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ABSTRACT

This thesis presents a study and analysis of temperature effect on battery performance in
Photovoltaic (PV) system. Battery is an important device in standalone PV systems. However,
according to several application reports, it is found that the battery is a device that causes most
problems in the renewable energy system and battery life is shorter than expectation. As the battery
converses chemical energy into electrical energy; therefore, ambient temperature is definitely
influenced to the battery performance.

In this thesis, a selected lead-acid battery is used for building the mathematical model by
using Matlab/Simulink in order to study the performance of the battery at the 25-60°C temperature
range. The experiment is set up by using temperature control unit and a standard battery
charging/discharging system. The temperature in experiment is also controlled in the range of 25-
60°C. The charged/discharged current and voltage are recorded by computer.

The results of a selected lead-acid battery 12V 20Ah, the outputs from mathematical
model and the experiment are similar. By controlling discharged current 20A, the discharging time
of the battery at 25°C is 40 minutes and will also take longer time at higher temperature. At the
temperature 45°C, the discharging time is 55 minutes. However, at temperature above 45 © C, the
battery is broken according to the temperature limitation. Therefore, even the battery capacity is
longer when operates at higher temperature but the battery is able to stand only in the specific

temperature.

Keywords: lead-acid battery, PV system, temperature effect, battery performance
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Data Charged Battery
End voltage (V) Current (A)
Run Time
25 30 35 40 45 50 55 60 25 30 35 40 45 50 55 60
0:00:00 11.92 11.79 12.08 11.86 11.81 11.80 | 11.81 11.79 | 6.00 | 6.00 | 6.00 | 6.00 | 6.00 | 6.00 | 6.00 | 6.00
0:01:00 12.65 12.27 12.55 12.60 12.18 12.52 12.82 12.86 | 5.74 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
0:02:00 12.68 12.28 12.57 12.57 12.18 12.48 12.81 1279 | 5.74 | 574 | 574 | 574 | 574 | 574 | 574 | 5.72
0:03:00 12.68 12.27 12.58 12.56 12.19 12.46 12.76 1276 | 5.72 | 574 | 574 | 574 | 574 | 574 | 574 | 5.72
0:04:00 12.69 12.28 12.59 12.55 12.20 12.46 1274 | 1274 | 572 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
0:05:00 12.69 12.29 12.60 12.54 12.21 12.45 12.73 1274 | 572 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
0:06:00 12.70 12.30 12.61 12.55 12.22 12.46 12.72 1274 | 574 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
0:07:00 12.71 12.31 12.62 12.55 12.22 12.46 12.73 1273 | 5.74 | 574 | 574 | 572 | 574 | 574 | 574 | 5.74
0:08:00 12.72 12.33 12.63 12.56 12.23 12.46 12.72 1273 | 572 | 574 | 574 | 572 | 574 | 574 | 574 | 5.74
0:09:00 12.73 12.34 12.64 12.56 12.24 12.47 12.72 1274 | 572 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
0:10:00 12.74 12.35 12.65 12.57 12.25 12.48 12.73 1274 | 574 | 574 | 574 | 572 | 574 | 574 | 574 | 5.74
0:11:00 12.75 12.37 12.66 12.58 12.27 12.48 12.73 1275 | 5.74 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
0:12:00 12.76 12.38 12.67 12.58 12.28 12.49 1274 | 1275 | 5.74 | 574 | 574 | 572 | 576 | 574 | 574 | 5.74
0:13:00 12.78 12.40 12.69 12.59 12.29 12.49 12.75 1275 | 5.74 | 574 | 574 | 572 | 574 | 574 | 574 | 5.74
0:14:00 12.79 12.41 12.69 12.60 12.30 12.50 | 12.75 1276 | 5.74 | 574 | 574 | 572 | 574 | 574 | 574 | 5.74
0:15:00 12.79 12.43 12.70 12.61 12.31 12.51 12.76 1277 | 5.74 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
0:16:00 12.80 12.44 12.71 12.61 12.32 12.51 12.77 1277 | 572 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
0:17:00 12.82 12.46 12.72 12.62 12.33 12.52 12.78 1278 | 5.74 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
0:18:00 12.83 12.47 12.73 12.64 12.34 12.53 12.79 1278 | 5.74 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
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0:19:00 12.84 | 1249 | 12.74 | 12.64 | 1235 | 12.54 | 12.79 | 12.78 | 5.74 | 574 | 574 | 572 | 574 | 574 | 574 | 5.74
0:20:00 12.85 | 12,50 | 12.76 | 12.65 | 1236 | 12.55 | 12.80 | 12.79 | 5.74 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
0:21:00 12.86 | 12.51 12.76 | 12.66 | 1237 | 12.56 | 12.81 1279 | 574 | 574 | 5.74 | 574 | 574 | 574 | 5.74 | 5.74
0:22:00 12.87 | 12,53 | 12.77 | 12.67 | 1238 | 12.57 | 12.82 | 12.80 | 5.72 | 574 | 574 | 572 | 574 | 574 | 574 | 5.74
0:23:00 12.88 | 12.54 | 12.78 | 12.68 | 12.40 | 12.57 | 12.84 | 12.80 | 5.74 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
0:24:00 12.89 | 12,55 | 12.79 | 12.69 | 1241 12.58 | 12.84 | 12.80 | 5.74 | 5.74 | 574 | 574 | 574 | 574 | 574 | 5.74
0:25:00 12.90 | 12.57 | 12.80 | 12.70 | 12.42 | 12.59 | 12.86 | 12.81 | 5.74 | 574 | 574 | 572 | 574 | 574 | 574 | 5.74
0:26:00 12.91 12.58 | 12.81 12.71 1243 | 12.60 | 12.87 | 12.81 | 574 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
0:27:00 12.92 | 12,60 | 12.82 | 12.71 12.44 | 12.60 | 12.87 | 12.82 | 5.74 | 574 | 574 | 572 | 574 | 574 | 574 | 5.74
0:28:00 12.93 | 12.61 12.83 | 12,72 | 1245 | 12.61 12.88 | 12.82 | 5.74 | 574 | 5.74 | 574 | 5.74 | 5.74 | 5.74 | 5.74
0:29:00 12.94 | 12,63 | 12.84 | 12.74 | 1246 | 12.62 | 12.89 | 12.83 | 5.74 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
0:30:00 1295 | 12.63 | 12.85 | 12.74 | 12.47 | 12.63 | 1291 1284 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74 | 5.74
0:31:00 12.96 | 12.65 | 12.86 | 12.75 | 1249 | 12.64 | 12.92 | 12.84 | 574 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
0:32:00 12.96 | 12.66 | 12.87 | 12.76 | 12.49 | 12.65 | 12.93 | 12.84 | 574 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
0:33:00 12.98 | 12.67 | 12.88 | 12.78 | 12.51 12.65 | 1294 | 12.85 | 5.74 | 5.74 | 574 | 574 | 574 | 574 | 574 | 5.74
0:34:00 12.99 | 12.68 | 12.89 | 12.78 | 12.52 | 12.66 | 12.95 | 12.85 | 5.74 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
0:35:00 13.00 | 12.69 | 1290 | 12.79 | 12.53 | 12.67 | 12.96 | 12.86 | 5.74 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
0:36:00 13.01 12.71 12.91 12.80 | 12.54 | 12.68 | 1297 | 1286 | 574 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
0:37:00 13.02 | 12,72 | 1292 | 1281 12.55 | 12.69 | 13.00 | 12.87 | 5.74 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
0:38:00 13.03 | 12.73 | 1293 | 12.82 | 12.55 | 12.70 | 13.02 | 12.87 | 5.74 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
0:39:00 13.04 | 12.74 | 1294 | 12.83 | 12.57 | 12.70 | 13.02 | 12.88 | 5.74 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
0:40:00 13.05 | 12.76 | 1294 | 12.83 | 12.59 | 12.71 13.04 | 12.89 | 5.74 | 574 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74
0:41:00 13.06 | 12.77 | 1296 | 12.84 | 12.60 | 12.72 | 13.06 | 12.89 | 5.74 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
0:42:00 13.07 | 12.78 | 1297 | 1285 | 12.60 | 12.73 | 13.07 | 1290 | 5.74 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
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0:43:00 13.08 | 12.79 | 1297 | 1286 | 12.62 | 12.74 | 13.07 | 1291 | 5.74 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
0:44:00 13.09 | 12.80 | 1298 | 12.87 | 12.62 | 12.75 | 13.09 | 1291 | 574 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
0:45:00 13.11 12.81 12.99 | 12.88 | 12.63 | 12.75 | 13.10 | 1292 | 5.74 | 574 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74
0:46:00 13.11 12.82 | 13.00 | 12.89 | 12.64 | 12.76 | 13.12 | 1292 | 5.74 | 574 | 5.74 | 574 | 5.74 | 574 | 5.74 | 5.74
0:47:00 13.13 | 12.83 | 13.01 1290 | 12.65 | 12.77 | 13.13 | 1292 | 574 | 574 | 574 | 574 | 5.74 | 574 | 5.74 | 5.74
0:48:00 13.13 | 12.85 | 13.02 | 1290 | 12.67 | 12.78 | 13.13 | 1293 | 574 | 574 | 574 | 574 | 574 | 574 | 574 | 574
0:49:00 13.15 | 12.85 | 13.03 | 1291 12.67 | 12.78 | 13.14 | 1294 | 574 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
0:50:00 13.16 | 12.87 | 13.04 | 1292 | 12.69 | 12.79 | 13.14 | 1295 | 574 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
