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Adaptability Analysis of Siemens Traveling Wave Protection
Considering Signal Broadening

Dai Wenrui'’, Li Xiaopeng®, Lin Sheng’

(1. Institute of Standard Metrology, China Academy of Railway Sciences Corporation Limited, Beijing
100081, China;2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041,
Sichuan, China; 3. School of Electric Engineering, Southwest Jiaotong University,

Chengdu 610031, Sichuan, China)

Abstract ; Traveling wave protection is an important part of HVDC transmission line protection system. In order to analyze the
reasons for the lack of reliability of Siemens traveling wave protection in existing projects, based on traveling wave protection
logic used in practical projects, a Siemens traveling wave protection model considering signal broadening is established. On
this basis, the adaptability of Siemens traveling wave protection under different types of internal and external grounding faults
is analyzed, and the reasons for the lack of adaptability are analyzed. The simulation results show that the signal broadening
improves the reliability of Siemens traveling wave protection to a certain extent, but the voltage variation criterion in the protec-
tion criterion greatly affects its selectivity for high resistance faults in the area and low resistance faults outside the area.

Key words:HVDC; transmission line; Siemens traveling wave protection; adaptability analysis
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Pilot Protection of UHVDC Transmission Line Based on

Multi-point Joint Judgement of Bergeron Model

Shan Jieshan, Wang Xuan, Tian Xincui
( Kunming University of Science and Technology, Kunming 650500, Yunnan, China)

Abstract: For UHV and long-distance transmission lines with obvious distribution parameter characteristics, the distributed
capacitance current has a great influence on the sensitivity and reliability of the traditional current differential protection based
on Kirchhoff current law. Based on Bergeron model, the protection criteria are constructed by using the current calculated from
one end voltage and current to the other, and the current calculated from the voltage and current at both ends to the midpoint
respectively. And the pilot protection scheme with multi-point joint decision is formed. The protection criterion is constructed
by ratio, and the ratio will be 1 theoretically under the outside fault, which is easy to construct the protection setting value and
is less affected by the fault resistance. A large number of simulation results show that considering the distribution parameter
characteristics of extra-long UHVDC transmission lines, the influence of distributed capacitance current on the protection crite-
rion can be further reduced by the criterion of multi-point joint judgement, and the reliability of differential protection of long-
distance transmission lines can be improved.

Key words : differential protection; Bergeron model; UHVDC; multi-point joint judgement; long-distance line
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A Protection Method for Multi-terminal Flexible DC Transmission

Line Based on Current Slope

Liu Jingrui, Zou Guibin
(School of Electrical Engineering, Shandong University, Jinan 250014, Shandong ,China)

Abstract: The fault characteristics of multi-terminal flexible DC transmission system under various fault scenarios are studied.
According to theoretical analysis, when an internal fault occurs, the fault current direction on both ends of the fault line is the
same; however, the direction of the fault current on both ends of the healthy line is opposite. Then a fault line selection method
based on current slope is proposed. By comparing the slope of fault current at both ends of the line, the fault line can be
effectively identified, which can be used in the flexible DC transmission systems as a backup protection. Finally, the

simulation model of Zhangbei four-terminal flexible DC grid is established by using PSCAD/EMTDC software, and the

simulation is carried out to verify the effectiveness of the proposed protection principle.

Key words :fault characteristics ; multi-terminal flexible DC grid; DC line protection; dual-terminal protection
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100 Hz Protection Optimization Scheme of Rectifier Station
Based on Station Domain Information

Xu Tingwei', Zhao Liping', Lin Sheng', Ye Ye’
(1. School of Electrical Engineering, Southwest Jiaotong University, Chengdu 611756, Sichuan, China;
2. State Grid Sichuan Maintenance Company,Chengdu 610041, Sichuan, China)

Abstract; Aiming at the existing 100 Hz protection using only a single device measurement information for fault judgment, the
action response of the protection is blind to a certain extent, and its adaptability is insufficient when the AC area of converter
station fails. It is proposed to distinguish the DC area fault from the AC area fault of rectifier station based on station domain
information, which realizes 100 Hz protection optimization and gives 100 Hz protection the ability to identify the DC area fault
and the AC area fault of rectifier station. Based on the cause analysis of misoperation of 100 Hz protection, the correlation
coefficient between the negative sequence voltage of converter bus fundamental frequency and the second harmonic voltage of
DC line is proposed, and the fault area identification method of rectifier station is constructed. The simulation results show that
the method is not affected by fault type, fault location, transition resistance, fault initial angle and noise interference, and has
high reliability.

Key words:HVDC; 100 Hz protection; station domain information; fault area; correlation coefficient

T — 46 AT 8 2 5 2500 B0 fioh e S )RR A A

CI= I, AN AR GEAN S Bl e ] i e g FL i
ORI, , BV R LU P 23 T B 100 Hz 234, 51k

B %5 22 L H S LB ) AR (0 e % 100 Hz SR9P s, S B IR R GE M U Ras 17 5 & 1A

IS R R A S R, ok T R A ms Bl CAMIIR I S R GEA X PR R a] , 25 fE
BRI AT R B gk gy AERFRIBIE R A, 100 He SRAPASIEA F T R 4
ST EE R, RE fEHf”HH F TS B T o £ 5 47 566 i e
BSR4 T 4 R H (2020YFGO063) FE T ILANBE X 3 P 2RI I, T e 2 o IR 32 i &



18 B AR

F44 %

GEANKS BRSO L ZE R E R A B AN, e R
JUHEBLU6 - 23 Sl b SS IR B R S BOEDR AR
4 100 Hz 74Kk, #Eii 7 2 100 Hz (R4 S01E,
R M R G s

M T2 BRI R G AR B, S B T
— AR Y A i A AE S T E .
SR AR GEA KRB, 2 A S A o i
S e AL SR AE FLAL I A 100 He 534, Mty
AESDEELR 100 Hz (R4 IR IR BB oL T 8
AU AR S SR S R AT B
A, DU A RO AR DX, AT 3B B 100 Hz £
PR

NI TS HAN X AR e 5 2 100 Hz 47
BB, 75 e Bl b, 32 1 7l B X iR ) O
o DrAA RN, i T S S22 o
B PR B R ) AR R R R R

1100 Hz {4 imsh L7

L1 EBREZERXKEBES S

R 58 L X IO R A AN P 1 s, DL
VAR T o5 I o 1) T e R S R R D i R 3
REVR LR X 5 S X, P L — L, R
u XA n A5 B SS TR EK  5 S, —S, 790l DAy a2t i 14 25
RORH ST £ — Ly F1f D B 30 vl 58 I DX sk il
3 0, Ry e ki G DXl

