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Experimental Research on Influence of Mountain Fire on Safe
Operation of 10~ 35 kV Transmission Lines

YANG Jiacai', REN Xinyue' ,WANG Xun', ZHANG Xinghai’, FAN Songhai*, CHEN Tianxiang'
(1. College of Nuclear Technology and Automation Engineering, Chengdu University of Technology,
Chengdu 610059, Sichuan, China; 2. State Grid Sichuan Electric Power Research Institute,
Chengdu 610041, Sichuan, China)

Abstract ; An experimental research platform for the impact of mountain fire on safe operation of 10 kV and 35 kV transmission
lines is designed and established. Pine, straw and shrubs are burnt to simulate the mountain fire fault of 10 kV and 35 kV
transmission lines, and the variation characteristics of three-phase voltage, conductor to ground leakage current and
zero-sequence voltage of transmission lines under mountain fire are studied. The effects of flame height and flame
width on the insulation of 10 kV transmission line are studied and analyzed too. The test results show that mountain fire can
cause single-phase high resistance grounding and phase to phase short circuit of transmission line, which are the results of the
joint action of voltage level, distance to ground, flame height, flame width and other factors, and whether the flame bridges
the air gap is an important factor affecting air insulation. The phenomena that the transmission line discharges to the flame and
the voltage of one phase affected by the flame is lower than that of other phases during the test are studied, and the causes
and laws of mountain fire on 10 kV and 35 kV transmission lines are obtained.

Key words: wildfire; transmission line; operation effect; experimental research

. B4 IR FL R 1 A R B AT I U K

0 5l = XPHEAHL BB 2 4B TR B M5

o o 0 L A R TR 7 R R
SETRE ;75 F1 44 B2 B B 01 22 8 B 5 98 7 4 40 F 9

(U19A2080) 2,10 kV .35 kV g HL R 28 B AE Sk 3 A T



WLkt AR PH B T N 53 2 Z M S F A 55 e
Jitthm i E EEAEH . B, PF5E LK 10 kV
35 kV i LR 28 4 aa AT I R M RT LA SR o A s D
FRR K TE T 350 I B ] 3K — il s 4% 1 07 X6 7
HAEEEZ XL,

SR L S B L 2R S B I R A A
PR 27 5 o i FL R BT LU K S 2 SR B e
PEREAT T — R L A 5T . E A Uhm H S
TAA KCE HP B o TR B4 52 T 2R B T I 1, B MK
PR 3 30 A K i A e 36 [ R R B X A
LR RN BRAE KA SR T ik 2R AR TEA T T F S, 7
RGO R 100 wA B HL A HL IR, B
T K R R TR ARG A T 2 A kR R A F)
T 2.3 mA, XU KU HP ) LT RIS TR AR TR %
BRI Aa R BN R SRR A T
W ARIE K IELEAS TR BB 1 T80 28 51, JF 40
BT KGR T TR B A o 22 BLHT A 3 B B 4
2 SN S USESDIQ CT N TN = R A DPSE Ik A
SIRIRAE T WA ARG S AR Bk SR
137 - R B s 2 R P 0, e IR 2 W
R B RS Ja A R

A AH BRI GG AT 58 - 15 RUEE /N H 2% & i
R R — | K75 18 S B T L 48 fi 245 44 S HORI 38
BAMAE, FHERIHEE T 10 kV 35 kV =A% H
LRI T T &, ST LK EE T 10 kV .35 kV
o PR R % — A L P Yl R 9 R o R ) A A A
A,

1 e r & 5y R

SRS R F R B 5 Ll ORREE TS N
ERWEN R T S

10 kV BT T 5 FE MRS R SY11 -
400/10 GEFEL B4 YNynO A9 HL 7778 FE 2%, 28 b Ry
10/0.1.,0.2 214 10 kV HLJE TS L K 5 m,
RIS LGI-120 () =M PR ALK, DAL i e 25
PR 10 kV LR B, 381 I 1 i 2 A 4 AR R i
AR/,