0:51:00 13.17 | 12.88 | 13.05 | 1293 | 12.69 | 12.80 | 13.16 | 1295 | 5.74 | 574 | 574 | 572 | 574 | 574 | 574 | 5.74
0:52:00 13.18 | 12.89 | 13.06 | 12.94 | 12.71 12.81 13.17 | 1296 | 5.74 | 574 | 5.74 | 574 | 5.74 | 5.74 | 5.74 | 5.74
0:53:00 13.19 | 1290 | 13.07 | 1295 | 1272 | 12.82 | 13.17 | 1296 | 5.74 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
0:54:00 13.21 12.91 13.08 | 1296 | 12.73 | 12.83 | 13.18 | 1297 | 5.74 | 574 | 5.74 | 574 | 5.74 | 5.74 | 5.74 | 5.74
0:55:00 13.21 12.92 | 13.09 | 1296 | 12.74 | 1283 | 13.19 | 1298 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74
0:56:00 13.22 | 1293 | 13.10 | 12.97 | 12.75 | 12.84 | 13.17 | 1298 | 5.74 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
0:57:00 13.24 | 12,94 | 13.11 1298 | 12,76 | 12.85 | 13.16 | 1298 | 574 | 574 | 574 | 574 | 5.74 | 574 | 5.74 | 5.74
0:58:00 13.26 | 12,95 | 13.12 | 1299 | 12.77 | 12.86 | 13.15 | 1299 | 574 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
0:59:00 13.26 | 12,96 | 13.13 | 13.00 | 12.78 | 12.87 | 13.14 | 13.00 | 5.74 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
1:00:00 13.28 | 12,97 | 13.13 | 13.01 12.79 | 12.87 | 13.15 | 13.01 | 574 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
1:01:00 13.29 | 1298 | 13.14 | 13.02 | 12.80 | 12.88 | 13.13 | 13.01 | 5.74 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
1:02:00 13.30 | 12,99 | 13.15 | 13.03 | 12.81 12.89 | 13.14 | 13.02 | 5.74 | 5.74 | 574 | 574 | 574 | 574 | 574 | 5.74
1:03:00 13.32 | 13.00 | 13.16 | 13.03 | 12.82 | 1290 | 13.15 | 13.03 | 5.74 | 574 | 574 | 572 | 574 | 574 | 574 | 574
1:04:00 13.33 | 13.02 | 13.17 | 13.04 | 12.83 | 1291 13.15 | 13.03 | 5.74 | 574 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74
1:05:00 13.34 | 13.03 | 13.18 | 13.05 | 12.84 | 1291 13.16 | 13.04 | 574 | 574 | 5.74 | 574 | 5.74 | 5.74 | 5.74 | 5.74
1:06:00 13.36 | 13.03 | 13.19 | 13.06 | 12.84 | 1293 | 13.18 | 13.05 | 5.74 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
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1:07:00 13.37 | 13.05 | 13.21 13.07 | 12.86 | 12.93 | 13.19 | 13.05 | 574 | 574 | 574 | 574 | 5.74 | 574 | 5.74 | 5.74
1:08:00 13.39 | 13.05 | 13.21 13.08 | 12.87 | 1294 | 1320 | 13.06 | 574 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
1:09:00 13.40 | 13.07 | 1322 | 13.08 | 12.87 | 12.95 | 13.21 13.07 | 574 | 574 | 574 | 574 | 5.74 | 574 | 5.74 | 5.74
1:10:00 13.42 | 13.08 | 1323 | 13.09 | 12.88 | 1295 | 13.22 | 13.07 | 5.74 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
1:11:00 13.43 | 13.09 | 1324 | 13.10 | 12.89 | 12.96 | 13.22 | 13.08 | 5.74 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
1:12:00 13.45 | 13.10 | 13.25 | 13.11 1290 | 1297 | 13.23 | 13.08 | 574 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
1:13:00 13.46 | 13.11 13.26 | 13.12 | 1291 1298 | 13.24 | 13.09 | 5.74 | 5.74 | 574 | 574 | 574 | 574 | 574 | 5.74
1:14:00 1348 | 13.12 | 1327 | 13.13 | 1292 | 1299 | 13.24 | 13.10 | 5.74 | 574 | 574 | 574 | 574 | 574 | 574 | 574
1:15:00 13.49 | 13.13 | 1328 | 13.14 | 1293 | 12.99 | 13.25 | 13.11 | 5.74 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
1:16:00 13.51 13.14 | 13.29 | 13.15 | 1293 | 13.00 | 13.26 | 13.11 | 5.74 | 574 | 5.74 | 574 | 5.74 | 5.74 | 5.74 | 5.74
1:17:00 13.53 | 13.15 | 1330 | 13.16 | 12.95 | 13.01 1326 | 13.12 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74
1:18:00 13.55 | 13.16 | 1332 | 13.16 | 1296 | 13.02 | 13.26 | 13.13 | 5.74 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
1:19:00 13.57 | 13.17 | 1332 | 13.17 | 1297 | 13.02 | 13.26 | 13.14 | 5.74 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
1:20:00 13.59 | 13.18 | 13.33 | 13.18 | 1298 | 13.04 | 13.27 | 13.14 | 5.74 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
1:21:00 13.61 13.20 | 13.35 | 13.19 | 1299 | 13.04 | 13.28 | 13.15 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74
1:22:00 13.64 | 13.21 13.36 | 13.20 | 1299 | 13.05 | 1327 | 13.15 | 574 | 574 | 5.74 | 574 | 5.74 | 5.74 | 5.74 | 5.74
1:23:00 13.66 | 13.22 | 1337 | 13.21 13.00 | 13.06 | 13.28 | 13.16 | 5.74 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
1:24:00 13.69 | 13.23 | 13.38 | 13.22 | 13.01 13.07 | 13.29 | 13.17 | 5.74 | 5.74 | 574 | 574 | 574 | 574 | 574 | 5.74
1:25:00 13.72 | 13.23 | 13.39 | 1323 | 13.02 | 13.08 | 13.30 | 13.17 | 5.74 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
1:26:00 13.75 | 13.25 | 13.40 | 1324 | 13.03 | 13.08 | 13.30 | 13.18 | 5.74 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
1:27:00 13.79 | 13.26 | 1342 | 1325 | 13.04 | 13.09 | 1331 13.19 | 574 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
1:28:00 13.83 | 13.27 | 1343 | 1326 | 13.05 | 13.10 | 13.32 | 13.19 | 5.74 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
1:29:00 13.87 | 13.28 | 1344 | 1326 | 13.06 | 13.11 1332 | 1320 | 574 | 574 | 5.74 | 574 | 5.74 | 5.74 | 5.74 | 5.74
1:30:00 13.91 13.29 | 1345 | 13.27 | 13.07 | 13.12 | 13.33 | 13.21 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74
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1:31:00 13.96 | 13.31 13.46 | 13.28 | 13.08 | 13.13 | 1334 | 13.22 | 5.74 | 574 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74
1:32:00 14.01 1332 | 1347 | 1329 | 13.09 | 13.13 | 1335 | 1322 | 574 | 574 | 5.74 | 574 | 5.74 | 574 | 5.74 | 574
1:33:00 14.06 | 13.33 | 13.49 | 1330 | 13.09 | 13.14 | 13.35 | 1323 | 5.74 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
1:34:00 14.12 | 13.34 | 13.50 | 13.31 13.10 | 13.15 | 1336 | 1323 | 574 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
1:35:00 14.21 13.35 | 13.51 13.32 | 13.11 13.16 | 13.37 | 1324 | 5.74 | 5.74 | 574 | 574 | 574 | 574 | 574 | 5.74
1:36:00 1432 | 13.36 | 13.53 | 1334 | 13.12 | 13.16 | 13.38 | 1325 | 574 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
1:37:00 14.52 | 13.38 | 13.54 | 1334 | 13.13 | 13.17 | 13.39 | 1326 | 5.74 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
1:38:00 14.84 | 13.39 | 13.55 | 1335 | 13.14 | 13.18 | 13.39 | 1327 | 574 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
1:39:00 14.80 | 13.40 | 13.57 | 1337 | 13.15 | 13.19 | 13.40 | 1328 | 558 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
1:40:00 14.80 | 1341 13.58 | 13.37 | 13.16 | 13.20 | 13.41 1328 | 544 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
1:41:00 14.81 13.43 | 13.59 | 1338 | 13.17 | 13.20 | 13.41 1329 | 532 | 574 | 574 | 574 | 5.74 | 5.74 | 5.74 | 5.74
1:42:00 1479 | 1344 | 13.60 | 1339 | 13.17 | 13.21 1342 | 1330 | 520 | 5.74 | 5.74 | 574 | 5.74 | 5.74 | 5.74 | 5.74
1:43:00 14.81 13.46 | 13.62 | 13.40 | 13.18 | 1322 | 13.43 | 13.30 | 5.06 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74
1:44:00 14.82 | 1347 | 13.63 | 1341 13.19 | 13.23 | 1344 | 1331 | 502 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
1:45:00 14.80 | 13.48 | 13.65 | 13.42 | 13.21 1324 | 1345 | 1332 | 484 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
1:46:00 1479 | 13.49 | 13.66 | 13.44 | 1321 1325 | 1345 | 1332 | 472 | 5.74 | 574 | 574 | 574 | 574 | 574 | 5.74
1:47:00 14.80 | 13.51 13.68 | 13.45 | 1322 | 1326 | 13.46 | 13.34 | 460 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74
1:48:00 14.80 | 13.52 | 13.69 | 13.46 | 1322 | 1327 | 1347 | 1334 | 446 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
1:49:00 14.81 13.54 | 13.71 13.47 | 13.24 | 1327 | 1348 | 1334 | 434 | 574 | 574 | 574 | 5.74 | 574 | 5.74 | 5.74
1:50:00 14.80 | 13.55 | 13.73 | 13.48 | 13.25 | 13.28 | 1349 | 1336 | 424 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
1:51:00 14.80 | 13.57 | 13.74 | 13.49 | 1326 | 13.29 | 13.50 | 1337 | 412 | 574 | 574 | 574 | 574 | 574 | 574 | 574
1:52:00 14.82 | 13.58 | 13.76 | 13.50 | 13.27 | 13.30 | 13.51 1337 | 400 | 574 | 574 | 574 | 574 | 5.74 | 5.74 | 5.74
1:53:00 14.80 | 13.60 | 13.78 | 13.51 13.27 | 13.31 1352 | 1338 | 3.88 | 574 | 5.74 | 574 | 5.74 | 5.74 | 5.74 | 5.74
1:54:00 14.80 | 13.62 | 13.80 | 13.52 | 13.29 | 13.32 | 13.52 | 1338 | 3.76 | 5.74 | 574 | 574 | 574 | 574 | 574 | 5.74




