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Research on Current Equalizing in DC Transformers Based on IGCT-Plus Device

HAN Di, ZHANG Meng, WANG Hongbin, LIU Shizhao, WANG Xuewei, LUO Tianyu
(China Energy Engineering Corporation Beijing Electric Power Equipment General Factory, Beijing 102401, China)

Abstract: For the modular DC transformer based on the dual-active bridge DC-DC converter (DAB) , the design and
application work on a novel dual-active DC-DC topology DC transformer is performed in our company. The test on a
DC transformer using IGCT-Plus as the modular switching device is developed to achieve interconnection between
DC systems of different voltage levels and provide stable DC voltage for different DC loads.During the test, the long-
term unbalanced current flow in each branch of the DC transformer is existed, which can severely affect the long-
term stable operation of both DC transformer and entire power system. Based on previous engineering experience , the
addition of current equalizing magentic rings can balance the currents in the low-voltage side branches of the DC
transformer, equalizing the output characteritics of the three parallel branches, preventing excessive current stress on
any single branch over prolonged periods that could cause device aging and damage , and significantly improving the
operation stability of the transformer.
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Fig.1 Bi-directional half-bridge DC transformers
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Fig. 3 Double active full bridge DC transformer
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Fig. 6 Double-affiliated bridge DC-DC transform side

topology structure
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Fig.7 Principle waveform diagram
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Fig. 9 Installed current equalizing magnetic ring
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W58 BUR , FHERYON To D5 T7 Dy Ty D #E4T
KK o o e e R O s A AR s A 2R A XLk
NS LSS, B AL AR HLURAE 1 500 A U R 243
B 13-15 A7 B aE AL T IS R R i
BOE SR EIE S E S HRACR I . it H
WEEIC oA, A PR ER A P40 R BT TE
TGP A 1030 28 ) S 8 e o IR X R T BRI A%
IGCT BN HE LR 2.
Lo oronn

E13 HHISITREBE.BRKET
Fig. 13 The voltage and current waveform when

running at full load

oo b .
e ———

~ |

1 r 4\

E14 THREIATIGCT R R EZHAR
Fig. 14 1IGCT and diode current equalizing without

current equalizing magnetic ring
4 REMH

LU s i e AN ] L s S5 48 U I 245 EL K Y
WO BERRT R F AT A O R R TR
VSE A AEREES WEENER/ TG LIPS 35 8 e
BEATF T LU s e B A H A S T SRS
(B, Jbate s B S E R W bl X3 gt

15 HREHA TIGCT R _IRE SR
Fig. 15 IGCT and diode current equalizing with current
equalizing magnetic ring
K2 MEHREAAEEIGCT BRXT L
Table 2 Comparison of IGCT currents before and after

installing current equalizing magnetic ring

ZH IGCT A H%/A  IGCT A /A IGCTAF /A BT AR AL

P E 1571 1153 1429 0.88
WA 1036 1137 1018 0.93
TCHEER 1786 1373 1631 0.89
EERT32N 1725 1747 1784 0.98

1.5 MW B I AL s a4 AR A PR T e] X I5T ) AL ]
1617, 2923 RIAE B IC I KGR RE TR R 25 ST
RIS, AN R) B e 4 AR E Y B
i, 5 AR A A LR A, SEBUAN ) L R
SESEOER TSI EER

1
E16 EREERSHEEE
Fig. 16 Structure model diagram of

DC transformer

T

" {FREAALUIIRRAR
ERETHR

#
§

| - U ‘ i
E17 BERTEFEEMR

Fig. 17 Device cabin of DC transformer

1 I EL R C W 28 G2 PP LR 8 A B9 0 H TR
IEAEZ N 2, T R WA PR 1, PR et
F BV S T A B A B A O S A
BRI Fe v ia AT AT S B s R AN )



W5 S

i, KR, FLOK, 55 JETIGCT-Plus HIARIE #83 m ITY

+123-

Bt — R AME S R RE B 2R G , 8
TN 427 s B %ok B UL s i - HEK S I oL S B R
GFRYRITSCR , R A TR ERRRENE . e 2k
FL AL Ay TR AR S 0 E .

Brigt

A7 B v [ R YR 1 4R A1 BE T IGCT-Plus
BT — A e R T ] 7 Ty A8 2 ) g Fi, g F 17 i AUF
% (CEEC2021-ZDYF-11)" 34 1) 7 5

SE Lk

(1] S4B W55 &5 )RR G T8 i OBk
FEALARGHI]. AT AL, 2022(4):70-73.