35 kV L IR & EE RS ST-
50/35 GEEA RN YynO BYH S8 FRRS A8 H ol 35/
0.1.0.2 219 35 kV LR HIRAF LA KK 5.5 m AL

5 LGI-120 ) = A LR AL, DARE I R AR 900
35 kV AR B, 38 2o I 1K F 25 4 21 0l AR 4 S F
HLIR RN,

ZEPRWE, DU H A S5 AR I e RS [X
RURT R RS A HEAR AL V5 055 SO R A
AR HEARFIRE 5 (B 7 00 ) A SR BR R A A AU 552
PRARPR KK

T DM

A
10 kV B HE
AR C R
G
()10 KV iRB T
I%fﬁga T b
; CHll
35kV B Ak
TR ARl R

FRR

P OO0 O [yl

e =mwE A

ST
(b)35 kV REF- 4

1 RHEXT 10 kV. 35 kV M &R mRIE T4

2 KA 10 KV i 4 2 anat TR

2.1 RGN B R SRR

B CAHBE R A, = A S A ) B
60 cm , XTHUHT BN 52 om, SR ML B 3E Ao a4
WRBEAR T W THRET & 3L, KO R 5 e AR A
HERC AR SE B = RZE OR35St
A KIGHHRYE 7 6 1E % TAEIE LI e, 6
FAAREE B 30 emx30 emx20 em A A B4 b
JBR FARHRARIE RS 52 em , K AT HELR B I 56
RIS S8 5 1IEH BT LT — 3G 46
XTHBEE A 26 om J5 , WIEATEARL,, 51 AL T4
U110 kV ZRBEATIE I 8 KRGO, 45 2% F 55 13 em, K
YRR A P i iR I B a1 o AR Ak, R R 4a 2% 1 1 55



— k22 Al S LRIE R 22 3 om I K SRR AL filE
PP A AR

PRSI A E T, IR R e A BT 4
M P e AT HLFE B R 3 e, 4 G BE B8 15 Syl St o 2
PR B IFHEA TR R R e i 1 2R R B 3 F
FORMIRGENE B0 T 25t B 1 i i B2 0 B 42 3,
P2 P 3 iz LR B X e TG P R 3 i P )
J R IR AE AN ] (A& 4 Firz ), B BN [R) A IR 8
PRI KSR S R G R AN ] HE AR IR B %
e B, R0 AN ARG I 2 P fL T /DN

]

2 SEITNIEE

B3 S5 3 o BB S T B SIS
I F AR HLIC % B K AR A 5 TR,
5580 SR AN S B I U L I B TR AT EE R A B
itk EEL I B K AR AR A ( BRI KR A5 SR B A T
B0 AR B R IO AR s A ] BRI A
HH S s R B, I O 9 S R bR (] 6 Jor
7R) 33 PR A LT ik U FE SR TE 1.0~ 1.2 A,
il F T 5 AL L % A 1 6] b H 25 LI
BRI & I TAER N = A0 B R I N
81.6 V3 52 K N s W 14) 0 s AT P R AT, At 7
AHEL R TF 0 Bt BE T B kB A R R 2
WML IE R 2 T R = (AN 7 Bz ) B i 0 5 ik

B AH H e W (B AR SR IR B (I 8 o), 5t
B K S A0 AN 2 P 2 S B0 B e A 8 TR L
IZ—S]X,&O

200

150
100

50
-50 -
-100 -
-150 -

-200

EJFHE/NV

T T T 1
200.3 200.4 200.6 200.7 200.8

2005
B} /s
(a) A
200
100
s
=]
b
H o4
%
-100
-150 T T T J
20627 29630 296.35 296.40 296.45
N
(b) FEE
25
20
15
> 10
H oo
W]
-10 -
15 4
20
374.6 3747 374.8
N
() AR
4 SEWMNEHBEREFEE
— I
— KIEHE |
1
£ 200
£
=
AK 150
M

V |
100 ‘|
fl | |
| |
50
o ! A, 1| TR f
[ 50 1

* was
Els ABTh#Es

2.2 HEIMINIEXT B S LRI
K BC PR N SR RAH | A BRAU S B 5 4 XU



1.0
=
s
\ﬂélf 0.0
&
prd
ES
=
E .10
79.52 80.03 80.54 81.05
TE: BRALGRIN R SEAN 267 s. R
Fif [ /ms
E6 BIRSZ&tiitiREBIRETLIEE
ARf]
150 9 =T EEIEST B
# T IEW BT P
100 4 5 .
\ | LA T
4 N Wil [
50 AR O
f & I\‘ | i ‘ ‘\ I
> I ‘\ | AL ] ‘ l [
ol 4 (i1 | | U
g Ui ‘\Hw“‘ M
= 1‘|““‘! ‘vll / | i‘
| [ AN PR AR AR A
-50 U AR
£ L YRR
-100
-150 T T T T T 1
29570 29575 29580 29585 29590 29595  296.00
I [1)/s

7 HFER C HHEEILEEIZTHR CHBES

AfH
CHlE T A Bifl
100 4 CHH

80 . =N
P n £ 5
60 2
40 A
20 A

0

HLR/V

-20 -
-40 \ / \

! ‘. ‘
-60

-80

-100 T T T T T T T T 1
295.735 295.740 295.745 295.750 295.755 295.760 295.765 295.770 295.775 295.780

i} 8] /s

B8 #fEtH CHERESTERMEABERE

TEOL K IEH 21T T = AH 2R AH H] B 2 60 em 45 04
K30 em, BF 5% W% i 47 B0 T KR R A TE] A 5
LN Hb B R O T T B R O RS
JEE AR A R B 2 RO e R R L e, TR
IEE SR A KA B AR & 1E % TAE I L
PE L%, 5% 130 emx50 emx 13 em (IR E T
B C WAHT] , 45 5 & 30K 1 FRRE R R b8 7™ 26 1 2k