97

1:55:00 1479 | 13.63 | 13.82 | 13.54 | 13.30 | 13.33 | 13.53 | 1340 | 3.68 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
1:56:00 14.80 | 13.65 | 13.84 | 13.55 | 13.31 1333 | 13.54 | 1340 | 3.58 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
1:57:00 14.80 | 13.66 | 13.86 | 13.56 | 13.31 1334 | 13.55 | 1341 | 348 | 576 | 5.74 | 574 | 574 | 574 | 574 | 5.74
1:58:00 14.81 13.69 | 13.89 | 13.58 | 1332 | 1335 | 13.55 | 1342 | 338 | 574 | 5.74 | 574 | 5.74 | 574 | 5.74 | 5.74
1:59:00 14.81 13.70 | 13.91 13.59 | 13.33 | 1336 | 1356 | 13.43 | 328 | 574 | 574 | 574 | 5.74 | 574 | 5.74 | 5.74
2:00:00 1480 | 13.72 | 13.93 | 13.60 | 13.34 | 1337 | 13.58 | 1344 | 3.18 | 574 | 574 | 574 | 574 | 574 | 574 | 574
2:01:00 14.84 | 13.74 | 13.96 | 13.61 1335 | 13.38 | 13.59 | 1344 | 3.18 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
2:02:00 14.83 | 13.76 | 13.99 | 13.62 | 13.36 | 13.39 | 13.61 1345 | 3.06 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
2:03:00 14.82 | 13.79 | 14.03 | 13.64 | 13.37 | 13.40 | 13.61 13.46 | 288 | 5.74 | 574 | 574 | 5.74 | 5.74 | 5.74 | 5.74
2:04:00 14.78 | 13.81 14.06 | 13.65 | 13.38 | 1341 13.62 | 1347 | 2.82 | 574 | 5.74 | 574 | 5.74 | 5.74 | 5.74 | 5.74
2:05:00 14.81 13.83 | 14.10 | 13.67 | 13.39 | 13.41 13.63 | 13.47 | 2.80 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74
2:06:00 14.80 | 13.86 | 14.13 | 13.68 | 13.40 | 13.42 | 13.64 | 1349 | 2.70 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
2:07:00 1479 | 13.89 | 14.18 | 13.69 | 13.41 13.44 | 13.65 | 1349 | 250 | 5.74 | 574 | 574 | 574 | 574 | 574 | 5.74
2:08:00 14.77 | 13.91 14.23 | 13.71 1343 | 1344 | 13.66 | 13.51 | 256 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
2:09:00 14.81 13.95 | 1428 | 13.73 | 13.44 | 1345 | 13.67 | 13.51 | 2.44 | 574 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74
2:10:00 14.81 13.98 | 1433 | 13.75 | 13.44 | 1346 | 13.68 | 13.52 | 240 | 5.74 | 5.74 | 574 | 5.74 | 5.74 | 5.74 | 5.74
2:11:00 14.81 14.02 | 1439 | 13.77 | 1345 | 1348 | 13.69 | 13.53 | 2.46 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74
2:12:00 14.84 | 14.07 | 1446 | 13.78 | 13.47 | 1349 | 13.70 | 13.54 | 2.18 | 574 | 574 | 574 | 574 | 574 | 574 | 5.74
2:13:00 14.85 | 14.11 14.56 | 13.80 | 13.48 | 13.49 | 13.71 1355 | 224 | 574 | 574 | 574 | 5.74 | 5.74 | 5.74 | 5.74
2:14:00 14.81 14.17 | 14.71 13.82 | 13.49 | 13.51 13.71 1356 | 2.14 | 574 | 574 | 574 | 5.74 | 5.74 | 5.74 | 5.74
2:15:00 14.82 | 1423 | 1491 13.84 | 13.50 | 13.51 1372 | 13.56 | 2.16 | 574 | 5.74 | 574 | 5.74 | 5.74 | 5.74 | 5.74
2:16:00 14.84 | 1430 | 14.80 | 13.86 | 13.51 13.52 | 13.73 | 13.57 | 2.08 | 5.74 | 554 | 574 | 574 | 574 | 574 | 5.74
2:17:00 14.81 1438 | 1479 | 13.88 | 13.52 | 13.53 | 13.74 | 13.58 | 2.06 | 5.74 | 538 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74
2:18:00 1479 | 1447 | 14.80 | 13.90 | 13.54 | 13.55 | 13.75 | 13.59 | 2.02 | 574 | 522 | 574 | 574 | 574 | 574 | 5.74
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2:19:00 14.80 | 14.65 | 14.79 | 13.93 | 13.55 | 13.56 | 13.76 | 13.61 1.94 | 574 | 5.08 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74
2:20:00 14.81 14.80 | 14.80 | 13.95 | 13.56 | 13.57 | 13.77 | 13.62 | 2.00 | 5.62 | 490 | 5.74 | 5.74 | 574 | 5.74 | 5.74
2:21:00 14.80 | 14.79 | 14.80 | 13.98 | 13.57 | 13.58 | 13.78 | 13.63 1.82 | 5.34 | 474 | 574 | 5.74 | 5.74 | 5.74 | 5.74
2:22:00 14.81 1480 | 1479 | 14.02 | 1359 | 1359 | 13.79 | 13.64 | 1.72 | 5.06 | 4.58 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74
2:23:00 14.80 | 14.80 | 14.80 | 14.05 | 13.61 13.61 13.80 | 13.65 1.76 | 476 | 440 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74
2:24:00 14.80 | 14.80 | 14.80 | 14.10 | 13.62 | 13.61 13.81 13.66 | 1.72 | 450 | 426 | 574 | 574 | 574 | 574 | 5.74
2:25:00 14.80 | 14.80 | 14.80 | 14.14 | 13.63 | 13.63 | 13.82 | 13.67 | 1.66 | 426 | 408 | 574 | 574 | 574 | 574 | 5.74
2:26:00 1479 | 1480 | 14.80 | 14.19 | 13.65 | 13.64 | 13.83 | 13.68 | 1.62 | 400 | 392 | 574 | 574 | 574 | 574 | 574
2:27:00 14.80 | 14.80 | 14.80 | 14.24 | 13.66 | 13.65 | 13.84 | 13.69 | 1.60 | 3.78 | 3.76 | 574 | 574 | 574 | 574 | 5.74
2:28:00 14.81 14.80 | 14.80 | 1430 | 13.68 | 13.67 | 13.85 | 13.71 1.54 | 356 | 3.60 | 574 | 574 | 574 | 5.74 | 5.74
2:29:00 14.80 | 14.80 | 14.80 | 1438 | 13.69 | 13.68 | 13.85 | 13.72 | 1.54 | 334 | 346 | 574 | 574 | 574 | 574 | 5.74
2:30:00 1479 | 1480 | 14.80 | 14.47 | 13.71 1370 | 13.87 | 13.73 | 142 | 3.14 | 330 | 574 | 574 | 574 | 574 | 5.74
2:31:00 14.83 | 14.80 | 14.80 | 14.62 | 13.73 | 13.71 1388 | 13.75 | 1.70 | 2.98 | 3.18 | 5.74 | 5.74 | 5.74 | 5.74 | 5.74
2:32:00 14.84 | 1480 | 14.80 | 1485 | 13.75 | 13.73 | 13.88 | 13.76 | 144 | 280 | 3.02 | 574 | 574 | 574 | 574 | 5.74
2:33:00 14.82 | 14.80 | 14.80 | 14.80 | 13.77 | 13.74 | 13.90 | 13.78 | 144 | 262 | 290 | 554 | 574 | 574 | 574 | 5.74
2:34:00 1479 | 14.80 | 14.81 14.80 | 13.78 | 13.76 | 13.91 1379 | 142 | 248 | 2.76 | 536 | 5.74 | 574 | 5.74 | 5.74
2:35:00 14.79 | 14.80 | 14.80 | 14.81 13.82 | 13.78 | 13.93 | 13.80 | 1.34 | 234 | 264 | 518 | 574 | 574 | 574 | 5.74
2:36:00 1479 | 1480 | 14.80 | 14.81 13.84 | 13.79 | 13.94 | 1383 | 130 | 220 | 2.54 | 498 | 574 | 574 | 574 | 574
2:37:00 14.80 | 14.81 14.80 | 14.80 | 13.87 | 13.81 1395 | 13.85 | 1.28 | 2.08 | 2.44 | 480 | 5.74 | 5.74 | 5.74 | 5.74
2:38:00 14.80 | 14.80 | 14.81 14.80 | 13.90 | 13.83 | 13.97 | 1386 | 1.24 | 1.98 | 232 | 460 | 5.74 | 574 | 5.74 | 5.74
2:39:00 1479 | 1480 | 14.80 | 14.80 | 1394 | 13.85 | 14.00 | 13.88 | 122 | 1.86 | 222 | 440 | 574 | 574 | 574 | 574
2:40:00 14.80 | 14.80 | 14.81 14.80 | 14.00 | 13.87 | 14.02 | 1390 | 1.20 | 1.78 | 2.12 | 420 | 5.74 | 574 | 5.74 | 5.74
2:41:00 14.81 14.81 14.80 | 14.81 14.06 | 13.90 | 14.04 | 1393 | 1.18 | 1.68 | 2.04 | 402 | 574 | 574 | 574 | 574
2:42:00 14.80 | 14.79 | 14.79 | 1480 | 14.14 | 13.92 | 14.06 | 1396 | 1.14 | 1.60 | 1.96 | 3.82 | 574 | 574 | 574 | 5.74
