix I
for detailed cell description). Testing was funded and performed in
accordance with references (a) and (b).

C. Test limits specify those values at which a cell is to be termi-
nated from a particular charge or discharge. Requirements are referenced
to as normally expected values based on past performance of aerospace
nickel-cadmium cells with demonstrated 1ife characteristics. A require-
ment does not constitute a limit for discontinuance from test.

I1. SUMMARY OF RESULTS '

A. Each manufacturer's group of cells, on the average, indicated
an increase in plate stack thickness following test.

B. No limits or requirements were exceeded by any of the cells
manufactured by GE.
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C. Limits/requirements exceeded during the charge portion of the
testing are as follows:

Number of Cells

Test Limits Exceeded EP SAFT YD
Charge, c/10 for 24 hrs @ 20° C  1.480 volts 3
65 psia 2 2 1
100 psia ]
Charge c/10 for 24 hrs @ 20° C 1.480 volts 2
(Second charge at this 65 psia 2 7
temperature) 100 psia 3
Charge, ¢/10 for 60 hrs @ 0° C 1.520 volts 22 4 27
1.560 volts for 3
2 hours
65 psia 2 5
Charge, c/10 for 24 hrs @ 35° C 65 psia 5 5
100 psia 3

D. One Yardney cell delivered less (47%) than the requirement of
55% of the input capacity during the 20° C charge efficiency test.

E. Two Yardney cells did not deliver the required capacity following
the 1 week stand period during the charge retention test, and three cells
did not meet the open circuit voltage requirement.

F. Two Yardney cells had voltages, less than .9 volts, which did not
meet the 24-hour open circuit voltage requirement of 1.15 volts following
a short period of 16 hours during the internal short test.

G. During the pressure versus capacity tests, only the Eagle-Picher

cells reached the 1.55 cut-off voltage before reaching the 20 psia cut-
off pressure.

H. Figures 1 through 6 show the average voltage profiles of each
magugacturer's cells during charge and discharge at 20° C, 0° C, and
35° C.

III. RECOMMENDATIONS

A. Manufacturing processes and controls should be such to prevent
swelling of the plate stack, thereby preventing cell case distortion.

B. It was recommended that these cells be placed on life test under
specified orbit regimes simulating specific spacecraft load requirements.

ii
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C. The last group of cells began 1{fe tests, as specified in
reference (b), in November 1978.
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From:
To:

Subj:

Ref:
Encl:

1. In compliance with reference (a), enclosure (1) is forwarded for

ODEPARTMENT OF THE NAVY
NAVAL WEAPONS SUPPORT CENTER
CRANE, INDIANA 478022 N REPLY REFRN TO:

3053-JDH : mdw
8900 - WPE

9 MAY 1979

Commanding Officer, Naval Weapons Support Center, Crane IN 47522
National Aeronautics and Space Administration, Goddard Space
Flight Center (711) Greenbelt iD 2077

Report WOEC/C 79-144 Initial Evaluation Tests of 20.0 Ampere-Hour
Sealed Nickel-Cadmium Cells Manufactured for NASA'S Standard

Cell Program

(a) NASA Purchase Order S-57075AG

(1) Report WQEC/C 79-144

information and retention.

372
«G. MILEY
By direction

Copy to:
Distribution List




e

WQEC/C 79-144

RESULTS OF
INITIAL EVALUATION TESTS
OF
20.0 AHMPERE-HOUR SEALED NICKEL-CADMIUM CELLS
MANUFACTURED FOR
NASA'S STANDARD CELL PROGRAM

1. TEST CONDITIONS AND PROCEDURE

A, A1 evaluation tests were performed at room ambient (RA) pressure
and temperature (25° + 2° C), with discharges at the 2-hour rate, in

accordance with reference (c), unless otherwise specified, and consisted
of the following:

1. Phenolphthalein leak tests (2).

2. Three capacity tests, third at 20° C, with internal resistance
measurements during second charge/discharge.

. Auxiliary electrode characterization test.
Charge retention test, 20° C.
Internal short test.

Charge efficiency test, 20° C.

N oy v S W

Overcharge tests, 0° and 35° C.

Pressure versus capacity test.

o

Phenolphthalein leak test.

(See Appendix 11 for summary of test procedure.)
11, CELL IDENTIFICATION

A. The cells were identified by each manufacturer as follows:
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The cells were placed in temporary pack configurations for initial testing
in which each cell was individually restrained. The pack numbers were
526X to 528X(GE), 535X to 537X(SAFT), 539X to 541X(EP) and 544X to 546X(YD).

B. The standard type 20.0 ampere-hour cell is rectangular with an
average weight and physical dimensions as follows:

Thickness (in.)*
Pre-Test Post-Test
Manufacturer Weight (g) Height (in.) Minimum Maximum Maximum Width (in.)

EP 836.6 6.934 .891 .890 .894 2.998
GE 897.4 6.879 .894 .896 .901 3.095
SAFT 804.4 6.641 .877 .876 .884 2.971
YD 804.2 7.074 .905 .905 .907 3.000

* - Minimum measured at edge of can and maximum at center

C. The cell containers and covers are made of 304L stainless steel.
The positive and negative terminals are insulated from the cell cover
by ceramic seals and protrude through the cover as solder-type terminals.

D. The manufacture of these cells was to conform to the specifications
as outlined in the GSFC Report 74-1500, Specification for the Manufacturing
of Aero-Space Nickel-Cadmium Storage Cells.

III. RESULTS - The following was condensed from Tables I through VIII.

A. Each manufacturer's group of cells, on the average, indicated
an increase in plate stack thickness foliowing test.

B. No limits or requirements were exceeded by any of the cells
manufactured by GE.

C. Limits/requirements exceeded during the charge portion of the
testing are as follows:
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: Exceeded Number of Cells
Test Limits/Requirements EP  SAFT YD
Charge, ¢/10 for 24 hrs @ 20° C 1.480 volts 3 )
65 psia 2 2 1
100 psia 1
Charge, c/10 for 24 hrs @ 20° C 1.480 volts 2 v
(Second charge at this temperature) 65 psia 2 7
100 psia 3
Charge, ¢/20 for 60 hrs @ 0° C 1.520 volts 22 4 27
1.560 volts for 3
2 hours
65 psia 2 5
Charge, c/10 for 24 hrs @ 35° C 65 psia 5 5
100 psia 3

D. One Yardney cell delivered less (48%) than the requirement of
55% of the input capacity during the 20° C charge efficiency test.

