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SUMMARY 12/

The results obtained at the time of the space qualification electrical tests
on the Ni-H, battery, HR 23S are uniform with those obtained on the Ni-Cd battery
VO 238S.

Only the voltage level and the characteristics of charge preservation show
significant differences.

The electrical and thermal characteristics lead to the expectation that
the optimum ranges of use will be as follows:

- charge coefficient on the order of 1.3-1.4 at 20°C

- maximum amperage of charging current of C/10 at 20°%C
amperage of discharge of C/10 to G/3 at 20°%C
optimum discharge temperature: 0%
storage temperature: -20°C

It is adviseable to note that these results apply to the Ni-H, battery,

HR 233 manufactured in conformity with Document No. DT/SAS-425/74 and tested

in accordance with the program indicated in this report. It would be incorrect to
extrapolate these results to conditions of use that deviate from the program
forming the subject of this report.
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EVALUATION OF A NICKEL~-HYDROGEN BATTERY 4] *
FOR SPACE APPLICATION
FINAL REPORT

1. SPACE QUALIFICATION

1.1. Introduction

e mm me mm o

This report presents the results of the space qualification tests and of the
characteristics shown by the HR 23S nickel-hydrogen battery.

Its objective is two-fold:

- to make possible a better understanding of the characteristics of the
nickel-hydrogen battery

- to make an objective comparison with the nickel.-cadmium battery

The following referencedocunents have been taken into consideration:

- technical clauses in the ESTEC contract, no. 2345/74/HP

- specification 340 126

- electrical and thermal characteristics of the Ni-Cd battery V020S (new
designation for V023S) no. 59-71-DL/JM in the framework of ESTEC contract
877/69/HpP

- manufacturing and test document no. DT/SAS-425/74

Test_Progran_

The tests have been carried out in conformity with specification 340 126 for
space qualification, partially modified. The modifications rest on the following
points:

- 8 batteries instead of 15 undergo the qualification tests

~ the mechanical tests and the charge preservation tests following mechanical

tests are not carried out

During this qualification, the nickel-hydrogen battery HR 23S will be likened to
a cylindrical battery (charge to Cs/5 during 7 hours according to specification
340 126).

* Numbers in margin indicate foreign pagination

e
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SPACE CERTIFICATION OF Ni~Cd BATTERIES MARCH 1975 /6/

AEROSPACE SECTION

IV~ CERTIFICATION TESTING

The certification testing consists of the following tests:
~ tightness (electrolyte leakage, helium),

- standard output (20°C),

- output at low temperature (0°C),

~ output at high temperature (40°C),

- overload,

- charge preservation,

~ mechanical tests (shock, vibration, acceleration),
- charge preservation

- intermal resistance,

- standard output (20°C),

- tightness.

4.1 Tightness Test
After cleaning of the cells, two types of tightness checks are carried out:

~ maintenance of a short on the battery for a minimum of 16 hours, then
elimination of the short prior to tightness tests,

~ detection of leaks of the electrolyte using cresol red solution. No red
enloration must appear,

- detection of leaks by sweating, or by internal helium. The leaks must be
less than F = 10~ cm® ATm/sec.

4.2 Test of Standard Output

The batteries are put fthrough a charge and a discharge under the standard

conditions defined in para II, i.e.:
- temperature: 20°C
constant charge current %— amperes for 7 hours for cylindrical batteries

and TU amperes for 15 hours for oblong-shaped batteries,

off-line time: 1 hour minimum,

constant discharge current g% amperes until the battery voltage attains

1.0 V.

i
;
;



AEROSPACE SECTION MARCH 1975  /7/

The discharge determines the individual standard output Cs, .. This output
will be greater than the nominal capacity of the batteries.
Csind 2 Cn

~ after this test, the batteries are discharged through a resistance of

1 * 0.1 ohms for 16 hours.
- place under short circuit for a minimum of two hours
4.3 Test of Low Temperature Output
The batteries are subjected to two charge-discharge cycles, defined as
follows:

~ temperature: o°
- constant charging current of %g for 7 hours for cylindrical batteries and

% amperes for 12 hours for oblong -shaped batteries,

~ off-line time: 1 hour mininum,

- constant discharge current of %—si/'ﬂﬂ%fes'put on line battery voltage is 1.0 V.

The second discharge gives the individual low temperature output Cgr* One must
have for each battery,
Car 2 0.85 Cs

(Cs is standard output for the battery lot)

- return batteries to ambient temperature in 2 hours minimum
- maintain short for two hours minimum,

4.4 High Temperature Qutput Test

The batteries are subjected to two cycles defined as follows:

temperature: 40°C
constant charging current of -(535’- amperes for 8 hours,

off-line time: 1 hour minimum,

constant discharge current of 9—% until the battery voltage reaches 1.0 V.
The second digscharge gives the individual high temperature output Cyy. One
must have for each battery

; 0.55 Cs

Cur
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AEROSPACE SECTION
- return batteries to amblent temperature in 2 hours minimum,
- maintain short circuit of the batteries for 2 hours minimum.
4.5 Overload Test
The batteries undergo the followlng test:
- temperature: 20°C
- constant charging at -Ew amperes for 7 hours for the cylindrical batteries
and '10' for 15 hours for the oblong-shaped batteries,
~ overcharge 48 hours in the respective ranges listed above.
In the course of this overcharging, the voltage of each battery has to be
less than 1.495 V for cylindrical batteries and 1.480 V for the oblong-shaped
batteries,
~ off-line time: 1 hour minimum
- constant discharge current of %E’- until the battery voltage reaches 1.0 V.
The discharge will give the individual output after overload C
One must have for each accumulator:
Csurch 2 0.95Cs

(Cs is standard output for the battery lot)

- maintain short on the batteries for two hours minimum.
4.6 Test for Charge Preservation

This test consists of two parts:

surch’

Sort-circuit Test

— e s e o e e e

— temperature: 20°C
constant charging current of % amperes for 10 minutes t 19

off-line time (open circuit): 48 hours minimum
after this rest time, the voltage of each battery must be more than 1.170 V
for cvlindrical batteries ard 1.180 V for oblong-shaped batteries.

1

The batteries undergo the cycle defined as follows:

- temperature: 20°%c

-~ constant chargmg temperature -5— amperes for 7 hours for cylindrical
batteries arxl 'IU amperes for 15 hours for oblong-shaped batteries,

izhe e dtheadiian S e



SPACE_CERTIFICATION OF Ni-Cd BATTERIES MARCH 1975 /9!

AEROSPACE SECTION

- off-line with open circuit for 192 hours (8 days) * 1 hour,

= constant discharge current of g_s_ res until the battery voltage

reaches 1.0 V.
The discharge will give the individual output after storage Cpe *+ One must
have for each battery:

CRC ?,. 0.80 Cs

(Cs 1s standard output for the battery lot)
- maintain short circuit of the batteries for a minimm of 2 hours.
4.7 Mechanical Tests
The batteries undergo tesits for shock, vibration and acceleration as
defined below. During the tests the batteries are discharged and the
voltage recorded. These three tests can be carried out in any order:
- charge before mechasiical tests: same as para. 4.2
e temperature: 20°C,
e constant charging current g—s- amperes for 7 hours for the cylindrical
batteries and % amperes for 15 hours for oblong-shaped batteries.
- discharge during the mechanical tests:
e temperature: 23% % 3° s
e discharge at %8- ¥ 10% amperes at constant current or under resistance,
e possible termination of the discharge if the battery voltage reaches
1.0 V. In this case a new charge must be carried out as indicated
above,
e recording of the current and voltage.

/9/
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SPACE_CERTIFICATTON OF Ni-Cd BATTERTES

AEROSPACE SECTION

~ shock:

o shocks along three axes (X,Y,2) for the oblong-shaped battery and

along two axes (X,Z) for the cylindrical battery,
o one shock per axis
o characteristic :

- vibration :

semi~sinusoldal form
acceleration v = 80g

duration

0 = 11 m sec

MARCH 1975  /11/ ”‘

o vibration along 3 axes (X,Y,2) for an oblong-shaped battery, along 2
axes (X,2) for a cylindrical battery at the following levels:

Axis Frequency (Hz) Level Time
10-60 1. 5mm 2 oct/min
Z (constant ampli-
tude)
60-200 t 30 (g) -
200-500 * 20 (g) -
500~2000 5 (g) -
10-30 * 1.2m -
Y-X (constant ampli-
tude)
é 30-2000 * 10 (g) - ;
3 2 i
o xy-z | 20-300 O.,00‘3g [Hz 20
"9" 6 di/oct
. ' 300-2000 0.05 g%/ Hertz
-11-
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AEROSPACE SECTION

- acceleration along the Z axis with a level of 40 g for Zwmm.

-~ in the course of these tests variations of voltage are nof. acceptable
other than those attributable to normal variation in voltage of a battery
under discharge,

- after test, the batteries are placed in discharge at %-S- amperes until the
voltage reaches 1.0 V,

-~ maintain short-circuit for 2 hours minimum.

