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Line Protection Scheme for Four-terminal Flexible Direct Loop Network Based on
Single-terminal Branch Coefficient

SHU Hongchun, REN Min, TIAN Xincui, LI Tao
(College of Electric Power Engineering, Kunming University of Science and Technology, Kunming 650504, China)

Abstract: According to the requirements of DC line protection in flexible DC power grid in terms of speed and reliability,
a protection scheme based on single terminal branching coefficient is proposed. The fault current components provided by
each converter valve under different fault positions are analyzed, and the branching coefficient is constructed according to
the variation of DC line current of single-ended. The results show that the single-termial branching coefficient under the
fault in the line protection area is less than that that outside the area. This feature is used to realize the identification of
fault area. When the main protection fails due to the high resistance grounding of the line, a longitudinal backup protec-
tion scheme using the maximum allowable current of the bridge arm to determine the opening time of the line protection
is proposed, so that the problem of timing coordination between the existing main and backup protection schemes is
solved, and the uninterrupted operation of the converter under various DC line fault conditions is realized. The protection
scheme does not rely on boundary elements and the algorithm is simple. A large number of simulation results show that
the scheme has a good ability to withstand the transition resistance and can reliably identify the fault area before the con-
verter locked.

Key words: flexible DC power grid; branching coefficient; ground fault; fault current analysis; fault identification;

protection sequence coordination

0 35

WA AN AT 2R REVR IR H 2 A 0 S A I 0 A
Wi oK, fRmKEE. RESE A LG K T,
TR RECRE LA BETORAE 2025 X BE A EK
57.5%M . Hraedi Ak B H A T BRPERTREA LIRS 51, A
AR GHIHANBEI TR, AN REIR L =
FAEPGALA PRI D, i S ol 2 BEER R AR R AR
IR R X, RER B ISR S ey O 300 R 20 A

ESRPWE: EXAREFFE(52167011; 52037003); mHEHE K
BHEE T11-§1(202002AF080001) .

Project supported by National Natural Science Foundation of China
(52167011, 52037003), the Major Special Science and Technology Project of
Yunnan Province (202002AF080001).

MBEETTSENE g BB B S 18 AT RAE LA TT 5 TE
K FH B8 70 2 i i FEL O Bt b SR LU PR U B R i
TIRGUR Rt EEE )7 )01, B 2 ik TR EERUN
B, AR AR, R OB R 2%
FEPRIEANESH T, ERAE AL, T
b IR A A BN R R, R ER ARG K
I ™

DN INE SR SR P L 2 2 i L ) 2% REL B o e ] AL
KB SCRRA 15 F s S5 FHRFAIE LA I B I
BRI T S0 LR A (TR AT B AE LR BRI T
TElFAEZ IR St TR E s RS B, =
RS BRI HT 2 B30 54 oA 3 v B 7 8 ) B AR



684 i LR AR

2024, 50(2)

F, AR LR B SRE A A0 43 5K/, SCP B pil
KA RE B 1 22 5, SO DX 3R 017, AR B
FRF BRI AR T, s B2 ik repE
PIFEIEL/N, A SR AR PR L R R A
%, WM A RAARER ., S AR, EHELI
A DA S SRR L, 1R e R R R
WM, SCRER[I2)F A B S 5 RS ST
PN B T IG5 2 AT R AIE 22 S A3 LI 2R B DR 7 %
—ERRESE S T ORI BT, (E A ER AR 1 R
BN SCER(131@ I /N AR SR X Y . A1
WA AR R 2 R, HRH I B EREE R
7 170 O A AL A 5 DX 3R 0 0 1% 7 v i T
i PP RE S0 STHR[14-15]4 Hh 2T/ N ABE Al
I ERE SRR TR, ZIEEESER T
RE 177 THA BT a . SCBR[16]2E T B4 %14 5t oo
PR A S, #4 Savitzky-Golay JEJE 5 B2k 1%
() HIR A AR AR JE B, B T i o v r B
(IRETT o SCHRIL7IRIH 2 A5 s s Sl 4y &
LU AB AL I I, BB oy B () A 2R B IR
43 SCHRHE H AN R 2 1 3 ST R AR
o SCHR[18-191F FH ZARAT P AN ERARAT I 2 (A1 18
WA, A AT AT MR iE (R
FIPE o 1% A LR B T R B R SR
AIEEME, (HPELR I n iR T, YT Bk B ) af
DAFRIE, AIE—EMIRYIEIX . SCHR[20175 8 T 1%
LR ATAS RN, HH — ol R P P R R
T %, AHZIERZ R S EOR ZE R K . STk
(2170 F M2 B s Bk BT {5 0 P I B 2 LAy
IS RIE, N T RSB, 2N
ZEGY DA KT BB ST, Hazoy S oK 52 it
FEHFERN 50 Qo SCHR[221F FAS A i S A7 B 2 A%
T 3 PR AR PR AS — B ) R PR A 32 R 2R L TR TR 3 R
WRIFE, ZORPAZIA R otE. RN A
HLA IR . SCHR[23]88 H T 56 TAT Ik il or 2 B
A 9% R 55028 BAORE 1) 1 TR L R R B U AR ¥, 1%
JiFEANZ R B R s, AT DS A R e Ao
AHES T RZEBMEHRT X, NMGET, &%
ot R PR AL bR Rt 2k 3R, DAL SR B L DU
AU R R S, AERERA b, R
i R E R BRI R R R IE S R, 45
FH X N R T 195 S R BV T AN 7332 &
¥, Bz X KRB RN, R ZRRE
FIE LR B ORI IX P ANERRR R A o A 2 % = B

PG ORGSR — FRGE NS ok
FCVF BT HRE 2R DRI T TR R A AR 4% D37 7
X, ORI R IR TT R Z IR A PG A )
A, S AR AR R 0T A R TS AT .
TRAP 7 EAMKAL R AL oo, KB AL 1
ORI T R AT R

1 PimsR B MR R e s EFHE S

ViV LR AR a5l 1 fos. B 1
W, Lo AP HPLAS UK, Lo—LuRR&KHE
T A, iR AAFEEEAE, MG k=1, 2.
3. 4, R NEER IR &N

ELTU AT B S5 T, 2% 58 3 LR B 1) A7 72 0
Ma, RN T RS BRI, LUK
i LI FEL DX PR A LD, R SR P RLC 5 2515 284 D,
73 At P BT AR P L U R e B 240 R L 2
B RL ZRR AN B ks R an i s A Bl Al
Fios. B AL, i ORI S BN 1) LI i
B, 2 Ron RL RSB T B SE iR . 7
DA i TR BATI AT R, i B B A
WA, o FERIEhEE, o Mo BA ARG
ARG, HAREPEEE.

