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Adaptive equivalent consumption minimization strategy

for plug-in hybrid electric vehicle
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(School of Automotive Engineering, Chongqing University, Chongqing 400044, P. R. China)

Abstract; In order to improve the fuel economy of plug-in hybrid vehicles (PHEV), the optimal trajectories
of state of charge (SOC) under different typical driving cycles and different driving distances were
simulated and analyzed by using dynamic programming (DP) algorithm. On the basis of equivalent fuel
consumption minimum strategy (ECMS), PI control was used to update the energy fuel equivalent factor in
real time, so as to ensure that the actual SOC trajectory could roughly follow the theoretical reference
trajectory, and then an adaptive equivalent consumption minimization strategy (AECMS) which can be
controlled in real time was proposed. To verify the effectiveness of the proposed control strategy, different
typical working conditions and driving mileages were used to simulate and compare the control

performances of ECMS, DP and AECMS. The results show that the control effect of AECMS was close to
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that of DP and could be controlled in real time. AECMS reduced fuel consumption by 3.50% ~8.71% in CD
mode and 1.11%~2.46% in CS mode compared with ECMS.

Keywords: PHEV; energy management strategy; adaptive equivalent consumption minimization; SOC
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Fig. 1 Configuration of a parallel PHEV
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Table 1 Vehicle parameters

28 BE

KA/ kg 1 700

VG 3W KUTE FR/m® 1.746
WIS 0.3
SEEE/ (kg-m™ D) 1.2
TR/ m 0.38
R3H T R 0.015
F ol T A H 4.0

i & o e 45 A R A 1.055
1 5l B % 0.9

R ENPLHHIE L/ (r-min~ ) 800~5 600

RS E KA/ (N-m) 137

MG fe K53/ (r-min™ ") 10 000
MG f5 RHLH/(N-m) 200
HL Mt 28 i/ Ah 40
HL Mt A L R/ V 340

BB E L [4.00 2.38 1.45 0.90]
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Table 2 Working status of each component under each working mode
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Fig. 2 Engine fuel consumption rate map
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Fig. 5 Energy flow diagram of hybrid power system
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Fig. 6 Logic reasoning diagram of energy management strategy
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PR () ik .
F (k) =F, [SpuCk) T (k) si,(k)sm (k)] =Af (k) + fsoc (k) ;
J 1 min =minz\:Fl (k). ®
KA AL ra (BN b Y BEBEIMIEFE 5 fsoc (R REE b BT BAETIIL; F o (R) A b BY B LAS s N i B B Bt
B T 1 i AN SRR BN AR
TR R R 2ROk .
Fsoc(k) =0,
Fsoc (k) =100,
S 1o A HL T B AR TR XA R S T R .
SR AR 2k AR b K A B B RS AR SRR AR i B OIS L R AR AR AN T O B B ] (1 ) HEAT S
B, SR FHAR AR 0 0 25 R i1 45 i il A i 5 IR AR i B R a3k 3 TR

K3 BELEEBNLERE

Table 3 Discretization degree of each variable
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Fig. 7 SOC change curve under different typical working conditions and different driving distances
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T H AR (CSOH BB, ECMS #5478 CD B BE it ik 2 314 #E e A, 76 CS By BE Wk I 25 25 R 3 314 A e (I .
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2 1 SR WS 7 B SR W e SOC e #5  S5bf L R VY B4R T M, fie 281 o 28] e b AR T4 X rDBR S
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Fig. 8 SOC theoretical reference trajectory
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P (B) << P mex (S (B))
A S B SOC e /IME 05 S A SOC e KA 150 in AT @ KK S WL I AR A I 5 550 5 T I
T o N ESIHFERE R w. (R I I /NI KI5 00 i F @ e AL AIC AN R B 5 385 T i T T
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Fig. 9 AECMS solution process
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Fig. 10 Typical working conditions

