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THE MC-191 AND MC-I93A NICKEL-CADMIUM BATTERY

I SUMMARY.

A. Purpose of this Report

Since the rechntcal Memorandum on the Development and Evalaaticsi of
the MC-193 Nickel-Cadmium Battery was published in November. 1953,
the completion of long-term tests and the gathering of information on bat-
tery performance has made a supplementary report on the same subject
dest rabte.

The present report t' rot a final treatment of the battery as
a series of studies of certain problems that ha• ,..• arisen in connection
with its maintenance and use.

13. Water Loss on Storage t Abstract)

In a dry climate. the MC-193 battery should be watered prior to use if
stored more than 16 months at room temperature ( 75 •). or if stored
more than 4 months at 125 °F. In a humid climate. these sterage times
can be extended to CR months at room temperature and 12 1:7 . .)riths at 125

()

 F.

C. Crazing of Plastic Celt cases ( Abstract)

The crazing of cell cases is caused by stresses resulting from wedging
the cells in the battery case. Crazing has not appeared to weaken the
cell walls nor result in loss of electrolyte during the first 21 months of
storage. The effect of additional storage time wilt continue to be studied.

D. Environmental Te•:ts (Abstract)

The assembly comprising the MC-291 battery box and MC-193 battery
were tested for resistance to vibration, shock. linear acceleration.
humidity. salt, and rain. White one MC-193 battery case was bowed by
the shock test. the battery itself gave satisfactory discharges following
all tests.

The :,pec:ried stor;-sige It-!..t for the hotery is 22 	 at 12c °F. rats was
compared to a l•r.t ;ntendei to represent Neveref...1 known actual storage
conditior with respect to temperature. namely. cycling between 90 F
and 140 °F at 100 per cent relative humidity. rhe tatter test shcrRed
somewhat higher caparities after Z2 days. indicating that the test at 125
provides a margin of safety to evaluating the battery for high temperature
storage.

nn cniiatie.e of battery I.7#patay in t•rrrts of temperature was developed.
based on data dertved from the storage of seventy-two batteries.
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Qs-flit'i Control Anaktsis 4 Abstr..t t)

An analyals is presented of types of deft• 	 found in new and stidekpiled
tiatter:e4.. ►ariation% :n inspection practice make it difficult to detect
trend', in data. and the recent Increase In Class 'I)" defects tray be as-
cribed to closer tnapection, particularly of electrolyte levels. C • ne bat-
tery from trickpile failed to pass the discharge test after ten days' stor-
age at 1.lc 	 .

It WATER L(%SS 	 STORAGE (Detailed D cussion)

A. Summary

In a dry cltmate the MC-1 9 I battery cell loses water by r-,, , apflra:iocl at
the fottowIng approximate rates

TABLE

	

Grarrs Per 	 Ft. Ct. i'er Day
	per Cell	 J 	per Cei; 

Room Temperature.
	 0.014 	 0.000S

I 25 o f: 	 .060 	 0.0020

F:stirhatitig that a battery will not perform efficiently if more than IS per
cent or its electrolyte has been removed. tt should be watered prior to
use if storf-d more than i5 months at room temperature. or 	 stored
mare than 4 months a! ;25

0
 F.

These figures are for desert conditions. In a humid climate they canhe
•4extended to , rr(Nnths at room temperature and 1Z months at 125

In addition to temperature and humidity the rate of water loss depends on
the type of battery ( MC-1,93 or MC-193A) and the state of charge. To
minimize water loss. the battery shcruld be stared in the discharged con-
dition.

is. Previous tests.

Tests •..de 	 ce . c4: -..es with sealed vents. filled to the mark with elec-
trolyte, indicated water tosses as foilcnws:

•

echnical sternorandom  on the Develoament and Evaluation of the 1+4C-191
.C4thritav Batt r	 • it• 	 h • ' 	 crand 	 163 53• d • 	 •	 t 	 f_RI 	 ern ,, 	 Urn	 •	 •
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rr% ti I. F. 2

Grams Per Day 	 1-1. Oz. Per nav

Hoorn Temperature

12r!,°V

0.0 2

0 .0 s

0.0004

0.0nI 4

1

This 	 n acceptable check on the figures first cited. as the test assem-

blies were not identical. The first flgursts duplic:ate cioNety the actual
battery assenshly•

Test Prrif - edure

An . MC-i0/ and an M 4. - I91A 	 w•r4- !woken down tnto their compo-

nent cells. Six 	 from each !., :istery were -.toyed and weighed at !O.
day intervals Linder the following

Room Temperre f 	 - An
o
F)

12C

2 iTharged

DiNch.ireed

ifiirritiliy near zero.

;.N second Mc - 19 IA battery was stored at 1251- - and s0 per cent relative

hurniditv. 	 battery received .1 hooster charge every 10 days. and
tts cet1s vier(! wetglied at 30-day interval-. a,- liefore.

,* 	 rr:rordwas. r-1 ,,r. t .,jr.. of ( - HI

racking !if the 	 ,,rder 	 :f cr.ized çr

; y 	 ;.11(.Lid•

Finally at the cont!luNton of the te ,:t. electrolyte wa-. withdr 	 frern one

coil in each batch of Nix. and the potassium hydroxsde and p-lum ear-

tronate contents determined.

T:14? .. -4V61";41Z0 	 .••■•!i f(.1r I,;it 	 gr r-:”.41 art
:tr.- 	 I

I
A irp...-nd x • 	 ; r
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• 	 hat;or.. 1,-, tt ,d. which wa•,• ,tor•d tI O v4 -7r ernt It•lativ•
Ifurn“.Lt v. ?I:#(1 : , +1 	 only one third as cront .71S 5114.,
-.Irr . 	: yp , f t):11t.t..ry 	 t ir .frttz er(-5	 fitIrrld:ty. 	 ;his 2,r-rry;t7,.

