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ABSTRACT

Batteries of three different sizes (675, 13 and
312), of three manufactures, each one represented
by 9 samples, were discharged with various loads
and measured on. Voltages during discharge as well
as total lifetimes were registered and
statistically analysed. It was concluded that
hearing aids supplied by 675-batteries and
requiring more than 6 mA for high output levels can
not be used. The corresponding currents for 13- and
312-batteries are 2.3 mA and 1.1 mA respectively.
For battery simulations the resistance values 20,
40 and 50 ohms are suggested rather than the
values 3.5, 6.0 and 6.0 ohms recommended by ANSI.
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INTRODUCTION

Zinc-air batteries have been on the market for
several years. They are often used for hearing aids
and have some advantages compared to mercury
batteries. Since mercury is very poisonous, mercury
batteries give problems at disposal. For this
reason mercury batteries may be prohibited in a
future. Then the zinc-air type is the only possible
alternative for hearing aids. However, zinc-air

batteries may also give problems in certain cases:

Zinc-air batteries need air through the vents. When
these vents are opened at the beginning of use, the
battery unfortunately starts self-discharging,
which shortens the lifetime of the battery. To
avoid this drawback the vents are made rather
small. However, this vent reduction also reduces
the capability of the battery to deliver high
currents, which may give problems in high power
hearing aids. It also hasg some implications for
measurements of hearing aids using power supplies

simulating real batteries.

The present investigation was done primarily to
find out the capability of various types of zinc-
air batteries to deliver high currents. Batteries
of three different sizes (675, 13 and 312), of
three manufactures (Activair, Rayovac and Varta}),
each one represented by 9 samples, were discharged

with various loads and measured on.
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METHODS

A. Batteries

Zinc-air batteries of three sizes and three
manufactures according to Table I were discharged
and measured during the discharge.Table 1. Battery
types tested.

Activair 675-HPX IEC PR44
" 13-HPX IEC PR48
" 312-HPX IEC PR4l

Rayovac 675AE IEC PR44 Code HBK

" 13AE IEC PR48 " HBW
" 312AE IEC PR41 " SBF
Varta Vv675HPA IEC PR44

" vV13A IEC PRA4S
" v312A IEC PRA41

Nine samples of each of the above nine types, i.e.
a total of 81 samples, were tested. The batteries
were delivered from Apoteksbolaget AB 1990-01-25 to
the institute of Microelectronics that performed

the tests on the batteries.

B. Test program

The batteries were discharged 12 hours a day, each
of them through a constant resistance, R, (nominal
load) until a final voltage of 0.9 V was reached.
Once a day during work days they were also more
heavily loaded for a short time by three

consecutive pulses as follows:
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Pulse 1. A constant resistance R, in parallel with
R during ten seconds followed by the

nominal load R during ten seconds.

Pulse 2. A constant resistance Ry in parallel with
R during ten seconds followed by the

nominal load R during ten seconds.
Pulse 3. The same as pulse 1.

The resulting resistances during the pulses are
shown in table 2. It also shows the approximate

current at the various loads.

Table 2. Resulting resistances R, R, Ry and Rg of
the loads, nominally and for pulse 1, 2 and 3
respectively. The average currents at the various

loads are also shown.

Resistance Battery Battery Battery
PR44 (675) PR48 (13) PR41 (312)

R 625 1500 2200 ohms
I 2.0 0.8 0.6 mA
Ry 189 530 1100 ohms
Iq 6.1 2.3 1.1 mA
R, 121 270 519 ohms
I, 9.1 4.2 2.3 mA
Rs 189 530 1100 ohms
Ig 6.1 2.3 1.1 mA

The pulse load was connected once each day in the
middle of the discharge period, i.e. after 6 to 7
hours daily discharge. During the 12 hours
discharge the voltage was measured every tenth
minute. The voltage at the end of each discharge

period was registered as well as the lifetime of
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the battery. The lifetime was defined as the time
accumulated from the start of the discharge until
the moment when the voltage had decreased to 0.9 V.
(The 12 hours each day without discharge were not
included.) The voltages at the end of the pulses
were registered. The test was started 1990-02-01
and was finished 1990-02-26.

