44 OH 11
2018 4F 11 f

H 3 b 2
ACTA AUTOMATICA SINICA

Vol. 44, No. 11
November, 2018

ETF PMP EE 8 HEV 82T S50
e EREL? O FEME OFHAE: OB B fMpE?

W OE AEAIRASRZE (Hybrid electric vehicle, HEV) H 48 51~ B i 7E ) 33 51 8 K I DA R 755K, DA BAA~
KB E BN HEV BRI RERER B A 2 A RER AT [l 55 708, F 9 >R A4 2 T b A L R A #R IR A i B R 46 (Lithium-ion
battery and super-capacitor hybrid energy storage system, Li-SC HESS) 5 P#HLIL[E 9Kz HEV 1T 454 LB RL 1
BELA Y (Particle swarm optimization-proportion integration, PSO-PI) ¥ #$41 Li-SC HESS PRI 3R FR il & BHIpE,
P& P 0 BT AR L AR/ IME S B (Pontryagin’s minimum principle, PMP) 5109 HEV R fb 3 il SR, i1
ADVISOR #{4#. HEV B (5 BRI, B miE a8k S el ik, (B R R, Haes iz hiRegit s 7 HEV
PR BRI R RE AR R/ NP ) SE M, T REIRHE U G E T 5 T 1.6 % ~ 2 %, TR s TR B T R g, SR el
TIRGEEER GRS, XTHINAE X B AN G E X EX.

KR IBESINRE, IBAMEEER S, PSO-PI #5i, Peks BV 4tk /IMH FE I

IR RN, TR, R, SRS, T, fTRUE. BT PMP BYER HEV AR Ieis ke, Halifbarii, 2018,
44(11): 2092—2102

DOI 10.16383/j.aas.2017.c170176

Energy Optimal Control Strategy of HEV With PMP Algorithm
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Abstract Common hybrid electric vehicles (HEVSs) usually suffer lithium-ion battery power fluctuations and it is difficult
for them to meet the demand. This also constraints the performance of the energy storage system in which there is a the
large amount of fuel consumption with less energy recovery of HEV in a single drive cycle. This paper selects a lithium-
ion battery and super-capacitor hybrid energy storage system (Li-SC HESS) to drive the hybrid electric vehicle running
together with an internal combustion engine. Besides, combined with particle swarm optimization-proportion integration
(PSO-PI) controller and Li-SC HESS internal power limit management approach, this paper presents an improved HEV
energy optimization control strategy based on the Pontryagin’s minimum principle (PMP) algorithm. A simulation model
of HEV is established by ADVISOR software to verify the effectiveness and feasibility of the strategy. Results show that
the energy optimization control strategy can improve the real-time ability of tracking the smallest track of HEV fuel
consumption function for the purpose of energy conservation. The energy-saving emission reduction ratio is improved
by 1.6 % to 2.0%. Moreover, when power fluctuates the output of lithium-ion battery is reduced, thus improving the
performance of the Li-SC HESS. The research is significant to the follow-up study on the key technologies in electric
vehicles.

Key words Hybrid electric vehicle (HEV), lithium-ion battery and super-capacitor hybrid energy storage system (Li-SC
HESS), PSO-PI control, Pontryagin’s minimum principle (PMP)
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Fig.2 Power flow schematic of HEV power system
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Fig.3 The topology of Li-SC HESS
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