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Switched-coupled-inductor Soft-switching Converter for Fue Cell

HONG Junzhe, LUO Peng, Member, CPSS, LIU Mingxin, YANG Yanxia
(School of Electronic and Information Engineering, Guangdong Ocean University, Zhanjiang 524088, China)

Abstract: A soft-switching high step-up converter based on switched-coupled-inductor is proposed to improve its

voltage gain and efficiency for the applications of fuel cell. The switched-coupled-inductor and switched capacitor are

utilized to achieve a high voltage gain under an appropriate duty cycle, and an active clamp circuit is used to reduce the

voltage stress of power switches and recycle the energy of leakage inductor. All the power switches achieve zero

voltage switching. In addition, the number of components is less, the power loss is reduced, and the efficiency and

power density are improved. The operation principle and steady-state analysis are also introduced in detail. Finally, a

250 W experimental prototype was fabricated to verify the performance. Results show that the measured maximum and

full-load efficiencies were 97.4 % and 96.1 %, respectively.
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Fig. 1 Structure of proposed converter

FIC, 530 S, S, IIZFHEIAY . —HA$ D, D, LA
T C MIRIF e A it TR S, FIHL% C, iy
FREHIE ., T RILT, B F A& O
C,. G, G, MAUES I, Mot b T
OUBAHAGGITATL N IN=1:n; @TFKEFN
B ST BELL K SR M A . 2 AT 3 4
WS T 54 TR

V6, VG,

i
Ly

Vds1
|
|

ids]

Vds2

ids2

B2 FiRTHMSBNEERRE
Fig. 2 Key wavefor ms of proposed converter

S A B s AR IR

BT (tt): WEB)FIR. ST,
TR S, IS, Klr, A D ik, D,IE
T 38, FFOE S, WYRFAEHLR C | LIKHLE C TR
e, B CL A, L5 C,. C, iR, LAk
— iR Wl R A, 53 —E o S HLA C, FiF S
HUR SR 220 — W8 D, [RIINF hyf  F 25
C, S R AR L FID, O i, T
W, L, M, BT M C SEANORR, Bk

NoE

BT (t~t,): WA 3(b)FiR . FEX Bt Py,
TFRAES, TS, PREFRWT, 8D, ik, D, Tl o
S, MR i AS S, FEQCI I BEN, S, ATRASE



55 330 HEEPT, 2 FTRRRHR A T SRR & A BT A i 259

AT

———————dF———————
N

AT~
\ [
\ |
\ |
\ s
| 1\ 7o
\ |
+
\ |
R
L Rollr.
\ |
\ |
\ |
\ |
\ |
\ |
\ |
e _¥

>
|
|
¥

Vo

2

1

———————dF———————
<

|
|
e

A~ —

|
|
|
|
|
|
|
|
Ve i
|
|
|
|
|
|
|

I
———————AF———————

(FFXBEN (h) FF R



E 4 $23 %

260 SR
25
-
| |
| |
| |
[
: | i’u
| |
| It
R
2y, Rl
o
o
| |
| |
| |
| |
| |
| |
Y _ _ Y
4D2
—>
o
L
| |
| s
| : i,lo
|
I 1L+
R,
é‘VCO 0:[]Zo
L
| |
| |
| |
| |
| |
| |
lv___V¥

()RS X
B3 FrRTMEBRMNE TIERESEHEEK
Fig. 3 Equivalent circuit of proposed converter in each
operating mode

PEZHESE, toh, L PRfeEgsd S, ik
WS, WAL L fZid R FIRA R Ik
eIt % C, 5 WA D, 4h Tk Jef it v
PR, 0 i, MREETRE, i gk bETE Y
TFRAE S, BRSNS v, Ry LTI AT A5 o

BT (L) W 3(c)iim. HOREE S, 3K3h
FERE, S, T, HAARTHAE R TE . HAhH
T BN AR SRS TTARZEAL . Yl ik AE = 1 K 3] 0,
PR EEH

BRIV (tt,): Qs 3(d)Fin. FERLA B,
FERAE S, IR, S, K. 4 D, #Uk,
D, Fif., MZ C MIfizk R M AHIE V, . Btk
HUR L DL C 3efitaest . M TULAT L Biliyhe
BRTV, 8 L ROEEE, TRl R TT
BB B, HLAS C, A, i FRER| R/ IMERT,
PR A

