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UNCILASSIFTED

FHE MC-193 AND MC-193A NICKEL-CADMIUM BATTERY

I SUMMARY

A.

Purpese of this Report

Since the Technical Memorandum on the Development and Fvaluation of
the MC-193 Nickel-Cadmium Haltery was published in November, 1953,
the completion of long-term tests and the gathering of informatinn on bat-
tery performance has made a supplementary report on the same subject
destrable.

The present report 1« not o final treatment of the hattery as o whole, but
a series of studies of certain probiems that have arisen in coanectian

with (ts maintenance and use.

Water Loss con Storage { 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 1257F. In a humid chimate, these <terage ‘"'"‘f'\
can be extended 1o 48 months at room temperature and 12 months at 125 F

Crazing of Plastic Celt Cases { Abstract)

The crazing of cell cases 15 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 elecirolyte during the first 21 months of
sicrage. The effect of additional storage time will continue to be studied.

Environmental Teats { Abatrace)

The assembly comprising the M(C-291 battery box and MC-1923 battery
were tested for resistance to vibration, shock, linear acceleration.
humidity, salt, and rain. While one MC-193 battery case was bowed by
the shock test, the battery itselfl gave satisfactory discharges ‘oflowing
all tests.,

Fhe apecified storage tost for the hattery (s 22 davs al 125% . s was
compared 1o a test intended to represoent severest known actund aturage
condiligna with respect 10 temperature, namely, cycling betwesn 90 %F
and 140°F a1 100 per cent relative humidity.  The latier test <howed

(AT
semewhat higher capacities after 22 davs, indicating thal the test at 145 F

provides a margin of safety irn evatuoating the battery for high temperature
storage.

An equatior of ballery Capacity n terms of temperature was developed,
Lased an dala dertved from the storagse of seventy-two butteries.
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Eo Qualiy Cantrol Analysis { Abstract)

Y An analysis 18 presented of types of defevts foond in new sind stuakpiled
batteries. Yariations i anspeciion practice make it difficult 1o dedect

trend: in data. and the recent {ncrease in Class "D defects may be as-
cribed to closer inspection, particularly of electrolyte tevela. COme bal-

)
tery from ‘;mckpne faited to pasa the discharge test after ten davs® stor-
nge w1 12597,
I WATER LOSS ON STORAGE { Detalled Discussion)
A. Summary
B e
In a dry cltmate the M(C-191 battery cell loses water by evaporstion at
the {ollowing approximate rates
TABLE !
Grams Per Day Fl. Oz. Per Day
per Cell per Ceil :
Room Temperature 0.014 0.0005%
125 0.060 0.0020
.

Fstitatung that a pattery will not perform efficiently if more than 15 per
A cent of it electrolvte has heen removed, 1t should be watered prior o
N use f stored more than 15 months at room temperature, or :f stored
more than 4 months at [257F,

These figures are for desert conditions. [n a humid climate they can be
extended (2 4R months at room temperature and 12 months at 125 F.

In addition 20 temperature and humidity the rate of water loss depends on
the type of battery { MC-193 or MC-1932} and the state of charge. To
reimimize water '0oss. the batlery should he stored in the discharged con-
41tion.

]
4. Previoys Tests .

Tosts rmude on ceil cases with secaled vents, {itied to the mark with elec-
irolyte, indicated water lossss az foilows:

Nickel -Cadrmiure Battery., p. 2%, Technicsi Mc_amc,r;mqm 183-53-%3.
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FABLE 2

Groms Per Doy 1. Oz, Per Dav
per Colt Her Cedl

o e o e o e

Raoom Tempoerature 0.012 0.0904
127 0.044 0.0014

This 15 an acceptable check on the figures first cited, a< the test issem-
blies were not identical. The first figures duplicate ciosely the actosd
haltery assembly.

. Test Procedure
An MC-193 and ap MCO-1998 hatters were broken down into thetr compao-
nent celis. Six cells from cach battery were tored and weighed at 30 -

day intervals under the following « nuditions

1. Rooem Temperature {70 - ﬁQOF)
125°F

-. CTharged
Mischarped
3. Hetative Humaduy near zero.

O
A sveend MO -193A battery was stored 51 125 F and S0 per cent relalive
humidity. This battery received o booster charge every 10 days., and
its cetls were wetghed at 30 -dav tntervals as helore.

Sorecord was made of cobl cases showne wagne of crazine or surfnce
cracking of the plasts o aeder 1o wea 3 f vrazet} eellc Toat oo cloriro-

Pvie than sowcrazed celia.

Finally at the conciusion of the tost, elecirolyts was withdrasan from one

coll in cach bateh of six., and the potassrum hvdroxide and potassivm car-
bonate ¢ontents determined.

he average fo-~en for each group are hinted bejow in thliaiar formr and

dree alen shoan n iy ept e L0

O e v emmaiwn e e e mw C e i A . e i A g s - s S N St
e it P O . . . . . .

