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ABSTRACT: Fuel cell electric vehicles (FCEV) are an
emerging clean energy vehicle. In order to meet the
requirements of the complex input and output features of the
DC-DC converter for FCEV, a compound input/output feature
control system was proposed which is based on the
three-closed-loop control system consisting of output constant
voltage, output constant current and input under-voltage, and a
compound automatic controller was employed to dynamically
choose the method to control the feature regulating signals. The
mathematical model was built for the compound control system,
and its working principle was analyzed in detail. The model
was simulated with the software Simulink and the results were
validated by the experiments. Simulation and experiment
results verify the effectiveness and feasibility of the control
system. The method enables the FCEV to control the external
features of the input and output of the converter. The method
has been applied to the 90 kW DC-DC converter, and proved to
operate with reliability.
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Fig. 1 Dynamic system configuration of the FCEV
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Fig. 3 Principle of the external characteristic
compound control system
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Fig. 4 Model of the external characteristic
compound close-loop control system
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Fig. 5 Simulation model by simulink software
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Fig. 6 Simulation results of the external

characteristic automatic switch
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response curve of the system by constant voltage given

{HUg~ ign Uing XY, AR LSS AT HiUg g Uing
RERS R 42 A5 5 B AR BEAT VI e, D)3 Ay 1
Js—fER-R s, AHEEH] H AR — 3

B 7 D P R g i A PR O T 4358
{HugsBEHLAZ AL, A2 s ) H 3 28 0 13 it 2k 475 30
gk,

H 0 I TT R, 45 58 (L ugsfE A TRl PN BB AL
AL, At i uosHE PRIURE R N, AR K H AN
GUEEMITT, JF A PO RGETELS, SUh.

4 LIHHER

K 8 SJFCEVH 90 kWTT & A DC-DCAS #i g 7r:
o LA T AN N IR T 2 ) A A o PR SI2 6 4 R

500 DC/DC H#AxHi [k
400
% DC/DC iy e e
300 et
FC ks th s
200

0.1 60.1 120.1 180.1 240.1
t/s

B8 MNHLFFEZ 8 BaMYIREIE
Fig. 8 Experimental results of the external
characteristic automatic switch

H P 8 nJ 11, ECUBE 7t fE A A, A8
o 25 B S I FRAH H AR U, MFCHIHES H R IA F
R (265 V) I, AR ds TAEER A, BRITE
frth, FCHLE ETHE, MBS A, A8 Heds B 3k
SRR, ST AR R AR
P S W 2 TR ) A B D)4

AN T0 tHRFIE . BN KRRy B, &
TLH PR RPN IR FC, BRI H R 4
N ORAIEAS e 2% B8 T HE SEIUA N R R, R
iz b o8 sk A RE A o

B9 SEIL T RG], AR g HLI 194
ECUZ: i 8 M e EAT S BRBA, sl mi W i ] /N F
100ms, i /LFCEVE) ) &Gk,

100
DC/DC % i
- i 1
/] A B
e I Lian e
“ﬁ i
2 AT —
[ — ) 1 = L™=

0
0.1 100.1  200.1 300.1  400.1
t/s

El 9 Nz E B HYREEER
Fig. 9 Experimental results of the external
characteristic automatic switch



64 L I - ¢

%29 ¥

5 #ig

EF X FCEV KT DC-DC A5 # g theidi 55 7%
(% N B R PSR, ARSCHE T —#0 DC-DC
AP s S O N R PR v, B RS
ST LU 4k

1) AN R R g0l s A R
IR (5, SCIL T FCEV Al KZ)#% DC-DC
AR WA NS R B D)9 S R e

2) FCEV ] DC-DC A& 4§ 2% &My 1t 42 il N AE ]
SE S I A N R 5 B Sk 2 b e s R
B, TR FC.

3) DC-DC AL 524 % Nt Rr P T R 4
BNAFEMELF, Aebadi N s e, BRIt
Uf, SO, iR FCEV ff K.

B2 3k

[1]  Bratt, fuet, SR BRI HRBNAEM]. Jbnt: HERE
HifR AL, 2005: 3-6.

[21 {EB . BRI ZE K Th® DCIDC Asffas K LW 5 [D]. b
e AR R, 2007.

[38] S, EBIE, XKW, #kHith DC/DC Aefieds il v i v 5
AN R I, 21200510080468.7[P]. 2005-12-
21[2008-08-25].