-
S TX IR h
S I b

I
I

L, | I

1 M |

I

I

A fiL N
s OO D 5
! BORAER  $E
|

S,

L, ' I
O I

TR AL
B ERibXERXESES R
1.2 TRAXFREESE 100 Hz RIFIRFNEE
UEAEA, TR 8 B T 32 A X AR
SPECER 100 Hz fR-47 15 3l 1 100 P BB I 2 S Y %
P, X B AR LAY IE  ASUE a8 A7 R ™ EE A SR
Oy SRR S 2R G AN X PRI R UT [E] 100 Haz 31 3 O3
PURBAE, B e E T T HARSMERHLEL, Bl Hr28
AN XRS5 LN 100 Hz 38 3¢ 73 B 16 g
JEERT , AT i F 07 P e R

A it AN X o il el 45 52 i B 2 Ak BT 67 1 B
AN LU 2007 T BT 2 T 5 L A3 % 1) A4 72
YER , B3R 58 T AN X AR B 32 2 100 Hz £ 4 1R 5l 1)
PLER TR B , folf P i A T DG R BREAY, LA
(X VR STTR IV | Sy dRuny e NI i Bt SRt o2
i e S ) L R A

B ERT (1) £

Uge = WS, + S,y +u.S, (1)
s, wy, w5350 R AR SE T R BEIHE ; uy N H
VLB 5 S oS S W =AHHLE TR R R, T
KeRET A (2) R,

S,. = 4ﬁcos w,t
Tr
Suh = 4/\/3700S(w1t - 2£)
3 (2)
_ 43 2m
S,. = - cos(w]t + 3 )

A, w, =50 Hz ,
MR = A AN X FRET, T = A AN BR
ML 28 7 o3 1 0 itk

0
u, = > U, cosCy t + ™)+
m=1
o0
z U,'Uccos(wmt +a )+
m=1
o0
U°  cos( %)
m_ac wmt + o
m=1
< 2
+ T
u, = 2 Um_accos(wmt +at - —) +
m=1
S 2
- - ™
> Um,m.,COS(wmt +a + 7) + (3)
m=1

©

0
> Uy cosCo, i + o)
m=1

m=1 3
- 21
U - =+
Z‘l COS(a) I+« 3 )
N U cosCw b + a®
m=1
Rt m WU

Rrx(2) FHGRAK(D) nl 45
iu _63N: g {U;a(,cos[(wm —w)t +a’] }

™ NiiE L U cos (0, + @) +a ]

(4)



E5H

WEE, 5 . ETFuiEE B HERL 100 Hz RIPFELFTR 19

2 (4) ARS8 I T 2 i e % 78 )
JO7F) ELIRL AV L T
H1C(4) ATA, B 100 Hz 89 fL Ry
6.3 N,[ Ul .cos(2uit + ™)
uzidc =T A
T N,

(5)

+ U .cos(Quit + )

i 3K (5) AT, 28 1 S i R FE T 3 1K
U R R B A2 ) 100 Hz 31, Hl 71
7 1 R s M B AR = A

25 b AT e AR AN BR i B B B, 22 I 4
Jy AR 5 B 100 Hz o35 5 ARG, 238 il
HUE 100 Hz SRAPishng s, B, o 1 B
T AN o Az Ao Bk i B8 B 7 A2 1Y 100 Haz 35 35
LI , T3R8 5 | ASC i BE 2 A 17 3 S0 L T, I 4 W
5 EI OB R A A OCRR BE B B2 T 3 Bk
=B E A 100 Hz £ 9ifb %

2 R R T %

2.1 #EERIEIRAHE

FIA R BRI 07 S R 5 5
100 Hz 3 WA OC B R 50

L (U (k) Uy (b =1))\?
k= \/kzl ( Ul((k)) B U,((k —1))) (6)

K Uy R se itk 4k i FE0 6 7 70 = W8 AL U
R BT L R o R k=1 R
PR B 205 N ARSI 1) 7 K PN AR R RE LB

M X R AR AN X BRI, 46 3 R AT
Sy N, 24U A% A% ARV RS AE BT R A
100 Hz f3dt , i R U7 LR 5 B 100 Hz 435
FHOCHE R BB AR, =0 (6) AT R 8/ 2
B X R, B 100 Hz 02 T =A00T ¢
BRI IR S W R T B A e B R B 4
5 100 Hz s AHSCPEAR, R &R, Bt )y
R <k g5 IST A2, WA K A 1 B Sy % 30 3l
22 Ut DX I 5 A, DO T 2K A e sy 3 i L
DL DX Sl e, B DA R EU B, 7 0 B 4 U
REERIE 7 3 YOI L R 2 100 Hz 7= A= J A
I kRS
2.2 BFE

PRI 22 BRI sl
SRS e RGN g S P

max( [ Au, [, [Auy [ [Aug ) > Auy, (7)
A Ay Ay 5 Aug 4850 A EF L = AR HTE B
P 87 F) I B3 5 A, R AP R I S0 TR, 38
$70.01 ~0. 1 F555 3 5 20 i 20 i P H P B 4505 {1
AR R I S 2 5 S S R e v T R
BORAE R T8 3 A LA %1

3 PiERAES

3.1 fFERREESH

#£ PSCAD/EMTDC {5 5oV 55 b 4 5% v % 2%
A 3R WML £800 kV 28 FLIi & Gt f FL A
T AL 3 4505 L AT 4R L, —Ly B9 4K 43 )
7 40 km 40 km 20 km,
3.2 HBBERESH
3.2.1  ERIE AR M E

FERIRY [ B AR L i fy - L4k A
AH 2 A 4 i e 4 b A I A S T IR A R 2
20 km 4b, 5 EEDEINE 2 Fis

T 2 g L4 SR AT, S T L A ) ) e s
J& 5 ms R E K N REHE, 7T R =1.589 4 <5, 7]
JHDRIT H 12 A0 o Ay 2 3t 5 It DX A

150p

BE/kV
=
(= ]

FiL T M

%5 26 27 28 29 3t;0 3T 32 33 34 35
B2 THRREMEREEE
3.2.2 EFESEARRBREE
TERRARY | U B i AR A R £ Ah A MR A= 4
JE Pz b B DR anlE 3 R .