1
Appencdix }, Graph !,
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The weight loss for charged cells ran 19 per cent higher than for
discharged cells. This is duc to the fuct that charged celis aro
warmad alightly sbove their ambient temperature by internasl dis-
charge. [he differentiat 4 shown below:

FARLK S

Carvonation
Laroounatil

Porcentage
Increment in Wi, Loss of
ype of Battery Temperature  Charged over Discharged Cells
MC 193 RT 26.9% :
M -1 125° 12.9% y
Nt 1At RY t.2%
MO 1934 1259 16.5% i

3. C(Crazud cells showed only a1l per cont greater weight loss than un-
crazed cetls. This figure is believed to be neghigible, statistically,
and agrees with cbservations on crazing to be found in Section 1S,

. Ntandard deviation for weight tosc af all cellc examined was 11,5
perr oeeny,

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-
honate after 9 doys storage. [The last column shows the per cent potas-
sinm present in the form of the carbonate. This figure is appreciably
higher for batteries stored an the charged ronditien o4 an clevated Lo <
prrature, leading (o the speculation that the carponation maght eecur due
tn oxidation of organic matter, possibly the celiophane separator. by the
positive plate.
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TABLE # N

. E
Per Cont
Per Cent  Per (ent Fauivalems ’ §
M fype of  Condition Storage Potasstum Potassium Potassium as A |
Haltery of Charge Temperature Hydroxige (arbonate Carbonate
MC-193 Uischarged RT 25.1 9.8 239
MC-I93A Discharged RT 24.5 2.8 22.%
M(C-193  Charged RT 20.1 7.1 26.9
MC-193A Charged RT 18.2 7.2 24.1
MC-193  Inscharged 1352 25.1 10.5 25.3
MC-193A  Discharged 125 23.3 9.8 25.3
MC-193  Charged 1252 225 13.9 33.3 |
MC-193A Charged 126 21.4 11.9 31.3 .
MC-193A4 Hooster Charge 12%° 18,7 13.6 37.9
every ten days (sNER.H.) ;
s iii CRAZING OF PLASTIC CELL CASES (Detailed Di:scussion)

A. Summarsy

Some battery cells, particulariy in older batteries, exhibit 2 condition
known as crazing in which fine surface cracks appear on the plastic cell
case.’

These cracks appear almost invariably along one end of the cell case -
that end which is next to the battery case, They extend in the form of

an inveried V {rom the center of the case toward the edges. They are
on the outside of the case and penetrate about halfway through.

A consideration of the stresses to ahich the cell 1o cubrect shows that
this type of crazing weuald resalt in relieving a strain imposed from above.
The location «f the crazing on the outer coll face indicates that crazing 18
caused by ‘he driving of the nylen retomning wedges iato place atong the

.. outer, upper rim of the haticry case. For the sake of appearance this
conditicn shouid be vorrected, however, there is no evidence that it affects
battery performance. A dilferent method of wedging may bhe roguired (o
eliminate crazing.

’;‘A_ppendix 2, Photogrsph 1.
z.ﬁyp«:ndix I, Phatopraph 2.
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B.

Effects of Crazing

Sinice these surface cracks do not extend (nto the inside surface of the coil,
they should not permit any leakage of olectrolyte. Thin 18 horne out by (he
exprerimental ovidence. A test of sevenly celln stored for % days o) room
terrpérature and 125 F shawed o wiater foun from crazed cells only 1 per
cont migher than Irom uncrazed cotls 'Z ‘

Vucthermore, the presence of surface cracks doos nol appear 1o weaken
the zell 1o abtlity to withstand internal pressure.

. 2

fests were porformerd to determine the presaure al which crazed Bake-
tige C-11 coll cases sustain domage detrimental to battery performance.
It was desired that these cells be rexploded by pressore inasde o carma?

battery where the battery cane and cefis 00t s o tarnp,

Six crazed Bakeirte (7211 cell cases were obtained from a single Latiery.
The regalar rubbier vent mechanism was reinforced by winding rubbor
hands around it o order that the cell case would sustain the pressure
mecessary to explode it. The six celis, with the iiler screw removed.
were placed 1n another Ni-Cad hattory and the ontire battery was chargs-d.
By charging the enUfe hattery, < ell precaare o0 L0t upin each individuaa!
cetl with the resu't that a much tighter clamp 15 avatiable. Waith o ol

fuily charged, any further charge will produce pressoare an the celf.

A opressure meter recently calibrated was sorowed into the voent Gller,

sealing the coll from any jeaknge, Urang a single cell charger, the ceitl
was charged at a 10 ampere rate untii 1t exploded.

iy. HMeoesults
Poente T

Plrense re 5t whieh Prosition of
Uit it Flaplorded Cell Faitlure
~No. ! <= P'st Stong ancrazed side
No. 2 =5 PS8} AMlong unerazed side
N d nt P51 Meng s raged side
Ve d R A8 ceareed sl
T'-'.).' R RO croapenl il
Nl b AR AT e orazent s de

‘
4

. g
TR ey,

This report, Scction

Nareeh 1o ptald, et 22 Jpnuary PSS,
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ENVIRONMENTAL TESIE ( Detntled Discussion)

A

2. sSummary of Results. - Three MC-291'5 failed the vibration tests be-

Conclusions

From the stx untts tested (1 appears that crazing to the extent m-nrcd to
date does nat weaken the Hakelite C-11 cell case.