1.1 BERZIREEE TR B IRFE S

DA 1 A IERRZR B Lia ¥ fi b Feth i s o i,
350 AN S e N T B /A I e oA e R e
BRI, SSRGS LA Z A N A A IR
LN M L, IR 2 S I R Gk LA
HRRR RIS, I 2 T H [ B v L R 4 L i A
I, RAESMER, MMC) e b B i i 40z
SR 2 Fs.

Kl 2, Use NESESIBAT T IR Z R IR {E
Co B TREPL BB N i AR S e
(B Lo N IR BV HURME: Ro Ay

K1 DY MMC B L Fh 46 1)
Fig.1 Topology of four-terminal MMC DC power grid



A, A B, HEER, S BT SCREUN DY SR B M 2 R T & 685

Pt IR PR B BALAE s Lae N T FELTT 28 0 LS
Rx b st MMCy £ #5235 R B s Lx it
i SEE MMC 2B BE R RO Ry =14 24
3. 4, jrh)RAEMIRL B SR I Ly k=15 2
3. 4, jE) AR A IR SR R Ry kR SR
MMCs ZE BT SR Ly Jydk b s R MMCa
LK SRR T it MMCr, 256
VEMRIER: 2 24T DAL Mizy Mg I A3RER 1)
ORGSR, RIERE 2 PronSohms, Bk 24
PSRN S I DAE
1,(8) =

Zs (YU /s
Zyinic () 2515 (8) + Zync (8)Z5,14(8) + Zy 1, () Zg 4 (5)
L44(s) = 9

Zs, ()W, /s
Zync (S)Zzlz(s) +Zyme (S)sz(s) + 2212(S)Zz|4(s)

2Lys 2RO
ﬁ‘:':‘ ZMMC()_ 3 3 6C

AR viNe RN v B CERaRERE RS CEVER
Zs1s(s) NI 2w il 2R HE it 7 SO I 25 28 B 5
Zs1(5) 9B 2 vh i R ZAE PR S S BT T

DA 2] Da(s) (R ik iﬁjj

alZ(t) = _I

SERAPH

I, (s)e"ds

@)

ia14(t)=TJ- . 114(s)e“"ds
T o—jo

b o NIEAREE. FIH b AR R B g Mtk
BRIy 77 AR ARE T R SR A ) T 14 A e o3
i FE, HFEER O REN S, iHEXQHEA
BB E 2%, TIiEIE MATALB 2 $f 83k
WOHHEAE, HeQ)nT %1, ks 2 e
b AR E i R 53 AR e T AF B AR I B,
[R] Shb P AR AR g e b A A ) s 1 B 2 A e 3
AR FELIR RN
X AN 5 i 5 28 % AH T 1R 45 0k B L o

Wi, LA MMGC i, AR T i 45 2002 5 v % 1]
3 R

FH ] 3 AT %0 Mary Mos Wl i A s FLAE 23 ) 9
Ly (s)=

Zsy (S)Uy /s

Zrac () Zs 5, (8) + Zypc (8)Z503 () + Zs 5, (8) Zs 55 (5)

Ly (s) =

3)
Zsy(SHUy /s
Zoic () Zs 51 () + Zyc (8)Z 553 (8) + Zs 5, () Z5 55 ()

e Zoy (8) L3 B AE s SRR A5

Zs53(8) N 3 A s RIBAME PR SO RS R L. ok
B E R T PR FRA S EaR i B IR
1.2 Rkt OBE TR B IREHE S #7

DL 1 i MMCr D fs b4t iy

B, dEiy MMCr 42 2 262885 H 1 My Mua 550
AT o] s At 5 A T B TR BT, 3
MMC: 1 156 R0 AR WK 4 s .

& 4 192 MMC, 7EHz: 2 2520 HY AR i
FLAr N
bZI(S) =

Zézs ()U,, /s
Zynic (8)Z55, () + Ziype (5)Zg 5 () + Zg5, () Z g 55 (5)

11123 (s)=

“4)

Zs () /s
Zyiic () Z55,(8) + Zygc (8)Z5. 5, (8) + Z5. 5, (5)Zg 5 ()
;des les LS Lys Lyys Logs Ly Lygs Lygs Lys

______
T H |

6C0s j|j os 6COSI
>12(s) L

L]4(S_) T ST S

K2 MMC SRt T fis S g

Fig.2 Operation circuit under equivalent excitation of MMCi

43 MMC SR8 R iis S it

Fig.3 Operation circuit under MMC: equivalent excitation

T e

Bl 4 MMCo 55308 1R T 1 ia 5 i i

Fig.4 Operation circuit under MMC: equivalent excitation



686 i LR AR

2024, 50(2)

s Zgy, (9) g 4 v e LR AT S 1 35 A PR
Z32y(5) 9Pl 4t g RIEME BT s SRR 155 2P BT (7]
B, el MMCs S5 208U E F T 112 55 e i 4 14

5 FiRe

Bl 5, MMCs 342 2 2285 H 1A i
orEHN:
15,(s)=

Zsy (U, /s
Zinac (2535 (8) + Zigc (8) 253, () + Zg3, () Zg 5, (5)
1234(5‘) =

(%)

Zsm(9)Uy /s
Zyic (92535 (8) + Zypuc () 2354 (8) + 255, () Z s 54 (5)
s Zsy, () NI S Hf R 2R HE BT s S HO S5 R P75
Zy 34 () W 5 v RTINS T S 1) S5 AR ELAL o
1.3 BERMERET Rins X 2B

FL AR T, e 1.1 AN Ara]
H1, BRI I ) 2 S B FR R [
RS, a6 Fiae B 6 H1, Laa(s)s Lesa(s) 7373
it MMCs S50 E R, MMCs 3451 2 2%
LIRS Laar(s)s Laas(s) 7 PN EE MMCy 25
RO ER T, MMCa 4211 2 2% B ZEE FL I -