,, ,ctd, :, stori of t!lt- rnrrysaf:• 	 re.4,•.r 	 pf•riryi for
.4 : , ,f!!f • r . .... 	 , e,,r0.'d 	 .t hUrrlif: 	 a 	 corr,p,:red to 	 b;:irk.-r) stvred

d r' (' 	 ,

rh wezght 	 frtr theMC 	 b,:tttl•ry ran 1■ , ver 	 !-::),;?•wr
!II!' NI(11:•• 	 ort 1.1r this ts uZ known. It '0:r:4s. hOweser.

t	 fho	 th;.t 	 or 	 ItIrough tbo
	thz:r. ttzro , :gh the 	 sinct• the MC -:93. ,`• % - 11.rlt.".. at
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3. The weight loss for charged eels ran t9 per cent higher than for

discharged cells. flits is duo to the fact that charged cella are
warmed slightly above their ambient temperature by internal dts-
r harge. the differential 	 shown below

rABLE 5

e rcentagt.
Increment in Wt. Loss of

rypf of Itatte.ry 	 Temperature 	 Charged over  Discharged  Cells

Mc-19t 	 11T 	 26.9%
Nit' - 191 	 1250 	 12.9'
Mr- • !'r', iA 	 RV 	 t'.1. lc.
Nit:•1 (?it'. 	 12C(' 	 16. •--. I

4. Crazed cells showed only a 1 per cent greater weight loss than un-
crazed cells. This figure is believed to be negligible. statistically,
and agrees with observations on crazing to be found in Section 111.

s.„Indard deviation for weight los4. of 	 c•11,,- examined was 11- 4

es•ni.

E. Cie roon.etson

Analysis of the electrolyte after storage was not very informative. since
no comparative analysis had been made before storage: The following
table shows the percentages of potassium hydroxide and potassium car-
bonate after 90 days storage. The last column shows the per cent potas-
sium present in the form of the carbonate. [his figure is apprk't - iably

higher for 	 tterie: stored in the ch:irged condition 	 (•14••.4!*-1

:•;=di2i:‘, to the '.-ip..•cutation that the caroonaton might occur due
in oxidation of organic matter. possibly the cellophane separator. by the
positive plate.

UNCLASSIFIED
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Apporodix Z. Photorraph 2.
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TABLE:

I7ype of
Flattery

Condition
of Charge

Storage
Temperature

l'er Ceut
Potasstum
Fly.droxide

Per Cent
Potassium
Cartibri....t2

Per Cent
rque.'aients
Potassium as
c a 1 tog...ate

MC-195 Discharged RT 25.1 9.8 21.9
MC-193A Discharged UT 24.5 8.8 22.5

MC-193 c harged RT 20.1 9.1 Zi..9
MC-193A Charged 11r 18.2 7 . 1 24.1

MC-.193
MC-193A

Discharged
Discharged

125 °
, o12-■

25.1
23.3

10.5
9.8

25.3
25.3

MC-193 Charged 125° 22.6 13.9 33.3
MC-193A Charged IZS o 21.4 11.9 11.1

MC-193A Booster ChargeB
every ten days

12 5°
( 	 -ti'tR.H.)

18.7 13.6 37.0

III CRAZING OF PLASTIC CELL CASES (Detailed Discussion)

A. Summary

Some battery cells. particularly in older batteries, exhibit a condition
known, as crazing in which fine surface cracks appear on the plastic cell
case.'

The!--e cracks appear almost invariably along one end of the cell case -
that end *tech is next to the battery case, They extend in the form of
an inverted V from the center of the case toward the edges. They are
on the outside of the case and penetrate about halfway through. 2

A consideration of the stresses to which the cell is sutiect chows that
this type of crazing 	 resift in relieving a strain imposed from above.
The location of the crazing on the outer cell face indicates that crazing is
caused by 'he drivinF, of the nylon retaining wedges into place along the
outer, upper rim of the battery case. For the sake of appearane6 this
corteattic.n %houid he oorrected, however, there is no evidence that it affects
battery performance. A different method of wedging may be required to
eliminate crazing.



ow)
Effects of Crazing

Since these surface cracks do not extend into the Inside SurCat•e o the cell,
they shoiad not permit any leakage of electrolyte. Tht!•is borne out by the
exp•rtmental evidenc(r. A te%t seventy cells stored for 90 days at, room
temkraturr rind 12C 1- showed a water 	 fronr: crAzect 	 only 1 per
cent higher than trorn CAnt - raz ,4 	 .

Furthermore. the presence of ;surface cracks does not appear to weaken
the cell in ablfitv to withstand internal pre-.-.are.

Tests were performed to determine the preksure at which crazed Flake-

-II cell cases sustain damage detrimental to battery performance.
t!. WA..., Iv\ :red ihst these cells 	 <-)tplod•d b.; pres.y..ir• 	 ,4 , ;,OF

oattery *here the batter:: ► 	 And < ere.	 ;.

ro, •J:H

( .,,„ vited Fl a k t •; 1 ■.. 	 eel: eases were obtained from a ,,ingte battery.
reg.,Iar rniht;•r Vt.rif mechanism way reinforced by winding rubber

hands iround it :n order that the cell case wou:d sustain the pressure
nece;sary to explode it. The six cells, with the filler screw removed.
were placed in another Ni-Cad battery and the c.•nttr• battery VO.Ac. (+arc:•t.
!I v c h arging th...•nt 1 7.• hat,! e rv, c el! 	 t:1) ot each indiv:dua.r

with the 	 that a mach tighter clamp is avatiab:e.
fully charwed, any further •hari:• will proce pres•...:;rc in the reit.

pressure meter ne<L7ently calibrated was scr< wed into :he yen: filler.
sealing the cell from ,In• leakar.t - • 1.`- 211 :!, a S■rl'Zi • c•il charger, the cell

v.. as charged 31 .3 SC ampere rate until it expicid•d•

D. Results

1,:,14.E 7

:ft 	 h
r p fr.;..-d

•ostnon of

C•:1 Failure

No.!
	

