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Abstract

The voltage-source-converter-based high-voltage direct-current (VSC-HVDC) system
has already achieved independent active- and reactive-power control. The advent of modular
multilevel converter (MMC) enables a VSC station with high voltage and capacity levels and
excellent output voltage quantity, while reducing switching frequency and losses and
operating consistency of switch devices. Therefore, VSC-HVDC is commercially used to deal
with the tough situations, such as large scale power transmission and integration of renewable
power sources. So far in China, it has Nanao and Zhoushan multi-terminal VSC-HVDC
systems for integrating offshore wind farms. Hence, HVDC grid, which contains converter
stations, renewable power sources and energy storage devices, is not a concept but a reality
for the future’s transmission system. Coordinate-control achieves power balance between the
VSC-HVDC grid and its host AC systems and maintaines a stable DC voltage for the DC
system.

This paper proposes an enhanced DC voltage droop-control for the VSC-HVDC grid as a
coordinate-control strategy. The proposed droop-control divides the VSC stations into 4
groups, and then voltage margins and dead-bands are assigned for each converter station
group to determine their priorities in enabling the droop-control. Thus, the pre-specified
voltage margins and dead-bands are not affected by the number of converter stations in the
HVDC grid. Therefore, the feasibility of the proposed droop-control is better than that of the
exsiting droop-control.

This paper also provides an optimal solution for voltage margins and dead-bands,
considering over-correction and adjustment-time of an electric variable in transient states and
new steady-state DC volage. An improved power-voltage characteristic is presented to obtain
droop rates more convenient based on the practical situations.

Discussion on cooperations between the proposed droop-control and additional DC
voltage control, and between the proposed droop-control and smooth start strategy are made
in this paper to show the compatibility of the proposed droop-control. The aforementioned
cooperation ways are good indicators for other control strategies which need to cooperate with
the droop-control.

The EMTDC-based, MMC control system models are established in this paper for large
scale simulations of the HVDC grids. Equivalent functions are established and the oringial
control components are unnecessary. Multi-demention signal interfaces are designed for the
difined control models so that the convertion of signal dementions is eliminated. Therefore,



Abstract

the simulation platform using the defined control models reduces the labor and complexity of
modeling the control system of an MMC.

The effectiveness and feasibility of the proposed control strategies in this paper is tested
by a large scale of AC-DC hybrid system. The achievements of this paper can be good
indicators for the practical applications.

Keywords: VSC-HVDC grid, modular multilevel converter, droop-control, additional DC
voltage control, start strategy, EMTDC-based control system modeling
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Fig.2-1 DC voltage droop-controller with dead-bands

—— H I hE | A — ELULH R A
I:)min_z Pmin_l
N
B NG
ks
Udc_vm_l EE‘ L‘E
Udc_vm_z A %@’E
N
INV \‘\ REC
0 P P
|\ Pmax_z
Pma><_1

K 2-2 JR a6 TR - L A b 2
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Fig.2-3 oltage margins of each VVSC group
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Fig.2-6 HVDC-AC hybrid system
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Table 2-1 Steady operating point of each VSC and SCR of each commutation AC bus

MMC %5 1 2 3 4 5
HIINE (MW) -943.7 -684.6 912.2 990.8 -233.8
TThh% (Mvar) -79.4 -36 63.47 -18 -84
HHEE (KV) 633 640 645 644.4 642.5
PR BE2R SCR 1.7 7.6 20.3 1.5 -
252 BEWE., EXMTERE

FEE 2-1 F MMC AR ) SCR A% MMC (¥ )5 2, 7% 5 DR
VA HITTR . MMCs Al MMC, 2 B 4H R ES 1 A% 2 4H; MMC, fl MMC, 455 3 4
MMCs N 4 2H. Bl B EAS X A3 2-2 Fis, AEXTIME IR 2-3 Frios. i
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T MMCs AN RELAEE L, 77 2 AT, PR 2-2 W Uy WWEEUE. *& 2-2 fiIfk 2-3 F 3
B ebn ZA6,  HR AT AR A SR LASR 2-1 A IEAT Ui s R A 3G v

R 2-2 ek 73 AL R AR B X 1]

