HEMX BE SN mHY Iy FCEVE e

HiEl2] 82 & M

58-9-10

Optimal Design of Battery of Fuel Cell Electric Vehicle Based on Fuel Cell
Dynamic Characteristic Model
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Abstract - In this paper, methodology of battery optimal designing is proposed. Fuel cell model including dynamic
characteristic is developed and load model is produced by considering driving schedule. Using these models, required
energy of load and supplying energy from fuel cell are analyzed by comparing simulation results. Also parameter of fuel
cell model is changed variously and battery capacity is calculated in each cases. And methode of battery optimal
designing is presented by regarding dynamic characteristic of fuel cell.
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Fig. 1 Entire Fuel Cell System

Transient characteristic

Steady state
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Fig. 2 Fuel Cell Transient Characteristic Model
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Fig. 3 Urban Dynamometer Driving Schedule

Required Power

Power (kW)

time{second)

O 4 AR™R XSK B35 27 of X2t
Fig. 4 Load Reguired Energy of FCEV
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Table 1 Required energy according to voltage deep and
recovery time

A7 st 3 EAD A B
1267 V 0.044 sec 007823 W
1289 V 0.089 sec 016401 W
1408 V 0055 sec 015100 W
2432 V]| 0073 sec 438777 W
575 V| 0097 sec 1892530 W
3164 V 0031 sec| 263675 W
4687 V 0061 sec| 2880332 ﬂf
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Fig. 7 Required Energy Based on Voltage Deep and
Recovery Time
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Fig. 8 Battery Design Platform
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Table 2 Analysis results of driving energy for load modeling

Time Speed Power Required Power
(s) (mph) (kW) (kW)
28 B0912 6.3451
9.25% 167854 104403
85382 | 2.4223 _
9.4323 | 16.3756 13,9533
I B.&511 0.0474
58 9.6558 135618 13.5144
196 161824 17.8527
197 16.6741 39.0141 211614
303 21.0997 10,9423 _
304 20.6080 27.4667 16.5244
348 1.9222 43077 | _
349 3.3974 16.0222 | 17145
0.0000 11.9378
11.9378
29 7959 10.7874
2 7.3760 | 3.3848
\ 453 | 8.8511 | 15.0866 11,7018
L 983 53196 | 49143
| 964 6.7943 | 185172 136029
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Table 3 Parameters used in load model

= z2tolH

Time (sec) | Resistance () Resit:énée n ReSLtllz“F/’;)wer
0.0 14.1842 14.18 6.2455
0.3 5.3618 5.36 16.5243
05 37.1548 37.15 2.3821
0.7 5.4960 5.50 16.1052
09 1898.7340 1898.73 0.0579
11 6.6363 6.64 13.3389
1.3 50413 5.04 17.5762
15 2.3069 2.31 38.3606
1.7 8.2250 8.22 10,7721
19 3.2767 3.28 27.0085
2.1 20.8928 20.89 42313
2.3 56172 562 15.7640
25 0.0000 0.00 0.0000
2.7 7.5391 754 11,7464
29 3.9604 3.96 22.3696
31 26.58% 26.59 3.3526
3.3 5.9656 5.97 14.8361
35 18.3139 18.31 4.8381
3.7 4.8503 4.86 18.2253
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Fig. 9 Simulation Result for Calculating Compensation Energy
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Table 4 Battery design according to fuel cell dynamics
Aggst 3B A7 e &%
13V 0.122 sec 36.060 mAh
2BV 0.340 sec 29.502 mAh
25V 0.550 sec 37.376 mAh
28V 0.182 sec 54273 mAh
37V 0.092 sec 54,653 mAh
41V 0.023 sec 32.445 mAh
62 V 0.182 sec 104.062 mAh
65 V 0.034 sec 50.385 mAh
67 V 0.262 sec 103910 mAh
7V 0.682 sec 138040 mAh
81V 0.033 sec 44424 mAh
110 V 0.033 sec 46.313 mAh

a8 10 SEMo WE HiE2| 82t
Fig. 10 Battery Capacity Based on Fuel Cell dynamic
characteristic
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