1'51
	

Alone tmcraZeti side
NO.2
	

'tit
	

A ;( . .ne ;r1-,-razelri side

r.izect

;

!".17

'nits re,r)ort. St•ction

Metr7.0, 	 ■ (.1 7.r :VI, f f4. 	 .latut:,.ry I9c4,
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Conclusions

From the six untts tested it appears that crazing to the extent netiriid to

date does not weaken the Itakeitte C-11 cell rase.

ENV RONM ENT A I. 'YES IS ( Detailed Disc utt. %inn)

A- The MC-2 9 1. MC-195 Assembly

ThiS t, itfl abstract from a report by the Environmental lest Division on

the Nickel -Cadmium battery and battery box assembly. Those sections
of the report concerning the MC-291 battery box only. have been OrnIt-

te<1.

0111.4.7t of Test. 	 These tests were performed as a quality check of
the MC-291. MC-195 assembly with res.pec t to vibration. shock. lin-

ear acceleration, humidity. salt. and rain.

2. Surf-It-nary of Results. - Three MC-291's failed the vibration tests tie -

eau.Ne of broken thermostats. The MC-193 clamp was bowed during

the shock test. The MC-291 latch opened during the shock test. The
Mc -291'5 and the MC-193's passed all other tests.

3. Procedure. - Four MC-193's. Lot Nos. 353. 381, 382. R.S. No.7473•
and four MC-291's were supplied. One MC-291. MC-193 assembly
was subjected to each of the following tests: Vibration. shock. linear
acceleration. humidity. salt. and rain. Before and after each test the
M(' .291 was givena functional test which consisted of a heater resist-o
ance check at +50 F and a high-potential check (201 volts (1-0 at +90 F.
Thespecification calls for a heater reristan.7e of 7.0 to 7.7 ohms ;It
4 1, 0

o

 F. and at least megohm at +90 	 except after humidity. rain.
or salt - then tt should he at least 500 ohms at + 90 'F. The MC - 195's

given an initial charge and discharge test, charged before and

discharged after each test.

Vibration ti— , t A was performed according to SC S-7. prose ,:re I. otr-

agraph 4.7.2.. and consisted of a resonant surs-e. along each of I"

three major axes. one hour of vibration at resonance. and one hour
cvcling. V. :. tthe respect to the MC - 291. the vibration a! reeriarice in

1116 ,7. Iong1%;d1:-“4 1 aXis *as at 300 cps for 50 niinute-. arid .•: 7 !'• t4ra or

30 t.•inutes 	 the vertical axis at 115 cp.. for 30 minui•s. and at 9"
cps for 3ti minus s, and in the transverse.. axis at RC 	 rnr 04)

At no time 	 there .i.rty single severe resonant poi"' 	 ratter

range of frp.rwenc%es through which resonances occurred. The fre-

quencies considered the worst were used for the resonant yibraticri.

The cycling was front 10 to 73 cps, with a constant double amplitude of
0.036 inch. and from 73 10500 cps at a ..:oristarit aeceleration . of 10 R.

Vibration test A caused a thermostat fait -ire in the SA-42 heater blan-
ket of the MC-291. Therefore. vibration test,. Wind C %Lore perforraed
and two rnoriz aSerriblies were- 	 :41*,41 in to triAnns•r 	 valor4 -

tiott test A. However. aiteratt--n!, kot test conditions. making the test

UNCLASSIFIED
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much more *ever*. were as followiL

a. The assembly was at a cold temperature ( -60 °F) at the start of
vibration in order to monitor the thermostats for chatter when
closed.

b. The MC-193's had been previously vibrated; it was felt that any
used MC-l93 would have practically the same effect as a new one.

The shock tests consisted of 100-g accelirstion of 0.005 second dura-
tion in both directions of the vertical axis of the MC-29I, and 30-g
accelerations of the same duration in both directions of both the lon-
gitudinal and the transverse axes.

The linear acceleration of 50-g for one minute was applied along all
three axes.

The humidity test consisted of ten 48 - hour SCEL exposure cycles.

The salt-spray test was a SO-hour test conducted in accordance with
MIL-E-5272 (USAF). section 4.6.

The rain test was a 2-hour test with a simulated rainfall of 4 + I inch
per hour.

4. Results. - All units supplied were in good condition. Six cells needed
addition of distilled water to bring the electrolyte level up to where it
was visible in the windows.

At the completion of vibration test A. the heater resistance of the SA-
42 heater blanket in the MC-291 was too high at +50 F. One thermo-
stat was broken internally. The thermostat elements are supported
by the two leads which have two 90-degree bends in each. The leads
Broke at the bend, destroying the thermostat. It was determined that
powder inside the thermostat was a combination of the materials in-
side the thermostat and was produced by the mortar and pestle action
occurring between the element. insulation, and case during vibration.
Operable thermostats when opened did not have powder. One of the
end thermostats did have a high contact resistance (1 ohm ) which
was attributable to the powder.

At the completion of vibration tests 11 and C. both MC-291's had three
broken thermostats ( top. bottom. and one end) which broke internally
at the bend in the leads. However. as pointed out in Procedure. the
assemblies were cold at the start of vibration and this condition en-
doubtetily•reduced the flexibility of the leads. The ).4C -193 clamp in
each case broke. one severely. the other slightly. thus increasing the
amplification of the MC-213 in the MC-29I. This breaking. not ob-
served before in batteries used as fillers. could also be ettrtbuted to
the cold temperatures.