The MO =291, MC-193 Asaembly

This 1y 0 ahstract from a report by the FEnvironmental [eat Division on
the Nickel-Cadmium batlery and battery box aasembly. Those sections

of the report concerning the M -291 battery box  only, have Leen ramit-

ted.

1. Ohject of Test. - These tests were performed as a quatity check of
the MC-291, MO -193 assembiy with respect to vibration, shock, hin-
enr acceieration, humidily, salt. and rain,

cause of broken thermostats. The MC-193 clamp was bowed during
the shock test. The MC-291 latch opened during the shock test. The
MC-2%91's and the MC -193'5 passed ali other tests.

3. Procedure. - Four MC-193's, Lot Nos. 353, 381, 382, H.5. No.7473.
and four M(-291's were supplied. One MC-291, MC-193 assembly
was subjected 1o each of the following tests: Vibration, shock, linear
acceleration, humadity, salt, and rain. Before and aftcr each test the
MC-291 was grven a functional test which consisted of 3 healer resist-
ance check at +#50°F and a high-potential check (207 volts d-c) at +90°F.
I'ho spectflication calls {or a heater resistance of 7.0 to 7.7 ohms xt
+50°F, and at least i megohm 3t +90°F, except afu;'r hunudity. train,
or salt - then 1t should be at least 500 ohms af 4D F. The MC-193'x
were given an wmtal charge and discharge test, charged before and
discharged after each test.

Vibration text A was performed according to SCS-7, procedure Lo pav-
agraph 4.7.2, and consisted of a4 resonant surves along each of the
three major axes, one hour of vibration at resonance, and one hour <!
vveitng. Waith respect to the MU -291, the vibration a! resonance s
the longituding! a%is was at 200 cps for 30 munutes, eng o - % Gy {or
30 minutes i the vernceal axis st 115 epe for 30 minutes, and ot 96
eps for 3 munutes, and in the transverse axis at 9% cpr Tor &0 manutes.
At ap time was there any single severe resonant point, but rather a
range of {requencies through which resonances occerred. The {re-
quensics vonsidered the worst were used for the resonant vidralion.
The cycling was from 310 to 73 cps with & constant double amplitude of
0.036 inch, and from 73 10 500 cps at a comstant acceleration of IQ £.

Vibration text A caused a thermostat fuilare in the 5A-32 heater bian-
ket of the MC-291. Therefore, wibration tests B and ¢ were nariarvwd
and tw s MOre axsemblies were vibrated in a manner simijar to vibra-
tion text A. However, aiteraty ,«1- n‘ test conditions, making the test

IN LASSIF ED
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. Results. - All units supplied were in good condition. Six cells needed

much more severe, were ss follows:.
*
a. The usemb)y was at & cold tsmperature ( -60% F) at the start of
vibration tn order to monitor the thermosatats for chatier when
Clmedo

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

The shock tests consisted of 100-g acceleration of 0.005 sccoad dura-
tion in both directions of the vertical axis of the MC-291, and 30-g
accelerations of the same duration in bath directions of doth the lon-
gitudinal and the transverse axes.

The linear accelerztion of 50-g for one minute was applied along atl
three axes.

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

The salt-spray test was a 50-hour test conducted in accordance with
MIL-E-5272 (USAF), section 4.6.

The ra2in tes! was a 2-hour test with a simulated rainfall of 4 4 i inch
per hour.

addition of distilled water to bring the electrolyte level up Lo 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 450 °fF. One thermo- -
stat was broken internally. The thermostat elements are supported
by the two leads which have two 30-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 materizls in-
side the thermostat and was produced by the mortar and pestie action
occurring between the element, insulation, and case during vibration.
Operable thermosats when opened did not have powder. One of the
end thermostats did have a high contact resistance {1 ohm } which
was aitributable to the powder,

At the completion of vihration tesis B and C, both MC-291's had three
hbroken thermostats {top, bottom, and one end} which broke internaily
al the hend in the leads. However, as poimted out in Procedure, the
assembiies were cold at the start of vibration and this coadition on~
doubtedly.reduced the {lexibility of the leads. The MC-193 clamp in
mach case broke, one sevorely, the other slightly, thus {nereasing the
amplification of the MC-1%3 in the MC-2591. This breaking, nol ob-
served before in batteries used as fillers, could also be stiriduted to
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The chatter encountered was meaningiess because it was probably
caused by the making and breaking of the broken lcads of the ther-

maostats.

Tabie 8 shows the discharge results of the MC-193's. Table 9' lhmrs
MC-193 preakage doring vibration tests B and C.