4.8. Test for Charge Preservation after Short-Circui

e

Same as short-circuit test in para. 4.6.
4.9. Internal Resistance Test

e L N )

— — - W o e

The internal resistance R of a battery breaks down into:

=3
I

~
|

electrode resistance + ¢lectrolyte resistance

resistance at the electrode-electrolyte interface, constituting the

mrd.stance of polarization, electrochemical component of the internal

resistance.
therefore, R = R, + R,

4.9.1 Measurement of Re

—12-

intensiostatic :

After an intensiostatic pulse I o’ the voltage variations are
recorded; one observes:
st time : a sudden slope ( AU variation) contributed by R,

2d time : a much gentler slope, contributed by R,
AU
I

Therefore: Re =
o

PTG, T e O
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AEROSPACE SECTION

Operative mode :

Temperature: 20° ¢

. , Cs
Charge Status : battery charging at constant current of T res
for 7 hours for cylindrical batteries and % amperes for 15 hours
for oblong-shaped batteries.

Discharge at -gi amperes for 2 hours

Measurement of the ohms of internal resistance is carried out from the
voltage variations recorded in the course of the pulsed discharge at

gs_, Yy ampere of a duration of 0.250 sec * g spaced out at 0.750 sec

* 19,
For each battery, the internal resistance must be:

40
R<_‘—+1o
€™ ¢s

4.9.2. Measurement of R = Re + Ri

I I e e

Temperature: 20°%C
Charge Status: same as for 4.9.1

Operative mode:
~ Measurement of voltage in open circuit Uco

— Discharge at %ﬁ during 10 secs.
- Measurement of the voltage UlO
R= U_CO - UlO
Cs/2

The internal resistance must be:

100
R £ T

~13-

LA e

By & P e

Gz saroREnT S
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AEROSPACE SECTION

~ Temperature; 20°C |
- constant charging current of -SCE amperes for 7 hours for cylindrical batteries

and 10 amperes for 15 hours for oblong-shaped batteries,
-~ off-line time: 1 hour minimum
~ discharge at -SCE amperes until the battery voltage reaches 1.0 V.

The discharge gives the individual output. For each battery one must get:

cC 2 0.85Cs
(Cs is standard output of battery lot)
- maintain short-circult for 2 hours minimum.

same as in para. 4.1.

V-  PRESENTATION OF RESULTS

The results of the certification testing are given in the format of the
document attached herewith.

e,
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SPACE CERTIFICATION OF Ni-Cd BATTERIES
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AEROSPACE SECTION

I -~ GENERAL DATA
Firm
Address
Country
Battery type
Cells
Shape
Nominal output
Dimensions
Weight

MARCH 1975

Number of positive plates :
Number of negative plates :

Tank

Manufacturing spec.

Acceptance spec.

RESULTS OF SPACE CERTIFICATION TESTS

IT -

/15/

Test

Speciflcatlon

Measured Values

Certified

1) leakage a)
b)

2) standard output

3) low temperature

4) high temparature

5) Overload

6) Charge preservation a)

7) Mechanical tests
shock
vibration
acceleration
8) Charge preservation
9) Internal resistance a)

10) Standard output
11) Leakage a)
b)

CERTIFIED

YES SN0

R




The type of battery defined above, having received 17 YES's is space
certified.

1.3. Qualification Tests
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ANALYSIS OF RESULTS !

1.3.1. Standard Output z

s put s e g

The output obtained in actuality represents 115.2 % of the nominal output;
Ni-Cd battery VO 18S in the same test achieved an actual output of 125.5% of
rated output (table 1)

From the thermal point of view, VO 18S has a temperature at the end of
charging of 21.2°C and reaches 20°C at the conclusion of discharge; the
HR 23S has a temperature at the end of charging of 25°C and ends its discharge at
27°%.

Therefore, there is a difference in temperature at the conclusion of
charging on the order of 4°C between the HR 23S and the VO 18S. The difference is
much more significant at the end of discharge: 7°C. Therefore, one can foresee
different behaviour between the two batteries, for example in low orbit cycling.

R T NI
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1'3.2.

Low Temperature Qutput Test /19/

- pme  me. N me sy e 0 b b oy e e

Table 2 submits evidence of good performance by the HR 23S battery
in cold conditions with 107.62% of its actual output; it is better than
the best Ni-Cd (VO 4S) which only kept 104.83% of its actual output.

The VO 188 proceeds from a temperature of 1°C at the beginning of
charging to 3.3°%C at the conclusion of charging, thence to 2.3°C at the
conclusion of discharge.

The HR 23S goes from a temperature of 0°C at the beginning of
charging to 17°C at the conclusion of charging and to 18° C on conclusion
of discharge.

The increase in temperature of the HR 23S is, therefore, greater than

that of the VO 18S both at the end of charging and at the end of discharging.

Battery no. 88 shows signs of leakage: initial low presswre in the
second cycle, zero pressure after placing under resistance.

-19-
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1.3.4.

High Temperature Output Test /21/
The output given back by the HR 23S is in the same scale of magnitude

as the Ni-Cd of equivalent capacity:

61.56% for the VO 23S

61.89% for the HR 23S

Table 2 makes it possible to discover a decrease in output given back at
40°C as a function of the nominal output for the Ni-Cd, with the exception,
however of the VO 10S.
One can attribute these results to two parameters:
- the variability of the level of precharge from one type of battery

to another
- the characteristic dimensions of each type of battery which can lead

to different thermal dissipation
The VO 1838 goes from a temperature at the start of charging of 4% to a
temperatuce of 46°C at the conclusion of charging, thence to a temperature of
43°C at the end of discharge; the HR 23S goes from a temperature of 40°c
to a temperature of 62.33°C at the conclusion of charging and to 48°C at
the end of discharge.
The increase in temperature between the onset of charging and the end of ;
charging is, therefore, much larger for the HR 23S than for the VO 18S. ;

It is the same for the discharge.

Overload Test /22/

Good overload behaviour of the HR 23S is observed, on the order of the
best of the Ni~Cd's (VO 4S): 113.46% of Cs versus 113.06% of Cs for the
HR 23S.

A T T L,

From the thermal point of view, the VO 18S goes from 21°C to 25.2°C during
the charging, thence to 27.7% at the end of the overcharge; the HR 23S

goes from 20°C to 41.5°C during the charge, then to 43.4° at the conclusion ;

-21-
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1'3.6

1.3.7

20—

of the overcharging.

So there 1s an increase in temperature of 23.4°C for the HR 238 against

an increase of 6.7° for the VO 185

Battery no. 88 underwent a leakage check which discovered a leak at the
level of the terminal conmector. After tightening up, it has passed its
qualification tests.

Charge Presexrvation Test /23/

L R TP S T I

The open circuit voltage after 48 hrs of charge preservation is 1.262 V for
the HR 23S and 1.188 V for the VO 18S, so that the difference is 74 mV.
Test_2:

The unfavorable charge preservation of the nickel-hydrogen battery is

shown in this test.

The result obtained: 77% of Cs is below the 340 126 acceptance criterion:
80% of Cs applies to the Ni-Cd battexy.

Internal Resistance Test [24/

— e rew e wm es e e e e

The resistance of a purely electrical character is 3.04 mfL for the

VO 18S and 3.74 m£2 for the HR 238, that is a 0.70 mg. deviation, i.e.
23% more for the HR 23S than for the VO 18S.

The total resistance R is 4.24 mo  for the VO 18S against 4.67 mp.

for the HR 23S, i.e. 10.1% more for the HR 23S than for the VO 18S.
Standard Output Test /25/

— - we.  tms S -

e AL

The value obtained of 98.42% of Cs at the beginning of qualification is
very close to the Ni-Cd mean value of 97.06 (table 2).
If one does mot count batteries no. 88 and 89 whose outputs deviated from

the population: 23.4 AmpHrs and 24.99 AmpHrs respectively, one gets for the
other batteries a mean output of 26.70 AmpHrs, which is near the output
found at the start of the qualification of 26.50 Amplrs. i
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-

/37/
2. ELECTRICAL AND THERMAL CHARACTERISTICS

General

The analysis of the electrical and thermal parameters of the HR 23S
nickel-hydrogen battery is carried out as a function of the following

four parameters:

- discharge temperature ( 9 )

- discharge intensity  (I)

~ charge intensity (1)

- charging coefficient (k )

8 batteries are tested, divided into two groups of 4 each. One group is used
to carry out the tests C=f ( k then 6 ), the second group for

C=1£ ( iy, then Ly;can).

The actual output Cs of the group will be defined as being the mean
output of the qualification lot in the final cycle of specification
340 126, i.e. 26 amp hrs.

Definition of tests

- s e s e s We ew e

The following tests have been carried out:
1. C = f ( a )

- temperature: 20 1%

- charge: Cs/10 = 2.6 A with k = 1.2

- discharge: Cs/5 = 5.2 A until 1 volt/ battery at the following tempera—
tures: 20, 0, 20 and 40°C (tolerance ¥ 1°C).

temperature : 20 * 1%

charge : Cs/10 = 2.6 A with k@ = 1.2, 1.3, 1.4, ard 1.5.

off-line time 1 hr

discharge: Cs/5 = 5.2 A until 1 V/ battery at 20°C %1°
3. C=f£ (1) /38/ 3

- temperature: 20 1%
- charging in the following regimes:

Cs/20 = 1.3 A
Cs/10 = 2.6 A
Cs/5 = 5.2 A
Cs/3 =8.70 A .
withk § =12 |




2.3

- off-line: 1 hour
- discharge: Cs/5 = 5.2 A until 1 volt/battery at temperature of 20% 1°C.
4. C=£ iid)
- temperature : 20 ¥ 1°%C
- charge: Cs/10 = 2,6 A with k = 1.2
- off-line 1 hour
- discharge in the following regimes:
Cs/20 = 1.3 A
Cs/10 = 2.6 A

CS/S = 5.2 A
Cs = 26 A
26s =52 A

until 1 V/ battery at temperature 20° ¥ 19
5. Inversion Test

- temperature: 20 ¥ 19
- discharge: Cs/10 = 2.6 A
Cs/5 = 5.2 A
until pressure, voltage and temperature are stabilized.

