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Table 2 Circuit parameters of CSPI-type MMC-SST
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Fig.8 Simulation topology of CSPI-type MMC-SST
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Fig.9 Simulation results under normal working condition
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Fig.10 Simulation results when DC
short-circuit fault occurs

LI B
5 Hig

FEXESE DAB %I MMC-SST JF 5843 2 1 7]
AL, SO AR B R OB T BR fiE ) B CSPT A
MMC-SST $fi4b, H4T XL R R i P i — e 738
158 2 A D B PR TR A 7 ik o a7 B U
TSR N A DT R AR, SRR

(1) SCHpprde CSPT B MMC-SST 4 1 5 1% 48
DAB %I MMC-SST #i M EE , F 1% A g MMC 945
oy 3 TP RXS S, KR > TP SeAR RO

(2) scH pr$t CSPI Y MMC-SST #i#h5 HBSM
B MMC-SST #i#MH L , 1] RL7E 4R 5 MMC-SST 2
A48 B2 A T e L 7 L A 9 B A T, 3 el
PR



2 HEHEAR 40

Boout
AT BT 504 &AL A RAF
(22KJB470005) % 84 , 3% He 5341
SE Wk
(1] 7MW, 93, i, 5. 56T H ALK L i 38 BT R S0 o
A R AR SE [ T]. B 47, 2023,51(12) . 8-
14,22.
WANG Yupeng, JIANG Zhe, WU Cheng, et al. Evaluation index

EermEm R

of transient overvoltage in AC/DC sending-end system based on
DC short-circuit ratio [ J]. Smart Power, 2023, 51 (12): 8-
14,22.

SRHDIR , DA AL, S T IR Rl 2 ) % e ) A
HA 52 TR T L P S AR RS A AT LT ] Wy i,
2022,43(10) : 111-120.

GONG Xundong, FEI Youdie, LING Jiakai, et al. Alternating-i-

[2

[}

teration state estimation of AC/DC hybrid distribution system
based on pseudo-measurement modeling using deep neural net-
work[ J]. Electric Power Construction,2022,43(10) :111-120.

[3] E)dﬁ¥ ARE TG , 55 HE T AR Bl Y 5 B S HL

AREVAEAM [T]. BBl 5 HoR 44, 2022,37 (1) : 140-
150.
GENG Shiping, YU Min, GUO Xiaopeng, et al. Technical and e-
conomic evaluation of AC and DC distribution based on flexible
substation| J |. Journal of Electric Power Science and Technolo-
gy,2022,37(1) :140-150.

(4] 1%, WAL, B8, %5, 3EF Romberg BN 110 1 IE RO HEL

RETT A [T]. 51855 ,2023,60(5) : 186-192.
HOU Lei,CHANG Zheng,CAl Yi,et al. Electric energy meter-
ing method of DC distribution network based on Romberg
integral algorithm[ J]. Electrical Measurement & Instrumenta-
tion,2023,60(5) :186-192.

(5] KRR, MLy, BUmHE, 4. % 1& VSC 5ot-i-Fe b Wl i &

105 B9 2 i F IS0 B0 [ ] %0 2504 47,2023, 51 (11)
7-14.
ZHU Jiankun,GAO Hongjun,HE Shuaijia, et al. AC-DC hybrid
distribution network planning considering VSC and photovoltaic-
storage-charging coordinated configuration [ J]. Smart Power,
2023.,51(11) :7-14.

[6] KOLLI N,PARASHAR S,KOKKONDA R K,et al. A study on
the evolution of solid state transformer technologies and applica-
tions[ C]//2023 11th International Conference on Power Elec-
tronics and ECCE Asia (ICPE 2023-ECCE Asia). IEEE,2023.
126-134.

(7] $ER 2, EAEIR, 45, & [R50 a4 B B E s ) 3 25 0
WZ AFMEALLT]. I R GRS M, 2023,51(16)
104-114.
SUN Ruyi, YUAN Zhi, WANG Weiqing, et al. Multi-objective
optimization of dynamic reactive power in a new distribution net-
work with a solid state transformer[ J]. Power System Protection
and Control ,2023,51(16) :104-114.

[8] K3, BHHET, mig IE, 55, ST RIAAR RIS 138 iR &

BCHL R G UM RS AT i S ms [T ], By #15,2023,44(4) .
103-112.