The MC-193 discharge results were satisfactory following all tests.
The cells turned blackish durtng vibration, as usual, with no harm-
ful effect on battery capacity. With the MC-291 in the inverted pos{-
tion, the clamp was bent when subjected to a 100-g 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. BOSKEN - 1611-2

TABLE 8
Results of MC-193 Diacharge

Time of D!scba:;‘g to 25.2 Volts

Before Testing After Testing
Bsttery No. { min) Test { min}
DG 8562 F3. 8.73 Vibration 9.67
DG 133149 H3 8.15 Shock 8.42
DG 13138 G3 8.23 Linear Acceleration 9.03
DG 8332 E3 8.75 Humidity 6.93
DG 13138 G3  (See linear acceleration) Sait 9.23
DG 13138 G3  (See linear acceleration) . Rain 8.53

Discharge: 30-volt units, 1.07-chm resistance, room temperature

Minimum requirement: One minule t025.2 voils

U NCLASSIFIED
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TARLE 9

MC-1923 Breakage During Vibration Fests B and C
Battery No. 1
History. One previous €-hour vibration { 5C5-7

1. The top of clamp broke at both ends on the side without
flanges { up side in the MC-291).

2. Hrohe wedge holder part of clamp on the side with {langes
{down side in the MC-291).
The cells were then insecurely held 1n the clamp.
V.  FElactrolvte spilled over hottom of bax,
4. Six connecting straps broke.
One large strap broke completetly.
One large strap cracked at one cnd.
Three small straps broke completely { hoth ends).

One small strap broke at onc end.

S, Three nuts came 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-271).

B. Twenty-two DDay Storage Tests at Elevated Temperature

1. Summarv. - S‘ncc*"ica!iom] for the Nickei- Ladmsum hatu-rv calt for
a charged storage test of 22 days' duration at 125 °F +2°, after which
the baltery should have a minimum discharge time of 2 mmutes lhrough
: cncmsmn: 1.07 ohm resistance ioad. with the battery {emperatuce at
%0 .

KRty thas slarage imes s

thas wctual environmental conds-

Tovts Lave oo s ondurtod o detiorern e

tomiperalere oo realintye (0 ternr . o
tions 1o whieh the bnllery s sulect

The conclusion, on the basis of the evidense presented here, is that
the test ¢ valid and yields results that are on the conservative side.

ERea. -~ -

e

Dwg. P13837. Javae A, Desipn n"nn’r"ﬂum foar the MO -193A Ni.-Cad Hat tery
I'nig, Fgra, 1.2.2.
———i
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Consideration was atso given to the fact that the mmt{ry uss of the
battery permila charged storage times up to 44 days.” ]t I8 evident
that thers is g gap between the 22 days' storage time that the vendor
must “build into the battery” xnd the permissible {leld storage time.
1o future produclion. the vendor conid silow the quality of the battery
to be degraded to such an extent that while it womld still meet the
specifications of Dwg, 119837, it could no longer satisly the aliowed
storage time of Tables | and II of the Preparastion and Application

Manuai.

Studies are now being made by 5131 and 5311 on current battery stor-
age data to detarmine what corrections should be made to the produc-
tion test requirements in order to insure no degradsation of battery
pertormance in future productio.; batteries.

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

a. The extreme high temperature iimits that the battery would
reaaonablyobe expected to megt over a 90-day period are a
high of 140 °F and 9 low of 90 F during twenty-four hours.

b. A twenty-four hour temperature cycle could be simuiated in the
laboratoiy, regulating ths tempcra&ure 23 % sine wave function
hetween the limits of 140 °F and 90 F. -

Accordingly, two fully-charged battaries were stored for twenty-two
days a! 100 per cent relative humidity, using the above temperature
cycle. They were then discharged, 8 cells at a time, through a 0.3%7
ohm resistor. Average discharge times to 8.4 v, equivalent to 25.2v
for a {ull battery. are given here, compared to the average discharge
time of 72 battery cells stored 22 days at 125°F.

TABLE 10

Discharge Time
Battery No. 5808 5 min. $7 sec.
Battery No. 5958 S min. 42 sec.
Average for batteries stored at 125°F 3 min. 50 sec.

In addition, a test was conducted by the Field Forces Department in
which two batteries were stored for %0 days under desert storage cox-
dittone. They were then discharged through a 1.8 ohmn resistor with
the {ollowing resulis:

T
SC-26378 (Tm). Preparstion and 8 pplication Manual for MX 2 Power Supply.
23 December 1953. Table 1l gives 44 days as the sturage lime for the X ° -~
1307 diurnat cycle. .

Zar.. €.
5311-{ $4).

F. Bild, %311, to N. L. Vinson, 1732, did. 18 May !_9_5f._ﬁ.c£.$yvn:
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TABLE1L UNCLASSIFIED

Battery Number Time to 25.2 v Time t0 24.0 v
8726 6.0 min 17.7% min
8267 7.8 enin 19.7% min

Thesa sesulls 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 s storsge periad
which was probably in excess of that allowed under I'able 11.