Table 2-2 Voltage margin of each converter group

#1908 520U 530U 544U
ULl UL2 UL3 UL4 ULS UL6 UL7 UL8
1.05 0.97 1.06 0.94 1.1 0.9 - 0.7

# 2-3 Hulfinh B R AEIX
Table 2-3 Voltage margin of each converter group
MMC %i'5 Uw1 Uwz Uws Uwa Us; Usz Uss Us4
1 - - 1.065 0.935 - - 1.035 0.96
2 1.05 0.98 - - 1.03 0.99 - -
4 - - 1.055 0.93 - - 1.03 0.98

2 2-2 VLR TR R R R R s IS SO VE 2R G B R AR A R A A 1 &
10%JE N s . MERHEE/NT 0.7pu B, MMCs B blkR, M LAIkER 77 1 77 20
FE PRI BEREIE. 5% 2-3 4, Uy FBUER#EZR Uy IME (=1,2,34). AT %
W GEARSE FET BT CRBE) B F i 58 R b isrs T i, 7628 3 4
MMC; 1] Uws Il Uws (B ZL L MMC, RS R — 1K 38 2-4 45 HY T - 3t s 1 T %6 R B R £
(2-1) THEARE T ERE K E.

* 2-4 % MMC )3 BRAEAN N T2 /13
Table 2-4 Power limits and droop ratio of each MMC

MMC %i 5 1 2 3 4
Pmax (MW) -400 753 1100 1100
Pmin (MW) -1083 -753 -1100 0

k 0.17 -0.03 - -0.1

2.5.3 BhESMRITM

IS 2-6 FToRAZ iR & KRG AR TR, w7 AR UEAT S R AL T
P SRS S RS E & RSB R 2-1 41 TR KRB VIR ST 4
PR 8 A b . Hdiionti i N-1 B b5 B0 Hh 2 B 1) N-1 g
o MR 1: HRPshfg N-1 #fs

WBE R E N 1 t=7s BHIBR MMCs,  EARIAELIRN: 1) MMCs AT b % 2%
JeWiTFs 2) 7K 10ms J§ MMCs B HLIR N 0, TR LR W R 2 i T o B 2-7 JoR
TR HR ARG ES T
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1E K] 2-8 )Ty id FEH, MMC, fil MMC, B30 % H 1 T T3 BAFE B MMCs # 1 B
. (HIEHT RS ST, MMC, fil MMC, PSS T4, Uge 58 MMC3 3241

K 2-8 b) /R T b K AR JF MMC 538 BERAZ TR AR LA . T MMC, Fl
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MMC, £ 8 A A v W e L i 28] AT D SR ELASSE Uge, BRI MMC, ATMMC,
(K1 Zh 3 L MMCy Al MMCs [ D5 sl B 5 5 . RGUAE t=20s Ja i 2oprkadsia
17 R

g g2 U,,=0.99 pu
U— \: 1 (_JN i 0.98 " - Lok
§ =T § =l ukiabatit

i 096 = o \w>=0-98 pu

b L 5 5 7 8 B} 10

1.04
1.02

MMC3
LI HL B (pu)

[=]
w
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MMC,
L HL T (pu)
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]

MMCS
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w
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a) MMC ) i fLE
a) DC voltage of MMCs

b) MMC {14 ThFI L ThTh %

b) Active and reactive power of MMCs
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K 2-8 VIkx B 2B 5 RGBSR R
Fig.2-8 Transient states of the system after a DC cable trips out
Kl 2-8 )zt 1 iR R AR JE A LD AR AN AR AR . T EL AU kR e V)
FREPE SR T B ARG NI A R AT, SR ARSI RE 2R R b . R, &
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O 2 B JE TSRk B ) A T LU A R T

2-8 o) I A LI R AN S B S = IR A W B 2-7 o) A I .
2.6 INEE

ARESEH T —FoEr AN ARG A, w] TSR B Y (0 B R 4 o SR o 1R
W PR R ELIAL 3R SR AS I R Gk I S e D) 2R ()P4l o T SO P-Uge 4 P it 28 T £R
VRS It sty L 4% S 0 1) sh A4, IF BB R SIE AT A B R S B SR Ahis AT M B
TRHLE . FTHE H BHT B R g ) S (1R A

D BERRGHNN VSC 758 4 4, it NEH VSC Wi ioa 1 H R AR FEFIFEIX
Kt E U S5 REHINR S S Fik, CHNBEMEREX A AHEZERASEN
VSC MR . R AT, A 5ITH VSC AT F ) vl 8k s LA
B B RS I RS R AT DI R R e B R . EHRSIBIT AL, RIS N
(1) VSC PR8I T Fed il 36 H Th R AE R 2 I KU VIS AT MR AH. Rk, Frdeid
(PR AL T SRS RESR (L T A T RIGFMIBIERE, NORIE e T S & ok .