E. Two Yardney cells did not deliver the required capacity following
the 1 week stand period during the charge retention test, and three cells
did not meet the open circuit voltage requirement.

F. Two Yardney cells, had voltages less than .9 volts, which did
not meet the 24-hour open circuit voltage requirement of 1.15 volts
following a short period of 16 hours, during the internal short test.

G. During the pressure versus capacity tests, only the Eagle-Picher
cells reached the 1.550 cut-off voltage before reaching the 20 psia cut-
off pressure.

H. The auxiliary electrode characteristic test was performed in
which maximum signal power was obtained with a 10-ohm resistance on the
EP and SAFT cells, a 20-ohm resistance on the YD cells and a 50-ohm
resistance on the GE cells. A 47-ohm resistance was used throughout the
tests on all the cells, except those from GE which used a 300~ohm
re?istance, as instructed by Goddard Space Flight Center's Technical
Officer.

IV. QUALIFICATION TESTS

A. In November 1978, the last group of cells were placed on life
tests as specified in reference (b). A total of 20 test packs have been
placed on test in which each manufacturer's cells are being evaluated at
the following test parameters:




e

- s e

Depth
of
Discharge (%)

WQEC/C 79-144




WQEC/C 79-144

SIL0A (| MOL3Q S{]32 2 SPN{OUL I0U SIOP IDPAIAY - yau
Indug ye g 0l 33y AduaLoLyyT bury) - 4
31531 UOLIUIIBY Bbuey) - o

0°2 €°€ ve $°2 (2 3124A2) abaeydsip-40-34L3S 43330 SAy 2

0°2 £°¢ t2 £°2 (2 a1240) abueydsip-jo-1aels Jajje 4y |

22 v'E 52 €°¢ (L 31240) abaeyd-jo-pud 3.40j3q utw Of

(sumjolr|{tw) aduUeRISISIY |eu4aJuU]

»»881°1 221 Eve-L ve-t POLUAd JAOYS AY-9] JBIIR SAY p2

982°1 162°1 (174508} log°1 90N |-jo-pu3 ©
F1a3a1)-uadp

1°€2 (174 Sob° L b0z 09 26E°L 5 ¥ (v} 86€°1 6°02 ¥4 0oL L D oSE @ S4y 2 404 OL/2

9°92 ot F7A- 3% G°€2 6S 50S°L 5°€2 2t 881 £°£2 134 26b° 1t 3 .0 3 S44 09 403 02/2

L9 £ 15¢° 1 2L 0 S9E° 1 6°9 0 89€°1L 19 9 9/€°1L 3 002 @ Say 02 404 Op/>

9°12 L2 £€90° 1L 8°02 06 L9%°1 9°02 02 86h° 1 022 ot 2st-L %) .02 @ S4uy 2 404 OL/2

R 74 62 8sh L 822 28 8L 8°¢e 81 2T A 9°v2 144 65b°1 J 02 @ sS4y p2 404 O1/2

v ¥4 il 2'e2 62 L1 A1 v'e2 9l 2av° L 162 14 i J .52 8 S4Y Pz 404 O[/2

L9 £ 6E¥°L L'e2 4 8Eb°L 92 € 40 A1 6°S¢ 82 oty J .SZ2 @ sS4y gb 404 0Z2/2
ng ye eysd S3I0A Ing ye egsd ST{OA N0 ye e)sd ST[OA ng ye ersd ST10A abaey)

SL3d aa S113) 14¥S Sit9) 39 SL193 43

sabedaay 31591 uoirjenfea3 jeijiuj
I 3gvL




¥ A}
t I's
ey v.a_....}:sn SN 500~y
zeo T tib' L,0L" S St Y [ 1’852 20/
/56 £68" 256 LEh s25% |, 9958 10/
LR6Z 16" Lob! 0CL, gLy | SESE 00/
: R 5L 168" 28 FEG 1et9 §, 6'ESK Lbo
9842 24" 1hs" S86° £e249 [ SCSR 860
9852 Ly Q046" 90¢, SE9 | 5558 Léo
S662 568" K38’ /68 S2¢'9 pae8 260
w L6 168" 168 PE8" XN ' zg S0
Zoo'g F68" 68" 15 +hs D [ €°2R P60
Y I3 868" 168" | 268" (re'9 | £5:8 260
S662 Sb8° 683" L8’ €€L'9 | 0928 260
o00'E b8’ 168" 68’ S€69 | 9'¢6s8 160
heb 168° 88’ 168" S99 | owsek Q40
2652 158~ 168" 63s’ 1269 | 9°AE8 tgo
942 8" 168" £33’ /€69 | £pes 280
ERIEC 4 SHvan 4w SHu qov 200'E P8’ I8 cLR’ €€L9 | oLgl (g0
joo'g 168" L8’ S&L’ ee9 | 95c8 Sgo
/o0°¢ hb8° oL’ LR’ £249 cethi h8o
62 1. 868° 21N L&’ 2149 (XX €80
1oo°g g68 obLR 168" (L9 6'acee 180
Too'e P68’ 168° ooy’ 5259 | S8 igo
loo'g Pb8’ ObR" 388’ 8259 8'0p8 080
ANe'T 868° 6’ 0es’ EXTS I NEXTY) teo
h8LT gbe’ 8’ bt Liy9 | ¢'sse 8co
{8Le oSt | 9L’ (sSg’ S50 |t 658 940
Seb'e 968’ Q0g° 0z4° 6oL’ |, P'ES8 SLo
- + - + - + i ummﬁpw&tm&-ﬂé
432 TUIZA9L 143 TITENES 3 U LU sayou; WIXYR | WONIXY | WORINIW saudu sweu 6NN
= cﬁ“ T icd S ] I Axw%z Vi) | bl A9 A:am% ﬁxwwww_ T
521 1S04d J¥A IH 1SGd IVILINI Amwsucmv HLONI]
S1S3i V3T NIFTYHLHAIONIHd
%ﬂ._

vvL-6/ 3/730M

e1eg 3S3| Yed] pue JuaWBANSEPaY

IL-3

avlL




|

_ SRS 003 Hbe [N ST VRN i=2

| a A 4 Vel S Ao’ ? R ENE
| T Sooe | T ALgT V2L L | g AN
_ — T T TEe | T TS nE s e, S
: | T TTEee e EeET TR g T E T | f e [ ]
* FLe ] 25377 Cus 829 | 919/ |4 ECO |
- TS ETTLE RN R 5229 | twol L Le]