3. Conclysion. - A charged storage test for the Ni-Cad battery of 22 days
at 1257F, followed by 2 two-minute minimum discharge perind through
1.07 ohms to 25.2 v, is a realistic and conservative appraisal of the
battery’'s ability to withstand high tempersture storage.

Other data studied by the Department 513'01 '2 yielded substantially the
same conclusion.

C. Eguation of Battery Capacity in Terms of Temperature.

1. Summary. - Since the publication of Tables I and II in SC-Z637B{Tm)’
giving the maximum allowable charged storage time for the Nickel-
Cadmium battery at elevated temperatures, more extensive tests?
have been run, permitting the development of an equation for the ca-
pacity of batteries in charged storage at various !empern!ures.s

Due to time limitations, storage tests on twenty-four batteries at
70°F and 90°= have not yet been completed. Each storage test re-
ported herein has been made at a {ixed temperature, and further
study must be made to relate these tests to the fluctuating tempera-
tures actually experienced by the battery in storage. [his report,
therefore. is limiied to the pradiction of the charged capacity of bat-
teries in storage at fiXed temperatures of 90°F and above.

lS!.ortuze Life of Ni-Cad Batteries under High Femperatures. fechnical Memo-
randum :8-54-51, February 23, 1954.

2
Maxtmum Temoerature Patterns in Hot Ciimates. Techmeal Memorandum
80-54-51, June 4, 1954,

;SC-ZH?B(Tm) Preparation and Appiication Manual for Mk 2 Power Supply.

4ln&erim Report of Temperature - Storage Tests of MC-193 Nickel-Cadmium

Batterios, Bosken to Bild, dtd. 29 June 1954, Ref. Sym: 1611, Project No.
ET-1720-A.

5 rochnical Mamorandum, 75-54-51. dtd. July 21, 1954, Title: "Analysis of
MC-193 Nicket Cadmium Battery Storage Testz, * C. R. Clark - 51311 and
F. P, Hudson, 131,
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fhe altowable sterage periods for the temperatures considered were:

LASSIFIED!

TABLE 12 L
Tempearsture Aliowabie Storsge Period
168°F 4 days
140°F 14 days
126%F 34 days
110%F 85 days
9%0°F 130 days!

Expressed in equation form:

18000
y=8.045 -1.780 ¢~ 110 {5 - 289

x -2.21

y = capaclty in minutes {down tc 25.2 voltage fevel thru
1.07 ohm load)

T = temperature. degrees Fahrenheit
x = storage time in days

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 (rom three cells in each battery for analysis. They were
then recharged, and electrglyte samples taken from the batteries to
be stored at 125 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 stosnge timg. s pair of batteries

.was kept with the ambient temperature at 50 F overnight then dis-

charged in lots of B cells to give the test data for capacily. Ftnallyd

a!ec!roigle samples were romoved from the batteries stored at 165
F

snd 140 F,

l‘rhis value obtained b exirapoistion.

e e
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}. Hesulls. - Expressed as permiscible storage times far the ‘varinos
tes! ternperatures, the resnults are given in tabular and equation fona
in the summary and graphicaliv {n Appondix . :

The graphs are based upon the actual test data and would not coincide
cxactly with storage timex calculated from the capacily-storage equa-
tion. Some revision of Tables § nnd [ in the Preparatien and Applica.
tion Manual mav he required when atl storags tests have heen comr
pleted, More informatinn is necded to give the relation hoetween stor-
age at ¥ constant temperature and when subject to diurnal temperaturce
changes.

V QUALITY CONTROL ANALYSIS { Detailed Discussion)
A. General

Procurement and stockpiling of the Nickel-Cadmitum hattery are suffictent-
ly advanced to permat a imited determination of trends in quality controf.

Th:s section is a compilation and evaluatien of battery defects noted by
various sources, principally Inspection Department [1, the Quality Asscr-
ance and Surveillance Departments, and the Environmental Test Diviston.
Some laboratory test results are given, but corrective measures are not
in the scope of the prosent report,

3. Ctlassification 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}

. Failed discharge test,

. Crossed polarity.

.  Improperly connected.

. Intercell connector missing.

. Shorted battery leads.

t-. Broken wire or unsoldered connection.

1
2
3
4
5

Class 13 - Serious ( Demerit Value 50)

Loose metai inside ceoll
2. Lecose intercell connector sirip.
3. Cell eracks in tower part of ceil.

-
-

zf\pp(?ndi:r!. Graphe 2, 4, 4, 5, and b,




Class C

7.
8.
9.
10.
1.
12.
13.
14.
15.

- Moderately Serious { Demerit Value 10)

Cell cracks in upper portion of cell.
f.eakage at terminals.

Stripped threpds in vent.

Split f{ller neck.

Damaged insulation.

Loose rib due to poor spot welding.
Damage’. ~onnectors.

fLeaky cell.

fHlardware corroded.