LR Lia B i B 88N BLUR X 28 1) H s e
IG5, 2% LI PR % FELVARL 1) R AR 77 [ 2 A 5 1)
Xt T ok AL BT L AR, Lio & 49.9 km, Lis £ 207.9
km, L3+ 217.6 km, L3+ 192.7 km, Lae=200 mH,
A BT A 3 1R 55 25 P A R B Il Uae/s: AR
RPER(D)—(S), & FF B LER b fE B o A
Psk A B A2 fios. DABFZRHE n) 420 (1 FRLIAL T 1) R
1E, HIE A2 "IN, AR AN S R E A
Wil FOERE 2 SR BRI RAS Ty AR [,
M H A 3 N %R 2 462015 b FIA I 5228 7 [
FH, e S, DI 1 S e H Lk fi
ORI, R B BARSHARNES 1.1 /)
i A SR, 7R 4 AR 3 E R
N, BUEM SRR A B A R AT L IAIE,
By A B A3 B, ATRLE Y, w5 T 3 ms W
R LR T SRR S A R A

Bl 6rh, Bk 3 MR R 2 SR HLm R
AR5 AR R R, R AR R R

lin|  Jioas + s — s i
21 21 T hesa ~ s
== = e (6)
|123| Iy — lar T hos
lia|  ivs +in —i i
bl g Thy Thpp| 14
Ay == =1+—= (7
|112| |121 L by —la

K5 MMCs S50 1E T 1 is 5 fL

Fig.5 Operation circuit under MMC3 equivalent excitation

—
L441(s) Ly,

Tyys(s )l

de

I35(s)
S

M32 de

K6 Adubt RIE AR Rl r i oA
Fig.6  Fault current distribution under the joint action of

various excitations

41 d41 34 d43
A == < =1+

"l

)

TN AN HRE, REEHIET i i 73 HHN
MMC: #iih Mare Mos I S HRE 2 fas

i 2358 MMCr #eifist Mias Mo YU 55 H I s 38 20

id4 1
®)

laq — s

lag —lags

By o i3 703N MMCa #eyite Mars Mas Wl 55
MRS =

F 30(1)—2(8) AT A, 5 & 4t il S5 G Uae/'s
AHIE, ) A AN 25 e 0 A [ 735 AL B A2 P S s BE AL
Ko ARG, W i | =iy — i | 2
w B 0, RTRIN T A 5 Wi 4 i A I 1) 48 i sk
MMC2, Ay, &t KT Ay A, o IEFRZRER Lis Bt
WP, sl MMCr. MMCo 285 H 1710145 B
P A B A4 s, A] WLagint MMCa 2k i H Fll
R Mos (IR RAR BN, T H AR A E AR R AR
YRR, TR B S R EUREIE, N
TR 2 713 5 W 2 B A B i

ARG R A P B, T LSRR 1%




A, A B, HEER, S BT SCREUN DY SR B M 2 R T & 687

At A RS, d (D) —@) T, &
SRR 2 IR R AR R, (AR A KN,
Bl 2— 5 AT DU, — 3 1 S O ik ST A
HF, X RS 2 FEREE TN K,
28 % v LA R S PR 7 B R 5 3.5 /N FITR .

Fr ek O A R, SRR FVE T
PRI AC B FELYAE AT DA B % B AL 28 B R 2R AR T ) 49 3]
WK 7 Fp s A B AS iR

A B A B AS AT51, MMCs 4% 2 44k 1% b
IR RAE 7 AR, HoaR 2 MRmui iz 5
AL L 2 % 2 b B 1 43 A 2R L, MMIC2. MMICy
WL

lisi | ivon +ils, — s i
] [Beor ey Ths| W21
= E =l+——= ©)
|123| I3y _lb23| lap s
lit| i + il —iges] i
! :;1_1: d41" 034" asl g, _ d41., (10)
|’43| |lc34 - ld43| Izs —laas
gy s IR MMC SRR F

N Loy Loz EEIIHRN IS & i b 2 5R
Heifitst MMC SR E T Lasy Lsa £R 0 (1 HLYR
WO s T 23 AR MMC 58 240U
TERF Liav Ly EEH RN & IXAMIKERE T
By~ iy 730 MMCo #3h Ma1 Mas I LR
WrE: iy i AN MMCs il Mar. Mas
D P IR I 340
PLERST Mar A, X LU IE g 3 de s Y 1R fs
MBI Lia FEHKEE fi, 715
R R s (i

VR - -
lag —ligz leaa —lags

R HAR 7 o % S HARN D), SR W% A
K A6 TR, WBITE MMCrH s R, Ma 515
fR93 SC RN T 2o Lia KA S .

2 ET RS I ABHIY R B IR L
RIPFR
21 Bt

LV H 7 A 25 ARG U 0 e o A R
R, W R PR E B ER, (B AR
HBE S Rk, I Re S BRI sh, ik, R
T L AR A R 5K R AR AR AR 1 ) Bl
FERSI, |/

du,, (t)

dr

|udc (t)| < udc,sel

> Au

de,set

(12)

MMC, %

QM(S)I

Io(s) Lo }
LA
; Mi, Ly, MMC,

7 BWIIEEAE R R R AR A
Fig.7 Fault current distribution under the joint action of

various excitations

A uae() AL RSP0 1 AR IIAS R AR 28 H T I
BB s Autdeset 15 tdeset 7378 BLI HL R AR AL 5K HL
JEAIPE R BT IHEAE  Avtdeset AT ttdeset N ST AF ELIR
RS ) R 95y NI R e g A 4 3 | B & (A=
H AR BB 0] 1 L KN RS HEE, RS %R
PE B U AH 2 B YE 5 PO, B Audese=0.08(p.u.) 5
Udese=0.85(p.u.) o T RATE AR, RIEBN.
22 ERTH

AR b RN, R A LA T A AR R A
PR, MAEXARBAT T T, HRASHERELE
it BN 0, AR TEMANEREE . KHEHRER
RAS BAE AR -

i) =i, (O +i (1) > iy E AR s

i) =i, () +i (1) <—iysr B B a3
—lpg <Ig(t) <lpy &

AL, (O] > 1 &|AL ()] > iy AR

Ref (O O BIIIE S TN s dose S
S AR AR R O T RO I, R
B AR R G = AR o) BRI K,
DURS Mus ot BURER IR RN A HEA, 172
OISR N 0.135 KA0.072(p.u)), HHE—EHE,
BOEILBIE A 0.1(pw)e 3 io(OATLFI M, T3]
HIRRHRE, AR AR T R A, SRk
LU SR I TR 7 A KR o B
hah:
{Mmd—hm—um
ol (14)
|A_()|=]i_(t)—i_(0)|
Kb ()R 0 BINIE. SO B iR A A
1B T3 dsent F5 4RI AR LU0 B (9 BB