UNCLASSIFIED
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The chatter encountered was meaningless because it was probably
caused by the making and breaking of the broken leads of the ther-
mostats.

Table 6 shows the discharge results of the MC-193's. Tabti 9 shows
MC - 193 breakage (hiring vibration tests B Riad C.

The MC-191 discharge results were satisfactory following all tests.
The cells turned blackish during vibration. as usual. with no harm-
ful effect on battery capacity. With the MC-291 in the inverted posi-
tion, the clamp was bent when subjected to a 1007a shock. During
the same drop. the latch of the MC-291 came unhooked. The MC-291
passed all the functional tests except vibration, as mentioned above.

Test Conducted by W. E. Bt KEN - 1611-2

TABLE 8

Results of MC-193 Discharge

Time of Dischar 	 to Z5.2 Volts
Before Testing After Testing

Retieg No. (min) Test 	 (min)

DO 	 8562 F3 . 8.73 Vibration 9.67
DO 13349 H3 8.15 Shock 8.42
DG 13138 G3 8.23 Linear Acceleration 9.03

DO 8332 E3 8.75 Humidity 6.93
DO 13138 G3 (See linear acceleration) Salt 9.23
DO 13138 G3 (See linear acceleration) Rain 8.53

Discharge: 30-volt units. 1,07-ohm resistance. room temperature

Minimum requirement- O fryintne to 25.2 volts

UNCLASSIFIED



TABLE 9

MC-193 Breakage During Vibration rests F3 and C

Flattery No. I

History. One previous t -hour vibration ( SCS- 7)

1. The top of clamp broke at both ends on the side without
flanges ( up side in the MC-211).

2. Broke wedge holder part of clamp on the stile with flanges
(down side in the MC-291).
The cells were then insecurely held in the clamp.

1. 	 Electrolyte :spilled over bottom.

4. Six connecting straps broke.
One large strap broke completely.
One large strap cracked at one end.
Three small straps broke completely (both ends).
One small strap broke at one end.

Three nuts carne off terminals.

Battery No. 2

History: Vibrated by manufacturer.

1. The top of clamp broke at one end on the side without
flanges ( up side in the MC-29I ).

B- Twenty-two Day Storage Tests at Elevated Temperature

1. Summary. - Specifications
) 

for the Nickel•Cadmium battery call for
a charged storage test of 22 days' duration at 125 °F 4-2 °. after which
the battery should have a minimum discharge time of 2 minutes thrOugh
a constant 1.07' ohm resistance load. with the battery temperature at
e...0

re7.t , 	=	 stelr3g,• !tRTC' ar
t-,•	 1,errr . 	 environrn,_.nt;.il cOndi-

tion.s to whi•-ti the , tritlery is

The conekisinn, fie the basis of the• evidence pre.ented here. is that
the test is valid and yields results that are on the conservative side.

•■••••••••■11.11.14,.......,

I
nsert. 11983''. is.me A, :71•.:4.ign Inforinatiun frir the MC-115A Ni-Cad --A.
Vett...Para. 1.2.Z. I

..s.•••■••■••■•■••■■••



Consideration was also given to the fact that the militiary use of the
battery permits charged storage throes up to 44 days.' it is evident
that there is * gap between the 22 days' storage time that the vender
must "build into the battery'" and the permissible field storage time.
Io future production, the vendor could allow the quality of the battery
to be degraded to such an extent that while it eraishi still meet the
specifications of Dwg. 119837. it could no longer satisfy the allowed
storage time of Tables 1 and U of the Preparation and Application
Manual.

Studies ara now being made by 4 131 and 5311 on current battery stor-
age data to determine what corrections should be made to the produc-
tion test requiretri►nts in order to insure no degradation of battery
performance in future productio.1 batteries.

2. Test Procedures. - Consultation with Department 5130 established
these facts:

a. The extreme high temperature limits that the battery would
reasonably be expected to met over a 90-day period are a
high of 140 °F and a low of 90 F during twenty-four hours.

b. A twenty-four hour temperature cycle could be simulated in the
laboratory, regulating th8 temperature as a sine wave function
between the limits of 140 F and 90 F.

Accordingly, two fully-charged batteries were stored for twenty-two
days at 100 per cent relative humidity, using the above temperature
cycle. They were then discharged. 8 cells at a time, through a 0.357
ohm resistor. Average discharge times to 8.4 v. equivalent to 25.2v
for a :till battery. are given here. compared to the average discharge
time of 72 battery cells stored 22 days at 125 °F.

TABLE 10

Battery No. 5808
Battery No. 5958
Average for batteries stored at I25 °F

Discharge Time
5 min. 57 sec.
5 min. 4Z sec.
3 min. 50 sec.

In addition, a test was conducted by the Field Forces Department in
which two batteries were stored for 90 days under desert storage con-
ditions. They were then discharged through a 1.8 ohm resistor with
the following results: 4

1 SC-2637B (Tm). Preparationj9212 	Manual for MK Z Power Su 	 .
23 Reternber 1953. Table 11 gives 44 days as the storage time for the	 -
140 diurnal cycle.

z 	 C. F. gild, 5311. to N. L. Vinson. 1732. did. 18 May 1954, Ref. Sy l:
51.11-(44).

UNCLASSIFIED .



8726 6.0 rnin
7.5 min

17.75 min
19.73 min$267

TABLE 11

Time to 25.2 vBattery Number

IJN MASSIE,
Time to 24.0 v

.

These .'esuItu should be somewhat higher than those obtained by dis-
charge through a 1.07 ohm resistor. However, they demonstrate the
ability of the battery to carry the required.load after a storage period
which was probably in excess of that allowed under table U.•

3. Conch/75ton. - A charged storage test for the Ni-Cad battery of 22 days
at 125 F. followed by a two-minute minimum discharge period through
1.07 ohms to 25.2 v, is a realistic and conservative appraisal of the
battery' s ability to withstand high temperature storage.

