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Research of Ice Shedding Jump Characteristics of Transmission Lines
with Lager Span and High Elevation under Non-uniform Accreted Ice

YAN Xianglong, GUO Yujun, HUANG Guizao, ZHANG Xueqin, WU Guangning
(School of Electrical Engineering, Southwest Jiaotong University, Chengdu 610031, Sichuan, China)

Abstract ;:Ice shedding on transmission conductors in ice areas can reduce the insulation gap, which may trigger a flashover
trip and threaten the safe operation of lines. At present, the research on ice shedding jump characteristics of conductor under
non-uniform accreted ice based on finite element method is insufficient, so the calculation model of continuous three-span
transmission line with quad bundle conductor is established by the finite element method. The effects of non-uniform accreted
ice and uniform accreted ice on ice shedding jump characteristics of the conductor are studied, and the dynamic characteristics of
transmission line conductors with non-uniform accreted ice after ice shedding under different parameters such as the span
length, elevation difference and ice thickness are analyzed, and the existing empirical formula is improved. The results show
that the maximum ice shedding jump height is closely related to non-uniform accreted ice, the ice shedding jump height of the
conductor under non-uniform accreted ice may be larger than that under uniform accreted ice, and the position of the maximum jump
height of transmission line conductors after ice shedding may not be at the mid-point of the span, more likely to cause flashover and
trip accident. Therefore, the proposed ice shedding characteristics of conductor under non-uniform accreted ice have important
engineering value for the insulation design of transmission line in heavy ice areas.

Key words: transmission line; non-uniform accreted ice; ice shedding; jump height
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Research on Evaluation Method of Seismic Cumulative
Effect of Electrical Connection Structure of Valve-side
Bushing in Converter Transformer

ZHUANG Yihao, MAO Baojun, XIE Qiang
( College of Civil Engineering, Tongji University, Shanghai 200092, China)

Abstract: The electrical connection structure of converter transformer bushing produces strong stress-displacement response
under seismic action, which leads to damage inside it. In order to investigate the cumulative damage of electrical connection
structure of valve-side bushing in converter transformer under different seismic effects, the corresponding finite element model
is established by taking the electrical connection structure with strap contact of converter transformer bushing as the research
object. The contact pressure and displacement response of inner wall of strap page and strap female head under gravity and seis-
mic action are obtained by finite element calculation. Based on Archard wear model, a calculation method is introduced for the
wear depth of strap contact under seismic action. Taking the wear depth as an index of cumulative seismic damage, the degrees
of wear of different components under different earthquake intensities are compared and analyzed, and finally the cumulative
wear depth under several seismic actions is calculated. It is found that as the earthquake intensity increases, the contact pressure
of strap contact does not change much, but there is a great increase in friction stroke, which makes the friction depth deepen
further. Under the seismic action of different intensities, the distribution of wear shows uneven but regular characteristics, and
the maximum value of wear depth always appears in the upper page of strap furthest from the root of male head. Therefore, it
is concludes that gravity has a great influence on the wear difference of different parts of electrical connection structure. At the
same time, although the overall wear depth under a seismic action does not seem to be large, there is still the possibility of
local wear damage under multiple earthquakes, so it should pay attention to the cumulative damage under seismic action.

Key words: strap contact; electrical connection structure; finite element; wear; seismic response
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Seismic Performance Analysis of +800 kV Dry-type Smoothing Reactor

ZHU Wang', REN Ayang”®, XUE Zhihang’, XIE Qiang'
(1. College of Civil Engineering, Tongji University, Shanghai 200092, China; 2. State Grid
Sichuan UHVDC Center, Chengdu 610041, Sichuan, China;3. State Grid Sichuan
Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract:In order to study the dynamic responses of smoothing reactor under earthquakes and the influence of equipment
coupling on seismic response, the simulation and modal analysis of a typical £800 kV dry-type smoothing reactor are carried
out by Abaqus finite element software. The three groups of seismic waves which meet the demand of the required spectrum are
calculated for the seismic responses, and the peak top acceleration, the peak top relative displacement of the reactor body and
the peak stress of the root of support insulator are analyzed. The double reactor "T" coupling model is reestablished, and the
same seismic wave inputs are used to extract the seismic response peaks and compare them with the responses of single model.
The influence of coupling on seismic responses of reactor is studied. The study indicates that under the 0.2g seismic wave, the
average peak acceleration of the top of reactor body reaches 2.34 m/s”, the maximum displacement of the top relative to the
ground is 152.97 mm, and the average peak stress of the root is 22.88 MPa. After coupling, the two horizontal acceleration peaks
at the top of reactor body decreases, and the relative ground displacement of the top in the coupling direction decreases, while
the relative ground displacement in the horizontal direction perpendicular to the coupling direction is increased. So coupling has
little effect on the peak root stress of support insulator. In the project, various seismic isolation measures can be used to control
the dynamic response of reactor in a specific direction to ensure the structural safety of reactor under earthquakes.

Key words : dry-type smoothing reactor; modal analysis; seismic performance; coupling
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A Research Review on Technical Response System to
Galloping of Power Grid

ZHAO Bin, LIU Bin, ZHU Kuanjun
( China Electric Power Research Institute Co., Ltd., Beijing 100055, China)

Abstract : The structure of power grid in China is complex with the lines widely distributed, while the abnormal climate changes
in recent years have also been causing extensive and long-running galloping, which leads to frequent mechanical and electrical
faults. Especially since 2007, weather conditions and processes that may induce galloping and thus have a great impact on the
operation of tranmission lines have been occurring frequently, and the statistics show that the galloping of iced transmission
lines has been the primary cause of line failure and outage. For most traditional anti-galloping techniques, the induction
process of galloping is seen as the main target for prevention. So based on the basic principles of " galloping avoidance,
galloping resistance, anti-galloping, and galloping measurement" , the technical response system is constructed for galloping-
induced failures in power grid, in which the prevention and control measures mainly includes the drawing of galloping distribution
maps, the formulation of standards for anti-galloping design, and the proposal of various schemes for device design, detection,
application and evaluation, etc. With years of improvement, the current technical system has demonstrated good prevention
and management effects but lacks practicability and operability during galloping. It is an attempt to review and summarize the
advantages, weakness and targeted improvement measures in the existing technical response system to power grid galloping, as
well as the recent research results in various related fields, such as nonlinear dynamic oscillation mitigation, galloping mechanism,
artificial intelligence. Furthermore, the technical areas and research directions are put forward where better effects of galloping
response may be achieved in the future, aiming to provide references for the prevention and mitigation of power grid failures
and the operation and maintenance of lines.