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2:43:00 14.81 14.80 | 14.79 | 14.81 14.24 | 13.96 | 14.10 | 1399 | 1.14 | 1.52 | 1.88 | 3.62 | 574 | 574 | 574 | 5.74
2:44:00 14.81 1479 | 14.81 1479 | 1442 | 1399 | 1413 | 1403 | 1.12 | 1.44 | 1.86 | 3.44 | 574 | 574 | 574 | 5.74
2:45:00 14.80 | 14.79 | 14.80 | 14.79 | 1482 | 14.03 | 14.16 | 1406 | 1.08 | 1.38 | 1.76 | 326 | 574 | 574 | 574 | 5.74
2:46:00 14.80 | 14.80 | 14.80 | 14.80 | 14.80 | 14.07 | 14.21 14.10 | 1.06 | 1.30 | 1.68 | 3.06 | 532 | 574 | 574 | 5.74
2:47:00 14.80 | 14.80 | 14.83 | 14.80 | 14.80 | 14.13 | 14.26 | 14.15 1.06 | 1.26 | 1.66 | 2.88 | 4.96 | 5.74 | 5.74 | 5.74
2:48:00 14.80 | 14.80 | 14.80 | 14.80 | 14.80 | 14.19 | 1435 | 1421 1.04 | 1.20 | 1.62 | 272 | 466 | 574 | 574 | 5.74
2:49:00 14.80 | 14.80 | 14.80 | 14.80 | 14.80 | 14.26 | 14.52 | 1428 | 1.00 | 1.14 | 1.52 | 2.56 | 442 | 574 | 574 | 5.74
2:50:00 14.80 | 14.80 | 14.81 14.80 | 14.80 | 1437 | 1463 | 1436 | 1.00 | 1.10 | 1.54 | 244 | 418 | 574 | 574 | 5.74
2:51:00 14.80 | 14.79 | 14.80 | 14.80 | 14.80 | 14.58 | 14.77 | 1448 | 096 | 1.06 | 1.42 | 232 | 398 | 574 | 574 | 574
2:52:00 14.80 | 14.80 | 14.84 | 1479 | 1480 | 1489 | 1479 | 1465 | 096 | 1.00 | 1.24 | 222 | 3.76 | 574 | 544 | 574
2:53:00 14.80 | 14.80 | 14.79 | 14.80 | 14.80 | 14.81 14.81 1481 | 092 | 098 | 1.36 | 2.12 | 3.60 | 5.24 | 5.12 | 5.74
2:54:00 14.80 | 1479 | 14.80 | 14.80 | 14.80 | 14.80 | 14.80 | 14.80 [ 0.90 [ 094 | 1.16 | 2.04 | 3.44 | 496 | 480 | 528
2:55:00 14.80 | 14.80 | 14.80 | 14.80 | 14.80 | 14.80 | 14.80 | 14.80 | 090 [ 092 | 1.28 | 1.98 | 3.28 | 4.68 | 4.50 | 4.94
2:56:00 14.80 | 14.80 | 14.81 14.80 | 14.81 14.81 1479 | 1486 | 0.88 | 0.88 | 1.14 | 1.90 | 3.18 | 444 | 424 | 470
2:57:00 14.80 | 14.80 | 14.78 | 14.80 | 14.81 14.80 | 14.80 | 14.80 | 0.86 | 0.86 | 1.18 | 1.82 | 3.04 | 420 | 4.00 | 4.64
2:58:00 14.80 | 14.80 | 14.81 14.80 | 14.80 | 14.79 | 1480 | 1480 | 0.86 | 0.84 | 1.12 | 1.78 | 2.94 | 3.98 | 3.78 | 4.12
2:59:00 14.80 | 14.80 | 14.79 | 14.80 | 1480 | 14.79 | 1479 | 1478 | 0.84 | 0.82 | 1.06 | 1.72 | 2.82 | 3.78 | 3.58 | 3.84
3:00:00 14.80 | 14.80 | 14.81 14.80 | 14.80 | 14.80 | 14.80 | 1482 | 0.84 | 0.78 | 1.08 | 1.66 | 2.74 | 3.58 | 3.40 | 3.50
3:01:00 14.80 | 14.80 | 14.77 | 14.80 | 14.80 | 14.80 | 14.80 | 14.79 | 0.82 [ 0.76 | 1.04 | 1.62 | 2.64 | 3.42 | 3.26 | 3.36
3:02:00 1479 | 14.80 | 14.79 | 14.80 | 14.80 | 14.80 | 14.80 | 14.81 | 0.80 [ 0.74 | 1.06 | 1.58 | 2.58 | 3.26 | 3.12 | 3.20
3:03:00 14.80 | 1479 | 14.80 | 14.80 | 14.80 | 14.80 | 14.80 | 14.81 | 0.80 [ 0.72 | 098 | 1.54 | 2.50 | 3.12 | 2.98 | 3.00
3:04:00 14.80 | 14.80 | 14.76 | 14.80 | 14.80 | 14.80 | 14.80 | 14.82 | 0.78 [ 0.70 | 1.02 | 1.50 | 2.44 | 298 | 2.86 | 2.84
3:05:00 14.80 | 14.80 | 14.78 | 14.80 | 14.80 | 14.80 | 14.80 | 14.81 | 0.76 [ 0.70 | 0.92 | 1.46 | 2.40 | 2.86 | 2.78 | 2.68
3:06:00 14.80 | 14.80 | 14.80 | 14.80 | 14.80 | 14.80 | 14.80 | 14.84 | 0.74 | 0.68 | 0.92 | 1.44 | 236 | 2.74 | 2.68 | 2.60
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3:07:00 14.80 | 14.80 | 14.80 | 14.80 | 14.81 14.80 | 14.80 | 14.80 | 0.74 | 0.66 | 0.92 | 1.42 | 232 | 2.66 | 2.60 | 2.40
3:08:00 14.80 | 1479 | 14.82 | 14.80 | 14.81 1479 | 1480 | 14.80 | 0.72 | 0.64 | 0.88 | 1.38 | 2.28 | 2.56 | 2.50 | 2.30
3:09:00 14.80 | 14.80 | 14.81 14.80 | 14.80 | 14.81 1480 | 14.80 | 0.72 | 0.64 | 0.84 | 136 | 2.26 | 248 | 244 | 222
3:10:00 14.80 | 14.80 | 14.78 | 14.80 | 14.80 | 14.81 1479 | 1480 | 0.72 | 0.62 | 0.92 | 1.34 | 222 | 240 | 238 | 2.14
3:11:00 14.80 | 14.80 | 14.84 | 14.80 | 14.80 | 14.80 | 14.80 | 14.82 | 0.68 [ 0.60 [ 0.86 | 1.32 | 220 | 2.32 | 2.30 | 2.10
3:12:00 14.80 | 14.80 | 14.79 | 14.81 14.80 | 14.80 | 14.79 | 1480 | 0.70 [ 0.60 [ 0.90 | 1.30 | 2.18 | 2.26 | 2.24 | 0.26
3:13:00 14.80 | 14.80 | 14.79 | 14.80 | 14.80 | 14.79 | 14.80 | 14.80 | 0.68 | 0.60 | 0.84 | 1.28 | 2.16 | 2.20 | 2.18 | 0.28
3:14:00 14.80 | 14.80 | 14.81 14.80 | 14.80 | 14.80 | 14.80 | 1480 | 0.68 | 0.58 | 0.92 | 1.28 | 2.14 | 2.14 | 2.12 | 0.28
3:15:00 14.80 | 14.80 | 14.81 14.80 | 14.80 | 14.80 | 14.81 1480 | 0.64 | 0.58 | 0.90 | 1.24 | 2.10 | 2.10 | 2.12 | 0.28
3:16:00 14.80 | 14.80 | 14.75 | 14.81 14.81 1479 | 14.80 | 14.80 | 0.66 | 0.56 | 0.84 | 124 | 2.10 [ 2.06 | 2.08 | 0.28
3:17:00 14.80 | 14.80 | 14.81 14.80 | 14.80 | 14.81 14.80 | 14.80 | 0.64 | 0.56 | 0.78 | 1.24 | 2.08 | 2.02 [ 2.02 [ 0.28
3:18:00 14.80 | 14.80 | 14.81 14.80 | 14.80 | 14.80 | 14.78 | 1480 | 0.62 | 0.54 | 0.84 | 1.22 | 2.06 | 1.98 | 1.96 | 0.28
3:19:00 14.80 | 14.80 | 14.82 | 14.80 | 14.80 | 14.79 | 14.80 | 14.80 | 0.62 [ 0.56 | 0.76 | 122 | 2.06 [ 1.94 | 1.94 | 0.28
3:20:00 14.80 | 14.80 | 14.80 | 14.80 | 14.80 | 14.80 | 14.80 | 14.80 | 0.60 | 0.54 | 0.78 | 1.20 | 2.02 | 1.92 | 1.90 | 0.28
3:21:00 14.80 | 14.80 | 14.80 | 14.80 | 14.80 | 14.80 | 14.81 14.80 | 0.60 | 0.54 | 0.76 | 1.18 | 2.02 | 1.90 | 1.88 | 0.28
3:22:00 14.80 | 14.80 | 14.79 | 14.80 | 14.80 | 14.81 14.80 | 14.80 | 0.60 | 0.54 | 0.76 | 1.16 | 2.02 | 1.86 | 1.84 | 0.28
3:23:00 14.80 | 14.80 | 14.79 | 14.80 | 14.81 14.81 14.81 1480 | 0.58 | 0.54 | 0.86 | 1.18 | 1.98 | 1.84 | 1.80 | 0.28
3:24:00 14.80 | 14.80 | 14.77 | 14.81 14.80 | 14.80 | 14.80 | 14.80 | 0.56 | 0.52 | 0.74 | 1.18 | 1.98 | 1.80 | 1.78 | 0.28
3:25:00 14.80 | 14.80 | 14.80 | 14.80 | 14.81 1479 | 14.80 | 14.80 | 0.56 | 0.52 [ 0.66 | 1.16 | 1.96 | 1.78 | 1.74 | 0.28
3:26:00 14.81 14.80 | 14.80 | 14.80 | 14.80 | 14.80 | 14.80 | 14.81 | 0.56 | 0.50 | 0.72 | 1.16 | 1.96 | 1.76 | 1.70 | 0.28
3:27:00 14.81 1479 | 1478 | 14.81 1480 | 1479 | 14.80 | 14.81 | 0.56 | 0.52 | 0.70 | 1.14 | 196 | 1.74 | 1.68 | 0.28
3:28:00 14.80 | 14.80 | 14.80 | 14.80 | 14.80 | 14.79 | 14.80 | 14.80 | 0.54 | 0.52 [ 0.76 | 1.14 | 1.94 | 1.72 | 1.64 | 0.28
3:29:00 14.80 | 14.80 | 14.80 | 14.81 14.80 | 1479 | 14.80 | 14.80 | 0.54 [ 050 | 0.72 | 1.14 | 1.92 | 1.72 | 1.62 | 0.26
3:30:00 14.80 | 14.79 | 14.80 | 14.80 | 14.80 | 14.80 | 14.80 | 14.80 | 0.54 | 0.50 | 0.68 | 1.12 | 1.92 | 1.70 | 1.58 | 0.28




