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ABCTRACT

The objJectives of thie project are Lo traln electrochemists In the
arca of tattery research and to collect electrochemical and thermolynanlc
data of value to projects being conducted at the Goddard Space Flight
Center. The specific experimental work deals with the calorimetry of Nl.Cd
cells.

In the final reporting period the work was designed to answer questic:s
dealing with hoat transfer in the 20 ampere-hour cell and the preclalon cf
the data previously reported.

Experimente with a nickel-cadmium cell specially fabricated with an
internal calibration heater indicated a higher signal (100-150 mv/emtt) but
o longer response time (30-50 minutes) than previous experimmnts with a
resistance wire heater mounted under the cell in the calorimeter.

The data on the 6 ampere-hour cell and the 20 ampure-hour cell
were evaluated statistically. It wes establiched that the data from the
20 ampere-hour cell has s confidence level of 89% and a 90.5% probability
that each measurement will be between 22 ~tandard error. In en cxperiment
in which the mean heat was -1.055 watts the standard error was 0.068 watts.
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Research into Puviamcntal Phencmens Asocclated
with Spacecraft Electrochemical Devices..Calorimetry
of Nlckel-Cadmium Cellsz
I. INTRODUCTION
The objectives of this project are
1) to train electrochemists {n the area of battery rescarch an

2) to collect electrochemical data of value to projects belng

conducted at the Coddard Space Fllight Center.

During thie final reporting period work was performed to angwer two
quentione. The flrot dealt with haat transfer in and cut of the 20 ampere-
hour nickel-cadmium cell. Measurements were mode on a specially constructie!
cell equipped with an internal calibration heater and thermocouple.

The second question dealt with the precision of the heat data obtaln: .
in previous experiments on the nickcl-cadmium celle. Representative dats
from a 6 ampere-hour and a 20 ampere-hour cell were sublected to the "Stucerts"
t test and an evaluation of the standard error.




I11. Hea! Trenefer in Twenty Ampero -hour Ni-Cd4 Cell

A. Dusoription of Cell

In order tw ntudy the mamwer in which heat (g treansferred out of o
7u ampere-hour nickel-caduium cell cxperiments were porformed with o
special cell constructed with an internel resistance heater. This cell
waz & Culton Industries 2ell type VO=-20 . Ni-Cd Cell® febricated with
e strip of revistance alloy and an {ron--constantan thermocouple. A
sketch of thiz cell {a given in figure 1. The registance measured from
point a to b 12 0.% (and the resistance of the internal heater !o
epproximately 0.8 €0 This cell with the exception of the heater and
thermocoupls {o ssouncd to be similar to the 20 ampere-hour cell upon

which previcis experiments were performed.

B. Experimental

Following the reasgumbly of the calorimeter a set of calibration
experiments were performed to Jetermine the volume of oil pumped at given
flow retes A series of measuremonts were made in which oil was pumped
through the calorimeter at different stroke rates of & metering pump and
sanples of oil were collected over a givin time interval. The linear
relationship between stroke rate (the setting on the pump) and the
volume of oil is shcwu in table 1 and figure 2. This conversion can be
used with the data given below.

The thermal respanse of the cell with the internal heater was
measured at a series of different flow rates and thermmopile positions.
In each case a current of 1.10 amperes, equivalent to an input of 1.10 watts

* Gulton Drawing No. 552-804750, VO 20 HS Cell Assembly With Heater and
Thermocouple .
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Figure 1. Sketch of special cell with internal calibration heater




TABLE 1. Measurements on Yolume of (A1 Flow Versus Pump Stroke Rate

STROKY. RATE (1)

%0
50
%0

L0
hO
hO

30
30
30

20
20
20

VOLIME(m] )

k50
AS0
A0

365
3%
560

290
290
290

170
170
170

?M (ncc ’

10
10
10

10
10
10

10
10
10

10
10
10
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FLOW RATE (cc/min) X 16°
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Figure 2. Flow rete of cil through calorimstser versus percent pump £iroke



82 Applicd tw the heatar and Wi: millivolt response was measured over 8 period
of tioe until & steady state was achleved. In tadles 2, 5, ant & measurcmen’s
are given for three thermopile poeitions, 0%, 1/4", and 1/2° respectively
TNwse latter flgures indicate the positioning of the thermoplile with
recpeat ¢ the exit rort of the celorimeter, e.g. 1/4" indloates wat the
end of the thermupile saz located 1/4 inch fram the exit port.

Inepection of table 2-4 indicates that *lw signal wac higher than
that cbeserved (n calibraticn experiments wherein s heater wire was loceted
beneath the cell {. the calorimeter. Tables 5 and 6 a.¢ taken from the
Eighth Progrevs Report (1) for comparison. In thie previous series of
experimernts & typical response was 40 mv/watt. The calorimeter responee
to the internal heater was 100-1%0 mv/watt. On the other hand the
reeponse ime in the latter case is consideradly longer. A typicsl
responee in 5 minutes was 20-25% of the signal achieved at the platesu
(after 3%0-50 minutes). There is no obvious explaration to the non-linear
behavicr sgaoristed with the positioning of the thermopile, i{.e. the
response nt 1/4" is not half way between that of 0" and 1/2". At this time

it can on'y be agsigned to the pattern of oil flow within the calorimeter.