- temperature: 20 1%
- charge : Cs3/10 = 2.6 A
- duration: 15 hours
- off~line in open circuit: 8 days, temperature: 40°C, -20°c
- discharge: Cs/5 = 5.2 A until 1 volt/battery at temperature /39/
of 20 * 1%.
Electrical and Thermal Characteristics

20301! C = (f (ic)
2.3.1.1. Voltages

Figure 5 shows the evolution of the voltage at the con-
clusion of charging for the 5 regimes considered. Different
gradations of voltage are observed according to the charge
regimes used:

- 35..




1.410 V for Cs/30
1.415 V for Cs/20
1.430 V for Cs/10
1.442 V for Cs/5
1.470 for Cs/3

The different gradations can be explained by the voltage
drops in the battery and in the connectors. We have
determined experimentally that for a regime of 20 A one
gets a voltage drop of 40 mV; the voltage drop in the
battery is due to its internal resistance which we have
estimated at 4.67 m& in the course of the qualification.
To a first approximation we are able to compute the overall
voltage drops:

o i

40
Difference in volt- 40/
Au Au an age between 2 con-
Regime Regime connectors] batteries| total secuti\(/:lvg);radations
(A) (mV) {mV) /
Computed | Value
value
. ) 1
Cs/30 0.87 1.74 14.06 5,80
Cs/20 1.3 2.6 12.14 ;14.74 8.9 8
Cs/10 2.6 5.2 24.28 129,48 14.74 12
Cs/5 5.2 10.4 48.57  }58.97 29.49' 20
Cs/3 8.7 17.4 81.25 98.65 39.68 24
We can observe a" significant difference between the calculated values
and the values read on the curve for the Cs/3 and Cs/5 regimes. It would seem then 1

that the internal resistance is a function of the intensity.

It is to be noted that the stronger the regime is, the less constant is

the voltage gradation. At Cs/3 the curve is constantly growing.

We can ascertain that at the initial instant the voltage assumes two values:
1.30 V for Cs/30 and Cs/10'

1.35 for Cs/5 and Cs/3

~36-




For the Cs/3, Cs/5 and Cs/10 regimes one observes a peak and then a
decrease at the el of charging, the battery being completely charged, its voltage
decreases slightly in overcharge.

One can thus deduce the fact that for the Cs/20 and Cs/30 regimes the
battery is not completely charged.

Voltage on_Conclusion of Discharge (figure 9) f61/

One does not see gradation differences in Figure 9, the voltage being
constantly decreasing. Only the conclusion of discharge varies depending
on the regimes considered, the stand-off of the voltage at the end of
dicharge taking place in the following order: Cs/3, Cs/5, Cs/10, Cs/20,
Cs/30 which gives evidence of the increasing character if the curve
C=f (ic) ‘

2,3.1.2, Temperature (figure 8)
The fact 1s uncovered that for Cs/20 and Cs/30 the batteries are not
completely charged, the overcharge is accompanied by an increase in

temperature which is not observed for Cs/3, Cs/5, Cs/10.

During certification, while being charged witha charge coefficient
of 1.4 (i.e.: 36.4 amp hrs), the temperature is 25°C. It is well verified
that this point is on the Cs/10 curve.
2.3.1.3. Pressure (figures 6,7,10)
Figures 6,7,10 show us the purely linear character of the pressure.

During the off-line time of one hour a slight decrease in pressure

sets in:

that is for Cs/20 and Cs/30 it is about 1.2 bar, for Cs/10 about 2.4 bar,
CS/20 and Cs/36%527ut 2 bar. It is to be noted that the pressure on
conclusion of discharge is equal to the initial pressure at the start

of charging.

The end of discharge of a nickel-hydrogen battery can, therefore, be
defined in voltage or pressure, for example, by a return to the initial
pressure.

2.3.1.4. Output Restored (figure 1) /42/

Figure 1 confirms that for the Cs/30 and Cs/20 regimes the battery is
not completely charged at the end of 12 hours. The best charge regime is
Cs/3 (Cs/5 and Cs/10 being noticeable equivalents).

For a Cs/10 regime, the results obtained in the case of the characteristics

i
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2.3.1.5.

C= £ (1;) and C = £(kg) under identical test conditions are noticeably
different:

C = £ (kB) approximately 99% of Cs

C= £ (1;) approximately 100% of Cs

C= £ (1,) approximately 101% of Cs
that is a difference of 27 between the extreme values. This behaviour can
be explained by the incidence of previous testing and by the order in
which the tests relating to the various regimes have been carried out;
we are reproducing the "memory effect' of the Ni-Cd cell.

o et e o ew mm wm e wm e e e

The curve of charging voltages is identical. The differences in gradation

of the HR 23S neverth¥§Sppear more marked than for the VO 20S (exception
tormed by Cs/3).

Only at Cs/30 for the VO 20S does one not observe maximum at the end of
charging. The same effect can be observed on HR 23S at Cs/30 and Cs/20.

The thermal comparison with the VO 20S shows considerable deviations in  /43/
temperature. Effectively, under identical test conditions one has for

the VO 20S:

Regime_ Temperature at_end of charging

Cs/30 24,5

Cs/20 26.6

Cs/10 31 ;
Cs /3 35.5 |
Cs/3 35 |

But it is not necessary to conclude that the VO 20S is more exothermic
than the HR 23S at the end of the charging. The features of the VO 20S
are that they have been made with metal plates enclosing 10 cells

only separated by a sheet of PVC insulation 1mm thick; the cells in the
middle heat up considerably therefore , and as a consequence heat up
the neighboring cells. a
Thus these results cannot be validly compared to those for the HR 23S.
The curve C = £(1,) of the VOS shows a maximum for Cs/10 contrary to
the continuously increasing HR 23S.

A A e i S & A e o ee
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2.3.2.

Again one observes a "memory effect':

for C= £ (1)  98% Cs
forC = £ (i.d) 102% Cs
for C = £ (kQ) 104% Cs

i.e, 67 of Cs between the extreme values.

2.3.2.1.

G i

ORIGINAL PAGET I
OF POOR QUALITY

J44/

We observe curves of the same shape but shifted. We carry out the
cmputat:ion??in para 2.3.1.1.

' Difference ig volt- )
. ~ ' between 2 con-
Regime Regime au Ou Au age ‘
(A) connectors) batteries] total secut%nv‘g)gradations
(mV) imV)
Computed [Value
value read on
R L , the curve
Cs/20 1.3 2.6 6.07 8.67
Cs/10 2.6 5.2 12.14 17.36 8.69 8
Cs/5 5.2 10.4 24,28 34.68 17.32 20
Cs 26 52 121.42 173.42 138.74 | 112
2Cs 50 100 233.5 333.5 160.08 1148

+  The order of magnitude is verified. We can, at first approximation,

conclude that at a shift of about Au, due to the voltage drops, the
voltage curve at the end of discharge is the same for all the regimes
under consideration.

Tt is noted that all the curves increase during the entire duration of the
discharge.
The measured voltage U is then in fact:

U=E-wI
the sum of the electromotive force of the battery and its voltage drop.
For halting the battery discharge one must then work with U = 1-w I,
instead of with 1 volt.
In the case of discharging at 2Cs, one gets U = 1- 0.16= 0.84 V.
Figure 17 shows us that for 0.84V, the restored output is: 25 amp hrs-
i.e. 96% of Cs.

/39/
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2.3.2.2, Temperature: figures 13,14,17 {45/

Figures 13 and 14 show us a linear variation of the temperature at
the end of discharge. Point 2 Cs being excluded because it is not
strictly speaking arrived at until the the end of its discharge, this
explains the relatively low temperature.
After a 15 hour charge at Cs/10, discharge to 0.5 volts at 50 amperes
was carried out with three thermocouples arranged as in figure 17.
Inspection of figure 17 shows an important thermal gradient at the
conclusion of discharge.
Temperature B increases very rapidly, the battery terminals heat up
very rapidly; temperatures C and A have very large thermal inertia,
temperature C grows very rapidly afterwards, while B and A tend to
stabilize at an equilibriun temperature.
Therefore, at the end of discharge, there will be a 10°C difference
between the center and the edges of the battery. This gives evidence
of the gradient of thermal dissipation in the HR 23S battery.
The result of the first discharge at 2Cs is confirmed by figure 8: after
13 amp hrs of discharge one gets a temperature of 31°C.