101

3:30:00 14.80 | 14.79 | 14.79 | 14.81 14.80 | 14.80 | 14.80 | 1480 | 0.54 | 0.50 | 0.70 | 1.12 | 1.92 | 1.70 | 1.58 | 0.28

3:30:00 14.80 | 1479 | 1479 | 14.81 14.80 | 14.80 | 14.80 | 14.80

3:35:00 1338 | 13.45 | 13.42 | 13.39 | 13.33 | 13.34 | 13.34 | 13.36

3:40:00 1330 | 13.37 | 1337 | 1336 | 13.32 | 13.33 | 13.32 | 13.30

3:45:00 1328 | 13.35 | 13.36 | 13.35 | 13.31 1331 13.30 | 13.26

3:50:00 1326 | 1333 | 1335 | 13.34 | 13.30 | 13.30 | 13.29 | 13.25

3:55:00 1326 | 1333 | 13.34 | 13.33 | 13.29 | 13.30 | 13.28 | 13.24

4:00:00 1326 | 1333 | 1334 | 1333 | 13.28 | 13.29 | 13.27 | 13.24

4:00:00 13.26 | 13.33 | 13.33 | 1332 | 13.28 | 13.29 | 13.27 | 13.24

4:00:00 1326 | 1333 | 1333 | 13.32 | 13.28 | 13.29 | 13.27 | 13.24

Data Discharged Battery
End Voltage (V) Current (A)
Run Time
25 30 35 40 45 50 55 60 25 30 35 40 45 50 55 60

12:00:00 AM | 1322 | 1327 | 1334 | 1333 | 1325 | 1327 | 1327 | 12.67 | 20.00 | 20.00 [ 20.00 | 20.00 [ 20.00 | 20.00 | 20.00 | 20.00
12:01:00 AM 12.26 12.33 12.47 12.53 12.56 12.57 12.35 12.21 19.82 19.84 19.84 19.82 19.84 19.82 19.82 19.82
12:02:00 AM 12.25 12.33 12.47 12.53 12.55 12.57 12.36 12.17 19.82 19.84 19.82 19.82 19.82 19.82 19.82 19.82
12:03:00 AM 12.23 12.32 12.46 12.52 12.54 12.55 12.34 12.14 19.84 19.82 19.82 19.82 19.82 19.82 19.82 19.82
12:04:00 AM 12.20 12.30 12.44 12.50 12.52 12.53 12.31 12.10 19.82 19.82 19.82 19.82 19.84 19.82 19.82 19.82
12:05:00 AM 12.18 12.28 12.42 12.48 12.50 12.51 12.29 12.07 19.82 19.84 19.82 19.82 19.84 19.82 19.84 19.84
12:06:00 AM 12.15 12.26 12.40 12.45 12.48 12.49 12.25 12.04 19.82 19.84 19.82 19.82 19.82 19.82 19.82 19.82
12:07:00 AM 12.12 12.24 12.37 12.43 12.46 12.47 12.23 12.00 19.82 19.84 19.82 19.82 19.82 19.82 19.82 19.82
12:08:00 AM 12.09 12.22 12.35 12.41 12.44 12.45 12.21 11.97 19.82 19.84 19.82 19.82 19.84 19.82 19.84 19.82
12:09:00 AM 12.06 12.19 12.33 12.38 12.41 12.43 12.20 11.94 19.84 19.84 19.82 19.82 19.82 19.84 19.82 19.84
12:10:00 AM 12.02 12.16 12.30 12.36 12.39 12.40 12.17 11.90 19.82 19.82 19.82 19.82 19.84 19.82 19.82 19.82
12:11:00 AM 11.99 12.14 12.27 12.33 12.36 12.38 12.14 11.86 19.82 19.84 19.82 19.82 19.82 19.82 19.82 19.82
12:12:00 AM 11.95 12.11 12.24 12.30 12.35 12.35 12.10 11.82 19.82 19.84 19.82 19.82 19.84 19.82 19.82 19.82
12:13:00 AM 11.92 12.08 12.22 12.28 12.32 12.33 12.07 11.78 19.82 19.82 19.82 19.82 19.84 19.82 19.82 19.82
12:14:00 AM 11.88 12.05 12.19 12.25 12.29 12.30 12.02 11.74 19.82 19.84 19.82 19.82 19.82 19.82 19.82 19.82
12:15:00 AM 11.84 12.02 12.16 12.22 12.27 12.28 11.98 11.70 19.82 19.84 19.82 19.82 19.82 19.82 19.82 19.82
12:16:00 AM 11.81 11.99 12.13 12.20 12.24 12.25 11.92 11.66 19.84 19.84 19.82 19.82 19.82 19.82 19.82 19.82
12:17:00 AM 11.77 11.96 12.11 12.17 12.22 12.11 11.89 11.61 19.82 19.84 19.82 19.82 19.84 19.82 19.84 19.82
12:18:00 AM 11.73 11.93 12.07 12.14 12.19 12.15 11.88 11.56 19.82 19.82 19.82 19.82 19.82 19.82 19.82 19.82
12:19:00 AM 11.69 11.90 12.04 12.11 12.16 12.13 11.84 11.51 19.84 19.84 19.82 19.82 19.82 19.82 19.82 19.82
12:20:00 AM 11.64 11.87 12.01 12.08 12.13 12.08 11.83 11.46 19.82 19.84 19.82 19.82 19.82 19.82 19.82 19.82
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12:21:00 AM 11.59 11.83 11.98 12.05 12.11 12.08 11.81 11.40 19.82 19.82 19.82 19.82 19.84 19.82 19.82 19.82
12:22:00 AM 11.55 11.80 11.95 12.01 12.08 12.07 11.77 11.34 19.84 19.84 19.82 19.82 19.84 19.82 19.82 19.82
12:23:00 AM 11.50 11.77 11.91 11.98 12.04 12.04 11.77 11.28 19.82 19.84 19.82 19.82 19.82 19.82 19.82 19.82
12:24:00 AM 11.45 11.73 11.88 11.95 12.02 12.01 11.68 11.21 19.82 19.82 19.82 19.82 19.82 19.82 19.82 19.82
12:25:00 AM 11.40 11.70 11.84 11.92 11.99 11.98 11.66 11.13 19.82 19.84 19.82 19.82 19.82 19.82 19.84 19.82
12:26:00 AM 11.34 11.65 11.81 11.89 11.96 11.94 11.62 11.03 19.82 19.82 19.82 19.82 19.84 19.84 19.82 19.82
12:27:00 AM 11.28 11.62 11.77 11.85 11.92 11.91 11.61 10.92 19.82 19.84 19.84 19.82 19.84 19.82 19.84 19.82
12:28:00 AM 11.22 11.58 11.73 11.82 11.89 11.87 11.58 10.78 19.82 19.84 19.82 19.82 19.82 19.82 19.82 19.82
12:29:00 AM 11.16 11.53 11.70 11.78 11.86 11.84 11.55 10.59 19.82 19.84 19.82 19.82 19.84 19.82 19.84 19.82
12:30:00 AM 11.09 11.49 11.66 11.75 11.82 11.80 11.51 10.30 19.82 19.84 19.82 19.82 19.82 19.82 19.82 19.82
12:31:00 AM 11.02 11.44 11.62 11.71 11.77 11.76 11.48 9.80 19.82 19.84 19.82 19.82 19.82 19.82 19.82 19.82
12:32:00 AM 10.95 11.40 11.58 11.67 11.75 11.72 11.44 9.59 19.82 19.84 19.82 19.82 19.82 19.82 19.82 20.10
12:33:00 AM 10.87 11.34 11.54 11.63 11.71 11.68 11.40 9.59 19.82 19.82 19.84 19.84 19.82 19.84 19.82 0.00
12:34:00 AM 10.77 11.29 11.49 11.59 11.67 11.64 11.36 11.63 19.82 19.82 19.84 19.82 19.82 19.82 19.82

