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Energy Control Strategy for Plug-in Hybrid Electric Bus Based on
Lithium Battery Cycle Life

WANG Wenming, PENG Zaiwu, SONG Chao, WEN Jianfeng, YANG Jiejun, WEN Duo
(Hunan CRRC Times Electric Vehicle Co., Ltd., Zhuzhou, Hunan 412007, China)

Abstract: It presented an energy control strategy for plug-in series hybrid electric bus, in view of the limited battery cycle life. In the
stage of charge-sustaining, the vehicle controller mainly adopts the power following strategy, combined with counting up the charge and
discharge Ah of lithium battery, and controls the output power of APU system, then achieves self balancing of power system. According
to the statistical data of daily mileage and the amount of Ah flowing through the lithium battery, the vehicle control strategy automatically
adjusts the charging current limit to the lithium battery system, so as to control the energy flowing through the lithium battery, and achieves
the purpose that lithium battery cycle times meet the vehicle life cycle. Although the fuel consumption of the vehicle increases with a
certain extent under specific working conditions, however, the cost of the vehicle is lower during the life cycle.
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Fig.1 Power system structure of series hybrid electric vehicle
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Fig.2 CD-CS of the energy control strategy
for series hybrid electric vehicle
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Fig.3 Life curves of a lithium battery
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Tab.l Ah amounts flowing through the
lithium battery per 100 km

ZAmP A RIEATEAR km B AR RZEE04EE /(AL/100 km)
100 171.3
125 137.04
150 114.2
175 97.9
200 85.6
225 76.1
250 68.5
275 62.27
300 57.08
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Tab.2 Amount of recovered energy per 100 km
at different limit currents

NE | B ED B4 bty Ah F
Sk, A Ao HF e 4280 Ah & /Ah

50A ¥ 100A £ 150A £¥ 200A A%
50 40.2 66.2 78.8 87.5
100 33.12 67.5 82.7 90.4
150 39.8 66.2 83.4 91.54
200 40.2 69.1 83.1 92.4

£3 FRBRALATATEAZREIE RN Ah &
Tab.3 Amount of energy flowing through lithium battery per
100 km at different limit currents

aAERZ4LE L Ah & /Ah

AR RAIA 50A&E 100A £®  150A £dE 200A LB
50 41.5 70.1 82.2 90.3
100 46.3 74.2 89.7 98.2
150 54.2 79.2 94.5 105.3
200 57.4 81.5 97.4 107.7
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Fig.5 Influence of the energy control strategy on
vehicle operation economy
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Tab.4 Initial value setting of ¥; and I;

/A 25 50 75 100 125 150 175 200 225 250
Wi/Ah 414 542 69.5 792 87.4 945 1002 105.3 108.6 111.3

R R GG EE, BARINER 5 PR,
M5 ATLUE Y, 10 R 50 HARBR G s i 2 b 18
A P b e AL A . MRAER 5 Bl

THER

(1) P AEAHEBSM A Ah i, W.=100.39 Ab/
100 km;

(2) BHL IR AR Fdn SR RIS B R Ah &
% =171.2 Ah ;

(3) #EM s E A, R E S BRZ b

k5 EERH RGEITHIE

Tab.5 Running data of the vehicle control system

BA  Likm/X) W/ (AW100km) [/A  Lkm W/Ah

F1R 103 80.5 100 103 66.0
%2R 181 109.2 250 284 263.7
%3 K 180 107.2 250 464 456.7
4R 159 106.4 250 623 625.8
5K 183 111.1 250 806 829.1
% 6K 160 108.4 250 966 1 002.6
%R 202 107.3 250 1168 1219.3
%8R 95 102.3 250 1263 1316.5
% 9K 224 105.8 250 1487 1553.5
%10 & 202 104.2 250 1 689 1764.0
%11 K 182 105.4 250 1871 1955.8
12K 189 103.6 250 2 060 2 151.6
% 13 & 182 105.4 250 2242 23434
%14 X 183 103.3 250 2425 25325
%15 % 202 105.5 250 2627 2745.6
%16 & 223 106.3 250 2850 2982.6
17 R 203 104.2 200 3053 3194.2
%18 R 120 101.6 200 3173 3316.1
%19 & 182 103.4 225 3355 3504.3
%20 K 183 107.3 200 3538 3700.6
%21 & 203 100.2 200 3741 3904.0
%22 K 182 106.5 200 3923 4097.9
%23 K 223 102.4 200 4146 4326.2
%24 R 183 98.7 175 4329 4506.8
%25 & 94 101.1 175 4423 4601.9
%26 & 121 97.8 200 4 544 4720.2
%27 R 0 0 200 4544 4720.2
%28 & 202 105.2 250 4746 49327
%29 X 183 104.9 250 4929 5124.7
%30 & 182 106.5 250 5111 5318.5
i An i, W, = L2 AN 00 48 AR/100 km .
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