Key words: operation and maintenance of power grid; transmission line; galloping of iced transmission lines; design of anti-

oscillation hardware fittings; anti-galloping scheme; nonlinear dynamic oscillation mitigation
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Impact Analysis of Typhoon on Power Grid
and Its Countermeasures

XU Xiangyi, MAO Weiyun, GAO Kai, REN Chen
(State Grid Shanghai Electric Power Research Institute, Shanghai 200437, China)

Abstract : Typhoon is a common disastrous weather in the middle east and southeast coastal areas of China. Strong winds,
precipitation and secondary disasters associated with typhoons can seriously threaten the safe operation of power grid equipment.
Moreover, the accuracy of typhoon prediction in traditional meteorological departments is limited, which is not of strong guiding
significance for power grid to formulate typhoon prevention countermeasures. The main impact of typhoons on power grid
equipment in coastal areas in recent years is analyzed, and the typhoon monitoring and early warning mechanism based on State
Grid typhoon monitoring and early warning center is introduced, mainly including the overall structure of typhoon monitoring and
early warning center, the functions of main station and substations, and the medium-term and short-term early warning release
mechanism. The technologies and management measures related to typhoon resistance for power grid equipment, such as
dispatching emergency disposal, equipment performance improvement, hidden danger troubleshooting and treatment, and
strengthening communication and linkage, are proposed. It is hoped that the discussion on the hazard characteristics, monitoring
and prediction technologies and countermeasures for power grid suffering from typhoon will provide useful experiences for the
typhoon prevention and wind resistance work of power grid.

Key words: typhoon; typhoon prevention and wind resistance for power grid; monitoring and early warning; countermeasures
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Analysis and Mitigation of Voltage Sag on High-power
Motor-driven Centrifugal Compressor Units

YANG Liru', ZHANG Qichao', ZOU Tao', MA Qing', XU Fangwei’, GUO Kai’
(1. PetroChina Southwest Oil and Gasfield Company, Chengdu 610213, Sichuan, China;2. College of
Electrical Engineering, Sichuan University, Chengdu 610065, Sichuan, China)

Abstract: In order to effectively control the voltage sag of natural gas compressor stations with high-power motor-driven centrifugal
compressor units, a hierarchical mitigation scheme for voltage sag in compressor stations is proposed based on the operation
information of two typical compressor stations with high-power motor-driven centrifugal compressor units ( hereinafter abbreviated
as compressor stations) and by analyzing the characteristic level of voltage sag and the failure probability of sensitive equipment
in compressor stations. Firstly, according to the equipment parameter information of compressor stations, the type, distribution
and connection relationship of sensitive equipment for voltage sag in compressor stations are analyzed, and then the mechanism of
voltage sag tolerance of sensitive equipment in the station is analyzed. Combined with the historical data, the characteristic level
of voltage sag in compressor stations is fitted by nuclear density estimation method, and the failure probability of voltage sag of
sensitive equipment is evaluated by energy loss function. Finally, according to the characteristic level of voltage sag and the failure
probability of sensitive equipment in compressor stations, an effective hierarchical mitigation scheme for voltage sag is proposed.

Key words: compressor station; compressor unit; frequency converter; voltage sag

H R KR TR E Y JER

0 B = S R B A TR 9 T AL B 4

3 o8 35 P R LA X ARSI SRR Rt P

Bl P REVRIE S A ANIBT SR AP VIR 58 Ak, — BB PR TR AR LA ML, K 2 1 1 W I )

ST [ AR e LT H (1774w EIG I E@Eﬁﬁﬁ‘ﬁ&%,ﬁﬁﬁi%%ﬁﬁ
AT AT R 2021 4EFHIF I H (20210401-08) g%, B E R R — X ke



FIES ™ 5, foln 2 R A= N i s 8 I
(AT PR S ) 30 He 4 L 1 45 BLIC
B, b B DR i s i ) B B o8 5 A A AR
s T P EURGE LA E L, WA MR R 5l B R 581K
P 52 TR A A B R B R AR LA L, B
X RS0l R 4 L2 P28 [, 0 AR Y 4
W TR 7 3 e MO R
HL A3 Ay < 1) B iy sUR S R
AT AR, 800 Al ) H B Rtk SCik[ 4]
3R T A AR B b Ty 2 as A7 T RN e
T 45 X0 R At it H W] SRR B S B T B v R AR
SRR HE R RG] ST BOR R, SCER[ 5 ] 42
T AR I M A F B AR L A R A it
Tr %, AT LA e Al v R G m] R, (HUR SR
PEE T A B A G SR AR, X T A RS
Sl L T R T B R, K A TS BR, 2)
HMEB AR AR e Rl B R GErh Gl AL B A Y
FE R I ' O i v B e L 5] . SCRIR[ 6]
BT T AR A IR A 5 A 808 s, kAR R
BRI AT DASE IR R R TC A D4 , SCHR( 7 ] B0 AT
PISR FH i 2 PR 1) 256 & 0 3l 25 o A M2 2% ( dynamic
voltage restorer, DVR) > 5 B8 [ 48 #L 2H B, 1 87 B IR
PR, SCHR[ 8 T4 AT LU By 5 ro, 2 fh 45 42 T 1= 4
PLHBBY R G0y B R BT R T 32 68 ). 3) W& v
BT X R4 AL iy 3 2 AT e A i A ks | 2
TR W R BRI 32 e 1. SCER[ 9 J 48 iR Z
5300705 28 R A2 v PR A BILZH A2 AR5 14 Hi, 3 e T =2 B
1o SCHRL 10 ] 48 H0 AT LU 2o J 28 450 1K e 2
T B S 4 455 v 1 7 AR A T T 4 HILZH (9 T 1B AT

PRAG SCHRFE T — S R Ak R 4R LA i B
TA P, (2 A DA 0l P U 5 7% v T B
i SZ AL &, 43 B He At RS 48 M HBE 5 6 &
55 F B X R At A 7 A R S R Ay
H B R /K P 5 U A5 T A2 BB 7, 1 T4
BT R,

Y U0 AR DL PR H T PR AIL R, 32 5
FEA i R BEIA AT UKL 2 Ak R ], i
Tk 3 BT At H P B AR AE K T 15 3l oA BB 58
FEMEAREE T 1 Al L R B SR BT R, B
S8, A TR N R R R A R A
?%%%ﬂU:AﬁT@ﬁﬁ%%FﬁVWIM

I 455 T SR B AR AT R O S R

ol (4 L BT RS AR AR, 45 A U A TR 2 RE T, 23
ﬁ@%&%ﬁ%ﬁﬁ%%%ﬁiﬁﬁiﬁﬁﬁmﬁ
AT F L8 R R B 1 A 2000 L e T e TR R 2 0
IRETR,