C. Conclusions

The purpose in testing & cvll with an internal heater was to provide
s mothod of calibretion that more closely resembled that ol the actual
operating cell. It is obvicus that the internal heater operstes more
efficiently in the sense of sensing all of the hea'! put in. However,
e internal heater must heat the entire cell before a plateau is reached
in the 2ignal and i{n this sense does not reproduce the mechanism as it
occure in the operating cell. In the cell as it is supplying electrical

w‘wm;;,um;w L 114 e bbb e



TABLE 2. Flos rate and thermal response st a setting of 0° (3C min)

Slgre) (=v) $ Stroke legponse (° ¢ =ip)
50 6’ 120‘,‘
9.9 60 15.8
187.5 50 15.2
175.0 A0 1h.3
200.0 30 15.0

TABLE 5. Flow rate and thermal response at a setting of ) /L (LO-50 =in)

Slmal (mv) % Suroke Pacpouse (8 in 9 =in)
3% 65 10
92.5 60 15.5
80 50 12.9
137.5 ko 17
157.5 30 20.5

TABLE L. Flow rate and thermal response at u setting of 1/2" (near 3C min)

Signa) (mv) _$ Stroke {19 ein
1&-5 60 2005
145 50 2.8
1hy O 25.8
162.5 30 2.3




TABLE 5. Relationshilp between flow rute and thermal response at 1/8%
sotting (1.1% watt input)

Slgna) (mv)

67.8
3%
51
8
2.5
21.6
19

t Stroke

2
Lo
b5
“0
95
60

65

TABLE 6. Relationship between flow rate and thermal respo.we at 1/L*
setting (1.15 watt input)

Signe) (mv)

k1
36
31
4 |
30
28
k2
Y]
39
33

5T+5
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energy the heat {s generated at the electrodes and heat 2 only involved
after the electrically gencrated heat las supplied the heat sufficlent to
meet the heat capacity requirements of the cell materials. The main point
here {g that we are interested I{n the heat as it appears at the cell wall.
The resporwe time ludicated in tables 2-4 can not be tied Lo the battery
eycling without taking into account the heat capacity of the mate.ial
within the cell.




111. Statistical Eveluation of Data

A. Mm-l_t fone

Mny evaluation or interpretation of the calorimetric data on the
projJect must be restricted by the precision and accuracy of ths
expuorimente. The only previous attempt to establish the internal
cons {stency of the data was that given in the Firest Progress Report
(2) wherein a number of ta les of data were reported and the in-
spection of which indicated & good reproducibility of the experinmontal
measurements. Because of this indication of reproducibility the dats
for the six ampere-hour cell is taken as standard or reference data.
In order to make a comparison between the 6 ampere-hour cell and the
&U ampere~hour cell it was asgumcd that there were no factors involve:
in the manufacture of either type of cell that affects the reproducibli.lvy

of operation of cells in a comparative sense.

- B. Statictical Treatment

The data chown in tables 7 and 8 were ‘“en from previcusly reporiel
experiments on the 6 ampere-hour and 20 ampere-hour cells respectively
(2,3). They were both conducted at 25% depth of discharge and 1105
rate of charge and represent typical runs. In these tables "x" ig the
heat absorbed in watts; the subscript indicates a particular cycle.

The evaiuation of the data for the two cells was begun by using t:-e
"Student's” t test. The application of the t test to the dats shown In
table 7 and 8 allows a statement to be made cancerning the differences
between the 6 ampere-hour cell and the 20 ampere-hour cell. By the
calculation of the values for t it can be concluded that the probability

10
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TABLE 7. Selected data frum 25% depth of discharge

exporisonts on the 6 ampere-hour nickel-cadmium cel).

(Taken from reference 2)
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TASLE 8. Selected data from 295 depth of dlscharge experiments on
the 20 ampore-hcur nicke l-cadmium cell.

(Taken from refervnce 3)

DL CHARGE,

Tim: 3% i Xy Xe xe, e

m '1-0“ -00?) 'low ﬂa?} '101, -1.0“
20 -1.29 -1.22 -1.50 -1.% -1.55 -1.29
” ‘102) "102‘) -1035 -1’55 -1‘,1 '1027
QHARGE

Time X L X e Xy Xo

10 -0.75 -0.69 -0.71 -0.80 -0.95 -0
20 =-0.27 -0.25 -0.% -0.29 -0.55 -0

50 -0.05 0.00 -0.07 -0.05 -0.07 -0.
kO +0.07 +0.07 +0.0% +0.07 +0.07 +0.
%0 +0.05 +0.01 +0.01 0.00 +0.01 0

