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Design of Direct Current Transformer Based on Resonant Modular Multilevel Converter
GUO Beibei, QI Shancheng,ZHAO Bin
(School of Electrical Engineering and Automation, Henan Institute of Technology,
Xinxiang 453003, Henan ,China)

Abstract: A direct current (DC) transformer based on resonant modular multilevel converter (MMC) was
designed for different voltage levels in high voltage DC grids. The working principle and performance of the
resonant MMC DC transformer were analyzed. The various operating modes of the resonant MMC DC transformer
under different modulation strategies and the corresponding voltage ratios were studied. In order to conduct a
comprehensive study on the resonant MMC DC transformer, a new modulation method was proposed, which has
flexible ratio and inherent balance. A prototype test platform for resonant MMC DC transformers was built and
experimental research was carried out. The results verify the validity of theoretical analysis and modulation
strategies.
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Fig.1  Schematic diagram of monopole resonant MMC circuit

LU AR R 4 3 1 S 0 AR R L Ok
SRR A BT R, DL A PR AR R SO,
o VA W T, AT S B AR D B ) AR R T AR
XoF o LA R A e AR b AR U, w 7E N-14>
TR A2 R 2 5 N A TR 2 25
JEZ A Z (8288 o ARSIk 1) T 1S B i 25 45
BN X, AN TR 2 25 SR R Y(0<Y<
X<N) , 24 X=5 F1 Y=4 i, 137 A8 FE 4% 09 i 3
FEEIE R B AN E 2 Fis .

E AR 1 R 2, PR 28 MMC 1 B BT 56
SIESH B MMC AR, 2R MMC T AR
1R A — A I ) S 3E B R [R] . A

56

L —— |
s —— |

0
0.5% ”‘ !
O‘E(Wﬂﬂﬂﬁl‘lrl—ﬁﬂﬁrr
S RIS TGO N Iy [y N N N Ny B

K2 Y X=5F1 Y=4 i i TS B R I E

Fig.2 Submodule voltage waveforms with X=5 and Y=4
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Fig.3 Submodule voltage waveforms with X=5 and Y=3
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Fig.5 Relationship between voltages ratio and X and Y

M Sh H R LUE X AR AT RE R, LA TS
A3 F FH TR B ke AR HH HVDC S % B HL R . 24
X=N B}, Y BUE I FE R 1~N=1 B4, i &%
SE X=N A% F A BB (N+1)/(N-1)~2N-1,
22 EBERBIBETERN

PR 2 MMC TG 75 490 (4 LR 25 A 42 ol B AT
TIPSR AR RO . DA 2 PR SRR R
BI(X=5F1Y=4) , G LU FHELRRX:

01 1 1 1 17Tu,] [U.
101 1 1 1| |us|l |U.
L O Y 8 e
1110 1 1| |ua| |U.
11110 1| |us| |Us
1111 1 -1 Llu] LUl

:—EEEF‘ :uCI"’ucj)—{j 5&%*&@%[3@%@%50
57



WA AR 20215F HS514 3

FROM & TR X MMC 4 5k TR 23kt

A (4) BAME—f I HigR= MMC H B &
H PTG . SR 3 T s 14 3 ) ok s (X=5
A Y=3), W F B f 25 HL R Ry

00 1 1 1 17Tu,] [U.]
100 1 1 1| |us| |U.
P00 b 1 ua| | Uu) (s
11100 1] ua| |U,
01 1 1 0 1| |us| |Us.
111 11 -1 lu] LU,

3 (5) R R LA ME— i e, B R s 25
JE & B o S, SR X=5 Al v=2 5%,
X=5FY=1, FREH L 75 i R 5 BRSO LA M —
fitt o PRI, 78 X=5 FF Hk 8 R Y H A 155
T, PR A SR R B R . AN, A
IR REULAR AT LA s R

Ax = b (6)
Hrp X=[Uey > Uy s Uy » Uy » Ues s Uy |
b=[U, .U, U, U, U, U.J"

Ao A SRl R S O [R] X A Y R o

WA (6) HAT ME— i, RIVHE B A T L 00
HRE PR AR AYEN . Y X=5
b, B AR LR 20 o H25 XARMLT A JE AN B
Witko A XY RE RS, AT ES kR H
FAERE 1o B 6 I ik PR MMC 1 B F- i fig
J15381. MWE6 hATLIE i, i & Y=1 Fl Y=X-1
B, AN TS X BUE ey, 4 B A PR ) X2
UG X RN Y A AR 28, R AT R . b
A, QR X R WX Y B A B A A
WERK, RGEA] AT, WOHEAE [ X O A, U
YRFEFTAL

20

Ko A-FEReS b

Fig.6 Inherent-balancing capability analysis
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Fig.7 Simulation results of the 4 MW DC transformer
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