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Abstract: To achieve lightweight and high-efficiency auxiliary power supply systems, a study was conducted
on high-voltage and high-power DC-DC conversion power modules tailored for the application scenarios of new
energy locomotive auxiliary power supplies. A quasi-two-stage topology was proposed, consisting of an input
series output parallel (ISOP) three-level Boost (TL-Boost) and a full-bridge LLC resonant circuit, suitable for
high-voltage and high-power applications. The working principle of this topology was detailed, and in response to
the issues with traditional proportional integral (PI) control, an active disturbance rejection control (ADRC)
method was proposed, addressing the instability of output voltage due to load fluctuations. This ultimately
achieved high current sharing and high-stability operation of the auxiliary power supply. A prototype was
constructed, comprising two 150 kW TL-Boost+LLC resonant converters, which was validated. The experimental
results demonstrated the feasibility and effectiveness of the proposed DC-DC converter and control method,
bearing significant engineering implications.

Keywords: Input series output parallel (ISOP); LLC resonant converter; three-level Boost (TL-Boost); auxiliary
power supply; active disturbance rejection control (ADRC)

WisHER: 2024-12-28; fEEIEHEE: 2025-02-17; FABH:

2025-03-10; MZEZEH: 2025-03-27

E€WB: FEEEAMKITR “—i—H" Lo A
(2020YFE0202700)

This work is supported by National Key Research and Develop-
ment Plan “Belt and Road” special project under the grant
2020YFE0202700

BEE A8 BFRED A W™ HARAIRE
BREHL A2 T ER R, KRR T 15 ek
TR PR B AR 15 5, Forh DUEUORL L i A
T ERIPLESCBE T AR, $ AR A LS 3
AR & Al USRS AL ELy 12 iR
EHrBiHEL) 2/3 . FBEE R SR DC-DC A4y



5594

iRk, 4. 3T ADRC BUHrAE NG5 FEST 237

DL A BT 52 BT RRIRAIL 42 Y = BORIB 1T 2 K
FEN FRT, B R G M b ] B ER R
HL, HLRZESGE RS 900~1 800 V, i FHL4 ke
BRRE, HIPRSEHAE 300 kW Aifi, 2R
AR e 7 28I, LT AR R IR e i 15 2 R AR 1Y
PR BT EE G N, H IR BRI, S S B
Bl RGN , $i e F R T DG
K, R RS PR AR 8 TARAE FE AR

BOF AR A Bh ik H R G REROK T 11
KHETBr, SCER61H2 i JE T 15 -5 HE B S0 Yy T 2%
FrFhatite, DA S B9 s Y0 R N B O SCIT
HPGAFNAT LI 58 B G A TR T, (H2
i FHARFMR R PR, iS50 18 G AEIUE /N YR
A A R D I FIBE ISOP(input series output
parallel) 4244 PR URF AU BE AL R, 7 S8 s
i AU Tz N T R R RV T, SCHR[ 7]
TEMCBHAT TR, S T —Fh R T 528 R AR 1Y
ISOP #h#h, MRS dnlw /@AM L 22, F]
FH T FL S RO H PP L, 5 BB AR A
S, REAARE S, BICKEIII R A
IR H] . ISOP FRGeHT, i AHL X5 3 Fid i r Ui
Byt e e di i) 2 A B AR, SCER8-91F H]
ISOP RGEA] LRI [a] o4 28 L is Rk S B 3
i, WEREIR 7RIS RE B, (X R
S SHO U, BRSFE A RER B R GEATE 5
SCHR[1015T X RSB R4 i A B R R )
RO, WSS SRR AR R SCER[11]48
H T —FhEET Boost+LLC IEIRASHLER IS, Br
P2 ISOP RGEn] LASEEL R AF vk A R34 %
Gy AR . AR, BUAERXT ISOP RGE RIS
ZAEPTERL  2S LEAZ ARA ph D7 H, MELAXS £
4 i N\ HL S 1) I 28 I8 20 A £ 23008 Bl e B A i
HPEH