LU Caiyun, CHEN Feng, QI Lei, et al.Research on power
dispatching system based on distributed photovoltaic access
technology [J]. Rural Electrification, 2022(4):70-73.

[2] SR BRE R, XISCHE, AR BHE B BTSSR h
FE AL T AR 2A4, 2013, 33(25):9-19.

SONG Qiang, ZHAO Biao, LIU Wenhua, et al.An overview of
research on smart DC distribution power network[J]. Proceedings of
the CSEE,2013,33(25):9-19.

(3] Pl . T 1) e Xl D 1 P — P — filf— i ™ — AR A3 5 7 2%
T, SR e AR T L 2023, 39(3) : 205-208.

HUANG Weigang.Design of integrated operation scheme of
“source-network-load-storage” for micro-network in the campus[J].
Microcomputer Applications, 2023, 39(3):205-208.

[4] & B AR, BRE T, S5 R 2 B R TR AR K
PR IRV IS ], B RGO 5450, 2025, 53(10) : 1-12.
LI Zheng, SUN Yichao, YAN Yinyu, et al.Underdamped oscillation
suppression strategy for modular multilevel DC transformers|]J].
Power System Protection and Control,2025,53(10): 1-12.

[5] FAE,KER, I B RS B EL A a4 ik
R UL B LRI D] F D RGP S R, 2024, 52(22) -
93-103.

WANG Yunjian, HANG Changjie, SUN Xing, et al.Improved
virtual DC motor control for a hybrid bi-directional DC transformer
[J]. Power System Protection and Control,2024,52(22):93-103.

(6] XUEHI, fryibgde, B a5 T4 A8 s 2 B TE PR A UL
PgR[I]. L TRERE AR 2025 ,44(6): 202-210.

LIU Xuming, HE Xiaokun, CHEN Wu.A circulating current free
medium frequency DC-DC converter based on auxiliary transformer
[J]. Electric Power Engineering Technology , 2025 ,44(6):202-210.

(7] XURMS, B W XD, 85 T 22 W 7 SVl i RIS S 25 0

445 PR A2 e AL i e A P P B ORI Dk ). 9 8 7, 2025, 53
(3):99-106.
LIU Ruopeng, XU Hui, ZHAO Qingjie, et al.A method for
identifying transformer DC magnetic bias fault severity based on
multi-granularity voiceprint pattern and time-delay neural network
[J]. Smart Power,2025,53(3):99-106.

(8] sk WL, VAEEE M e, S HTORIRERIT M & LAY DC/DC
AT A AR ST, 2022,41(9):8-12.

ZHANG Fan, XIN Defeng, LIU Long, et al.Research on DC/DC

converter apply to photovoltaic DC grid-connected power generation
[J]- Techniques of Automation and Applications,2022,41(9):8-12.

[9] BRMEE, EHAL, &, SR H TR R s TR A DC/DC
AR B g IR MIFED]. P E ML T R4, 2014, 34(3): 218-224.
WEI Xiaoguang, WANG Xinying, GAO Chong, et al.Topologies
research of high voltage and high power DC/DC converters used in
DC grids[J]. Proceedings of the CSEE,2014,34(3):218-224.

[10] Wk IE, = pe , HIrAe 45, 15T ISOP Hi 4 DC/DC A:
PRUFSELT). B 28,2020, 56(1): 104-113.
YAO Weizheng, XIN Defeng, GAN Jianghua, et al.Study on DC/
DC converter for ISOP topology[J]. High Voltage Apparatus, 2020,
56(1):104-113.

[11] BRa&fT, B F, 25000, 55 R TR A 2 B RAs I & i3
FHIT AE R 8% ,2025,62(2): 1-4.
CHEN Zhiwei, TIAN Feng, LI Wentao, et al.Design of UHV and
large capacity transformer for VSC-HVDC[]]. Transformer, 2025,
62(2):1-4.

[12] 2252y BTk ARk sl e g i k5 20 (0] 28 e
#%,2025,62(4): 1-11.
LI Xiangiao.Design and study of medium frequency transformer
based on super-thin silicon steel sheet[]]. Transformer, 2025, 62
(4):1-11.