2) P T S P-Uge frPE 2R, (155 RS IS AT s 0 B H R A BB E W AR 1B AT
BRI, FE, SOl r) P-Ug Rt ih 208 5 5% 58 7 it il 7 se b TAE TR 5215
AT RAEIIBR T, AL BERFTH RIS AT IR o XS A3 A SCHE HH (19 42 1) SR s 5 2L &% 5
BT AT M
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b ) K 22 AR T

£ 3E B TEEFBEELXEEFEGE

31 5|87

55 2 Brp R T —RhoE Y B R S AR SR, SRR ELR F M N VSC
H, FFEER &R H BT B AR FEABEIX . KL, O I H R EABEIX A 52 VSC
NEAAEIRER . SCHR[42]4E N T F i A VE X TR NV & s B DI Bt A AR
INTIMHEARDA T TR A o SR1T, BUAHETT b AR T 3 2 1A S0 P D) # i ( 3)
ASFFERAT L, RV A RSB S AR PE RSN o A SCHIEFE A I L IR B X (e 5 B4R
Wi AR R BER A GRS R AR A S AT R B

I ] AU P BRAERSEILR, DRI IS AE X (e 2 —
JEARLRIEAL R 8. B, 1B 2-1 A2 85 00 P13ATT 2 4% 38 B R AE R /| /P8R
AR, IS REARMEG L MEAL, DRI T 2R AL I 0 A iR @ e, AT ik
(T, 2R B 4t — Pl A0 Ak bR B B R BE X AR TV o 5 208 4 T L BB IX 1 126 358 % 2
SRR, Z )5 @A B br e I8 07 550 75 1% 540 H bR e B s e g

3.2 BB[ET XA E &4 FERI RN

321 FiAE

FELRET, RSB AENSHE EE 22T EEHEEEETTRE Uy
(j=1,2,3,4) M5, KRR Uy E TSI BGE R &R ER, TE
FEHBEAN, SLEIR ARG AR R AT Rt . R s & 2R K D%
ERHAL, ZEEETE RGBT ENT I E BB

B — M HAE x RGBS BIT R EREN Xty Xe A& X RSP H 125K

KiEfE, WA x B E xo Wz (3-1) Fras. JRAE R, X #/NMIEW] x #yId i Elsb
Xref XF

= 3-1

XO Xref ( )

3.2.2 JAZERT|g)

€ RGN SR EF IS HAAL, RGE SRR 8] £ 22 H MMC K %]
# [B] AEAE IR . %% MMC T S 2 1] FROAH ELAF I (Db, R Ge 8 Aid e
O RE I B AT s ez, JHEERS IGERIC . 1T Uwy (j=1,2,3,4) B HCE: ZEH] TR H
AR, DR IR R N ) AR T A2 A R P PR T TRE Uy (j=1,2,3,4) 1)
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FOMR, IXSERA Uy (j=1,2,3,4) WRE T R 4% 1 A A

Uw; M1 Ugj (j=1,2,3,4) BEEBCR, TIEEHIBIEHAS, XaSFBOZ MEEHGS
LA IO B I 42 A 2 A EL A A TR) R, 3850 2R 0 25 T RE I ) Uy A1 Ugy(j=1,2,3,4)
PRGN, oG iz B B S SRR T S BRI, RIS R gy
AV TA] o R Uy A1 Ugj (j=1,2,3,4) 1) 75 2253 1) R 3 SR s /D 22 40 8 25 T BRI /)

s AR AL tn 2], KGR x GRS to 2], H
Py x AR BN T RS £5%. R, 285 x BB AN A] tha= to- the (RIX
RGAE Ny MERE, MRFGHRWER N ts W0 (3-2), HH tn 5 | MEE X
7 A4S U R )