BRI T B4l Bl P O %) g R R B 3R 4
R, ASSCHR H—Fh ISOP #9 = HLF-FHE TL-Boost
(three-level Boost)H, [} A14#f LLC 4k H B AHZE &
RN S HBh &S A PididEiil ADRC(active disturb-
ance rejection control) 53k o FIT R FH AR 25 25 14 7]

M S FT IR S B UL e e TARBUR A EETT
I/ N DL R R . [RIIRHE H—Fh ADRC
B, BAIE T B R AR E Y, 7ERIBhtE RS
BEAERT, BA RN AR

1 TL-Boost+LLC ZzExE! ISOP #h#h

B YR ISOP REERTZ N 2 4 TL-Boost 54
BB, JRZCN e LLC R, HanFhmE 1
Fiw, ety LLC AT LASERIRT Ao [ A2 L
EAE A, A T R AR ACR, LLC 1R
8 8 S 3 [ o AN H/ N T TR IR R . 1K
He Uy MEIARE; L O TL-Boost HUE; S, F
S,p AR 4% TL-Boost HL I I T I G4,
S,4 A1 S,z 3l T 4% TL-Boost L L. T HE Y
KA Diy. Doy Dy Dy 4 TL-Boost HLE(HY
T ue ~ ue v ue ~ e, 9 TL-Boost HLE Y

BIEREZS; Sy Sipe Si5v Sy N EZar LLC 1Y
TR S,. Syue Sy Sy N FZAAT LLC 1FF
KA C, . C, HEFF LLC MiEIRBE; L. L,
KRR L, L, A 78 R A R il L Je%
D,,. Dy,. Dy, D, N FSER AT Dy, D,,.
Dy;. D, A PSR A C, 1 R, 730 %
HL 25 Rt B

1 TL-Boost+LLC Z&E.E! ISOP &%
Fig. 1 TL-Boost+L L C cascaded | SOP system

ISOP iyt iy s EL A 6 K DR 3545 1
H, BEA BRI T AR Y B H R RLATI ), {ELeh
T ARG FITHIEE S BT RIESE 22— 2L,
PRI IE AT AT, PR 2O o A A



238 i, T & Eid o5 24 4
LR WA= S v ) S 3 i 1 1 D = [ 1 L e =+ N o b2 gy b 10,

XRS5 Y FEMA  XoF T4 Hh B HE P R B m 1 &R
4, 5509 LU IR 43 PI(proportional integral)F ¥ 45
il %) 32 RGN FENR ,  TovE S ERg FE
ADRC XD G AR A BRI, TR
RGN TAME , TR IEAE HIAG L,
IEHTZ, TL-Boost A2 ffifn R FHACHE i) S TH R L
JEHLR I SGR A, R ADRC HERTRSE
Mk TERE . S T SRS R ERE , TR EEORIIE
A3 L2 T vt P, P 3445, R kG 3 S A A R
KA LA i TR, RIS LLC g
B TS AR, AR T RESE
s, AR AR R,

2 FRIN TR RS

2.1 TL-Boost BB

TL-Boost HLESARFMNE NN T HAFL, FIA R0
H S FL TR, T OGS /RS2 14 H T L P P AR
172, BAB/NMOTFERHE" T, TL-Boost HiHHR
TP 525 L D AR 70 4 B TAERC, AR
SO Heh — R AT 0 A, HABE A 5 2 26
f£l. 0<D<0.25 #XF, TL-Boost Fi [ HL I i) 4l
K 2 FiR. W i, o TL-Boost HUBKHLT; i A
TL-Boost fiith L ; U, A TL-Boost i AHLE; U,
> TL-Boost % H & o

SRS I L% b R H R

U,=U, -2U, <0

+U,, i, —> iy +U,
—_—rrr T DN L
1A
1+
s, JC & C,,-{
L o+
Sip-4, t Ci
T
NI i‘? | io
T Iz
Dya

Sy i Ql !

