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Fig.1 phase interleaving and magnetically

integrated DC-DC converter
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Fig.2 Equivalent decoupling inductor and steady

state current of 4-Phase DC/DC Converter
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Fig.3 Transient current of 4-Phase DC/DC Converter
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Fig.5 The relationship between the coupling
coefficient asymmetry and the steady

current ripple ratio when 4=0.95
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current response speed
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coupling inductance prototype

# 1R AR R B

Tab.1 The experimental data of Coupling inductance

TR ZE LTI | el BEGEA i
e R
UG /uH | i /uH

1 0.985 0.652

2 0.989 0.648

3 0.992 0.650

4 0.982 0.651

2 2 W A

Tab.2 Each phase inductance value

of coupling inductance

WEEA | AR /uH | HRK/uH | R /uH
L, 0.985 0.238 0.272
L, 0.989 0.240 0.268
Ly 0.990 0.241 0.268
L, 0.989 0.237 0.272
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8 4hip

(1) 42 i AR A U Z TR FRAL R BE Y AL Fa A, 15
A A A HLRK R R B AL e g P R BRI, WA T R
i HUBO FRARIIF 5 Al B B 2

(2) 555 th Zo AR AR & PR i pr P ST o DU A o
RIBUAA

(3) 4t — i 20 R 51 K S MG PR A LR 2%, o
JE) N AHE RO FRAE A R B o B T AR R
BHETT R P BRI BARMMER . FEPLE 2%
ST T 2 R RS SO AR AL S BB B IE A A S A o

S &Mk

[1] Samavatian V , Radan A. A high efficiency input—
output magnetically coupled interleaved buck - boost
converter with low internal oscillation for fuel-
cell applications: CCM steady-state analysis [J]. IEEE
Transactions on Industrial Electronics, 2015, 62(9) :
5560 - 5567.

[2] Pavlovsky M, Pavlovsky G, Kawamura A. Assessment of
coupled and independent phase designs of interleaved
multiphase buck/boost DC-DC converter for EV power
train[J]. IEEE Transactions on Power Electronics , 2014
, 29 (6): 2693 - 2704.

[3] Hegazy O ,Rarrero R, Mierlo J V , et al. An advanced

Btk A0 $2E B 2020.01

|

power electronics interface for electric vehicles
applications[J]. IEEE Transactions on Power Electronics,
2013, 28(12): 5508 - 5521.

(4] A, QRS , BB, 5. R-S-T FHlI A& iR

DC/DC Az ffedtsseit [J1. WA RG R 54201, 2016, 44(7):
132-137.
Rong Desheng, Dai Yuqing, Zhao Junjun, et al. Design of
hybrid power bi-directional DC/DC converters based on
R-S-T control strategy[J]. Power System Protection and
Control, 2016, 44(7): 132-137.

[5] Khan M A, Ahmed A, Husain I ,et al. Performance analysis
of bidirectional DC-DC converters for electric
vehicles[J]. IEEE Transactions on Industry Application,
2015, 51(4): 3442 - 3452.

[6] Ahmed H F , Cha H , Kim S, et al. Wide load range
efficiency improvement of a high-power—-density
bidirectional DC-DC converter using an MR fluid-gap
inductor [J]. IEEE Transactions on Industry Application,
2015, 51(4): 3216 - 3226.

(7] FaE, S, —MHAsEE IR DC/DC At [J].
BT HAR SR, 2016, 31(12) : 239-246.

Lu Zhiguo, Zhu Wanpin. A Novel Interleaved Parallel
Bidirectional DC/DC Converter[]J]. Transactions of China
Electrotechnical Society, 2016, 31 (12): 239-246 .

[8] Wang L, Zhang D L , Duan J P , et al. A novel
interleaving and magnetically integrated high gain
boost converter used in new energy power system [C]//
2018 13th IEEE Conference on Industrial Electronics and
Applications (ICIEA), Wuhan, China , 2018:305 — 310.

[9] Baek J, Choi W , Cho B. Digital adaptive frequency
modulation for bidirectional DC-DC converter[J]. IEEE
Transactions on Industrial Electronics , 2013, 60 (11):
5167 - 5176.

[10] Wang L, Zhang D L, Duan J P ,et al. High—frequency
symmetric multiphase array coupled inductors for
interleaved bidirectional DC-DC converters [C]// 2018
13th IEEE Conference on Industrial Electronics and
Applications (ICIEA), Wuhan, China, 2018: 204 — 209.

(11] 50%i, £, BEN, 5. — MM IRRRRS & XU B
AR BERHCRAA RS [J]. BTHAEHIEA , 2016, 35 (9) :
48-54.