BV () WE 3(e)Fin. HEE S AT
SR, S, KW, —HAE D, S, D, ik, #

e L v, FEHL, A C, 1V, ARG Hi R
TSR T, Ak R FFIRH C dRftARRE. i
PARi, BFhe MFFRAE S, MEKEIES vy, MK
HISF, S, ORWT, ISR,

B VI(t~ty): WE 3(HFR, A S, S,
AT EWRRAS, RAE D, 3, D, ik, FAH
A C Mg C gL, CL i, L 5 C A
C, HATIER, i, TR, i BTh M C,REESEA
UG, MBESEE

B VI(t~t): A 3()fin. FEMBEsH,
TERAE S, F1 S, IR, W% D, i, D, #
1ko S, MR ZARAE T, FERCRTRIEE Y, S, ATRASE
IR SE, [, B C ok L hidREs,
C, i V,, & B N ZE et fg e . S| 1Y
HURRI AN C ML i 462 BT, 0 4k
BrFRE, MR S, WIKENES v, MR CEET,
IR e

BVt~ : W 3(h)FTR . FFEE S, IRl
G ERE, S, i, [FREHAR A R
i B BT R RO . HATHRIR R S AR SRS
VIR . 2 C, BB A HL IR R MBS 2 fr) H e =2 1
BT D, MIERALER, Dk, gL,

BRSIX (tty): AN 3()FTR . TR S, Bk,
S, Fil, S, KTAEVIRFFREIRA, T D,
kb, D, S, A C WV, . L ML T,
C, AR iV, L FIC itk i . i Tk,
ip, BTFe i, FRER] 0 W, MBS

B X (4t : W 3G)FR TFRAE S, #k,
S, i, M D #uk, D, S, B C i,
R — AR s B R s, 53—k S C,, WG
HUBR I GE 536 3) C Je R o i, M 0 T FFE
Fli/ME, iy, ETFEIERCR(E. HIFRAE S, WKl
Vg, AR, ARSI

2 fREsoh

MRS LWL IV VI VIRIVIRZE
[IART LR, o T RIAErE, 76 1TSS



5534

HHEPT, 25 FTRRRH M T OSRGOS s e 2 261

THNHEFZEEERV . XX,
2.1 TFBEESE
MR 3(e), 75 0~DT HHEIBLN, A5 i TAE
TERESV, R S b TRk, S, AL TIRWpIR
A, WARIE vV, feptRER SRR L, A C,
oV, AL EAT I, TR 3SR
Vi, =V (1
Ve, =V, vV, =(1+nV, (2)
A Vo L, BIPGHLIE ; Vg, R C, B PIsG HLTE .
MR 3()FIE 3(j), fE DT ~T, BB, 48
Bk TARERCE XA X, TR S, &b T KW
WA, S, AT THEIRE, WAV, . WA
L, M2 C, mfidk R Fifili iizs C $efitagst,
LAY C it vV, ML fEfERE R, ATARAER
Ve =V -V, (3)
V, =V, —(1+nV, +V, (4)
e Ve o C P sV, g L
2R (4), FERSIXFIRSX, L Mk
B A 2Rl

_@+nV, -V,
1+n

Vi, ()

HEC(1). 25 L L W ARFR A ], w]skAs
L FE 2
\Y) _ 2+n-D

M=t
V, 1-D

s MOy R R
22 THBENN
H=(3). R(S)F(6), 1 C, PR A
\/in
Y "1"p 7
RPEE 3(e). B 3(1). K 3(G)LALA(T), FIH
FLIRERHFEEMF KVL(Kirchhoff voltage laws),
AL BT S, F1 S, B RN 1 V,, MV, B
v,
Vdsl _VdSZ _E (8)

RAEE 3(e). E 33). K 3G)LAL(6), FIH

(6)