(IR TN AR 2 5 U7 s PN B B U 2
KA

1.1 ERLHABREESR
1.1.1 E&bEE 2%

RSk A F sy Bl o R AR LA B R 4L
MRERC R Bt s R, DAKE 2 SRR
B, 53 e T 35 ), T i S ELamE 1 pr
7~,35 kV AR HLuh EEAL Y 2 5% 35 kV iELR [l i RN

BTN 10 MVA A AR AR RS,

jiizza| k2
’35 KV I Bebpsk ‘ 35 kV 1B
%i
té 32 iEF ?
0KV T BERES o wwn&&%gﬂ 10 kv TIIE RR
A 18 s
‘(CQRZET{ I %gﬂ ‘C%
RS ~/ 1%
~ RIS
MooV T BBk

B ESETR T ihRSEE

2 %35 kV 4G 3 5 R AERAREES] 3 B
10 kV B2k, 3 Bt 10 kV RE 4 HliE ot 3 sk 4
FERR B AR P, B 25 748 R 4% U3 3 L A A\ AR
WA , 2T AR D AR OC MG IS 51 H 6 kV BiZ A
SFLAEAE S U5, I8 B0 JE A AR S (4 5 55 53 78 10 kV
BT 1 BB 42 2 &) IXC HL AR R 4 B R 3]
2 BL 400 V BEZR Ryl PG FL A 1R

k1 ‘ k2 ‘

110kV [ BRR2 110kV 11 Fﬁ*&%

15
FARIE IS’EJ— IS’EJ—

o wwuﬁ% o wwn&wﬁ% 101V I RRE

12 b %3’5 25 ] %3’5 3] %3’5
xga’;g T—g’a EEEE T—g’a mj;{%a
FE# i

Eiﬁga Eiﬁga Eiﬁga

400V 1 Eﬁ&’% 400 KV H BBk

B2 ESIERI ) HBSEE



J bl LN 2 R, 5 T s L 25 R AR
BL, A AR FEL L P S A TR] , T sl it e L R 252 35 KV,
J ol R TR ARG 110 KV,
1.1.2 ERASEEZREEE
2 AR EE RS, EEALEE 6 kV
HL ARG Y AL R G4 F 400 V HLESE
PN R RGP B A . Rl R A
1R, LRGBS TR EHEE R4l
TSI 548 AL B B i A B A S TR AR
48RPl R SIHLK S R G0 M RS LR =
RHLA
*x1 ESHBFEMABES
BEAFR e
=SB
23 JEAL (20 )
23 RAIL (LA
BRI A TR AL
ERGRTIERE e iR 1N
AR
iz v d e B AL
HEGH XL B AL
RLPLK VS 2R 50 (A HL 3 AL )
HIPLKIS R G (=R 3hpl)
Jaas Ve B (L5 )
JRE VR HEIHL( T )
AL BB AR
HL % 1)
A SR A A
1.2 ESHHRIEEEREXRST
1.2.1  BEASEHEEE >
A R A ML el P 380 1 b, 3 e B B £
FEAE SR A% | 0T g B2 2 B 15 ] #% ( programmable logic
controllers, PLC) 2451 B Bl AL | H 1 I F1 58 0 5 20
LRI v Ve W e i N o T I e i U e
23[R H R R A A B AR A= HL B B 15 1T
1) AZ M
TR GEAEH A 1 D AR AT S AR U SR
AT A A R AR UE S Rl 8.5 MVA L IX
A KRR, RS 0 AR 0 e A5 F a3 T
o HMHARE 10 kV BEZR R A B 0T A
I AR T 0.9 A5 A50UE (BN, K 51 A A8 AR B 10 X
FEARAP SR, R4 AL 55 3 sl f Al

N
o

VEESH

LTIER

W O W N W N N W =

WA
S W

10 KVEFZE

: DIOkV

(uE )
v
BETATR
L R

1850 V. @

%}’_ 1850 V @

s
&
2
1850 V
®
1850 V.
s

@ 1850 V @

A
TR @) CI

A 4
6kV R B/
JE4EHLE %fm

B3 ESEmREa

2)PLC

PLC HLJERE B 52 Al s BT e s, i 2 fe H 9
Ry R DR/ NEGR 32T, S R AR AR
AR EE CPU A H 5 AR FE O 2 1T R B DR Bl 5% 1k
TAEM ) PLC HLURBCERIHRELE A AN 4 R

|

|

1

|| #n PWM Tk
I —T E
|

|

C o

|
|
l
|
| CPU
|
|
i
|

PR

B4 PLC BIEEGREH

Y- 2a S WA 70 DR DN WA O NN TR 2 E R
IS e S ORPA B o) e SE 1 SR Y (AR (i
Yty HAR A% IE # s 47 Pl R e (L & U, I,
3 PLC B BB Rl 5 1R T A

R RS R T IeJ00 ) T 32 4 4 S O R DR
P, U, IR #5847 AU i i i s, U,
W PE o RV BN AL I, WA

C 2 2
Pr= (U= 1) (1)

i U,>U,H U > U, , W PLC 5 4kSE1E #
AT —Beta] ;24 U = U, B, ] PLC AT 4k S5 1E F
AT R KRR ) T, R

C(U - U)
max :T

3) AL Zh AL

X T Fe Ak N — A A8 A5 3K Bl H S B, G0 T
o) 23V AL AR A3 7K V3 2 Ha B WL 5 78 01 3 el

(2)



#% (variable-frequency devices, VFD) JEARZEH N4l 5
7R, VED p B U &% | 1 UM 5 PR AR 2 A A
2 R A F T T A A P T SR AT (A LR
HUASRICHR, , A e i e R4 K IR . LGOI, L R I
A J L LA ST LA AT RE S BRI S AR AR, 2k
BAAFHL, VED PR 4P it 3 2 A 455 K AR 4P Fn
RS /AR

r——-- - - - - - - - =" ]I
|
| |
|
AR | @' -+ -@ i
|
@-:» iy [l s [ W @
| |
|
| ' t
! ¥ | 3 |
. R | il | pbls
! p | ¥ !
|