2.3.2.3. Pressures: figure 15

Figure 15 shows that the evolution of the pressure is hardly dependent
on the discharge regime, an exception existing in the case of very
intense regimes (2 Cs).
Figures 15 and 10 are identical at a pressure near 8 P. By ignoring this
A P, one can plot a mean curve (figure 18).
For a given pressure, curve 18 chows us the status of the charge during
the discharge of an HR 23S battery whatever has been its charge regime
and whatever its discharge (at a temperature of 20°C with an error of
about 2 amp hrs, i.e. 7.7%.

2.3.2.4. Restored Output (figure 16) 46/

Figure 17 shows us that the curve C = £ (id) is decreasing, this
being essentially due to voltage drops in the connectors and in the
battery (see figure 11).

2.3.2.5. Comparison with the VO _20S

The voltage curves at e¢nd of charging have the same shape for VO 20S
as for the HR 23S.
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The voltage drops are better in the case of HR 23S. The initial voltage
of VO 20S varies between 1.24 and 1.35 V,that is 110 mV of variation
compared to 1.15 V and 1.44 V, i.e. 290 mV for the HR 23S.

From the thermal point of view, one observes for the VO 20 S a decrease
of its temperature for Cs/20, Cs/10 and Cs/5. During the discharge, it
continues to dissipate .hu calories acquired during the charging, thence
in the course of the discharge up until return to ambient temperature.

It subsequently reheats at the end of the discharge; this can be explained
by the poor thermal dissipation of the mounting which forms a compact
mass and cools off very slowly.

For the FR 23S, the temperature is constant at Cs/10 and Cs/20, slightly
increasing at Cs/5.

For a discharge regime of Cs, the VO 20S increases up to the following
temperatures: 37°C at the end of the plate and 44°C at the center of the
plate comparad to 27°C for the HR 23S.

These temperatures are hard to compare. The VO 20S batteries at the
center of the plate dissipate their calories by heating up their ex-
tremities. This consideraticon makes clear that the deviations in temp-
erature between center and extremity would not be important.

For 2 Cs , the plate centers of the batteries are at a temperature of
52° C for 46° at the extremities, against 42°C for a discharge down

to 0.5 V for the HR 23S.

The curves C = £ (id) are decreasing for the HR 23S and the VO 20S.

For 2 Cs, the VO 20S recovers 85% of its output against 50% for the

HR 23S, this being explained by the significance of the voltage drops
(see para 2.3.2.1.).

C=£f (@) 47/

Figure 19 shows us that the voltages at the end of discharge at different
temperatures are decreasing. At 50% of the discharge depth, the voltages
are the following:

40°c 1.290 V
20°c 1.276 V
0°c 1.280 V
-20°% 1.215 V

There is slight difference between the course of the curves between
0 and 40°C.
-41-
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2.3.3.5.
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At -20°C, the voltage shows smaller values on account of the increase
in resistance within the battery.
2,3.,3,2. Temperature (figure 20)
At Cs/10, the temperature varies little during dischargeing no matter
what the exterior temperature: 0°C at 20°C and 40°C, 1°C at 0°C and 2°C
at -20°C. .,

2,3,3.3, Pressure (figure 21)

Figure 21 shows us that the pressure slope Increases with temperature. ‘
. ¢ 20°C, the pressure curve coincides with the lower limit of figure ‘
18 and therefore remains in this range.

One can also note in figure 22 that the pressure at the start of dis-

charge is increasing with temperature.

2.3.3.4. Restored Output (figure 22) 148/

Figure 23 shows a maximum for 0°C; the optimum discharge temperature is

thus 0°C.

The lost in restored output between 40°C and 0°C is : 9K of Cs.

It is noted that the restored enmergy which is represznted by the surface

situated underneath the discharge voltage curve (figure 19) is maximum for

0°C and 20°C and decreases at 40°C, then at -20°C.

VO 20S does not show a difference on the discharge curves between 0°C ‘
and 40°C, 10 mV at 50% of discharge depth, i.e. the same value as for i
the HR 23S.

On the other hand at -20°C the difference is more marked for the HR 23S ,
75 mV at 50% of discharge depth instead of the 20 mV for the VO 20S.

The initial voltage is increasing as a function of temperature for the
HR 23S as well as for the VO 20S.

Looking at the thermals, one notes a more pronounced heating of the

VO 20S, the temperature increase for the batteries at the extremeties of
the plates being: +2.5° at 40° ) +1.5° at 20°C, +2°C at 09 , +2.5% at
~20°C.

The optimum discharge temperature for the VO 20S lies between 15°C and

25°C, the HR 23S shows an optimum discharge temperature between -5°C
and +10°C. The available outputs of the VO 20S vary between 90% and 96%
of Cs against 91% and 100% of Cs for the HR 23S. The amplitude of the

m [ e



2.3.4.

variations in restored output in the range of temperatures considered
is smaller for the the VO 20S than for the HR 23S, but on the contrary ’
the optimum output is larger for the HR 23S than for the VO 20S.
C=£ (ko) 149/

2.3.4.1. Voltage (figure 23)

Figure 23 shows us that the charge coefficient is optimum for the
values included between 1.3 and 1.4, maximum on the curve for the
end of charging. The results contradict figure 5 in which, under
the same test conditions the battery was completely charges with a
coefficient of 1.2, this perhaps explained by the fact that C = £(i))
and C = £ (k9) have been carried out on two different groups of
batteries and also by the difference in prior test- the 'memory
effect'" of the batteries.

For k = 1.2, the battery is not completely charged; for k = 1.3, 1.4,

or 1.5, the curves are confused. It is noted thiat the recovered energy

is constant regardless of the coefficient of charge.

The more the coefficient is increased, the more the temperature in-

creases, the battery being overcharged.

2.3.4.3. Pressure_ (figure 26)

Figure 26 gives evidence that pressure stabilization begins for a

coefficient between 1.3 and 1.4 for a charge duration between 13 and

14 hours. With a coefficient of 1.5, that is after 15 hours of charging,

the pressure is stabilized.

The results of the qualification overload tests give evidence that for .
the Cs/5 regime the pressure at end of discharge has been stabilized at i
a higher level (36.1 bar at end of charging). The pressure stabilization
at end of charging is thus a function of the charging regime. Moreover,

it is determined that the start of pressure stabilization ccincides with

full battery charge.

~43-




2.3.4.4,

2'3‘4‘5.

2.3.5

2.3.6

Restored Output (figure 28) /50/

Figure 28 shows that for k = 1.3, 1.4, or 1.5, the battery is com-
pletely charged and for k = 1,2 it is not, whence a difference of 8%
between the two values.

R AR g A 8

L T

The course of the charging voltage is the same for the VO 20S and

the HR 23S, nevertheless, the maximun of the end of charging is more
accentuated and takes place at 105% of Cs instead of 134.6% of Cs for
the HR 23S.

From the thermal ~oint of view , the VO 20S heats up a great deal more:
37°C & the end of charging for the extremities of the plates instead
of 24° for the HR 23S.

Just as previously it is difficult to draw a conclusion. In effect, the
batteries heat up during overcharging and only dissipate very little.
The VO 20S battery is not completely charged at k = 1.1 but it is for
1.2, 1.3, 1.4, and 1.5. The HR 23S is onlycompletely charged from

k = 1.3.

Preservation of Charge /51/

Figure 29 shows us the evolution of the available output after 8 hours

off-line time as function of storage temperature. We have used the

result of the certification storage to determine the +20°%C point.

The curve considered is decreasing. We therefore saw that -20°%C is

a better storage temperature than 20°C or 40°C. At 40°C, 57% of output

is lost in 8 hours compared with 3% only at -20°C.

Figure 30 shows the loss in output as a function of the mumber of days.

We find again the previous results: the loss is very rapid at 40°C,

47 at. the end of the first day, then 6.8 on the average on the other

days. At -20°C, the loss is very small- 2% on the first day, then 1%

during the remaining 7 days.
At 20°C the mean loss in output is 3.5% per day. 3
Inversion

The results (see tables) show that voltage stabilization takes place
beginning in two hours, that the pressure stabilization is variable
according to the batteries and the regimes, 3 hours at 5.2A and for nos.
95,98, and 90 at 2.6A and no. 89 and 91 at 1.3A and two hours for the
others; the temperature is immediately stabilized.



