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ABSTRACT: [Objective] In response to the insufficient boost capability and excessive device stress when conventional
converters are applied to hydrogen fuel cell grid connection, a low electrical stress high-gain single-switch converter based on
a dual Z-source network (LEHGSSC-DZ) is proposed. [Methods] This converter places the switching transistor in the quasi-
7 source converter upfront to reduce device stress. Simultaneously, one of the inductor components is replaced with a quasi-Z
source network, forming a dual-Z source network structure to enhance the converter’s boost capability. The operating
principle and output characteristics of the converter are analyzed, and a comprehensive comparison is made between the
LEHGSSC-DZ and several other high-gain boost converters. Component parameter design is provided based on its output
characteristics. The correctness of theoretical analysis and the feasibility of LEHGSSC-DZ are verified through simulations
and experiments. [Results] The results demonstrate that the LEHGSSC-DZtopology employs fewer devices and offers superior
cost-effectiveness. Compared to conventional Z-source boost converters, it achieves a 43. 8% increase in output voltage,

while delivering an output voltage that is 5. 1 times higher than that of conventional boost converters. Furthermore, it reduces
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switching device voltage stress by 30%. [Conclusions] The proposed converter offers the distinct advantages of low electrical

stress, high gain, and minimal device count, achieving a maximum efficiency of 97. 25%. This contributes to enhancing the

operational efficiency of hydrogen fuel cell grid-connected systems.
This work is supported by National Natural Science Foundation of China (No. 52377166) and Zhuhai Industry-
University-Research Co-operation Project (No. 2320004002712).

KEYWORDS: hydrogen fuel cell; high voltage gain; quasi-Z-source converter; low electrical stress; dual Z-source network

o 5 &

AR FERBRATH R R R AT 5 T, 8T
Ge A RETR BT = AN IR H 4™, AR e
JEE | JEAR A5 3 1 RE IR C A fif DR RE U G HIL AN 3 85
[ R A B R AR Sy 1 RS BE DR AN S ILRE TR
N RFE R BUA T 22 W S AR 3 0 REIROT I R H 7
T HRCA T AR G B SR L Y O 3 5
(14 e 48 A5 LA T e AR A 5 I AR SEAR G D o A
ISR Y B R 22—, SR v B AT
K PR ARG R U R RS T R R R
75 I 00 i it EEC 555 HERp AR DT JSC A F ) F T
e R B T A AR A A R S B S L
R I A E AT, DL, IF S SEURORE H v O R0 37
S I B0 R 0 A LU T IR AR AR T S RE N
AT B PR T S A TR AN

PR AR, B TR AR IE AT Z TR AT
5T LSRRI [R) I A e 4% A7 e —
P S K S S5 R A Y f g R AR T O
(4 o5 25 Lb ik i B A% S8 11 Boost 28 e S Z U5 728 4 2%
14 R T 19 i ™ A2 PR T A 2 7 o AN 0 B 43
FEHO, HLITORAE 5 AR B0 F N ) B A T A e
&, FEAEN T RIESE.

T BESE A B v R R i )R] R ATS BE S IR
DR HAR , A AR Z DF R E UG T —E W5
JRCAR 2 SCRRT 18 T 4 Y By 22 A0 v 7 528 £t i |
JHVE AT AR R AS A B g T A P 2, SCRRL 19-
20 | L A e ol T ORI R G, OF A Yk
AR BB IE R o SCRRI21 A 3 i A A s & R TR
AR g E o A R BC, R B DC-DC 2P Aot
R HL R AR T PRI S5 K, AT 5 48 1 T 6
TCPFISA . SCHRL18-21 J T f 8 e g 4 ¥ A RO 2 1
TR R g R AR AROR LA LSS AERR T R TR
v, TE B AL A OL T, Al 728 Fe 45 9 DC-DC 78 4
for T BE TG VA 8 AR B s 7 8 45 I8 R RSB ey 107 o SRR
[22 Jrp g Hh A ER BB LR T DC-DC 22 He i iE
R 1R FRL R R 4 T S T O A 7 A e L TR AR
W, SCHRL23 [P g A 5 R TR DC-DC 28t i
PITT e A Fi A AT 2 5 T A, R A