T
SEBJ:;: ,@:‘ CZZI*’
T o]

() SyAFHS, A T I

o
Pt

=

|||-

(b) S1pFIS, 4 FiE I}

iO
T
e l+
+
iO
T

g
D L Dps
L.

+

: S, &
(c) SypFNS,p i I (d) S AR 5 AT I
B2 TL-Boost FEREFR IE]
Fig. 2 Current flow of TL-Boost circuit
A FE IR DT,, T, 71,
B IRAE T S T B 18] 5 B S s ] 24 (0.25-D) T,
HHARFDF- Al ] 15
2U, -U,
2U,
2.2 £ LLCi&RE K
A LLC IR Q& 1 fs , [/l — i 2
M REEAMRIE, 2 DHERIFCE R T,
1 LLC I8 ¥ M 2 i A B R kb [, -
IR IR R f, , SR P B OB PR v
P AL R AT I, AIRoR N

|||-
|||-

D=

2

=22 5 Lsin ) )
n=135,- 1
St 1, () R O A SRR s
o, FFFFSE.

RE AR LLC W IR Z8 4 A (19 B IR L IR0 46
M =nU, IU, , REFSEBSROME  WESHHIE
512 PR BBUIR (EL AT LA B 2 BF LLC A dr iy LT
35
nU,
Uin

joL, /IR, ||
joL +1/(jo,C)+jolL, | /R,

“)
e L, ARG R TS —
ISR AR BB s L O SERSORIRALE C, 05
OB IRALA o
S LLC RS & (14 L 0 £ pR BN

M =




5594

iRk, 4. 3T ADRC BUHrAE NG5 FEST 239

1 1 1
e R
®)
Kt foWH—AC TR, £ =1/ f ., fo0EdR
Wi K ONHUEE, K=L /L ; QO MEERKNEL,
O=Z /R, =\L /C /R, ., Z JiEHRF
LLC 784 i B3 25 4 an &l 3 o

1.012

5 k200
1.010f S
" =
10081\ p--K=500
1.006F
l .
1004} ~ .
= “o :
1002F s T~
SN
1.000}- i e,
- "G-‘ """" . ST 3 . |8
0.998- oo __]
0.996-
0.994 1 1 1 1 1 1 1
07 08 09 10 LI 12 13 14 LS5

A

B3 LLCZikegm/EEss
Fig. 3 Voltage gain of LLC converter

EARG)FIE 3 5. Kok, f % HL RS 3
MR/ IN, 2 f— B, JEHRTTIT H R 25 11
SN, O BN, £ 6T HHEIE 25 (5 )N
UL BA 7 AR AT o T3 25 R /N o PRI, S RAR
K K BN O, HEMG G IRFHEE, 58 f,
PEI 1, 2 LLC W IRAES A (1 I 35330 1,
P B AR AR AR

3 TL-Boost+LLC ZLE£EY ISOP $HFMY
ADRC &£

TL-Boost Hi % 1) 3 EL D) B2 1 22 L R T
SR FRL A F s TP RSP, X R — ATV AT O
KA sE A, Te4H Bh ki R Gtk A i R A2 1k
I, PR T o 25 e LA R RTS8 B 3 5k TL-Boost
Ho B LA L . 2 EHL PR AR A SIS R
A B IR TL-Boost 121 THT A7 7E i H HL 2 B 1Al
[, 5 25 | X IR 2 i SR 155 . Oy T4
THA BRI At ERE, S]] ADRC S%)

