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Table 1  Switching status of five-level SMC
S S, Sy M 7
1 1 1 1 2F
1 0 1 1 E
0 1 1 1 E
1 0 1 0 0
0 1 0 1 0
0 0 1 1 0
0 0 1 0 -E
0 0 0 1 -E
0 0 0 0 —2FE
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Table 2 Main parameters of NPC scheme

Jeit B e
AR A 10 20 MV-A
I H 15 185 uH/4 184 A
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K% R 1 3 MW
AR 30 —
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) ‘ TR 2 4500 V/5 000 A
A ETIT R -
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Y AR 1 —

WEET = HLF NPC Jy RiEH 5 M EEH 8L, 48
JEZS AR R 13.8 276, 254, Fiak B 4 A8
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Table 4 Main parameters of MMC scheme
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Table 5 Main parameters of M3C scheme

Tt B e
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Table 6 Cost of back-to-back

three-level NPC scheme Hf: Jio0
Joff oAy J¥iix
RIS 336 3360
F-190 P, e 28 420
BB HEEE 128 128
FHERR 20 20
KBRS 1700 1700
PP S 3 720
T 1 60
UKL 1.5 360
IHERGE 3 90
A G AR 10 300
psNy 7158

X 6—3 9 A1, FWHETT MMC i LA B
%, 2 6 307.2 J170; T 5E 15 TP SMC 9 LA B
1, N 8407.14 TG, 4 M RINMIA 2 5 EEK
TR, B, P XM 5T MMC

x7 BTELSHBTFESMC ARKAE
Table 7 Cost of back-to-back

five-level SMC scheme 7 JTIG
gLl oty JERiN
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I 1 H i 22 198
HRRLSERE 192 115.2
FERG 20 20
KBRS 1700 1700
TP 3 1296
BIFHA 9.6 345.6
oK) L i 1.5 648
IHERSE 3 54
Y 2 E5 1 15 270
it 8 006.8
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Table 8 Cost of back-to-back MMC scheme

Hfi: 5T
JLft oA Ry
FE P ek 24 72
B e gk 27 324
FERG 40 40
KBRS 1700 1700
T2 3 1584
kA 9.6 1267.2
K3 L it 1.5 792
RS 1 132
Y 2 S5 3 396
Mt 6307.2
%9 M3ICHERAE
Table 9 Cost of M3C scheme Hfi: 3o
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K& FRGE 1700 1700
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IRy H 15 1296
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st 7501.8
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Table 10 Efficiency comparison of four schemes under
three typical operating conditions

B 1%

Lo WS R RN
HSFNPC HISEFSMC MMC

E@Fﬁg f;&%g 98.10 98.33 97.94  97.93

Z&j{;g%ggl 98.70 98.47 98.08  98.18

?ﬁéﬂg&oﬁdﬁ 98.20 98.41 97.99  98.08
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Table 11  Efficiency comparison of four schemes under
full power pumping conditions
oAb —  degman T
Bl Sﬁ NPC EE.ET;;M% e M3C
B EAS AR/ MW 1 1 0 0

IEE A AFE/ MW 0.15 0.10 0.17 0.13
TR A MW 1.80 1.59 2.01 1.92
S FEMW 2.95 2.69 2.18 2.05

B % 97.05 97.31 97.82  97.95
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4 mx2.5 m; 20 MV-A 28 JE 28 R 5F 4 5.4 mx3.3 mx
4 m; NPC HL & HLUE RS 1.1 mx0.4 mx2 m; NPC
FEAR R SF 49 0.9 mx1.5 mx3 m; 33.3 MV-A 28R 2§ R
PR 5.8 mx3.5 mx4.2 m; SMC Hi, 25 HL & RS R
0.9 mx0.7 mx1.7 m; SMC #H & R 5} & 1.28 mx
2.27 mx3.2 m; MMC ARV 1.1 mx 1 mx2 m;
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Table 12 Comparison of space

occupied by four schemes BAf7: m’
VES KB RGE AR URpT A3
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TFEETY 11 f - SMC 70 618 310 998
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Table 13 Weights of Indicators
Bzt A
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i 23 ]

0.688 3
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Table 14 Rating values for four topologies
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Comparison of full power frequency converter topologies for
large capacity variable speed pumped storage units

ZHAO Bo', TIAN Fengyuan’, ZHANG Qichao', WANG Kaiguo’, LIANG Hao®, GONG Jinwu’
(1. Pumped Storage Technological & Economic Research Institute of State Grid Xinyuan Company, Beijing 100052, China;
2. School of Electrical Engineering and Automation, Wuhan University, Wuhan 430072, China;

3. State Grid Jibei Electric Power Co., Ltd. Electric Power Science Research Institute, Beijing 100055, China)
Abstract: Variable speed pumped storage units have obvious advantages in efficiency and adaptability under various operation
conditions compared with traditional fixed-speed pumped storage units. Since the full-power converter is the key equipment in
variable speed pumped storage units, it is of great significance to study the application of various inverter topologies in large
capacity variable speed pumped storage units. Taking a 100-MW-scale variable speed pumped storage unit as an example,
based on the existing devices, an evaluation index system is constructed from the aspects of cost, loss, volume, etc., and entropy
method is used to weight the indexes. Four topologies are compared and analyzed in the design of the high-power variable
speed pumped storage units with access voltage of 13.8 kV, including back-to-back three-level neutral point clamped (NPC)
converter, back-to-back five-level stacked multicell converter (SMC), back-to-back modular multilevel converter (MMC) and
modular multilevel matrix converter (M3C). The results show that the cost of back-to-back MMC is the lowest, the overall
efficiency of M3C is the highest, and the occupation space of M3C is the smallest. In summary, back-to-back MMC and M3C
are two preferred solutions for the full power converter of 100-MW-scale variable speed pumped storage units.

Keywords: full power frequency converter; variable speed pumped storage unit; back-to-back three-level converter; back-to-

back five-level converter; back-to-back modular multilevel converter (MMC); modular multilevel matrix converter (M3C)
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