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Fig.1 Start-up process of MMC-HVDC system
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Fig.2 Equivalent circuit of MMC in uncontrollable
charging period
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Fig.3 Equivalent phase-to-phase charging circuit of
MMC in uncontrollable charging period
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Fig.4 Schematic diagram of protection partition for
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Fig.5 Equivalent circuit under bipolar short circuit in
uncontrollable charging period
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Fig.9 Schematic diagram under unipolar grounding fault
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Fig.10 Equivalent circuit under
unipolar grounding fault in
uncontrollable charging period
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Fig.11 Equivalent circuit under unipolar grounding
fault in controllable charging period

U,
Ue(04)= U, (0-)=—"

(21)
1(0+)=1(0-)=1,
LUy RN B
nl,(p,e"—p,e’)+C U, (e"—=e)

i = AV P2 oP1P2Yq (22)

n<P1_P2)
p,=-8,+./8,—¢ (23)
P2 ="0,=/ 65_3 (24)
8,=R,/(2L,) (25)
e=1/(C,L,) (26)

F 2 (22) AT AR Y, 76 AT 5 o B B R A R
FE SR | A LI 4, R R/ IN 5 B i A P
LT 1, DU S TR U, A 5% SR 1, A U,
K B RRR
3.3 EEESTITHMEMETEE

TEANYE 70 HL I BE e A A 32 MU BB, MMC T
FRTHL P ik 2 ok o, OB AR 5 E R S AT B Bk
s o J5 3L e P A )17 D AR, W R P AL 0, ) (L
INTFIEF BT R B RS O

FE T 45 0 L B B A AN A B R S R
HIE®BITH B B2, 1E#is 170 & A s,
P AR, HL 2 R ] B IR AN 11 r s il
HL (PR = (22) FoR (BRI 44 520 (21) A
[, W FrlE sl B B B U, AR B3 1,
FIME/NTFIER 2470 B U, A1 1, BODE, DR O ik i
Wi, ANTIER BTIT A IE O, A TFETPREETH Gy
B A= ik W B 9L 0, A 1 7 R e R B R OE
WIB AT R 2 ]
3.4 fRIPIBERIME

e shad B2 2 A PR 2 b 3B s 5B 3
i, INFIEH 217 B B i B i 1 0, PR I B 3 F R AN
AR R AR R & | U +U | BT AR AR 5L 1,
/N FIEH BT RO, v 0L JE shid f & AR
PR MR AN — o T R BT RN A R
FEF AT E R A5 LI H AN - b 4 e
NGB AR Blasd B A SR 2 b e s e £ 4 T
REHHh

DRI, JECIAL L T AN P A O 47 7 B I 1 %5 18 S

Sy R AR B B0, 758 B B RE R s AT B
Bt 2 B ARYEE, JA shBr Bol R B E (|
U iy oo PRI BE SE (L 1., 0 D20 500 /0N T 05 Bl i A
KM AL MBS | U+ Uy [ 1, BB/ M B
IR,

4 (FEHH

T PSCAD/EMTDC 344, I FH 38 S B 28 14 B
T R G AL R Shad R 5 BT B Bk AR L
R I TR B 2 b S R R A T O L, HE S S R UL
FHE AL, REAE[0.65,1) s AT AREEFH B,
[1,1.2) s AbTFRIEEFRmIEL,[1.2,4.3) s b T3
BTHBT B, 4.3 s PEAIE R BT B BE, 1 BUMC SRR %)
$}0.655.08s.1.153s.4.3s K5 s, ipEirszmta]
h 0.3 s, % H A AT A [7) B B e e eF ) il B AR LA e
IR AR B SR O, 203 B R A L i A
B I H PR ST R4 0 38 i (8, 1E— 2 B8 )
T R AR o LR 8 SRR L
4.1 BN
4.1.1 MABFEKIE

163 Bl FEAN R By B A 5 35 47 B B & A R
S A, LR R R R RO T 1 R
BEAEPE AN 12 B, BB o, RRE & AR s 20 5 e,
k5 T g Ok T s )

®
>—©

MR HL /KA

0 S LV )
£,-0.05 4 £+0.05  £+0.10  £+0.15
At /s
(a) BRI
18 -
<
5 9 voie
X
0 s L yb ,
£,-0.05 4 £+0.05  £+0.10  £+0.15
Hifa]/s
(b) IEWE RN
750 2 ;
2 [o®
% sk &@
=
m it
0k = .
£,-0.05 4 £+0.05  £+0.10  £+0.15
A

(c) HIHE
D1=55,24=3s,@t=1s,@ =085, £,=0.65s
12 KRG B P X B

Fig.12 Comparison of fault characteristics under
bipolar short circuit



%78

X 55 MMC-HVDC BT PR3 X it glyad R i B it 35 1o P F 5 ®

ARLE R G0 R A U A I PR L S
LU LT, EO A T R 7R e B Bk A
AR, B R R DR R LU L A /N TR I
AT SRR AR 0 5 7 T 45 0 L B BRI 2 AR 4 T B B
A R A AR, AR R A LU A D T
IEH BT IR A I O
4.1.2 MBS

TEJA B BEAS [ B BRI E #3217 B BUR A2 Ak
Tk b, B s R I 13 B, B e
LU AN OR AP Sl I 220, %) 178 7T 42 58 L By
B AR TH B BeFIE R A7 Wy BUA A2 iR, 1, BRI
AL i AT A 221

0.90 :
< i
= :
%]' 0.45 !
#r i
4% b ® @1;3
0 il P ]
1,-0.05 tb t,+0.05  #+0.10  #+0.15
s ) /s
(a) B

)

H R HET/KA
(=]
N

. E . tg\. . )
b t+0.05  #+0.10  £4+0.15
s ) /s
(b) IEAR R

150

>

=4 b i

2 [Pe i :

2 s N o

'Hmj @@ A AAAALALALALALALL y

= =t £

900 : N .

