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A three-winding coupled-inductor bipolar-output high-gain DC-DC converter
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Abstract: The bipolar DC microgrid system represents an innovative power supply architecture offering high reliability, flexibility, and
efficiency. Building upon advanced research findings, this study proposes a three-winding coupled-inductor bipolar-output high-gain DC-
DC converter. By incorporating coupled inductor coils and a switched-capacitor boosting mechanism into a bipolar-output three-level
Boost converter topology, the proposed converter achieves low input current ripple and reduced stress on switching devices. The output
voltages can be regulated via the switch duty cycle and the turns ratio of the coupled inductor. This paper presents the topology
derivation, operating principles, and mode analysis of the proposed converter. The voltage gain, along with the voltage and current
stresses on key components, is theoretically derived and numerically evaluated. A comparative analysis is conducted against existing
high-gain DC-DC converters to highlight the advantages in efficiency and performance. Furthermore, the efficiency of the converter is
thoroughly analyzed. An experimental prototype was developed to validate the converter's performance. The prototype operates at a
switching frequency of 50 kHz, with an input voltage of 28 V and an input power of 200 W, delivering bipolar output voltages of +190 V
and =190 V. A suitable input inductor is selected based on the desired input current ripple ratio. Full-load tests (200 W) were
conducted at input voltages of 24, 28, and 32 V, with the system successfully boosting to a total output voltage of 380 V. Experimental
waveforms of input current and output voltage are presented under both half-load and full-load conditions, demonstrating efficiencies of
95.65% and 93.63% , respectively. These results confirm that the proposed converter performs efficiently under high-frequency

operation, making it highly suitable for applications requiring high efficiency and compact design. The converter shows strong potential
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for widespread application and holds significant research value in the field of electric power systems.

Keywords : bipolar DC microgrid; triple-winding coupled inductor; DC-DC converter; high voltage gain; low input current ripple

0 5

[l

LR D TS A7 A U R 25 DRk O T S U
TG DR B e (54, o] IR 25 5 b se Bl s ol . 9F
FLBEE v FAE R A 32 W, B9 R o R R LT
SEME AN ROCR T 52 BUE 5T N B B K e g
XU LI B L XU AS AN LA L 3 A P IO 1) — M A, T
FREF o AR o A H VR 0 4 A e A i 12 4%
T e P RE VR FIUBT 24 1 B i D 58 TR, SO 1 L
LU EL DR Sk — T BT B R ) R GE AR, AT DL SR
ELUR LR R G AY RS AR ST

AER , HA m H RIS 25 19 DC-DC AR5 25 76 L 7 HL
TR 2 o, BN R HL 7 L 40 EE Y B 9
], WFSE R IR P AR T LR SR AL 7 AR AR o R 5
e RS HE b R GER TE R AR e f nT LA i 42
T 1R 5 25 ol S B v R 3 25, H il o 3 80
WPFE, A P B AR B A MR T %, ST RS
P AE o FE N FH e B s U S, JF OGS WA JT 7 2 5 FL R
1, I FLA Y AR A AR 2 T T R 1) KRR
SCHRT 10-11 ] IRk AR g e 8 31 e Lo 4 [R] e, mp
T BRI A L I 0 R AR R R T G 1 LR Y ), il
FRE LR R G AR E T, O i AR A ST R AR
LA b oA U A R A R A F R A R A
ShHF, SCHR[ 12 AR e 0 0 F 45 7 EL A IR A A L R
SO, I FLBEAT S5CHE 7T R B VR 4 4 A AR Ak H b 1) £
.,