ZHANG Wenjie, LU Shixuan, GAO Qixuan, et al. Coordinated
operation control strategy of AC/DC hybrid distribution system
based on solid-state transformer[ J]. Electric Power Construc-
tion,2023,44(4) :103-112.

[9] ¥Rid, .25, FREEAR, 55, SET MMC $R4hAY AL J i 178 F 4%
WRFELRRLT ] UL TR 2741, 2022,42(15) :5630-5649.
ZHENG Tong, WANG Kui, ZHENG Zedong, et al. Review of
power electronic transformers based on modular multilevel con-
verters[ ] ]. Proceedings of the CSEE, 2022,42 ( 15):5630-
5649.

[10] i, B4R R BT M 0L IR 20 4 vl AL A T 2528 T s A2 i 3

HERPERERIRISIE [T ], W RGP 5 #2023, 51
(4):138-147.
CHENG Jing, ZHAO Zhenmin. Flexible control strategy for a
solid-state transformer AC port based on a virtual synchronous
generator[ J ]. Power System Protection and Control ,2023,51
(4):138-147.

[11] SRR, T W AT, 55, T [8 3578 A8 1A TR M B

NI e S D RE I T]. I RGBS,
2023,51(3) :89-98.
GUO Hui, DING Feng, REN Lintao, et al. Adaptive mode
switching and power management of a solid-state transformer-
based active distribution network[ J]. Power System Protection
and Control,2023,51(3) :89-98.

[12] 27K, mydom, 27K, 5. P RECHL M 10kVac-750Vde/

IMVA BT R D R B W B O[T ] i L
HLAEBTH A ,2016,35(6) - 1-6.
LI Zixin, GAO Fanqiang, XU Fei,et al. Power density analysis
of 10kVac-750Vde/IMVA power electronic transformer/solid-
state transformer for medium voltage distribution grid[ J]. Ad-
vanced Technology of Electrical Engineering and Energy,
2016,35(6) : 1-6.

[13] ZHANG J P,LIU J Q,YANG J X, et al. A modified DC power
electronic transformer based on series connection of full-bridge
converters| J ]. IEEE Transactions on Power Electronics,2019,
34(3):2119-2133.

[14] SR, Wik, iR, 5. R HiR B4 AC-DC L j LT

AR B HAE R s O R [T ] o R A Ak,

2019,43(8) :158-166.

MA Dajun,CHEN Wu,XUE Chenyang,et al. AC-DC power e-

lectronic transformer with low-voltage DC bus and strategy of

short-circuit fault ride-through [ J]. Automation of Electric

Power Systems,2019,43(8) :158-166.

XA, 1SOP 4544 iy XLl [ 2§ DC/DC Hy Jy W 778 TR 4%

[J]. B 7 FH AR ,2022,56(12) .32-36.

LIU Xinghua. Bidirectional isolation DC/DC power electronics

—
W
[

transformer with ISOP structure[ J]. Power Electronics, 2022,
56(12) :32-36.

[16] Bfh, R E, EHEPK, %, F B AERUR L L) MMC-SST 4
AR R [T]. )y TREHAR, 2022, 41 (6) : 211-



41 FRYE T 55 BT R AL TR I SR 52 PR AL 22 H - [ 25708 e A
220,238. 6801-6810,7071.
ZHAO Wei, YUAN Zhi, WANG Weiqing, et al. MMC-SST LI Shuai,GUO Chunyi,ZHAO Chengyong,et al. A novel MMC
input-level control strategy considering power quality optimiza- topology with lower power loss and DC fault ride-through capa-
tion[ J ]. Electric Power Engineering Technology, 2022, 41 bility[ J ]. Proceedings of the CSEE, 2017, 37 (23): 6801-
(6):211-220,238. 6810,7071.
[17] SADAT A R,KRISHNAMOORTHY H S. Fault-tolerant ISOSP [26] Ewise, VEdrh BT, 45, BE T S A LR ) MMC

[18]

[19]

[23]

[24]

(25]

solid-state transformer for MVDC distribution [ J ]. TEEE
Journal of Emerging and Selected Topics in Power Electronics,
2021,9(6) :6985-6996.

PR, AT, AR A . T 1) 32 A TR T H 1 Y
10 kV-3 MV-A PO H A A7 A8 i ds [T]. i THOR
2 ,2021,36(16) :3331-3341.