Bl 5 VFD &A%

4) HLf% 1

H, 7 A 2 o 50V TG I 1% s 2 BB B A 2
AT, A7 R BRI R Bl A R R 110 2354 s 3
Kl 6 Fizs, % i sh s | IR | o w2k B Ak 52 )
PEELE AN, LRGSR P SE FRL I, W 5 SRS B VR B
WIS AR L 4 ) AR 3 v T P T L
AR PN I R VKL B L WAL U SV I N R VAN ER 73
WIOCH] , ik Bl AR B — o M REAEREVE T (B
FE R R I An SRR 2 i R RS S B (015 i 2k
Rl 4 A 1) R T sl N, AN BRI 1R S 5 5 T, DT
R LI OCH]

L \I

=
b e UT i

Eo HhXBREELRLEN
NS B2 M 25 P 9 B LR T AR OR R
B’S _ @*
= o ZZ,LTS (3)
P @ BRI T8 s S ARG 385 S S WG
R AR PRI ik I F ) 5 W ) 3 11 D7
AKX, BCHLREZ R B T/ i B/ NG T R F

/— BNk

F

LC RS R S i Ay
@ =2uSF, (4)
s £ Bl [ I8 1E e Y HLX g o s S
B0, 4 @, XEFEEETTR , IT S 2B Y BT N AH
T m T ARL AR A5 1 F O AR5 3 38 R S Y Je /I
£ U R

(5)

min

5) SR

SRR/ A I b RO O WA S 20 ¥ N O B (BN P
F BT 8 7 A6 1 1F 2 HL A R 32 S (i Bl ML i
R WUMIR I A, S 2UE B T,
1.2.2 #BEEEZERXZSN

JEA P9 A A e B R 32 e 514
(B 2R R A, A2 R A8 WL A = 1 72
A ] B R S AR S UE AR A AT R AR AL AL
A7 b R H R R AR A2 R R T

) ERS

TEAZ MR B R Ag MLz 17X — i Fe b, PR g 28 e
v RN g D) ZE 0 5 R 46 HL 3 HL S LA a2 e
HROC R AR5 55 4a AL 3 B sl AL H R 8 R4 A i)
N AFFESCSGIRT o A2 W4 3K 3l FE 46 L 32 B sh ALt 72
mE 7 fow,

10 kV

| sz ke | 1850V kv

A5 e JE 7] A
AR5 AR IS

L

B 7 TSR ERENERITRE

2) B R4

DU 0 5l Bh R G0 R (/K& R G M B, 3l N 1
3 BRI BT KR R G, K R G FLIR 537
FHAFR R 46 L 1UMDS AR $2 43, %5 % i 4 380V,
AHRK A RGN 8 iR, AR i A
5E ALHE T 2 BRI IR ZIIL 1 AR 2 A4~
ML 6 57K XL, 4 & A L BT BRI, A2 Ui
A2 sl i | H -5 v AL [ s A2 38 f
B, A R T R O R AT — R &
(AKX 23 AR K Ve R G328 T3 2
Wr;2 5 BIHLE A T il s e A FL TR, HUA Y 4 ol
i DAL E T A 2 A5k il s fEL SMIL AR £ R A 2 T T
PR M58 It 2 M 2 5 0 A 2R 9K ) F Bl B | 38 Ik 4 k2
SRR IR S B R KOG R



;;z ;;z 7K 7K

L L A N "

T A A

| | Bl

s | [ s ! 6
bl | | s

8 THKRRGEAMIEE

2 TR TR TR 5
LA AMT

2.1 ERIGHEEEESFEKTESH

R F R Al PN FL R O s 1 e SR AR S, 15
A PR T A S R AR R 82 i ] IR Y 3 A
R A5 DL KO R AE ML E 47 A B ), 2 A 3 B
JEE RN A S AR IR 2 — R0 T SR ) ol —
AR R R BERRIE 4340 43 S an L 9 R 10 IR

X

Y

9 [ERIET i 10 kV B2 B FEERFR
R W D75 3] 1) PR BT R AR AR 43 A, i T A%
JERGTHAY ) B s B B R AR 0 A AT L, 15 30
FEAEHEA S R R 0 A

B 10 ESuE] 10 kV BZ&BEEEITR

B U, FIT, 43500 o A 45 i % P 8 A 1) it
(ELFRARREEINT ], D) = 3ty FbL S 27 3 ) R (L A4 25 )
(] B ABE 52 L RS (U) AL ()

1 & U-U,
f(U)=E;K( ) (6)

1 & T-T,
f(T>—EL;K( ) (7)

A ch A SE s g e DN B A F R BT R IR K ()

1 2
K(x)=———e"" 8
(x) Vo (8)

R A eR BRI A B A T R S R
T B PR R B S S5
h = 1.060n "2 (9)
A, o hy FL R B AR R AN IR R 2 ) ) 1 A o
2z
Ay IR —AF N RSk T b (19 8 YRR T By 14
UCH TR BT FFAEA EAT AL B R0 10 kV REZRHL TR
BRERHERE 00 Qi 11 IR

2 14
2 \ 10 3 112
I 3 2 110 4
K15 ‘ R K, ls 1
R 1 | \\7 6?: L le
0.5 \ 2 |2
0 / 0 0 0
02 03 04 05 06 07 08 0 01 02 03 04 05 06
P FEE{E/ (pu) FREEN ] /s
(a) JESIETHEEN m B PR AR 26 00 A
8 10 14
3 12
6 B 10 2
= 28 X6 8 &
K4 \ % R, ¢ M
9 \ 11 . B
. 2
06 02 0T 05 o5 10 "

0 0
0 02 04 06 08 10

PREIEIE/ (pw) RGN 1H] /s
(b) FEACHETSEBEN 25 oL T M R 40 1

11 ESuL 10 kV BEBEERSERES

W 1L FFR T Sl Y e R R R K 2 4 Al
£ 0.5~0.6 fi580E (H, RPN AR 240 i #E 50~200 ms;
J 3l i R e S 1) B R AEL 2 A 7E 0.5 ~ 0.9 545
FEAE DX ], 2400 B [ A4 40 A 7E 20 ~ 200 ms X
), AHAST T ok, T Sl (%) H R I 2 ol 7™ o, T A=
M BT 5 2 M UR R I, LR AR 23 TR L i 1 v 2
A ALAEAR R T R A LA IR Ol . 1 sk — 15 e 1)
JREA, 20 T s i B R S5k 35 kV, #EA
DX ek i R ) R 40 5 1T sl R P F R AR 110 KV,



HoM L Abd | FUFAR vl R 220 kV 35 W48 HL 3
R R AR AN DRI, )l R T R KO B
P T o,
22 BHRHIEERBMESH

HRAE 2.1 5 3RA5 0 f BT B RRIE 7K 20 T <
Ui Y F B R U R A IO A I o PTA H R R X
S I R SE IR F 8 I AR I iR A5 1B 1T
ARG B, Ry v BT B0 B 7 8 i e plt 4%
B AMEHR L
2.2.1 EASEHBEEF TS