Ny
t, = n?flx(tfa_i) (3-2)

3.23 e EBITEERBEE

KA 7’ 2-5 BRI P-Uge FetE it 2k, £ TFEESIPERT, RgHia
S EMHEERTAT Uw A Uy (j=1,2,3,4) 28, #ilan, 7K 2-5 hEsifadsizir S
FAGA 0, MBI HIREAL T Hy (Usp 32 Usp) Fil Hs (U B Uwa) Z 1] BT U (j=1,2,3,4)
[0 P B 22 2 FEOR /D R G R IR VR, BRIk Uy (j=1,2,3,4) I PR B BT R A5 47
S B R RAE

T RGAIERS BT SN R G A BT A1, RIS s R LR, RS
AT RN R EZIEYIIEIASIBAT R FrbL, Hriadiaty sin B fUE o] DUt ik
PEENEN Uy (j=1,2,3,4) KR TTREH BT A AT ARG AT AU B K

{F 2T A M T BV PR RS Ugo orr BT JE BTREAS A LR LR 9 U news T
A 5 B 22 Uge i FHER (3-3) 78

Udc_dif = ‘U -uU

dc_or dc_new (3'3)

3.3 MU BEREREE

RGNy A AR E Nue MRS, a8 #E kA )E, ATeLigal (3-1)
230 (3-3) Al EARE I NERENE IR X0, RAH SRR E ts MZE p MMk
TR R AT e B A 22 E Ude_dit po RN Xo_i» tis AT Ude_aif p 35142 B Uw; F1 Ug(j=1,2,3,4)
PIRRE, ATEESTARAL HAREREL Fopg (Uws Us), WK (3-4).

NV NMMC
l:obj (UW1 US) :lexo_i (UW’ US) +W2tfs(UW1 US) +W3 Z Udc_dif_p(UW’ US) (3'4)
i=1 p=1

R (3-4) h, Wi~Ws 2 AIFRR =MUE . Uw Bl Us 3 BIFRR AT A&, 24 H i
Tk JE T3 2 41 4HRT, Uw Al Us 130 (3-5) SRHEL: 4 HARHIR & T2 3 70 4RT, Uw
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A Us iz (3-6) SKEL.

UW :[UW1’UW2] (3_5)
U :[Uspusz]
UW :[UW3’UW4] (3-6)
U :[U33’U54]

BER (3-4) FREREM Wi-W; J5, AR (trial-and-error) 23R8 4
Fosi (Un Us) HLEL/IMEIRTE) U 1 Us, B0 FLBRBESAA0 0Lt B 1B .

3.4 {FELNE

341 MARZSMULER

PIRRGERME 251 FWHE 2-6 iR EHRIEES RG. MK SRR
%5 2.5.3 T IR ST MMCyo AfIH, XU (3-4) ARLEAE Wi~Ws I 2 U0 R
W;=10000, W,=100, W5=10. WA GFEFRIHIELER: 1) Zit: KENDIRMFEHE; 2)
Eift: MMC Zh3. B H R

FIH (3-4) %FE 2-6 1 MMCy. MMC, Fl MMC, 1 ZE 4% ] B BB IX AT AL,
SRS 2.5.2 19K 2-3. L TFHLL MMC, 1T 425105 U T THEE U, AT MMCy 1
S EERE S B R I Use 901, BRI RAEE SR P RZIEEE, BIXT A
ARSI E R AR RS IEAT AU B R R .

3.4.2 BTSSR ITEM

® Uy, Xf R 48 HL AR &I 1A 5 11 52

Uwz & MMC, T~ EEFEHIB0E LR T THE(E - 24 Un IR, REEHBILE X EEE
AR R R X A B 3-1 A 3-2 . Hor, B 3-1 45 T B ARG RN
WERN, KICN: WA AR, L%, BERBEMERBR. B 3-24%4
TR ARG AR R, KON BRBHRA DI DD

K] 3-1 a) "] LU 2 Uw2=0.98pu I, MMC, HINUj#E (Pumcy) M S xo ARIE 2
5 /ME, (HH Al MMC A D DD 2 () W B 358 B/ ME - BR Pumce B Xo £ Uw2=0.98pu
WA B i /ME, HaE HE o in e ME . B, & 3-1 a) B9 24 Uw,.=0.98pu K,
MMC;. MMC4 1 MMCs 5 U1 2h 22 11 T s 35 UGS i /IME, MMC, B I Y&t &+
i e/ ME B AT 52 .