- Not Serious ( Demerit Value 1)

Loose cable clamp.

Plastic locking wedge too long.
High or low electroiyte.

Hardware ( scratches and mars).
Poor plating on connector.
Connector burnt { plastic insulator).
Vent screws loose.

Plastic iubing damaged.

Connectors need paint.

Dirty units or dried potassium carbonate on units.
Burred edges.

L.oose lock nut.

Cracked dust cover.

No polarity markings on cell.

Bent {rame.

C. Evsluation of Specific Defects

Certain parts of this grading system reqvuire explanation.

1.- The subject of crazed cell cases has been considered tn Section III of
this report. As it was concluded that crazing ( distinct from cracking)
to the extent noted to date did not impatlr batlery performance in any

way, no defect classification was assigned to it.

2. Carbonation of the electrolyte is not believed to degrade cell perform-
ance until s concentration of about 60 per cent ( in equivalents of the
tokal polassium content) (s reached. !
Section V may exceed this value, though no impairment in battery

capacity was dstecied.

Some of the cells reported in

!Bell Telephone Laboratortes. Memorandum for Recard-Carbonation of the
Etectrotyie of Nickei-Cudmium Storage Batterfes - Case 38421 -3,

20 May 1953,

UNCLA

SSTFTED

.
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1353
July
Aug.

Oct.
Nov.
Dec.

Further testing is projected {n which unactivated cells will be filled

with alectrolyte containing varying amounts of potassium carbonite.
Cycling and storage choracteristics may then be determined on cells
whose histories are known.

3. Statn, Discoloration, Incrustation. - Cccasionsily stainless stael
filling screws are observed to have o thin film of brown rusi over
the surface. Though no corrective measurc need be tsken, this rust
may be removed by burnishing with crocus cloth.

Discoloration and incrustation on the exterior nickel fittings result
{rom the norma! entrainment of srall amounts of electrolyte {rom
the cell vents. This is sometimes referred to as corrosion, but
should properly be called incrustation. as the metal dovs not appear
to be attacked. As it may be detrimental to battery performance, it
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 {or 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 {iakes off and exposes the copper undercoasting.-
It te evidence of 4 poor piating job, but would have a negligible effect
on battery performance.

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 class of defect is tabulated below,
and appears in graph form in Appendix 1.

TABLE 13

~Numper of Percent

Batteries Showing Percent of Each Class Defect )

Examined Defects A B C D
323 16.5 0.0 1.2 6.6 L i
1588 12.4 0.0 1.2 1.3 7.9 i
1576 17.2 n.1 1.6 1.9 14t i
195% 14.0 0.5% 1.0 3.1 8.4 :
1221 $7.1 0.8 1.6 4.4 6.2
1162 20.1 0.4 2.0 1.3 .8

B e o PR
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TABLE 13 { cont}

Numbes of Percent

Battaries Showing Percent of Each Class Delect
Month Examined Defects A B C D
1954 .
Jan 789 19.6 0.3 1.3 4.1 15.9
Feb. 852 14.7 0.9 0.? 2.7 14.2
Mar. 1029 33.4 0.7 2.4 3.3 41.5
Apr. 976 26.5 0.3 1.% S.b 32.9
May 306 31.7 0.3 1.6 8.5 32.1

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

Referring to the table, it would appear that the percentage defective
batteries increased sharply in March, 1954. It {s 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 tn-
spection methods. For example, in the {irst month tisted (July, 1953),
nine categories of defects are given. By April, 1954, this has increased
to fifteen categories, indicating sn {mprovement in inspection practice.

Furthermorey it will be noted that 2 major part in the defect increase is
due to the grester number of Class D defects, particulariy high and tow
electroiyte 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 1, it will be noted that in scme in-
stances & 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.

Examination of Batteries Returned From Sites

A program was {nitiated to make 2 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 {irst lot of batleries checked
under this program came from the Sandia reserve. Tbhe second lot came
from Sites A, B, C and D ( five batteries from each Site).

1. Sumemary of Resuits

a. First Lot - Batteries From Sandia Reserve

" Al basteries passad all etectrical tests, except that one Battery
{No. 15} was live secomis below the required ducharga 'tmo
following tbae cold stcrugre tase. o .




for 24 hours, and then discharged. The battery must be capable of

days at +125°F. cooled to room temperature, and discharged. The
for eight hours at -6%°F. warmed to rocom lemperature, amid dis-

for one hour at room temperature, snd then dischecged into 2 2-chm , ﬁ:

b. Second Lot - Batteries From Sites

I'he carbonation of the electrolyte tncreases with age"

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

One battery vielded very low comparative discharge time {ol-
lowing the high-temperature test.

Cne 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 folfowing all other tests were satisfactory.

Procedure. - Datteries 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 sausf{actory, and {(4)ihe
the electrolyte level was satisfactory. Electrical tests consisted of:

Test 1. Charge-discharge capacity.
Teat 2. Retention of charge - high temperature.