D AMdizs e,

KVL, A8 =4 D, Al D, HIER IV, |
Vi, A

I+n
VDl =VD2 =V, -V, =1—D in

2.3 THBRES
MR8 FHE /R FE I I 2 £ KCL(Kirchhoff current
law), Xf C F1 C, B LA FA N, W —#*& D,
1 D, B2 35301
Ip, =1, =1¢, =1, (10)
I, =1lp, =l =1, (11)
e 1 AL, 205004 DA D, BF R 1,8
g 1 Al B C R C, YL
MRIEXA0)FI(I), FTRAZBIRFE i, Ay, B
8= /N (=1 PR U P v 5
21,

D,,max D

)

(12)
21
b =771 (13)
M KCL, th=(6) 22X (10), mTLISRI#E1L
HUR L AP
_ I+n |
o1
AP 1 AL, BPERE; | AR
HRAEE 3(e) (1), L, MHIRSIE Al A

=1, I

(14)

V.
Al =mDT, (15)

m

As(12)FIC(13) A3 L iR
Ffe/ME |, 2390

1 I+n V.
I =l +=-Al = |, +—-DT (16
L, ;max Ly 2 Ly 1-D o 2Lm s ( )
1 I+n V,
I, =1 —=Al = | ——=DT 17
L., ,min L, 2 [ 1—D o 2Lm s ( )

HRAEE 2 A1 KCL, % C, F1 C, 1 2R - Ji
W, AR S, PRI 1 R

1+n
=—1I 18
' 1-D ° (18)

Xf C, W FHZAD-E J, AIARRE S, B-F2

=1 +(M+Dl —1l¢



262 i, b

E 4 9503 %

o 2
HLIL | M

| . =0 (19)

2 ',

RIGE 3(e), 45A KCL, K(12)f=(16), 7]
75 S, I HL AR KB | ) e N

Idsl,max = I +(n+1)ID1,max =

L, .max

A, 140, Vo pr (20)
D 1-D° 2L,

m

(n+1)

I 3()), 454 KCL. R (13)F=R(17), 7]
73 S, ATHL B RAEL | gy e N
=(n+1)l —1

I ds2,max

D, ,max L,, ,min =
ntl, ,Vu pr 1)
1-D ° 2L

2.4 BBRERSHILIT
RT AR L TAE TS SR, R
HX(17), BHESEGTE N

L ;MDTS (22)
2(n+1)l,

FRARFE 3, HL%5C, . C, il C, KRR
[* [+ iy, —i, Jat

AV, =2
C Cl
(n+Dl, -1, (1-D) 23)
Cl fs
Ts .
j ip, dt |
AV, = == (24)
’ C2 C2 fs
[© it
AV, = o, 2 _ l,d-D) (25)
° CO CO fS
J—:E:EP: AVC] A} AVCZ ﬂ—:n AVCD ﬁ%uy‘j C| N C2 iﬁ] CO E/‘J
L RS0

2.5 MAXRITIEEH

I s J8 L 3 ) XS ) M DA R OGS R 27 AR F
25, TEANBG I B e 75 S Bl R SR 10 T S B
KEFBETE, FIFCE S, LI E p Tl
Sl T8t 2, JFRE S, K, JFCHE'S,3F
FEHUA C R, P S, EHLA C, L, TR
L SRR C M C IR, T EAESEIX
i ] P A T 2 26 FL 2 T R BB o 58 AT AR

B iy BB, BHRERL, T IO RERES 2K
TR TREAF TIFRAE S, M S, A LR C e
&, B

lLI2

LI
o, C il S AR C, 15 S, AR C,
JEREAF], C=C+C,,.
s (13) R (17) AT, IR O P S/
fii
|

p " dsl

N 2%0 V2 (26)

1_n| _\/in

L,,,min D, ,max 1-D ° 2Lm s

27)

1 AL, FEXAT S, K, S, MIFAIE C

FoL, FFKAT S, AR Cy it i, BULEL

KA1 BEEEREFIRER L, AR A Bk T4
FRAETIF AL C hiyfest, B

Lk ,min

1 1
E Lk I Ii,max ; ECdest (28)
MR (12)F(16) 5, Tleki, HUEKAE N
IL ,max = Il_m,max + nl D, ,max =

