% 0 6 # & B

Electric Power Automation Equipment

EISEBE1H
2015 % 1 A

KRBT B 2 i P2k B A At i sl
G VLR R A a7 RS
oW RAE A kA K A kA ES

(1. Fo s BN ARANS T %8 461000;2. Bk s b FHRAMRAS KEH H% 710000;
3. e EMARNG Th 8 461000)

Vol.35 No.1
Jan. 2015

HE., BT HARES B RGHALZ T 7k, A TSRS & FHAZ(MMC) W T4FRE Jx6 £ Ffe
P R R B e B R AR R R 3 AR ABEIE AR R A A R M R A B R Rk B R AR A 4
WA E RS T BRI R R T TR PRI AL XBRET B 5 EHE KRG

h ) B 396 LA 3 A5 A7 A0 R R A ) JB B4R O e v W 2 ) R A0 R AR R HA SF 4k T TAE B R S
X, AAML, FHAAKE, SV 8, BRI ETRAS, RAR, £H, KK, &t

FESES. TM721.1

0 35l

TR 2 B3 4% MMC (Modular Multi-
level Converter) i 2 M B Ui i FL B2 AR | DAA e fb 72
JEim JFRBAEAL b T M & S 90 5%
MURR R H 25 8k T AU BN 5 BT AS W
PPl A R 4 B H g R A R
(R, Ry ik — 2 AR R e A A D AR & AN, DAk 32
PE B RS B I SRR TR ) m R RAE
RN WS N R TR N R ER I

MMC {5 FE 2 PE i L R A 3 7t 2 IR T30
FRAF0 HL R A2 B8 7 | 75 28 T 22 1 1A e HR AL B
E TN (IS R M R 87 S Ik L VAR o8 RS
Tt W 97 ] £ (LA 1T R IR 48 4 5 ) AN A AN TH i B K
RS AP R ) 2 A A0 U 4 i e H P B
o B A A I | 9 LR AR SR g = T e 4
] 5 153 A DR 5 R RS R 8 [R] 25 ik e il
ik 43 BE LA B A e v i ) ) i 4 o S5 A% 0 DI B
X TG B SR S T e A5 A RO B B AR
XoF 45 i 1 1 R P SR R T IR PR AR, AT DL
2y 480 Y 1) IS A Y 4 T 8 0 A9 DB R 3R 48t U 1
P 30 (LA 5 B 1 A B 0 ) | dAer e A e i 4
S0, WG A DR TE A5 dat i) fr 42 MR g | SOAS B I8 3 1
FEVAG AR I 5 2 B | Ry KHASE 2219 AR
b 22 WL P M B R R R Y DG BRI Y A

WA STk b 5 S MMC 22 PR I 46 i 1 4 11
SIS SCRR He b SCERLS 1404 7 MMC P40

XERFRIAAD. A

i}

W H#:2014-03-01; 8 B A #:2014-12-15

E£TH ., BESHEAF AR (863 #3787 B (2012AA-
050206)

Project supported by the National High Technology Research
and Development Program of China (863 Program)(2012AA-
050206)

DOI: 10.16081/j.issn.1006-6047.2015.01.006

BRI | 25 Hh 300 i 1 2 I 542 ol J 30 5 e P 8K
FIEF I Z MRS LT 2 /I 5 8] 301 2 1] 1 4% il
S5 B0 O 2R, HLACPR P H500 B D) £ [
W SCHR 6 - 11 2290 K4 i 18 7 B He g5 £ Ak ik
T B PR T AILEL A3 AT M i DL ROM R AR R 4
FEL R A P 4 4 | B OC R B IR A I A0 R 1Y
AT AE XA B0 R 46 37 42 il S B R B 9

ARSCHEET MMC #8837 1 42 ) st 308 ol o =X, 4
A5 46 i I s ) O M R o WD A DG 1 3 AN S B A
B (F 3t 1 RSP8I R D st PR A R 9 1 i
2 FL L ks BRI ) 25 P A 148 1R 4 o) 30 1)
5 R I 5 MMC 21 L7 i rl 4 15 2%
PR A T 25 T BRIE SR

1 MMC IT{EIRIE

MMC F RN NE 1 R, B o A
FRIH SM (Sub-Module ) S5 # 8 BT AF L H I AL,
FAH B R 2 AR A B — S AH B g 2] KA R
TR E S AR B A, B AR T A 0 i
F A5 R AL R A2 I R A o T A g = A RS A
EEE UaUp\Uco ﬁ%*%ﬁ/ﬁ%&*%ﬂz ,EK%R?TLZ%
PELL T, b T BYVE B F RO IR I AN A AR
B2 R HRE A TR FUON EAE o,

2 MMC EHRRGEEBSEH TN

2.1 MMC =H RG34

UntE 2 iz  MMC 26 B i i F 4% ol DR 37 R 4
ISR UNYSETR AT S QL WA S ST L G E VST LS
P ORI 4 J2 i Al | JHG v AT I g o o T 4
i ) R R 2= | MR AR 450 I i ) 42 ) DR 48 4 58 U 8k
U g e L ) T AL OR AP DR 75 A GOPD O 2 T
P 22 1) 0 3 P S R A K b B TR 2 e K



®
&

HOBh AR JOMURE 2 BT AL 2 R Y S AL PR SO R R A B O ik @

2] 2]
ElE]