SCHR [ 13-14 119 5% 10 2 i A FRL 0 328 252 110 Bl 2 780 0L
e PEH H DC-DC ZRHR8 | 12 A8 e 25 1 B 5 25 5 350 i
FETCIEIM I AR W a8 SR AR, SCHR[ 15 ]+,
P TR Sepic AR HeRE | 1% AE Bk vl LI/ N TG
AR TN 5 RS A OCHRFE , (F 2 Fi R 1 25 R — i, 7
8~9 fE I, SCHR[ 16 4 ih T —Fh 5 T 4R A Boost-
Cuk FHFM BT R 3 T XU M 4 8 DC-DC AR e 2%, 24 op
PRI AR B 25 SR T A URAFE L 40 1, T AW WSOHE 75 22 1
Htt s RE . SR, A RIS G 2 BB 22 1) i) BRI 5 ™
AT R RS0, X A BRI T HAE T AR AR IR Y
A st DA SRk o3 B R AT, g — A B R AR AT 45
H AL, R T AR AR A LB DL
SCHR[ 17-18 1 AT TR [R AR e i Z 0] ) EL 58, I AR &
FLJER ) AR 4 2 A R SR R A FL BRI AR e 4, 7R 2544
AL, BAS A, I BRGS0 T
BB, SCHR[ 19-20 ] $5 48 G FJEE Y 5 I L £ BB S 30 =

FEH 25 H g L Ll 2 77 A 05 K T S R 8 4 25 28 FR K F
BH ( equivalent series resistance, ESR) IR SRR A a2 1Y
RORRUE T A, o3 — > Bl U 3 T a1 04 s 1 )
B, 2 B EIY ESR AR 14 50 L BEL LA K Sz 1)
WKIHFPESE . BIA Z SRR FIE%, AN (BB A2 45 1Y
PEREFEATOLAL , B BB IMA , S gE— 20 3 T 4 g Y
PERE , SCHR[ 21-22 ] P A £ Fi, 8600 722 48 245 TC 15 ) 44 5]
iy oty 2 L RIVAT S B ey W R AR 4

H T IEAE s TARTE AR RS | 75 2 2% B T 3
i FRIOR , SCHR [ 23-26 ] A XU M T 000 A H, T 2 R
SEHY DC-DC A2 # | B B ) 22 48 3% 3k >R F A B 25 =0
i FHE DC-DC A2 4 £, 3 3o DL Ak i i e 1, BB A A8 &
ROENY RIS 55, 6 2 R G000 R 2R JF H 2 58
R A FLER R AE = 38 25 DC-DC AR He g 4h $h it &
S R H, AR d Bt 5l ARG U T
DA 35 4 ot R IR T AR e S
FRCR M R R, SRS R R B AT
T HOT IR AR g RS vl R R] Y LB L A OG |
114 15 25 Ho KA R T LR

T LA VA WL B OC I B AT VR4 20 A,
IZMFTEAR T — b = 58 2 A Hh R A U A 14 vy 1 £
DC-DC B #aS it 7 58, 580 K4 1Al & L A E IR e
H R £ R o A 803 T T A D 34, Fl 8 4 A 42
I A = S22 A A i AR 2 18, I g T
DA o R P26 S3ORE A Bl 48 0 3R G 1 Bh 25 1 7
PERE AR E T, SRR & H R A2 e g A LL, AR & H
SR AR Th A SRUL I R BEE /N AR e i 1o
TE YR TR OC 5 s L AN G r R G 2 A Y I L
RS 375 by 3 15 OO i 1 P 3 A [ (R 5 v
TR IR 5 LA ) AR IR B 2l Hia, 6 1 0 Ak, XoF i - s v
FERaE R 2] T OCHEPE R R A A AR S0 3
AR 2GR G R AR T 8 1 4R O A0 R A e A
XU i S i 70 45 e B3 AZ BR A [ 8, I L AT A ] 8 iy
EE 07 2818 LA 5 o A i T 3R T ) AR 4 4%
AR TAEPERE . 7EARWRSER b #5875 50 kHz,
200 W,28~380 V 556 FEHIL

1 FriR HEY T HRER

1.1 FTHESLEi

AP 2R B EE R AL 1 TR 3X Fh 45 4 3 T = o7
Boost 84t 2% 15| A =LA & MBI FF G HL 28 R 4
AR LASE I e L R



148 %A X

E Faetk

BT TR AR e A i
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