12:35:00 AM 10.66 11.23 11.45 11.54 11.63 11.60 11.32 11.72 19.82 19.84 19.82 19.82 19.82 19.82 19.82

12:36:00 AM 10.50 11.17 11.39 11.50 11.59 11.55 11.28 11.76 19.82 19.82 19.82 19.82 19.82 19.82 19.84

12:37:00 AM 10.25 11.10 11.34 11.45 11.55 11.50 11.23 11.78 19.82 19.82 19.82 19.82 19.82 19.82 19.84

12:38:00 AM 9.84 11.03 11.28 11.40 11.50 11.45 11.18 11.79 19.82 19.84 19.82 19.82 19.82 19.82 19.82

12:39:00 AM 9.60 10.95 11.22 11.35 11.45 11.40 11.13 11.81 19.82 19.84 19.82 19.82 19.82 19.82 19.82

12:40:00 AM 9.60 10.85 11.16 11.29 11.40 11.35 11.08 11.80 0.00 19.84 19.84 19.82 19.84 19.82 19.82

12:41:00 AM 11.66 10.73 11.08 11.23 11.35 11.28 11.02 11.80 19.84 19.82 19.82 19.84 19.82 19.82

12:42:00 AM 11.77 10.60 11.00 11.16 11.29 11.22 10.96 19.84 19.82 19.82 19.84 19.82 19.84

12:43:00 AM 11.82 10.42 10.91 11.08 11.22 11.14 10.88 19.84 19.82 19.82 19.84 19.82 19.82

12:44:00 AM 11.85 10.18 10.80 11.00 11.15 11.05 10.81 19.84 19.84 19.82 19.84 19.82 19.82

12:45:00 AM 11.85 9.79 10.65 10.89 11.06 10.95 10.72 19.84 19.82 19.82 19.84 19.82 19.82

12:46:00 AM 11.85 9.59 10.46 10.76 10.96 10.83 10.61 20.10 19.84 19.82 19.84 19.84 19.84

12:47:00 AM 9.59 10.16 10.59 10.85 10.66 10.47 0.00 19.84 19.82 19.84 19.82 19.84

12:48:00 AM 11.62 9.62 10.34 10.68 10.41 10.29 19.84 19.82 19.82 19.84 19.84

12:49:00 AM 11.73 9.60 9.90 10.45 10.00 10.01 19.82 19.82 19.82 19.82 19.84

12:50:00 AM 11.77 9.60 9.60 10.07 9.59 9.60 0.00 19.82 19.84 20.10 19.82

12:50:41 AM 11.79 11.60 9.60 9.60 9.59 9.60 0.00 19.84 0.00 0.00

12:50:41 AM 11.80 11.70 11.58 9.60 11.61 11.62 0.00

12:55:41 AM 11.80 11.74 11.68 11.57 11.70 11.70

1:00:41 AM 11.77 11.72 11.67 11.75 11.74

1:05:41 AM 11.78 11.75 11.70 11.77 11.77

1:10:41 AM 11.79 11.76 11.73 11.78 11.78

1:15:41 AM 11.79 11.77 11.75 11.79 11.79

1:20:41 AM 11.79 11.77 11.75 11.79 11.79

1:20:41 AM 11.77 11.75 11.79 11.79

1:20:41 AM 11.75
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T1)5un33 MTB — Series

Y
I5N1509A1 Y99 11/511n5U MTB-series 11UMsNATDL

MTE-Series

D 59 1laldsunsy MTB-series 9 VU199 Desktop Y94 Computer
a a 4 A A A A 9 A Y A
2) Wlaaing ON Mo MTB 1T ldmagey MvTharavesldsunsuaziaaaunio

tﬂl a 1 lﬂ' tﬂl a L%
MTB fiaugazinsoanilaog A90 I .1

Battery Charge/Discharge & Data Processing Control System

SystemExit SwstemSet Data Analysis  RunInfo  Prewious Mext Chinese  About.

[ Scan  Loop:i- ah . Qgrarm _- Clear Temp -

PublicInfo lMuItiMonitor] Running Ready _ NoLink Selected
Seq | CPUID ‘ DeviceMo, | PresentTechnics | Loop | Step ‘ Instr, | CH/ADIS | Step Time | Run Time | valt(y) | Cur. (&) | AH(EH) |
[ S T tharge & dig-ch... 0 1 L Charge 0202145 0002:02:45 12280 5760 11,500
Oz o102 1-2 charge & dis-ch... 0 1 L Charge 02:02:47 0002:02:47 12,260 6.000 11,500
Oz 0103 1-3 charge & dis-ch... 0 1 L Charge 02:02:46 0002:02:46 12,240 6,100 12,500
O4 0104 1-4 dis-charge batte... 0 u] 00;00;00 0000;00:00 12,000 0.000

£ >
. ] [1-4] Status: Ready
Groupl \Group2‘ Group3| Group4l

M V.1 Wia19vea 1150054 MTB-series

A A ~ ] A A A A A A Y
3) @enAIed MTB Mg lanaaet Iasnaniaennyesdivasy AMuIn1aved lasunsy
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a A 9 A o = A A . o A 9
4) aanvruior lwymsiiau 1denaani Program Edit 91zt et 1i
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SyskemExit  SwstemSet  Data Analysis Runlnfo  Prewious Mext Chinese  Abouk,,,

Scan Loop:1-4 Seek loop: l-—-l[:'|'::1'-5'3j|:'f":ll;;l
PublicInfo lMuItiMc-nitc-rl COM/7 Runnit

Seq | CPUID | DeviceMo, | PresentTechnics | Loop | Step | Instr, | CH/DIS |

Oz oz 12 charge & dis- harge
Download

Oz o=z 12 charge & dis- s harge

O4 o104 1-4 dis-charge ba  Select Al

Zancel Select
Select same state
Select next five

Scan current loop

MUA V.2 WyMIiau

A . [ e v A = A9
5) ta@n Double click Tu%04 Instruction AIN NN V.31800 IHUANABINITNATOU

v 9} f i
MW V.3 UUINNNY Program Edit

{ 1 I
6) 1aon TruaNdsamsnaasl (¥u LV FV i udu
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Progra F2.0pen CtrI+I.Insert.:trI+EModif\}:trHD.DeIet% 4+ ‘ ¥ ‘ :ll.SavePrograr%
Step|Inst. [CH/D]Voltage /AH|CurreniTime CollectInte/StartStCycle |HWalue /)
1 END
2 END )
3 END Programe F‘5:<|
<4 END Instruction |FV Final Yoltage j
S5 END
%) END Run Pararmeter
7 END
8 EMND " Charge & D
9 END
10 END valt{v)

11 |[END [DlDSD—
12 |END
13 |END
Currentis)
14 _END E%;;Eterl |po10.000
15 |[END o .
16 |[EMND
17 |[END
18 |[END F2. 0K | F3. Cancel
19 |[END

MUN V4 WYAIFI FV

qu T 1 4 a 4 3 1 Y @ {
7) SNANN LB la@ﬂiﬁuﬂ%Wi%ﬁ%@ﬂﬁ%Wﬁfﬂ AIALTIAY NILUTLUAZIAIAINING V.4

1AIAAN OK

SwstemExit  SwstemSet  Data Analvsis  RunInfo  Previous Mext Chinese  About,,.

Scan  Loop:1-3 Seek loop: |-_-|[Zi'|':'EJ'ZjF:'I'I:I:u;:_
PublicInfo lMuItiMﬂnitﬂr\ COM7 Runnil

Seq | CPUID | DeviceMa, | PresentTechnics | Loop | Step | Instr, | CH/DIS |

Gi1 10101 11 | chor e/ | Chiar
nE

Fz

0wz 12 charg L Froaram Ed
Oz o013 13 charg MRS
O4 o104 14 dis-ct  salect Al
Cancel Select
Select same state
Select next five

Scan current loop
ﬂ]‘W‘ﬁ V.5 mmwﬁnm

a 4 A A4 4 D) Ay o o = 4
8) AANNIATDI MTB 309Nz l¥nadoun AN 1UsUnTUAINING 9.5 nIInNIegn

[ v 9
vzuaasluyesdaey 1dInany 3Iniwasniuy Download
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Select Program

Program Directorny Techhics

c\vrkhsnhprogh | Cammaon ﬂ
YEE diz-charge battery 12410080 C10 E.-’-\-'I.j Edit [~ Stat

Selected Downloa

Present Prograny
Prograrm:c \xkhenprogyCommonidis-charge battery 1241004k C10 CA-1.prg

Seq Inst. Status WAAH  LPower RunTirme Collectinter StartStep Cycle
1 CA Discharg 10,00004% 10:00:00 00:05:00
2 EMND

NN 2.6 wﬁmmmumi Download Program
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[
=0 + soc
v soc
Rl PO v+ [i',

ol »
R R2
A
Ri|a ] RO
I I— Diode v/
+
(1)
) o :H soc
1]
o = [
2 T
oy

T

¥
* g
tain Branch Vaoltage
Source (Em) Thermal Madel Rp ’H
Ll .

+—H(PES ]
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-

% Initialization file for demo ssc_lead acid_battery.mdl. Demo based on

% Jackey, R. "A Simple, Effective Lead-Acid Battery Modeling Process for

% Electrical System Component Selection", SAE World Congress & Exhibition,
% April 2007, ref. 2007-01-0778

%

% Copyright 2008-2009 The MathWorks, Inc.