Boost HL/BHL T HEF T4l

MG R yER HFREOK, 38T TL-Boost+LLC
PRI 1SOP #i4b, HAGHERI U 4 PR Bl
Upa NEGEINHWIE; Uy N Uy WEFHHE; 2,
R U,yig BIETHE; 2, W RGBT HE; iR
HUBHL AN L S %1 G, T G, 43 3112A 2 41 Boost
HLULN R T 8% s D, Fl D, 7350 2 4 A it
Wb A LU MEE; dy, R d, 535108 2 2 Boost I
BN AS G d) Fd, 5050 2 4 Boost MEHY
2y dy T dy, 535 2 AR AR N TR LA Y ) 45
HASWBIERE; G, G, Ml G 43Rl e i
AR EEE 1 5 2 N AT K Ko
Koo Ky S A L TR RSB R B K, N
HUBCHL R AR SRR K, i A SRR
R AL PEH R GER AT AR | HL I N PR RN s
W=, KPR NIRRT ADRC, A%
il P #5il, ADRC "y jkARZAS WM S ESO
(extended state observer)A] fli i1 HI%MzE RGNS
SAEl, JELrEiR 2 B S NLSEF(nonlinear
state error feedback) ] IMRHE R G Y RARIRAS SIS
TREEEE A, NIRRT X R GG ECA R
W, KA FARA LS HO B P BURREEBLAIR . B
MEEESE . ESO WS z, vl LU AT U,
NLSEF @it U, 5 z, MZEH I z, EEEGEHE,
P74, o ADRC MBI HETUT .

AR ZR G40+ AT R B i s B3 T Rk

AU, i, U,

4 c RC. +f (6)
Kb, fARGE

RIER (o) ERE R, & LR Ru=i,,
PEHCRE R § X =U,, , WE Y RREE G
h=x,=f, N

X=AX+Bu+Eh
{y =CxX+ Du

(7

A x WREME, x=[x x]" =0, fI';

1 1
1
y FfmihiE; A=) -RC, ; B=|C |
0 0 0



240 i, T & Eid o5 24 4
THE; LoAWgs s ama, L=, L1, [

E:ﬁ};czu 0]; D=[0]-

&3 ESO N
z2=Az+Bu+L(y-9) ®
y=Cz

3P 22 ESO fRRAS i, B EIRRES x A4

F—_————————

PR RZE R AR, 1, SR 2E RO £ o
Z Fl x WHRZETTHE N

7T ADRETTT A P
U._. i +
0 +>[NLSEF L ,? G,
| i —
2 L
w0 A
R | i LG |
Urmd

B

T AR

e=z-X
. ©)
e=(A-LC)e
K, e JpRRAWI 52 ] 4t
+ dy
JJr d
+ D T+ q1 N
f ?— PWM [
+ | + ddz ﬁﬁi%%::
¥ ]
S
< 24 =W
Boost
+
24H1LLC

4 TL-Boost+LLC 24| RAHER
Fig. 4 Block diagram of TL-Boost+L L C control system

UFEFE A-LC RRE M, 4 WL 25 0 A A e PR A
LB, A (o, LGS TE), () BRI AT Al
REAS T x(6), 46 x, Tl xy0 oo, BT, FR G0N N i
ANEABR, H R AT BB | ATE 22 A e
MBS o4, A NLSEFUS™, |p

e=x —z

uzﬂﬁMQm&—%- (10)
o sign(e) >0

fal(e, o, 5) = . o< (11

e pogE; fal( ) HARZRPEA G R o N
WSHL; 0 FVIRI(E; b oEhE 4.

B a RAE T EHIASHYIRSE , 1 SRR L
155 AR G O B FER I, (E el RE R EUR S
AEEBHR ; 0 RGE T LM 45 FIARLMERS 5 10
DI, AT AR O FIAR R $4 il =2 [ A A

VA SEI TSR B o O ATLABCERE G AR
HITERE, MIMSEBLRL N ADRC, 7 Bl e
ik RE S

4 sHEgit. FESLRWIE

4.1 RGBS EET

R TEHL 8 i P ) OB R, A R
il 900~1 800 V, 4kt 22 2H — A8 g k2
B, X EEERR S 720 V, REERERERR,
BUEDIRTTIAS] 300 kW, I, BICRHZHIE
HX TL-Boost X84 gsift AT %, BRARTCi A1
i, Mg/ NICIR SRR, I LLC & RS
s T IPTTF AERETF R ITF e . RESHL
£ 1,
4.2 fFEIHE

9T BIE TL-Boost+LLC 2B ISOP R 4iHY)



