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Abstract: In order to solve such the problem of a hydrogen fuel cell as soft output characteristics, low out-
put voltage and slow dynamic response, in this paper, a phase shift full bridge DC converter was supposed to
use as the front-stage power converter, and the state space model of the converter was constructed. The design
criteria of the main circuit parameters and key control parameters of the current-mode converter were firstly
set, the construction of the converter was designed and the simulation platform of marine hydrogen storage pow-
er propulsion system was then built. It showed that the results from simulations verified the accuracy of the de-
signed power converter, which improved and stabilized the output voltage of the hydrogen fuel cell while work-
ing at its best working point.
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Fig. 1 Marine hydrogen storage electric propulsion system
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Fig. 2 Structure of full bridge converter
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Fig.5 Diagram of DC converter control system

70

60 _ 8.325 kW
< 50 (133.3,45) = 5.9998 5 kW
= 40 (225,37)

30 . A . . ) R . . . )

0 50 100 150 200 250 50 100 150 200 250
I/A I7A
a) MR 5L Voliage and current curve b) T2 5 T 8 Power and current curve

B 6 SHAREhEHS
Fig.6 Output characteristics of hydrogen fuel cell

http : /xuebaobangong. jmu. edu. ecn/zkb



* 250 - Rz (ARBIERD) 5527 4

RGMITIRE RS G.(s) = GGG, , HP G, (s) =1,/v, = /[ (SLLC, +s(L, +L,) ] , ka4,

G.(s) = (Vjkys+kV,)/[ (s'"LL,C, - 180 + s*(L, + L,) - 180) ], (11)
¥ s =jo AKX (11), H o HRGEIFFIHRHEUESER, 7715,
G (jw,) = (Vkjo, +kV,)/[o!LLC, 180 - (L, +L,) - 180], (12)
X (12) PTEHIEARRE A(0) MAHN o (w) QT
AMw) =V, J(kw)*+ (k) /[o!LLC 180 - . (L, +L,) - 1807, (13)

p(w) =-180° + arctan[ k/ (ko )],

HL LR 45 ) E AR 22 A4 g i ) R T RE A D A M B R R g R BOE (i, ZOREA
BORRPLSIIERE, PN IE R GRS IR 2, S G H R BRIy 1 I, REMEREIRERN
0, MIMLHFEH R 0, REMBHAM N HETIF K, Mo, MR AMEE N 30° ~60°H, R4
HA RIFRERE, 2 A(0) =1, Mo, =030, MAHER4S, B2 (13) A8 L k.

4 MEZRSWRR

N T BUEAR SO §2 1) B A A R A e e A 4 BT 5 1 SO RO A R, (] MATLAB/
Simulink FPHF4 HE 6 75 B A A ELAUAS AT . AR i o HERE BoC A S AR RE BT R e BOBERY , dn&]
7 R o o SRR BT IR BB 6 kW /45 VAR 4 BT R D R SRR, e
JUR R I AR B R IR AT 5, BB A i B s RS HUnR 1, £ 2 PR,

JER/IREE27
DC bus
P SR /UK TR e A BraR i RO (ERZIE Sk
Hydrogen [ Fullbridge | High frequency [ Bridge 1 Output side Constant
fuel cell inverter transformer rectifier filtering Power load
TA 2 Kl . _
: Current
drive . — The energy
detection :
——— storage unit
ket PO R 3 B
PWM Phase shift [« Current =
control regulator

B7 2&HEEER
Fig.7 Diagram of system simulation

x2 RHEMEXSY
Tab.2 System parameters

Y& % B JEX Filter inductance
L,/pH

YEUE LAY Filter capacitor

C,/mF

UE I B R Filter inductance
L,/uH

P

He 1 22 5% Proportion TATAEY Integral
k k.

35

0.1

50

20

700

%ﬁ%% Sl N 845“1@, 82\ S33‘é%ﬁﬂd‘, JJ:[:HTJ‘/E}:E%%JE@,EEA}:E 7)1 = Vg’ EUileEJj_}‘:j\j 1}2 :N M Vg; %’[J:F
9‘%% S] N 549‘%%}?, Sz\ S3§:EHT‘I‘, QE%%JE@EEE v, =
JF, B

WA A TAFRIE IE W

BOEMEH TR A 2 B A e gs B0 15 3K 3h 15 5 PWM, . PWM, . PWM, FI PWM, 4ii % ¥4 K

-V, BlIHE Y, = -

http : /xuebaobangong. jmu. edu. ecn/zkb

NV, HAHE AR FE
ASTEARIE . B RO 8 R, A8 I, AR AR
YN aS V, CEIRITHE R RS HRZ 750 V, 3 | AT AVE R AUERIA AL 30: 500, T




%3 W FE, . ANEGEER RS R SR T R AR AR T - 251 -
60 1000 |
40
500/
20
g0 <
= 20 =
N -500/
—40
1000/
60"
0.34365 0.34370 0.34375 034380 034385 0.34390 0.34395 0.34400 0.34365 0.34370 0.34375 034380 034385 0.34390 0.34395 0.34400

tls
a) 78 JR A IR L R D% B

Voltage waveform of transformer primary side

tls

b) A8 i i Al i B I

Voltage waveform of transformer secondary side

B8 FrE=EMuma L EERR
Fig.8 Voltage waveform of transformer

10 kHz, 25t 50% , i PWM, 5 PWM, T Ah 1 p

Fi#, PWM, 5 PWM, HAMNFIE, H PWM, 5 PWM, " aWWMJ

FREFI2Z M 180°, 3@3d MATLAB/Simulimk i O —

A TH DS IR S R R B IER, Wl ' .

