%374 %124 Aok X F F R (B KR HAF RKR) Vol.37,No. 12
2016 % 12 A Journal of Northeastern University ( Natural Science) Dec. 2016

doi: 10.3969/j. issn. 1005 —-3026.2016. 12. 017

RN FECR B 31 18 & 5 &£ F 3hi= $ 5k i

W, M K, IHR, 3 9
(ARIAEK: MU TR S A ahfba=Be, 127 M 110819)

i . HAERSIRESZINAE XN TSR MNE AR S, RIS EW A B
—. LA—Bhh a3 55 R A i B U IR & s 1R A RN &, AR Il S e Sk s i I R AT 42
TP RO R TR A 3 1R T I S e R B SR G TR A 3 o SR W S B X T A 2 0 3
P, T 2 Sl a1 ) 1) 1 HE i 4 EC DSk i 2 J F2E R Sl e AL BT 78 1 5 il 00 i FE R 48 2 5 H A Wl 2l =2 ] 7y
BT R. SR T 2P SR AR A T 30 T 00X BT B BRI T SR M AT 0 ECATE 5. S5 R WD BT R B 4 ol
SR RE A% BH S 25 ZE 40 0% B 2 (R WSOBRCR | 5 1% e AR A 8l g 4 T i 488 4 o) 5 s A L, BB £ [ i dee 22 T 4 1
23.44% .

x # OW: WAEIINAE; ERG A Ao se g R

FESES: U 469.72 XERFRERED: A MEHS: 1005 -3026(2016)12 - 1750 —06

Control Strategy of Regenerative Braking for Plug-in Parallel
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Abstract; Different from traditional internal combustion engine vehicles, hybrid electric vehicles
(HEVs) have regenerative braking capability to improve fuel economy. Taking a plug-in parallel
HEV with axles torque coupling as the research object, the influences of regenerative braking were
analyzed. A regenerative braking control strategy using fuzzy control was then proposed. The
presented strategy was to make two-layers control decision. The braking torque was allocated
between the front axle and rear axle in the top layer, while the algorithm in bottom layer split the
rear axle braking torque between mechanical braking and electric braking. The strategy was
evaluated in a simulation study using several typical driving cycles. The results show that the as-
proposed fuzzy control strategy can significantly improve the effect of energy recovery up to
23.44% , compared with that of the traditional ideal braking force distribution curve strategy.
Key words: hybrid electric vehicle; torque coupling; regenerative braking; fuzzy control; energy
management
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Fig. 1 Schematic diagram of parallel PHEV based on
torque coupling from axis
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Fig. 2 Kinetic analysis of vehicle in braking process
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Fig. 3 Characteristic curve of electric motor
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Fig. 4 Diagram of regenerative braking control strategy
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Fig. 5 Schematic diagram of braking force allocation
between axles
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Fig. 6 Membership function diagram of fuzzy variables
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Table 1 Fuzzy control rules for regenerative braking
MU w oz oo B MW o oz o B
1 L L L L 15 M H M L
2 L M L L 16 M L H L
3 L H L L 17 M M H L
4 L L M L 18 M H H L
5 L M M L 19 H L L M
6 L H M L 20 H M L M
7 L L H L 21 H H L L
8 L M H L 22 H L M H
9 L H H L 23 H M M H
10 M L L M 24 H H M L
11 M M L M 25 H L H L
12 M H L L 26 H M H L
13 M L M H 27 H H H L
14 M M M H
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Fig. 7 Simulation results of braking torque allocation

(a)—z=0.1; (b)—z=0.2.
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Table 2 Energy regeneration at three driving cycles
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Beokms kI ISR /kd %
NYCC 401 495 23.44
US06 1582 1871 18.27
New York Bus 276 342 23.91
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