C. Calculations

From the test report shown in the Appendix, made by
the institute of Microelectronics, statistical
analyses were made on the voltages obtained at a
time nominally at 50% and 90% of the lifetime of
each sample. This was done for the nominal load and
for pulse 2 and 3. Pulse 1 and pulse 3 were equal
in load, but it was hypothesised that pulse 3
should give lower voltage since it followed pulse 2
with a high current. However, since the voltages at
pulse 1 and 3 were very similar (see Appendix),
pulse 1 was not analysed. The registrations
immediately preceeding 50% and 90% of the lifetime
were noted. Since there were registrations only
every twelfth hour, the actual registration time of
these voltages thus varied between about 42% and
50% or 82% and 90% of the lifetime respectively,

depending on sample. The means were 47% and B87%.

Please note that sample number 4 of Rayovac AE is
not included in the calculations, since its life-

time was as low as 139 h (see Appendix, p 5).

The capacity of each battery type was calculated as
the average lifetime multiplied with the average
current at 50% of the lifetime, the latter
calculated as the average voltage at nominal load

divided by the nominal load.
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D. Calculations for battery simulation

A simple model for a battery is an electro-motoric
force E, in series with a resistor Ry, representing
the internal resistance of the battery. See

Figure 1, where Ry, represents the load.

Ry ! !
Ry,
-

Figure 1. Scheme for battery simulation

E

For measurements on hearing aids a power supply
with a resistance is often used instead of a
battery in order to control the voltage
appropriately. The question is which supply voltage
(E) and which resistance R; to use. To answer that
question a linear regression analysis was
performed. This was done gseparately for each

battery type according to the equation (Ohm's law)

with the voltage drop U over the load R, as the
independent variable and the current U;/Rp as the
dependent variable. The golution minimises the sum
of the error terms (E - RiUL/RL—UL)2 for each
gsample.
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RESULTS

Table 3 shows some basic statistical data, while
Table 4 shows voltages for various loads at 50% and
90% of the total life time. The median voltages

from Table 4 are also plotted in Figure 2.

Table 3. Mean lifetime and capacity for the nine
battery types. The standard deviation of the

lifetime is also shown.

Lifetime Lifetime Capacity
Battery type mean (h) st dev (h) (mAh)
Activalr 675 HPX 270.8 1.9 550
Rayovac 675 AE 238.5 4.0 477
Varta V675 HPA 144.2 9.8 286
Activair 13 HPX 252.4 18.4 214
Rayovac 13 AE 272.1 5.4 227
Varta V13 HPA 221.6 10.0 186
Activair 312 HPX 174.7 5.2 102
Rayovac 312 AE 196.0 3.0 112
varta V312 HPA 163.7 4.3 94

Table 4 (at three next pages). Total lifetime, 90%

and 50% of the life-time in hours is shown as well
as voltages in volts at 90% and 50% of the lifetime
for nominal load (V), load at pulse 2 (V2) and load
at pulse 3 (V3).
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Activair 675 HPX

N Average Median Minimum Maximum
Lifetime 9 270.8 270.0 269.0 274.0
90%time 9 243.8 243.0 242.0 247.0
50%time 9 135.3 135.0 134.0 137.0
90%V 9 1.251 1.252 1.246 1.255
903Vv2 9 1.075 1.074 1.071 1.082
90%V3 9 1.13%6 1.136 1.134 1.142
50%V 9 1.268 1.267 1.262 1.272
50%V2 9 1.113 1.116 1.101 1.120
50%V3 9 1.173 1.175 1.165 1.179

N Average Median Minimum Maximum

Lifetime 8 238.5 238.5 233.0 243.0
90%time 8 214.6 214.5 210.0 219.0
50%time 8 119.2 119.0 117.0 122.0
90%Vv 8 1.185 1.182 1.172 1.206
90%vV2 8 1.094 1.095 1.088 1.098
90%VvV3 8 1.140 1.140 1.134 1.146
50%V 8 1.254 1.254 1.252 1.257
50%Vv2 8 1.132 1.132 1.128 1.136
50%V3 8 1.176 1.175 1.172 1.180