—_

607

Uara
>120t
x
@
E 80}
=
# 40 Uy

0 n n : :
25 26 27 28 29 3]0 31 32 33 34 35
1/s

3 HRREHEHERR
AP 3 Ay B SR Al A, SR A A 0 51 e e
Je S ms B K N AR, A7 R =48.200 2 >5,
A T S AR R Yt O DX e



20 B AR

3.3 ERIMESHT
3.3.1 RE#EEA Fols BT o9& b5

Sk 5 UE i TR T A AEAS [ s A 5N
EF v A N BT VA & S it R i B o o - e N 14
P A 78 55 AN [) A0 A T ) s A8 U IX 8 5 B X
S, R BT B R e A TN A5 20 A 1
HEARME L i, Hrp.f, - LRSS L,
R A R f, RS F U AR R A AN e A A R
87 g 2 Yt 3t 2 Yt DX I 3R A It A8 T A 1A
R f, 2R R A e BTN HE R, 2 0 It
L IX Sl R, e R A AR S, - L B R
RERIIE RS of, - L, o, S WS JEHLBH S O 15 Qi
BERIUR AR 05, It PEFBH R 15 Q.
®1 FREMELRBNGCE THHELER

R

¥4 5
R2 AETEBBETHHELER

B SR/ Q R HIWisk
0 1.691 3 A3 IX it [
fi -1 30 1.932 0 A X I
200 2.179 8 A U X i
0 48.200 2 B X
£ 30 39.025 5 L X e
200 34.439 5 LI X Sl e

A T3 I A P T 3 2 A DX Bl A I 5 O A LI X
Sk A A A TR o P F BEL T BRI, R BT S, 1
I ) Wt A Al e g R 3ty UG DX Sl e PR T
R, TC BRI i A U IX s 2 I DX
e 7 12 B RS R PRI
3.3.3  REM AT A T 693E S

SR 6 T B B AU 7 ik A AN R SSBEA) B £ R
AR R , 0 PSS TR b S50 A () B R ) 46 T )

3 il R I W7 2 OISR 25 I 3 3
e #/km HiER S A8 TR DX R 5 14T 9 DI e, PR O 48244
AG 10 1.8556  ZSWilX i PR HEA TR, 45 2 P B Rk 3 s, LU
AB 10 1.964 6 A2 i X 3 e N s s N
S0 2e0n e A HEUSEOURICIEREERY 15 0). -1,
1 “1 ~ P o [
AG 25 19896 AeIXHAI b 5 1 RSB B B A R 10 K b,
AB 25 1.990 5 AZ I X S e e s X
ABG 25 2.0327 AE L IX ok e i &3 TREEBRATHHRER
AG — 19124 ZE X itk s SRR () R F i R
£ AB — 1.9357  SCi Xk pE OO
ABG - 5 0049 S X BB 18 1.663 9 A X I e
_ ARV L I
AG — 63.707 6 LXK M Szt % 18397 if";'m””i
, B - 18,1048 R 150 1.714 4 A X 3 e e
3 ABG — 28.407 0  FMXIHRE 18 49.039 2 LR K I R
ABC — 20.8558 LUK BKRE £ 90 30.255 8 LU X S
fi — 45.050 9 i X 150 45.294 3 LR IR

FRYEFE 1 25 0T 0, 7 2 3 vl 52 U X 3 N kA
ANFIZERVFUR R B s iy, R /N T 5, al A
Wb e A R S T X8, T T A2 Tk DX s B 5 T LR
DX AN [R) S A0 g e o 2 A B, R YK 5, T ml 7%
PP R AR TE LI X, JB T R X R Rt
AT, TOIE R & A 38 U sl 2 i X 8 2 B X
B, Brd Oy s S REAE HERR N
3.3.2  REEEE LT 693E 85T

Sk 5 U i 4 R TR AN R E FL BEL R Y
T WP A3 AR AR b AN [ ok 9 v L ) 7 ik
A DX I8 5 B I DX I AR P i i ARk o i
HEATHEON S BB E A5 R AN 2 s, DA A A4
MR, e fy — Ly A 2 A R A e I
BEZR 10 km 4b, BRERT GG FA ¥R 0,

MR 2 G5 3 n] 0, 76 B it 22 Ik X S8 A
AN )3 0 L BH R B B, RIB/NTFS | DU I W7 &

FRYE e 3 L5 0TI , 7 2 I vl 52 U IX 3 N kA
ARSI G FA T BB, R 2/ T 5, I s )
5 R IB hy H VA  A8 TR DX A 5 A K O v LA
DXl & AE AN TR B 46 A T B R, R KT
5, S A DRIT S A= A A R A R A i LI DX R e, R
DU AT, TCVR R & A T I 3 A8 I XA 2 I
DX, By s R a1 U .

3.3.4 RFFRTE LS

Sk 95U T 4l R TR i A MR A TR 1Y 3E
VIV & o0 i O v R N T - 7 vl N U 23
AL X I 5 B X e R S ) i 4 R
B AT IR, LA A A 2 st ke Ay 461 (ot O el BEL 14
BN 15 Q) ,f, — L &b KAz e ik R e B B 45 g B 42
10 km 2b, B BERTGR £ R 0°, 76 TS0 FLECE i A
{Z: 1k 50 dB 40 dB F130 dB (15

(F#%90 W)



m R AR

Sichuan Electric Power Technology

2021 £10 B 445 F5H 21

=¥ iR A B R S B 2 S E
A BRI 5T

FEH, IS, RET, XXM
(PSR T AR AR, DU ER 610065 )

=<

H OE XA PEIRNLEESERNBAABRA A S b FRATARAERGL SO RS LA L A %A ITHF
o WTIRAT 9 B-FARA S B -FHIAE(MMC) 24 3569 2 20 BALRF, Ak & E2 0 I — A BR a3 K S0k 6918 ;
AT 25 B -F MMC 324 B2 & RE0), 3% IR A B RES EIL— A BRI K SR D 6948 28 426 B a9 (oA b at,
bk F RPN A MK B BT ek 28 4R F) 9 B P MMC s R RAE P VAR 25 & MMC & ERAFEEV A
AR B ARRAR G ERE, X RAR AR/ ARG F R R MA AT, A B 45Afe ik
IE | RSB PSR AP, AR TR AT 24 kKW/s, V, B AL TRAT % 1000 V/s, 5002 R Aefy L5 R —3,

K IR A AU RS0 SCADA LI R 40 555 TR/ B RPR I TEHE 52 56

HESHKS . TM 72 IHFEMS:A TE4HS:1003 -6954(2021)05 - 0021 — 06

DOI:10. 16527/j. issn. 1003 — 6954. 20210505

Research on Optimization of Reference Slope for A Three-terminal
Hybrid LCC-MMC HVDC Experimental Platform

Qin Jiawei, Wang Shunliang, Wu Jiaqi, Liu Tiangi
(College of Electrical Engineering, Sichuan University, Chengdu 610065, Sichuan, China)

Abstract : Combined with the advantages of line commutated converter and multiple module converter, LCC-MMC three-terminal
hybrid DC transmission system is mainly studied. When the constant power value of 9-level MMC converter controller is
adjusted, the DC voltage will increase or decrease instantaneously, and when the fixed voltage of 25-level MMC converter
controller is adjusted, the AC current of the branch will increase or decrease instantaneously. When the value of the controller
is adjusted faster, the peak value of the impact will be larger. Therefore, it is necessary to find the appropriate slope for 9-level
MMC power reference and 25-level MMC voltage reference through climbing experiment, which will make the system not only
have fast response speed, but also not trip due to excessive impact of DC voltage/AC current. Through simulation and
experiments, the limit slope of power reference is 24 kW/s, and the limit slope of voltage reference is 1000 V/s, so the
experimental results are consistent with the simulation results.