GAO Fanqiang, LI Zixin, LI Yaohua, et al. 10 kV-3 MV - A
four-port power electronic transformer for AC-DC hybrid power
distribution applications [ J ]. Transactions of China Electro-
technical Society,2021,36(16) :3331-3341.

TENG J X,SUN X F,PAN Y Z, et al. An inductive-filtering
strategy of submodule ripple-power in triple-port MMC-based
SST applied to hybrid medium and low voltage AC/DC inter-
face[ J ]. IEEE Transactions on Power Electronics, 2022, 37
(7) :8015-8032.

ZHOU J Q,ZHANG J] W,WANG ] C,et al. Design and control
of power fluctuation delivery for cell capacitance optimization
in multiport modular solid-state transformers[ J]. IEEE Trans-
actions on Power Electronics,2021,36(2) :1412-1427.
B, BRAESC, TN, 45— e IR R R AN
WTiZ 47 MMC-SST #hih Be gzt [T]. vh [ i AL TR 24,
2021,41(6) :2267-2277.

ZHANG Yixin, ZHANG Jianwen, SHI Gang, et al. Topology
and control strategy for an MMC-SST with uninterrupted power
supply capability under medium voltage DC short circuit fault
[J]. Proceedings of the CSEE,2021,41(6) :2267-2277.
JRO, REAT O, 22 BT, A O TG M IR CE IR A N TR X
MMC Y i 25 725 Fk 8 [J ). n F 2B fig U, 2021, 39 (10) ;
1387-1393.

YIN Zhan, DU Renping, JIANG Liming, et al. Interlink MMC
based solid state transformer for distribution grid interconnec-
tion[ J]. Renewable Energy Resources,2021,39(10) :1387-
1393.

PEI Z C,KONG D H,LIU C,et al. Hybrid isolated modular
multilevel converter based solid-state transformer topology with
simplified power conversion process and uneven voltage ratio
[J]. IEEE Transactions on Power Electronics,2023,38(10) :
12757-12773.

AME, XS], (K%, 55, F T CDSM-MMC 56K BT
HARGSE AT [T]. B ARG R 550, 2019,47
(19) :14-22.

DAI Zhihui, LIU Xueyan, HE Yongxing,et al. DC-fault analy-
sis on CDSM-MMC based PV integration system [ J]. Power
System Protection and Control,2019,47(19) . 14-22.

2, R SO T, 4. — ol EL A AL R B RE T 1Y
fIGASAE MMC 4RFMLI]. P E R BL R4 4R, 2017,37(23)

FAndheiot 52 J]. W1 B 3hfbik,2015,35(9) :74-80.
WANG Chaoliang, XU Jianzhong, ZHAO Chengyong, et al.
MMC based on single-clamp sub-module and improved topolo-
gy schemes|[ J]. Electric Power Automation Equipment,2015,
35(9) :74-80.

[27] EBEITAR, £, % B B BR A A ¥ ERE

19 MMC B { A TR N[ T]. 8 0y R 458 A 81,2020,
44(24) :151-160.
WANG Chen, TAN Kaidong, WANG Yi, et al. Topology of
MMC oblique-connection full-bridge sub-module with capabili-
ty of DC fault clearing and voltage self-balancing[ J]. Automa-
tion of Electric Power Systems,2020,44(24) ;151-160.

[28] PENG C,LI R. A low conduction loss modular multilevel con-
verter topology with DC fault blocking capability and reduced
capacitance[ J ]. IEEE Transactions on Circuits and Systems
I1; Express Briefs,2020,67(7) :1299-1303.

(29] B, B89, 00, . — Rl AL 522 T #2211 MMC

REFGIRME[T]. iR 5 EAR 4R, 2023,38(3)
105-113.
CHEN Jing,ZHAO Tao, XU You,et al. A hybrid modulation
strategy for MMC with controllable quantization error[ J]. Jour-
nal of Electric Power Science and Technology,2023,38(3) .
105-113.

[30] E4iki, o0, UE, 55, BAT B i BR e 71 10 23

e Z i PR A [T]. o R4 A ik, 2020,
44(7) :145-152.
WANG Zhenhao, ZHAO Jiajing, CHENG Long, et al. Active-
grounded modular multilevel converter with DC fault clearing
capability[ J]. Automation of Electric Power Systems,2020,44
(7) :145-152.

