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Fig.1 Configuration of proposed fault isolation scheme
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Fig.2 Structure diagram of DC damper
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Fig.3 Working principle diagram of DC damper

T B G I B B, 55 7 DC / DC 28 48 8% 77 59 MMC 1
S HP A B R AN | BB B MMC 1] 550K Hf
R RLC 281 8 H HL %> o 38 MMC PB4y
n, MMC HA7 i S5 BH R R S A T L A B e
2570 Ry Ly C,, AT HE— 2020 MMC 46 R R
L, C R R0 S50 6 , Horp R =2R /3 \L.=2L,/3 .C =
6C../no ELULMNEE & 10 S5 350 85 FL BEL 050 ok L, A
R, BRI PLARH L R o
TR T A T A s 221960 i 1Ak ) O PR O
FE A3 5 R 1, F U, 2R FH Laplace 28 #n] 15 2% i
SRR L R AR FR IR = (e 1, (s)) , = (1)
FIER o
ﬂ+(LS+LL+2L1,)10
Li(s)=—" 1 (1)
R5+RL+(LL+2LF)3+?

X2 (1) 47 Laplace A8 #e , ] 45 40 > %




1o ® 0 & % L B

%46 %5

R LR I IR A A GE R i, (1), i (2) s .

. f C, ot
Lo (1)=A4, L+2L +L e’ Sln(w1t+181) (2)
s ptLy,

o=(R+R,)/[2(L+2L,+L,)]

w1=,\/1/[(LS+2LF+LL)CS]—a'f

P N R (3)
! 0 w, o,C,

1,
A, JCi(L+2L,+L,)

2) L R B B (¢,~t,) o

Wi 55 30 PR A T 5 R A7, ¢, FSF 221, ST L.CS , 3
B S IGBT, i e Hi, Yt 46 I 22 5% 4% i, UFD
FER A T o300 o (RIS S7 220 P 8 i Ak 1 v e
DC / DC A e 48 B9 0] IR Gl MMC 51, 5} 21, UFD 34
S RIFHE, 2l S8 5

FEL O A R B B R B TR 3 (b) iz o ik e, 1)
Z) 180 B FRL A dg (1), AR R R B R LR E A
(Kirchhoff voltage laws, KVL) A K 3 41 {8 7] 75 2]
SR S L 0 (e), A0 (4) IR o

fo()=ig (£, ) e )
o,=(R+R,)/(L+2L,+L,)

3)HIRHJEFT B (1,~t5) o

1, I 21, SC W% B S A0 IGBT 2, e s L i
e 2 BHJC S, HAE B L B AT PR 0
£ BF 221, 10 P o Ok 3 — o B(E N, AT DA 2o
RCB VIR i 5 s, S0k e 2k #% 5 55 5 DC / DC 22
e dn P PR B o T S e, I BBE L L AS 2 FH
J SZ B B0 4R B 2] 5 0, Sy i I FL 3 7 BHLJE S R U
3 RCB 43 Wi B A s 2], R B v S8 VD BT st 221 o L 9
BELJE B B FRL 3738 5 A P 3 () I/ o 8 1, BF 20 i vl
TN da(t,), HRAE KVL LA K L 3 40] {8 7] 75 BHJE S
AR LI i (1) A

(1)

L'R('f)zidc,z(lz)eTL

[B,=arcsin

(4)

R.=R+R,+R, (5)
Ly=2L.+L +L,

RHJE H B AE e R I BB B R
Eszrxii(t)R(ldt (6)

33 EHinPEEHJ|HTEHSHMEELIT

A B e R LR, I XS BHJE L BH =
B S e BRI TR R T R D
N2 AT T RS S B TGBT I i T K A2 1) B T I
L 5 ke s oy 25 (1]

