1% 1 SIRAGREERR Vol 1 No. 1
2018 4F 1 A Journal of Global Energy Interconnection Jan. 2018

NEHE: 2096-5125 (2018) 01-0065-08

~7¢¢
=Mt

TR Z FE iR

Jl

3y

2, JSET, BEE

HESES:

T™ 721.1 XERPRERD: A

SRR FE B I FARIR Y ERR
ST R

, SRR, SRR, AEER, FdE
(B R AR R A AR B AFERLLE, B E

@M 350007)

Mechanism Study on Voltage Balance Effect Deterioration of Modular Multilevel

Converter at Pre-Charging State
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Abstract: The voltage balance effect was degraded in the
pre-charging process of modular multilevel converter. The
capacitor voltage was dropped and energy-absorbing source was
repeatedly reset of some sub-modules. In order to investigate
the mechanism of voltage balance effect deterioration, the
dynamic variation of equivalent resistance of energy-absorbing
source was analyzed and the designed simulation model of the
sub-module would much closely approach to the fact. What’s
more, the voltage change of the sub-module in the pre-charging
process was also studied based on the optimized model. The
simulation results show that the degradation of voltage balance
effect are mainly attributed to the redistribution of the sub-
module voltage that caused by the parameters inconsistency of
the energy-absorbing source. And the voltage polarization would
be further aggravated via the formed positive feedback between
equivalent resistance and the capacitor voltage. The research
results can provide basis for adjusting the operating parameters
of the HVDC flexible project and optimizing the design of the

converter.

Key words: modular multilevel converter; HVDC flexible;
energy-absorbing source; voltage balance; sub-module; pre-
charging

B 2. B PR T A AR A A TR LY
FERCRBUIG:, OrT P RV £ 2B A R A . BT
XA, I3 A 1 HCRE IR A AR BT Bl A5 AL 1 B
FIAT R B, (AR BT S PR AR A e
B, op b T BT HN R AR AR AR R,

HEMA: BRLAMNIAHAA (52130416001Z) .
Project Supported by Science and Technology Foundation of
SGCC (52130416001Z).

T IRBER RSB — 2k, SRR IR i, IAE
L IRAF AL BT 5 A R AE S 458, HE— 25 M) P T I A
o, RESFBUNRBCR S . DFTEas Rl R H e
TASE T S HOR B AR S RS A .

Kigia, Kb Ay e BRI
Pilks TR BieH

0 3l

il

A P [ 2 2 B9 TR TR B i TR (2351
FLFRIL. M. b, T BP0 AR R
FIBEBAEZ T 3dh, 2 AP i BoA A [R S5 Y
ARSI I, it e A TR IR B T AR
ZA TR ERIFIE R 2R TR 3 R
WAL SRV, AR sl TR, 5 2 1A
Yead IR AP s/ IGBTIR R Z s ARl 58 IUAE
PSR X P B sl A feg i Al 2 vl 2l B, i
TR, I, TR R AL 2 B R
TN Z —

BUAAHSCAITTE AR e AU A ECE B, il 7 XAk
PRI ) A5 07 TR FEAR 7B v I e 8 . SCRR[10]4
H T AT AR AR A BT L R S R D7 1 X
BRLT14R PR IR 53k SCRR[12]~[15 il fe ik
62 s K RE N o e S O SN S O e OB S /3771
AL TR BCIRZS Y, T T A P B U RS TR
AR RS R A . B el T e RS I, AHSCHTE
ST FP LA Ay 4% s Fi SELRIT L 8 ) A7 7 i 4% T Bl T



66 SERBERE N

B HH

FAR—FUT, (BRI ] P AR L TR AL PR
Bl A RO B A A, Ry TR Rk
Ve E I AT SCER[16]~[19]7E AR 24 % & T
Y e PR 2, 1T 2200 T MR Hh s S A BT X 358 e
RORAsEN, ARHE DL AR TETL 2 3 R RO 4 1Y
P,

WRFCIE T +£320 kKVRE TR, A3t 7+
B B, 5| ABURE IR SR PT S 8, i
A TREICPR . AR Ok JE AR BT 1 48 378 45 701 70 L
AR TAEIFHE, e T PRE FR R — Bk 5 /i
TR RO B AP . S04 5 TR 4 T
HUBELBEL{E  HURE FL AR It B0 7S L i 32 s ]
ESHATHRIE R, Rk Z R P SR LA
W HEE T S E0R A AL AR .

1 HuimER T 7E BB B AR S R R
1.1 BRI

JEI1 4320 KV TR A 1 YR SR
PR, H R IR W E LR . TR 2
o, AR AR T B T2, BT ek
AR, MR R FHNAS IS, TR (LA TU A L)
IR, FRHCR PR B SR (R .

TEHVDCE 7 AT, Pifeimeh T gyl T 2%
HLA B, i s T F D SR AT

(D sl TRMDREERET772, AW
1. 20 BERFSiiar b THIBURES, Bgsh [ A7 A
BRI, RIS E B R RN

Use =2U; M

Kb, Ul WEFFZCHE s U IS AR B A
A

BUAT TR EA A 24 1 L BEL AT R AR 22 5
B, HBHOEAR 8 TR RS S50,
BEAR R G 1 o — AP ARy s itk 1T
TAREWH AT, A LT A TR .
MR LR -
Usmz _ Ude _ \/EUI (2)

2N 2N
KA, U AL T FRERAL R U 330G 1T
TR N IE B TR

(2> ik TR AR IREREEATI7, WSS
3. 4o PR HRGEARAE T HIBURES, Seiish T 27 A

ERW A . RERERERNZLBES AKX (D
—2, #emh [ T h— MR FRSE, &
B R

Ug = lj\‘}c = JZEVUI 3)

U . = Uge _ \/EUl

™ON N

888 ™ 2EE

ek 1 S-
r

ik ag™!

W7 it 25 3
Do

v-"?' Beitesh
@0‘9 -

W7 B 25 1

22?
S nul

DE

-320kV

__ SR , []
22l
(o

o
Wi B2 2

B 1 E+320kVEEERKBETEEBEAINE
Fig. 1 Circuit of Xiamen HVDC flexible transmission project
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Fig. 2 Equivalent circuit of SM at pre-charging state
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Fig.3 Voltage balance equivalent circuit of two sub-modules
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Fig. 4 Positive feedback effect in the process of voltage balance

TEF R O R T, A TR i RS T B
T, B

U=U, +U, a7
MK CLEHE,
i:U“+ia:£+ib (18)
R, R,

W) AR A AR K A, TR am AR AL RN
U,, FHIERbHE R AU, . YA 2L K At
BN, 2RSS BRI, BATEANN L
P FL (A T AT o U H 2 R PR AR b -

AU, =i At/C
{AUb —iAl/C (19)
M A A i AU R e (R, A A
AR Z fh %, B
AU, +AU, =0 (20)
AR (18) ~ (20) BRI
At U, U

AU, =—(=b_==
! ZC(R z)

a

At U, U, Q1)

AUy =367

BAF (16). (17) fRAAZ (21) Fig3| A
TR FEAR TR A A

At (U w,, R PR
v R Un-Un Un
_At(U w,, BB (22)

R, Uﬂa -Uy,  Uyn,

RBER/NT R, MRAEAZ (22) (5 HAFR]THIR
RS 5 BRI SR . Al WLy bary
JEAWIREAR,  FREERb L AT &

1200

1150

1100

Unv

—=— bk

1150 —e— afiitk

1000 -

950

L L L L
0 200 400 600 800 1000
t/s

B 5 WANTFEREERBERT

Fig. 5 Voltage balance waveforms of two sub-modules
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