2+mD-D | Vy pp (29)

DA-D) ° 2L, °

XL C, D RPN, w51 =1, >0,
I e PV i - AR  IEZRL, t I20E 7T
T I BB R T 8, T OCAE'S,, I P S0 B 45 ) o
W i EEIZMTAIAL, L TR TR RS E
L /N, AH TIPS S 5

TSI A A A AT, AR SCRR[13],
FEIXHFH] T, 75 28N

T
T, 25,/ch:p (30)

3 EMRAFMFESH

N T PSR AR IROR, T BT AR A
RN, th TICAH AR SR, i)
BT A A AR A SCHTRE  — 8
BIFE. S HUERMISEAHBIFEMBELEIRE . AT,



55 330 HHEPT, 25 FTRRRH M T OSRGOS s e 2 263

TFRAE R FAARFE R,y 1TRIEN
Fg,cond = (IS1 rms + ISZ2 ,rms)st,on =
{[DI L+ DLT [ (e -1-D)f )

D " 8(1-D)

[I,0+D)-2(n+D]’
8(1-D) Rion

(1)
e Ry o WIFRE R SR 1 A 5

FRFFRAE S, FS, 1 H A RUH
T T IR AR 25 A 24 ] SE B 1

AT A %%%‘J”ja 0, WITFRBIFE R gy AIFRIEN

I tf—1

SSW (Vdsl S, ,max ds2 S, max) off 's _g.
v, [204D1, 24D,
1-D
tq T, (32)
St b .
TR A :J:J FER, . AIRIEH
PDhm:( )V =21V, (33)
b, Vo O TR SRR
A AR P, k0
PC,loss = Ié rmsR), +1 : ,1'msRCZ + Ié,,rms R:U =
[I,(n+1)(~1-D)]’ +[I,(1+ D)-2(n+1)] _
8(1- D)

Yo pr.
D D L

m

I 2

‘ D’|
RTINS [' D+

34
A

A, RV R, R MIDAH%A C\ C,. C %
BRI LR
A HURIOGELNAE P, TTRIE N
Roeond =1 R+ 10 e R =

{[DILm enl, T +[(1—D)I,ﬁ“ nl, T

D 1-D
lo
R bao) (33)
Ko, R R MU BIGEA  IAL
SV GRS
- U RE S FE B, ATRIE N
PL,core = Pcvve (36)
Uiy P WM BRE SR VRSB
AR BARFE N
PLo%s stotal PScond + PS@W PD,loss + PC,loss +

P

L,cond

+PR

L,core

(37)

4 PEBEXTEE AR

T 58 TR AR g A TR G I AR S AR A
TARRERE, 1A T A SO AR #8255 A0 AR
BRI TR SO L o I A g S5 A AR B 25 11

1 25 55 R S LN TE 4 BER o 1 4(a) R A L
n=3 A R 25 5 s UG &R [ 4(b) A D=0.5
At A FE S48 B K R N 1 S AL &R

F 1 FriRT#HRSHXTRSFBNIEMNSHITEE
Tab. 1 Comparison of detailed parameters between proposed converter and relevant converters

ST gt FF A BB K . . T
A - " M H X WRKH W
S L C D & LRI 1V /V) R %
1+nD 1
XER[7] 1 3 4 6 14 TS 50 200 9.2
RRL7) (I-Dy D IFR
. 2+n-D 1 N
SCHR[12] 11 2 2 6 G 50 250 93.6
1-D 2+n-D
. 2 1
SCHk[14] 2 2 3 2 9 o 5 ZVS 50 250 92.0
N 2+n-D 1
aR[15] 2 01 4 3 10 ZVS 100 150 —
Iﬁk[ ] 1-D 2+n-D
N 2+n-D 1
N 2 1 3 2 8 ZVS 100 250 96.1
X 1-D 2+n-D

e SAFIFAE; LAGRAUE; CURMA; DR IA,



264 i, b

E 4 %523 %

1 1
0.2 0.3 0.4 0.5 0.6

Vas/Vo

(b) D=0.5WFFFRAE B K T 5 I HEL 5% R

B4 FriRT#st 5HEXTHERIGE SEER IR
Fig. 4 Comparison of voltage gain and voltage stress
between proposed converter and relevant converters