K] 3-1 b)25 i % MMC ED DT E S Une IR 5. 5 & 3-1 a) 25184, 24 Uw,=0.98pu
i MMC, L2 ZIZE (Qumcz) WL xo RIABIEEGE i/ ME, HAl MMC JGZI DI 3K
I S ITE Une=0.98pu i A5 d5e /M
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i{:
0.9 092 094 09 098 & o 092 094 095 098 09 092 084 09 098 s 092 094 09 098
Uy (P Uy () Uypp(PW) Uypp(PW)
2 204 o s o2
= £ & P &
‘:,S L . ‘_,S ‘7,3 4,5\“ﬁ : ‘78 1
= Mg = = ' ! =
= ! ! j = : ; ; = | : j = |
A~ UU.Q 0.92 0.94 0.96 0.98 A~ %.9 0.92 0.94 0.96 0.98 “ 4U 9 092 094 0.96 098 “ DU 9 0.92 0.94 0.96 0.98
Uy, (ow) U,,,,(bu) Uy, (o) Uy, (o)
a) MMC A D) ZhZ i &2 1k b) MMC JTh ) # i i 5221k
a) Active power over-corrections of MMCs b) Reactive power over-corrections of MMCs
o 028 T T 14
£ £ £y | ' ‘ ey
= ! £ 02 Z 13
Dﬁ 0.1 . L . = 01 . L i i : : | § | H H
09 092 094 096 098 09 082 034 0% 098 09 0% 084 0% 09 09 0% 0%  09% 09
Uy W) Uyow) Uy, (P0) Uy, (o)
02 o2 o ‘ 7 2
& P 5 N :, P 2, s
U'E.B 092 0.94 0.96 0.98 mu,a 092 0.94 096 098 0.9 0.92 0.94 0.96 0.98 09 0.92 0.94 0.96 0.98
Uy PW) UsnP9) Uy @) Uy &)
¢) MMC E.ii Hi i i 235 4k d) MMC B L TR &AL
c¢) DC voltage over-corrections of MMCs d) DC current over-corrections of MMCs

3-1 Uy X MMC & H B3 i B RS
Fig.3-1 The effects of Uy, on over-correction of each MMC electrical variables

3-1c)MA 3-1 d)fern it 1 % MMC Bt HL T AR AR T AT U 955 5. 7T LA
A A MMC [ E it B AT E Uw,=0.98pu I 15 21 i /Nid i & .

Kl 3-2 a)4aith 1 Uwo X K BALA YDl MR i mg . 7K AL G3 AT ThIh &
Pos LAAh,  Hopth A BLIIAT DI Zh 54 Uwp=0.98pu MBS S/ N i . Pes ML I E X,
£ Uw2=0.98pu It (ME 5 H e ME RO IEIE, "TLAEZ .

3-2 b) T4 T U X R N ThDh R & 5. 5K 3-2 a) 7 ThTh#1E
AR, B 3-2 b) A G1 Al G3 (T TN FHAE Uw,=0.98pu I B A /N b &, oAl
REH LD ARE B I ME, AR HER R KME, 11 Qos~Qos HIIT I .
{B7&, £ Uw2=0.98pu I & G3 #MHIA ALK CThTh & i & 5 Ko IMEAHZE AN K, T 4%

5o

B 3-2 )25t T U X R LI I i & 52 . rTLAE H, B GL AT G3 4k, Atk
KM R AE Uwz=0.98pu I 2573 3 H i i & i) i /ME, G AT G3 i i & th il Foadt i
= E/ME, FTE.