[13] WP, £, m &, 5. S BT SRR ).
ARALHL I R4, 2022, 42(5) : 15-24.
FAN Shiyuan, WANG Chao, XIANG Xin, et al.Topology review of
medium - high voltage DC transformers|J]. Journal of Northeast
Dianli University,2022,42(5): 15-24.

[14] B %, % MR O9R,AE SUR IR AR AR R S

FHOL LT R AR, 2021, 41(1):288-298.

ZHAO Biao, AN Feng, SONG Qiang, et al.Development and

application of DC transformer based on dual - active - bridge[J].

Proceedings of the CSEE,2021,41(1):288-298.

AR Mg, 22 . ORIV A & T ER IR R AL 1 A2 R AR 1 i

I TTFEREVE, 2014, 32(3): 279-282.

REN Qimei, JIANG Jian.Design for series resonant DC/DC

[15

=

transformer applied in photovoltaic micro - inverter{]]. Renewable
Energy Resources,2014,32(3):279-282.

SEARE A . KT R RE R N R SR B A
B 1HAR ,2011,32(3):37-39.

NIE Zhenyong, YANG Bin.Influence factors and treatment on

[16

—

exciting current balancing performance in fossil-fired power plants
[J]. Northeast Electric Power Technology,2011,32(3):37-39.
K. Dl TG AR e P RE LA R RE PR (D], I B BT 7 i
2013(3):25.

ZHANG Yaping.High performance current sharing magnetic ring

[7

—

for excitation rectifier cabinet|J]. China New Technologies and New
Products,2013(3):25.

RGRTR. AN AL A4 v e U AR R ).
TIPS 44,2007, 30(6) : 29-31.

ZHU Jiaxin.Suggestion on improving rectifier current balance

[18

=

coefficient by adding reactor]J]. Electric Locomotives & Mass
Transit Vehicles,2007,30(6):29-31.
[19] & 1E, HBfhfe, Wt 48, LTG0 AY SiC MOSFET Jf

(T#% 131 R)



W5 S

EBD, MER, TS T3S0 RPTM A R it O FLT T

*131-

[18]

[19]

[20]

[21]

[22]

YANG Jiameng.Study on vibration generation mechanism and
suppression measures of dry - type air - core reactor[D]. Jinan:
Shandong University,2021.

LT, AL 09 5 3, S R FAUREE T s o iy
I [F1) 46 G B a4k 1) 3 A R M D). 3 B R L 2022, 48(8): 3201 -
32009.

ZHU Lingyu, DU Yiming, GAO Lu, et al.Vibration distribution
characteristics of dry - type air - core reactor with turn - to - turn
insulation defects excited by different frequencies|J]. High Voltage
Engineering,2022,48(8):3201-3209.

s PRI TR I R AL T (D). AL AT
Tk R2%,2013.

FU Liang.Research on the noise measurement problems of dry-type
smoothing reactor{D]. Hefei : Hefei University of Technology ,2013.
SMEDE J,JOHANSSON C G, WINROTH O, et al.Design of HVDC
converter stations with respect to audible noise requirements[J].
IEEE Transactions on Power Delivery, 1995, 10(2):747-758.

PO/ = O C - 151 PRl 71 o O s W W NG R et
PRBNFFIEWITE]. H T LA 5 JCTAME: , 2021, 42(6) : 69-75.
LIU Hong, LIANG Jizhong, NIU Shu, et al.Study on vibration
characteristics of dry -type air- core reactor under interturn short
circuit fault[J]. Power Capacitor & Reactive Power Compensation,
2021,42(6):69-75.

RfES kAR, B B, 55 £800 kV ELFAN . TR 20U
PR MR ERTZE (). AR, 2019, 55(11): 139-143.
ZHANG Dejin, ZHANG Yuehua, ZHAO Yang, et al.Novel noise
reduction device for dry-type air-core filter reactors in the £800 kV
UHVDC transmission project[J]. High Voltage Apparatus,2019,55
(11):139-143.

[23] VLAMEE. HL L BTAR AR SO RIS D], MR MR TR

[24

[25

[26

[27] M52 bel, sk, A

=

[t}

=

,2008.

SHEN Jiashu.Research on acoustical enclosure design of reactors
[D]. Harbin: Harbin Engineering University ,2008.

gk RN ML DR A AR R A T RN R[],
WA RV TR R34, 2007, 28(12) : 1352-1355.

ZHANG Lin, SUN Gang, SHEN Jiashu, et al.Design and
experimental study of acoustical enclosure for reactor[J]. Journal of
Harbin Engineering University,2007,28(12):1352-1355.

gk gt MR B R SR M SRS A 1999,
19(2):46-47.

