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Structure Design and Control Strategy of Flywheel Hybrid Electric Vehicle
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3. School of Electrical and Electronic Engineering, Shandong University of Technology, Zibo 255000, China)

[ Abstract] Vehicle performance and energy efficiency can be significantly enhanced by PGS-FHEP ( planetary gear set based
flywheel hybrid electric powertrain). The main components were designed and matched, and DP ( dynamic programming) control
strategy was introduced based on ECMS (equivalent consumption minimization strategy) to obtain the optimal SOC ( state of charge )
trajectory. The initial optimal equivalent factor obtained by GA (' genetic algorithm) was adjusted in real time to ensure that the actual
SOC trajectory is consistent with the optimal trajectory. Thus, a real-time A-ECMS ( adaptive equivalent consumption minimization
strategy ) was built, and the three control strategies were simulated and compared under CLTC-C ( China light-duty commercial vehicle
test cycle) condition. The results show that under the control of A-ECMS, compared with the traditional ECMS, the comprehensive
energy consumption of FHEV (flywheel hybrid electric vehicle) equipped with the PGS-FHEP is reduced by 2. 51% , and the control
effect is closer to the DP control strategy. The energy recovery rate of the PGS-FHEP is 57. 72% , of which 23. 64% is recovered in the
form of mechanical energy. In addition, the participation of the flywheel significantly reduces the peak power of the battery during
energy recovery process.

[ Keywords] planetary gear set based flywheel hybrid electric powertrain; parameter matching; dynamic programming; minimum

equivalent fuel consumption strategy
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Table 1 Vehicle and powertrain specifications

i H SR BE
AR kg 1 670
TR kg 3 490
AR/ m? 2.061
K] JXUBH 72 % 0.4
BhERE/m 0. 324
TR A% 0.01
gk R 0.9
BUE DI/ kW 33
ICE KM/ (N-m) 147
BERHE/ (romin ") 6 000
HiE %/ kW 83
E e HF/ Nm 255
FElr L B/ (romin 1) 7 000
R AL 1.75
. FHL Tt ATUE HLUFR/V 310
Ha 3t N
LM AUE 5 5/ Ah 30
P B/ (kgom?) 0. 14
il w4 TR/ (romin 1) 20 000
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Structure of PGS-FHEP
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Fig. 4 Logical reasoning of control strategy
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Fig. 5 Flowchart of DP algorithm

ML www. stae. com. cn



2025,25(14)

AT, AF R TR A S I A B B g 6077

H,)/g; P, (¢) FHBEH DR W,
2.2.2 EHHAFRR

ECMS RE % 52 81 5 B 415 Ak, (H JH: 42 il 14 RE 1
WFEMHNFRHBEE", CLTC-C T.#% F 45k
K F s BORRME RS, Bt SOC Bl A8tk an &l 7 fr
Ao Phs=3.2 B SOC Bl & %1{H, 24 s 89
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Fig. 7 SOC curves under different equivalent factors
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/N TAES X R S5 s VB b & R S5 80 A+,
AR 8 s, [l N 2 LA 2R 454,
A3 CLTC-C T80 F e LAERUA 74 3. 14,

Ticpmin < Ticp < Ticp

TVCE, min S i = Niek

Tyigomin < T = Tyig e (7)
MyGomin = e = MG mas

MW min = Mpw = Tpw

SO0C,;, = SOC = S0C,,

K (7) H1:50C,, F1 SOC,,,, 735 K H it SOC fy_F KR
R
F2 AEAEHEFTEAREFEITLL
Table 2 Comparison of comprehensive energy

consumption under different equivalent factors
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Fig. 8 Flowchart of genetic algorithm
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