JEAanE 9 frow ., b)PWM ‘
HIPE O WA, HERG A M 0.00005 s, HI— O o

AT 0.0001 s, XN TAEMIAN 10 kHz, #EAL, | ¢

S PWM, 1 PWM, TANS i, PWM, F1 PWM, <l P

HANFE, PWM,, PWM, 5 PWM, . PWM, Zffy O :

N2 6(0 < 6 < 180°) , WENWILIER , St

—3, ol d)PWM,
XA At e R G4 T 7 ELSE S, 3R 017610 017615 017620  0.17625

FEAH A BLIA S ¥ 28 76 1 38 5 48 i) i it 0,
K 10 s,

ARG IR TARRE, A2 s BE 0% P Ao 16 fan

tls
9 THBRMEFXERINKERE
Fig.9 Driving waveform of power switch

RO BE(E, Rvefh iR 6 kW, Hi B msci . i B RS0k DL R s ER RN, RO R
Ifo M ¢=0.373 s B, A6 kW MHIIRME; Y 6=0.69 s B, PIER 6 kW THI)Z 6480,
10 Al ASHedRAEAE 0. 5 ms YRR PP st FoUE AE i i I e 8, AR e B o
N6 kW, HARHEARLE 0.3 V, BKHERAEN 0. 1 A, #HEEITER,
D EEE TR, BEAH M ELTAE 4 28 76 07 28 % A 28 728 It Hho 7 R 608 77 26 i) A 328 3810 r 34 5 1Y)
B, AR ohREEH N 6 kW, SHIE T 2Rt TAEE S TAER .

15

10

i,/A

0.1 0.2 0.3 0.4

0.5

0.6 0.8 0.9 1.0

tls

a) % I B ZR Curve of output current

http : /xuebaobangong. jmu. edu. ecn/zkb



- 252 - Rz (ARBIERD) 5527 4

JV

v

I,

T T T T T T
402
4011 | . ! At=0.5ms
400! , — i +
2 ]I
399 ‘ V=03 \1 U
398 | '
397 — I 1 1 I T : T : I I 1
0.1 0.2 0.3 0.4 0.5 ) 0.6 0.7 0.8 0.9 1.0
tls
b) i H HL T 2R Curve of output voltage

7 T T

6

5

~3 =
2
! | |
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
tls
c) B YR i 28 Curve of output power
E 10 Zoiks54 M sh 20w 5L fh 28
Fig.10 Dynamic response curve of converter
e

RSO ER L M i 1 A A, SR TS AR e VR A4 A R AR T AR E SR F Tt 0 i
TR TARE SR AR TAR R, MRER T AN T o0 S5 AL AL I A0 i ) B GEUR — M 2 3 AN D S [ AL

DFEERRW], RO S ELAU S B A o AR U A R 4 E 2R 48 rp U0 FL Tt D 5 At i 1 L B 3
TrEBA RAFRTARRRE, 2500 AL BE NS PR A 1 BRI AR G0 BT B0 ) PR AR, T E i
hA 6 kW, st 1 2URRH R A T AR e, Sl TR R, 4RI T R e TERE,

(1]

(2]

(3]

(4]

[10

[ &% X #f ]

DEDES E K, HUDSON D A, TURNOCK S R. Assessing the potential of hybrid energy technology to reduce exhaust e-
missions from global shipping [J]. Energy Policy, 2012, 40(1) ; 204-218.

GUAITOLINI S, YAHYAOUI I, FARDIN J F, et al. A review of fuel cell and energy cogeneration technologies [ C] //
Proceedings of The 9" International Renewable Energy Congress. Hammamet: IEEE, 2018 1-6.

HUANG B, SHAHIN A, Martin J P, et al. High voltage ratio non-isolated DC-DC converter for fuel cell power source applica-
tions [ C] //Proceedings of IEEE Power Electronics Specialists Conference. Rhodes: IEEE, 2008. 1277-1283.

BGEAR, B, Wl BT MR PID 45 T SRR AT S S R AR AR (], T EORSAR, 2019,
34(S1) . 235-243.

] ERF, BR4Ese, AT, % TR AYETY DC-DC A2 30gs [J]. W THER, 2010, 44(6) : 67-74.
] X, ZEME5E, MM, . BB DC-DC AR A T S B ES [T]. LSS K2R, 2016,

50(6) : 910-916.
SHARMA R, HONGWEI G. Low cost high efficiency DC-DC converter for fuel cell powered auxiliary power unit of a
heavy vehicle [J]. IEEE Transactions on Pow-er Electronics, 2006, 21(3) : 587-591.

] XK, B, BEEIE. —AFRE S LCL JEM S SEBO T 50T [J]. TEOR R, 2010, 25(3) ; 110-116.
9] WANG X, BLAABJERG F, LOH P C. Passivity-based stability analysis and damping injection for multi-paralleled volt-

age-source converters with LCL filters [J]. IEEE Transactions on Power Electronics, 2017. DOI.10. 1109/ TPEL. 2017.
2651948.
1 AHREE RS R XA S E R AR (1], BoARES TR, 2019, 35(3) ; 5-11.

(BERE K 8 RXHER LF8)

http : /xuebaobangong. jmu. edu. ecn/zkb