Key words: hybrid HVDC transmission system; SCADA experimental system; climbing experiment of reference power/voltage

slope
B R ERU R L R GO TR SSRGS IR AR
0 3 H 7 P 2R 9 B DA U0 R R O AR e oA, 0

R T R s DR P B A, B 45 J T By XL

N T FES AR MR R B R R BURRREMR, BT BOR B R A T R G 4

% (line commutated converter based on high voltage
direct current, LCC-HVDC ) F H J& J5 B 2 35 4% 5 &
H ki H & 4t (voltage source converter based on high
voltage direct current , VSC-HVDC ) 4 & a9 4G 3, 1R

ELW B MR [ ARSI H (51977135)

FEIBAT , eS8 B B B 25 1t i vl — b Al 2L 5 4
PALiTDIE SE

ST T 45 4 B R i AH 6 3 #% (line comutated
converter, LCC ) FIEL He A 2 Wi *F 4 37 % ( modular
multilever converter, MMC ) 1) LCC-MMC AR & XX



22 B AR

BB

¢
S 52 S5
L, Kok P o
?l\ L PN )
v -_ v e € Ks
Y i Sg

LCCHe itk De Breaker
s -

BB

9HL T-MMCH Lol

1
Uit LU 2R 40, B LCC i sk % % F 2 L I
Pl Sy A ) B AL RS 1) LU H R, MR R ) R AL
o WM MMC W] R FH 5 A7 DA JE D) 4l
WA i R 3% A A D D SRR T Hy e, X
ZohiR G i R4, T LCC 5 MMC & i
U 22 TP SR, DR B 1B A I A 4 o
Femg, LIS E ph s s B, SCEk[ 6 J$ER T 4
Filt LCC-MMC 1R & =i ELUL 5 48 145 i SR W Jeasfy
J73, IEXT 4 s il SR w4 T X L 0 FLIE T
4 PSRN T R R A 3 FRAIE T RS HLAEIR
Ao CERL7 456 RBME TR, 35140 T =k &
LA sh Az Wi RGLE SISz = am R g
— Ui ASEIE | TP i 2R G P 3 N — iy 1) B3 A S T 45
VE AR, DL AR R S8 AT I UM R 45 S D R A 43 L, 76
S uitiR I T AR L TR S 8 A R
AW P DI R AL 5 die e, T ELBGUE T 45 I R
AT, BE IS FH T 2w B i il R R 24 i 1T
W, SCHR( 8 ] Zumii & H ik i R it 7 i
PR X AR = MMC SR FH 2 B0 H R 32761
FUA A 300 F T i e 0, T LAk B 38 A R
MMC B i L PR
SRR A B RS9 $2 3T 20 48
(AR ), (VR A L 0 P R e 8 A TR oy FH 1) S 46
IEARZ, Bk &L LCC-HVDC il MMC-HVDC
FEU BRIz A FEE A STk e FNR A
T AR OGN SRS, R 2 LM o 3 (RS
JERFEEM—AIR, BEIR A IR A E M R
G5t T LKA A TS A TR A L e S
5 b T8 BN S5, $R B S0 5 A P AR A IS Y

e fEB]
Veu | v Ve P3
e
l i l » l R Kai
e =l 10 i - ::=
Lo ia

s c
l.
me) |—lEB) | lEBl 5 K& p] v
iy =N
L e I e T 510k 0]

Dc Breaker

251 P MMCH#7i 35 R

SRR ERMERSH

AP TR A LI B PR AR 0 R A A R A T )
B, SO 23 PR B H e/ S it FL B 9 et ae DR &
Az

1 RGETAERI
1.1 RG&EH
FERT BT =i iR G B oL R Ge 26 vk
FH+ k3l LCC H W AH #0745 , 52 3 >R FH 25 #f
F- MMC 3t 25 1 9 Hi - MMC 43 i 3R Bk, 1% =
iR A B i R ge s Ah R A& 1 s, Horp 25
H, P> MMC 488 9 308 S F o 30T H, - s 3 30 i SR g, 9
Hi P MMC $8 37t 3t >R ] 22 bk b 5 2 9] 1 5K W
P MMC #8373 49 8 21 AF 254 Bk (half bridge
sub-module , HBSM) ,
1.2 #Rimubh= sl

% =ik A LU AR e BN LCC i v
SR FHE IR AR o i ) R R 1, R
FEHIMHAIMSHE 1, LW, 320 2 EH B PLIA
WL BE XS A o AT B IR, AR B R L.
R AL S, A FT Ly, MRS T 2 HL
AR E A, HAEHIHEE Qs 2 PR .

Lge

Amin ——
+ max |—Fod o 2
Tiere . | PR Xord

B2 ERREH
=R S B A L AR ST AR ) MMC R Y
SEAE SRR o A GE XA 73 PR B il A o




%51 EEN, % MRS ERAR SR T ARNS AT MR 23
Pl 1.3 REgthimiEsl

&l 3 J& MMC 6 3 il RCER 425 il 1) 42 1 A 181, 7
A HESE AP ER IR, A 0 (R AE 2 N PR il o AP R4
il AR YR Y R Y R, K2 %
1B W A 00 25 (EE 5 PT il a , wT A3 505 3 N
I d TS H o MNFRHLIR ¢ TS oo
XF TN ERE TR UL, d R T S8 i, d Sl
Tt AR B AR iy 280k PN B ) H 3 A R A A B o
WZZBRIEES Uy 5q MBS B AH i, M g 5l
FEL AL 18 N {1, 28 0 PN S 1) W O A R A 1 75 31 ¢
MWMZHZRERGES U, . &EH RN dmE%0
FEAG5 Uy Fl g i EES U, 233 dq/abe 42
PR HAS EI A FA 0 = AR E S B8 u, v, o

GRS

<
ES%H &)
HNKE ) >t
BMEE Uy
e
FIHE
BEHH

PRIE Sy
B

B3 MMC SUERzH

SNFRFE AR AN I R b, T4 3 o
S FTVAL E ) 4 2 T B E JE Tl ol
. I LB A (9 ER i ) 5 TS B R A
Dyt (FIMERIE I A T 5 T (i
IR ) WA R

d BHE A I FEE RIS R

i = k(P = P) + b [(P = PYde (1)

g WE I TR B b ik

it = k(O = Q) + b [(Qu = Q)de - (2)

4 E B TR IS A R

Lier =k, (U )di

(3)
X AR R, L F Y F R S (A
F, YL {7 28 PR A 1 o i MRS T A5 31 o Bl g
MrZSE B IEE S
d R q 522l R BN -
Vi = wa + @by = [, Gy = i) + b [y = i) de]
(4)
%ﬁr=uq—wLm—[kAgwf-%)+@juMM-¢>m]

