F40%5 F78H
2020F 7 B

Vol.40 No.7
Jul. 2020

® 2 & #H wE &

Electric Power Automation Equipment

MMC 11928 FLini ISl Tk 2 B

O RERLIREM B OB, % T O ARA!
(1. ZdeRARFTENS CRARNFL TS, wd 29 650011;2. Hitkd LATRFR,HT AN 310027)

FE  AMBAEA S 8T H R 25 (MMC) 7 & 693k 5% R AB K, 20 30 A 69 2 D 4 B AT RN R o
BEETHRA R TR SO AR, 257 MMC RS T EAER L P45 5 8 G R b &bl
W R, RGE TR ELS RN, 3 EF TARR ARMZHSHHE LT MMC A3 E T T3 %
DERITOM, FEIHAE T TR MES TR L L AW SMERIIESE, EAE @i ig L
Ik SRR WA 4E Moy AR SR AT R / AR SR A MMC X AR 69 3% o Pt 4T3 L, e, AT

TR FAF P MMC 89 X R K30 2% K B #EAT 947, o4 R R ,MMC X / AR ¥ & N 3 % m

ETALARKEZGHS, AXEIMEL RRLARA £,
KEIF MMC; 3 B A0 M E o5 T4 R 1
hE5SES TM 46

0 5§

FEHAL 2 B P4 i 25 (MMC) DT R FE AL
HL BB BT 4 AL B B R SRR BT
TR ERA A RSk, TR s
UL e BA FE i Oy X228 o 7 B R A R AE
MMC B35 AN A T 1 L ) RGE e s my s sl bt
TERLLETE BL R ] RSOk A RGERI P3N, Bl &
G ARTaE BTN . I AR SO A | i
P SRR A TR AT, LA4R 3 3 T MMC HLER 3R
G ENE

BT BHPUB AL 4 3 B 7k o A 4 i e S
T3 U B R 78 ISR 10 13T BT A
G3 BB 520 KT K AL EEA T BRI A M R e A= Y TR
(] 25415 7 0] 0 5 SCHR L 11 ] R T BHAO B A 43 B T o
T Y5 B 4G 35 45 1) LI A PR 2R 0 v B A S AR 1R
SCHRL12 JHE T BHBTA AL 23 M O 0 A8 2 5 S 1 9k
R 5 SCHR [ 13 ] 56 T BHAURC Y 7 M it b KUR 28 52
L D L 3K N R M IR RS R TR BRI Y
G3 M7 DL FATE T AT AR T H g e 1Y
PN FBZE AL S T AN 288, T e e ) 5 v R A H T v
TR R BE TR , 25T 20 B i ) L TR N R G
BYSZIR . HAT, © A — L SCHRXT MMC Y BEATC R
AT, A SCik [ 14 T3 0 U5 570 MMC 928 1
TN RGO R P R AT T 0 BB, SCRRL 15 13T
AMES S T MMC 19 38 EL 3 ) BE 470 A58 780 45
W #R B #3:2019-12-16; 1€ B H #:2020-05-12
HEMB: md e AARFTEXNIHELAB (LI REE S
W, F AT = &l B 6 e B A SRR BT AT
Project supported by the Science and Technology Project

of Yunnan Power Grid Co., Ltd.(Study on the Influence of
Power System Power Electronics on Yunnan Power Grid and

Its Response Strategies)

XHEARERG: A

DOI:10.16081/j.epae.202007005

TIAb , TR PR A A A R PR R R Tl A
IR BT T R R B TR L A
NG BP0 I8 B s R = R e 0 T U TR
JEIRA A o PRI, SCRR [ 18-19 JE Tl ile 2k vk
ATT 2% MMC AT BT A, O JE A B 45 14
AETRAMBH TR E o E b 3R SCHR R A5 5 1 MMC £ 3
BB | B0 25 o B9 40 SRt | x40 i 245 9
FRPE Bl AR S0 28 22 TB] X I 5 R A FE R A i ELXS
Pezh o B S D0 BT ZE 1 A B, S MMC A
157/ P L D IVR RV DN 241