Other data studied by the Department 5130 1, 2 yielded substantially the
same conclusion.

C. .nuation of Battery Capacity in Terms of Temperature.

1. Summary. - Since the publication of Tables I and II in SC-1637B(Trri) 3
giving the maximum allowable charged storage time for the Nickel-
Cadmium battery at elevated temperatures. more extensive tests 4
have been run, permitting the development of an equation for the ca-
pacity of batteries in charged storage at various temperatures. 5

Due to time limitations, storage tests on twenty-four batteries at
70 0F and 90 °^ have not yet been completed. Each storage test re-
ported herein has been made at a fixed temperature, and further
study must be made to relate these tests to the fluctuating tempera..
tures actually experienced by the battery in storage. Ellis report.
therefore. is limited to the prediction of the charged capacity of bat-
teries in storage at fiJeed temperatures of 90 °F and above.

1 Storage Life of Ni-Cad Batteries under High Temperatures. fechnical Memo-
randum 18-54-51. February 21, 1954.

2 Maxtrnurn Ternoerature Patterns in liot (Thrnates. Technical M ern or a rid urn
80 - 54 - 51. June 4. 1994.

SC-2•5711(Trn) Preparation and A_pplicaiton Manual for Mk 2 Power Supply.
4 Interim Report of Temperature - Storage Tests of MC-191 Nickel-Cadmium
Batteries. Bosken dtd. 29 June 1954. Ref. Sym: 1611. Project No.
ET -1 720 - A .

S ri:MIMICS" Memorandum. 75-54-51. dtd. July 21, 1954, Title! "Analysis of
MC-193 Nickel Cadmium Battery Storage Tests." C. R. Clark - 5131-1 and
F. P. Hudson. 931.
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the allowable storage periods for the temperatures considered were:

TABLE 12

Temperature 	 Allowable Storage Period s

163°F 	 4 days
140 °F 	 14 days
1,3 °F 	 34 days

110 °F 	 85 days
90 °F 130 days t

Expressed in equation form:

18000
y 8.045 - 1.780 e 1.104 T + 460 - 28.5) x - 2.21

y = capacity in minutes (down to 25.2 voltage level thru
1.07 ohm load)

T a temperature. degrees Fahrenheit

x storage time in days

2. Procedure. - Forty-eight batteries were charged for one hour at
37.4 volts. stored overnight with the ambient temperature at 50 °F.
and discharged. They were allowed to stand in the shorted condi-
tion for at least 24 hours, after which a sample of electrolyte was
withdrawn from three cells in each battery for analysis. They were
then recharged, oand electrolyte samples taken from the batteries to
be stored at 145 F and 110 F. After standing for 24 hours at room
temperature. the batteries were placed in storage at the test tem-
perature.

Upon completion of the required storage time. a pair of batteries
.was kept with the ambient temperature at S0 °F overnight then dis-
charged in lots of 8 cells to give the test data for capacity. FinallyA
electrolyte samples were removed from the batteries stored at 16.3" .
and 140 F.     

..••••■••••■■•••■•■•••*11•■■••••••••• 71••••■••••■111.1•10.10.1•10.1■11.41•11•1.1•■      

t Tltis value. obtained 	 extrapolation.         
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3. Results. • Expressed as pertnisgtble storage times for "the varinas

test temperatures. the results are given in tabular anti equattox't form
in the summary and graphically In Appendix 1. 1

The graphs are based upon the actual test data and would not coincide
exactly with storage times calculated from the capacity-storage equa-
tion. Some revision of Tables I and II in the Preparatten and AppIlea ,
tion Manual may he required when all storage tests have been core
pitted. More information is needed to give the relation between stor-
age at a constant temperature and when subject to diurnal temperature
changes.

V QUALITY CONTROL ANALYSIS (Detailed Discussion)

A. General

l'rortlrornent And stockpiling of the Nickel - t.Thdrrturn battery ar.' sufftc1•.nt-
ty advanced to permit :4 limited determination of trends in qua:ity control.

This section is a compilation and evaluation of battery defects noted by
various source:., principally Inspection Department II. the Quality Assur-
ance and Surveillance Departments. and the Environmental rest Division.
Some laboratory test results are given. but corrective measures are not
in the srnpe of the present report.

II. Classification of Defects List

A consideration of the manner in which defects affect battery perform-
ance has resulted in the following grading system:

Class A - Very Serious (Demerit Value of 100)

1. Failed discharge test.
Z. Crossed polarity.
3. Improperly connected.
4. Intercell connector missing.
5. Shorted battery leads.
t,. Broken wire or unsoldered connection.

Class LI - Serious (Demerit Value 50)
•

I. Loose metal inside cells.
2. Loose intercellt connector strip.
3. Ceti r:rurky. in lower part of cell.

I...0 NOW***   ■■■••■•,■•■•■•••■••••■■••■•••0.....•••	

I
Abner:41x 1, Graphs 2, 4, 4, .5. and 6.

UN 'rLASSIFIED
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Class C Moderately Serious (Demerit Value 10)

1. Cell cracks in upper portion of cell.
Z. Leakage at terminals.
3. Stripped threads in vent.
4. Split filler neck.
5. Damaged insulation.
h. Loos* rib due to poor spot welding.
7. Damage. connectors.
8. Leaky cell.
9. Hardware corroded.

Class D - Not Serious (Demerit Value 1)

I. Loose cable clamp.
2. Plastic locking wedge too long.
3. High or low electrolyte.
4. Hardware ( scratches and mars).
S. Poor plating on connector.
6. Connector burnt ( plastic insulator).
7. Vent screws loose.
8. Plastic tubing damaged.
9. Connectors need paint.

10. Dirty units or dried potassium carbonate on units.
11. Burred edges.
12. Loose lock nut.
13. Cracked dust cover.
14. No polarity markings on cell.
15. Bent frame.