1,-0.05 Hht 1,+0.05 4,+0.10 1+0.15

AT /s

(¢) S EFRHBIE
DO #=5s, @ 1=3s, @ =15, @D £,=0.8s, ® £,=0.65s

B 13 K& BIREME R T
Fig.13 Comparison of fault characteristics under
unipolar grounding fault

A RIE , RGUR AR B E R i, e
PRBILRT , B H -5 TE A LR AR I L T, SRR B e
Ji T B A A L A ORI Y 2 7% ; 76 AT ST L B
Bk A TR A ot o B, A R R UL 45 I R LA
FL AR /IS, DR B AL FR T e T T A Rl ) 1
Dt 5 75 AT P2 T8 L B B A D) A4 T B B A B 42
LB, Wi R L O TR A R R ) S/ T
TABATHY BOSORE A1 OO, SO B L R S I B AT
B I

PR 3T Al A0, i Bl i i AR U S i
RIS, B L O /N T IE R s AT B B AR

AR O , S BRE S HT R AT
4.2 RIPEDIERSR
42,1 HRMKE R B AR S
TEAN R I 220 e A KU L 3, 7 A 3]
J BLURAR F T L R AR AP BRI R | U, - U [ B
AMEF L | [ | BRI 1 TR,
%1 HREEELRRRPSER

Table 1 DC low-voltage over-current protection quantities

BB Z/s | Ugp=Upy |in/kV [ Lp [ u/ KA [ Tx [er/ kA
0.65 0.002 13.509 13.509
0.80 0.002 13.512 13.512
1.10 0.020 15.022 15.022
3.00 0.011 15.109 15.109
4.30 0.006 14.961 14.961
5.00 0.012 15.111 15.111

To s 683.506 1.590 1.590

AL DL AR 70 B B R A R
Ly | AT N T IR B e A R i 15 B
B H it B AR P A AEFE B AU

BEEANF S, I B B AR EE 1, T E
TR HL 3 L I ORI PE AN [ e 2] e A il B 1) S VA
BN 2 FioR,

®2 HRRBREIERRPIHIERRL
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Research on adaptability of DC pole protection to fault occurred
during start-up process for MMC-HVDC

LIU Ruoping'?, LI Yinhong"*,XIAO Hao"*,CHEN Zhaohui’ ,LUO Qiang'"
(1. State Key Laboratory of Advanced Electromagnetic Engineering and Technology ,

School of Electrical and Electronic Engineering, Huazhong University of Science and Technology , Wuhan 430074, China;

2. Hubei Electric Power Security and High Efficiency Key Laboratory,

School of Electrical and Electronic Engineering, Huazhong University of Science and Technology , Wuhan 430074, China;
3. CSG Power Dispatching & Control Centre , Guangzhou 510663, China)
Abstract ; At present,the research on the principle and settings of DC pole protection for MMC-HVDC ( Modular

Multilevel Converter based High Voltage Direct Current) is concerned about the normal operating conditions of the

system, there is little adaptability analysis of DC pole protection during start-up process. The dynamic start-up
process of MMC-HVDC is described theoretically, and the characteristics of DC pole-to-pole short circuit fault and

monopolar grounding fault are analyzed in detail. The difference of related quantities of typical DC pole protection

between fault occurred during start-up process and normal operating stage is analyzed, and the adaptability of the

typical protection to fault occurred during start-up process is also studied. Based on detailed electromagnetic

transient model of MMC-HVDC system, the DC pole-to-pole short circuit fault and monopolar grounding fault oc-

curred during both start-up process and normal operating stage are simulated, which verifies the analysis on fault

characteristics during start-up process and the adaptability of typical protection to start-up process. New suggestions

are put forward for the protection setting calculation.

Key words: MMC-HVDC ;start-up process ; DC fault;fault characteristics ; DC pole protection
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Fig.A1 MMC-HVDC bipolar short circuit fault diagram

KAl FERFETESH
Table A1 Main parameters of simulation system

BH% ZHE
ARG AT BRIV 525
A H AR AL LV 525/375
AR AR P/p.u. 0.14
ACHANATE 25 5 IMW 1044
EIMAE A EIMW 1000
IR E RV 4350
TH I E FITKA 1.429
B A n 76
T CIuF 8000
i HUR L/mH 105

* A2 BERBEFTERPHFESHERE
Table A2 DC voltage unbalance protection related quantities

W N 25 |Ugp*+Uinlmax/kV lacz_max/KA
0.65 507.367 38.345
0.80 526.396 35.406
1.10 697.562 49.963
3.00 695.063 49.839
4.30 695.377 49.799
5.00 700.079 49.936
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