2.4, Results on the Flectrical and Thermal Characteristics

/52/
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HR 23S BATTERIES :
ELECTRICAL AND THERMAL CHARACTERISTICS CONTRAT E83.6C
ORiGinNAL |
OF POOR QUALI} g 2348/74/up
SPECIFICATION/E CD,2/5PEC 21
Kot.S
PARAMETER STUDIED
CHARGE 15hoursat26arpT-2OC
OFF-LINE 1 hour at T = 20°C
C:F(ke) DISCHARGE until 1.00Vat 5.2 amp T = 20°C
BEFORE CHARCING END OF CHARGING DISCHARGE
mrrery No. [colo [P [T JFrc | P T C P T
(V) |(v) kbars)| C (V) [(bars)| °c J(Ah) | (bars) | °C
¥ 88 lUe|p2)l o |20 YuBd (4501 |25 |thul| o Y
89 L1 314|831 |20 |auae| B5,00| 21 [25.83| B.81 | 24
90 A3V Sur |20 |AS05|3¢.ay| 30 L6495 8ce | L0
91 1281 4286110 03|20 510 |ho.o | A4 |28.38| fo 15 | 3¢
. G 44
777774 MEAN MA X |
= VOLTAGE A.H99 A.SoH A 810
PRESSURE . . .0
CHARGING == 34.48 87.18 al
TEMPERATURE| 4% 24.0 27
ouTPUT 45.83 27.39 29.39
DISCHARGE PRESSIRE .8.60 9.20 do. 1§
TEMPERAT URE -2/0 : E) 22
£ =
W SOCIETE DES ACCUMULATEURS FIXES ET DE TRACTION | TARL FAU N°
_A_U 156, AV. DE METZ 93230 ROMAINVILLE - TEL. : 845.83.47
\ " =
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HR 23 S BATTERIES
ELECTRICAL AND THERMAL CHARACTERISTICS

CONTRAT EST.EC
A

QOR|GINAL PAGE IS e e »
OF POOR QUALITY 5PEC|F|CAT'(/.I//E(_D/ )_/ép[:c 21
[ Toz (s
PARAMETER STUDIED -
CHARGE 36 hours at 0.870 anp T = +2() C
OFF=LINE 1 hour at - + 30°C
C=f (lC ) DISCHARGE until 1.00°Vat 5.20 amp T = +20°C
BEFORE CHARGING END OF CHARGING DISCHARGE
BATTERY NO. |ICO| O | P T F.C P T C P T

(V) | (V) [bars) ) = (V) |[(bars) *c Y Ah) | (bars) i =

92 4130013187 10 |19 |1.4%0 |31, 20| 19 2565 | 7.88 A9, 5
95 £.298{4.31}|7.14 | 19 |147¢ [3T.¢c9| 19 |25.¢5| B.o0% 20
9 1299298703 |49 |A4lc |34.20] 19 |25.¢5 7.8¢c | 19,8

Se . 302A4.325|7.58 (19 - 41} |31.80 | 19 25.22| 8.5% 20

//////éu | wAXi

3 476 , 1.4%0
END OF VOLTAGE A 47 A k37
PRESSURE A.20 1. 31.80
CHARGINC 3 d4.46
TEMPERATURE| 44 A9 A9
OUTPUT 25.22 25.54 [ 26.65
PRESSURE : .58
T~ PRESSURE 7.66¢ 8.09 8.5
TEMPERATURE| 19.5 19.8 2o
E B
W— SOCIETE DES ACCUMULATEURS FIXES ET DE TRACTION | TARLEAU N°
A 156, AV. DE METZ 93230 ROMAINVILLE - TEL. : 845.03.47 1
N 7
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HR 23S BATTERIES

CONTRAT EST.EC

ELECTRICAL AND THERMAL CHARACTERISTICS

N®2345/74 /WP

\

SPECIFICAT ION/E CD,/2/5PEC 2 1

PARAMETER STUDIED

C=f(Ic)

CHARGE 24 hours at 1.3 amp

OFF-LINE 1 hour at
DISCHARGE to 1.00 Vat 5.2 amp T = 20°C

OF POOR QUALITY

BEFORE CHARGING END OF CHARGING DISCHARGE
BATTERY NO. [C.O| O | P T F.C P T e " T
(V) [(V) [bars) c (V) |(bars) ’c l(Ah) | 'bars) i =
92 1300 (4321|7.69| 0 | 1.491| 32.08| 20 |2594| 80F | 5,
95 1,30/ |4.519|7. F4 20 A490|32.785| 20 |36,0°| 7,24 5
9ac 4307|4207 58 20 MH91|22 .28 4o 2, 00| g, 0} Lo
98 130511807 8,24 | o0 | 1489|82.99] 24 |2533| 8 ¢4 24
/ : ey
4&{///// MIN| 5 MFAN MA X |
VOLTAGE A kB3 A k90 A. k91
END OF CHARGING
PRESSURE 32.900 32.519 32.99
TEMPE RATURE 20 20 21
OUTPUT 25,39 25,83 26,00
PRESSURE g.0f 8. 31 g, f4
DISCHARGE
TEMPERATURE| <o 2o 21

SOCIETE DES ACCUMULATEURS FIXES ET DE TRACTION

156, AV. DE METZ 93230 ROMAINVILLE - TEL. : 845.83.47

\
TABLEAU N°

2—
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HR 23S BATTERIES E CONTRAT EST.EC
ELECTRICAL AND THERMAL CHARACTERISTICS )
N*2345/74/HP
£z pa ORGINAL PAGE 19
SPECIFICATION/E CD/2/5PEC 21 4 o0n
[ ~- Ls_
PARAMETER STUDIED 10
CHARGE 12 hours at 2.6 amp T 20 C
. OFF-LINE 1 hour at . 20° 8
C: F( IC ) DISCHARGE to 1.00 Vat 5.2 a np F 20°C
BEFORE CHARGING END OF CHARGING DISCHARGE
BATTERY N0, [CO | © [P | T |Fc | P T | &< . '
(V) |[(V) Ibars) ‘ (V) |(bars) ’c l(Ah) | (bars) ] -
92 1294|432¢|7.26| 19 |+4.678| 32.95| 19 |2652| 7.79 | 49
35 /'2924 /327 7110 "9.5 /.5’6 633‘ 20 26' (YA g o5 20
ge 129314330\ 7. 74| 19,5 1576 | 82.9F| 30,5 |2¢52] 7. 2% | 20¢
98 129514.389|7.96 |20 | A1.515(13393| 22 |2582| 8.22 | 21
rem—e—
/%// U% MIN| MFAN MAX |
VOLTAGE A.518 1,516 4518
END OF CHARGING
PRESSURE 32.85§ 83.28 33,93
- TEMPERATURE| 9 20, 2
OUTPUT 25.82 2¢.34 z2¢.52
PRESSURE 7.77 .08 g 7R
DISCHARGE
TEMPERATURE| 79 20 21.8
& N
W SOCIETE DES ACCUMULATEURS FIXES ET DE TRACTION | TARLFAU N°
i J 156, AV. DE METZ 93230 ROMAINVILLE - TEL. : 845.83.47 x J
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HR 23S BATTERIES
ELECTRICAL AND THERMAL CHARACTERISTICS

N°®2345/74 /1P

CONTRAT EST.EC

e

3

SPECIFICATION/E CD,2/5PEC 2 1

ORIGINAL PF 4
OF POOR QUALITY

s
~ W

PARAMETER STUDIED

o £s
5

CHARGE 6 hours at 5.2 amp T = 20°C

PpNe)
OFF=LINE 1 hour at T = 20°C
C= F (]C ) DISCHARGE to 1.00 Vat 5.2 amp T =20°C
BEFORE CHARGING END OF CHARGING DISCHARGE
(V) [(V) [bars) c (V) |(bars) ‘c Y(Ah) | (bars) o
Iz 429644359|#.59 (79 |/s53F|23,99| 20 |26,61]| B0 | 49
Is /,29.3’//,3548,01 19 1535 3hud |28 5 |26.61| 8,29 | 5,4
96 A, 20ul1866|7. k9| 19 1536|3400 | 205 2650 B.12 | 20
9&  U2944348|9.37 | 195 1532|3525 24 |25,91] 8.9} | 245
¢ \'(‘ | .
//Z/f/// VNI MEAN MAX|
- A5
END OF CHARCING VOLTAGE 1832 A. 535 37
PRESSURE 33.99 3h 79 35,28 .
TEMPERATURE| 20 ° 2% 24
OUTPUT 26,92 26 .k~ 26. 61
PRESSURE g.10 §.32 g.77
DISCHARGE
TEMPERATURE] 79 20, 4 215
[ N

SOCIETE DES ACCUMULATEURS FIXES ET DE TRACTION
156, AV. DE METZ 93230 ROMAINVILLE — TEL. : 845.83.47

TABLEAU N°
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FRECTRICAL ARD THERMAL CHARACTERISTICS CONTRAT EST.EC
N*2345/74, 1P
SPECIF N/E C ' ApE ORIGINAL PACGE |
S FICATION/ECD,/2/S5PEC 21 g |
Tce Cs
PARAMETER STUDIED 3
CHARGE 3 hrs 35 min at 8.70 amp T = 20°%C
C = OFF-LINE 1 hour at T = 209
"F( IC ) DISCHARGE to 1.00 V at 5.2 an T = 20°C
BEFORE CHARGING END OF CHARGING DISCHARGE,
BATTERY . fcolo [P | T |Fc | P T P T
(V) |[(V) [bars) ‘ (V) |(bars) ‘c L(Ah) | (bars) o =
92 1294 [488¢| T5e |49 |assq [ 83K | 0 |fCec | %o A9
95 hage|u
283[438¢| 150|419, | A58 [Bnna | 2 |29 | 82F 24
96 A23012.393 58 l4q ¢ [4059 | 8388 g4 |97 | 8ot | %
9s AW Mhod| Soo) 9o |ASS5 38D | 9¢ US| o o0 | a4
e - —
T 77 A MmN MEAN MAX|
END OF CHARGING VOLTAGE A.5%% A.55% A.559
PRESSURE %.%6 k.| 34.85
| PRESSURE 3 k.1
TEMPE RATURE 2o 0 2¢
OUTPUT $C.85 26.17 26.95
S PRESSURE .8.08 8.32 2 By
TEMPERATURE] 19 Zo. 5 U.5
F .
m— SOCIETE DES ACCUMULATEURS FIXES ET DE TRACTION | TAR| FAU N©
Au 166, AV. DE METZ 93230 ROMAINVILLE - TEL. : 845.82.47
E . A