508 S L8’ Y 329 )05 LA

508 Lo rE YR ScB9 | €158 $H

TZot YR 858" 153" 9829 | © 758 37

£60°C /595" L58° £e8° | £88'9 | 8¢5 or 0

EBO'E 896 ° DLR " £48° 8989 (A7) Lo

o/ VedZ-N £68° T6R" £23'9 QLLe g¢o

i S oy o0 Shur|ov Spwavl oy | pbo’s 1"e° 848" €48’ 5882 TLLR g0

Sto'g XS Y H Ie8" | 5€379 £ %48 g0

1L0°'f 258" 948" Y 1389 | 9Cte |- =20

Q0;'g Qog’ 668 ° 868" 988’9 VLL8 2o

tho's oLg” 2L8" 248’ CLa'g | p'ang 120

_ To'E 68" SLR’ S68° 39 | ThHLR 60

_ . €ot | o0& | 9Le | SLa | 98335 | JLLZ 3o

| FEOE | 195 558" S63° | £739 | T4 oI

hLo'E 6687 Sba* Y 0c¢2 2 8568 Loc

860 /05° S68° 8 ) Seaty L858 %00

hoo €| CLa’ 568’ Sbg | Q889 | 3958 _soo

- + - + - + S81-3504f3159L-344) . ‘

43430 {"STPUHIST — a3 0 [STOUHIST ay30 [ STeurdial | (sayour) WOHIXYW | WOWIXYW | WORINIW | (seyour)| (sweus) | w3gwnn

1S31 150d JYA IH 1S0d T INI H1GIH Amw:u_:v HLONTY LHI13K 1HI13N Wid3s

S1S3L Av31 NIFTWHLHATONIHd
_ STA15513 TeIousy™
trL-6. 2/030M e}eQ 3S2) ¥eI7 pue JUIWBANSEIY

i1 378vL




vt..\vfcw TV d(bmndenw ,inﬁ »

€01’ B68” Se8" | 1b8° 289 gptol 1, 190
LRO'E pob° Pb8 268" S¢8'9? 9 Hpod 090
Lo/'E €o4° Sb8” 68" cgg 9 | 9897 |5 (S0 |
SrwIy] o =rE K Exoa7] o0 040°'% 905%° 948" S68° 088 ‘9 | o000 £
SLo'S 806" 258" 2968 | (L8’ ? L9191 ), /S0
S0 804 9oy’ 242 | se8’2| 8%}, €5c
- ry - + - + 1531-350441531-34d) } .
43y30 [STOUTIIST fay30 [STOMEIST heyao [STeuraasl | (sayoup)| WIWIXVW WONIXVW | WOHINIW | (sSyoul) | (sweds) | y3gwnN
1531 1504 VA IH 1504 WILINI HLQIA (S3Y2UI) HLONT LHOL3N | LHDTIM | VIS
S1S3L Y37 NIITWHLHIIONIHd
) J14309(3 |esaudy
tvi-6L 2/230M e3eq 359 Xe3] pue JUBWIUNSPIY

I3 318Vl

e -




b P "
| i
| ALLT G8d LLE oug” Se29 Cs1h L, ocee
(22 CELS Scg- KT €389 25 |, S29¢
_ Aes C 38" £egr AR LT TUE |, ST
| LT | bl&” LR OLg 2RSS 9 QLI . 6792
ez 068" StE” 8" €es9 QL | 9792
L95't LL8 EYFE S8 (859 CRIL | 52597
LT pEg 58’ §e 8" o7 27908 1897
Last S&g" Leg” ML 6299 € hog 0392
T 4 4 Lee: IR 88 X &'508 Lio7
XS FATH PLE’ &8 2999 | S'¢o8 DAT
R YRYS FBET 8" INE- 6299 b'ho8 hiaez
PL'T g g oz 9L%9 | & hoR [T
L9262 868" reg’ xg: L2%9 6508 1L92
0Lz TR SL8° x> FS2°9 | 8203 oL
>3] o Syea1| or 93| o L7 188" | &€& | & 6i9°9 | I8 8992
YW 538" CLR” 088" 0£9 9 £p08 |- L9992
A/ YA S8’ 088 &Ly 6299 8°'g08 2992
TeL'2 %88 Q38 8L8"° 622'9 | p 208 £992
S YA AY £8&” XN S8’ L2929 | S$'go8 2992
5951 SBE* 128" 8cg’ 6299 ocok 8<92
2L F8B . Leg” 28" B2y | SH08 Le
9Lz | 088° XY X% 8299 | L8932 YL
262 YK 98" 68 | bz99 | € zZ9d ks
’ /1L6'T 188° " L8’ 38" 029 | zeor <22
- + - + - + $8]-3s0 u.mmhlw.»n: .
49y30 {STRUIMIST Jaylg [STeNIIST May3o [STeuuas] (soyoug } WOWIXYA P WONIX z:zm@.m._ 1s3yduI) | (swean) 3NN
Hign Riddddd L ddiNd) 191K | 1WoI3M | vruis
131 104 VA IH 150d WILINI (saysul) HIONT
S1S3L AV3IT NIITYHLHJTONIMd ]