N Average Median Minimum Maximum

Lifetime 9 144.2 140.0 132.0 161.0
90%time 9 129.7 126.0 118.0 145.0
50%time 9 72.22 70.00 66.00 81.00
303V 9 1.221 1.228 1.160 1.234
90%Vv2 9 1.061 1.090 0.859 103
90%V3 9 1.124 1.146 0.964 1.159
50%V 9 1.244 1.254 1.193 1.256
50%Vv2 9 1.067 1.108 0.890 1.118
50%V3 9 1.132 1.163 0.994 1.169

Table 4 (legend see page 7)
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Activair 13 HPX

N Average Median Minimum Maximum

Lifetime 9 252.4 256.0 204.0 263.0
90%time 9 227.3 230.0 184.0 237.0
50%time 9 126.3 128.0 102.0 132.0
90%v 9 1.241 1.239 1.232 1.259
a0%Vv2 g 1.050 1.045 1.021 1.092
q90%v3 9 1.141 1.137 1.120 1.180
50%V 9 1.271 1.271 1.265 1.278
50%V2 9 1.121 1.118 1.113 1.136
50%V3 9 1.192 1.199 1.120 1.212

N Average Median Minimum Maximum

Lifetime 9 272.1 273.0 263.0 280.0
90%time 9 244.8 246.0 237.0 252.0
50%time 9 136.0 136.0 131.0 140.0
90%V 9 1.182 1.180 1.178 1.190
20%Vv2 9 1.029 1.024 1.022 1.057
90%V3 9 1.104 1.099 1.098 1.128
50%V 9 1.250 1.249 1.248 1.254
50%V2 9 1.142 1.146 1.129 1.152
50%V3 9 1.200 1.203 1.190 1.206

N Average Median Minimum Maximum

Lifetime 9 221.6 223.0 201.0 233.0
90%time 9 199.4 201.0 181.0 210.0
50%time 9 110.8 112.0 101.0 116.0
903V 9 1.213 1.212 1.189 1.234
90%V2 9 1.075 1.079 1.042 1.092
90%V3 9 1.154 1.156 1.131 1.164
50%V 9 1.258 1.257 1.256 1.261
50%V2 9 1.132 1.132 1.127 1.139
50%V3 9 1.198 1.197 1.195 1.204

Table 4 continued (legend see page 7)



ISSN 0280-6819 10
TA122, Aug 1991

Activair 312 HPX

N Average Median Minimum Maximum

Lifetime 9 174.7 174.0 167.0 183.0
90%time 9 157.1 156.0 156.0 165.0
50%time 9 87.33 86.00 84.00 92.00
90%V 9 1.228 1.228 1.195 1.251
90%V2 9 1.085 1.092 1.029 1.123
90%Vv3 9 1.160 1.161 1.132 1.191
50%V 9 1.276 1.278 1.267 1.281
50%V2 9 1.165 1.169 1.136 1.178
50%Vv3 9 1.233 1.234 1.219 1.241

N Average Median Minimum Maximum

Lifetime 9 196.0 196.0 190.0 200.0
90%time 9 176.3 177.0 171.0 180.0
50%time 9 97.89 98.00 95.00 100.0
903V 9 1.200 1.202 1.190 1.211
903%Vv2 9 1.091 1.091 1.083 1.106
90%V3 9 1.152 1.151 1.147 1.165
50%V 9 1.260 1.260 1.259 1.262
50%V2 9 1.185 1.184 1.181 1.188
50%Vv3 9 1.232 1.232 1.230 1.235

N Average Median Minimum Maximum

Lifetime 9 163.7 163.0 156.0 172.0
90%time 9 147.2 147.0 140.0 155.0
50%time 9 81.78 82.00 78.00 86.00
90%V 9 1.245 1.246 1.229 1.257
90%v2 9 1.156 1.154 1.145 1.170
90%Vv3 9 1.213 1.211 1.204 1.223
50%V 9 1.271 1.271 1.268 1.274
50%V2 9 1.182 1.184 1.173 1.191
503V3 9 1.237 1.237 1.231 1.242

Table 4 continued (legend see page 7)
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Figure 2. Median voltages for various loads and

times (values from Table 4).
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Finally, Table 5 shows results of the quantities E
and Ry that may be used as a basis for battery

gimulations according to Figure 1.