=

B 1 MMC EBEHEH
Fig.1 Main circuit topology of MMC
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Fig.2 Architecture of MMC control system
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Fig.4 Influence of valve control period on
level number
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Fig.5 Influence of valve control period on DC
voltage fluctuation
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Fig.6 Schematic diagram of initial surge
current generation
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Fig.7 Simulation of relationship between T
and level number
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Table 1 Relationship between level
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Ny, THD / % Ny THD /%
11 7.7 35 22
15 55 41 2.0
21 4.0 55 1.5
25 32 61 1.3
31 2.6

Z2 55 % IR A2 37 B JE THD O ZR — % THD <
1.5% P53 1 iR F5S THD IR R LR
YSRGS T 60 B 3 g 2 T AH HL TR Y



40] R R %35%
FRU% R THD B M2 1.3 %, 45 % SR L i as 19 3000
DEPAEH RN A2 4 THD 58T 1.3 9%, 1 42 st
AR, il 760 2 RE BRI AR T, K7 _ Nmew e Q
T ARG B R 61, SRR TR B RO 3 2000 2400
B, TR R X (9 ) B 4 ] B A JBUAL 9 1]
42 WERABAMERBEKEINNZE 230%10 0.1] 0.12
421 HEEHH 1910 o014 o018 022 026
f] 7 JE] SO0 J60 VA A LI LR B A R | . le/goo "
JEH T R A 1 A IR R A ) HE BT 3 Y L
FEL P LR B 1 1 T 0 B TR B8 X 7 9 Bk o B 3000 T
Ej‘j LI' i l:Jh ey s
AU, = - \800
% 2000
kU, T<Ty = 2400 b et kel
2k, U, Ty<T<2Ty
3k, U, 2Ty<T<3Ty (10) P o o6
: 000010 012 0.14 0.16 018 0.20 0.22 0.24
t/s

(n+ Dk, U, nTy<T<(n+1)Ty(n=1,2,3,---)
Horp g, RIBIERE IR EIR R b S A
ﬂiiﬂﬂﬁﬁﬁﬂ@,kuéﬁﬂi 0.5,

422 HARL5RXBRE

POREES Ealmiiiy ﬁﬁ%ﬁ%@ﬁ?imMW}
MATLAB / Simulink 1 B F- 5 #4705 B I UE | #78 1
BLHH 24 07 FRBCHCE 24 H Rl 100V, #E
FLHL R 2400 V), 43 5 OB AR SR T=500 ps F
T=1000 ws, 5 245 R WK 10 B,

M 10 7T LA H | 15 B 245 5 5 Be o M A —
0, Y 4 A T=500 ws=~2 Ty W), B9 Bk 2l 1%
LAY B KBRS LU O 80 V350 1 PRIy
PRI Y AR S O T=1000 ws =4 Ty B, B
BEZEHL TR B e K P B A8 HFh 190 V, 2000 2
ANFRA R, BT RS A R
TR T8 T B ) T AR R O SRR
TR A e A R A 3 05 A5 R 5 IR S A RS A
i 22

Sy it — 25 B AE FE A T I IE B TN MMC
R 5 AT 0 50 MR AR 24, 43 )
B B3 R T=250 ws F1 T=500 s, 545 5 4
BT s (B iy i 209000 A RH B R L),

RIS S5 W] LU S 145 E 9 250 ws B
B R R RIS S (E 240 45 V, % 18 F Bk
S RE MR N TR R — 2 Y R S R
500 ws I, B HL RIS 29 100V, 1 AFALH
FEAE, 7T U a5 485 L 55 B A0 HT R AR — 2,
423 FARATIRAE R BG4 X R

B R G ER W I BRI 8RR + o, WA .

AUmax
U, <e (11)

(b) T=1000 ps

B0 AEREEEREERIXEHE

Fig.10 Simulation of relationship between T
and DC voltage fluctuation

JURTE

el STeneeha—— | %jci)}iz‘d)z’ﬁy IOOV
rrhf"rbé’m 45 V: : : I
s w—-\h\l\aﬂfv Lo 4 + + “ H. - + +

i ’w’“‘wwwr o lmrw‘md-wwlﬂ«mﬂ ""‘*'f«aam
t:20 ms/dlv t:5 ms/div
(a) T=250 ps (b) T=500 ps

HEHLE 500 V/div; U .50 A/div

11 TEERBEERESXRIRE

Fig.11 Experiment of relationship between T'
and DC voltage fluctuation
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Optimized design of converter valve control period for large-scale multi-node
MMC-based HVDC-flexible
HAN Kun',WU Jinlong?,LIU Xinhe?,ZHANG Jian',YAO Weizheng’
(1. Xu Ji Electric Co. Ltd.,Xuchang 461000, China;2. Xi’an Xu Ji Power Electronic Technology Co. Lid.,
Xi’an 710000, China;3. Xu Ji Group Co. Ltd.,Xuchang 461000, China)

Abstract: A method of optimized control period design is proposed for the converter valve control equipment
used in large-scale multi-node HVDC-lexible based on MMC(Modular Multilevel Converter). According to the
working principle,control architecture and modulation modes of MMC,three key indicators influencing the
control performance of converter valve are proposed:the number of valve output level,the DC voltage
fluctuation and the initial surge current during valve unlocking. Their quantitative constraint on the
converter valve control period is theoretically analyzed,which is verified by simulations and experiments. The
result of optimized design is the maximum valve control period which satisfies three indicators
simultaneously. An example of its engineering application is given.

Key words: DC power transmission; HVDC-flexible; multi-node; modular multilevel converter; converter

valve; control; optimization; design
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