CRIWE] 3
bvi-6. 2/230M "W L4y

PIRg 3591 NE3] pue JUBWBUNSEIY
Ii 318vL

P el




B —

sl

bri-6/ 3/230M

©1eQ 1S3) ¥e37 pue Juawd.NSeIy
11 31avL

ww.z(o Sv wwn Ll L ES

Scoe | 828" | B85 | BB | A959 | 28l | L G

£8b7 | 99L& | o3 | iz bLs9 | 786 |, 82C

8952 188° | Scg- 138~ 1889 | 2L [ o92¢C

9952 TERT | Qaa- 088" 2959 reey [ S2L

WLt | Q88 [ iz 3" 8299 [ ¢ozg 2z

Ly 4 PLB" e 829'9 £818 bl

- + - + -1+ : 3531 -3s043159] -34g) .
4330 [STesTIIST Juay30 A.—.q&ﬁd.—.l..wﬁc STeulmiar | (sayoup) z@mam_u :m&awm_ :_.Eww.mw (sayaur) | (sureug) Y3 gWnN
1531 1504 VA IH 1504 T IND HLGINM T — LH9I3H | 1HoI3M | vIy3s
S1S31 11 NIITVYHLHJTONIHd

ST IV




et b s it T T T TR e T

—
2¢5'T 25 | 995 2cy’ €L 1 THAR | 9
3t St 16067 I et b0l e | T
3oLz 275 Lo | Lot LoeC | AFo8 | .
" poog ERS 904" ek 2007 ¢ 104 12
€Qo¢ 205 V2oL 104" Scat 0'»e2 95
Lot T [Ty €oL" | £90b atoL | hEbL 15
: 120z | sop- pog’ oL 180 2508 s
2o g 406’ 965" | pop LBOC | 9798 Lh
2o0'g p o’ el hos’ Lso Ledt 3t
CLI1Q0'E Sob* POL’ 248" 60t 4908 ch
Qoo’g J0b 904’ 90%° JestT | vog “h
00’¢ %04’ Sob’ P 190l 0°'Sog’ 2<
sye9 | ocv Saoar |ort Sav) jon . 2900’ 904" »Ob* S04 090 5608 LS
. 000t Lb 896’ = Seow | 900 ¢
652 9%’ hob* 696’ bLa 1'198 he
920°'¢ (7 S06' | 36R” L0L 6128 07
20 € 906" 905" 105" 6LaC | ppod g |
hoa's Sob’ 04’ Los”’ 19t S5'hg 14
Q00'¢ 906° 105 ° oL’ 899%¢ L9998 h
662 Lop® <L’ hoL’ 9La’L 908 hi
Stz S04’ sob' BT L99¢C L'epL -zl
Qoo'g 396" UG’ IS S0 [ 30
6L T hob’ S gos’ £49°C (08 20
Sbb'Z 6’ hos’ 605 ° aso'L $798 =
- + - + -1 + . BS31-35048153]-3.4q)
43430 ST Maylo [ SIeTGaS]  Maylg S{euLlia] Amm:_uc:w WURIXYW | WAL XY WNWINI (saydug) | (suean) YIGANN
wigre pRANI9 1 W3k = IHII3H | LWoI3M | TyTuss
1S3L 1504 VA IH 1S0d WILINI (SaYaul) HI9NZ
S4S3L X¥3IT NIFTWHLHAION3IHd

21433913 Aaupae,
®1eQ 3SI] LI puUR JUIMWDINSEIY

v¥L-6L I/33DM IT 378wl




e epereny .)mﬁ.li...- LiTD)

k 84b'T LI 16 | tob’ 9co'c | 18
T90E 1] % $o%° 90%° S9C | thre
6T 5 | 29 906" 760°C | 1rub
je0'E 3T} 6o ° %% $90°C (X7
1 oot | . Sib <6 Sob’ TLOT | 1pib

200 3L | 906’ 3oL 1oL | IS8t

e

B =T + 1T + —Isa-ysoisel-aag)| - -
A0 STRTIST a0 aﬂ-sgl Y30 ..m.mﬁ._ﬁﬂﬂ (sayou] i._-.:_us__ WAHIXWW | WONININ ﬁmﬂu.ﬂ“ﬁu .ﬁnww_
1531 1504 VA _TH 1504 WILINI HIGIN P —

S1S31 AV31 NIJ1/HING IONIHS

STASSTI KSpIeL

wri-6L 2/23DN wiRg ISP NI PUR JUINIINSEIY
,_ I1 Nl

L L




L L
|
i W_
> ,
— _ (s
o 5T ¢ Pl o bst | <! S| o] 9t | o7 Jh.ﬂmﬁr G/
. Z sz | Bt AT © st | T | YA G| 3|1 B3N L
u,......ﬁ e | Th T5hT | & Ist | o8 el | S a9t | Rz Al | Our
T ] BPe | o | A7 &7 | Lyt | S5 TR R Y] %2 | 2% StrT | LLo
~® Ast| 9% LU s3t | &% Frri] © Pt | T2 T BLO |
Sz SRE| TE FoT]ET =3 W TR R CxT AT oo]
m | 353 | Z9A7 | oL erovi | 7T | b7 | BLC |
TrnT | SR | | 3o |
ST 3T T LEMT] PO ‘“_
T | T ST 560 |
Lol =% | M| 160 _
akpi 9T OrT| Tio
ST i3t Wri] o0 | |
LT L . AT G0 _
Tawi Tse 2778 YT
,W Ly 4§73 . Bai] o | ¢
TR 3t AT seo
TS | b S A S WL | aanT| PBO
~Zss | i3k T TR YE 758 BTN 4
| S | IRp (vE S % | R7T] 280
| 3 i Yy T 50 S T 8 T
PR e e TR G | %eo |
i L | Fesar| Pt | oM | o9 is oL | Imal ] GLO
ﬁ o045 | OZFT| © | R | o | o | Wi | ARaT ume
iSS[ ERATY O | Ot e | IR | M | InhT| %O | |
BE ompi] o1 G [Tt | f+) SIF[IrhI| 2o ;
(o) [(s3tem) (s3toh) {{saior) B
3 n
|




WEC/C 79-144 -

s v ny ot emeny o yyd @ (g sy

]
n nwe

p o g
me x,
-
r..d otE 7] Cspr | © S5e b A ] O o5z © [5¥Y] o T
) oEz | i EAT| © it | b 7N osi | © T | iso |
0 L+ 2 ispi| © s€t | © o5y | © ost | o | Qr7T | Fio .
) EE | 67 Isai| © stz 7 it | © >p1 3 27 | ne
| ) 52z | 2% QAT ] © ez r £3 errt | O TRt ya BEAT §%6
e 1l =l PspT] © e T a7 | © SHE | A~ e | Teo T
i3 (273 stz ST . T e,

> oWy 5%x Y] Tt FSANY | gA0”
YT 5t EINT o5z R, iro 1
SErt 3 ¥ Y73 o Y g ino |

I [E 3 [ 177 ThE AN aho

rr7 e S'se ¥ YY) LAt TANT o
7y IE 3 LITY] Sht Thn? 3o |

WA it y¥TY] Tt L 7vn o 12

YY) 3iT AEnT i Taa7 | o
[ 757 Stz L TTY] T TAn7 | 580
L YY) (§ ¥ X7y} Foat TrnT | 9o ]
Ashy ottt 13m0 AT y YY) T
I3 ¥ GIA7 ShE et | G0
] oSt LYTY) T aT T Fio !