688 i LR AR

2024, 50(2)

e, CLRIT M A, (iEZ RN 0.852
kA(0.455(p.u)), FHRE—EHRE, WEZEEN
0.5(p.u.).
23 BBEXIEIRA

RAEEE 1 5, R BRSNS, NPT
1 N R A i, I 2 ZRZRER I
HY I 7 AR HOWIE s 5 R AR St th 1R,
FoleHz 2 SRR BRI IR I Ty AR R Ho B, B

te+A

Z (ijn (t) - ijn (0)) > &

A (15)
D (i, () =i, (0)>¢

t=t;

AE ] XAt

1 +Ar

Z (ijn (t) _ijn(o)) <—¢

e (16)
Z (@, () ~1,(0) <-¢

et

e s MR IO R B R, Ar SRR X SR )
A K, BUN 0.5 ms: i) im0y ny m=1, 2,
3. 4, j#Entm) o BN MMC; %% 2 44 H
TR EL AR ; in(0)F £jm(0)53 T NXT N 2 252k % B
MHERARSHE: ¢ UHLFRESEIT FRE R KA
MR, SEBRUR R G i R AN FL R 20N
0.3%, REGMEFEL) 5%, FH7% B HIREECT)
HALASESPEAE Y, B e=0.1(p.u.). & 2 R(15), M
AR EREI 2 25 2R R AR 1E [ X A b
i 2 2 (16), TRl g3t H kR . o AN
A (15)s (16), MRt sl B2 2R 16 1170 S R L
RN, DX g 3t 2 755 W o 2 5 A 0

BET MR /NI B AR FI908 52 3 I i BELs K
M LR e X3, 17 3 T BB R sh 08 ) T
F 55 FBH Py s, (EIRAE /NI 2 845 E
HERANAERSFEERA. %L, FIH ok
MR 55 3 R B IE—Fh 52 & A ¥ -

tp+AL te+At
Z ALy = Z @iy (O =Ly (0)) > gy
1= t=1;
ty +AL te +At (1 7)
A=\ 20 By || 2 By | < A
I=A i=t;

KA, PR 250 75 ST LIS
A7) U B — 2k i H i R A A E K T 1 T
H, BHEAXREUNTREENREL T, RB08ix
ZRBRHE, o s DLSRIE 25 3 R S vt B P22 0 i e
T (R=500 Q)W R AR IEIATEE: Aa N
PAARE AR B e N R MEDR SR HE, X

ANERER ORI pii X R T A A 1] X A St i
Hh R, S ORAE GRS 7 RAE X P R T T 523 1E,
0 Kop=0.9, H[I:

A =K o Anac (18)
s e XFRE LRSI AT IE 17 X A1 0t 11 e
NEAFRISCREUE.

FEIE I R K LT, NN IR 7 %
KR, BN ORI s B P I 75 oK 32 BEE T4
M pa R o G RN ORTii: WA P =22 NINEL P SEIRC & €23
I A, T v BEL B RGN, AR R
TR MG, PR — R A 0 I A
FHL I L R 2 % ER A TS R AR K S 4% AR 3 7
Fo R RIEIE 8 fis.

K8, M AT IRAIER, “17 RIRSIN
B €07 NAEAR BRI iR “Non” N
FAORYRAR o i FIMFE HLIRS), g see AN FRVEI
BRI Lgbmax NIEHEREATREE, B Ke=0.8, H:

. oo
1. =—1 +—1, <I
b d b,s
q 2 v 3 c qb,set (19)
iqb,sel = Krellqb,max

A i ARSI AT dae it R ELIAL HY
PR . HE 8 FIHN, FERORIFRBON, HHEH
WARIERIEAE, TR G &Ry, HlbRLk s Py
S FELIL AL T [ea) e SR [ T 4 2 e B T e o
R R AT [ b SR e, B

tftAijk = tit (i (0-1,(0)>¢

t=t; t=t;

(20)

te+A te + AL

> A= (i, (-0 (0) > €

t=t; t=t;

X jy k=10 20 3. 4 H jtk. AT SnsRe Lk i 5 i
A FEL IR S 2 10(20),  TITAEE 4 BB AN 2 . E

N B e

i fE e
lqb>[qb,s t
KR
| m=1 ] &1
[
CT
| M=0 |
1R 47 b 43
M c—

K8 Jas Ry iR
Fig.8 Operation principle of backup protection



A, A B, HEER, S BT SCREUN DY SR B M 2 R T & 689

SCAS HiURR 28 LI 2 3 (20), U A X G R I 417,
BWRIE €07, FEEZ5mES, ARG
AR TR . AV ROA R BE, WA
e 5 Bk, AR 2 A = 2 X(20), I
TN S5 2 TR B AE, T8k G 80 A8 1 P81
24 BERGBEIPHR
R LT, B T ZWE 9 FiR.
LR BN, B 1 ms B R O ZR R
HEMERRTEMEREERE. HE TR, X
W2k R AT B I /N S B R R T, AR
Bl 8 FIToR IR 2% PR 58 Rxe 2% i e BHL e 11

3 RS

7 PSCAD/EMTDC @ r & 1 Frow (i VU s
MMC EJRIFM, B 1 9 Liz & 49.9 km, Lis £ 207.9
km, Lo 217.6km, L3s¥ 192.7 km, ZRE%FFIHK
PR, RGESHUNMF B & Bl fin. RIS 2
R R JFE I, B R G0 R LR 1R s AE
S B &K B2 ffizn. DAiiivl MMCi R Mg A1,
TCE SRR Lia #0R 1, IR AR Y R 5,
IETR DX A2 Laa WORE fa, S AL H TR 5.
HRRET 2 =1 ms, BEMGED KR 2 us, RS
B N 10 kHz,

