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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.

Key words Hybrid tram, fuel cell, energy management, Pareto, multi-objective optimization

Citation Zhang Han, Yang Ji-Bin, Zhang Ji-Ye, Song Peng-Yun, Xu Xiao-Hui. Pareto-based multi-objective op-
timization of energy management for fuel cell tramway. Acta Automatica Sinica, 2019, 45(12): 2378-2392

Wk FL B 2019-01-18 54 H 1 2019-07-30 W 6 3 T A I8 T SR PO, @A R

Manuscript received January 18, 2019; accepted July 30, 2019 N 8 gl BEi [ 2% § [1-4] >k 7 v 35 G )

[R5 1 A5 FI 54 (11572964), AL 8 K FIEE LT cotg DA PR S8 PR LR H o e s 09 T ik e il
Zszoogz), AL B TR )14 B 50 5P IO 4 (s20j2019- &, BURN K 1R R IE M EIRRI A8 R
015) ¥iH

Supported by National Natural Science Foundation of China é}E, ﬁﬁf)ﬁ!ﬁﬁfﬁl Eﬁ$ﬁﬁ§éﬁﬁ$u %@1&@%5@%

(11572264), Science and Technology Major Project of Sichuan Pr- S5 sy o] ; P S
ovince (2019ZDZX0002), and the Open Research Subject of Key 'l{_i’ CIZHT N o E A T ) AT 7 5 AR5 2R
Laboratory of Fluid and Power Machinery (szjj2019-015) 2 IZFI’ PR VR &30 1A B ZE ] SE L TG

AITHERE TR

Recommended by Associate Editor DONG Hai-Rong tong University, Chengdu 610031 2. School of Information Sci-

L. PAR ARSIl K227 5] 3 ) B K AU & Bl 610031 2. 78 ence and Technology, Southwest Jiaotong University, Chengdu
PRSI R AE BRI SE RS A 611756 3. TR KSR 4 611756 3. School of Automobile and Transportation, Xihua
5@ 0 AR 610039 4. PR RO RS HAUE B TREAERT ik University, Chengdu 610039 4. College of Electrical and In-
4B 610041 formation Engineering, Southwest Minzu University, Chengdu 61

1. State Key Laboratory of Traction Power, Southwest Jiao- 0041



12 34 RIS S PRIt P A RE R 2 Pareto 2 HARLAL 2379

iB47, BAEERAME, 173 AR KM HR R

AR AT IR FL it /B LR FRLZS /3)) ) AT SRR 220,

fRUFIZ AT VERE, RN FRIRREEHAEZ BB E
Wi H MR EH AR F, feEE K (Energy
management strategy, EMS) & H T 7 BC A # H
E&REFRAEARIZATROL N D28, DR
1B AT AR FEORUE L ZEMERER. AH EE T B FRLBNIR
ERNRA BN 1R EMS #F 58, DAPLIE 5238 R B
TR EMS B A7 MR . ARYE 45 K% 3, EMS
AT A3 PR TR0 ) SR AN L TR A F S g 0o,
BT RAEVLE EMS 2 — M8 -0 A3 EMS, B
AR I RORAEE TR 2 SR AL
Garcia 5" g LT 8 FiA| Fig IR, Wit 72T
ARSI 28 1) M . 12 S W 1) FH UL A 42 i V2428 |
) 71T FARES (State of charge, SOC) ZEZK 1]
g, BARE eI AT AR AEAE 1€ Th 238 A1 A2 D) Z2 PR iR
A, B4R S50 iR ) E A 5| FFR D&, ReE IR
REREFRDIZRAE, 2 LT 10 M TARRE, T %
1H EMS. iZ 5B SRR TARE M R0 T X, T
038 AT 5. AR, X 288 SR G ) 428 o) 280 R ARG T
THREAL, ToVEPRIETE RE TR AR A .