RS ARG R, RS 25 RT LA I
BB T . 5 SCER[14] A A L, T
S g L RIS B T, PR TG, SR 7)AE
FRTE D=0.5 PR SCE0M o R 35 = T TP AR e,
(R RN Iy, HooiHczE . SCiRM121F1115] 48
ot 3 25 5 TR A AR IR] . AT SCik[12],
FIHR A TR 5, BEA SOV E S AT, B
ST ZVS, TERCINE RGP RSN T 4
FE, JFRTE TRCR, MR B SRR 12] 254045
il 2%, SCHER[15] P s ds AR SCBL T ZVS, B
AHEE T it s, o D3, JoisE £,

5 SKWERSHH

N T eI R A S PR, 3R 2 ik
T TR R G O SR

xk2 RERTESH
Tab. 2 Parameter s of system and components

2R B
WMARIEV, V 20
i HLE VvV 220
BUETIH P /W 250
TP /kHz 100
Hi% C,. C,. C/uF 47, 56, 100
IRZWE D, D, MUR260
PIESIPS - SN IPP110N20N
L./nH 13.5
L/uH 1.3
Np:NS 4:12
M B PQ3535
o PRI I PC95

K54V, =20 V., V=220 V. P_=250 W1§/L T
(R SEBRBTE o H [R5 ] DL, SRR SRR 28 L 0.626,
SHEIEMH 0.600 BONHET, JoasHRFE RIS 2
FAbRER EZR . B/ S(a). Bl S(b)WIFRAE S,
S, FHLERIE , IEHRATLUE Y, 75 S, F S, Y
KT BRAT v, Fl v, FRSE R RES] 0, SE B ZVS
TFil; TFRE S, MHLRARIERYN, AR #%
B RCRER, V FTV,, 28978 54V BE T 5(8),
(7 i F, TR /N T R L S ) 174, 99 2 AT e R
TIER . B 5(c). B s(h &, A D, .
D, L EHIN 1.07, 1.10 A, HHmE Yy
9205V, Bk TR (9)~20(11), Bl 5(e)HHL% C,\
C, LML, —FBESHHN 54V E5T5V, 5
K(Q2). RDWIHEAT. K 50T HE V)
SRR L, BHRIRBOE , A UL R T
220 V, fihshiy, EibiaE . U EgEY S
AT —EL

T BEANTR] oS LR e A G R , HA
FUAZIED T 5330 V, =24 V XV, =26 V i
1P TR, 6V, =24 V, V=220 V, P=
250 WIESL FIOETE o &l 6(a) Rt A . it o R I8
T, bR 23 H ol 0.528, #5635 T HE 48 H 0.510,
7553(6). B 6(b). Bl 6(c)NFFRAT S, il S, Y
JEWTE, R, AR ZVS Jhl, Vo,



553 1)

HHEPT, 2 FTRRRHR AT OSRGOS s e 2

265

MV, B9 51 VoK 6(d)8 ZH % D, Al D, AL
WL, v, RV, ¥ 199V, & 6(e)WHE C,. C,

I EIE, RS 51V 5 88V,

vas2/(50 V/k) vas1/(50 V/%)
VeV /(10 Vi) VeV /(10 V)

in, (2 AVKS) v, (100 V/EK),
v, /(10 VI£)

1

~
£
>
o o~
S ¥
S
\QN>
=2
A{:
£ 5
<
w
\<N
s
~
e
S
o=
-~
e e
<<
~ 5
o7
-

[FYECENT LTl 2 oo/ ety 0 0s

/K ) - | f
|

\
\
|
|
Ll
-
|
!
/
!