Je i A FL R S F R S e U, AT L R
RPFERAR . SCHR[22-23 4 s 3R M i R 22
T e R R AR T G s L (HARCR AT T
R FLJR, A S B e P A R A P R e [
P23 7 A B OR A T SRS AN 8 20 A5 R e R LB, S B
e dRWORIRAR . SCHRL24 82 Hh 0 28 e 28 6 TP OC AR
73 PO T A AT D0 3 (B 70 i Fl 8 4 5 s
M6 I bz ik m AR T RE A st X
TR[25 T T 34> Z 15 00 4 S 30 i T s Be L (ELR o s AF
2 BT REATEME . SCHR (26 ] TR OC L Rk
FA BB A DC/DCAEHe g 1278 e fs AL g
JeE Zhm A, H A D3 R SRR A
(BAE S I e 1 4 7 AT A R BR o SCHIR[ 24-26 142 H 1Y
B AR AR BAFAE T 85 D ARG i 22 LA R T G g A
SR IIT I 7R B2 85 R H e W g 14 ) R, i A v T
arE N S ERGEA Tt

BEXS LA b IR, AR SR H LT XL Z YR R 2% i R
N 7 1 3 25 U TR AR 2% (low electric stress high-
gain single-switch converter based on dual Z-source
network , LEHGSSC-DZ) . %78 # i KA (K HL R 1L )
e R i IR S AR SRR .
4 T LEHGSSC-DZ W35 AR S 5 AR 1
T3 K5 SR K LEHGSSC-DZ 535 JLAR42 H 1 1
FH TR BB IR Y 25 28 =y 1S 4% DC-DC A2 a5 FE AT PEREXT
o, JF 4 1 T LEHGSSC-DZ S50 Tt . e
Wk 5 B S R T B 4 A 09 OE ) M A
LEHGSSC-DZ [l 171

1 LEHGSSC-DZ &5#4 &t H 414

1.1 THRES LW

DA BT -3¢ 46 SRR FEL b Sy 651, G A AR PR A
Ho At e L R AR, — o 0. 5~1. 2 V20 kR
FEL Yt SR FH SPW M8 il 52 30 3 A5 I Do e o, i 11 4 LR
A BE Upys G102 S8 IR AR U, I RA

Upps = 0.612 X m x U, (1)

Ao om Ry B A T, AN R 100% .

5 D S R TR FH v 0 R AR SR DA
i5 F) 100% , 45 Uy B 380 V, IR AKX (1) A1 15 U, >
620.95 V. fBi% U,=700 V, 2R F 140~ ith B 21 A%

http://www. cepc. com. cn



148 NI S

47 &

B SRR E L i M H R 24 70~168 V, T 4. 17~
10. 00 % 1) H, e 38 25 A4 R K U0k R b 1) 1 fEL
HIFE 700 V. £ Boost Z8 #3273 48 Ho i SR
a5 2k 1/ (1=d) , ATHEH 5 25 L d Y LR 0. 76<d<
0. 90, M ik i ) 7 25 e & S BOT S RERS n, 51 & JF
Kead PR TT M AR AR AOR T R AR R A
o2 F AR SO 3 T X0 Z 15 90 2% B ARG FEL . 7 s 184 25
FUE T AR e 1 H 3 250 (1+d)/(1-2d) , =5 1
I LA 0. 339<d<0. 429, A3 T 1548 Boost 22 e 2 |
BT HE AR e g 0 FF 56 5 A5 LB 8 46 /0N, A R T AR T
KAGURE , AR 25 1) B AR B 1B 1T -

TS RE IR & FL I 45 5 R an 181 1 e, il L SRR
FA Tt T 22 48 4 25 DC/DC AR i 7 vl 4 7386 A8 1 K4
KHL
SRR fEREE i

Ps -

=R/ 224

IEM it
E1 FEELRETEE
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Fig.3 Low electric stress high gain single tube converter

based on dual Z-source network
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Table 2 Comparison table between the proposed converter and the existing converter
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