EEh ez m.ah!. SRE Thhd 010
[ A7) MEZ Sspi P 7Ty (73
307 [ 333 rY7Y] AT IR oo
rSNY ot ITY] y #ﬁ.ﬁ? 500

ﬁuﬁm- o mﬂﬁn. ﬁwﬂ. .Hw Wty .Mwum_ 3.-“.% ?ﬂ% bs-ynm

- T . - oy

nig N5y TR ey




(€L ds) oa-u-1 -

WEC/C 75144 -

o

] j
e | i R .S S G B W A T S B O i W 3 I N T E R " R LY
B | 1 o § esz | [ YO Y YN ho | BET odn | GhrT N IT-X Y= RO T ormy 090
O] TSI G | Ad | SorT| © | o | RET | a7 | 5sr | 0sri | © | O | eRE | € 1 095 [omp7 | Zo
U ] sV ewry] | deac | wwl| | tro | ste LI T rECT | &bt bR | oRmT | S50
L O B0 T OE| #r | dn | s367] © SO | pel T S8 [25hy | O | o | AL | L | Co% [ Tpp7 | ASO |
oo RHT .- e ﬁw A Q tho- tee ot BHS" | Erpt o) sio° | Skt K3 L8R Thi i Fso .
s4)] ($1a00) |  (visq)| (saen) (SO} | (visa)l (310h) | (=) [(yisa)f (10n) jtsaion) [evisa] (sston) | () [ qvrsa)] (satom) tesater
z,“ gﬁ& nn1 ma?_ »n3 SSRd{ DIV [ M 4 bu._u MI |ssmd| 13313 | M3 jiw
, ﬁ T EEREARE] B T0 TR ] s
4001 q-30-0K3 T EREE ]
-;Ndﬂwi«ﬂ.a& { «m&, AT |
W©# A3ponde) - IFaYO9|] |eAeuan
11 NevL .




or sorepenaday gop’ wossng You ‘as0 —a j_ﬁ a8) oavu-ams

..IlIJ ,,
e T BTz | 9% F5AT| O stz | 57 AT © set| © SErl | ootz
5" o 9TE | 5ol ool | © otz | <% gl | O e | @ StRT | S892
~ [ o oz 99 spl| o zz | 57 asx1 | © YASF < SEAT ] sSLoz m
S I & Fez | 36 T | © 52l | kT Ispi | ©O csz | F 27 | 6992 !
M 5 szz | 18 SN My ) o ofz | & oshi | © sz | © SEAT | 92 ]
I o gez | Y ToR1] © 3€z | 1 Z5h7 ) O Thz | © TSR T | 559z
8sht . e opr't [ BEET 1892
o it Y] L E12 AT oB92
LTy XT3 oshH] Tt £ ] L9
] et Y] [ % StrT] %92
PSSkl rET Phrl 333 BFT | haz |
Zsni PET [ Y] 6he ) AT | s09Z |
(XY 3EY Shhi opT bsn7 | IL9Z
EShl 53 Thhd Zht j 3spi| ooz
PSh 222 Ehh't TE2 8srl| 8%
hSnl : o'z Ehhl Z2pe BEpt ] (M2
hSh'l 8€2 Shh't FXre B ¢siT| 99
SShi $2z (2334 T 15t Pl | 299t
asp'l LER AP 1. EAT ~Zhhl | 99T
hSh'! . S22z I YY) . RIS 3Erl] 85O
25kl €°€2Z Shp't Lh oppl | L8
skl £%2 Shil o052 8EHT | 25
197 I'E [EYY] PR orrl | 592
k=] $'22 Shri L3 GART| T59%
ﬁhﬂ ﬁuﬁw. 3....“% ?ﬁwv mm_uﬂ: ﬁ%wv ﬂﬁw (vise) aw%% {S3101)
__ XY | ~Vd¥) | .
BUVHISIA-30-083




R i | L Sl

.m (EL/TT d8) davk
& .
4
g
G Cli- | ohe| T9 ] 565 | S3mT] © 2po | RBE2 | 82 | 295°| APhRI O | oo -] opz € 1 26s foppil ] GZL |
3 L { ez | 281 ©22 | 19471 © £90" bz 82 | o5 | oppi S | €o0--| ost T 1 #o4  | ©amr7 | 82cC j
€Z ]| 35h ‘sz Zo | o595 | berl o B8P b1z el L' ) 8En © So0* Ly ] LY Thpl CY IR
=) ic | bsz] 231 €29 | pord o) CTR [ hz of | 225 | Ihhi o | sto<] osZ o e | Zpp'/ | ST
. 6t | =22 ﬂn.dM.L 2SR 25" | Pte eS| PART oo 55 o | Gt | 22 | |
, tht | stz 19 | Z3h7 Ti9' | osz €25 | ShhT Zioo-| Bte L | EErT | &I |
{visd}f (sa1oa) | (we) | (5310A) 1(visd)| (s310A) | (W) 1{vIsd)| (S310A){{S310A) msm&, (s3toA) | (we) |(visd)] (S319A)(s310n)
sshd| 13313 | M1 | T |$SHd| 113 MI [ssHd| D3 | Nd [SSWd| 3 ALT [SSHd] 19313 | M} [¥38ne
| o n@.fsmﬁ %.a.w“&u wgm:meia . «...E_aw....ar%ﬁhun Bﬁ__“doé_u WIS
¥ L%t 12 — Wi - , e = 1] - i
LSl li] * ZIsaL 3 ——=—T TSI AT>eavy] . ]
Vieg A3}ovde) CEIRE S w
. 111 376v1 .
;, - .




