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Pareto-based Multi-objective Optimization of Energy Management for Fuel Cell Tramway
ZHANG Han"? YANG Ji-Bin® ZHANG Ji-Ye"? SONG Peng-Yun"* XU Xiao-Hui®

Abstract The environment-friendly transportation has been greatly promoted by governments. Because of non-pol-
luting and being operated without nets, fuel cell hybrid tramway has attracted much attention. In order to improve
the fuel economy and system durability of fuel cell/supercapacitor/power battery high-power hybrid electric
vehicles, a multi-objective optimization method of energy management strategy for tramway is proposed. Firstly,
the multi-objective cost function is established by using the hydrogen fuel consumption and the performance de-
gradation rate of each energy source as performance indices. These two performance indeces are difficult to evalu-
ate in one equation, so a Pareto multi-objective optimization method based on the state machine and non-domin-
ated sorting is designed. The Pareto non-inferior solution set of the energy management strategy is obtained, and
the influence law of the target power parameters of the energy management strategy on the performance index is re-
vealed, and then the comprehensive optimal solution considering both fuel economy and system durability is selec-
ted. The results show that the fuel economy of the energy management optimization method is improved by 29.4%
and 2.4 % respectively, compared with the power following strategy and the genetic algorithm based optimization
strategy.
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Fig. 2 The energy flow model of fuel cell tramway

Poee NI B & T RINZ, P NHNLTERINZ, Py
HNENRATFRINE, Py NERTFTRIIE, F,
o 43 BUNA U TR SR 22 5] AR L. iR 1817
THRIATE, AP ERRERE 30 AP AR

e 1. RS TR, REERIAN: IR E3)7I
R~ H L~ B~ A~ 5, wE 2 5
AR PTR.

E 2. fEHIB) THL T, ReEmmN: EiR—1k
A~ AL~ BB~ A Bl R B YR (B AN
s, Wik 2 LT LR,

NS H A D ZHE TV

PRRLER AR BY
RENNRZGAAEG| T N A ERERT
A, A S PEMEFC, B4 B 2 A5l A7 it
—=# 5. PEMFC fEARAT THL ¥R RE &, BiA
)% H D2

1.3

H B t &2 i 45 &
B P = Ure x I
DC-DC &y 750 V Ute = Etoc — Uta — Utohm
0
Eroe =Ko X ——- Tr — T°
IR % foc fe X 9 +(( fc )X
— 4443  RxT; s (1)
oF T aF " (PHZP%))
51 1%
o o= vam (%)
" Io) s%+1
il s Ufohm = Rfohm X Ifc

Hordr, U A I, 20598 PEMFC % H e AT HL A,
Ege N PEMFC LR, Up REEE I BIE, Uthn
BRI R, K NEIE IS 1T 261 T 1 LR 35 4
A G NFRHEIRZS (25 °C, —MR#ERSIE) T
WHTEH BB BE, FAEREER, T N
PEMFC WIETHE, TO NS HEE, R NEBERS
EHEEL, Pa, M Po, 7P nAESMEAS 3 R T1, N
NEHIBECE, A NBEIERREER, [ NS HIR, Ty
PR EL b T 1R SN TE), Rponm A9 BREH FEL It PR R
DA 20K P L. AR L el %) 20k B b 4 o ok ) L v A
PR B MR, w3 B, BRI, TR
HIhE 2108 25 kW B, ARLHL I R 4015 21 e KL
K 59.7%. MK ART 25 kW B, 8RB
HH Ty 2 (1 1 0 i P

PR

L TE 2 5 T AR BCRE B, 621
7T TR e . SRR Rint B
B, A TF BRI S AO8 B ki
TR ERTR e PO

1.4

0
100 %

Y e

R )%

0 50 100 150

&R /kW
B3 BRBHHIACR - D)z

Fig. 3  The power-efficiency curve of fuel cell
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Table 1  Operating state and strategy of tramway
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Table 2 Fuel cell voltage degradation rates WEEE —ETEW ‘@7 TEE AR S AR
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