12 us/t®)

(a)ve1s Vas Vasi

[GIGUENT LN Vi 2000/ Celay 0005

l f | V61 | f
by — —
—— // A Ver —
| | | | 3 | |
SR VAN 31 U SO AVZ8soNt S S

|
!
/

b

I

: il - -
\ Vds2 |
’—J 7vs p——

A2 us/t®)

(b)vars Vo, Vas

SIGCENT TETTH W2 005 Talar 000 =
b f i f " | f ?
i | i | Gl |

= % kﬁi %{
| |
IN ACT B
1 e .

N e i f -
| T D, e

/(2 us/k%)

(©)vep Vo Ip,

[S'GLENT il v 2000 Deley000s

b f | ! | f
| | | Vel i |
w‘ { ‘ v])é....} R
[ — \—/ S— 4J S—
= o 1‘7 , “')W-“'E_/ iDz -~
(2 us/kg)
(d)ver, Vb, Ip,
[GIGUENT Wl mz00ss Ceray0.00¢
1 [ 5 [ Svar | f
Ve,
J—— i s
. "
(2 us/¥g)

(@) Vs Ve Ve,

% 1 . \ f
{ | VG 1

=2 o

§ >E

=) '!\ ,/;*k\ i

Q ]

H(2 us/¥%)
(f)ver, Vo, iLk

5 FHREHILEV, =20V, V =220V, P =250 W 155

B SERE K

Fig. 5 Experimental waveforms of proposed converter

under condition of V, =20V, V =220V

,and P_=250 W

K74V, =26 V. V.=220 V. P=250 W 1L
TRWEIE . & 7(a) R AR R, SEhR A
bR 0.478, 3 THIR LA L 0464, £553K(6),
K 7(b). Bl 7(c)yAFAE S, S, IHLEIIE,

IRl L, RTS8 ZVS IF i,V il

VB8 51V,

[SRGUENT Wl Tl 2000 Detay000s

4

Vo/(100 V/#4)
Vins vi/(10 V/K§)

12 us/ks)
(a)vgi> Vin, Vo

EIECENT N w2 0o T 0
/,:\ﬁ=' f ] f 1
—~ A | P N6 |
Y [ V] | S le—
= R i 4 |
2| 1L e [
| | |
2= | =1 T e —
= © (I
2 a (.
BN O | r—— | e, p———
Vi | | Vdst | |
A\l
ZVS
/(2 us/t%)

(b)V1s Vaas Vsl

~ { | Fxvg | f
Y3 S— — Moot
£> — [ fre—— —
> 2 i R Ve
(=3 : . E -
2= !
= © I |
@D . | I
T o
5o ) Swml

—_— ZVS e —
(2 us/t®)

(C)v(ila Vaor Vds2



266 W ¥ 1523 %
[GIGUENT REReN 7120w Geiny 000
~ ‘{ .‘r v, ~
ﬁ = — = = “ b = ﬁ foey
> % i i 1 | > §
(=3 (=3
E % ) Pk | E, %
=3 — 5
>Q >Q‘

2
<
R
7}
[
r —
i
<
o
S
|

(2 us/t®)

(d)ves Vp» Vb,

12 ps/Fg)

(d) Vgis VDl» VDZ

[SIGUENT Lirgl V2000 Deiay 0005 i [SIGLENT Rirel 72 00ue Delay000s -

{ | Y | f ! TN\, | f
~ H | | Gl | P H i } Gl |
ey S— b / B E o reeel V. S
S £ S £
= > Ve o Z Ve,

P of— _ L B S || - SN
o= T

-~ - PN —

T >U [ ) >O

o] Vv, o Vo

~ <, - G

24
12 usiH) 12 us/t®)

(e)ve Vep Ve, (e)vgi» Ve Ve,

El6 FTREMRIFAEV, =24V, V =220V, P =250 W &I
B S5 06 iR 7
Fig. 6 Experimental wavefor ms of proposed converter
under condition of V, =24V, V =220V, and P =250 W