5594

iRk, 4. 3T ADRC BUHrAE NG5 FEST 241

PERE , #5105 AR R GRS PERE AN T 4k shitt
A EHT . IR K, e IR SUE R BV
T 0.2, Boost FFRAH N 4.5 kHz, LLC WEIRHLES
FFRAR =18 kHz, £,=0.9, W] =20 kHz, — IK
M 1 1.35, (FEARAE 5 PR,

%1 ISOPDC-DC i 5#
Tab. 1 Parametersof ISOP DC-DC converter system

SR B
Boost i A HLE/V 900~1 800
Boost 4 th HLR/V 2 100~2 200
Boost JF A4 /kHz 4
LLC it H /v 650~780
TR % /kHz 18
i TR AW 300
Boost J}4 B &/mH 0.5
Boost % H HL 25 /uF 264
LLC HBEE LB/ uH 45
LLC HRBRHL2%/uF 15
LLC Jf B2/ uH 500
1000F W — ~ o |
wol] T T T T ]
> 600f | peockiE ||
g 4001 | ‘
200F |
oL 2 b B ‘l W
ook LLCHERHE  LLC2iSHRHE
0.638 30 0.63|8 35 0.63I8 40 0.63|8 45 0.63|8 50
it ) /s
(a) LLC&Hf HiJEFIDC-DCHr i ¥
LLCUEHRHLIE LLC2I&HE HLIR
500F// N
250} ‘
<\): [
ES 0 \ - ( ‘
B \
-250 \ \
500 Y R | |
0.638 30 0.638 35 0.638 40 0.638 45 0.638 50
It a)/s
(b) LLCI % HL IS 45 il HL 3t
E5 HEER

Fig. 5 Simulation results
A7 B ST 0L, LLC1 Al LLC2 iR E |
PR —3. ISOP & TL-Boost+4:#ff LLC #iFh
5 =IEEHIARSS G, v DSR4 R Bl e TR A 1
FEXmiEl, PRUE T i R AR e M
LLC RIS TR He i, AR

AR RN S 5 A R AT A AR DG, 2R AL gk
SOV, M2 X A v R, LA 220 Sk R
FISEI . PRIIAN % JERTS, TL-Boost S EOH i th
ALHEEN, AN 4 R, RS R,
AL (g, v ue e s ue,) SRR
M 14 #E7 s, AR TS, IFE BT
KA S IR d, TS HNIR 28 3
WEME D, D, MBS BT M55 & 6 Fin i
JRSHRZE 10%. TL-Boost iy Hi Hi i K E(H/D
F 3V AR 2R 10%0HF TL-Boost A4 i
LR . TL-Boost %yt L TR K 25 (/N T
5V, BEZEAHEGELN, FEHMSHN
AN, T 5 7S R RORT AT LA H A R

~

N

=)
T

T
z
I

r
c
o

=

EE
&
=

GENEAY
vy
0D
=1

N
0
(=4
T TT

1 1 1 1 1 Il
0.55 0.60 0.65 0.70 0.75 0.80
B ikl/s
(a) TL-Boost HL & AS—2L

LLCHit LR

HUE/V
D
S

__~ TL-Boosthy i HLJE

0

1 1 1 1 1
0.55 0.60 0.65 0.70 0.75 0.80
B /s
(b) TL-Boostfi t IR —F

E 6 RUSBA—HATHIMERESER
Fig. 6 Performance resultswith inconsistent

device parameters

J T BAER G ERE, X ADRC SEA
PI ISR B THERE A TXT L, RGEAE 0.5 s B
FaInzEL, 455K 7(a)fis o BT e DU R,
TSR, SR P H) DC-DC A8 25 (1%
L RS 700 V, SR ADRC A9 H FE R S Ik



242 i, T

I 55 24

709 V, ADRC L PI 454l o kG BE$2 T+ 24
1%, JF HARAE i Fefese i R T g . &1 7(b) i
AHLEM 1600V T2 1800 V, ADRC i Hi Hi
P52 R B (8] b PT4A 486 35 ms o Z5 L JiriR, ADRC
AREETE T R Gekm &