Table 5. Solutions of the regression analyses
giving the values of E (volts) and Ry {ohms)
suitable for battery simulation. Results are shown
both for voltages obtained at 50% and at 90% of the
lifetime.

Size Act Ray Vart Act Ray Vart
‘50% a90%

675 E 1.310 1.285 1.276 1.299 1.211 1.249

675 Ry 21.69 16.69 22.99 25.77 12.62 20.56
13 E 1.302 1.274 1.287 1.285 1.216 1.248
13 Ry 44.58 31.51 37.32 61.40 50.08 43.46

312 E 1.311 1.283 1.298 1.267 1.232 1.273

312 Ry 65.46 43.58 51.30 88.13 68.15 52.95

DISCUSSION

A. Capacities for various types

From Table 3 it is evident that the capacities of
the Varta batteries are lower than those of the
other manufactures. This is particularly the case
for the 675 type. However, the lower capacity is

partly compensated by a lower price.

B. Capability to handle high loads

The capability to handle high loads may be seen in
Table 4. At 50% of the lifetime all types except

12
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varta V675 HPA give voltages exceeding 1.10 V even
for the highest load (V2) and even for the sample
giving the minimum voltage. However, at 90% of the
lifetime only the lower pulse load (V3) gives
voltages above 1.10 V, still with the exception of
varta V675 HPA. This means that hearing aids
supplied by 675-batteries and requiring more than
6 mA for high output levels can not be used with a
zinc-air battery without a risk of distorted sound
at the later part of the battery's lifetime. The
corresponding currents for 13- and 31l2-batteries
are 2.3 mA and 1.1 mA respectively. It is here
assumed that 1.10 V is a critical voltage limit for
most hearing aids, although no extensive

investigation of this matter has been performed.

Comparing various manufactures of batteries in this
respect, one should consider the trade off between
the capability to deliver high currents and the
self discharge mentioned in the introduction. Thus
the battery which can deliver a higher current
probably has a shorter lifetime due to self

discharge.

C. Battery simulation

The American National Standard ANSI S53.22,

Appendix B gives recommended voltage and resistance
values to be used in battery simulators. For zinc-
air batteries the recommended voltage is 1.3 V and
the recommended resistances are 3.5 ohms for
675-types and 6.0 ohms for 13- and 312-types.

The present results (Table 5) indicate that
considerably higher resistance values are
preferable. Table 6 shows a reasonable compromise

based on the values in Table 5.
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Table 6. Suggested resistance values in ohms for

simulation of zinc-air batteries.

Type 675 13 312
Qur 20 40 50
ANSI 3.5 6.0 6.0

For hearing aid measurements it may not be evident
that a zinc-air battery should be simulated. A
mercury battery might as well be simulated.
However, for the reasons mentioned in the
introduction it seems reasonable to simulate the
zinc-air type, if the manufacturer does not

explicitly recommend another battery type.
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Uppdragsgivare:

Uppdrag:

ProvEdremdl:

Provprogram:

1(30).
I90-4103

Karolinska institutet, Teknisk Audioclogi

Provning av hdrapparatbatterier enligt program
fastlagt av uppdragsgivaren.

Zink-luftbatterier av tre storlekar och tre
fabrikat:

Activair 675-HPA IEC PR44 Kod --
n 13-HPX IEC PR4S8 " -
" 312-HPX TEC PR41 " -
Rayovac 675AE IEC PR44 Kod HBK
" 13AE IEC PR4S8 " HBW
f 312AE IEC PR41 o SBF
Varta V675HPA IEC PR44 Kod --
" V13A IEC PRA4S8 " -
" V312A IEC PR41 " -

Batterierna levererades till IM fré&n
Apoteksbolaget AB 1990-01-25.