Guo Rui, Wang Lei, Yang Yugang, et al. Research on Light—
load efficiency of bidirectional DC-DC converter[]].
Advanced Technology of Electrical Engineering and
Energy, 2016, 35 (9) : 48-54.

[12] Wang L, Zhang D L, Duan J P, et al. Sequence
coupling of inductors in multiphase interleaved
bidirectional buck/boost converters [C]// 13th IEEE
Conference on Industrial Electronics and Applications
(ICIEA), Wuhan, China, 2018: 24 - 29.

[13] Huang W, Lehman B. A. Compact coupled inductor for
interleaved multiphase DC-DC converters[J]. IEEE
Transactions on Power Electronics, 2016, 31(10): 6770 -
6775.

[14] Huang X, Lee F C, Li Q, et al. High-frequency high-
efficiency GaN-based interleaved CRM BBC with inverse
coupled inductor[J]. IEEE Transactions on Power
Electronics, 2016, 31(6): 4343 - 4352.

[15] BRAR, E&, BEH, 5. T ook i) s fa
WA (J]. ARG S,
65.

2016, 44(24): 58-

Chen Dong, Wang Lei, Zhao Junjun, et al. Research of

staggered parallel magnetic DC-DC converters based

on improved average current control[J]. Power System
Protection and Control, 2016, 44(24): 58-65.

[16] &, ¥, MEK. ZHESEBEBEICHERELZ A b
FEAE (], BIERR, 2018, 33(12): 2801-2811.
Wang Lei, Guo Rui, Yang Yugang. Array Integrated Magnetic
Inductance with Multi-Degree—of-Freedom Used for
Multiphase VRM[J]. Transactions of China Electrotechnical
Society, 2018, 33(12) : 2801-2811.

(17] %5, & . WAMHEERGSHE G ST ().
THARSR, 2017, 32(1): 117-128.
Guo Rui, Wang Lei. Research on coupled inductors of
6-phase Bi-directional DC-DC Converters for Hybrid
Energy Storage System [J].Transactions of China
Electrotechnical Society, 2017, 32(1): 117-128.

(18] #Ebd, ZFiF, WAEL. ZCHEIFIEBLAESONR DC/DC 22 d
B HEN (7). PE AL CRR R, 2012, 32(30) @ 37-45.
Yang Yugang, Li Tao, Feng Bencheng. Design criterion for

interleaving and magnetically integrated bidirectional

DC/DC converters[J].Proceedings of the CSEE, 2012,

T RMSWH

ECHNOLOGY & APPLICATION

32(30) : 37-45.
(19] BER, MR, T, % “E £ E” JBHMERURGK
Wik RHAE S FIEE AR SO ) DC-DC AR s iR (]
M LEAR 4R, 2015, 30(4): 88-97.
Yang Yugang, Ye Jingyuan, Ning Haoxuan, et al. Design
of “E . E” Shape Coupled Inductors and Its Application
in Interleaving Magnetic Integrated Bidirectional DC—
DC Converter[]J]. Transactions of China Electrotechnical
Society, 2015,30(4): 88-97.
(20] Bk, Ji%, kil . “H” TG R iBa LN
L), AEERAR, 2016, 31(5):

Yang Yugang,

35-43.

Wan Dong, Zhang Kaigiang. Design and

Application of the “UUUU” Shape Coupled Inductor[J].

Transactions of China Electrotechnical Society, 2016,
31(5): 35-43.

(21] BEid, ZFukzk, E@M, . ATHIIRE PR B
FE DC/DC A M R R HT L], o B AL TR A4

25(11) : 50-54.

2005,

Yang Yugang, Li Hongzhu, Wang Jianlin, et al. Research on
the Application of an Integrated Magnetics Whose DC-Bias
can be reduced in DC/DC converter[J]. Proceedings of the
CSEE, 2005, 25(11): 50-54.

[(22] 3WEG, T, BER. —FHA o E a2 E
FESE SRR AT RIWETT L2 [T). o (R e L R 24l
36(18) :5009-5020.

2016,

Guo Rui , Wang Lei ,Yang Yugang. Researches and
Applications of A new Variable Coupling-degree Array
Integrated Magnetics [J].Proceedings of the CSEE, 2016,
36(18) : 5009-5020 .

(23] E&, 50%G, AL, 5. BURRRERS S XU B Hdsis
s [J]. AR, 2016, 50(8): 1-4.

Wang Lei, Guo Rui, Rong Desheng, et al. Control Strategy
of Magnetic Coupled Bi-directional DC Converter for
Microgrid[J]. Power Electronics, 2016, 50(8): 1-4.