(5)

de_ref de

- Udc) + ktf( Ud(;ref -U

X T = SR A L RS, B 1CC R
FHSE EEALIL (D% B 262 25 s F MMC e
FHSE L HL PR 5, 023 9 F - MMC SR SE
SESTR

A = HIR A LSRR SE T, LOC B A
9 H1 - MMC 5334 T LA 4 35 S BUAT D5 e
S A TR ST R R
EE IR 25 L MMC {1 3 5820 %
s, TG AR R L LI
1.3.1 AP AR HFHMA

RO TRAEATIE, 0T LIV 9 HLF MMC
VR IE e EN T

1) 25 9 Hu T MMC 37 78 5 30 35 9
W/ FU T 25 1T MMC 1305542
Wik, A LIRS, P = I, DA PV 2t
A BEHE Y Pt b . 25 HLF MMC
RS s TR 2R M, P00 P R
SEAH,25 1O MMC SRR FEFL MK

2) 20049 HL3F- MMC e 7 i 75220 5 0
SR B EI P 2 25 1F MMC (5% 42
/I FRORE 5 19— BRI o
LR, B 25 HLF MMC J07 35 o B 2
SN PR R B E .25 s MMC
BEh LA

LS O T MMC Bt 48 2
OO A SR RE I 4 s

MMC 255 Fi J % 1l 2% /2 4% /£ c:MMC 25194 T 23R/
B R B e (A ELI LR AR AT

(r:()l W EMMC 9% Prop |

t&‘ PHEMMC QE{]pre[ I

MMC 255¢ R Hs 3 il e R A 17 T CZMMC%WﬁmW$%ﬁ
Hit R 2 BE B HIHR R T

B4 T MMC 9 HI B R REMNETE

PRI, XA R Gk UG, 8759 9 HL P MMC ik
Pl DR B (AR, B L 2 3 — N R e 4 K
SR/ . 8 R D R A ) (R R, B R 3
L N {7/ B EN A O FRINR (RN e N



24 B AR

BB

1.3.2 @AY A%E L R A

AGUAL TR T, Al LAY 25 1 MMC
Hel Pl fe o U O (EL. iy T T3 A R T v
RN, DR T IR 2 B L SRR

1) 24 25 AP MMC o 30 o 42 i o 5 R F)
{ELI/ N, R T4 32 B D) RS- 0l 25 H1F MMC Y
DIRA AL, X B R GE AR UL, 25 HLF- MMC
Tk SIS ) LI LU 23 ) B — IS B IR A
LU, 25 RSP MMC 5 00 0 52 ) 52 U P DR AR 2
IR — B IR A bt LR

2) 20K 25 HLSF MMC 38 ol 42 1 45 2 FL R 19
(ELHE ORI TR BE, 25 A - MMC 4830 s 52 3% 9 L0
U2 H B — A i P sl /I ) e il FRLUAE L 25 FLSF- MMC
Tl S B S L U 2 B — A BRI/ N B o
L o

PALREIA Y 25 A1 -F- MMC #8 o 42 i 22
FEAME R S e, HO AR AN 5 s

MMC 97E A Ty 542 il 25 K A%
EMBE R/ AR AR RWE RSe[|

MMC 25175 DhLhFE A2
LA I AR BRI

ﬁ:{)| P EMMC 2501V er |

fedEf |

=

MMC 978 Ty Ty 542 il 25 A%
{ER BTSRRI B BOEE |

BIEMMC 25V, |

1

MMC 251145 DT A4
=R N =

5 T MMC 25 =HIsREREENESERE

PRI, RS R G0, I 25 HI P MMC i
slia A FUTS BRI, 25 FLSF MMIC 46 it 3%
DTS SRV BT R SRR B U 71N By N R S AN (£
YRS A R (R, B ARE R BRI, IR
2L FL TR A I HEL AL 14 B P {25 K

2 HiHE RS R IE

TEAR Eh, LCC 1 MMC #6237 2% 32 [] B% 64 450 5
L RIUE DR SRR 1 PR, SEg P RIAER

Hizs%0,
# 1 LCCF1 MMC ¥#aimss £ BB S
PRt E R/ kW BEHLE/V
LcC 20 750
9 i3 MMC 12 750
25 H 3 MMC 20 750
LM ARGE — 380

2.1 RUWZESEENENHELR

S Al B A BE K A2 1Y R K B LR 2
900 V, Y i HL B KT 900 VI, B4 B4 & A Bk
W PRI, 42 B ok 2id ok 5 EURN S5 9/ 9 H o
MMC. 4 375 3 42 il 2 22 DR AME P, 0B — D Hid
IRER ki 22 50 WE R AE U8 15 Tl 3R i 4 B ok 311
{8, SCRBAS A A= Bk i)t ST 465 v Y

9 Hi - MMC 9% D% 02 12 kW, [H R T 15
R, 9 B MMC (IR B %108 P 1H)
WGIEN - 12 kW, fiEH P A —12 kW 2546 3] 0,

MP IS4 s ) —12 kW 2] 0, 25 fki a2 2 s
B, k=6 kW/s, {5 EPIEME 6 Frox, Bl i & i
HLHE AT, LI 2k 830 V,

o VSces3Gwers |
- MuC1 DC stal
900 1

10 20 30 40 se (1] 70 80 90 100

E6 P HIREHRG6 KW/ s RIFEER

WP TEE A s P —12 kW F] 0, 2B M 1 s

BF, k=12 kW/s, PFEBIEME 7 Frs , B HoE Ei
LR T, FLUG(E 24k 885 V.,

C1:Graphs =
- [~
900 - = MIC2 DC votage
800 S TN
700
600
500
400
> 300
200
100
0
-100 =

.0 20 30 40 50 60 70 80 9.0 10.0

7 P HIRIER 12 kW/s RHEEERE

M P A4 s I —12 kW 2] 0,28k E] 5 0.5 s

Bf,k =24 kW/s, (FEIIE A 8 iR, B2 Hi
H R BOE , LI 2 890V,

= MMC1 DC vokage b
900

X 10 20 30 40 50 60 70 80 9.0 10.0

o]

8 P RIBIEH 24 kW/s BFHEE KT



E5H

EEH. ZBREAERNEIRTARNSEETANERATR 25

2.2 RUBESEZEERERNFEIR

SIS FH ) £ R 7K A2 1) Hie K 38 T HL O A2
40 A, ZZ B HL R T 40 A B, A8 2 & A Bk
AT LI, B LA BRI, AR S N H
T e R A R A ki . PR, B Ok
B Sl O BN SIS /N 25 HLSF- MMC 3 37 3 45
il 8 R LR AR Vi, 3B — e Bl B RER &, il
ARG REREAE A 17 D R B RR B H, XReA &
A Bk ] 5 S 56 e B

TRSES RS0 ] U Y B HL R AR B /N R 700V
AR HA 750 Vo K2R 25 H - MMC ) 4 e ) 5 2
20 kW, T DA TA3 8 Bk id o, 25 L MMC 1
TR A 20 kW ,9 HSE MMC B9% TR A 0,

WYk =1000 V/s [, HLE M 750 V700 V
750 V,&EF0.05 s, [89 2 25 B MMC [958
TR EIE , Horpds iR R, 4 45 A,

QNO'QEEQE *
0.080 }
0.040

~ 0.020

é 0.000

S oom

- 0.040 ==

\
|

B9 V., B k=1000 V/s BRHEERET
MV k=500 V/s B, BLJEM 750 V—700 V
—750 V, %53 0.1 s, & 10 225 B MMC 938
T HL LT .