!
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HR 23S BATTERIES
ELECTRICAL AND THERMAL CHARACTERISTICS

!-:om RAT ESTEC
i N®2345/74 /4P

N

SPECIFICATION/E CD/2APEC 21

ORIGINAL PAGT 19
OF POOR QuALITY

PARAMETER STUDIED

F\dsfi

CHARGE 12 hours at 2.6 amp T = 2()8C
T = 20°C

OFF<LINE 1 hour at

SOCIETE DES ACCUMULATEURS FIXES ET DE TRACTION
166, AV. DE METZ 93230 ROMAINVILLE - TEL. : 845.83.47

C=F (]d ) DISCHARGE to 1.00 V at 1.3 amp T =20°C
BEFORE. CHARGING END OF CHARGING DISCHARGE
BATTERY No. [co O |P | T |Fc | P >3 1 r T
(V) | (V) |bars) ‘ (V) |(bars) ‘c L(Ah) | (bérs) i
92 Paes s (] s [ 20 Psin [8300] 2 Plto| {88 | 0
9s Bassises(fso | 2o Psiv [33.5¢| s [2f.01(Tsu |20
9¢ Paerpsatiqas) 2o hsin (300 2o (a3 | fac | %
98 J.s10(3u.0} | v |84 | T.8¢ |
MIN] MEAN MAX| g
END OF CHARGING ] A 85140 A8 | A8%
PRESSURE 3%.0% b3 .Mk 14.0?
TEMPERATURE| 4o 21 Ly
OUTPUT 26,24 1].08 2121
> : = ~ Y.8% .f6
= PRESSURE 1.53 Y 1
TEMPERATURE| 20 A
=3 .

TABLEAU N°
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!

High temperature

R . L s b B LG

Charge 8 hrs @ 5,3 A at +40° Off-line 1 hr

output test 1st cycle Discharge at 5.3 amp to 1.0 V.,
AFTER
BEFORE CHARGING END OF CHARGING DISCHARGE PLACING
UNDER Rs=
BATTERY NO. ol
U P T U P T C p T U p
NOLTS|BARS| C AH
38 |awt| o | faelae | oo iss|a2 | as
39 |irre ki | b9 | ee Jimae| S2 |
)O ':"‘-,': 40 | L Q] ¢” l.(",,: .',’7 a’
)’] adiadg | w33, a0 0nn| 1,2 | a0
ﬁ ) ! “ » g B
;4 ’j’:;- N 1 b s ":! ; g ;/‘ $ C, 6 "o
96 i .)', K w2 o ’{‘: ao | S, :
- 3 T o -
28 || i o
r FOUK iy
ORRL 1Y8 <o 1880 an |
W .'(‘1' ’

£

SOCIETE DES ACCUMULATEURS FIXES ET DE TRACTION

196, AV. DE METZ 93230 ROMAINVILLE - TEL. : 845.83.47
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HR 23S BATTERIES —— S B
ELECTRICAL AND THERMAL CHARACTERISTICS CONTRAT ES3.6
R N®2345/74 1P
SPECIFICATION/E CD,2/APEC 2 1 ORIGINAL PAGE |
FJ.D; Cs
PARAMETER STUDIED >
CHARGE 12 hours at 2.6 amp T=20°C
2 (l ) OFF-LINE 1 hour at T=207C
=¥ D DISCHARGE to 1.00 V at 5.2 amp T=20°C
BEFORE CHARGING END OF CHARGING DISCHARGE
RATTERY No.[cOJ O |P | T |Fc | P T C P T
(V) [ (V) [bars) : o (V) |(bars) ‘c l(Ah) | (bars) of >
52 12884271 4.34 |20 hs1u |33.21 | 20 |db.oo| B3 20
95 4234 4.:(9#7.93 20 |A511 |8380 | 22 2609 B.4u | 21
96 44 4278177 |20 |41.611|33.5¢| 20 |26.00| B.22 | 2o
98 N26YUAN 300|841 |20 |AS09| Bhuu| 22 J25.5F| 8.81 | 218
& /// MIA!
E;/% :/Q MIN MEAN MAX |
G :
END OF CHARGING | VOCAGE A.-509 A- 511 A-5i¢
PRESSURE 33.21 53.77 34.42
TEMPERATURE| 20 21 2
OUTRUT 15.57 25.92 26.09 .
P——‘-—-
PRESSURE : i
DISCHARGE £.13 8.4o g.81
TEMPERATURE| 40 30.6 218
N
W- SOCIETE DES ACCUMULATEURS FIXES ET DE TRACTION | TARLEAU N©
J 156, AV. DE METZ 93230 ROMAINVILLE ~ TEL. : 845.83.47 8 J
N = e
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HR 23S BATTERIES
ELECTRICAL AND THERMAL CHARACTERISTICS

CONTRAT ESTEC
|23 5/74 /WP

2

SPECIFICATION/E CD,2/5PEC 21 ORIGINAY,
1a: S QuAL;
PARAMETER STUDIED 1 Y
CHARGE 12 hours at 2.6 amp T = 20°C
C OFF-LINE 1 hour at T = 200C
= F( ]d ) DISCHARGE to 1.00 V at 2.6 amp T = 20°C
BEFORE CHARGING END OF CHARGING DISCHARGE
BATTERY NO. [CO | O | P T F.C P T C P T
(V) [(v) [barsy| € | (V) [(barsy| °c |(Ah) | (bars) | °C
92 1231320158120 sty |33.M| 2o |24.2%| 9.96 |23
95 A.zew.w,wiu w0 s 331 21 ly.2f Lse.ae | 30
96  Nadoft.s2sfu | Lo [4.513(33 30 20  |2u.21| .08 |28
98 (219014313(8 22| Lo [i-S10(3u. 10|22 |2y} 10.uv | 32
| -
MIN| MEAN MA X |
o0 oF ciarcing | VOMTAGE 1 4.s540 A-612 A- 314
PRESSURE 25,14 3%.5% 34.16
TEMPERATURE| Jdo 214 29
OUTPUT —~ 24.21% -
DISCHARGE ERESE 9.89 Ao. 11 A0.4Y
TEMPERATURE] 43 27 39
-
m— SOCICTE DES ACCUMULATEURS FIXES ET DE TRACTION TABLEAU N°
g J 156, AV. DE METZ 93230 ROMAINVILLE - TEL. : 845.83.47 = J
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HR 23S BATTERIES CONTRAT ESTEC
ELECTRICAL AND THERMAL CHARACTERISTICS | 3

i N*2345/74 /1P
SPECIFICATION/E CD,2/5PEC 21
1a . zt‘
PARAMETER STUDIED
t JARGE 12 hours at 2.6 amp T = 2()8C
& -LINE 1 hour at r = 20°C
C - F ( 'd ) DISCHARGE to 1.00 V at5.0 amp T = 200,
BEFORE CHARGING END OF CHARGING DISCHARGE
BATTERY NO.JC.O} O | P T F.C P T C . T
(V) |(V) [bars) ‘c (V) |(bars) ‘c l(Ah) | (bars) 5
92 A318 13819 84| 20 |1.50% | 33.9}| Lo  |4M.30|uB.92 | 2V
95 U511 43384008 | Lo |4.504 [3u.a8 | 3Y  [43.%0[449.78 | 30
%
96 1.31F 1.3%4/|3.90| L A-506 (B4.52 | Lo
98 U316 || 3uo(to. 30| 2o |A-S03| 85.28 ) 22 Lu.6F (19.78 | 34
' ‘/////,'/ //,//7% MEAN
7% "N s MAX|
END OF CHARGING | VOLTAGE A.503 A.508 A.-Sot
== PRESSURE 23.4% 34.606 85.29%
\GINAL PAGE "= b —
- POOR QUALIY | TEMPERATURE| 2o 21 22
OUTPUT A1. 63 12.76¢ AS. %0
DY SCHARGE PRESSURE 49.18 19.48 AB.9y
TEMPERATURE 29 275 31
A
2 N
Sw— SOCIETE DES ACCUMULATEURS FIXES ET DE TRACTION TABLEAU N°
L J 156, AV. DE METZ 93230 ROMAINVILLE - TEL. : 845.83.47 10 J




( R
3 > CONTRAT ESTEC
m:mb‘?}m CHARACTERISTICS y
N 2345/74 /1P
= M/E L ™ ApE VA
SPECIFICATION/E Cb,2/8PEC 21 OF moon PAGH =
L :-20°% [y
PARAMETER STUDIED
CHARGE 12 hours at 2.6 amp T= 20°C
C OFF-LINE 24 hours at T= 2() C
= F ( 9 ) DISCHARGE to 1.00 V at 5.2 amp T = 20°C
N® BEFORE. CHARGING END OF CHARGING DISCHARGE
BATTERY N0. [CO| O | P | T |FC | P T c r T
(V) |(v) fbars)| e | (V) [(bars)| “c |(Ah) |(bars) | °C
¥
88  |asaa3u|s13 |20 YsiF|2]fof |20 |M000| 808 |-1¢
89 129} 4.3%0|5.45 | 2o |A.510|33.81 |24 |L8.3 | 9.20 |- 16
9o 4396 11.329|9.2F | $o N516 3435 30 |Eu1 | £.86 |-20
91 1.296(4.33y| Buu| Lo | 4S527|36.64 | &Y |84 8 | 41.68 |- 13
% 2 L " ===
//7/; /’/7 '%—MINI MEAN MAX |
JLTAGE o , :
END OF cHARGING | oot | A-S7 A 876 AL
PRESSURE 33.81 3kh.93 3¢.¢4
TEMPE RATURE| £Zeo 2V 2u
OUTPUT $3.3°. Sh. 1 24,80
DISCHARGE PRESSURE g. 8¢ 9.9 .68
TEMPERATURE| _ /6 - /8 - 20
e B
Jﬂ_ SOCIETE DES ACCUMULATEURS FIXES ET DE YRACTION TABLEAU N°
J 156, AV. DE METZ 93230 ROMAINVILLE - TEL, : 84583.47 4’1 '
\ =

e

4



E 2
HR 23S PATTERIES CONTRAT EST.EC
ELECTRICAL AND THERMAL CHARACTERISTICS Jot /.