ZHANG Chi.Design of sound insulation cover in noise control[J].
Noise and Vibration Control, 1999, 19(2):46-47.

BUR IR, PR TR, b i R R i, 201 1.
HE Qihuan.Environmental noise control engineering[M]. Beijing:
Tsinghua University Press,2011.

To 45 JRIBR AT A bR S b R P AR
KM RS, 2021, 57(2): 77-83.

NI Yuan,ZHANG Jiangong, ZHOU Bing, et al.Test and analysis of
sound insulation performance of sound insulation cover for UHV

shunt reactor{J]. High Voltage Apparatus,2021,57(2):77-83.

EBLB(1998—), B, MEF AL, AT AATFTNECRRE

09 3k Bk 4 M 2 R R 4 R 45 56 (E-mail : wangyueyang1998@stu.

xjtu.edu.cn),

R FB(1967T—), %, 14, 345, N F b B Afo 523 75 0 89 205

Fodt F AR TR, IR G A AW ML AR R
(842 ¥E%)(E-mail : zhaoyzh@mail xjtu.edu.cn)

(L% 123 W)

[20]

[21]

(22]

(23]

IR =SR] E AL TR A4z, 2017,37(7) : 2068-2080.
ZENG Zheng, SHAO Weihua, HU Borong, et al.Active current
sharing of paralleled SiC MOSFETs by coupling inductors[]].
Proceedings of the CSEE,2017,37(7):2068-2080.
ARTTAE, 4% AL BRI ZE 45 AR WA e ek RE S T A B ).
KEHLF A, 2009(3): 48-50.

YU Qianjun, LI Zichun, QIAN Houjun, et al.Flux diverter with
high performance for exciting commutator[J]. Large Electric
Machine and Hydraulic Turbine ,2009(3):48-50.

U, B0 %, A I L AL TGCT A T F I i g e
[J]. H R T R4, 2018, 38(15):4307-4317.

ZENG Rong, ZHAO Biao, YU Zhanqing, et al.Development and
prospect of IGCT power device in DC grid[J]. Proceedings of the
CSEE,2018,38(15):4307-4317.

JEISCHS B v B R AR SRR TR U IGBT A
IGCT AT LA - J5U B B854 A RS ). v e LT
24R,2022,42(8):2940-2957.

ZHOU Wenpeng, ZENG Rong, ZHAO Biao, et al.Comparative
analysis of large-capacity fully controlled crimped IGBT and IGCT
devices: Principle, structure, characteristics and applications|J].
Proceedings of the CSEE,2022,42(8):2940-2957.

o, B3O, KA RS AR R e AL BT ).
M RGeS, 2010, 38(24) : 199-202.

YANG Bin, WANG Wendong.Analysis and treatment of excitation

[24

[25

[26] X %, 4

]

[

power cabinet current sharing factors in powe plants[]]. Power
System Protection and Control ,2010,38(24):199-202.

WRET.  Jilifs R G AAG A i ZR AR A i A B X S — LA T
KR EABRTFALA T A, TGRS, 2017,32(1):155-157.

HU Junxuan.Causes for and countermeasures of the low flow of the
even coefficient of the power cabinets of excitation system-taking
binchang power Generation Co., Ltd. of datang group as an example
[J]. Shanxi Science and Technology,2017,32(1):155-157.

XUFRT, FE ISR ALZAIIRE ZR G AU R 43 Bl 5[ . 3T
JUH J3F AR, 2011,30(1):40-42.

LIU Xiangyu, DONG Zhengkun.Cause analysis and treatment on
excitation system unbalancing current[]J]. Hebei Electric Power,
2011,30(1):40-42.

W, BT, % IET IGCT-Plus FIHATRE B 1 K75
AR AR P E LT AR, 2023,43(3): 1114-1123.
ZHAO Biao, CUI Bin, MA Yiqing, et al. High-power DC transform-
er based on IGCT-Plus and medium - frequency isolation[]]. Pro-

ceedings of the CSEE,2023,43(3):1114-1123.

#(1992—), B, AR, R IEF, T ENFL BT S

H8 % B ARHE A (E-mail : joseph123567@163.com) ,

) #4)(1995—), B LR R A, TRIF, F ERNFELRERFS

JE = S B 5 (1845 E ) (E-mail : 812631349@qq.com) .,