%% Battery Model Parameters - 20Ah

NominalCap = 20; %(Ah)

%% Battery Block Initial Conditions

% Initial State of Charge (% of full charge)

% Initial Electrolyte Temperature (C, typically same as ambient temp)
SOC init=0.8;

theta_init = 25;

%% Battery Block Thermal Parameters

Ctheta = 400; %(J/C) Thermal Capacitance

Area=0.01; % (m"2) Surface area of battery exposed to air

Rtheta = 20; %(W/m”2/K) Convective heat transfer coefficient
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%% Battery Block Capacity Parameters

% Charge/discharge cycles at ranges of current/temp
Ke=1.2; %()

Costar = 1.8e+005; %(As)

Kt Temps = [25 40 60 75]; % Temperature breakpoints for Kt LUT
Kt =1[0.80,1.10,1.20,1.12;]; %() LUT output values
delta=0.73; %()

Istar = 15; %(A) Nominal Current (=cap/disch_t)
theta_f=-40; %(C) Electrolyte Freezing Temp
%% Battery Block Parasitic Branch Parameters

% End of charge cycle at ranges of current/temp
Ep = 1.95; %(V) Parasitic emf

Gpo = 2.0e-011; %(s)

Vpo =0.12; %(V)

Ap =2.0; %0

Taup = 3; % (s)

%% Battery Block Main Branch Parameters

Emo = 2.18; % (V) [max o.c. volts per cell]

Ke =0.0006; %(V/C)

Ao=-0.6;% ()

Roo = 0.0042; % (Ohm)

R10=0.0010; %(Ohm)

A21=-10.0; %()

A22 =-8.75; %()

R20 =0.11; %(Ohm)

Taul = 100; %(s)
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component R1

% Main Branch Resistance, R1

% This block implements the main branch resistance R1 = -R10*In(DOC) where
% DOC is depth of charge and R10 is a constant. The minimum depth of charge
% parameter protects the solver from the infinite gradient of dR1/dDOC that

% occurs as DOC goes to zero. Below the minimum depth of charge, the

% logarithm function is linearly extrapolated whilst matching the gradient.

% Copyright 2008-2009 The MathWorks, Inc.

inputs
DOC = {.8,'l"'}; % DOC:right

end

nodes
p = foundation.electrical.electrical; % +:left
n = foundation.electrical.electrical; % -:right

end

outputs
R1 = {1,'Ohm'}; % R1:left

end

parameters
R10={1,'Ohm'}; % Resistance, R10

DOC min = {le-6, '1'}; % Minimum depth of charge
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end

variables
i=1{0,'A"}; % Current through variable
v=1{0,'V'}; % Voltage across variable

end

function setup
through( i, p.i, n.i ); % Through variable i from node p to node n
across( v, p.v, n.v ); % Across variable v from p to n
if R1I0<=0
pm_error('simscape:GreaterThanZero',' Resistance, R10")
end
if DOC_min <=0
pm_error('simscape:GreaterThanZero', Minimum depth of charge")
end

end

equations
if DOC <= DOC_min % Linear extrapolation to prevent infinite dR1/dDOC as DOC->0
R1 ==-R10*(log(DOC_min) + (1/DOC_min)*(DOC-DOC_min));
elseif DOC > 0.99999
R1 ==-R10*10g(0.99999); % Lower limit on R1 as DOC->1
else
R1==-R10*log(DOC); % Logarithmic relationship
end
v==1*R1;
end

end
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component Em

% Main Branch Voltage Source, Em

% This block implements the main branch voltage source. Voltage is defined
% by Em = Em0 - Ke*T*(1-SOC) where SOC = 1 - Qe/C(0,T) is the state of
% charge, Qe is extracted charge, and C is given by C(i,T) =

% Kc*CO*Kt(T)/( 1 + (Kc-1)(i/Istar)*delta ). The block also calculates

% the depth of charge, DOC = 1 - Qe/C(Iavg,T) where Iavg is the

% component current i filtered by a first order lag 1/(Taul*s+1).

% Copyright 2008-2009 The MathWorks, Inc.

outputs
SOC = {0.8,'1'}; % SOC:top
DOC = {0.8,'1'}; % DOC:top

end

nodes
p = foundation.electrical.electrical; % +:top
n = foundation.electrical.electrical; % -:bottom

end

inputs
T ={300,'K'}; % T:bottom
Kt ={1,1'"; % Kt:bottom

end
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parameters
Em0 ={1,'V'}; % Open-circuit voltage at full charge, Em0
Ke ={1,'V/K'}; % Maximum voltage drop per Kelvin, Ke
Ke ={1,'l'}; % Battery capacity constant, Kc
CO0  ={l,'A*s'}; % No-load capacity at 0 degC, CO
Istar = {1,'A'}; % Nominal battery current, Istar
delta ={1,'1"}; % delta
Taul ={1,'s't; % Main branch time constant, Taul>0
Qinit = {0, 'A*s'}; % Initial extracted charge

end

variables
i ={0,'A"}; % Current through variable
v ={0,'V'}; % Voltage across variable
lavg ={0,'A'}; % Average current given by (I/(Ts+1))
Qe =1{0'A*s"}; % Extracted charge

end

function setup
through( i, p.i, n.i ); % Through variable i from node p to node n
across( v, p.v, n.v ); % Across variable v from p ton
if Em0<=0
pm_error('simscape:GreaterThanZero','Open-circuit voltage at full charge, Em0");
end
if Ke<=0
pm_error('simscape:GreaterThanZero', Battery capacity constant, Kc");
end

if CO<=0



pm_error('simscape:GreaterThanZero','No-load capacity at 0 degC, C0");
end
if Istar<=0

pm_error(‘'simscape:GreaterThanZero','Nominal batter current, Istar');
end
if Taul<=0

pm_error(‘'simscape:GreaterThanZero',' Main branch time constant, Taul'),
end
if Qinit<0

pm_error(‘'simscape:GreaterThanOrEqualToZero', Initial extracted charge');

end

Qe = Qinit;

lavg = 0;
end
equations

let

% cap_u is usable battery capacity, and cap_t is total battery capacity

cap_u = if lavg<=0, Kc*CO0*Kt else Kc*CO*Kt/(1 + ((Kc-1)*power(lavg/Istar,delta))) end;

cap_t=Kc*C0*Kt;
in

i==-Taul*lavg.der - lavg;

Qe.der == -i;

if cap_t>{le-9,'A*s'} % Protect against divide by zero
SOC ==1 - Qe/cap _t;

else
SOC ==1 - Qe/{le-9,'A*s'};

end

if cap_u>{1e-9,'A*s'} % Protect against divide by zero
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DOC ==1 - Qe/cap_u;
else
DOC ==1-Qe/{1e-9,'A*s'};
end
v ==Em0 - Ke*T*(1-SOC);,
end
end

end

R
4h~|r
+|o—

c1

component C1

% Main Branch Capacitance, C1

% This block implements the main branch capacitance.

% C1 = Taul/R1 where Taul is the main branch time constant and

% R1 is the main branch resistance.

% Copyright 2008-2009 The MathWorks, Inc.

inputs
R1={1,'Ohm'}; % R1:left

end

nodes
p = foundation.electrical.electrical; % +:left
n = foundation.electrical.electrical; % -:right

end
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parameters
Taul = {1,'s'}; % Main branch time constant, Taul>0
Cmin = {le-8,'F'}; % Minimum capacitance, Cmin>0

end

variables
i={1,"'A"}; % Current through variable
v=1{1,'V'}; % Voltage across variable
Q= {0, 'F*V'}; % Charge variable

end

function setup
through( i, p.i, n.i ); % Through variable i from node p to node n
across( v, p.v, n.v ); % Across variable v from p to n
Q=1 % Initially uncharged
if Cmin<=0
pm_error('simscape:GreaterThanZero','Minimum capacitance, Cmin>0');
end
if Taul<=0
pm_error('simscape:GreaterThanZero','Main branch time constant, Taul>0');
end

end

equations
if (Taul/Cmin > R1)
v ==Q*R1/Taul;
else
v == Q/Cmin;

end



1==Q.der;
end

end

|- -E SOC (<

| Fod +[o—

Rz2

component R2

% Main Branch Resistance, R2

% This block implements the main branch resistance, R2.

% R2 = R20*exp(A2*(1-SOC))/(1+exp(A22*i/Istar))

% Copyright 2008-2009 The MathWorks, Inc.

inputs
SOC = {.8,'1'}; % SOC:left

end

nodes
p = foundation.electrical.electrical; % +:left
n = foundation.electrical.electrical; % -:right

end

variables
i=1{0,'A"}; % Current through variable
v=1{0,'V'}; % Voltage across variable

end
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outputs
pow = {0,'W'}; % POW:right

end

parameters
R20 = {1, 'Ohm'}; % R20
A21=10,"1""; % A2l
A22=10,'1"}; % A22
Istar = {1, 'A'}; % Nominal battery current, Istar

end

function setup
through( i, p.i, n.i ); % Through variable i from node p to node n
across( v, p.v, n.v ); % Across variable v from p to n
if R20 <=0
pm_error('simscape:GreaterThanZero','R20");
end
if Istar <=0
pm_error('simscape:GreaterThanZero','Nominal battery current, Istar');
end

end

equations
v ==1*R20*exp(A21*(1-SOC))/(1 + exp(A22*i/Istar));
pow == v*i;

end

end
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component R0
% Terminal Resistance, RO
% This block implements the terminal resistance.

% RO =R00*(1+A0*(1-SOC))

% Copyright 2008-2009 The MathWorks, Inc.

inputs
SOC = {.8,'1'}; % SOC:left

end

nodes
p = foundation.electrical.electrical; % +:left
n = foundation.electrical.electrical; % -:right

end

variables
i=1{0,'A"}; % Current through variable
v=1{0,'V'}; % Voltage across variable

end

parameters

R0OO0 = {1, 'Ohm'}; % Resistance at full charge, ROO

A0 = {1,"1'}; % Resistance dependence on state of charge, A0

end
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function setup
through( i, p.i, n.i ); % Through variable i from node p to node n

across( v, p.v, n.v ); % Across variable v from p to n

if RO0O <=0
pm_error('simscape:GreaterThanZero','/R00")

end

end

equations
v ==i*R00*(1 + A0*(1-SOCQ));
end

end

Rp

BT
—

component Rp
% Parasitic Branch Resistance, Rp
% This block implements the parasitic branch resistance.