N*2345/74/HP
SPECH-‘-'ICATI(».'I//E l_‘[)/"g SpEC 21 IG VACE W
: . ' (1 LAY
ls 0*c
PARAMETER STUDIED
CHARGE 12 hours at 2.6 amp T= ZQOC
OFF-LINE 24 hours at T = 0°C
C= F (8 ) DISCHARGE to 1.00 V at 5.2 amp T = 0°C
BEFORE CHARGING END OF CHARGING DISCHARGE
BATTERY NO.JCO | O | P T F.C P T - P T
(V) | (V) [bars) ; = (V) |(bars) ‘c  l(Ah) | (bars) o =
+
8 A3 (A356(8.18| Lo |AhAY (Ab.20 | LY AK.S6| 0.0 5
82 £830[A3m1|19.80/20 [.sou |3kun |25 |au,30] 760 | 4
90 A.324|A343(8.18 [ 20 |A.510 |34 9% |21 |3s.88 ]| S.10 o
91 hasipssefteoo|20 Psie|3808 | 20 |23 Msy | 4
%/A MIN] MEAN MAX|
END OF CHARGING | VOLTAGE A.504 A. 810 A.516
PRESSURE 34, 4Y %%.85 38 .49
TEMPERATURE| 21 43 15
OUTPUT 4. 8o 26.42 31.33
DISCHARGE ey 8. 10 q. 1 1.5
: TEMPERAT URE o A.5 4
5 =
FT- SOCIEYE DES ACCUMULATEURS FIXES ET DE TRACTION TABLEAU N°
3 M 156, AV. DE METZ 93230 ROMAINVILLE - TEL. : 845.83.47 _72__:—
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\
CONTRAT EST.EC
HR 23S BATTERIES
ELECTRICAL AND THERMAL CHARACTERISTICS l N°® 234 5/74/.”:
g /, - /, B UR"CI A
SPECIFICATION/ECD/2APEC 21 qp PO’};I,','T:TH
bz 2o0°c " NVALITy
PARAMETER STUDIED L W
CHARGE 12 hours at 2.6 amp T= 2008
OFF-LINE 24 hours at T =207C
C: F (G) DISCHARGE to 1.00 V at 5.21 amp T = 20°C
BEFORE CHARGING END OF CHARGING DISCHARGE
BATTERY NO.]JCO| © | P T | FcC P T e P T
(V) |(v) fbars)l € | (V) l(barsy| °c |(Ah) | (bars) | °C
5
88 4,293 y‘-3501..?3 20 |A576| 86.9}| 24 23,57 .23 | 20
89 1300( 4360 7 57|20 |1573|33.h0| 20 |I409| B 5 | 20
go )30YASHT A8 | 20 |1.579]33.95) 20 |49 | 8.26 | 20
91 /302 4364(7.88 | 20 | 520 |35 80| 24 |9¢.60] .48 | 2o
/////»//»4 —
KX — MAXI
END OF CHARGING | 'OLTAGE A. 513 A4.517 4.520
PRESSURE. 3%. 40 4. 35 90
TEMPERATURE| 4o 21 L4
OUTPUT 24.09 2£5.22 2¢.60
DISCHARGE o ses £.26 8.77 9. ke
TEMPERATURE] 5 20 20
= ~
Fr- SOCIETE DES ACCUMULATEURS FIXES ET DE TRACTION | TARLEAU N°
i _ﬂ 156, AV. DE METZ 93230 ROMAINVILLE — TEL. : 845.03.47 18 J

L“’I



(

HR 23S BATTERIES
ELECTRICAL AND THERMAL CHARACTERISTICS

CONTRAT EST.EC
| N®2345/74 /1P
1

SPECIFICAT ION/E CD/2/5PEC 21

ORIGINAL PAGE 19
OF POOR QUALITY

~

¢ = 4o°cC
PARAMETER STUDIED
CHARGE 12 hours at 2.6 amp T = 20°C
OFF-LINE 24 hours at = 40°C
C= F ( 8 ) DISCHARGE to 1.00 V at 5.2 amp T = 40°C
BEFORE CHARGING END OF GHARGING DISCHARGE
BATTFRY NO. [CO| O | P | T F.C P T C P T
(V) (V) |bars) c (V) |(bars) ’c l(Ah) | (bars) "w
¥
B8, 291 im|o173|20 |shsg| 1544 | 24 [A213] 010 | 4o
89  WNioossus|912|20 |A50e| 3436 21 [22.44] £.23 | 4o
9o 1.29901325|8 8y |20 | 4512|534 90| L0 |23.4o| 8.56 | ko
91 29914.329|11034| 20 Y.518|37.h¢ | 245  |2HS8F 9.83 | 4o
/// 774 MNNI MEAN MAX |
END OF CHARGING | VOLTAGE A 506 A.510 4.518
PRESSURE 34.36 35.5F 37 ke
TEMPERATURE| 2o 2V 28
OUTPUT 22. h4 43.5% 24 PF
DISCHARGE PRESINE g.56 9. 15, 9.99
TEMPERATURE| 4o Lo ho
—
W SOCIETE DES ACCUMULATEURS FIXES ET DE TRACTION | TAR| FAU N°
3 ﬂ 156, AV. DE METZ 93230 ROMAINVILLE ~ TEL. : 845.83.47 -—;T_-J




HR 23 S BATTERIES

ELECTRICAL AND THERMAL CHARACTERISTICS

CONTRAT ESTEC

/ /
N*2345/74,HP

N

SPE

CIFICAT I«

R
M/
y

p /
) .’, oPE

c 21

ORIGINAL PAGE IS
OF POOR QUALITY

PARAMETER STUDIED

k‘ : 4.2

LINE 1 hour at

CHARGE 12 hours at 2.6 amp
OFF=-

T« 20°% @.°C
T = 20°C ©.¢C

SOCIETE DES ACCUMULATEURS FIXES ET DE TRACTION

166, AV. DE METZ 93230 ROMAINVILLE - TEL, : 845.83.47

C: F ( Kg ) DISCHARGE to 1.00 V at 5.2 amp T = 209 0.
BEFORE CHARGING END OF CHARGING DISCHANRGE
BATTERY NO. |C.O| O | P T F o P T e > T
(V) [(V) Ibars) c (V) |(bars) ‘c l(Ah) | (bars) L s
S
86 984 |ao21| 0 | %0 |AuQL [AnGYy | 26 [inou| Aec | 20
83 1298 [4398/109 | 20 |hstn [d2ou | 20 [2520] 868 | 20
90 1286 (A844[ 130 | 20 |Aso0 |31.80 | Lo |25.6S| 8w | Lo
31 428900543 [8.96 | 2o |anas'Su.n | 3L o626 (0,28 | 22
4 77 —
T 7 Z7 4% MEAN
4 mw MAXI
VOLTAGE .5 .S1v
END OF CHARGING R A K &0 A.501 A
PRESSURE 31. 80 B82.65 34.1
TEMPERATURE| <o | 21 - v
OUTPUT 45.2% A5.31 26.2¢
DISCHARGE PRESSURE £ 4] 9.10 10.28
TEMPERAT URE zo ‘t’.s 4&
g ~

TABLEAU N°
E S




HR 23S BATTERIES
ELECTRICAL AND THERMAL CHARACTERISTICS

CONTRAT ESTEC

N®2345/74 /1P
|

RIGINAL PAGE iJ

SPECIFICATION/ECD,2APEC 21 ¢ pooR QUALITY
ke. 13
PARAMETER STUDIED
CHARGE 13 hours at 2.6 amp T = 200
C 2= OFF-LINE 1 hour at T = 20°C
- F (KQ ) DISCHARGE to 1.00 V at 5.2 amp T = 20°C
BEFORE CHARGING END OF CHARGING DISCHARGE
BATTERY NO. .01 O P T F.C P T C P T
(V) |[(V) |bars) (V) |(bars) ‘c l(Ah) | (bars) ‘e
' 28 AL U2 0 (20 |AmBS|AL.ADB | 25 AL Yo 0, 06 21U
89 S35 (A28 (858 | Lo [usov [3h19 |26 |estu | 838 | 20
% J298[4328|0.84] 20 1509 |d5.60| 21 |2} .40 | Lo
9 1268 1330 (8.9 | Lo |A.995 [ 3900 24  |24.65|J004 | 24
;l : MIN| MFAN MAX |
VOLTAGE _ " 4.51
END OF CHARGING s A.- S0 A509 .51
PRESSURE 34,19 36.4} 49.00
TEMPERATURE| 44 24 24
OUTPUT 5. H 21.24 99.03
DISCHARGE PRESSURE g.u8 9.09 Ao.oy
TEMPERATURE] 44 34 EX7
E ~

156, AV. DE METZ 93230 ROMAINVILLE - TEL.