JEA S B 45 i) ZR G B A S A A K
HLE LR, BIAE A 0.9 pu, Hifi 32 F5PE dh 2 an &l 12
JR, MRS 10 kV BEZE R H R R 5 SO A e
0 A PR T Ot B (B, s 4 L 200 o AU 2 o sl
WHEL,

Ulpw)

0.9

9]
15
T/ms

B 12 ERHETMFEENZH%

X LA B R e BUS & T F , AN EF
AR 0 PR B A% A 3K IR SRR R A 1
2 HHZR D AFTEANH 2 X, 24 R BT R =R R A T8
B 0 DI, T 52 R MR A AR R M 1B f s A TR
BRSBTS UAERIE R B, IF Bl FhliBh &
Gi v £ RS WE AN 4 1, T B R SR i A5 ML
SR EAEHLAL I IE #3847, P 0 75 ZE P4 il B &
Gi i £ i BT MR 0 S R R B B 8 A Bh R ik
R IR BN

1551l B 2R e AR AR At 32 1 8 1) AR e DX 3
I3 R 3 AT, W 13 fR R 2 M3 &
A P BRI B I O (R R 8 ) [ 2 Pl
ST BERLAE 55 2) & A H T B R B (i S g
SEmF ) T RRAE Z A, A TR 2R 5 o — A
FAHK,

TEE 13 WU, U, 430 A EE R R A T
A F A B RAB MR/ ML T, R T, 73500 D FEL B
Ref A< 252 T (1) TS 52 0 1B P e R AB R e /ML, H R T R

BRI 28 B A TR TEM 22 N2k 1 7] 4 IE #3247
DXk e s DX JORIAS A X, R 1 A A Xk
(U>U,,., T<T, ) HE&IEFETXE; M2
WEIXIR(U < U, , T >T,,) F B S ; ih 2k
1 FNZR 2 Z 8] i & AT A e X, A 46 A IX
W, <U<uv,, ,T,.<T<T, ) BXE(U«<
U, ,T.<T<T )YHCKE(U, <U<U, ,T>

Tmax ) 3 /I\E';LIS%O
U
v k1
1 I
22
Umm
I
o
T T T

min max

B 13 SRk &S Lk
RS (RIS TR 15 48 BT A2 AP P D 38 2R, T 46 AL
A B 2 Gt 32 UL A B T A2 L R (EL U,,,,
U T T, W2,
®2 ERBEHRREHHZEERE

Al U,/(pu) U, /(pu) T, /ms T, /ms
PLC 0.90 0.30 400 20
ST L B 0.71 0.59 175 15
FHL T ] 0.60 0.35 10 5
222 EASEHRZ &R ER R

X T RBURRARE A, PR A IR T H T R FE 45
RIGFIN, BB R A BT e T A
ANHfE X IR, BB A i R PR

T -T
P, o Tmi“,(Ui,TL.) e B (10)
v - U
Pc:h,<Ui’Ti) e C (11)
Un = U T, =T
T I IR

(12)

Zr TR R AR A TR IR R 1) AR R

V1) IS (R 282 F ] 0 2 7 R o2 T WIR > X85 2) 2

BT REAL T 1F 5 38 47 DX 3 g e e DX 3 B e s e

B0 8% 153 ) 28T B AL A B DX 8, D) AR B8
A (10) K 11) 3 (12) THEAH R AR

R Rl P R B o W 25 R 2 Al Bl B R



G IR A AR R RN AT 14 PR

B PLC
I A L
I R

SR /U
w

T T

B 14 SRIREFEERE
XF Tk T ol b T R R R A A,
VA I S S A Ay P DRI, e O i B R G
B AE T PLC 722 A0 R, Sl AL AT H 14 1 X 2R FH A
(A BRI, [ 75 22 7E 400 V BELR [inhe R8T
WA BIRE B X BB B R G TR B, AT )
ol WAL 0 PLC B B4R B, th T PLC B 4%
25 BN, AT SR AN Ta) W E R ( uninterruptible

power supply , UPS) #17HL R B IR HE

3 R Y LR RS L I

3.1 ROISH

DL 2020 4 6 H 18 H A T u &AM —iIk A
MR B R S BURAEHLAEIL S B, BT RS
SAR LG D 110 kV A E R BELR L R IR ), LR
BREL 35 kV L 2 155 2 RS0 A8 Lk T b,

35kV gkl

35kV k2

35V TERA .

y = DN
35
10kV 11 Brikek 10kV ITIEERZE \

| fomme | 5o yme
. HE S
gyé‘ga’;f /e ig's “

o Ha 2% 32
eyt A /‘
/

/

400 v 11 BLBpEL i

- | 2w

B 15 ESuhEEEREZmEE

Jie Sl f R S R Y LA 8T 15 P, il T
WL PR T R RS P B B i 2 S AR PR TR

R LLRE A i A% S AR, Tk I 1 4% 5, Rk
35 kV 11 BBk i JRBFRR 205 0 N 2 5 3 5 A8 K
% EEHE 10 kv I B T BE Rk 2R & A8 o JE BT [,
FEMEERTE 2 0.6 pu Zidy , IFHREE T K 23 N,
2 SARSIAS S 3 AR P L R R A R T AR
HURLRY 2 SRR ARSI, 3 5 AR 75 PR Tk
PR R AT T AL, [R5 /2 T 3% P 400 V T B
I Bebp 2 vy SR BT [, BLOK,400 V T BERFL B[4, (2
ST 1S AR R AHE T E 10 kV T B,

BEVR B R B 3 5 4R WAL Sl B st & v 2 511
HIME BRSPS, 3 BB RHLE IV 3 &
2 EAUFHL, 10 kV 1B | B h:4 B e I s s 1 U,
K 16,10 kV [ BeRFRIEITIEH |

6.03““‘3“- 460 ms _r‘v‘--uv‘-u;u,,v.‘,

AR IR E/ KV

i 18] /s
E16 10kvIE IEBEBERER

BEUCH BT =R R i T S R G AR Ay
1AL, B R G b R T BB A AL, ML R R A IE
HIBATFERS 2 h, ™ H s T ESh i EH i< UES
32 ERUEBEEERSESREEAR

R YA Rk I B A H R ) A, AR A
Ak H R RO i R R Rl F R R O 12 )
BRI, B 17 R, T B EREgasH  E R
G A G BT B RGEGOR B 3 AR

| 3skvEE |

] I ERas
begsil

RGN
pegil

17 ESUHBEERIBEIREERR
vl 96 B R AR DI BIAE 10 kV
2 M) 0 2% & 25 ) HF 56 25 & (solid state transfer
switch,SSTS) LB, R AR Fesia B A
U A g B 2% 1 2 3 5 A B AR 8 9 TR T e
BT [ TA PG S B