3.0 38 L14 s £

TERRER B Lia AR B ik, 7 B 45 SR an P 5% B
Kl Bl fin. B Bl 1, 1o NERBERIEBNINZ], ©
B Z 56 R . FTLAE Y, MMC 548 1 H
MRBFT MR, 52 mofrfat, &R g
T4 A, DRI AR 125 AR ) I 5 Ma IE 5] R
WA EZNE 1 ms B & FOHRELHBRR, H45

tp+AL

D Ai, =3884KkA>1.019kA ; 2,=4.7<8.5, {f#"iH

SR X P iR . R ELAL i0>0.188 KA, R RHIN
IEAR
3.2 IEEEREH OMEE f

it MMCy t AR R A i, 47 EL45
Wit B B B2 Fis. B B2, i Ml i RAE 7 1]
FR, Hoiia NIE, FEREYEE I 5 Mg 1E )i
. BURPESIE 1 ms BFE FAIMZR B, H5

tp+AL

D Ai, =2.539kA>1.019KkA ; 1,=9.44>8.5, {ii"

t=t;

PR IE [ X Ah i

[t44e(DI <t g et

N

2
o
E
£ 2 2 !
[Emims]  [somss] [P S M
e 4 3

9 BRI RHTEE

Fig.9 Flow chart of protection scheme

3.3 IEEXIMNSEE fa

B B B B3 4 T IEMRZRER Las K AE BRI
B (05 LA . FHIE B3 AIKI, 14 AR R K/
RBEAME, H A KT8 ed, R E3E
lms B & F M % % B W , & B

te+At
D Ai, =2265kA>1019kA; 4,=14.4>8.5, %]

t=t;

NIETA X Ah R, R R A BNTE .
34 REIXIMERLE OEEE f

B B [ B4 45 H T #eiish MMCr H Uk AR 42
kB LG . B B4 R, 6, Al ey 43T IR
DU A Mz A Mua A FRREGRAR 7 [ 98 (1) T IREARL, 7T
AR B E, i iu REEH NG,

tp+AL tp+AL
D Ai, =-1844KkA<-0227KA; Y Ai,=-3871kA<-942A

PRI A [ e deant H 1 e
35 IRIPARTEBMEEN S

WE IER B RS Lia 7E 10%- 30%- 70%- 90%
b, I LR 435 04 200, 400, 600 Q.
TE [ X At th 1 fs A= v BEL SR 1) mT 1A AIG
— R RN B, PRI A /N A R 2 B i
By ok Y P S 900 . 7 A5 ANt B & BS A
1R



690 i LR AR

2024, 50(2)

1 AR o A B A
Table 1 Simulation results of different fault distances and

fault resistances

T2
$R)
[ A= e = FRAF IR 25
BQ D A, /A A io/A
0 4163 5.24 1476 1/+
200 2220 5.36 753 1+
10%
400 1501 5.34 499 1/+
600 1151 5.65 378 1+
0 4053 4.95 1318 1/+
200 2139 4.82 677 1/+
30%
400 1456 4.78 453 1/+
600 1016 — — Non
0 3915 4.58 1106 1/+
200 1820 4.56 503 1/+
70%
400 1188 4.57 324 1/+
600 878 — — Non
0 3323 4.45 919 1+
200 1673 434 470 1+
90%
400 1114 435 311 1/+
600 829 — — Non
0 2265 14.4 — 0
P 200 — — — PN
7 400 — — — R
600 — — — RIEB)

R, 17 ROy N b, “+7 Dy IER i,
“—7 FOREUELR, “Non” NERIKM IR
Pl BS AN 1 ATLAA Y, 2ol i F BEOS HIAT R AR

te+AL

WA A B R, (B7E 2 Ay BB A6 1E T, 3

1=t;

T E AR R — Wb e, AR R R Ay B A
WA, XIGUE T 28 1 = A ARy g i 5 f pE
REJI AT ERAYE . BEORYT Mua 2RI K >30% 8
600 Q Jot i B BRAE AR F AR T SRR, BERT RRIE A
T IR (B IR 5 A& TR, 30%FEES . 600 Q
P B BE T AR IR 7 B4 SR Bt s B I’ B6 it
e BIB6 W, iy(i=a. by )N FHE SR, iy
NV S . PTG, 1% T
T RIS IO R, (B R BA M e K AR vF B IR R
B, PrrEd ER AR, SSRGS A S
AR Qo S W R B S 4 IR /37 ]
ANABHIEAT .
3.6 RIPHEREER

DU B BT A ORI, ZRER ORI A HE
BRI, JE—ZRPR T, AHAR IR MR LR K 1 A
WefARN, TEIA, R EERET, FE

WEH 1N R . i e b 2
R, 5 THI B SR I 16 L 4% — S P e o FL IR T 52
71, RETReARAMB; H— 5, ERHE MR
PRGN R PG S e AL s, HRTERAR
G AR 2 R A 5 7 LI e ) B LIS ) 3
ms, 1ZI AR AR AR AL B A AR R SR HE AR
Wit 4.

LA 1 v R B I LR R A
U EAT AR, VU1 FIAT B AR 7 2 LA
AL ROy, BRI R AR . LR A
FLIAURE P SR EAT X P AN IR 1, AT B AR vk
EARSCRA 5250 Lot 45 R bt 5% B Bl B7 Bk .
H I B7 w40, du/dr 523 HBH ISR, TR
F 53 3 R BT EUAE TR PR3 8, e b
T E AR RE ), —ERRE B E T B
il O T

4 g

P2 H — ol 35 T g 4 S AR A0 DU v S L EA I
SRS TApE S T e A I
PR HLR i, 15 AR DR X P WA T ) B 43 S
ZHEUNTIER X AR, HAZR4:

1) B 73 5 Z 05 it IR LE AN [F] T30 B A2 1)
SHPTA G, szt R IHEE y0E, REA RBER A
XA AR,

2) RYTT BB A TR oo, TR X R
fEEH— D5 SR EE, FIERI R, fRE TR
77 R sh M A S

3) £ v PH B b T 8 AR R RS, AR A
B B R IRAE € 5 & RPN BR, ik E, Ja&
PRI 7 R IAIAEALE I FPIC A in) L, S35 Fh 2 i
AL eI R AN AT TS AT

B 5 WA F1) ) 2% i (http://hve.epri.sgee.com.cn)

S2ZHk References

(1] AEREEUE LIEM R e & A4, A [0 v 77 % e AR 5
[R]. dbxt: ABRABIE IR R SE4IZL, 2020
Global Energy Interconnection Development and Cooperation Organ-
ization. Research on power development of China in The Fourteenth
Five-Year Plan[R]. Beijing, China: Global Energy Interconnection
Development and Cooperation Organization, 2020.