3-1 I 16 MR E, H 14 MBS AE Uw,=0.98pu i 1A 21 H i 18 & 5 /IME
K4 2 AMFEEHERTE/ME. B 32 Fif 30 MEAZE, Hi 19 ME
Uw2=0.98pu I i B Hd i B B/ ME, FIRAS SR RS & i ME . BT IR
i Uwz=0.98pu I 22 ELVL R AE A AR AR B2 & s R R E M m . Bk
#2-5 1 Uy (j=1,2,34) MEERFEA (3-4) ML ER.
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® Us, X 22 4t H/ A2 TR BRI TRI MU HT AR A IS AT R B LR RS2 i
Uss 5 MMCy T 242 8] P X 35T TR 4B - 35 3-1 B 17 24 Usa M 0.94pu 224K 2 0.98pu
I5f, MMCy i3I [B] AT AR 28 AT 5 B F R 324

& 3-1 MMC (R B I () AT RS AR IS AT sl B L
Table 3-1 Adjustment time and new steady state DC voltage of MMC,

Uss (pu) 0.94 0.95 0.96 0.97 0.98
JHEEITR]) (s) 36.78 35.45 32.98 33.73 49.08
RSB AEREE (pw 0.9716 0.9716 0.9716 0.9716 0.9785

7 3-1 ] BLA H Y Uss=0.98pu B, SFifsaSia4T s B L &8 0.9785pu, KT~ i
Usa BUHE » IXTEBHIZ AT N MMCy 1) N B 55 BT LI MMC, [ 2245 1] P4
HLE 4 0.99pu (LI 2-7), LA MMC, (1) S Hil 2 BuE 1. Fitk, MMCy il MMC;
1N B HIG A A EAER, SRRSO RN 3-1 K& 1 R B2 8] 49.08s. 1H
[FJ I, 8 B ET R4S s B LR 0.9785pu 23R 3-1 Wi il R ahfa S 12 AT M B LR
1pu .

4 Us,=0.94pu I, T 45 il (1 P T TR A 5 B0 T TR (E (Uws=0.935pu) AHIE KT .
PRt MMCy (1) B R AE B 25 T AR 2 52 (1330 N B8 H s Bl P B X 3, (R S B R SR
VAR () A o F AT L, S R PR H T TR AR 2 [R) 75 S — AN B IR PR B 4 Be i A R
SRS B) o PSRN P B R 1R AR TR R, )2 S A T S 7R R A
HT 2SI ABE, AEK R ST IR ) OSBRI BE EOR, Mes
FEZA MMC 1 T EEHISSAHEAER, FFEEK BN A, K, 24 Us=0.96pu I 58
B G0 2% A ) VR B IS TR AN — AN BN SR A B F A R AR S BLR AR, ©F
AR (3-4) ML HFER.

3.5 Ih\&g

KRB HRE T AL EHRUR G RSN RAE R T 2 6 B X e 37 % . %07
P20 BT 2 e A % R R e O A O ) DA SR AR AR IS AT RO LU R AE 9 AR
WHE bR, IO AR A5 BT 5045 310 F s e S0P R/ ME N 1) 2R Gt LT SEIX
I ALME . 223X MMCo [ Uwz AT MMCy 1 Us, FO 20 T ATESIE, GIE B R A AR S 42 HE A
WITEPTE R T ESEHBEX AT L 1) HoR IR RS AR R 2) AT Rek
DRG] 3) IO IR AR B B A BB RS A B R AR

R B S TR AR R DA Rl > B A R i R R A, PR I T TR
A LA R 2 4 R B I TR A B e AN 18 AT OB B B IS BE 0l SR 4Ris AT RO B . ]
Clog s A (3-4) FRRLEAR B A A i ELE B A R CR

I A SO A PR AT PR DA PR A 2 T R S S I EE . BE KD,

23



b ) K 22 AR T
MMC £ & 35 2 B2 2 CHasE A BT 4], S RGN K FERK,
# MMC N6 2 B A AR N AR, BRG] E K.
MRYE A T 5 DAL B BT, ARRIE AT LI 7 1R H AR B a2 R A A [
MRS, @ RERBL P AL AR e tL ek 2, IS B S S AL & 2R
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54T NP5 N ELUR A H S 1 SRR R A

£ 4E TEEHSHNEREELEHRBNES

41 3|5

2 A 3 HMONA T H A E AR T R ] S i R BN ik, IR
KEGH MG T % HEE B R ROCR o 2R RN 48 B B R T SRS 5 ()i e i
JE 47 1) 32 1ty L Ao o) S (0 AH ELIE & 77 2R o BTN 22 H ST 40 37T 2 IR BB R 42 o S s
JE Tt Z I H RS, ATEf AR MMC R S LLs T 5@ R s B X TR S .