3.3 IERERVIMAREE

H R A 35 2R F R [l S7 i 2 it el | 4 H v
— [l PR & A PR BRI, T A SSTS V) )
o2 o) — Lk . T R AR D I 1) SSTS R
PR R A7 A7 El R R R U 2 A T
TR, S I R S sl 670 A D048 [ P Rl 97

W 3.1 R BIETR, BT 2 s, R
Sl 10 kV LB B REZR & A F BT I, {0 10 kV
[ Btz dTiE s . Kk, vl LUE & SSTS Y)4fese &
10 kv 1B B2 )4 BEER 1,

SSTS %4 J5 1E #3847 I W7 B #8007 B A 18 i
o IEHIBTTHF,10 kV BEZA A Bk 25 A, 1 B
A BebELR AN 04 REERIBTES 2R WrIF, 24 35 kV 1T B¢
RELR St B TR RN, 35 KV 1T BERELR K A R T
BHF A BN 19 Fim, 10 kv B IMBeREZE 02,
03 Wiik# Wi r, 1 BAN 1T BeRELRA] i 04 HF B W7 %
A, 10 kv I BT B R Ul a4k 1 ke,

21 k2

35kv 1 £

35KV 116

10kV I8 10kV 118k 10kV I8

B 18 EEIEITHEESFMAE

1 L2

35kv 1 £ 35kV 11}

10kv I £ 10kv I8t 10kV IITE}

B 19 35kV [ BREBEE B ETRREKETE
X FEAFA LA T A B LA A 3T 2R A AL
P, BT R RE B B R 0.6 pu, FFEERHE] A 400 ms,
I o3 MT 2 %E SSTS i 7 K 31 18] 1) F 4 L 4H 4 3k
ARG L5 B UETR B 7 22 WA ROk 1A BT S
FtILEE T v, AN 20 Fios
FRE & 20 FT7R , 465 SSTS Ji 46 ML 4 75 i nf

PAHERFAE— BN E BB AR il i %42 SSTS
A AR IR HILA S R GEAN 52 B BT R

— JHEHT
— WRHEJE

2000 7 BR8]

1500

1000

r/ (r+min")

t/s
E20 REEIEESVEREE
3.4 FEHTImERASEH
H T R4 LA 32 2R Ge 8 g D) R AR o kil
A AERESS TR RT IR B B AR L, JF B
F, H B 3 1 - 52 I T 5, i 7228 A1 i B AT — 2 AR
HL R 2R B RE T, 7 R A T A v 1) Fi R R ), T LA
S P AN AR LT kB A o e A L N Y
M TAFAE R AR HLZ % sh B | eI 68 £ i F s LR
(R N Rk 5 S S U = R TR S 2 WA R e
BTG F N AU a4 Bk I F L A SR S 7R
WA K E 2 IEH 181 IRE
HL BT R 5 5] 20 AH [R], IR AR B0 14 P 49
SRS AP r, ANIE] 21 FR

— VAR

— WHEJE

2000 - BT B R AL 1)

1500

1000 ‘

r/ (re+min')

500

0.2 0.4 0.6 0.8 1.0 12 1.4 1.5
t/s
E 21 FARTMEEE AT EERINEE

H Pl 21 AT R0 8 AR A s 04 A B SR A IS R 4
BILLH % 3 AR A v 8 R S TR A e 3l (E AR A T
T PRSI F  mT LR R AE — AN B R e s AT
3.5 WERSMEBREERGERE

B R g8 (BRI &S T R BN BB
WAL 20 R G HLLL I #3873 s i, R
AR HITE 400 V BEZe 22206 vy 8 306 P ke ok 4
FRti AR E . T DVR HAgm b ZOR & RS,



& AR N H A B R R B g B, )
DITE A0k 400 V BEZL I HREK DVR, FEHLIN & A2 F s
BN, DVR ¥ 8 sl i — > 22 (i R, R A
W H, s () e, B DRl B R et AR E
3.6 HAtu¥eiE

WA 3 A S X R A T O A R
el AV AR s L T e ) o A R % T
AR TG IN 8 SR A7 1 5 A6 18 PR AT 1A 45 Wl P 2
[N IR NN ERE 2 @ e 7 T A R E N B ) R SN
11T 22 fifk EL R 8 X0 TR S A 520

4zt B

T T 2 AR R R B R R KA
RS il R R, 14 T A 28 L T e o 4
RHIT R FriR o OT S B R b AN [A) R 5 4%
P, T LA i ot v RE I i K, i e )
B XS R A B AT RIS

S 0k

(1] HE, 2500, 55 00148 AR VR HI5 M A& R i 2k i
ZE[I7. V)1 H J3 AR, 2017 ,40(5) - 73-77.

[2] W&, WE, T3, % BRSNS TR i -
PRI B 7 1% [ I/0L] . B AL TR 2= 4. 1-15
[2022-07 - 09 ]. DOIL; 10. 13334/j. 0258 — 8013. pcsee.
211921.

[3] HEEE, B, 2/NME, % & P2C (W2 RE IR M AL 1k 7
PERFFELT]. DU 4 AR, 2022,45(2) :67-73.

(4] THIRT) RZE, BRI, F 2 E Rt d RE 0T 4
PEREARSEM[ 1] S FA ,2014(10) :59-66.

[5] ZEfmoR RARAK S 1 v B e /<t 28 M VA T P
AR T] B2 Tolk,2020( 10) :68-71.

[6] SOM U E RN AR i s BF ST [ 1]
mHL,2017(7) :82-85.

[7] WU LF,YU X W,0U-YANG B Y, et al.The influence of
voltage sag on gas compressor station and its treatment
measures [ C ]//Proceedings of 2021 Chinese Intelligent
Systems Conference , Singapore , 2022 ;803-813.

[8] HLEE RARSA MG TE B0 R A VLA MIWHZE 17T B3

Sl ] g% Talk,2019(8) :73-78.

[9] BELSKY A A, SALOV R A. Balanced voltage sag
compensation on adjustable speed drive of a gas
compressor [ C ]//2019 IEEE Conference of Russian
Young Researchers in Electrical and Electronic Engineering
(EIConRus) ,2019:934-398.

[10] S50, ARAL. Fi PRI Bl %o 2L A K s 48 AV L2619 55 Wi B o

XFSEE [ )] WA Ha T T2 ,2019,38(S1) 1 147-148.