(24] F&, WL, BER, F. FBERKORGHNZAEES
ACEEBIXA) DC-DC AR fedds MAZ MR FE [J]. M L RIBEHIEOR ,
2017, 36(7) : 41-50 .

Wang Lei, Wang Qiushi, ZHAO Junjun, et al. Research on

staggered parallel magnetic DC-DC converters for new

energy power generation system[J]. Advanced Technology

of Electrical Engineering and Energy, 2017, 36(7) : 41—

2020.01  B&PE A F R

171




T RMSWH

ECHNOLOGY & APPLICATION

50 .

[25] Hu X,Gong C. A high gain input-parallel output—series
DC/DC converter with dual coupled inductors[J]. IEEE
Transactions on Power Electronics, 2015, 30(3): 1306 -
1317.

[26] Lu S, Mu M, Jiao Y, et al. Coupled inductors in

interleaved multiphase three—level DC-DC converter for

high-power applications[]J]. IEEE Transactions on Power
Electronics, 2016, 31(1): 120 - 134.

[27] Yang Y, Li T, Liu J, et al. A Comprehensive Analysis of
Coupled Inductors in 4 Phases Interleaving Bidirectional
DC/DC Converter([C]// 3rd IEEE International Symposium on
Power Electronics for Distributed Generation Systems,

Hangzhou, China, 2012: 2014 - 2019.
(28] MLk, 49, bk, &, CEHFBRIG N DC-

DC AR S BB T [J]. B LERY R, 2014,
29(10) : 147-156.
Yang Yugang, Li Tao, Li Haiguang, et al. Research on

Asymmetric Coupled Inductor of Interleaving Magnetic
Integration Bidirectional DC-DC Converter[]J].
Transactions of China Electrotechnical Society, 2014,
29(10) : 147-156.
[29] BER, DA DUAICHIFBR DC-DC AL feds i &g
SRS EN [J]. AR, 2017, 15(4) :26-33.
Yang Yugang, Dai Shaojie. Design Criterion for Coupled

Inductors in Four—phase Interleaving Bidirectional DC-DC

Converters[J]. Journal of Power Supply, 2017, 15(4):26-
33.
[30] Ho C , Breuninger H, Pettersson S, et al. A

comparative performance study of an interleaved boost

converter using commercial Si and SiC diodes for PV
applications[J]. IEEE Transactions on Power Electronics,
2013, 28(1): 289-299.

[31] RN, e, WA . ZHZCHIFBA feds b Al & RUE
o R (D). A TEOR R, 2013, 28(7) :177-183.

Li Longhua, Symmetry

Yang Yugang, Feng Bencheng.

of Coupling Inductance in 3-Phase Interleaving

Btk A0 $2E B 2020.01

Converter[J]. Transactions of China Electrotechnical
Society, 2013, 28(7): 177-183 .

[32] Yang Y, Guan T, Zhang S, et al. More Symmetric Four—

Phase Inverse Coupled Inductor for Low Current Ripples

& High-Efficiency Interleaved Bidirectional Buck/Boost

Converter[J]. IEEE Transactions on Power Electronics,
2017, 33(3): 1952-1966.

[33] Li J, Sullivan C R, Schultz A. Coupled inductor

design optimization for fast response low voltage

DC-DC converters[C]// IEEE APEC2012 , Dallas, TX,
USA, 2012:817 - 823.

[34] Li J, Stratakos A, Sullivan C R, et al. Using coupled
inductors to enhance transient performance of multi-
phase buck converters[C]// 19th IEEE APEC, 2014: 1289 -
1293.

[35] Nagaraja H N, Kastha D, Patra A. Design principles of a
symmetrically coupled inductor structure for multiphase
synchronous buck converters[]J]. IEEE Transactions on
Industrial Electronics , 2011, 58 (3): 988 - 997.

[36] Hu X, Gong C. A high gain input—parallel output—series
DC/DC converter with dual coupled inductors[J]. IEEE
Transactions on Power Electronics, 2015, 30(3): 1306 -
1317.

[37] Dong Y, Zhou J, Lee F C, et al. Twisted core coupled

inductors for microprocessor voltage regulators[J]. IEEE

Transactions on Power Electronics, 2008, 23(5): 2536 -

2545.

fE&EE

E&, B, 1991 4, MALp5A, DRFET AR
TR TFRERARS BraeE R HBA PR B RL W
T F R GRS

R AR AL - PRI R L X /R ol ok2: (RN Gk

HL3% 115382025383