-0.080
-0.080 ]

= lpim Cm-A1

0.080

0.080 ‘
0.040
0.020
0.000

0.020

-0.040

-0.080

a0 |

B 10 V. k=500 V/s BRHEERETE
2V M) k=250 V/s i, B M 750 V—700 V
—750 V, & F30.2 s, & 11 225 BF MMC [9%8
LI

m |pim Cm-A1

kA

I(kA)(

0.080 ]
0.060
0.040

~ 0.020

g

= 0.000

=-0.020

-0.040
200 | |

ouw] - l . [
B 11 V8 k=250 V/s RHMEE R

Zi LAl A%, 24 25 P MMC iy 20 R e K

20 kW B, 45 2 0 ob b (E B oKL 2 VL0 Rt
Rk =1000 V/s B, HLEM 750 V F&{XF] 700 V,
BT IE  E RKAE 2 R 45 A

3 RS S B A EY S g

U 3 ST 5 ol FH 1) 2 30 18 28 A 6 LCC i 2% .25
LS9 MMC 19 HiSF-f) MMC D) f SCADA Wil 22
4t. SCADA Wiill 2 4¢ n] L)X 5 4% v e e g £ i
A3 SIS W)

3.1 U ESEERENESTIR

TE PN —12 kW 2] 0 B LR T 58 SE 5

P RER/NT 1.2 kW/s B, BRI A
L b, SEE O A 12 FR .

1000

HitE ‘

800

L R/V

600 -

400
350

3 g . . i : : : :
5 40 30 20 -0 ©0 10 20 30 40 50
it ) /s

HH/A

I I
10 20 30 40 50

I L L
-50 -40 -30 -20 -10

ISR /s
B 12 P HISER 1.2 kW/s REHEE

WP IR 1.2 kW/s B K, ELFH
JER vl oA, 13 02 PR - shili
FERNZR I, Bl RPRAIE A, B R wh o (A A KT
IREN900 V., Un TS R4k L K B Ak
AR, BEET P IR BR AR k=24 kW/s, SCHG
B 14 fis .

900+

880

860 |

i R/ V

fos}
[\
=

800

780 . . . . -
0 5 10 15 20 25
P IR k/(KW-s)

B 13 P RIZE - hEHEEH%



26 IR AR A

BB

1000

e |
900 | 1
Z a0
2
£ 700
600 . ‘ . . ‘ . . .
5 40 30 20 -0 0 10 20 30 40 50
ENEN
40 .

MMC 93¢ i MM tLifi
MMC 9L i W stiif | |

HLIU/A

0 40 <0 20 a0 0 10 20 a0 40
B )/s
B 14 P HIREHR 24 kW/s RREF

TE P LR E IR T , 1 k=6 kW/s,
k=12 kW/s k =24 kW/s B}, BFS2 6 45 SR {5 B 2%
SAEXT HE , B R B b R B A IR 22 8/ KT
5% . AT LAUEER D B RSCR BT
3.2 RUBESEEMNENSITIR

V. M 750 V RREZ 700 V24 k=1000 V/s i,
FFE0.05 s, GnE 15 7R ; 24 k =500 V/s B, G2 8E
0.1 & 16 fiim; 24 k=250 V/s BF,F5820.2 s, 10
17 iR 15 ZE1T J 8 A BB RIR A
BRI 25 1 MMC /Y 5 H IR (25
1P MMC 1 38 LI O o

SoSEET R -o--oc<THg Sags 760 V
N O sa2s  T08Y
a600ms  a520 ¥

'”':e\l!"'u'! v.:"!'
(e i

[} ‘ ! il ‘
DGR raE el 8 |

LA }ﬂhhnnnﬂnﬂr

1]

s - )& 7320 v '
@FE1) 1714 @FEY v
@195 2044

J .”.‘ H |
‘ {11 LU ’m’([loé“ (R

@ 1004

B 15 V8 k=1000 V/s B SEIiE

e

5 -

P

2 ‘:‘\‘!‘\‘JV ‘Hr T |‘\ W H‘ ]‘ I H”H“:U‘ ‘I"‘I ‘|I ')\ I‘,‘ ‘H‘ wl \’\ 'T “‘ \“ H‘ Il \| Il HM ‘! “I “[ I“."‘l “ \‘4 \1! \|1 |r. ”‘ Hf Hi Il

;ﬂﬂﬂﬂJMﬂﬁﬁi&llL&ﬂiiﬂ&hnﬂk@ﬁ$$m£$mmﬁdwmhhﬁhhkhﬁthd

(400 ms ) @® /000y
100V 1004 @1 1724 @Fy v
2004 @1551R 2034 06:47:57

B 16 VM k=500 V/s Bt SEUR
TESERSLH I, B V. (Y k = 1000 V/s i},25
LS MMC 22 it He 3t %) o o FR 0 2 30 8 5 1R 01 L
40 A QSR VW RERAR SR I 2Bk T . YRR

Oe 196s 512V
_| O® 138s 632V
a12ms o120V
_______________________ G s ot i i itk
B ‘1“-‘\‘~‘\‘"\‘~‘\"‘;‘\"‘\“‘\"‘\'“l'e‘l“H“\I“\l .u'g‘“‘:ﬂ‘.r‘ ‘|! ”\ f‘\ !|‘ !'w ||\ ‘ l“'l l“ ”‘ U‘ H"H"H“‘\‘ ‘\ I w‘\ w‘\ ‘H‘ \“ \“ \" \W' H' Ik
LAY B s A
) (400 ms )@ 7000y |
&» 100V @ 1004 @13 1724 @F1y sy
2004 @151 2024 08:54:07

B 17 V. B9 k=250 V/s Bt SE36H
/NF 1000 V/s B, 258 0 M B 5048, T s il e
TRAFIECR , MR DI R S H A, RETIRFaE # S
FAH MRV SRR T 1000 V/s B, R4
DK A A D) D)5 AR A i B & A BRI, A R e 4
Ba sk, BRIUL V. AR BRAERIE 1000 Vs,V RN &
B2 1000 V/s LA,

4 45 ik

RIEITEIR & B i R S8 E AT IR 00,
) 9 - MMC ZIRZBZAH P, 5 1& BIRFR DL 25
HLSF MMC HURZHBE VAl RS, R G
E PR i 7 R, SN 2 PR L P R/ B8 W FL A )
it K & A Bk

7E PSCAD BL{jj EBUE RS ZEHA R, Hiil
H S (9 oh s B A 5] 900 VI, P (4% BR AR &
k=24 kW/s, AU HL A o R IA 2] 45 A BT,
V. ARk =1000 V/s,

FELET-5 B LCC-MMC = iR & B i i
HL RGN B, OB YRS HEHRR, Y P
RPRIE k=24 kW/s B, B AL A ool /R 3K 3
905 V B, AkZ RRHAe s A AR Bk . BB LR
ZEAERIR, YV RER E=1000 V/s I, 383 HL
T rhi IR E 40 A, ARSEIE KRR, WA KR
B, D] DU 2598, S 48 P AR ik
P k=24 kW/s B0V, FORPRERE £ =1000 V/s 48
bf, s ahie SO EERE

S 3k

(1] MR, P S S RdR [ M. bt b [ f i A

#t,2012.
(2] frEh. FHEERBEZRE[M]. J0 MU T AR
#t,2013.