1) F5 R FEL 7 P o o

Xif BHLJE H A AT BT, o e e B ek
BRI o P B A ™ E A OO, IV e A A
A R R B Ot A A 9 R e R L TR Y R 2R A
IR L, =0.R, =0, ¥ L,=0.R, =0 [ 4 17
AP (— 84 3 ms ) DA R 3 i i AR 3 FELTE #5819 S8
FRAZR(2) R (3) Hp 45310 ¢ i 2] 1) e o L 378, B
B EL AL 40 3 L B S I IR R L i R T, B 1S
fa(1,)=10 BRIG B HLT RS 5 B S B, 5% UFD
43 T 58 LG A 4 i 2 B S, B LUK 0 4 (8
i (2,)=1, FTUFD 23 [ 5 1] (— 4 2 ~ 3 ms) AR A
(4) A5 2] ¢, Bk 220 14 55 s L 300, B0 0 e b 97 27 B 8 L
JE S B e KAH 1., DABEAE R 32 T R BHLJE H B 254
BT R

2) B BB 151

PGB RETR B ICAE REEHY +250 kV 5 I AR ]
S AT B H B S AR, AT TRE YRR
VLT % — B L, =50 mH , 5 [ i, 5 7% B BH 2 52
S I PR 4 (2, ) SR P B R A B L3 1, B P
e E BT ¢, (— A L2 80) LA 8 2 RCB
Iy L (— AL E 1) W X (5) af A3
BAAFIR,, X () PIR.

Rdz(ln]‘*m)Ll‘—Rs (7)

IRCB zs

B RCB 70 W E T M 200 AL HF 0, 15575 20 ~

30 ms DA, MR 4 X (7) 3k H BELE B BUE KT
20 Q H/hF29 Q.

& 4 25 T BHJE HLBH M 20,24 .28 Q I s L iR

1 FIBEJE e BE PP g B U BT o Fl L 4 i 80 BEL

J HL BELRS /N 0 0 U A A e o 25 (1]

Ko, BT 2500 R G R I SR &2 Ak 72 BT DABHJE HEL B

ANa]ask /)N 5 1 BELJE H BEL A R, L 0GR e A, D)

X 5 8% S % TGBT ) 4 A% i R 5 oK e b v, ER BB A

IGBT i 3 £, T I BHLJE #% AR th bt 2 42 T, BT LA

FHJE B BH AN Bt K. R, 7 BAE A R SR

I ) 5 B 25 i) 97 BELJE 7 A 45 s A T2

212ms 248 ms 29.4ms

0.70 g
\
R ——

R 035
; 35

§6- 0

N o4k

= 20 30
21 \

300 280 £267.3kV
> 2309 kv\\
% 200 T 20—

el

s 100 - 140 194.7 ki —
0 1 2
0 | ; . 1
6 12 18 24 30
I 1H] /ms

—R=20 Q, —Ry=24 Q,— Ry=28 Q, - R B FF /M (K

4 AR ERIBUES 1T

Fig4 Analysis of value of damping resistance



%78 7 AR IR VR BELE AR AET RE IR VR I A AR ST R U 2 &

T R A 0L e LA e i — 2 O
P9 SERE RCB T 3705 L 14 . L1529 RE B
B TS BLR S B A . 45 - AR SRR
Je LR, B 24 ., W B 1 1B 1 27

ETRLE AL L 12 0.

3R BT
TR U 57 TR T 19 FL /20 28
RE RN (B IGBT 352 H FE 5 AT 451 0
Uy Iy 5T SR R U, I s
VR 1, RS S B BT GBT M 1
= (8)

nchT:aTN
A e U, S Br Sy BHJE H BH 0 0 E R R, AT DUAR 4
Lo Ry AT
AR ST 3 e R 5y 8 3 P I R TR A0 A L
Bk Co BIA Pk B TR Bl anfH il 2 B AR, &
BT MMC B R BPE E22 E BE e bk LU e
R L T R o AR, H T BHJE B e B e i
25 5 3k A U I A F e R P AR AR AR AN Y T
G SEUA AR MMC A - 22 %6 BH Je i
T TR R 72, AR SCHE H 1) B BEL e e 2 B 7 v T
DC / DC 72 4 g B M , S0 Jol e s P, O O 5CR (2 25
HAG IR R ; 55 4h, 5 R Je i s H
TEA I EATR], A SCRY BEJE Ha BELAR 17 B FHL
JE AR ER I B Y BELJE S i, 22 5 7 (PR
7 | B I B 9