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

Fest 1 -- Each battery unit (26) was fully charged, aliowed to stand

supplying a minimum of 7.2 minutes of capacity to the end vnitage of
25.2 volts. For a full charge using a Signal Corps battery charger
Pp 775/'y. ten batteries were charged in parallel at 37.4 voits for
180 minttes, or until the current was less than one-half ampere per
hattery. Discharge was a3t room temperature intc a constant 1.07
chm resistance to an end voltage of 25.2 volts.

Test 2 -~ Each battery unit (20) was fully charged, stored for ten

battery must then bhe capable of supplying a minimum of 4.0 minutes
to the 25.2 voit end voliage.

Text 3 -. Fach battery unit (20} was fully charged, ailowed to atand

cherged. The battery must then be capable of supplying a svinimum
of 7.2 minutes to the 2%.2 volt end voltage.

Test 4 -- Each battery unit (20) war {ully charged, aflowed to sland

resistance. The vollage at 13 seconds was recorded. The voltage
should be no more than 30.5 volts ut the hattery terminals.




Test 5 -~ Different vibration test procedures were used for the two
twenty-battery {ots.

Of the first tot {Sandia reserve}, four battery units were fully charged
and vibrated {or one hour in each of the three princips! axes for each
of the following conditions {total of nine hours):

. From 10-30-.10 cps in S minute cycles with 0.109-inch conxtant
double amplitude.

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

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

Of 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 mintmum of 7.0 minutes 0
the 25.2-volt end voltage if discharged later than 30 hours after charge.

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 electroiyte. Distilled water was added
to these. They are shown in Table 14, together with the battery
sertal numbers. The discharge results are shown in Table 15.
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 | and 2.

The results of the maximum voltage test are shown in Table 15.
Most of these were slightly high (0.1 t0 0.3 volts) at 15 seconds.

The results of the analysis for carbonation in the etectrolyte and
the speciiic gravity of the electrolyte are shown in Table 16. There
was no apparent correlation between the axtent of carbonation and
the battery vapacity. but one cell {rom each battery 1s not indica-
tive of the capacity of the 24-cell battery. This analvsxs estab-
lished a xero point {or the extent of carbonation under qtorago con-
ditions.

b. Second Lot-8otteries from Sites

Visuai {nsgection revealed corrosion on cell terminals, some cetls
fow on electroiyte, and one battery devold of one zet of the cell
clamping wedges. Those are showt in Table 14. :oge&her wuh the

U’\J CLASSIFIED -
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The discharge results are shown th Table 15. The only discharge
below specifications was Bettery No. 20 after the high tempersture
test. This battery contained one defective cell which was post mor-
temed by the consultant, who reported “dirt” in the separator mat- -
erisl which was the probable cause of the short, but he is forward-
ing the cell to the Matearials Test Laborstory {or examinstion.

The results of the maximum vollage test are shown in Table 15.
Several of these were high but only stightly (0.1 volt).

The results of the analysis for carbonation in the electroiyte are
shown in Table 17. These are interesting in that 8 trend of increas-
ing contamination with age of battery. seems apparent. The higher
percentages do not s'*em (0 have any significant effect on battery
capacity.

Test Conducted by W. E. Bosken. 1611-2
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TABLE 14

Serial Nombers of MC-193's Tested

Code From - .
Number Site Serial No. Cells Low on Electrotyte
1 DG 5955 C3 None
2 DG 6798 D3 None
3 DG 8184 None
4 DG 6578 D3 None
5 DG 4992 B3 1,4,8 and 20
6 DG 5514 C3 10, 14 and 20
7 DG 6759 E3 7. 8, 20e¢ ang 24
[ DG 6724 D3 None
9 DG 5241 B3 19
10 DG 8015 E3 None
11 DG 6331 D3 None
12 DG 5558 C3 3
13 DG 5592 C3 4,5,6 and 23
1., DG 6760 E3 8 and 17
15 DG 6151 E) 1. 4.6,11,12,13,16,18,20&24
16 DG 6282 D3 19 and 21
7 DG 7839 D3 None
18 DG 7989 E3 None
19 DG 6542 D3 None
20 DG 4763 B) 13, 16 and 18
21 B DG 9552 F3 None
22 B DG 13459 H3 None
23 B DG 9511 1
24 B DG 13380 3 None
25 B DG 10773 F3 8
26 D DG 7735 D3 None
27 D DG 11937 F3 1
28 D DG 12007 F3 1
29 A DG 4489 A3 None .
30 A DG 6825 E3 3
21 A DG 6371 D3 None
32 A DG 5457 C3T None
33 D DG 7584 D3 None
34 D DG 6047 C3 None
3% A DG 5208 Bl None
36 C DG 12243 H3 None
T C DG 9726 F3T 1
3e C DG 4044 A3 None
39 C DC 3879 A3 3
40 C DG 12176 H3 None

Number of
Corroded
ferminals

Not Recorded

Not Recorded
Not Recorded
Not Recorded
Not Recorded
Not Recorded
Not Recorded
Not Recorded
Not Recorded
Not Recorded
Not Recorded
Not Recorded
Not Recorded
Not Recorded
Not Recorded
Not Recorded
Not Recorded
Not Recorded
Not Recorded
Not Recorded

| [ ]
PO O WM OO N

-

Lot
QNI nps O

N

L -,
Celis are numbered ons at the positive terminsa! through twenty-four at the

negstive terminaf.