(T#%53 )



2021 £10 B

m R AR

Sichuan Electric Power Technology

B4t ESH

27

ST HEA TS B AT s 0L P R S 1 B 5

REL PARFE, LT
CRI—R W B s A FRA R, 1)1 kil 614000)

W Eo THREXHREKBOMRRE RET —HEATENTHRETOREXNRKEKB AR, AT THES
ENEMNTREMN AL E L AR, FBIEMAAMNKTIZERALAOMNEHE, ZHRRALEHMEE, 0
A WA R, ENAE R A RIBITAEE AR RR RAF,

SR AR TH IR s T A D55 5 R s i

FESES:TM 72 XERERL:A XEHS 1003 -6954(2021)05 -0027 - 04

DOI:10. 16527/j. issn. 1003 — 6954. 20210506

Research on Phase — controlled Arc Suppression Coil System Based

on Injected Power Frequency Signal

Li Junhua, Hu Tianxiang, Hu Huaping
(Leshan ELECT Electrified Wire Netting Automation Co. , Ltd. , Leshan 614000, Sichuan, China)

Abstract : The composition principle of phase-controlled arc suppression coil is analyzed, and a phase-controlled arc suppres-
sion coil system based on injected power frequency signal is put forward. The principle of power frequency signal injection
method for measuring capacitance current of distribution network system is described, and the measurement accuracy of this
arc suppression system is tested through simulation system. The arc suppression system has a simple structure, and can
measure the capacitance current fast and accurately, which has a stable operation and good application effect after it being put
into operation.

Key words : phase-controlled type; arc suppression coil; injected power frequency signal; measurement of capacitance current
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Technical Discussion on High-voltage Transmission Line Protection
Device Integrated with Travelling Wave Fault Location Function
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Abstract : Aiming at the high-voltage transmission line protection device integrated with travelling wave fault location function,
the overall hardware architecture design scheme of the device and the overall software implementation scheme of travelling wave
fault location module are proposed. Besides, the reliability of travelling wave fault location function is improved by using relay
protection information, and the overall integration of travelling wave fault location function and protection function is realized
on the basis of not affecting the performance of relay protection, which provides a technical guarantee for improving the fault
location performance of high-voltage transmission line pro-tection device. The simulation results verify the feasibility of the
integration technology. The line protection device integrated with travelling wave fault location can accurately locate the line
fault point in real time, greatly reduce the workload of manual line patrol, shorten the fault repair time, and improve the
reliability of power supply.
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Power System Fault Modeling Method Based on Graph Calculation

Li Xin, Zeng Zhuolin, Shi Peng, Wang Yongcan
( State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract : Fault modeling is crucial for power system simulation. There is no fast, accurate or complete method to model some
common type faults (such as N-1 fault, N-2 fault), which troubles the system analysts. Firstly, two factors considering in
fault modeling are analyzed, that is, fault route and fault action sequence, in which fault route is the difficulty of fault modeling.
Secondly, a power system fault modeling method based on graph calculation is proposed with the consideration of the
characteristics of power system data structure. Finally, a case of real power system is demonstrated to verify the availability of
the proposed method. In future, the proposed method can be a theoretic foundation and practical tool for both on-line and
off-line power system simulation.

Key words: power system; fault modeling; graph calculation
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State Analysis and Quantitative Evaluation of

Transformers Considering DC Bias

Li Hui, Zhong Zhuojiang
(Sichuan Energy Investment Development Co. , Ltd. , Chengdu 611130, Sichan, China)

Abstract :In the rapid development of AC-DC hybrid system in China, the DC bias phenomenon generated by the operation of
DC system has an increasing impact on the nearby transformers. For this reason, a transformer state analysis and quantitative
evaluation method considering the influence of DC bias is proposed. Firstly, the influence of DC bias on transformer state is
quantified from three aspects of transformer noise, vibration intensity and loss, and a quantitative expression is given. On this
basis, a quantitative evaluation model of transformer state considering the influence of DC bias is established, and the data
fitting method is used to avoid the subjective influence of artificial experience method. Finally, the effectiveness of the proposed
model method is proved through the comparative analysis of actual cases, which qualifies the influence of DC bias on the state
of transformer. So, the actual working status of transformer can be effectively distinguished, and the working efficiency of
operation and maintenance personnel and the equipment management efficiency are improved.

Key words:DC bias; state evaluation; AC/DC hybrid system; fuzzy comprehensive evaluation
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Transmission Line Based on Electric Field Intensity

Ding Daiyun, Wang Xu, Luo Xianjun
(Sichuan Energy Investment Development Co. , Ltd. , Chengdu 611130, Sichan, China)

Abstract:In the context of intelligence and informationization of power system and the use of large-scale power electronic
devices, the impact of lightning strokes on power system is increasing. In the current research on the characteristics of lightning
strokes in power lines, the adopted models have the problem that they cannot accurately reflect the physical process of light-
ning strokes. Starting from the physical process of lightning strokes, a probability model centered on the area of lightning
strokes is defined. On this basis, taking the electric field intensity generated in the process of lightning strokes as the starting
point, the up and down models of the lightning stroke for transmission line are described, and the probability model of line
lightning stroke considering the physical process of lightning strokes is established and quantitatively evaluated. The compari-
son between the traditional simulation method and the proposed method illustrates the feasibility and accuracy of the proposed
method.

Key words : transmission line; electric field strength; probability of lightning stroke; lightning stroke characteristics
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Application of Comprehensive Diagnosis Method for Internal
Discharge Defects of GIS Supporting Insulator

Dai Hui', Xiong Pan', Zhou Dianbo”, Yang Fan', Xue Zhihang’, He Yuhang’, Yao Xiao’
(1. State Grid Luzhou Electric Power Supply Company, Luzhou 646000, Sichuan, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract: The comprehensive diagnosis method for internal discharge defects of gas insulated switchgear ( GIS) supporting
insulator is studied based on ultra-high frequency ( UHF) partial discharge detection and X-ray imaging detection. Taking a
110 kV GIS for example, UHF method is used to detect the partial discharge of GIS which is in operation, and after detecting
the abnormal signals, the defect position and defect type are determined by interference elimination and multi-channel signal
time-delay location. For the internal discharge defects of supporting insulator, the defect condition is determined by X-ray de-
fection so as to realize the comprehensive defect diagnosis and guide the equipment maintenance.