B83I833



of belng wrong in saying that s definite difference exists betwoen the 6

amge re-hour cell and the 20 amperv-hour cell cach of the times tested o

(( 0.01. Table 9 showe the probability taken for four points of three sets of
data, {.c. three ocycles labteled A, B, and C succecssively. The relation

used in caloulating the valye for ¢ ls the one used for the comparisc:. of

unpaired veriasbles,

L - ..___.-...__.;,',f.;':. i . -
N T S U A TR
\‘ N, » N:-z’. (‘l l) (*.0 ;".‘)

wherein
X34 = individual messurement {» @ 20 ampere-hour data
Xgi = individual messurement from 6 ampere-hour data
X, = mean of the 20 ampere-hour meagurements
Xg = mean of the € ampere-hour measurements

N; ~ number of measurements of x; variables

‘e

number of measurements of xg variables

The comparison of t (caloulated) with t (tabulated) shows it be greater in
every case. This indicates that s probadility of (( 0.01 that differences
between the two cells was by chance only.

The second test performed on the data was a measure of the standard
error (S.E.) of the averages. For the number of measurements taken, the
data exhibited a 89% confidence level for 2 S.E. The probability that each
measurement will fall between + 2 S.E. is 90.5%. (5). Table 10 gives the
standard errcr calculations for the six sets of data taken from table 7 for
the 6 ampere-hour cell and table 11 for the 20 ampere-hour vell (table 8 data).




TABIZ 9. Evaluation of "t" for four points

25% DOD 20Ah Discharge

"

E Y "

| T Tip jk"*c 7 n E a.m.T *+ab.(0.01) (ref &) ?’

<0..7 -0.25 -0.12 -0.18 1.7 3.183 ( 0.01
-0.51 -0.61 -0.48 -0.53 5.9 5.183 (0.01
-0.8 -0.90 -0.8 -0.85 6.01 5.183 (0.00
-0.90 -1.00 -0.90 -0.93 9.2% 3.143 (0.0

25% DOD 6Ah Discharge

X2, —r!c’ Tuc 1=

-0.T% -0.75 0.75 0.7
0.7 -0.76 -0.75 -0.76
-0.68 -0.66 -0.69 -0.68
060 | 060 | 06 | 061




In these tables the varlance was caloulated as

(i "i (% - i,)&

'Y
and the standard error

SE = E:‘.
ﬁ
The precision of each measurement of this type s represented Ly the
gtandard error given in the Mh column of the tables. The data for the 6
ampere-hour cell hag becn assumed to be the standard or reference dats and
thus the standard errore given in table 10 {¢ considered to be the

experimental error for a measurement of this type.

C. Conclusions

In comparing the 20 ampere-hour data there are two significant f{a:turs,
the first, a larger cell was tested and secondly, & large= calorimeter saz used.
The calculations from table 9 indicate that there is an irherent differernce
between the 6 and 20 ampere-hour cells. There is no indication that the
precision involved in using the larger calorimeter will be lese than “hat with
the smaller. The significant conclusion direwn from this study is that the
data fram the previous reports on the calorimetry of the 20 ampere-hour nickel-
cadmium cell has a confidence level of 394 and a 90.5% probability that each

measurement »ill be between ¢+ 2 standard error.

15




Table 0. Standard Errors of the Averages for the 6 azmpere-hour data

Tize (Min) | Mean (0, %) Variance (o.) smei;;zs.z.
(x;) (s.z.)

Dischargs T

10 -0.560 0.00 0.00 ]0.00 -0.660 + 0

20 -0.63 28x10* 0.015% | 0.0268 -0.623 « 0.01%

30 -0.587 9.7 x In"¢ 0.0051 | 0.0013 -0.587 « 0.0026
. —t

Charge

10 -0.133 15 2 10°¢ 0.0387 | 0.0158 -0.133 » 0.0326

20 +0.051 4.8 x10°¢ 0.02z. {0.0091 «0.051 « 0.008R

30 +0 031 2zx10* 0.0836 | 0.019R «0.081 « 0.038+

- +0.085 1Tz 10 ¢ 0.0412 | 0.0168 «0.085 + 0.03%

50 +0.046 1xw* 0.0360 | 0.0147 +0.0% « 0.029%




0

Table 1ll. Standard Errors of the Aversges for the 20 ampere-hour data

Time (min) | Mean (x) g & Variance [ Tsmmtm Ie25.8
o®) o) B3.

f o ( T% ( ﬂ (s.z.) d
10 -1.035 0.0277 0.1664 0.063 -1.035 ¢ 0.1%
20 +2T5 0.0085 0.0922 0.05T7 -1.275 » 0.0T%
30 -1.300 0.0126 0.1122 0.0439 -1.300 « 0.0®
e + 1 1 ! -
0 -0.7T%R 0.0278 0.0 0.0682 -0.5%2 « 0.1%%
20 -0.268 0.0064 0.0800 0.0320 -0.288 + 0.06W
30 -0.028 0.00%3 0.0655 0.0268 -0.028 + 0.05%
- +0.066 0.0003 0.0173 0.0070 ~0.066 + 0.01Q
50 +0.011 0.0017 0.0412 0.0168 +0.011 + 0.03%
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