21 @) HE, EmEE, WM, % 5kIb 500 kV E R G AR S
WAEAI]. FHERAR, 2018, 44(7): 2097-2106.
TANG Guangfu, WANG Gaoyong, HE Zhiyuan, et al. Research on
key technology and equipment for Zhangbei 500 kV DC grid[J]. High
Voltage Engineering, 2018, 44(7): 2097-2106.



R, A B HER, 5 BT Run s SCRB iR R B IR LR R T R 691
[3]1 5k 7, 4D, kRN, 25 BRI IhRE A L5 AL B M schemes[J]. TEEE Transactions on Power Delivery, 2021, 36(5):
MU FHEBR, 2021, 47(3): 1083-1091. 2634-2645.
ZHANG lJie, JI Jianghui, ZHANG Yuchan, et al. Research on eco- [15] KONG M, PEI X Y, PANG H, et al. A lifting wavelet-based protection
nomical DC circuit breaker with reclosing function[J]. High Voltage strategy against DC line faults for Zhangbei HVDC grid in China[C]/
Engineering, 2021, 47(3): 1083-1091. 19th European Conference on Power Electronics and Applications.
[4]  frkAs, M, BRO2, % DUSHZRtE B T G0 & Warsaw, Poland: IEEE, 2017: 1-11.
SEEGIED]. M ERAR, 2021, 47(1): 178-186. [16] FHakjy, EEA, £ M, & HET IR AP RS BRI
YU Yongjie, DENG Weicheng, CHEN Kun, et al. Development and PO CR I D). m L ERIAR, 2022, 48(12): 5068-5079.
experimental verification of four-terminal DC grid physical plat- WEI Yanfang, WANG Zhijie, WANG Peng, et al. Protection method
form[J]. High Voltage Engineering, 2021, 47(1): 178-186. for flexible DC distribution network faults based on current limiting
[51  xpEEut, SE0EH. & RE RN XU e ME BLIR HE B AT R T AT reactance voltage[J]. High Voltage Engineering, 2022, 48(12):
5T, HMEAR, 2020, 44(9): 3595-3603. 5068-5079.
LIU Zehong, GUO Xianshan. Operating characteristics research and [17] #EE, BrhoRk, TME, & ETERIEESE 2SR fiGh S E
engineering application of voltage source converter based DC grid O B RS R[], L ERIR, 2023, 49(2): 702-712.
with renewable source connected[J]. Power System Technology, 2020, DAI Zhihui, ZHAO Zhongqiu, WANG Xingguo, et al. HVDC line
44(9): 3595-3603. protection based on DC filter multifrequency single-end electric pa-
[6] #WutF, £ B, HER, & W T K E BRI Z5 rameters[J]. High Voltage Engineering, 2023, 49(2): 702-712.
PURE R HTI]. mHEEOR, 2018, 44(2): 478-487. (18] % 7, M7, KSR, &5 MERET LT B L imE
SHU Hongchun, WANG Xuan, TIAN Xincui, et al. Mal-operation risk T R A R S M A 4 R R D). b [ B L TR AR, 2019,
analysis of Yongfu DC converter differential protection under AC 39(7): 2049-2059.
fault[J]. High Voltage Engineering, 2018, 44(2): 478-487. TONG Ning, LIN Xiangning, ZHANG Xuesong, et al. Fault location
[7]1 EERE, B Rl HEORLE, & RVEEIREC BRGNS KR based single-ended protection strategy for overhead VSC-MTDC in-
JIEETE[]. B, 2020, 44(7). 2738-2744. dependent on boundary component[J]. Proceedings of the CSEE, 2019,
WANG Congbo, JIA Ke, BI Tianshu, et al. Research on fast recovery 39(7): 2049-2059.
method after fault for multi-terminal flexible DC distribution system([J]. (191 B& ‘R, S2BKGR, ARMT, S5 T e i et iR ) 2 S 4R B
Power System Technology, 2020, 44(7): 2738-2744. R L AR T R B R I). MR D BROR R, 2019,
(8] & XK, DASK, dfhA, &5 JEHT PR ERRC R HT T 2 i 34(24): 5234-5243.
CHU BB S 2 [0]. S ERAR, 2019, 45(8): 2385-2392. CHEN Le, PENG Yongquan, LIN Xiangning, et al. New ultra high
LI Bin, MA Jiuxin, WEN Weijie, et al. New type of multiport me- speed local measurement-based protection principle for half-wave
chanical DC circuit breaker for medium voltage DC distribution transmission line ground fault identification[J]. Transactions of China
network[J]. High Voltage Engineering, 2019, 45(8): 2385-2392. Electrotechnical Society, 2019, 34(24): 5234-5243.
[91 AN T, TANG G F, WANG W N. Research and application on mul- [20] SUONAN J L, ZHANG J K, JIAO Z B, et al. Distance protection for
ti-terminal and DC grids based on VSC-HVDC technology in China[J]. HVDC transmission lines considering frequency-dependent parame-
High Voltage, 2017, 2(1): 1-10. ters[J]. IEEE Transactions on Power Delivery, 2013, 28(2): 723-732.
[10] RMEH, ik, RRE, 55 5T 8 i e 1 BV i iR 21] % Hi, XU, A 55, % LTI MR ) R B L
BTFRD]. EHERAR, 2018, 44(2): 440-447. BRI I]. hE AL LR AR, 2020, 40(12): 3888-3896.
YU Xiuyong, XIAO Liye, LIN Liangzhen, et al. Single-ended fast QIN Yu, WEN Minghao, BAI Yu, et al. A novel distance protection
fault detection scheme for MMC-based HVDC[J]. High Voltage Engi- scheme for HVDC transmission lines based on criterion extremum
neering, 2018, 44(2): 440-447. online estimation[J]. Proceedings of the CSEE, 2020, 40(12):
(1] X, 2= ok, AR, &5 R ER AL R OEEAR 3888-3896.
HREA[]. MR, 2021, 4509): 3463-3477. [22] skoKife, afefd, FHGR, & JETREABETH LCC-MMC i
LIU Haijin, LI Bin, WEN Weijie, et al. Review and prospect on trans- S HERM B SR R TT RI]. mHEROA, 2022, 48(1): 166-177.
mission line protection in flexible DC system[J]. Power System ZHANG Dahai, WU Chuanjian, HE Jinghan, et al. Protection scheme
Technology, 2021, 45(9): 3463-3477. for transmission lines of LCC-MMC hybrid HVDC system based on
[12] £ b, BREk, 28 Rl TN MMC-HVDC 42552 undistorted factor[J]. High Voltage Engineering, 2022, 48(1): 166-177.
B SRR SR T DT V)], FEAR, 2016, 40(7): 2179-2185. (23] MK, #HE G, BT, & ETATR I B EAC R B
WANG Shuai, BI Tianshu, JIA Ke. Wavelet entropy based single pole JEE R T LR R B WU AR k0], R AR, 2023, 49(3):
grounding fault detection approach for MMC-HVDC overhead lines[J]. 1254-1262.
Power System Technology, 2016, 40(7): 2179-2185. ZHANG Tengyue, HAN Kunlun, CHEN Fengyuan, et al.
[13] Z= 5, fdEfs, 2 M, 25 BT SRR 2 an e M B A f Two-terminal protection method for HVDC transmission lines based
R w7 =0 B EBEHL TR, 2016, 36(21): on high-frequency cross-correlation function dispersion of traveling
5741-5749. wave[J]. High Voltage Engineering, 2023, 49(3): 1254-1262.
LI Bin, HE Jiawei, LI Ye, et al. Single-ended protection scheme based [24] ¥Rz, RXRRE. ZEAS 2RIk EL B A b S A EE M. b
on boundary characteristic for the multi-terminal VSC-based DC dis- o A, 2019 5-14.
tribution system[J]. Proceedings of the CSEE, 2016, 36(21): XU Jianzhong, ZHAO Chengyong. Fault analysis and treatment of
5741-5749. overhead line flexible DC power network[M]. Beijing, China: China
[14] PSARAS V, TZELEPIS D, VOZIKIS D, et al. Non-unit protection for Electric Power Press, 2019: 5-14.
HVDC grids: an analytical approach for wavelet transform-based [25] Ease, dkfrss, YUHYl. otk B 2R 2 2R B s AR 5 ]