[11] XU Y H, WU Y P,ZHANG M M, et al.Sensitivity of
programmable logic controllers to voltage sags[ J].IEEE
Transactions on Power Delivery,2018,34(1) ;2-10.

[12]  Hokif, 22058 , BUE R A8 T Al Xof o T e ARk i
HRISRITFE T ] B CHOR44R,2015,30(21) : 136-146.

[13] XU Y H,LU W Q, WANG K, et al.Sensitivity of low-
voltage variable-frequency devices to voltage sags|[J].
IEEE Access,2018,7:2068-2079.

[14] JARE ED = 220, 5 o RS AT I B W
FIME AT i AR T AR AT [ ] E A AL TR A
#%,2018,38(2) :505-513.

[15] JAMM, TF4e, 8o, . % 8 R 55 U & M2
HL HL TR BT R 2 AN [ 0], b i BL TR R R
2015,35(8) :1940-1946.

[16]  ZEAREE WU PP Y485 1 7 P B H Sk v (193050
K[ 1] Bt A, 2015,56( 1) :30-33.

(177 BRI, BT o M SO [R) 3 Dy =0 09 i e T R 26
YR HARAZ TR AR ) A A3 ( =) [J ] ML TR AR A4,
2007(10) ; 156-159.

[18] #iH, M JCH , Bl 2L T B Gass Ji i sh S B R 2
UGBS E ()] U J 4R, 2019,42(3) 150~ 55.

EEE T

B e (1976) %, A, TARIT K F & H BRI R 4

B T A,

REAA(1986), %, LRIF AEXRAHALEESHE
T4k,
S8 EFE(1971), 5, TR N F b A 4515 E 1 T A,

I W5(1986) , %, TAIF N FIZ B R BB TAE,
A H(1978) % WL B HR  E RS G A B
JRE RIS
36OHL(1997), B AR A, ERHR T A LR
F MG e RARRFR
(Yr#E B #9:2022-10-26)



LA R B 1 AR i FL TR ) = A AN S 18
AN Vi

B E.E&E KK B EFER,EEE,RBY, N BV, BRERY ENR"
(1. = e e A BR A R R G B, Frim 8 KR5F 830011
29T ) R e R B NI E e BB ORSS 830011 ;
3. [ MR L A PR BR85S 830011)

B OEEFRMFEAERANARBEANBEN BEHNBERM A BRAE LR EF AR R Bk, L P4aT
SR BENF TR CN R & WA ke Z AR - PR R B E o4, B AR A0 dE BRI A B A
KX TR ANGRE R R TG RE AR TEGH B E, 86, AT A b AR bk g2
LA DM IR (AR ETAP) #5 AR LSk SR BENAT I8 0 My L A 45 AAR A 5 A AT B Gk BN R 3h BBk R 1
RO ZAARFHF RO R T, R, 0 EATENRKBEO RS BLAREBESAG =R TH TN RERA P
#) %06, A B ETAP 34 2 51K &, kA0 Fo oo, 9 A0 3598 5 & = A8 ¥ B R T 3 2609 A 20k

SRR F AR s AR 70 FLUAL 5 ST X 3R AR Tt

FESES . TM 771 XEFRE A XEHS :1003-6954(2022) 06-0044-08
DOI:10.16527/j.issn.1003-6954.20220607

Analysis of Influencing Factors of Three-phase Unbalance for Electrified
Railway Connected to Terminal Power Grid

DUAN Yu"?, HOU Bing’, ZHANG Yuan'?, NAN Dongliang"*, DONG Xuetao'**>, SONG Pengfei’
LIU Zhen'*, DUAN Qinxi"?, WANG Xiaoyun"’
(1. State Grid Xinjiang Electric Power Research Institute, Urumqi 830011, Xinjiang, China; 2. Xinjiang
Key Laboratory of Whole Process Simulation for Power System, Urumqi 830011, Xinjiang, China;
3. State Grid Xinjiang Electric Power Co., Ltd., Urumqi 830011, Xinjiang, China)

Abstract:In recent years, a large number of electrified railways have been connected to Xinjiang power grid, resulting in
prominent power quality problems in weak connection areas of Xinjiang power grid. The influencing factors of three-phase
unbalance caused by the connection of Geermu-Kuerle Railway to Xinjiang Bazhou regional power grid is analyzed. Firstly,
according to the concept and expression of three-phase voltage unbalance, the negative sequence three-phase unbalance of
electrified railway is analyzed and calculated, and the influencing factors of three-phase unbalance are obtained. Secondly,
based on the comprehensive analysis software system of electric power analysis and electric power management ( hereinarfter
abbreviated as ETAP) , a typical simulation model of the connection of Geermu-Kuerle Railway to Xinjiang power grid is built
to verify the influencing factors of three-phase unbalance of the connection of electrified railway to the power grid. Finally, the
influence of three-phase unbalance caused by negative sequence current and negative sequence voltage based on the measured
data on the power system and users is analyzed, and ETAP software is used to verify the effectiveness of improvement measures
for three-phase voltage unbalance from the railway side and the grid side.

Key words: electrified railway; three-phase unbalance; negative sequence current; influencing factors; improvement

measures
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Responsibility Allocation of Multiple Negative Sequence Sources Based
on Theoretical Analysis of Actual Circuits

ZHANG Xiaobin
( State Grid Linyi Electric Power Supply Company, Linyi 276000, Shandong, China)

Abstract : The research on the identification of negative sequence sources is not only to find the dominant source, but also to
quantify the responsibilities of each unbalanced user. The existing researches on the identification of negative sequence sources
depend largely on the equivalent negative sequence impedance, and due to the large fluctuation of power system, the determination
of negative sequence impedance parameters is difficultly to be solved. The proposed method avoids the problem of estimating
the equivalent negative sequence impedance, and based on the established equivalent circuit and the principle of the distribution
of negative sequence current in system analyzed by the combination with the actual situation, the measured parameters are taken
as the foundation data to reduce the human interference in parameter estimation and to ensure the real-time performance
and accuracy of calculation data. Thus the quantitative indicators of responsibility division of each negative sequence
source can be quickly and easily obtained and compared. Finally, Matlab simulation model and actual calculation are adapted to
verify the validity of the proposed method.