C • Evaluation of Specific Defects 

Certain parts of this grading sysiem require explanation.

1.- The subject of crazed cell cases has been considered to Section III of
This report. As it was concluded that crazing (distinct from cracking)
to the extent noted to date did not impair battery performance in any
way. no defect classification was assigned to it.

Z. Carbonation of the electrolyte is not believed to degrade cell perform-
ance until a concentration of about 60 per cent ( in equivalents of the
total potassium content) is. reached. ) Some of the cells reported in
Section V may exceed this value. though no impairment in battery
capacity was detected.

1 E340 Ttelephcce Laboratories. Memorandum for Record-Carbottatitxt of the
Electrolyte of Nickel-Cadmium Storsteltiatiti - Case 3M$1-3. dtd
20 May i953.

UNCLASSIFIED
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Further testing is projected in which unattivated cells will be filled
with electrolyte containing varying artiounts of poloist:4'u** carbonate.
Cycling and storage characteristics may then be determined on cells
whose histories are known.

3. Stain. Discoloration. Incrustation. - Cccasionstly stainless steel
filling screws are observed to have a thin film of brown r•Jst over
the surface. Though no corrective measure need be taken. this rust
may be removed by burnishing with crocus cloth.

Discoloration and incrustation on the exterior nickel fittings result
from the normal entrainment of small amounts of electrolyte from
the cell vents. This is sometimes referred to as corrosion. but
should properly be called incrustation. as the metal doe!, not appear
to be attacked. As tt may be detrimental to battery performance, tt
is removed by washing with cold water and a stiff brush.

4. Blue crystalline growths on the nickel plated nuts have been observed
in two batteries. One of these was in tropical storage; the other was
stored for several months at 125°F and 50 per cent relative humidity.

This has been ascertained to be copper carbonate. formed when the
nickel plate on the nuts Cakes off and exposes the copper undercoating.
It is evidence of a poor plating job. but would have a negligible effect
on battery performance.

D. Defects Found in The Inspection of New Batteries

A survey was made of 12.308 batteries examined by the Inspection Divi-
sion. 	 The monthly incidence of each clas 	 of defect is tabulated below.
and appears in graph form in Appendix 1.

['ABLE 13

•tiumner of 	 Percent
Batteries 	 Showing 	 Percent of Each Class Defect

Month 	 Examined 	 Defects

1953
Juty 923 16.5 0.0 2.2 6.6 fl."?
Aug. 1588 12.4 0.0 1.2 1.3 '.4
Sept. 1576 1 7. Z 0.1 2.6 1.9 14.1
Oct. 195S 14.0 O. 1.0 3.1 S.6
Nov. 1221 17.1 0 . 8 1 . f.. 4.4 10.2
Dec. 1102 20.1 0.4 2.0 1.3 16.8

Pr ‘""4..1 t	 !	 r". r
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TABLE 13 ( cord)

Number of 	 Percent
Batteries 	 Showing

Month 	 Examined 	Defects
Percent of Each Class Defect
AB 	 C 	 D

1954
Jan 780 19.6 0.3 1.3 4.1 15.9
Feb. 852 14.7 0.5 0.7 2.7 14.2
Mar. 1029 33.4 0.7 2.4 9.3 41.5
Apr. 976 26.5 0.3 1.5 5.6 32.9
May 306 31.7 0.3 1.6 8.5 30.1

NOTE• Since some batteries exhibit more than one defect.
Columns 4, 5. 6 and 7 wilt generally add up to more
than Column 3.

Referring to the table, it would appear that the percentage defective
batteries increased sharply in March. 1954. It is doubtful, however,
whether this should be ascribed to an actual increase in defects rather
than the improved detection of defects brought about by more rigid in-
spection methods. For example. in the first month listed (July. 1953).
nine categories of defects are given. By April. 1954, this has increased
to fifteen categories, indicating an improvement in inspection practice.

Furthermore) it will be noted that a major part in the defect increase is
due to the greater number of Class D defects, particularly high and low
electrolyte Levels. For the month of March. 1954, 39 per cent of the
total number of defects listed are ascribed to the level of electrolyte.

With reference to Graph 7, Appendix I. it will be noted that in sane in-
stances a summation of defects by classes ( A. B. C. D} will exceed the
total percentage of defective batteries. This is because many batteries
are found with two or more defects.

E. Examination of Batteries Returned From Sites 

A program was initiated to make a thorough examination, on a sampling
basis, of batteries in the various Sites.

A total of twenty batteries are to be returned from the Sites to Sandia
Corporation semi - annually. However. the first lot of batteries checked
under this program came from the Sandia reserve. The second lot came
from Sites A. B. C and 0 ( five batteries from each Site).

1. Summary of Results

a. First Lot - Batteries From Sandia Reserve

All batteries passed all electrical tests, except that one battery
(No. IS) was five seconds below the required discharge time
following the cold storage test.



b. Second Lot - Batteries From Sites

carbonation of the electrolyte increases with age.

One battery did not have one set of the wedges which hold the.
cells in place. All but two of the batteries showed incrustation
(white crystalline solid) at the terminals.

One battery yielded very low comparative discharge time. fol-
lowing the high-temperature test.

One cell was found to be defective. Mr. W. M. Evans, 5521.
performed the post mortem and reported dirt in the separator
material. probably causing an internal short. The discharge
results following all other tests were satisfactory.

2. Procedure. - Flatteries were visually inspected for packaging de-
fects or damage to the units. The units were inspected to determine
whether (1) the cells were held tightly in place. (2) the cell connec-
tions were secure, (3) the cable leads were satisfactory, and (4)the
the electrolyte level was satisfactory. Electrical tests consisted of:

Test I. Charge-discharge capacity.
Test 2. Retention of charge - high temperature.