B 7 FHETMEEV, =26V, V=220V, P =250 W 1§
HISERE R

Fig. 7 Experiment wavefor ms of proposed converter under

ey condition of V, =26V, V =220V, and P_=250 W
L% [ \ Var | { | _— _—
g5 | Tl T &l 7(d)ly —HRAE D, F1 D, BIHLIENE, V,, AV, 1
S B o S s S ) O S S
e 196 V., B 7(e)NHE C . C,HENIE, — &
oS Vo HUESM I8 51V 596 V.,
8 R T s s TAETE V, =20V, V=
e e 220 V ARFEZIHR T RRCR L 75 P,=100 W Fil P =
Gl> "1 7 o
e - 250 W, I A5 3] 4 e e AR RN AR A A
AT el T 97.4%#1 96.1%.
> 0 - 08
S I 96 1
~FEEE et [T £ ouf
Zvs~
92
(2 us/kg)
(b) Ve, Voo vdst 90 I I I I L I I
E— 10 40 70 100 130 160 190 220 250
R 2 — p— IS/ W
<3 \ | \ | B8 XEMLk
> 2 A A I Fig. 8 Efficiency curve
52 I 9 WA AE V. =20 V., V.=220 V, P =
i :ZVSX,._/ ez || 250 W BL N IHRFES T . AT, SAAE ) 8.8 W
12 pH) R AR R, ABIFER) 36.4%; THEIYE

(€) v, Ve Vds2

HACEN 96.6%.,



55 330 ety )

o S TR A TR & LB A ey 267

P
AR AR

32W

FERE 36.4%

TS A HUR R

B9 V =20V, V=220V, P=250 W 1§ T ZERFES
Fig. 9 Distribution of power loss under condition of
V,,;=20V,V =220V, and P =250 W

AR SCHR YT — bR TR v 1) 2 T S
5 LR FOT 8 THIR R e o 8 1 8/
FEBRTHRE, FIFHA TR EHAL R 3 1T e RS BE i
i T SR NS BT AR . SRt
KA BT R AR, RSS2
FETET R . BAh, EHIET 15 250 W
AREDLIS R Al S, SCER 24 2R 5 B o B —
B, ARG B SRR 97.4%, WA N
96.1%,

S E Uk :

[1] Zhao Jiawei, Chen Daolian, Jiang Jiahui. Transformerless
high step-up DC-DC converter with low voltage stress for
fuel cells [J]. IEEE Access, 2021, 9: 10228-10238.

[2] Afkar M, Gavagsaz-Ghoachani R, Phattanasak M, et al.
Generalization of a DC-DC modular converter topology
for fuel cell applications [J]. IEEE Transactions on Indu-
stry Applications, 2022, 58(2): 2255-2267.

[3] Luo Peng, Guo Lei, Xu Jingiang, et al. Analysis and
design of a new non-isolated three-port converter with
high voltage gain for renewable energy applications [J].
IEEE Access, 2021, 9: 115909-115921.

[4] Acharya S, Mallik A, Mishra S K. PWM control of a
high-gain N-phase interleaved current-fed topology [J].
IEEE Transactions on Industrial Electronics, 2022, 69(7):
6461-6470.

[5] Liang T J, Luo Peng, Chen Kaihui. A high step-up

DC-DC converter with three-winding coupled inductor
for sustainable energy systems [J]. IEEE Transactions on
Industrial Electronics, 2022, 69(10): 10249-10258.

[6] ZEHis, SKIGAS, EAM. FETHFICHURMIR &

Boost DC/DC ZE#eei[J]. LT TRFE AR KA (A%
BHERR), 2017, 36(8): 865-871.
Li Kunpeng, Zhang Qiaojie, Wang Jiuhe. A hybrid
quadratic Boost DC/DC converter based on switched-
inductor structure [J]. Journal of Liaoning Technical
University(Natural Science), 2017, 36(8): 865-871. (in
Chinese)

[7] Lee S W, Do H L. High step-up coupled-inductor cascade
Boost DC-DC converter with lossless passive snubber [J].
IEEE Transactions on Industrial Electronics, 2018, 65
(10): 7753-7761.