750

740+ R

7301 SE7EyE RTINS
> ‘ ‘
B 720 he—— .
2 710} i

=

7001 il o

690 PIE il HLJE

80045 o.lso o.lss 0.60

i /s
(a) ABRRAS T

750

TOF b U LS

730+ ‘ |
2720 W\Wmm
2 1 800F
2 710k

1750 S NHLE
700+ 17001
16501
690} |
680 ! 1 600345 0.50 0.5
0.45 0.50 0.55
i 1R)/s
(b) Fii N\ HL R 5848 )

B 7 fEBEXTEEEER
Fig. 7 Performance comparison results
4.3 SKIINE
T ik ISOP DC-DC A5 iy /34 A B
SR, SR HAEREE T — P Ik, 5K
TP BRI BN 5 & 60 kW AIHGAXAL, 52
KREHLANIE 8 Fir7R o

8 SEIGFFN
Fig. 8 Experimental prototype

FEPLSCIR A R AN 9 P, Hohis PR Ay

BUEN 142 A, BEIREE N 050 V B,

TL-Boost 4 H HL KR 4 1% 525 V5%, i /& LLC
i AT, DC-DC A& fgstin HHLE N 720 V, £F
BUTENR,

LLCOMIRR o

HLFE/(400 A/RE)
=4
7S

e [E)/(50 us/Ai%)
(a) LLCHA R HLIfE

~LLCHIANHIJE DC-DCHifii H

PEn ey

aiR e iuIQUIIRINIE RIS RIHER|
\ LLC2il iR HUE
LLigsRE

e

HLE/(1 000 V/H4)
=

IFTI/S0 ps/k)
(b) LLCHEHiRHL) T i A\ HUJEATDC-DCHi i Hu T

B9 XRHER
Fig. 9 Experimental results

T e DC-DC ZZ#e g iy shZSPERE, X4 B
HL IR R GEFEAT TR AR DI S50 Mtz 4 B X
PLBEEN 5 5 XML, ik 80 60 kW5 13k
Hi 5 5 XBLUIE] 4 5 XL, i i 7 20 60 kW,
LLC i it fo AR RS E , 20 ms INHLEIE B 5V,
SR 10 fis o

HLT/(500 A/H#%)
HL /(625 V/*%)

Fisf 161/(100 ms/4%)
(a) AN

) H*'w‘., AN ,
MAARARARARAARARARARS AR AMARMAAR
m AARARAT A \A N \‘ ‘u\
| | |
Y ‘\U‘LJ‘I]\I‘\;L “] ’}. \;‘JUL!JJ»‘JLU&/.EJJ

i Bl L
N LLCHi i HUE

1%#&5’“ EEJPE

A Y 7

HLE/(500 A/F%)
HLE/(625 V/%)

s 1E]/(100 ms/4%)
(b) FAERDIBR

B 10 fRAEBYILWIKE
Fig. 10 Experimental waveforms of load switching



5594

iRk, 4. 3T ADRC BUHrAE NG5 FEST 243

R T B B IR RCR 43 A R HE R S
PR HATRCRX L, S5 11 Fias, £ 1 000~
1800 V A[FEEIAHET, miiiki B R &
T A5 Bh s R

96
951
< 94F //\
Zi 93} S
E 92k
91l L
90 1 1 1 1 1
0 50 100 150 200 250 300
TR kW
(a) 1 000 Vi A\ HLJE
96 96
95| 95|
94} B < 94} 2]
2ok %93k
& 92k ool TH
91} LHi 91}
90 1 L L 1 90 I | 1 |
0 50 100 150 200 250 300 ~°0 50 100 150 200 250 300
AR /KW /KW

(b) 1400 VAT HLE (c) 1 800 VA A\ HLE

B 11 RERESRSIHF TN EITLL
Fig. 11 Comparison of efficiency between high frequency
and power frequency under different voltage levels