T RACH) EMS 5 & 2E X & 2 MERE R
b (0 H br R £, 7R R & F A Bl A 42 i 7 VR
i EMS, £ H b o8 H0E B e (L BUL U . Zhang
ST LUK TH FE AN B M S S FE N PR RE SR A,
BEXHIORL VAT B AR B0 T SRR IR /M SR,
2RI BE SCI GRS R ) B M Re F A R, B
RARAIEA SR A, Xu S8 Bt 1 R T B AR Y
FEHG, FH T FRAR FB 2 0O BB AR T EE g AR . 1% 3R
W& A SR A A It BE L, (ST PR A 22, HARME R
TS bR TR, gkl S A Li S0 23 i R a
15015 (Genetic algorithm, GA) X AR H A F1L
HLZE 1 EMS #EAT AR AL, B BRAK T HL ZE I D Ak
AFRE

XFT Bk EMS Ak el @8, BF 5t 0l T R
PEREFE IR 70 BC AR B EAE, 4 2 B AR
A B AR, HGE A E AR 2 AR M i 5
— PP R T R AR FET Pareto 2 BRI T, WidkE
XECHEF 8% 5% (Non-dominated sorting genet-
ic algorithm, NSGA), 15 %] Pareto JEFHELL
SR, NSGA Joik e 0 € — AN He i A 14 Re 1 .
AN, 4T EMS 2 H brii b i 7 = 2L T3
WM ITE, 1 EMS H s S 5025
PEREFE IR IS AE A A 2. BEE TR &3 J1HR

WIE e, RG34 1847 X EMS 25K H 2 2
o, SHBCE X RIS AT IR R BoA B R
b, MR X H bR DDA S H T SN & 3h 1 R S
PERESR bRIEAT 70 BT, AT 28306 i 2 TRE KPR R
It Ts 5.

NIE, ASCEE X R L /R 2 L /B0 0 Lt
RENIIHPRT, MR - 517 B4R R TR
B, FRESL DR SRR R GEi A 9 P RE R AR
(¥ H b e OB A B2 — P TR LS AR SR HE
Fe BISAEIMEAL T, %F EMS #E47 Pareto £ H b
Ak, ZITEAL e B Pareto JEH RS, 17T 4T
AF H bR D)% S 5T 1) EMS BEAT VERe e b5 7047,
7R S HO FLZE R RE IS i LR, 3 1T 32 34k Y Sie ot
WORH2 BE I 5 R GEI APERI T AT . AR SO 5
LT LA AL ST Pareto 2 H bR AL I RE
AR MT BN R A R R, JEIRAT TR Rt
AHAEA EMS 12 HF5 Pareto fEAEAINH 2 IERE T
RIVZRE AT AR

1 AR EEEREIRE

1.1 BYEBEFEHEBEN

AR GONBREL IR A B /T A L.
TR Eh A VERR R, BT IMAHIGE &
TR, XA R B AT R . i Bh A R R R
TIEK B AL AR, FEEINE N e fhae 2, U
S ST ZE B ) Sl N A e st e . FLZE R 30 R
R AR I (Proton exchange mem-
brane fuel cell, PEMFC), %l fg &I 5 2
BANEN I HM. VAN R E 1 BT,
F= 7 YR A B e VR 23 0 8 R B - ELR
A figs (DC-DC converter, DC-DC) FIX{ Al DC-DC
HEH R HI R,

T AEE EMS #7040, 2T 00 W 15
B G R B G RRA B JTERY @ r Bk
WA EREMAEY. 20 BEFTENER.1L3)
ARG B BRI SR AT @, LA
H b it 26 vig AT B Ax, B S RS 5 s s
SR TR R D) Z B FH AT A BE 2 R A i & AP
SEBRETH DA, AT FORE RE iy, A7 B BE AR A ™2,

12 HBHEFEERRE

ORI A B 2 e R R 1] 2 .
B, P, P, P 20 AR LI R S8 20
7 B R H Th R, Py OV BB F ORI,



K1
Fig. 1

REZN RGN
Hybrid power system topology

—> #=5[ T

@ - B T
"

B2 BRI B A RE R

Fig. 2 The energy flow model of fuel cell tramway
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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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