• 	 Test 3. Cold.
Test 4. Maximum voltage.
Test 5. Vibration.

rest I -- Each battery unit (20) was fully charged. allowed to stand
for 24 hours, and then discharged. The battery must be capable of
supplying a minimum of 7.2 minutes of capacity to the end voltage of
25.2 volts. For a full charge using a Signal Corps battery charger
PP 7 75/V, ten batteries were charged in parallel at 37.4 volts for
100 minutes. or until the current was less than one-half ampere per
battery. Discharge was at room temperature into a constant 1.07
ohm resistance to an end voltage of 25.2 volts.

Test 2 -- Each battery unit (20) was fully charged, stored for ten
days at +125°F. cooled to room temperature. and discharged. the
battery must then be capable of supplying a minimum of 4.0 minutes
to the 25.2 volt end voltage.

Test 3 - - Each batte7 unit (20) was fully charged, allowed to stand
for eight hours at -65 F. warmed to room temperature. and dis-
charged. The battery must then be capable of supplying a minimum
of 7.2 minutes to the 25.2 volt end voltage.

Test 4 -- Each battery unit (20) was fully charged. allowed to stand
for one hour at room temperature. and then discharged into a 2-gluts
resistance. The voltage at IS seconds was recorded. The voltage
should be no more than 3(t.5 volts ut the battery terminals.
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Test 5 -- Different vibration test procedures were used for the two
twenty-battery tots.

Of the first to (Sandia reserve), four battery units were fully charged
and vibrated for one hour in each of the three principsi axes for each
of the following conditions (total of nine hours):

1. From 10- to-10 cps in 5 minute cycles with 0.109-inch constant
double amplitude.

2. From 33-60-30 cps in 5 minute cycles with 0.054-inch constant
double amplitude.

3. From 60-300-60 cps in 5 minute cycles with a constant accelera-
tion of 5 g.

or the second lot (batteries from Sites). four battery units were fully
charged and vibrated according to SCS- 7 -

Batteries must be capable of supplying a minimum of 7.0 minutes to
the 25.2-volt end voltage if discharged later than 30 hours after charge.

3. 	 Results

a. First Lot - Batteries from Sandia Reserve 

Visual inspection revealed no defects except that about 8 per cent
of the cells were low on electrolyte. Distilled water was added
to these. They are shown in Table 14. together with the battery
serial numbers. The discharge results are shown in Table IS.
the only discharge below specification was battery No. 15 after
the cold test. and this was only 5 seconds below the specification.
This battery had the lowest discharge time after tests 1 and 2.

The results of the maximum voltage test are shown in Table IS.
Most of these were slightly high (0.1 to 0.3 volts) at 15 seconds.

The results of the analysis for carbonation in the electrolyte and
the specific gravity of the electrolyte are shown in Table 16. There
was no apparent correlation between the extent of carbonation and
the battery ...apacity. but one cell from each battery . ts not indica-
tive of the capacity of the 24-cell battery. This analysis estab-
lished a zero point for the extent of carbonation under storage con-
ditions.

h. Second Lot-Batteries from Sites

Visual inspection revealed corrosion on cell terminals. some cells
low on electrolyte, and one battery devoid of one set of the cell
clamping wedges. These are shown in Table 14. together with the
battery serial numbers.

UNCLASSIFIED'
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The discharge results are shown in Table 15. The tasty ditchers*
below specifications was Battery No. 2.0 after the high temperature
test. This battery contained one detective cell ',Mc? was, post,,Wtor
yarned be the consultant, who reported "diet" Ili sieparater mat-
eriel which was the probable cause of the short. but he is foriverd-
ing the cell to the Materials Test Laboratory for esaminatice.

The results of the maximum voltage test are shown in Table IS.
Several of these were high but only slightly (0.1 volt).

The results of the analysis for carbonation in the electrolyte are
shown in Table 17. These are interesting in that a trend of increas-
ing contamination with age of battery. seems apparent. the higher
percentages do not s , i•em to have any significant effect on battery
capacity.

Test Conducted by W. E. Bosken. 1611-1

•



Serial Numbers of MC-193's Milted

Code
Number

From
Site Serial No. - 	 •

Cells Low on Electrolyte

Number of
Corroded
ferminets

1 DC 5555 C3 None Not Recorded
2 DG 6798 D3 None Not Recorded
3 DG 8184 None Not Recorded
4 DG 6598 D3 None Not Recorded
5 13G 4992 133 1,4,8 and 20 Not Recorded
6 Dc 5514 C3 10, 14 and 20 Not Recorded
7 PG 6759 E3 7, 8, 20** and 24 Not Recorded
S DC 6724 D3 None Not Recorded
9 DC 5241 133 19 Not Recorded

10 DG 8015 E3 None Not Recorded
11 DG 6331 D3 None Not Recorded
12 DG 5558 C3 3 Not Recorded
13 DG 5592 C3 4,5.6 and 23 Not Recorded
1 	 '. DG 6760 E3 8 and 17 Not Recorded
15 DG 6151 E3 3.4, 6,11.12,13,16,18,20&24 Not Recorded
16 DG 6282 133 19 and 21 Not Recorded
17 DG 7839 D3 None Not Recorded
18 DG 7989 E3 None Not Recorded
19 DG 6542 D3 None Not Recorded
20 DG 4763 B3 13, I6 and 18 Not Recorded
21 8 DG 9552 F3 None 4
22 13 DG 13459 H3 None 6
23 B DG 9511 1 0
24 B DG 13380 113 None 10
25 B DG 10773 F3 8 7
26 D DG 7735 133 None 1
27 D DG 11937 F3 1 1
28 D DG 12007 F3* I 5
29 A DG 4489 A3 None 9
30 A DG 6825 E3 3 10
?1 A DG 6371 133 None 6
32 A DG 5457 C3T None 16
.33 13 DG 7584 D3 None 0
34 D DG 604 7 C3 None 2
35 A DG 5308 133 None
36 C DG 12243 H3 None 4
37 C DG 9726 F3T 1 35
38 C DG 4044 A3 None 1
39 C DO 3079 A3 3 2
40 C DG 12176 if3 None 20

•
Cells are numbered one at the positive terming! through twenty-four at the
negative terminal.

so 
Terminal corroded. spewed at terminal during charge.
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TAHLE 15

•Complete Discharge Times of MC-193's Tested

Disehar e No.