SOCIETE DES ACCUMULATEURS FIXES ET DE TRACTION

: 845.83.47

TABLEAU N°

/6




( L e )
HR 23S BATTERIES CONTRAT ESTEC
ELECTRICAL AND THERMAL CHARACTERISTICS Ly /

N*2345/74 /1P
SPECIFICAT ION/E CD, 2 5PE ¢ ORIGINAL PAGE 19
5 /( D, /Wfl 21 OF POCR L
KpsAL
PARAMETER STUDIED
CHARGE 14 hours at 2.6 amp T = 20°%C
OFF-LINE 1 hour at T = 20°C
C= F(Kg ) DISCHARGE to 1.00 V at 5.2 amp T = 20°C
BEFORE CHARGING END OF CHARGING DISCHARGE
partery wo.JcoJo [P [T |Fc | P T [ ¢ P T
(V) ](V) fbars)| c (V) |(bars)| °c J(Ah) | (bars) =
*
o)) 943/980| 0 | 20 [4483[in.96|25 |[Ahdo|o.2 | JY
89 11800321 BGH 20 [4.500(3u.93 | 26 |25 | 833 |2V
30 A1861324(8.88| g0 |1.5cc|3s5as] 91 46,98 8.3 | W
|
94 2183 39.69/ 44  |28.08| fo. 2% | 2V
MEAN MA X | 7
END OF CHARGING ASoo | A.506 A. 54
PRES SURE ph.9} 26.83 39.59
TEMPE RATURE [N wm 26
OUTPUT 5.4 31190 19.0%
DISCHARGE PRESSURE §.H 2.63 Ao..8
TEMPERATURE] 3, u P
8 ~
W‘ SOCIETE DES ACCUMULATEURS FIXES ET DE TRACTION | TARL FALU N°
Lﬂ 156, AV. DE METZ 93230 ROMAINVILLE - TEL. : 845.82.47 A7 )




ELECTRICAL AND THERMAL CHARACTERISTICS M*2345/74 1P
L . DRIGHTRE-PREE—-
SPECIFICATION/ECD 2/5PEC 21 OF POOR QUAL
PARAMETER STUDIED Repos -20%
CHARGE 15 hours at 2 6 amp Ta= 2008
C h OFF-LINE 8 days a T = =20C
= F(C.C 9 ) DISCHARGE to 1.00 v at 5.2 amp T = -20°C
BEFORE CHARGING END OF CHARGING DISCHARGE
RATTERY NO.JCO| O | P T Fc | P T = P T
(V) |(V) |bars) c (V) |(bars) ‘c l(Ah) | (bars) °Cc
% :
858 T""‘ 0504 0 |20 |AGol|AAuy| 25 | O 1.a3
89 0 loAM|s.c2{2 lisio [96.3¢| 37 |94 40| 945
go o loaw|55%| g0 sy |Be20|gs |255} g sy
91 0 |042|t0s |20 r1.510 39134y |2boo| €. T4
L ﬁ%p -
//// MIN| MFAN MA X |
1/ L — B e ——— |
END OF CHARGING | VOLTAGE A.510 A. 518 A.520
PRESSURE 35 .36 37.40 39.%3%
TEMPERATURE| 21 du. 26
OUTPUT 24.10 25.2% 26.00
DISCHARGE PRESSURE .51 2.94 g .45
TEMPERAT URE]

- &
m— SOCIETE DES ACCUMULATEURS FIXES ET DE TRACHON | TARL FAL N©
J 156, AV. DE METZ 93230 ROMAINVILLE - TEL. : 845.83.47 48

= e el

k-



HR 23 S BATTERIES
ELECTRICAL AND THERMAL CHARACTERISTICS

CONTRAT ESTEC
| N°2345 7% /WP

\

SPECIFICATION/E CD/2/5PEC 2 1

OF POCR Quaiisy

PARAMETER STUDIEDP

ﬂq.os rho®c

£

CHARGE 15 hours at 2.6 amp T = 202(:
OFF-LINE 8 days at T = 40°C
C:: F(cchg ) | DISCHARGE to 1.00 V at 5.21 amp T = 40°C
BEFORE CHARGINC END OF CHARGING DISCHARGE.
BATTERY NO.JCO ] O | P T F.C P T C P T
(V) [(V) [bars) ‘ (V) ltbarsy] °‘c J(Ah) | (bars) | *C
92 0 (0119|4332 A58 BYUIR| Lo |Alou| 2.9
95 0 [0%ol4uu|Le US| 95713 AV |Al30] 8.9
%6 0 |o2te|hds| psit 9506 | 20 [ALo¥) TR
29 0 |e2y[hd}|Le NE1L| 8595 22 [MY0| .08
VZ/:/ ?://4/41“/‘// MINI| MEAN MA X |
OLTAGE .51 A. 516 . 519
END OF CHARGING e A-51Y A
PRESSURE 2419 85. 42 356.9S
TEMPE RATURE 4o 9\ 24
OUTPUT Al Yo Al.ou Ad. 30
DISCHARGE PRESSURE $. %.38 8.0%
TEMPERAT URE]
E N
SOCIETE DES ACCUMULATEURS FIXES ET DE TRACTION TA ELEA!! N°

156, AV. DE METZ 93230 ROMAINVILLE ~ TEL. : 045.83.47

o




f COVTRATr &sTec y
HR 23S BATTERIES
ELECTRICAL AND THERMAL CHARACTERISTICS . /32 /
~e 284y [Py MR
Inversion at 2.6 A until voltage, pressure and temperature
stabilization
BATTERY | oz inning After after after
NO. |of inversion 1 hour 2 hours 3 hours
v |P |r|v |P| T |vi]P |T|vIiIFr |T
8y  Joord|hhul2zo ool sus| 2o Joxk?| AN |20 Lan? 4.37 20
95 _post|h 6l |20 {ooké|psF 20 Joof|fss |20 Jackt|hst | 20
9¢  |yocs|h3F |20 {ooi8| k98|20 [ackBl) o7 |20 ool |n 07| Lo
IB _[oe64|509 |20 {0067 |509]| 20 {0.066| 50900 1°°¢| 04| 2o
Inversion at 5.2 A until voltage, pressure and temperature
stabilization
92 Loy k33 L0,108| 4 30 Lo /10 | 433 -0l | k.33
95~ }boreo|hTY Lo, lof | Al} 010k | A4} Lo, 107 | fuy
96 -0, 104| 4.93 0,10} | A 5y 0,108| 4. fo -0,”’ h
98 (9019|502 Lo 04| 4.97 o iof] 502 106 | 477
AR |
o= B
ﬂ'r_ SOCIETE DES ACCUMULATEURS FIXES ET DE TRACTION TABLEADL MO
kﬂ 156, AV. DE METZ 93230 ROMAINVILLE ~ TEL. : 845.83.47 20




HR 23S BATTERIES 3
ELECTRICAL AND THERMAL CHARACTERISTICS

CONINNT Evic e

NeZ845 )24 [HP

Inversion at 1.3 amp until voltage , pressure and temperature Cression . Tinrenarume,

|

stabilization
BATTERY | Beginning After after after
of iriversion 1 hour 2 hours 3 hours
m.
v |F v |~ |T |u|Pr rifv P |r
89 037|597 00d |59y | L lool1| 588 | 4, |00%e| 5.8¢| Lo
Go Jook|syc | Lo ook |5.73 | Lo Joowo|s68 |2 oo 568 | Lo
g1 0038|734 s038] 19| Lo Joolt J21 | Lo |o0ib 7.1 | o
Inversior at 2.6 A until voltage, pressure and temperature
stabilization
E : |
B9  |-oot| 578 | g0 |09%2|5.76| 15 |0ebs| €| 4, [oo¥ S6v| 4, ’
!
|
.90 -0,06%| 56 | Lo }0.0b3] 559 o {o.004| s 557 | 2o H{0.06%| 5.4 Lo .
A
g1 loost| 70| 20 toosq| 7.1 | L0 {0287| J0d | 49 Jo.o6e | Tos™

B

SOCIETE DES ACCUMULATEURS FIXES ET DE TRACTION

166, AV. DE METZ 93220 ROMAINVILLE ~ TEL. : 8458347

TABLEAUL ne
21

L
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2.5. Curves
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HR 23S BATTERIES I
ELECTRICAL AND THERMAL

STICS
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temperature at end of discharge at 20°C
as a function of Iy

after 12 hours charging at %
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