-
*Terminal corrodsd. spewed ot terminsi during cherge.




TABLE 15

L 3
Complete Discharge Times of MC-193's Tested

Dischar&e No.

§

UNCLASS:F (8

g,

e

Battery 1 3 3 T A
e Min. Sec. Min,  Sec.  Min. See. Volts Min.  feoc. Min. Sre.
: 2 S6 7 16 B 37 30.5% 9 30
< A 39 6 46 7 3 30. 4 -] no
3 R 5% 7 34 ) 23 30.7 9 17
4 8 27 6 5% 8 04 10.8 B 46 4 49
5 ] 32 7 48 8 48 in. v & LY
" 9 04 7 14 8 21 0.7 9 358 9 30
3 9 00 ) 56 8 a7 30.7 K £1
g B 44 7 "2 8 (¢ ey 0.8 8 59
3 a4 45 B 36 8 51 30, a o7
9 8 51 - 25 g 13 0.8 ] 12
il b Q7 b 40 8 24 0.6 9 22
12 ] 15 7 18 K 46 30.6 9 22
13 9 09 7 314 9 03 16.5 3 36
i4 8 3 7 05 7 5% 30.%+ 8 52
15 8 g8 6 22 7 07ee 31G.4 R 45
1ty 9 07 7 42 3 16 30.06 9 iR
17 9 00 6 44 8 14 30.¢6 9 15
HE 9 N3 & 48 8 03 30.6 9 23 9 15
19 8 53 5 17 ] 04 310.6 q 0%
20 8 47 7 37 9 08 0.9 9 53 3 39
23 R 23 i 18 ! 19 310.¢ 8 07

32 - 59 7 28 8 14 30.4
23 8 10 v 04 8 07 30.5
24 B 4 7 00 7 54 30.5
23 8 20 b 51 7 s0 30.5
26 8 16 7 30 8 42 30.5
27 8 32 7 24 8 26 30.6 - 1
28 8 17 & 57 R 28 30.5
29 8 21 b 33 9 02 30.6
10 9 o7 ? 16 8 35 10.5
31 8 45 7 19 8 48 30.6
1 R %0 s 09 8 LG 310. 6
i g 48 p 00 2 o 0.6 R <
34 3 o8 6 26 L] 08 3106.6
ih 3 00 t 22 ] 24 0.4
35 4 35 7 42 8 46 30.6
[ 4y g 25 7 a7 5 34 30.6
s 8 44 b 49 9 35 10.6
17 g 35 T [1in 9 31 10.6 9 23
40 8 54 3 108w - - - “mas

_*Discharge: §.07 constent resistance -Room Temperature - End Voithée'»ig;z‘féib."
#rRelow specification by 5 seconds.
esopiled: Removed {rom test and given to Mr. W. M. Evans, 1521, for poat mortem

{ gt toast one dalfectlive cell).




Teble 15 { cont)

- Immed{ate Charge - Discharge Cepacity Test
Following 10 days at +125°F

- Foliowing cold storage test

Volitage at 15 seconds - & ohm load
Following vibration test

- Following conditioning charge

Discharge No.
Dizcharge Na.
Diacharge No.
Discharge No.
Discharge No.
Diascharge No.

- SR R VR
]

TABLE 16
Results of Analysis for Carbonation and Specific Gravity

Hattery No. FPer Cent l'(‘,-CO3 Specific Gravity




NCLASSIFIED  §

TABLE 17
Electrolyte Anslysis
Per Cent ¥,CO, Specific Gravity
Battery No. Cell4 Cell 24 Coll 4 Cell 24
2t 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 16.4  11.6 1.216 1.227
26 11.1  11.0 1.250 1.25%
27 10,6 2.9 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 1.243 1.244
36 . 11.2  10.} 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
46 8.6 10.1 1.211 1.238

F. D. HESS - 5311
D. L. LAWSON - 5311

Case No. 435.03
Augast 24, 19%4
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APPENDIX 1

Graphs
Nomber
1 Water Loss vs Storage Time
2 Discharge Time vs Storage Time ( 165°F.)
3 Discharge Time vs Storage Time (140°F‘.)
4 Discharge Time vs Storage Time (IZSOF.)
5 Discharge Time vs Storage Time (llOoF.)
* & Storage Temperature vs Useful Life

7 Per Cent Defoctive Batteries per Month
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APPENDIX 2

Photographs

Number
1 Cell, Showing Crazin
2 Cell Cross Section, Magnified, Showing Crazing

3 MC-193 Battery After Shock
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