Mtn. Sec. Mug. See.

9 	 30
8 00
9 	 17

8 	 46 	 8 49
fc 	 56

9 	 lc 	 9 	 39
';1

8 	 S9
07

9 	 12
9 	 22
9 22
8 	 36
8 	 52
9 	 45
9 	 18
9 	 15

23 	 9 	 1 5

9 09
57 	 9 	 39

8 	 07

9 	 23

t3 stt cry
No.

1 	 2 3 4
Volts Min.- Sec.- Min. Sec. Min. Sec.

1, 8 56 , le 8 37 10.5
2 8 39 6 46 7 33 30.6,
1 8 55 7 36 8 23 30.7
4 8 27 6 55 8 04 30.8
5 9 32 7 48 8 48 30.7

9 04 7 14 8 21 30.7
7 9 00 6 56 8 07 10.
4 8 44 2 8 07 30.8
1 K 45 15 8 SI 30.

to 8 51 25 8 13 30.8
1I 8 57 7 40 8 24 30.6
12 y 15 7 18 8 46 30.6
13 9 09 34 9 03 30.5
14 8 31 05 7 55 30.5•
15 8 08 6 22 7 07•• 30.4
16 0 07 42 8 16 30.6
1 7 9 00 6 44 8 14 30.6

A 9 03 I, 48 8 03 30.6
19 8 53 7 17 8 04 30.6
20 8 97 7 37 9 08 30 .

2: 8 23 18 8 19 30.5
.....I , • 59 7 28 8 14 30.4
23 8 10 7 04 8 0 7 30.5
24 8 15 7 00 7 54 30.5
25 8 20 6 51 T 50 30.5

26 8 16 7 30 8 42 30.5
27 8 32 .. 24 8 26 30.6
28 8 17 6 57 8 28 30.5
29 8 21 7 33 9 02 30.6
34 9 07 16 8 35 30.5
31 8 45 7 19 8 48 30.6
32 F. 50 09 8 59, 30.6
33 8 48 00 9 00 AO .
34 8 08 6 26 9 08 30.S
3; 9 00 22 8 24 10.4
P: 8 35 42 8 46 30.6
57 9 25 7 07 8 34 30.6
38 8 44 fl 45 9 35 30.6
39 8 35 • Or. 9 31 30.6
40 8 54 3 30*** -

*Discharge: 1.07 constant resistance - Room Temperature -
**Below specification by 5 seconds.

***railed; Rerneved•front test and given to Mr. W. M. Evans
at lotat one defective cel!)•

End Voltage 25.2 volts.

• ISM for post marten*

1111111111111111111111111111111111
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Tablet 15 ( cord)

Discharge No. t - Immediate Charge - Discharge Capacity Test
Discharge No. 2 - Following 10 days at +125 °F
Discharge No. 3 - Following cold storage test
Discharge No. 4 - Voltage at 15 seconds - 2 ohrn load
Discharge No. S - Following vibration test
Discharge No. 6 - Following conditioning charge

TABLE 16

Results of Analysis for Carbonation and Specific Gravity

Battery- No. Per Cent K2CO3 Specific Gravity

3 6.9 1.21
5 12.0 1.23

9 13.2 1.24

10 7.8 1.25

13 11.6 1.26

14 7.0 1.25
15 9.2 1.25
16 6.7 1.24

19 8.2 1.23

IED-r



TABLE 17

Electrolyte Analysis

•

F. D. HESS - 5311
D. 1... LAWSON - 5311

Case No. 435.03
August 24. 1954

UNCLASSIFIED

Battery No.
Per Cent K2CO3 Spactfie Gravity
Celt 4 Cell 24 Cell 4 Cell 24

21 13.8 11.5 1.249 1.257
22 9.6 9.9 1.238 1.233
23 13.4 10.5 1,240 1.221
24 11.1 10.0 1.244 1.261
25 10.4 11.6 1.216 1.227
26 11.1 11.0 1.250 1.255
27 10.6 9.9 1.231 1.242
28 10.1 13.4 1.252 1.267
29 27.7 24.9 1.266 1.238
30 10.3 11.7 1.244 1.249
31 9.9 11.7 1.221 1.222
32 13.8 13.4 1.260 1.274
33 11.8 11.8 1.265 1.268
34 12.7 13.4 1.260 1.244
35 25.4 24.7 1.Z43 1.244
36 11.2 10.1 1.244 1.260
37 13.8 15.8 1.227 1.250
38 26.9 25.7 1.258 1.246
39 26.8 27.1 1.231 1.243
40 8.6 10.1 1.211 1.238
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APPENDIX I

Graphs

Number

1 	 Water Loss vs Storage Time

2 	 Discharge Time vs Storage Time (165 °F.)

3	 Discharge Time vs Storage Time ( 140 0F.)

4 	 Discharge time vs Storage Time (125 °F.)

5 	 Discharge Time vs Storage Time (I10 0F.)

6 	 Storage Temperature vs Useful Life

7 	 Per Cent Defective Batteries per Month
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APPENDIX 2

Photographs

Number

I 	 Cell. Showing Crazing

2 	 Cell Cross Section, Magnified, Showing Crazing

3 	 MC-193 Battery After Shock
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