Batterierna urladdas 12 timmar der dygn over
konstant motstind, R, (nominell belastning) till
slutspdnning 0,9 V.

En gdng per dygn under arbetsdagar belastas de
dessutom enligt foljande:

puls 1. Konstant motstdnd Rl parallellt med R
under 10 sek.
Nominell belastning under 10 sek.

Puls 2. Konstant motstidnd R2 parallellt med R
under 10 sek.
Nominell belastning under 10 sek.

Puls 3. Samma som puls 1.



2.

I90-4103
Motstdnd Batteri Batteri Batteri
PR 44 (675) PR 48 (13) PR 41 (312)
R 625 ohm 1500 ohm 2200 ohm
R1 270 " g20 " 2200 "
R2 150 " 330 " 680 "

Den totala resistansen i pulserna &r:

Batteri Batteri Batteri

PR 44 (675) PR 48 (13) PR 41 (312)
Puls 1 189 ohn 530 ohm 1100 ohm
Puls 2 21 " 270 " 519 "
Puls 3 ig9 " 530 " 1100 ¥

Pulsbelastningen har gjorts i mitten av
urladdnlngsperloden, dvs efter 6 - 7 timmars
daglig urladdning.

Under 12-timmarsurladdningen har spénningen
mitts var 10:e minut. Slutspidnning varje
belastningsperiod har registrerats och drifttid
till slutspdnning 0,9 V har bestdmts.

Under pulserna har spédnningen registrerats
varannan sekund. Slutpannlng i pulsens
urladdningsfas anges i resultattabellerna.

Provningen pdbdrjades 1990-02-01 och var helt
avslutad 1990-02-26.

Resultat: I tabellen p& sidan 3 ges medelvdrden av
drifttid till slutspénning foér de provade
batterierna.

I tabellerna med bdrjan pd sidan 4 ges drifttid
till slutspdnning f8r samtliga provade batterier
samt slutspdnning varje 12- timmarsperiod.

T tabellerna med bdrjan pd sidan 13 ges
slutspdnning i de olika belastningspulserna fér
samtliga provade batterier.
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Drifttid till slutspénning 0,9 V,

medelvdrden:
Drifttid Spridning

(h) (h)
Activair 675-HPA 270,7 2,0
Rayovac 675 AE 227,5 33,4
Vvarta V 675 HPA 144,2 9,8
Avtivair 13-HPX 252,3 18,4
Rayovac 13 AE 272,0 5,4
Varta V 13 A 221,6 1¢,0
Activair 312-HPX 174,6 5,2
Rayovac 312 AE 1¢5,8 2,9
Varta V 312 A 163,7 4,3

™ Batteriteknik

Barbro Hallgren = c}\_‘hﬁ‘huﬂé

fBo Andersson




futhorized by Battery test report
Nationai Testing Institute

Brand ang type: ACTIVAIR &75-HPX

Pocuaentation : TEST OF HEARING-AID BATTERIES.
toad v bZ25.0 OHM

Teaperature: 20 DEGREES CELSIUS

End voltage: ©.90/ V

Duty cyciess Behg 12:00 Rest 12:00 HOURS
Date code : - - - -

End Tioe to end voltage {decimal hours)/sample nuaber:

voltage ! 2 3 4 3 &
0.90 2713 248.7 2740 270.7  249.7  Zb4.8

On-load Voltage iV) per sasple:

tige 1 2 3 4 3
OOV 0:00 1,473 1479 1.4BL L1487 1.487
11159 1,261 1,27 1,256 1,257 1.242
100 1,272 1,268 1,267 LIT0 LLEFE
Seede 1,272 L2700 L2700 LM 273
48:00 1,271 1,268 1,268 1,268 1.272
$0:00 L272° L2n L2270 L2700 1273
72:00 1,273 L2700 tamt L2 G273
84:00 1,272 L2700 1271 1,268 1,273
300 1,274 1,268 127t 1268 L.Z73
10800 1,272 4266 L2710 1267 1272
20000 1271 1,268 1,270 1,267 1.271
132000 L2710 1,262 1,267 1265 1.248
144:00 1,270 1,263 1,267 1.265 L2710
156:00 1,268 (.28 1.266 1,263 L2071
168500 1,287 1,280 1,263 1.263  1.1bb
180:00 1,265 1,260 1,261 1,262 1,263
192:00  1.26f 1,256 1,239 L.Z39  1.283
204:00 1,259 1,294 L.256 L2566 1.260
26:00 1,235 1,230 1,294 L.2M 12§
228:00 1,255 1250 1,284 1,235 120
200100 1,234 1,246 1251 1,281 L2533
252:09 1,250 1.243 1,230 1,248 1.241
264:00  1.241 1,222 1,239 1,285 1.238
LIM 268:40 1,222 0.844 1,222 L1968 1,14
LiM 268:50 1,22 1,220 1.18% L2
LIM 269:00 1223 1222 1.184  1.102
LIy 269:40 1,242 1,219 1.13%  0.841
LIK 270:20 1.221 f.216 1,035
LIM 270:40  1,21B 1,213 0,864
LIN 271000 1,194 1,199
LI# 275:20  0.86B 106

LIN 274:00 0.862

270,

4

1,481
1.260
L2
1.271
1,270
1.211
12N
§.268
1,210
1,268
1,267
1,263
1,266
1263
1,263
b 241
1239
1,236
L2354
1,254
1,252
1,243
1,224
0,925
{1,745

4

8

269.0

1,473
1,282
1,273
1,273
1,274
1.276
1,274
1.274
1,274
1,274
1.273
L7
1.273
b2l
1,268
1,287
263
1,240
1,257
1,236
1,254
£, 248
1.227
1,167
£0104
1,143
1,301
{841

271.8

1,478
1,259
1,248
5279
121
1.271
1,271
1.274
4,271
1270
1,268
1.287
L, 266
1,266
1283
1,262
1,280
1. 256
1,252
1201
1,246
1.237
1,212
1. 043
¢, 972
0.873

1,478
1,262
1,273
1.273
1213
1.274
1.274
1.274
1.276
8213
1.274
1.212
1,272
1.270
1.268
1,266
1,262
b, 260
1257
1,296
1.252
1.249
1,235
1,215
1,213
L2102
1204
1,172
f.138
0,701

4.
190-4103

190-4103 Page |
fppendix

Test ref No.:

Test started
1990~02-01 0109



Authorized by Battery test report
National Testing institute

Brand and type: RAYOVAC &75 AE

Documentation : TEST OF HEARING-AID BATTERIES.
Load ¢ 423.0 OHH

Teaperature: 20 DEGREES CELSIUS

End voltage: 0.%0/V

Duty cycles: Dchg 12:00 Rest $2:00 HOURS

Date code 1 HEK HBK HBK HBK
HBK HBK HER -
End Time to end voltage {(decimal hours}/sample nuaber:
voltage | Z 3 ) 3 b
4,90 243,3  23,5 23%.2 139.0 233.6 2383 244,
On-load Voltage iV} per sample:
tige ! 2 3 4 35 b
OCV 0300 411 1,409 L0411 1410 1.A0% 1,409
(1359 1,250 1,250 1.250 1.248 1200 1,230
24100 1,262 1,262 1.242 1,286 L.263  L.ZHD
36:00 1,263 1,262 L2653 1.263  1.266 1260
48:00 1,262 1260 1,261 L2800 10263 1.2h3
80500 1,262 1.261  1.262 1,256 1,260 1.263
72:00 1,262 1,261 1.26% 1,254 1.260 1,263
B4:00 1,259 1,257 1.28% 1,243 L.261  1.261
9200 1,256 1.255 (.25 1,228 1,259 1.260
108:00 1,254 {.254 1,254 1,208 1.237 1.297
120000 1,252 1,250 1.251 1.176 L85  L.23b
132:00 1,246 1,244 L.246 1,136 1,200 1,232
LIM 139:00 1,248 1.246 1,248 0,731 1.251 1.2M
144:00 1244 1,243 1244 1.248  1.249
196300 1,24t 1,239 l.240 1,264 1,243
168:00  1.237  1.23%4  1.233 1,239 1241
180:00 1,228 1.224 1.207 1,236 1,233
192:00 L2199 L2100 L2l 1,219 1224
204500 1,202 1191 119 1.198 1,206
208:00 1173 L.1ed 1.1bb 1169 L1768
28:00  1.163 1,152 L1138 1447 1162
LI 233:10 1,156 L1130 0.876 1,044 1,144
LIK 233:50 57 10917 0.876 1,145
LIM 236:30 J%8 0,873 L. 069
LIM 238:20 . 138 0,681