Key words: ultra-high frequency (UHF) ; X-ray; gas insulated switchgear ( GIS) ; supporting insulator; partial discharge
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Detection and Analysis on HV Winding Damage of A Main Transformer

Luo Yang, Yang Hongquan, Liu Yangin, Liu Xin, Li Bo, Zhou Bo, Gao Jun, Jiang Feiyu
( State Grid Chengdu Electric Power Supply Company, Chengdu 610041, Sichuan, China)

Abstract: A case of HV winding damage of main transformer caused by short-circuit fault of transmission line is analyzed.

Through the oil test and electric test, it is demonstrated that the damaged area is located in the lower part of main winding of

phase C in high voltage side of main transformer, and it is confirmed through the overhaul of transformer cover.

Key words :main transformer; short-circuit impact; winding damage; gasses dissolved in transformer oil
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Trading Strategy Research of Renewable Energy Participating in

Electricity Market under New Power System

Fan Dong, Mao Rui, Wen Xu, Luo Baosong, Xia Chun
( Southwest Branch of State Grid Corporation of China, Chengdu 610041, Sichuan, China)

Abstract: With the expansion of the proportion and scale of renewable energy access, the participation of renewable energy in
electricity market transaction and the multi-dimensional collaborative consumption are gradually becoming a development
trend. It is proposed to select the typical trading subjects of electricity market, such as renewable energy stations, conventional
power generation enterprises and power grid enterprises, from both sides of source and charge, and establish a multi-party
trading strategy model. CCGA is adopted to solve the Nash equilibrium, and the efficiency analysis of cost and benefits of each
participant is carried out, which provides the basis for the establishment of a multilateral trade policy model in typical electricity
market transaction scenario. The example shows that the profit of participating in electricity market jointly is higher than that of
participating in electricity market alone, which indicates that virtual power plant ( VPP) can reasonably use the storage capacity
of electric vehicle (EV) power supply, make full use of wind power resources, and become more competitive in the market.

Key words :renewable energy; electricity market; multi-party trading strategy; CCGA
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Composite Tower Design Method Considering Economy

Li Jiahui
( Guangzhou Electric Power Design Institute Co. , Lid. , Guangzhou 510520, Guangdong, China)

Abstract : With the development of power grid construction, there will be more and more transmission lines across the country.
However, the traditional all-steel poles and towers have some defects, such as heavy quality, rust-prone, consuming a lot of
mineral energy and so on. At this stage, the composite material technology is becoming more and more mature. So, a compos-
ite tower scheme is proposed to improve the economy and reliability of towers. Firstly, the size and insulation configuration of
tower head are determined according to the requirements of clearance circle and finite element electric field analysis, so as to
make the electric field distribution more uniform. Secondly, based on the analysis of the performance of composite materials,
the force analysis of composite tower is carried out by using ANSYS software to confirm the component size and check the bear-
ing force under various working conditions. Finally, the cost of composite tower is calculated and compared with the traditional
all-steel tower. The calculation and simulation results show that the proposed 500 kV double circuit composite towers meet the
load and insulation requirements under various working conditions, and has a good economy.

Key words : composite tower; insulation coordination; force analysis; cost estimation
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Line Load Combination Calculation Software for Transmission

Tower Based on European — American Standards

Liao Xingjun, Ma Haiyun, Liu Hongchang, Yan Xiuqin, Li Yanmin
( CPECC Southwest Electric Power Design Institute Co. , Ltd. , Chengdu 610021, Sichuan, China)

Abstract : For line load calculation of transmission tower structure, there are some similarities between European-American
standards and Chinese standards, but there are also great differences between them. As a result, the design software based on
Chinese standards is not applicable for foreign projects, which reduces the design efficiency. For far, there is no general soft-
ware for load combination based on European-American standards available in electric power industry. Firstly, the similarities
and differences are analyzed and discussed, and the research results of the related software are referred. And then, based on
these, an efficient visual operating program system aimed to realize line load combination calculation of transmission tower
based on European — American standards is developed by VB. NET program. The principle and the structure of the proposed
program are introduced in detail as well as the key technology of the program. At last, an example is demonstrated, hoping to
provide some help for foreign engineering design.

Key words : transmission tower; European-American standards; line load combination; program
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Analysis on Abnormal Dielectric Loss of Bushing in
High Voltage Side of 110 kV Transformer

Su Shaoze', Fang Xin*, Xu Yaolun', Peng Huajie'
(1. State Grid Dazhou Electric Power Supply Company, Dazhou 635000, Sichuan, China; 2. State Grid
Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract : Transformer bushing has the functions of supporting drainage wire and extending insulation distance, and it is an
important current carrying element of transformer, whose sealing performance, insulation strength and thermal stability will
directly affect the stable operation of transformer. Abnormal chromatographic data of insulating oil in bushing and the excessive
dielectric loss is common faults of bushing due to poor sealing. A case of serious oil shortage in bushing caused by improper
operation of oil extraction is analyzed, which results in excessive dielectric loss and abnormal oil chromatographic fault.

Key words : bushing; oil extraction; oil shortage; dielectric loss; operational maintenance
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Analysis on 220 kV Transformer Fault Caused by
Sealing Failure of Bushing

Shi Yi, Zhou Guoliang
( State Grid Yibin Electric Power Supply Company, Yibin 644002, Sichuan, China)

Abstract ; Oil-immersed capacitive high-voltage bushing is widely used in large transformers, which undertakes the functions of
carrying current, insulation and sealing. Based on an inter-turns short-circuit fault of a 220 kV transformer, which happened
after a series of earthquakes, the testing detection, disassembly inspection and bushing structure analysis are carried out. The

results show that the fault comes from the unreasonable design of the sealing structure of bushing, which fails in special conditions.

Key words: bushing; earthquake; sealing failure; inter-turns short-circuit
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Failure Analysis on Bushing Affected by Damp for
110 kV Main Transformer

Li Lin', Liao Wenlong®, Deng Yong'
(1. State Grid Deyang Electric Power Supply Company, Deyang 618000, Sichuan, China; 2. State Grid
Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)
Abstract ; An explosion failure of 110 kV main transformer bushing is introduced, and it is analyzed in detail with oil chromat-

ogram and bushing inspection. The results show that the rubber pad of oil-filling hole of transformer bushing becomes ageing

and deformed, the compression is reduced and there is sealing failure resulting in damp condition, which is the root causes of

the failure. Finally, the corresponding improvement measures are proposed.

Key words : bushing; oil chromatogram; capacitive screen; rubber pad
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