4 {RESH

1£ PSCAD / EMTDC {5 B4 v £ 287 s IR B
WIS RGRAL, W D EI D1 iR . Hife
V537 0 1 v e IR M it T SRRSO — > £20 kV 1Y
BRI 3 D5 500 MW, 285 % DC /
DC 754 %% (DC / DC,,— DC / DC,,) 75 # hy £250k V
J T8 i B 2R A 2R Line, — Line, U 4E %) £ 250 kV
B REL SR G S i R B AR A% (DC / DC,) AR
ok + 800 kV [ HL R SE 4, Fh 4k iy B4R A 4K
Line, SEHUE AR IR 24 1 . F#H K DC / DC 28 e
AR 2 5 MMC FF1¢, & He il ok 2 &5 MMC 2%
56, HIE S B05% HY 750 MW B3, W suif 2 &
MMC 25 AR B B RO 285 44 o iy A2 780 1) ELAR S8
LR SR DFE DL, Fr .S, KR & DC / DC AR #%
f AU MMC 5 S, .S, 378 ¢ 15 . DC / DC B e 25 1= Tk
AR 2 FR AN MMC 5 S, 378 13 A5l MMC.,

4.1 EHiRERHRHNINEHFEHERIE

ARBEHURITE t=1 s}, Line, 1 3 & A2 7K AMEXL
e S s, A0 PR DL, IR o 18 R A T SiE
B4 3 ms, AN 45 LA R AN & 5 o . B, o
15 FE DC / DC AE e 8 0 B3 5 1, o4 ELIR BELJE R 5%

Mo Sl b B HLIAL 5 1 4 LI BHLJE 2t B2 32 1 1Y

LU o
10 936 KA 03 E ;
F4—] 11.0316s
0.2 kKA !
3 o LO2KA. = NP
S S 1.022 1.034
~ B & A~ 25.6 ms
0 T
10 [ 9.07 kA
3
5 D 3 ms
& <&
0
10 ¢ T P A R 2R BELUE S
<
< A E R B
2 1.0316's
0 b=t=cleeomooooo g )
1.00 1.01 1.02 1.03 1.04

K1) /s
- BRI IS W
Es HnPERHAEER
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Fault isolation scheme for new energy DC collection system based on DC damper
Li Ye',Chen Bingru',He Jiawei’,Li Bin*,Zhang Shengbo'
(1. State Key Laboratory of Intelligent Power Distribution Equipment and System,School of Electrical Engineering,
Hebei University of Technology,Tianjin 300401, China;
2. State Key Laboratory of Intelligent Power Distribution Equipment and System,School of Electrical and Information
Engineering, Tianjin University, Tianjin 300072, China)
Abstract: The fault isolation scheme for the high-voltage direct current(DC) collection side of the multi-
level Boost full DC collection and transmission system for the new energy base is studied. The structure of
the new energy multi-level Boost DC collection system and the fault characteristics of the high-voltage DC
transmission lines are analyzed. Starting from the feasibility of fault isolation,a fault isolation configuration
scheme suitable for high-voltage DC collection system is designed. It is found that the fault isolation
scheme based on DC damper has the advantages of good economy and fast fault isolation. Based on this,
the design method of DC damper topology and its key parameters is proposed. The feasibility and effective-
ness of the fault isolation scheme based on DC damper are verified through PSCAD / EMTDC simulation.
Detailed comparative analysis is conducted with other designed isolation schemes in terms of device usage
and energy absorption,which demonstrates that the isolation scheme based on DC damper has superior com-
prehensive performance advantages.
Key words:full DC collection and transmission;high-voltage DC transformer; DC damper;new energy base;

fault isolation;modular multilevel converter