3.1 CDEXFEERESW

F A~T7 RWIR SOC 2 0.9 F 3 F 4 1 5 W (10 SR T T4 FE L5 SRR b . AEASTR] T80 R [m] Bk 5 i 47 3 L AR
B 1% 5L R AECMS #H X F £ 48 ECMS RETT & BR i 3.50% ~ 8.71% . M X F DP 45 il 5 s £ 74 K& % i
2.27%~6.70% .8 11 5 NEDC T.%%¢ 160 km 57 78 HLAT B0 B 2 45 00 F i 05 45 3L, Forb () 2y SOC FlAT 3
AL 2R s (b) (o) (D) Ry 3 Ff4a il SR W& T A9 & L T AR 555 Ce) (D) (@) Ry 3 R4 il 5w R A9 B HIL T4 A5
AECMS ] i [ 45 i T35 S BLyR 78 fL AT 3 BB L 5l e 55 1) SOC 52 B 930 B 47 36 B B9 VA B4 T e L LX) rl g
BRI AE 109 43 B 7 205 DP 4 6 5w AR BL L DA A A5 R IR Tl T AE

F 4 NEDC TR 3 Mzl s ms ki s 2

Table 4 Fuel consumption results of three control strategies under NEDC

KT Z 5 S0C R/ (L- (100 km) 1)
AR RFR/km ECMS DP AECMS ECMS DP AECMS
80 0.300 6 0.301 0 0.299 2 2.128 1.849 1.944
120 0.299 7 0.300 3 0.300 0 3.269 2.938 3.106
160 0.299 8 0.300 4 0.299 5 3.773 3.451 3.604

200 0.300 0 0.301 9 0.294 5 4.104 3.791 3.959
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*5 UDDS TR 3=kl kMMmERER
Table S Fuel consumption results of three control strategies under UDDS
MK FEL %51 SOC WAE/(L- (100 km) 1)
AT R E AR /km ECMS DP AECMS ECMS DP AECMS
80 0.299 7 0.300 4 0.300 2 1.976 1.732 1.848
120 0.300 0 0.300 5 0.299 3 3.040 2.744 2.886
160 0.300 9 0.301 5 0.300 3 3.591 3.297 3.444
200 0.299 9 0.300 4 0.299 7 3.915 3.625 3.778
&6 HWFET TRT 3 MuzHIRmMimHEER
Table 6 Fuel consumption results of three control strategies under HWFET
KT 2R S0C JAE/ (L= (100 km) 1)
73 L /km ECMS DP AECMS ECMS DP AECMS
80 0.299 9 0.300 5 0.301 0 1.941 1.771 1.820
120 0.299 9 0.300 4 0.299 2 3.032 2.762 2.869
160 0.299 3 0.300 5 0.299 8 3.602 3.338 3.432
200 0.299 5 0.300 4 0.299 4 3.920 3.661 3.744
F7 WLTP LR T 3 Mz R EHREER
Table 7 Fuel consumption results of three control strategies under WLTP
KT % 51 SOC WAE/(L- (100 km) 1)
AT B HLAE /km ECMS DP AECMS ECMS DP AECMS
80 0.299 7 0.300 4 0.298 3 2.731 2.386 2.493
120 0.299 8 0.300 5 0.299 9 3.740 3.367 3.540
160 0.297 5 0.300 2 0.300 1 4.310 3.952 4.105
200 0.299 9 0.300 0 0.299 1 4.556 4.208 4.348
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Fig. 11 Comparison of simulation results of three control strategies in CD mode
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Table 8 Fuel consumption of three control strategies under NEDC condition

- 245 SOC AL/ (L (100 km) 1) RO/ (L- (100 km) ™~ 1)

o ECMS DP AECMS ECMS DP AECMS ECMS DP AECMS
NEDC 0.305 8 0. 306 3 0.306 2 5.663 5.552 5.591 5.480 5.354 5.396
UDDS 0.300 3 0.300 8 0.300 0 5.213 5.036 5.146 5.204 5.013 5.146
HWFET  0.302 5 0.303 7 0.303 2 5.301 5.143 5.187 5.249 5.065 5.120
WLTP  0.302 3 0.303 4 0.303 1 5.856 5.666 5.771 5.822 5.615 5.725
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Fig. 12 Comparison of simulation results of three control strategies in CS mode
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