692 [ELEESZN 2024, 50(2)
MR AL, 2016, 40(21): 13-19. it
WANG Yanting, ZHANG Baohui, FAN Xinkai. Fast protection 1961—, %, 4, #%, ©HS
scheme for overhead transmission lines of VSC-based HVDC grid[J]. F BT 5 01 9 T FR G0 Y 4k AR L B
Automation of Electric Power Systems, 2016, 40(21): 13-19. BRL MRS B T AT K DSP S A
[26] B S A PR A ] . e Fe 5% 1 T I i A 4 ) DR e R RS E-mail: kmshc@sina.com.cn
Q/GDW 11889—2018[S]. dbat: HE /A, 2020
State Grid Corporation of China. Technical specification for the con-
trol and protection equipment of VSC HVDC transmission system: SHU Hongchun
Q/GDW 11889—2018[S]. Beijing, China: China Electric Power Press, Ph.D., Professor
2020. AEZEGEEES)
[27] R, RELL, 2 0, & 5Tl R BT AR RS R 1985—, 4, {1, g2
A SR P8 LA i PR B S i AT S AR AP SRR D). o [ L AR 24 . 7595 1 g 3 0 4 o R . R B
2021, 4104y, 84248436, = = Z;z#jgzgﬁéj%%ﬂj S EN ) = R
ZHANG Chenhao, SONG Guobing, LI Yang, et al. Principle of N E-mail: 1105479731 @qq.com
non-unit traveling wave protection for VSC-HVDC grids based on in-
dex of fault voltage traveling wave propagation term[J]. Proceedings g
of the CSEE, 2021, 41(24): 8424-8436. TIAN Xincui
[28] # BU, MREE, WEAE, % RMHERFHEALM]. 2 R IR

MUK Tk AL, 2017: 1-24.

XU Zheng, XIAO Huangqing, ZHANG Zheren, et al. Flexible DC
transmission system[M]. 2nd ed. Beijing, China: China Machine Press,
2017: 1-24.

Ph.D., Professor

Corresponding author

Weks I 2022-05-07 fERIES 2023-04-15 it fE T



Mk A

Fig.

TE A% £k FL U R AR B/KA

14
12
<
< 10
2
B 8r
e
=
2
0 é IIO ll5 2I0 2I5
t/ms
BIAL R R B B (004 A B \ -
, o A2 R EIRAS IR
Al Comparison of short-circuit fault current under two
Fig.A2 Change direction of DC line current
different line models
8¢ I 2.5g ;
7E [ ; |
6 — : 2.0 — : ———izDLzaﬂ— Rl iZDL231jT7é‘;{E
é i: : g ] 5_ : ___iZDLZI-H—ﬁﬁ _ iEDLZIUjE{E
2 | 2 O [
3 | . e . . [ |
% 2‘: | 7 iyt AR inpr M FLAR :g Lol |
= 1 - : "\'iwmﬂ—ﬁﬁ - iEDleﬁiE;fg = :
oF | IS 22 05l I
E - [ |
*15- | . r |
o C 1 1 1 1 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1 1
20 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45 5.0 0 05 1.0 1.5 20 25 30 35 40 45 5.0
t/ms t/ms
(a) MMC, (b) MMC,
0‘52_ : 5_ :---[zDLGﬁ“ﬁ'['E FsprarPi FAR
of I _ ol: | sy S —— g
L | == - F
i_—l__,_,,_a——"’"/ 3F [
< -0.5] < F
=4 " I < ot |
= r | . N . . s . S F |
%.HJQ ~1.0F | - dyp P B iy 507 BLAH 4:; 1 s |
i’g 15 _ : ___ixuuAﬁ—/HE D izm.mﬁjﬁ‘ﬁ g 0 :
: |t o E |
-2.0F | I [
' ' -2f
,25'.........: ................... | B YA Srarr e | SFIFIPI IFEPIITE NIIPITE AT NP APITE INE AT AT I PITAV IAPATISN PRV IO
0 05 10 1.5 20 25 30 35 40 45 5.0 0 05 10 1.5 20 25 30 35 40 45 5.0
t/ms t/ms
(c) MMC, (d) MMC,
Kl A3  IEARELLZRER fi WO T B2 s v S48 5 07 LB
Fig.A3 Calculation value and simulation value of pole line current under fi fault of positive DC line
4.0¢
3.5F
3.0;— iy
2.5F
2.0F
1.5F
1.0F A
0.5 2
'of . b
=0.5F g I % ”
O T T S s o
S T ms Bl AS it R 2% ELIRTZR B FLR SRR U7 1]