o 3% FH 1F 5% ik %2 i 1 (sinusoidal pulse widen modulation, SPWM)¥- Pl % (1) MMC
ki, SAMFE NG AIT I TR BOE B SPWM Rk E . 0 T A FE SPWM 5
m, BRI VRO 2 55 O RIS I R 2 2) F—r %1
WK T I E, WHZAR BB LA T DRIk, 2 18 il 98 (0 e i e v BE
FAYIZ, U MMC i H (R T st Pk o 2 VA s (R0 (1 AS e B IA 1 4
RO, NRRA TR . PR S R i s AT R AR 2, il
AR I, XA A5 v A% PR e AN BEAE i MR B AUB AT, R T BRI IB AT AT
PEo I6AL, HHmasfE S EORT 1 BEOL T RF8HE T, 2 S BURZE PR 3 a R
P

R A IE RS L ORIE MMC i R B I PR 2, B e A 1S R AR
MMC % th 2 P 0RO B S DR BT EG Mimin, 2S5 T BRI B I F A 28 1) S e SR A O
Wi s A d1 H R R AL T A& WHI ELIXTE], B [mmin, 1], &5 Id 3T PSCAD/EMTDC
FRIE 7 15 B0 AIE TR HE S B A

AR TR AT T BT HR BN B R s ) SR S G g A VA R R R A I OR
WEAHTC A, AT BB 42 o) 2 040 T a2 12 1) 2 22 ) B AS B A HLAE A

4.2 AHIEL B EVE X 8]

4.2.1 FNEFIEE T E

WP 4-1 Fiow, 3% MMC SR & Now N TR (A A T4 THIER), SPWM
() 5 3 2 K5 VR k00 IR B B 5 Y N New J2 o B2 & IE 9% Bk 58 9 1 (Phase
Disposition-SPWM, PD-SPWM)POF] i N 2% 25 AR 7 L2 171 45 1) B J2 B 1A 800 4 1 41 Al
E N Nsw 2, WK 4-1 a)Fn. #a A% 1E 5% ik 5 1A i (Carrier Phase Shifted-SPWM,
CPS-SPWM)MOU | I 453 b T ] 88 (7K 1 2 L 52 T T2 P 2 o0 0 (8 A 252 7
A New J2, W0 4-1 b)FroR . i B FEI R B AR A E 1 SPWM J7i:, (ELHA 2 J5 B
%, REHR.
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2R R (R AL T2 0 IR A A RN B 38BN TR, 0 AR A S
THRERAN . IR TAR] SPWM J7i%, 615 B0 BB R 8 W] LA RO 18 i
BH BB ERIHEOERE, Kl 4-1 ). HIEHIIEE Tokk 2Ly B, AR
FIT R SPWM i S, A2 s BT A6 AR 2 2 R LA Lo B 4-1 )R A < il i
27 TikAg B 17 —RERA R AR R, e F RN T

1

1000 1005 1010 1015 1020

t/s

a) PD-SPWM 751241 % ¥ [X [i]
a) Sub-sections divided by PD-SPWM

1

1000 1005 1010 1015
t/s

b) CPS-SPWM J5 1% [X [1]
b) Sub-sections divided by CPS-SPWM

1

1000 1005 1010 1015  1.020

t/s
c) IS T IXIH H AL
¢) Sub-sections and modulation waves
B 4-1 3255300 SPWM /R & B (Nsw=6)
Fig.4-1 The equivalent sub-sections of SPWM (Ngy=6)

DB AT AR P AR BB R 5 K Y, IR R R RN RAE LR (4-1).

Mmod—min = Mcar - Mcar ;\l(_Mcaf) (4-1)

SM

3 (4-1) W, Minodmin J9 VBB AE B ANRAB s Mear A BB MRAE PR B K IEEAE
HH:J: I\/Imod—min E"]ﬁ?ﬂ?, I%%%%E@@ﬁfﬁﬁﬁﬁﬂ%d\lﬁﬁ?”tt mmin’ y_[l_,:ft(4-2)o ﬁ

U\ﬁﬂj, \_i/l NSM K%ijtﬁj‘, Mmin %J&ﬂ: 1.
M Ny, —2 @2)

mod-min  __

min = M NSM

car

m
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4T N IEEEHS I B R R A
4.2.2 MMC 278 1B81TO