240:00
LiM 282:10
LIH 242140
LIN 243:20  0.88!

1
!
I
LIMN 238:50 1,132
!
1
i

7

7

HEK

A1
232
263
280
.2b2
' 263
263
. 260
. 23b
253
232
. 248
249
, 244
i)
AL
22

249
(201
JA74
. 163
133
135
143
124
10
. 06b
027
874

R R L i T Sy e

e T T T e

HBK
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fAuthorizea by Hattery test report
dational Testing Institute

Brand and type: VARTA V1A

Docusentation : TEST OF HEARING-ATD BATTERIES.
toad : 1500,0 OHM

Tepperature: 20 DEBREES CELSIUS

End voltage: .90/ V

Duty cycles: Dchg 12:00 Rest 12:00 HOURS
Date code 1 - - - -

End Tiae to end voltage (decimal hours)/sample nusber:

voltage t 2 3 4 5 b
0,90 223.3 232.3 01,2 2143 2233 220.3

On-load Valtage iV} per sasple:

tige 1 Z 3 i 3
0ey 200 1,415 L4188 L4E L4 1,404
11:9%9 125 1,254 L2350 LZ30 1.23l
20500 1,262 1,262 1,262 1,257 L2
36:00 1,262 1263 1262 1.260  1.260
48:00 1,262 1,263 1.262  1.260  1.260
40500 1,263 1,265 1263 L.262  1.261
72:00 1,263 1,263 1,262 1.268 1,282
84:00  L.261 1,263 [.262 1,260 1.240
96:00  1.261 1,262 1,260 1,261 1.26%
108:00  1.256 260 L1257 1236 1236
120000 1,235 1,257 1.25% 1,233 1.Z56
132:00 1.254 1,257 L.255 1,233 L2980
i44:00 1,250 1,255 1.252 1.252 L. 285
136:00  1.244 1254 (248 1,249 L2t
168:00 1,235 .24 1,239 1244 1,248
180:00 1,224 1.240  1.22%  1.E34 1,241
192:00 1,207 4227 L7 L2l 1209
LIM 200:00 1,189 L2013 0.864 1199 L.216
04:00 1,179 1,208 Li74 121
LIM 211:20  1.157 1194 0.861  1.196
216:00 L4 1174 1.178
LiN 220:30 1102 1172 1.167
LIN 223:00  1.008 1,154 1.018
LIn 223:2 9.874  1.181 0,900
LIN 223:30 1,130 0. 870
LIN 226:20 1.100
228:00 1,044
LIM 232:20 0,880

LIH 232150

LAL5
249
237
. 260
261
. 243
. 262
. 261
. 26!
287
. 236
235
254
230
L 243
.23
228
.210
201
179
£.966
7.861

N Bt pia b gem bR e R ek MU ek b ek = s e g bt s

—

417
255
(242

203

i

1

i

1

1,265
1,263
1,263
1,263
1,262
1259
1,257
L. 236
1,254
1,249
L.243
L2
1.221
£.203
L. 195
Ll
£, 107
1.124
0,892

- - -
LA I o T - R e R = A B T T T T T S I I
LA o o~ o~ O o O o LR —
= T P B e R s

248
236
259
259
261
. 262
. 281
. 261
237
. 293
. 236
V295
232
246
23

+226
210
202
.138
67
143
A3k
129
127
0,885

— T o S S S Trup SV
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