[8] Divya Navamani J, Vijayakumar K, Jegatheesan R.
Non-isolated high gain DC-DC converter by quadratic
boost converter and voltage multiplier cell [J]. Ain Shams
Engineering, 2018, 9(4): 1397-1406.

[91 F&M, &fh, BETF, % M4 H/RE LS Boost

AR N A 0] E LT REAAIE, 2017, 37(24):
7266-7275, 7441.
Luo Quanming, Gao Wei, Lii Xingyu, et al. Topology
analysis of high step-up Boost converters with coupled
inductors [J]. Proceedings of the CSEE, 2017, 37(24):
7266-7275, 7441. (in Chinese)

[10] FRISAR, MREmAE, WA, 5. BT IFCH AR =Z8H

R HLURR Y 25 L TR 45 DC-DC 84 77, 1 T AR
2, 2020, 35(17): 3666-3677.
Lei Haodong, Hao Ruixiang, You Xiaojie, et al. High
voltage gain DC-DC converter with switched-capacitor
and three-winding coupled inductor [J]. Transactions of
China Electrotechnical Society, 2020, 35(17): 3666-3677.
(in Chinese)

[11] Luo Peng, Liang T J, Chen Kaihui, et al. High step-up
DC-DC converter with active switched inductor and vol-
tage double based on three-winding coupled inductor
[C)// 2022 TIEEE Applied Power Electronics Conference
and Exposition (APEC). Houston, America: IEEE, 2022:
1-6.

[12]Chen S M, Lao M L, Hsich Y H, et al. A novel



268 i, b

Eie 9503 %

switched-coupled-inductor DC—DC step-up converter and
its derivatives [J]. IEEE Transactions on Industry Appli-
cations, 2015, 51(1): 309-314.

13] £, 20, FBEAR, S5 —FhEE TR G iR R £
RIS IRAEH AR (7], B T R 2EH, 2024, 39(1):
194-205.

Wang Zhe, Li Chi, Zheng Zedong, et al. A high step-up

ZVS/ZCS resonant converter based on coupled inductor [J].

Transactions of China Electrotechnical Society, 2024,

39(1): 194-205. (in Chinese)

[14] Watson R, Lee F C, Hua G C. Utilization of an

active-clamp circuit to achieve soft switching in flyback
converters [J]. IEEE Transactions on Power Electronics,

1996, 11(1): 162-169.

(15] 850, A, Bl —Fls i s OO Ei e e i

7T S ]. HIRER, 2022, 20(2): 17-25.

Hu Yuting, Chen Si, Luo Quanming. Analysis and design
of high-gain soft-switching DC/DC converter [J]. Journal
of Power Supply, 2022, 20(2): 17-25. (in Chinese)

JEEIR, WHEE, BE. LT AR R AR A
PR AW AR ] ALS A, 2017, 21(8): 25-32.
Qu Keqing, Feng Miaomiao, Zhao Jinbin. A novel high
gain soft-switching DC-DC converter based on coupled

inductor [J]. Electric Machines and Control, 2017, 21(8):
25-32. (in Chinese)

(17] W16, MR, ERTES. BT IR LA i i BR

VAR SRME BT TE[T]). MR, 2024, 22(6): 43-50.

Ye Yiwei, Chen Min, Xu Dehong. Research on cycle-by-
cycle current limit strategies for active-clamped soft-switching
inverters [J]. Journal of Power Supply, 2024, 22(6): 43-50.
(in Chinese)

EEE:

M o01— ), FB, AFL B
SEJT] L L T HEOR AR IR & 4
A B-mail: hongzhel @stu.gdou.edu.cn,

T(1988— ), B, dEHLIEE
by, fE1EE, M, RIEE, B
TAI, WFSET T RREIR R T
AFHEE A . E-mail: luopeng@gdou.edu.cn,

XEE(1976— ), B, HE,
B, WA, BT JoRAG
i I 245 18T RE IR AL e HR o E-mail «
liumx@gdou.edu.en,

e (1988— ), L, Wit Yf
Ui, WFFEITIA: HL L EOR I ) &
45 38 17 ¥ 40l o E-mail : 951255265@
qq.com,

T

SRS BREE)