B¢ Uac 1 Unnc 7051 A5 A S8 I 28 L IS AT UE AT MMIC it PR SRS I 28 L s
HRUE . 6 79 Umme i 5 Uac KIATE . MMC MAZ i R G 15 2IHIA ThTh 2 P AT D) %
Q Mt S ik s — M vsC MR, tn= (4-3) iR,

p = e gin 5
L
UAC (UAC _UMMC COS5)

XL

A (4-3) F XL AN Uac 1 Uyme 2 B EERCPEPT. g BonBERHEERHAZE, H Uwe 5H
LR Ug 55 2R L (4-4). %FT SPWM 7532, g —f&HX 0.8661™1,

My (4-4)

MMC — E de

(4-3)

Q=

U

20 (4-4)1 AN (4-3) I B Upme B

U2 gmu, U
+(Q AC) ( AC
X, J2X,

W 4-2 fiioR, 24 m=1 1, MMC (IS8T STEIR B P, Bieiids b T
I FBATIRGE . 2 m>L I, 384T RUBE Dh R R KL F L, Bt as s db T A e sE iz 4TIk
Ao Hm<LIN, BT R TIIREN, MMC LR HIEER M aEisiT.

dr:)z (4_5)

Qa
llﬁﬁ,ﬁ
________ S
>P
y :
A
ARaE

K 4-2 s i DR 15
Fig.4-2 The equivalent power cycle of a converter
A 2 MO R MMC 1217 RUSGRAER 4-2 s iR N 1) SR D15 1)
RLEMEAR KA, K DR AU EETIREN: 2) RERRASIET SR
WH, DRIEPTA BT R T IR N & MRIELLE 2 #o5ik, $RH 7P InE R A
JAz i 5, H AR PRUEH LA AL & 2 M AT AL E TR, SR REHAS E His (T
TIHREN .
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FIr A2t 0 B D0 B F s s ) SR HL 45 LR A3

1 #ER m>Mpin, AIE MMC i H S8 B R BOE TE P 2k o 7843 MR P 4 2%
) A A 7 5 B K B S H T U8 TR B IR SR 2R T 3 ) i A U 1 1 U i AR 2R (Total
Harmonic Distortion, THD)#4 k.
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Fig.5-9 Comparison of rushing currents between with and without the M-3 controller
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Table 6-1 Output error of each equivalent control function

Tw pragy  PLLAEH PLLXE o DFT LY DFT XLt DFT %Lt
CHFREEND  CIERRREB (R HTHD RIS T GEiifE 5T

®ZE 192X
w% oo 417X10° 284107 0.00 6.18 X 10° 5.27 X 10°
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D MR FRS

BT % H PSCAD i A yo i v 3z hil s @A FE -+ B4 BB, Bl L
SR 2 HSF R AR I A o BRI, AT IR R BEXT LU B P S R Ak £ S
o A8 ) 28 B S H R . AR U B 45 FoRi 11 H P X
MMC-HVDC #%4. Kl 4-5H, MMCy RHE I-TLIh DR sEd], P1=10MW, Q;=3Mvar;
MMC, 3% B LR -TE S B R 58], Uge=20kV, Q,=5Mvar . HAth— X S5 44 4.5.1
T, X EREER . 5T PSCAD JFA £ 6] JC A 35 i 23 ANA SCHTHE H 0 2
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Table 6-2 Control parameters of MMC;

2 e 28 g 24 e
Ko 5 Kpa 5 Ko7 0.01
T 0.01s Ta 0.01s T 0.05s
Kpa 5 Kps 10 Kps -0.01
T, 0.01s Ts 0.01s Te 0.05s
Kpa 5 Kps 10 Kpa 0.8
T, 0.01s Ts 0.01s

% 6-3 MMC, iz #| S 31
Table 6-3 Control parameters of MMC,

ZH g ZH HH ZH Bl
Ko 5 Kpa 5 Ko7 0.01
T 0.1s Ta 0.002s T, 0.001s
Kpa 5 Kps 8 Kpa -0.02
T, 0.01s Ts 0.02s Te 0.012s
Kpa 5 Kps 5 Kpa 0.8
T 0.002s Te 0.14s
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Table 6-3 Errors in the tests
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