{eL/Tr d5) oavu-awe
: 5 2 S e SEETT Lo Qpid EY
Iy & he It e F A 7Lz Iy .
.,C., W ke DA 5L Z2r- . L2 Opp o
_ ) &n S YA )8 4 RN 5L rnl 12
| -4 7T HIFT 7% AT T CXYUR T
S &Nt 4 A N f 52 LEpl 15
AIET 7T 3FFT Tt 7r YR
K N | g 4 AR T . S5t SerT | P
5T TTe THRT Sz CTFX B
oy 7Ee ERFT &5t Liri | £
PSAT cre 4 BLZ LEnt P
AIFT A 57T 7% . 8er 7| B%
7 Fh? SHATT 29T Lerl | Ls
" 37 M 757 Z7ET CXET : P eTrs
,mw e d3HT 55 < CHRT ALt %pl | pE
m O3 1 1Zo0= 1922 BOR T | AFET St | oSz 1| spi| of
T A23%7T i ard oShT BEe : 2opl BT
E: AT 47X 1oz LD BEpT | 3¢
W Z 5P Ahe TR 5t ~LEp1 ] pe
) LRI " THE AT : Tt FEYN BT
o T [T ¥4 Z3FT XT3 s nT | =i
237 a4 2 M st SeAT | 30
T3 Y 24 [ -FT %2 aphil | z<
gap T VY% 4 Z 7 Z iz ik, 70
| {vISd) (s3LoA) [(s3ton) m...:& (satea) | (we) [(visd)] (S310A) j(53LOA) | (visd)| (S3tOA) | (we) [(wisd)| (S3ton) [(s3(0n)
| SSMd Bk M j$5Hd | DM hp&_mp SSHd| LM | MDD |SSNd mwum -u&_.v SSd »wwwu nNn m__mﬂhu
- y Y —d0~ -0t
s .aa.. @:&éa : “PWHIS10-30-0H3 “._.wa_zw - :
7eg 3100003 u_..ﬁ...w;»L.uHﬂnl
. 11 38V




{EL/TT &8) omum-ovs,

WOEC/C 79-142

L ANEON S SO SS  BO S

20

b T I A Dl AR e S Y Tl s s w
BrX] LTRATZTRT A0 L Fh2Z AHET | T3AT SBrr | £iz Ob%" | Opps 73 4
> o7 &KL K 52 | £ B S - TSt 7 CYST T
2 1777 ERAAN chz | 27 ZTFTS IS T ST
R L T W T B R S i a0 O R O s 15 !
N R L A N I A o AR R R W ZHAT) T WU 5 | ese | e XT
THE | 39 [T [ TIRTT—= OXTT BT | 7h T35 TI577 7 SeITTECT | 8 | ASAT | OpRT %7

?ﬁ,:,_...u:__so:gs_ss?a& (53t08) | (W®) (y1sd)| (S310A) (53 (04)

MI |SS24d] DT | M {8534 | 19713 ALT |SSTd] 13 | T

| . ,m;._.ﬂ x e Sxﬁ =2¥d¥) Xy
A G b TR N Y ARk R RN hE] "z

“13508) & Y591 Kipseder sl Y i AT de— Misecay]

) S TE L a— ... .-I,_}.una.az.iqé,

111 3evi

(s310a} | (@) "[{v1sa)! (S3i8a) ;=30
313 ALT [SS3¥d ) 153M3 s

(31

4




INTERNAL RESISTANCE AND SHORT TEST DATA

Fielef”c“*gs; /) ‘ WQEC/C 79-144
ik __INTERNAL RESISTANCE (MILLIOWMNS) INTERNAL SHORT TEST -
WSS | - comae] o ke | SASATEL i S| v
_ , , , CELL CELL { PRESS
‘lorws | 2« 2.4 2.5 o2l | ree7 | N
L 026 2.8 2.5 2.4 o4 | hede 9]
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093 | 21 22 23 .027 1,250
094 2.4 2.8 2.4 .02l 126
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TABLE IV
INTERMAL RESISTANCE AND SHORT TEST DATA WOEC/C 79-144

INTERNAL RESISTANCE (nmmms) INTERNAL SHORT u-'S'ru__~
AFTER 16 AFTER 24 AOD
?rﬁm%-% nﬁ-ﬁsﬁ?zﬁs HR SHORT{ _OCY STAND
, CELL CELL | PRESS
2.6 2.4 A192 1 43y
2.4 ' _ 2.9 102 | 1y
2.4 2.2 3 Iys X
2.9 2.3 097 iyl
2.4 2.4 N 1ayE
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035 2.6 2.4 us .098 I o)
o3) 2.6 .Y 2.5 . 057 43 o]
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o33 2.4 2.4 2. .09 [rd2 o
oS 2.8 2.5 2.4 098 /141 o
o3y 2.6 2,5 2.1 o092 | hivo .
057 2.9 2,6 2.4 109 | e o
060 2.4 2.5 2.4 Lo/ | Lt
oG 1.9 2.6 .4 096 | vy o
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, :m RESISTANCE AND SHORT TEST DATA WOEC/C 79-144
o , . -—
INTERNAL RESISTANCE (MILLIOHMS) INTERNAL SHORT TEST
[Wmaek | T ofE HOUR AFTER | TW0 BOURS AFTER [Mr ShoRt] | ocy Siamp
END-OF -CHARGE srm«ef-mm START-OF-DISCHARGE [=-=——t——rT—
3.1 3.2 3.2 076 __| /218
3.0 3.1 3.1 063 | 1.2:9
3.6 3.4 s .08s Ly
3.5 3.4 3,3 090 | 1226
3.6 3.6 3.9 072 | 1225
3.2 3.2 3.2 071 A%14
) 3.2 3.3 3.3 074 | 1223
3.2 3.2 29 099 | 1228
2.3 3.3 3.9 074 1226
266E 3.3 33 , 3.3 ,069 lLzz22
2670 3.4 3.4 3.3 075 l227
267/ 3.4 3.3 3.4 .01 /228
2673 3.5 . 3.3 34 L6078 /229
2674 3.5 33 3.2 o | 1222
2676 3.6 34 3.2 077 122G
2677 36 3.4 3.1 073 | hes
2680 3.4 32 3.2 01S | l22s
268) 3.2 3.2 3.2 1083 | h2e7
2655 3.4 3.2 3.3 08¢ 1228 o)
2660 3. 3. 3,3 | 1229 )
2669 3.2 3.3 3.1 083 /228 o
7 2675 3.6 3.4 3.3 073 | 1228 o
1 C |2efs | 36 3.5 3.4 083 |6229 | o |
i 2700 3.6 3.3 3.3 - 083 | (227 Ke)
T 7219 3,2 32 3.4 o594 | 1us
722 2.3 3,2 3./ ,0S9 215
‘ LW 727 3.6 3.4 3.4 ,065 | lL2id =)
F 726 3.4 3.3 3.2 073 129 | o
’ ' 722 3.3 3.4 3.2 o6l |l220 | o
729 3.5 3.5 3.9 LOX2 [213 o
r23