AR S TR 3 o Y 8 U x4 8oy B A
MMC P A 30 201 0 B 0t 24 [ 14 55F 1o 5 2 A
PRI , FE AR 175 18 7R H L 2 A LA
HLAE L R 2R o BR SE TN 32 It sl ke itk i A 7 20 A
SN ARTCE 3T T MMC Y ELIRMN Sz e s Rett . M 5E
O3 48 MMC B 58 03 00 98 3 8 1 i e il Sr 1
MMC BPIRASZS AR . SRS, JE T 0003 704 A it
VI T SN 1 ) = e I <0 e
(RS A B/ k2L TR s A POV ENE 2/ S
PUBHRE R, I3 e o S X B 0 R e 1 o 1 3
FroiE . FE b REAl b, 8 i 40 S AR R 3R 4 Y
A ELA N S 11 BELATC , O T g 10 BELATC A A0 A 1 O
Hrise i AL sl R

1 MMCREZTEIEE

MMC it 7 p 25 A ) A A (SMD) HOTHA B,
HEEARG I 1 B, u, ST AR GE a ML 5
w,, R 2, 73 53] DAy 5 O o 1R 000 e R L S R R VA 5, T,
o3 R e LR a A FRL R U 5wy, 11, 200010 A
Boigias NAVE a tHE R AL 54, BT A a AT
T IR 5 11, 1T 0 23 5910 D 070 45 L R R T B L
T FL T 54, 2, 23 530 R 400 i BT R AR



%71 B 404 MMC 5 AR Bh R 40 119

‘bﬁ%‘iﬁi,g N LN PO L ' A D Y GV
3 AR A T B R gt 2 A AT R BEL R R JRR
&%*ﬁﬁ%ﬁﬁ%‘;l\/ﬁﬁf% SM 055 0.0' 4351 R
FEHT S EL A A

| g idcu
o+ dsmy] JsM,| smy]
e JSM] SM.] 5]

SM,] H{sMy] Hsmy

Uge
a
T o
- C
\icir,z\
Ugel

SMy| SM,] sMm]
SM,| ASM.| 3SM]

- :F"SMNI ;jSMNI FSMNI
Ina lgcl

1 MMCHZHHRREE
Fig.l1 Structure schematic diagram of MMC
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AC- and DC-side disturbance characteristic analysis of MMC
QIAN Wen',ZHAO Yueheng',XING Facai’,XU Zheng’,CHEN Yu',HU Kai',ZHOU Jundong'
(1. Grid Planning and Research Center,Yunnan Power Grid Co.,Ltd., Kunming 650011, China;
2. College of Electrical Engineering,Zhejiang University, Hangzhou 310027, China)

Abstract: For avoiding the oscillation instability risk caused by MMC (Modular Multi-level Converter) , the
AC- and DC-side disturbance characteristics of MMC is deeply researched. Firstly, based on the dynamic
characteristics of bridge-arm inductor and sub-module capacitor, the state-space model of MMC is estab-
lished. Specially, the influence of the DC-side mid-point voltage is considered. Moreover, based on the fre-
quency component balance principle,the frequency components of each variable in MMC under normal situa-
tion, AC- and DC-side disturbance situations are analyzed. Meanwhile,the multi-frequency disturbance matrix
is derived to describe the relationship among disturbance frequency components of each variable. On the
basis, the accuracy of multi-frequency disturbance matrix is verified by time-domain simulation,and the AC-
and DC-side port-impedances of MMC are calculated in sub- and super-synchronous frequency range. Finally,
the disturbance amplification effect of MMC is further analyzed based on impedance-frequency characteris-
tics. The results indicate that MMC will amplify the disturbance of certain frequencies in sub- and super-
synchronous frequency range,and the specific frequency is related to the system parameters.

Key words: MMC;electric converters;disturbance characteristics ;frequency components balance principle
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