% Rp = 1/(GpO0*exp(v/(Tps+1)/Vp0 + Ap(1-T/T¥)))

% Copyright 2008-2009 The MathWorks, Inc.

inputs

theta = {300, 'K'}; % T:right

end
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nodes
p = foundation.electrical.electrical; % +:left
n = foundation.electrical.electrical; % -:right

end

parameters
Gp0 = {1, '1/Ohm'}; % GpO
Vp0={1,'V'}; % Voltage constant, Vp0
Ap ={L,'l'}; % Ap
Tf = {230,'K'}; % Electrolyte Freezing Temperature, Tf

end

variables
i={0,'A"}; % Current through variable
v=1{0,'V'};, % Voltage across variable

end

function setup
through( i, p.i, n.i ); % Through variable i from node p to node n
across( v, p.v, n.v ); % Across variable v from p to n
if Gp0<=0
pm_error('simscape:GreaterThanZero','Gp0");
end
if Vp0<=0
pm_error(‘'simscape:GreaterThanZero','Voltage constant, Vp0');
end
if Ap<=0

pm_error(‘'simscape:GreaterThanZero','Ap");

122



123

end
if TB>={273,'K'}

pm_error('simscape:LessThan','Electrolyte freezing temperature, Tf,'zero degrees C');
end

end

equations
i == v*Gp0*exp(v/Vp0 + Ap*(1 - ((theta-{273,'K'})/(Tf-{273,K'}))));
end

end
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RT 12200 (12V20Ah)

RT 12200 is a general purposa battery with 5 years

floating design life , meet with |EC, JI8 standard .With

heavy duty grid, thickness plates, s pecial additives, RT RITA R®
saries battery havelong and reliable standby service life.

Specification

Calls Per Unit [
Voltage Per Unit 12
Capacity 20Ah@20hrrateto 1.75V percall @25'C B
Walight Approx. 5.80 Kg WY
Max. Discharge Current 20045 asc)
Internal Reslstan ce Approx. 14md ( E
Operating Temperature Range Discharge: -20°C~-80°C
Charge: "C~-50"C R L

Storage; -20'C-60"C

NHormal Operating Temperature Range 25°C+ 50

Floatcharging Voltage 13.7 10 13.9 VD C/unit Average at 25°C
Recommended Maximum Charging BA
Current Limit
Equalization and Cycle Service 14,8 to 14,8 VD Clunit Average at 25'C
Self Discharge RITAR batteries canbe stored for more than & months 4
at25°C. Self-dischargs ratio kess than 3% per month .t&
at25'C. Pleass chargs battenies bafore using.
KA
Terminal FastonF3/F13 M«
C onstalner M aterl al AB.5 (UL -HB) , Flammablty resstance of ULE4 -2 ISOP00]L: 2000 Certificate

can b2 avaltabe upon request,

Dimensions

Unit: mm  Bimension: 184{L) =77 (W)= 167{H)

SR Ir

L 1T 11 ;@%% =

FIT

[O]= &[0 |

Constant Current Discharge

FVITime | SMIM [ 10MIM | 15MIM | 30MIN | 1HR 2HR AHR 4HR S5HR BHR 10HR | 20HR
9.80V 79.000 | 52800 | 40.600 | 23460 | 13880 | T2348 | 51200 | 4.2000 | 3.4814 | 2.3092 | 19992 11220

100V 76.146 | 50.744 | 30.298 | 23100 | 13.800 | TA826 | 51000 | 4.1800 | 3.4608 | 2.3000 | 19788 1.0812
102V T2.030 | 49176 | 38.306 | 22020 | 13.700 | TA652 | 50800 | 4.1600 | 3.4402 | 2.2008 | 19584 1.0608
105V 65.072 | 46021 | 36.397 | 22400 | 13.500 | 70783 | 50600 | 4.1400 | 34106 | 2.2816| 19380 1.0200
108V 58114 | 42885 (34378 | 21860 | 13300 | 60565 | 50200 | 4.1200 | 3.3000 | 2.2724 | 18972 0.9792
114V E1.215 | 30.729 (32379 | 21320 | 13.120 | 68522 | 4.0800 | 4.1000 | 3.3784 | 2.2632 | 18768 0.9588

Constant Power Discharge Char:

F.VITimea SMIN | 10MIN | 15MIN | 30MIN | 1HR 2HR 3HR 4dHR S5HR BHR 10HR | 20HR
9 .60V 864,00 | 561.60 | 456.36 | 281.52 | 166.44 | 86.713 | 61.320 | 50.160 | 49.069 ( 27.764| 23.634| 13.211
10.0¥ 84150 | 561.00 | 449.81 | 276.96 | 165.96 | 86191 | 61.200 | 50.040 | 48.698 | 27.541| 23.392| 12.726
10.2v 824 87 | 54417 | 430.49 | 27516 | 165.60 | 85983 | 61.080 | 50.040 | 48.575| 27.505| 23.149| 42.484
10.5¥ 74523 | 521.73 | 416.60 | 268.56 | 162.84 | 84626 | 60.720 | 49.680 | 48.451 | 27.430| 22.907| 11.999
1 0.8V 66568 | 468.07 | 393,60 | 26220 | 160.08 | 83ATE | 60.240 | 49.320 | 48.328 | 27.318| 22.543| 11.635
114V 58625 | 454.41 | 370.71 | 25584 | 157.32 | 82226 | 50.T60 | 48.960 | 48.204 | 27.318| 22180 11.272

Al mentioned values are average values.
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RT 12200 12V20Ah 7
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Capacity Factors With Different Temperature
Battery Type -XC -10°C 0 5T 10 20T 25C wc 40°C 457 |
GEL OBVEIZV]| 500 W% 81% £5% 0% 98% 100% 102% 104% 105% |
Batte ry 2V i 5% 5% 8% 2% Qo5 CITEEE 103% 105% 106% |
ACGM GBVEIZV]|  46% 66% T6% 83% 0% 98% 100% 103%, 107% 109% |
Batte ry 2V 55% %% A0%% 5% 2% Qo5 CITEEE 1% 108% 113 |
Discharge Current V5. Discharge Voltage Maintenance & Cautions
Final Dissharga P p— 1,80V Float Service:
Waltaga vicall
# Ewery month, recommend inspection every batlery woltage.
Discherge (A =020 | 0.20< Ay =10C | (AY =1.0C
Currant (A} # Every three moniha, recommend equalization charge for one ime .
Equalization charge method:
Charge the batteries at least once every six months,
if thay are stored at 25°C. Discharge: 100% rate capacily dizchange.
Charging Methad: Champe: Max. cument 0.3CA, constant voltage 2.4-2 45V Cell ¢ hange 24h.
Canstant Valtaga -0.2Cx2h+2 4~2_ 45V Call x24h Max. Current0.3CA # Eflect of temperature on foal chame voltage: -3m\ T/Cell,
Canstant Currant 0.9 x3h+0. 1CA1 2R # Length of service life will be directly aflected by the number of discharge
Fast .0.2Cx2h+0 ACA4.0R cycles, depth of diacharge, ambient tlemperature and charging voltage,
SHENZHEN RITAR POWER CO..LTD. Addrase: Rmd0S Towar C, Huahan Building, Langshan Rd 18, Manshan District, ShanZhan, 518057, China
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EXPERIMENT AND ANALYSIS OF TEMPERATURE EFFECT ON
CHARGE AND DISCHARGE OF LEAD-ACID BATTERY

Pornchai Pornharuthai' Boonyang Plangklang® .
“*Department of Electrical Engineering, Faculty of Engineering,
Rajamangala University of Technology Thanyaburi
Thanyaburi, Pathumthani 12110 Tel. 0-2549-3420 Fax. 0-2549-3422
E-mail: lava_pp1o@hoimail.com, pboonyang@hotmail.com

Abstract

This article describes The Experiment and Analysis of Temperature effect on Charge
and Discharge of Lead-Acid Battery. The study will investigate the characteristic of charge
and discharge of a lead-acid battery by temperatures ranging from 25-60 degrees Celsius.
The experiment is set up by using a standard battery charge-discharge system. The
temperature controller is used for the battery heater. The temperature according to the
experiment is controlled in the range of 25-60 °C. The charge-discharge current is
controlled by a'computer. The investigation is done from the obtained data to analyze and
compare the. relationship to various temperatures. The VRLA batteries version RT 12200
12V 20AH (20 Hr) is used for this study. The experiment, When charge the battery.
Higher temperatures result in full charge the battery takes longer. Discharge the battery.
Higher temperatures cause the battery to perform better. Time spent in the discharge, it

takes a long time.

Key Words: Charge and Discharge, Temperature, Lead-Acid Battery
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Abstract

This article describes The Experiment and Analysis of
Temperature effect on Charge and Discharge of Lead-Acid
Battery. The study will investigate the characteristic of charge
and discharge of a lead-acid battery by temperatures ranging

from 25-60 degrees Celsius. The experiment is set up by

using a standard battery charge-discharge system. The
temperature controller is used for the battery heater. The
temperature according to the experiment is controlled in the
range of 25-60 "C. The charge-discharge current is controlled
by a computer. The investigation is done from the obtained
data to analyze and compare the relationship to various
temperatures. The VRLA batteries version RT 12200 12V
20AH (20 Hr) is used for this study. The experiment, When
charge the battery. Higher temperatures result in full charge
the battery takes longer. Discharge the battery. Higher
temperatures cause the baltery to perform better. Time spent

in the discharge, it takes a long time.

Keywords: Charge and Discharge, Temperature, Lead-Acid

Battery
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