TABLE IV
INTERNAL RESISTANCE AND SHORT TEST DATA

jrins rglse’ctﬂc g WQEC/C m-zjftm1
INTERMAL RESISTANCE {(MILLIONMS) INTERNAL SHORT TEST
7 : = AFTER YO T AFTER 24 ROT
ONE MOUR AFTER TWO HOURS AFTER Iur SHORT!  OCV STAND
END-OF-~CHARGE] START-OF-DISCHARGE | START-OF-DISCHARGE T TS
22 2,/ N Qove 1183 -
2./ 2./ _ 2./ L2203
2.3 2,2 L. 2 0S8 1/. 178
2,.2 Z:l 20& 039 /LLZS
2.2 2./ 2.0 osd 1192 ]
2.1 2.0 2/ 243 1)./80
2.2 2. / 2./ o858 11,179
2.3 2.3 2.2 w25l 12,190
2.3 2.2 2,2 229 L1662
2.2 2./ 2.2 237 1) 422
2.2 2.2 2.1 odé 1181
2,2 2./ 2:2 232 10256
2./ 2,/ _2./ 038 11489
2.0 2.0 R, L2610 11208
2.l A L2 ode 11200
2.2 L7 AV 066 10.883
53 Ze 2 A LE SN/ 1200
S/ 2.3 ) 2 LS o3 11.122
56 2:0 LS~ YA O3Y 11,174
bl 2.2 2.0 2.0 32 171192
20 1.9 L& L2 o83 11,193
2 2.0 L2 - 038 111%Y
L26 2. L L 27 o5 11172
o 2./ z. 2 2.0 L0331 /17281 3
22 2.3 2./ 2./ oyéll /82| Y
Sz y 2.2 2./ X AN NN
44 2.2 2./ 2.7 PXwANARA /
60 2.3 2. / 2:2 26511172 | O
2| 2,2 2./ 2.2 oS 1[5 Y
¥ (EMPERalTong  &3-525°C ddwe dhi 16 hae lpenwd.
24




| TABLE V ¢
CHARGE RETENTION TEST DATA

WQEC/C 79-144

24 HR. OCV 1 WEEK OCV END-OF-DISCHARGE
i , ,
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(VOLTS) (voLs) (PSIAVOLTS § yoy 7si(PStA)| (AH) KvoLTS)(PSIA)
78 1634y 1.3 1 /g lt30f .09 | 12 {227 |-o027 ] I
33 DR lorod | o 1r299 Jeom | © 1223 J-.028] O
036 {3 | o (1302f.09 | 0 123, |-o46] © _|
L343 | .1 o 1132 ].219 [ 23.1 J-068] O
1340 | 290 1.301 | .033 22,5 | .00’
L34 129 30l | 022 229 |-.095
L34y | (3 1303 | o8 233 |-.02¢
.34 | .1n0 [30l ]| .ot 22,9 |~.c0]
1341 1 .00 /30 | .020 22.5 | -.04{
1344 (305 22.7
134 302 227
i (.30¥ 220
).3¢{ 1301 23, |
1.3%2 (303 22.7
1.34) /30 2.7
{341 1304 229
/341 k301 22,5
/338 1299 22.5
095 _l)4s0 1.340 300 | 22.9
096 li14s2 1340 13¢0 22.5 ,
092 11449 ¥7 1133¢ 2] 1298 19 1228 19
| 098 11453 37 {4336 ! 12% o) 22.8 [o)
099 | 1457 30 11336 2 1217 3 22.8 3
100 | 1449 36 {14332 3 11299 I__122.8 !
(ol 11453 o |336 2 16397 5 1236 s
102 |1457 1> 11337 o_ 1299 o _|23¢ ¢
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. o TABLE V
CHARGE RETENTION TEST DATA

WQEC/C 79-144

jeneral Electric

i END-OF -CHARGE 24 HR. OCV 1 WEEK OCV END-OF -DISCHARGE
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039 __1/¥2 43¢0 /320 20.& ;
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oYl |/4s8 1359 /310 20.
oY'3 1.459 /360 h310 20.6
o8 /4¢3 /-360 /318 20.6
o¥9 1¥6l /359 1319 20,6 -
_oe) 11476 27 14361} o 113 o 0.6 (2]
| pck  11.4sY 32 |/.357 o |/l o | 206 o0
02l 145y 2 /360 o_| /%o <) 20.6 )
o35 | Lysy o |139 o 139 o luo )
| 037 LIyss 1§ /360 o |30 o 20.6 L
p¥r l1y¥se /3 |43e0 o 11320 o |zlo o =
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oS¢ /.c/sﬁ_ Hof | 26 1360 | .ov¥ | ¢ 1,319 | 006 O 2.0 -.an' =} N
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057 /456 439 | 21 |l3eo|.ovo] O 14319 ook ! O |20G}.0d5 | O
060 11954 ] qeF /3p0 | 038 1310 | .006 200 | 007
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TABLE V ;
CHARGE RETENTION TEST DATA
WQEC/C 79-144
END-OF ~CHARGE 24 HR, OCV 1 WEEK OCV END-OF -DISCHARGE
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] o o e e el e o
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2656|140 /338 1299 , s
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o L2663 Jives 1,337 129) | /9.9
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26 | 14t 1338 1.290 2.3
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2677 _| 1468 . 1,337 1292 w03
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2675 1).463 90 _|1.333 o 1137 o 1M6 0
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v 226 114731629 | G4 1134 Jlosp | © 1129 |.ooy | © |21.F |-ox} O
728 11469 | 18 1 8S | 1339 .085 | O |/293).003] 0 |219 |-032
729 11462 .63 | F6 11337 103 | © 1128BJj.00Z2] © 217 |-057] O
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trtte = | Gucredell 14%e] veldy Jaai-ﬁ r.Luﬁt 7
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D o e e e M
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WQEC/C 79-144
APPENDIX II
I. TEST PROCEDURE
A. Phenolphthalein Leak Tests:

1. This test is a determination of the condition of the welds
and ceramic seals on receipt of the cells and following the last discharge
of the cells (Cycle 8).

2. The cells were initially checked with a one-half of one per-
cent phenolphthalein solution applied with a cotton swab and then placed
in a vacuum chamber and exposed to a vacuum of 40 microns of mercury or
less for 24 hours. Upon removal they were rechecked for leaks and then
received a final check following test completion. The requirement is no
red or pink discoloration which indicates a leak.

B. Capacity Tests:

1. The capacity test is a determination of the cells' capacity
at the c/2 discharge rate to 0.75 volt per cell, where ¢ is the manufac-
turer's rated capacity. This type discharge follows all charges of this
evaluation test.

2. The charges for the capacity tests are as follows:

a. c¢/20, 48 hours, room ambient (RA), cycle 0, with a test
limit of 1.52 volts or pressure of 100 psia;

b. ¢/10, 24 hours, RA, cycle 1, with a test limit of 1.52
volts or 100 psia pressure and a requirement of maximum voltage (1.48)
or pressure (65 psia);

c. ¢/10, 24 hours, 20° C, cycle 2, with the same limits and
requirements as the charge of cycle 1.

C. Special Resistance Characterization Tests for Auxiliary Electrode
Cells:

1. The purpose of this test is to determine the resistance to be
placed across the cell's auxiliary electrode and negative terminals which
will provide maximum signal when the cell is fully charged.

2. The cells are charged at ¢/10 for 24 hours at the room ambient
temperature following their initial charge/discharge cycle. Following this
the cells are continued on charge with the current reduced, if necessary,
to maintain the cell's voltage below 1.520 volts and to stabilize the
pressure between 10-20 psia. Resistance values, between 10,000 ohms and
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0.1 ohm are then placed between the auxiliary electrode and the negative
terminal. The cells are allowed a minimum of 5 minutes, at each resis-
tance value, to obtain an equilibrium voltage across this resistance.
This voltage value is then recorded and by calculation using the equation
P = E2/R the resistance that produces maximum power is determined.

D. Internal Resistance:

1. Measurements are taken across the cell terminals 0.5 hour
before the end-of-charge (EOC) on cycle 1; and 1 and 2 hours after the
start-of-discharge of cycle 2. These measurements were made with a
Hewlett-Packard milliohmmeter (Model 4328A).

E. Special Charge Retention Test, 20° C:

1. This test is to establish the capacity retention of each cell
following a 7-day open-circuit stand in a charge mode.

2. The cells are charged at c/10 for 24 hours with the same limits
and requirements as the charge of cycle 1. They then stand on open-circuit
for 7 days, with the requirement that the open-circuit voltage of each cell,
following this period, is within + 5 millivolts of the average cell volt-
age. The cells are then discharged and 80 percent capacity out of that
obtained in cycle 3 is required.

F. Internal Short Test:

1. This test is a means of detecting slight shorting conditions
which may exist because of imperfections in the insulating materials,
or damage to element in handling or assembly.

2. Following completion of the charge retention test capacity
discharge, the cells are shunted with a 0.5-ohm, 3-watt resistor for 16
hours. At the end of 16 hours the resistors are removed and the cells
stand on open-circuit voltage (OCV) for 24 hours. A minimum voltage of
1.15 is required at the end of 24 hours.

G. Charge Efficiency Test, 20° C:

1. This test is a measurement of the cells' charge efficiency
when charged at a low current rate.

2. The cells are charged at c/40 for 20 hours with a test limit
of 1.52 volts or 100 psia pressure. They are then discharged and the

requirement is that the minimum capacity out equals 55 percent of capacity
in during the preceding charge.
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H. Overcharge Test 1, 0° C:

1. The purpose of this test is to determine the degree to which
the cells will maintain a balanced voltage, and to determine the cells'
capability to be overcharged without overcharging the negative electrode.

2. The cells are charged at c/20 for 60 hours. The test limits
are cell voltages of 1.56 or greater for a continuous time period of
2 hours or pressures of 100 psia. The requirement if a voltage of 1.520
or a pressure of 65 psia. The cells are then discharged and 85 percent
capacity out of that obtained in cycle 3 is required.

I. Overcharge Test 2, 35° C:

1. This test is a measurement of the cells' capacity at a higher
temperature when compared to its capacity at 20° C. This test also deter-
mines the cells' capability of reaching a point of pressure equilibrium;
oxygen recombination at the negative p” ite at the same rate it is being
generated at the positive plate.

2. The cells are charged at c/10 for 24 hours with a test limit
of 1.52 volts or 100 psia pressure and a requirement of 1.45 volts or
65 psia pressure. The cells are then discharged with a requirement that
capacity out equals 55 percent capacity out as obtained in cycle 3.

J. Pressure Versus Capacity Test:

1. The purpose of this test is to determine the capacity to a
pressure and the pressure dacay during charge and open-circuit stand
respectively.

2. Each cell is charged at c/2 to either a pressure of 20 psia
or a voltage of 1.550. Recordings are taken on each cell when it reaches
5, 10, 15 and 20 psia pressure. The cells then stand OCV for 1 hour with
30-minute recordings and then are discharged, shorted out and leak tested.
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