5 #Hig

A SCHEH T —Fp ISOP (1) TL-Boost #if M4k
LLC & HRAh+ MAZS G451 S EhAS ADRC Hik,
SET AR TARBE , ST T A8 g i G s
P, [RIEHIFZE T 3325 ADRC 535K ISOP 244
PRI SRR | DRBE RGAE Sk AR T e
FefteEs s, DS R isishinfine 1. #%
#7142 150 kW TL-Boost+LLC IR s
HRARE LI HEA TH6AIE

PR R EARAAT LB . ORI
5 ADRC BIEHIZS A5 ISOP RGeSy
it [T T AR A BRI Bl AT 2 50 T 1Y)
PERE; @RHFIFCEAR, BT RGEHHE, Wb T
DRI R, FRART T A RGERCR, 22
HECRKT 93.5%; @it hFMHERIRISIIZE G
SCEL T A Bk R R A, BT IR T

s, JUETREEWL AT RERGER AL T H R

SE Wk

(1]

(8]

Kim J W, Yon J S, Cho B H. Modeling, control, and
design of input-series-output-parallel-connected converter
for high-speed-train power system [J]. IEEE Transactions
on Industrial Electronics, 2001, 48(3): 536-544.

Shen Posheng, Teng J H, Liu B H. Conversion efficiency
enhancement for series parallel power conversion systems
[C)// 2021 IEEE International Future Energy Electronics
Conference (IFEEC). Taipei, China, 2021: 1-5.

Chen Wu, Ruan Xinbo, Yan Hong, et al. DC/DC conve-
rsion systems consisting of multiple converter modules:
Stability, control, and experimental verifications [J].
IEEE Transactions on Power Electronics, 2009, 24(6):
1463-1474.

Parvez M, Pereira A T, Ertugrul N, et al. Wide bandgap
DC-DC converter topologies for power applications [J].
Proceedings of the IEEE, 2021, 109(7): 1253-1275.

Qu Lu, Zhang Donglai, Zhang Bohan. Input voltage
sharing control scheme for input series and output parallel
connected DC-DC converters based on peak current
control [J]. IEEE Transactions on Industrial Electronics,
2019, 66(1): 429-439.

Zheng Wei, Hu Cong, Zhao Bin, et al. A two-stage
DC/DC isolated high-voltage converter with zero-voltage
switching and zero-current switching applied in electronic
power conditioners [J]. Energies, 2022, 15(17): 6378.
Choi S W, Lee J M, Lee J Y. High-efficiency portable
welding machine based on full-bridge converter with
ISOP-connected single transformer and active snubber [J].
IEEE Transactions on Industrial Electronics, 2016, 63(8):
4868-4877.

Giri R, Choudhary V, Ayyanar R, et al. Common-duty-
ratio control of input-series connected modular DC-DC
converters with active input voltage and load-current
sharing [J]. IEEE Transactions on Industry Applications,
2006, 42(4): 1101-1111.

Ochoa D, Barrado A, Lazaro A, et al. Modeling, control
and analysis of input-series-output-parallel-output-series

architecture with common-duty-ratio and input filter [C]//



244 i, b

Eie o524 %

2018 IEEE 19th Workshop on Control and Modeling for
Power Electronics (COMPEL). Padua, Italy, 2018: 1-6.

[10] Shi Jianjiang, Luo Jie, He Xiangning. Common-duty-ratio

control of input-series output-parallel connected phase-
shift full-bridge DC-DC converter modules [J]. IEEE
Transactions on Power Electronics, 2011, 26(11): 3318-
3329.

[11] Liu Fei, Zhou Guangjun, Ruan Xinbo, et al. An input-

[12

[13

[14

[15

—_—

series-output-parallel converter system exhibiting natural

input-voltage sharing and output-current sharing [J].

IEEE Transactions on Industrial Electronics, 2021, 68(2):
1166-1177.

I, ARAGK, R, S FET IR LRI
i) LLC-DCX ZAEHIfFR RGBT FE ). BT

HARAR, 2023, 38(10): 2720-2730.