[4] & WS, RSB —FARLNE R BIE AR FIT] L
TR, 2002, 22(6): 20-24.

Da Feipeng, Song Wenzhong. Study on adaptive control for a class of
nonlinear systems[J]. Proceedings of the CSEE, 2002, 22(6): 20-24(in
Chinese).

[5] fitRy, VPR HEMRLEEIITOC DC-DC A& d /T[] B AL
T3], 2008, 28(21): 1-6.

Ni Yu, Xu Jianping. Quasi-sliding-mode switching control for DC-DC
converters[J]. Proceedings of the CSEE, 2008, 28(21): 1-6(in
Chinese).

[6] WUINEE, BAET:, BRIEW]. — RPN = R HOT KR DC/DC
A AR]. E AL LRESR, 2004, 24(8): 24-28.

Gu Yilei, LU Zhengyu, Qian Zhaoming. A novel three level soft
switching resonant DC/DC converter[J]. Proceedings of the CSEE,
2004, 24(8): 24-28(in Chinese).

[7] Jang S, Lee T W. Bi-directional DC-DC converter for fuel cell
generation system[C] . IEEE 35th Annual Power Electronics
Specialists Conference, Aachen, Germany, 2004.

[8] WaiR, LinC, ChuC. High step-up DC-DC converter for fuel cell
generation system[C]. 30th Annual Conference of IEEE Industrial
Electronics Society, Busan, South Korea, 2004.

[9] Ozpineci B, Leon M T, Su G. Optimum fuel cell utilization with
multilevel DC-DC converters[C]. Nineteenth Annual IEEE Applied
Power Electronics Conference and Exposition, Anaheim California,,
America, 2004.

[10] Xu Haiping, Kong Li, Wen Xuhui. Fuel cell power system and high
power DC-DC converter[J]. IEEE Trans. on Power Electronics, 2004,
19(5): 1250-1255.

[11] Andersen G K, Klumpner. A new green power inverter for fuel
cells[C] . IEEE 33rd Annual Power Electronics Specialists
Conference, Toronto, Ontario, Canada, 2002.

[12] Napoli D, Crescimbini. Multiple input DC-DC power converter for
fuel-cell powered hybrid vehicles[C]. IEEE 33rd Annual Power
Electronics Specialists Conference, Toronto, Ontario, Canada, 2002.

[13] ARZEW], oM, i/, 45 PWM %Y DC/DC JF kAL s 4k
PEPTERR SR AT [9]. 1 B B AR 2441, 2001, 21(3): 19-22.
Lin Weiming, Huang Shipeng, Zhang Guansheng, et al. Research on
nonlinear control strategy for PWM DC-DC converters
[J]. Proceedings of the CSEE, 2001, 21(3): 19-22(in Chinese).

[14] vRig, IREXIE, WIS BAEMSERME PWM % DC-DC 48
e 5 Al e T sk [9]. P ML TR 24 4R, 2003, 23(12):
133-139.

Xu Feng, Xu Dianguo, Liu Yuxiu. A novel nonlinear control method
for PWM DC-DC converter with optnruzmg transient response
[J]. Proceedings of the CSEE, 2003, 23(12): 133-139(in Chinese).

[15] Huang Yong, Zeng Fan, Zhou Qiang, et al. Study on the
characteristics of boost converter in hybrid fuel cell city bus
[C]. International Conference on Industrial Technology, Hong Kong,
China, 2005.

[16] Liu Danwei, Li Hui. Dynamic modeling and control design for
bi-directional DC-DC converter for fuel cell vehicles with battery as
energy storage element[C]. Fourtieth IAS Annual Meeting, Hong
Kong, China, 2005.

[17] Marei M 1, Lambert. DC/DC converters for fuel cell powered hybrid
electric vehicle[C]. 2005 IEEE Conference Vehicle Power and
Propulsion, Chicago, USA, 2005.

Y5 HEA: 2009-03-31.

ET5ME

: VEROR(1978—), U5, L, YW, RSN
S POT TN 6 A 1 Y S M P S
UC3875@163.com;

“ F7E(1968—), T, 1L, E#ESZ, WA
hy i B e PR A S N 5

LR W EBA95T—), T, L, RIS, B
o AR R T
FH14:(1963—), W, i, #Hd%, MLER
W, BT B M A R

(HiE = oH4e)