B A4 MMCi. MMCo B4 K i A &

Fig.A5 Change direction of DC line current under outlet fault

Fig.A4 Current inrush of MMC; and MMC: connecting lines of converter station



U ISR SR RS [ S S

PR [N S S T TR S S S T S |

PR PR I
0 0.5 1.0 1.5 2.0 2.5 3.0

t/ms

A6 May fEPIFIAN R R )73 3 R 0%
Fig.A6 Branching coefficient difference of M4; under

two faults
Bk B
F Bl s MMC B4 B S
Table Bl Simulation model parameters of four terminal flexi-
ble DC loop network
ey DUEH . TG B S
e DUERRE Lz L -
SH WHRE . RAME BT Lk
/MW J&/mH i 8%/mH .

/kV /mF Hez /kV

MMC, 1500 500 75 200 10 200 330

MMC, 1500 500 75 200 10 200 330

MMCs 3000 500 75 200 10 200 330

MMC4 3000 500 75 200 10 200 330

# B2 Ui MMC BRI e (H
Table B2 Setting value of four terminal MMC DC line
protection

281 A Ugeset/ Udesed  Toset/ isett/ &l iset/  Aset  Igbset/

ff4 kVomsh) kv A A A A A
M2 40 425 -454 2273 227 1339 8.7 2520
Mg 40 425 188.4 9425 942 1019 85 2520
My 40 425 454 2273 227 1512 11.6 2520
Mas 40 425 244 1220 1220 1051 104 2520
M3, 40 425 —244 1220 1220 1089 10.6 2520
M3y 40 425 —40.4 202 202 1206 11.1 2520
M 40 425 40.4 202 202 1200 109 2520
Ma; 40 425 —188.4 9425 942 1086 10.3 2520

ol X Ai A
©oo0o0 l 0000
4
o | At=0.5ms1 14

10

MMC, 1% £k B Ji/kA

KBl fi #f5 N MMC 2R 3% (R4 A =
Fig.Bl MMC;: line protection characteristic quantity under fi

fault
16:— | | o°f°°o
[ cooo .4l 0000 | ° | %o
14 At:gsﬁiml A | o 8 e
g 125— : : K : X 4000000
i 10p | le* s [le
Bogkm I S
&t | | ° i
B 6 L b .0 b J
O g4t [ | ° [
S 't [ W
E 2_ 4 i | 12
e i mee s e = B8 el me
oF — -
*2:| 1 S Y 1 Ayl 1 [P R ]

B B2 fs #ihis F MMCi 8% CRIRHE &
Fig.B2 MMC; line protection characteristic quantity

under fs fault

16 F | | i +00%$990000000000000000
14EF | Legt |
E | ©oo00 EA114 °°°°}’]4 l |
:5 12_— | Ar=0.5 ms | |
= | [ |
fj; 10¢ | | | Aser
g~ r—————~——— -~ 5 i (S
ﬁ C t | t | | t °°c°°°
] , ° |°‘°°f°»°°
U 4F | ) T14 I
SH 1 et
s F / M
2- } I lsetZ
03:__1___¢‘ _______ S e =
*2:| I : PEN NS S Y 1 I:. I I: P R ]
0 1 2 . 4 o) 6 7 8

BIB3 faiffle N MMCi 2k B (9 R 1iE =
Fig.B3 MMC; line protection characteristic quantity
under f4 fault



< _HL Ty |

< 2 I | X

= -4F e I i

2 f e, [

K -6F ] °°s’.,“| Jo00°°88y

B of I I

o “or I i | °

S r T At=§5esllz| o

S -10fF || o0 X Ai, °

i I At=0.5 ms I °

2p Lo |h ’
_14'....|.... P P R PRI B |

| N PETEN BT
0 05 10 1.5 20 25 3.0 35 4.0
t/ms

B B4 fs il B MMCi 28 B (R4 ik
Fig.B4 MMCI line protection characteristic quantity
under fs fault

T ko i
—ip(0Q) —i,(0Q) —i(0Q)
— ~11,(200 Q) — -1,,(200 Q) — - ,(200 Q)

E 0,400 @) — - 7,,(4001Q) — - /(400 Q)
---i12(60€|) s:z) ———i14(600:§2)——- i,(600 Q)

MMC, t% 2k H. /KA

BIBS LusZE K 10%08 [ MMC) 2506 (R HE i Bt

Fig.B5 MMC; line protection characteristic quantity under
10% fault of L14 length

1 [ AU O i
|/ pa ,pb na /pc /nb /nc

MMC, #5 B B /KA

0””5””10””15””20””25””30”“35”“40
t/ms

B6  30%Z %I B4 MMC) M LA
Fig.B6 MMC; bridge arm current with 30% length and high

resistance grounding underground

300 .
: | MW ZE L5594
200F 0Q. 350Q. 100Q,
100E ! 200 Q. 300Q
| A
o | |
F 100k | \ /] dwdrzid i
Z ok | Y/ Y B
s i 2
5 300f o
~400F | ‘
~500F i
— :u PRI RS S S A RS T S SR N S S TR S R SR T S
600, 0.5 1.0 1.5 2.0 2.5
t/ms
(a) dee/d bt b 3 A BRI A Ak il 28
14 : .
: (SRS O o s [
1k BN 0o 50,
i : 1100 Q. 3000,
10F | |
N | |
L | |
<+ 8r | |
=i C | |
a L | |
< 6k | I '
. ! ! o E
af | | Fb B 0 />
X | |
2r I I
r | I
PR TR T T N ST SR TR T 1 N ST SR SR S NN SO SO SO S S T T S
0 0.5 1.0 15 2.0 2.5

t/ms

(b) 43 32 F H Wi ok 9 v FH A A2 46 il 2

K B7 7 SCHREUSIUA dwde (RIS B EUE T

Fig.B7 Comparison and analysis of branch coefficient and

existing du/d¢ protection affected by transition resistance




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