Li Jiaming, Ren Xiaoyong, Zhou Zhicheng, et al.

Research on current sharing optimization of bidirectional

LLC-DCX multi-module parallel system based on

resonant network optimization [J]. Transactions of China

Electrotechnical Society, 2023, 38(10): 2720-2730. (in

Chinese)

| Pl RR, Sk, khgrie. 5l T O E TR S
A LLC HLEE[T]. HLIEZAR, 2017, 15(1): 119-124.
Yang Zhansen, Ma Hao, Du Jianhua. Hybrid mode
controlled full-bridge LLC series resonant converter for
wide output application [J]. Journal of Power Supply,
2017, 15(1): 119-124. (in Chinese)

15K, Witk 4R5R, 5. mIHh Ry SEm th AR A AC A

B LLC As4udn (], HLIE2AAR, 2025, 23(2): 1-10.

Zhang Jie, Yang Lin, Zou Chen, et al. Expandable wide-

output variable-mode interleaved parallel LLC converter

[J]. Journal of Power Supply, 2025, 23(2): 1-10. (in

Chinese)

JEI A, BRARAR, TK/ANE. TEHE AR m RGBT G

Buck-Boost LLC ZB#a#8[J]. HL TR AR2=H, 2024, 39(4):
1103-1115.

Zhou Guohua, Qiu Senlin, Zhang Xiaobing. Cascaded

—_

four-switch Buck-Boost LLC converter with wide gain
range and high efficiency [J]. Transactions of China
Electrotechnical Society, 2024, 39(4): 1103-1115. (in
Chinese)

[16] PhEis, HEWE, Kl 55 —F Boost M EIE

FElfiT A LLC ieARAHRR 0] P E UHL T REE 4, 2015,
35(15): 3895-3903.
Sun Xiaofeng, Shen Yanfeng, Zhu Yune, et al. A Boost-
integrated LLC resonant converter for wide input voltage
range [J]. Proceedings of the CSEE, 2015, 35(15): 3895-
3903. (in Chinese)

[17] {5, FHRR, BOCH. —H°F Boost 2R R3¢

HORMBFFE]. B4R, 2012, 10(2): 84-89, 94.
Feng Haibing, Yu Yuesen, Qi Wenyan. Research on three
level Boost converter soft-switching technology [J]. Journal

of Power Supply, 2012, 10(2): 84-89, 94. (in Chinese)

(18] FRosHE, BT, sKEUbk, 45, LLC IERALH AT AT

PUHLHE I RIS (0], FR2EHR, 2025, 23(6): 1-9.

Chen Zongxiang, Zhao Xinyu, Zhang Wulin, et al.
Research on charge active disturbance rejection control
strategy for LLC resonant converter [J]. Journal of Power

Supply, 2025, 23(6): 1-9. (in Chinese)

[19] Gao Zhigiang. Scaling and bandwidth-parameterization

based controller tuning [C]/ Proceedings of the 2003
American Control Conference, 2003. Denver, CO, USA,
2003: 4989-4996.

1EE®EIIT:
JERE(1988— ), 5, HEHIE
AT =

by, EEEE, WA, s
Tl e A R R
¥, E-mail: xihecrre@csu.edu.cn,
VFE(1990— ), 5, WiEH Y
ooy, W, B, BT AR
U Repi X E Y RSO ey ALY i
FF B DC-DC 725 ffe i #i ¥ S HAZE o
Email: xuguocsu@csu.edu.cn,
RKEMD985— ), H, Wit, &
PTARI, W57 HLAEH B A
PRI AR , E-mail ; sjj4319@163.com,
WICE1994— ), L, Wit, T
W, WHIEIT I HLAER B R e
FL JEH 4D E-mail : xuwenjing@crrege.cco
SeHE(1967— ), 2, ML, HiR.
WHFE T RRE IR A L S B g T
R Ak 54 o E-mail : sumeicsu

@mail.csu.edu.cn,

(GRS Bhi)