(31] BB, XS , 50, 4. BeH PR & 8 MMC XU B%

R S5 PR AL s [T ] v D )2 5 HOR 22 4R, 2023, 38
(5):121-128.
SHI Mingming, LIU Ruihuang, YUAN Yubo, et al. Rapid re-
covery after bipolar short-circuit fault of hybrid MMC in distri-
bution network [ J |. Journal of Electric Power Science and
Technology ,2023,38(5) :121-128.

[32] EHid, XU, 2[R, 55 SR M b fiS 5 i MMC B

TSR H R I RRT i (T ] W R R SR,

2018,46(17) :9-15.

WANG Zhenhao, LIU Jie, Ll Guoging,et al. A new method of

over current suppression based on coupled bridge arm reactors

for DC faults of modular multilevel converters [ J ]. Power

System Protection and Control,2018,46(17) :9-15.

BRET, PVECHL, 058 2%, 45 A T JAT A % W9 L BT

TR 2 B RS Al 22 v o [ AR TR AR [ T]. # 1Y

[33

[



LR 42

HiA 2024 ,48(3) :1224-1234.

YAN Yinyu,SUN Yichao, GUO Wanxin, et al. Modular multi-
level solid state transformer with DC short circuit fault blocking
capability with arm integrated submodule [ J]. Power System

Technolog, 2024 ,48(3) ;1224-1234.

(34 ] 254, X 3CH 4 30, 2. JE T2 A TREE ) MMC

B RO 2 AT ST 1] B4R, 2015,13(6) 1 1-8.
LI Xiaogian, LIU Wenhua, YANG Wenbo, et al. Research on
DC-fault ride through of MMC using half-voltage clamp sub-
module[ J]. Journal of Power Supply,2015,13(6) :1-8.

[35] YANY Y,SUNY C,GUO W X, et al. A novel modular multi-

grated switching pairs [ C ]//2022 IEEE Energy Conversion
Congress and Exposition ( ECCE). Detroit, MI, USA. TEEE,
2022.1-8.

EH A

Wi (1998) , 2 WAL, A5 7 10
R 22 P4t e A ) RO e O 3R
45 A i g F (E-mail :419005279@ qq.com) ;

VR (1987) , 55, 18 1, BI04, B9 5
T g Fit 3 TR SRR L T RGP T 5

RS (1996) I3 WA, B 505 1k A

Bl 2 P AR e s e E A DA e s

level converter based power electronic transformer with inte- HRoeEE

Modular multi-level converter solid-state transformer based on

the clamped switch pair integrated submodule
GUO Wanxin, SUN Yichao, YAN Yinyu, ZHANG Yifan
(School of Electrical and Automation Engineering, Nanjing Normal University , Nanjing 210046, China)

Abstract ; Modular multi-level converter based solid-state transformer (MMC-SST) has gained wide attention in AC-DC hybrid
distribution network due to the availability of ports with multiple voltage levels and voltage patterns. Dual active bridge ( DAB) -
type MMC-SST has problems such as low power density and high cost, and the tradition-al half bridge structure of DAB-type
MMC-SST has failure to clear fault current in case of short-circuit faults at me-dium voltage direct current (MVDC) ports,
which affects its application in distribution network. Although full bridge structure of DAB-type MMC-SST has fault blocking
capability , it also increases the number of switches. Improve the topology of the traditional DAB-type MMC-SST, then a clamped
switch pair integrated submodule ( CSPT)-type MMC-SST topology is proposed based on the principle of frequency mixing
modulation. The proposed topology not only reduces the number of switching devices but also makes the SST have the capability
of clearing MVDC short-circuit faults,, as compared to the traditional half bridge and full bridge DAB-type MMC-SST topologies.
The power density and power supply reliability of the DAB-type MMC-SST are greatly improved by the proposed topology. The
feasibility of the proposed CSPI-type MMC-SST topology and frequency decoupling method is verified through theoretical
analysis and simulation.

Keywords : modular multi-level converter ( MMC) ; solid state transformer ( SST) ; clamped switch pair integrated submodule

(CSPI) ;DC short circuit fault clearance ;hybrid frequency modulation ; frequency decoupling
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