Key words: negative sequence source identification; equivalent negative sequence impedance; division of responsibilities;
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Development History and Challenges of Transformer Bushing

WANG Yongqgi"*, WU Guangning', LIU Kai', LIN Mu', DING Zhen', TANG Hao’
(1. College of Electrical Engineering, Southwest Jiaotong University, Chengdu 610031, Sichuan, China;
2. Tangshan Graduate School, Southwest Jiaotong University, Tangshan 063000, Hebei, China;
3.China Electric Power Research Institute Co., Ltd., Beijing 100055, China)

Abstract : Transformer bushing is mainly used to fix the leads and ensure the external insulation of the leads. It is subjected to
multiple physical fields of electricity, heat and force for a long time in operation, and its stability determines the safe operation
of transformer. Firstly, the origin of bushing is briefly described, the evolution of bushing in time, structure and material are
summarized. Then, the defects and faults affecting the safety and stability of bushing, such as overheating, partial discharge
and earthquake damage, are analyzed. Moreover, the existing effective solutions and detection techniques for the above problems
are summarized, and the timeliness and reliability of each method are compared. Finally, the development goals of transformer
bushing with miniaturization and lightweight, low cost and large capacity are put forward, which can provide references for the
development of domestic transformer bushing.

Key words : transformer bushing; development history; safety and stability; detection technology; direction of development
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Application Analysis of New Lightning Interception Technology
in High-voltage Transmission Line

SONG Haidong', YANG Hui’, ZHONG Chiyu', LI Molin’, ZHOU Ruping*, HUANG Yu’,
ZHANG Yu®, LI Jianming®
(1.Sichuan Yanyuan Huadian New Energy Co., Lid., Liangshan 615000, Sichuan, China; 2.Guangzhou
Meteorological Bureau, Guangzhou 510530, Guangdong, China; 3. Chengdu College , University of
Electronic Science and Technology of China, Chengdu 611731, Sichuan, China; 4. Meteorological
Bureau of Shunde District, Foshan 528399, Guangdong, China; 5.Jindun Lightning Protection
Technology Development Co., Ltd., Foshan 528308, Guangdong, China; 6. State Grid Sichuan
Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract: The lightning protection of transmission line is designed mainly based on electrical geometric model-protection angle
method, and it is obtained by the statistics of a discharge (one pulse) and many repeated experiments. Single lightning
discharge contains multiple pulses, and single pulse discharge can not truly reflect the physical process of lightning multi-
pulse discharge. Five stages of lightning discharge and main physical parameters are given according to the observation
data in " Lightning Parameters for Engineering Applications" authorized by CIGRE, and meanwhile, the physical parameters of
tower lightning rod and lightning interceptor against lightning are calculated. Finally, the characteristics and limitations of the
existing lightning protection technologies for high-voltage transmission line are compared and analyzed, and a new application
method of lightning interception technology is proposed.

Key words: high-voltage transmission line; multi-pulse discharge; tower lightning rod; new lightning interception method
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Short-circuit Fault Location Method of Distribution
Network Based on Fuzzy Matching

GAO Yiwen', LONG Cheng', SU Xueneng', SHI Cheng’, GAO Hongjun®
(1.State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. College of Electrical Engineering, Sichuan University, Chengdu 610065, Sichuan, China)

Abstract : Aiming at the difficulty that the short-circuit fault method for traditional 10 kV distribution network is difficult to
adapt to the unsound information environment, the multi-source data of electricity information system in distribution network is
used to establish a short-circuit fault zone location method based on fuzzy matching with the Elman neural network model as the
center. Firstly, based on the distribution information system database, the signals and electrical quantities related to short-circuit
faults in distribution network are analyzed to establish a short-circuit fault diagnosis feature library for distribution network.
Then, the main features are selected by I-Relief algorithm as the data input of Elman neural network, and the fuzzy matching for
short-circuit fault type and location of multi-source data and distribution network is performed based on Elman neural network
model. Finally, through the analysis of an actual case in a southwest region, the proposed model can efficiently and
quickly locate the short-circuit faults in 10 kV distribution network with good fault tolerance and practicality.

Key words: distribution network ; fault diagnosis; feature selection; Elman neural network
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Research on Helicopter Live Repair Technology for Optical
Cable Damaged by Lightning and Its Application

YANG Yang', LU Jinkui*, QIU Zhonghua', WANG Shuang’
(1. State Grid Sichuan Extra High Voltage Company, Chengdu 610041, Sichuan, China;
2. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China;

3. Electrical Engineering & Renewable Energy School, Three Gorges University,
Yichang 443002, Hubei, China)

Abstract : The optical cable repair technology of high-voltage overhead transmission lines directly affects the safe and smooth
implementation of repair operations and the reliability of line operation. In view of the critical defects of optical cable breaking
caused by lightning strike on 500 kV transmission line of JiangZi line, and considering the special situation that the power grid
cannot be cut off for maintenance during the peak summer, the helicopter winch lifting chair operation method is used to
successfully realize the repair of the damaged optical cable of 500 kV transmission line. This method adopts the live working
mode of ground potential, and uses the new repair mode of " wedge clamp+pure aluminum drainage line" to repair the broken
optical cable. By formulating all-round organization, technical and safety measures and emergency plans, the elimination of
critical defects of broken optical cable is safely and efficiently completed, which provides a strong guarantee for the safe and
stable operation of extra-high voltage transmission lines, and has an important guiding significance and reference value for
similar defect elimination of transmission lines.

Key words:broken strand of optical cable; helicopter winch lifting chair operation method; wedge clamp; pure aluminum

drainage line; repair
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Simulation and Analysis of Thyristor Fault in
Excitation Rectifier Cabinet

YANG Ling, XU Qipin, ZHU Hongchao, LIN Yuanfei, XIE Yanjun
( NARI Technology Co., Ltd., Nanjing 211106, Jiangsu, China)

Abstract: Rectifier cabinet of generator excitation system is the basic unit to realize excitation regulation, and rectifier bridge
fault is one of the most common faults in excitation rectifier cabinet. In order to predict the fault in advance and accurately analyze
the cause of the fault after the fault occurs, it is necessary to study various situations of rectifier bridge fault. The fault types of
rectifier bridge are summarized, a model through Matlab/Simulink software is built, and the simulation waveforms of the input
and output voltage of rectifier bridge and the secondary side current of excitation transformer are analyzed under several fault
conditions such as short circuit and non-conduction of bridge arm, pulse loss, early conduction and delayed triggering.
Through the verification of the actual fault recording waveform of a power plant, the simulation waveform is basically consistent
with the actual waveform. When there is a fault occurred in excitation rectifier cabinet of generator, the fault type can be
determined by analyzing and comparing the waveform under various fault conditions of the three-phase fully controlled rectifier
bridge simulated by Matlab/Simulink software, and the fault point can be quickly analyzed.

Key words: excitation system; thyristor fault; Matlab simulation; waveform analysis
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