S T T AT 3t ASAH () 6 2 | 0 A 1] 25 0246 5 1Y) 52 )
AR, FTRESZE T 30 em [9AH ) B 25 K KR 2 LA

3 kR 35 kV fR it st T

3.1 BB RE S &R RN

B A KRR 30 3 T T B R T b
B FEXTHUEE 250k 20 em AHIRTEE B0 38 om B &A=
A A A B AR e (G 9 B ) itk HL /N T = AH
LR b FL 2 HL T 2 RN, DR SR 38 T (& 10 BT
) HATLUES] A M EIFEA R 0, 54 B i
ZEN iR TARS I D@ R Sl s =S S E

9 BBk
AR
B
150 —— CH
100
50
! I
> o4 /
ﬁ 1
#
-50 4
100
-150 T T T T T T T T
139.36 139.38 139.40 139.42 139.44 139.46 139.48 139.50 139.52
B

B 10 BiESE&XANEREMREERE

3.2 NGBS &R

B A B PIAHR SRR 38 A TR 75 8
HuRE B TEXTHIRE 58 20 em AHIEIHE B R 19 em B
&AW R TR (TN IRT 11 B R ) HIRBE & K
YARIHR T JGE B, = AH B JROR 3P 0T S IR R Bkl
MR R SR 1T (AR 12 R ) Wl B ) A (B PIAH A
FEIFARTE S, RIRE U] K A U e BT



11 tHEEE

AR
BAf
CHH

100

50

E o ‘( ’“I“A ! }':_,'IL‘,‘ : 11
2 ; v 11814
-50
-100 T T T T T T
30.85 30.90 30.95 31.00 31.05 31.10 31.15
I} 8] /s
E 12 1HEERSERBERE
j: N
4 én 1/3

D) PR il 5 F 5 8 SOk 51 & AR 122 L Fi A
BRI 0 A2, 5 P R A P R B KO R K
LGS 2L S E S S

2) JCHATE T SR 42 Ml g B R FR T O R
0 Hitti B /N T = A A B A R, 54
JEIEHB LA, B KO B A = BT AR

3) N R Vi) B T 2 N 2 R A L T
TAEH B AT IR P A DL ki FRA F R AR
FRARAI LG, M B0k AR L R LR A

4)3 P[RS BHIR R I 2 7 HL T i fEL AN [R] 15
WA R BRI bE ™ Az 1 KA RRAR A LA SRR EA
[7], FEAHRBEIT IF 11 = ffy i s fie K, R IR 2 AR
KABEIS T 1 =S e/, DA EBLGRE i TR Al
JE B RZ ML 2 KN N T 3l B 55 PR 3R B R ML 75 2L
AW,

% 3k

(1] AR 2K R I o 4 0 1 B g o
e[ T]. ST HITHEAR 2013,31(4) :97-99.

[2]  FRERZS. L I T i L AR B AR S8 AT R e A ()] 3
fH IR A ,2020,37(2) :214-215.

(3] JAIEETE T FH T v 190 v, 2 s ok 10 XU 37 47k A
F[D].dbat b K2, 2019.

(4] AUBT, 00 1l T B iy 2 ) B o 28 ek ) B 5 B
PRLT] R RETRE#R,2018(4) :150—-159.

[5] weidd, m o, bhik , 5 AR ST S - 2
L A R R R N SN R N1
2019,34(16) :3487-3493.

[6] JU &, BRIUGH, TRARES , 55 A M 3 3508 He i i 4k %
Bk A AL SE BB 9 [ ] . P B AL T AR 2241, 2011,
31(34) :192-197.

[7] ZRH,BEVLZES%, %.500 kV 4 B2k B0 Lk
SRR AL ORSE [ )] . v AL TR 2% i, 2011,
31(34) :163-170.

(8] Z4MG, Bryl7e, Bl &, 55 WA DL KA T T2 - A i)
Wit i SRR B A A A 5 [ )] B AR 2 3
2016,36( 14) :4001-4011.

[9] HHEAF,BMS, BriL7E, 55 1 k5| & b i 20 5 ] B s i
MLHELS 5 R M SRR [ 1] B R FE R, 2015, 41 (2) .
622-632.

[10] 2R, Byt 4, i 4 , 55 ALl K A1 T 2]
B R R P R A M [0 ] TR 224, 2018,
33(1):195-201.

[11] 748, BEVLgE, SR W, 45 O b BURLXT H] Bt L 4
PERYSZMA [ ] . B R, 2014,40( 1) :103-110.

[12] 3k, U6 BRI, 45 1 ok S v R B ri 2 15 ik
HURRPEL )] T B AR 54K ,2012,31(1) : 1-5.

[13]  BRZEHT BN Bri, 45 IO s B x4 2 i ] i o 2
FREERZ IR [ )] E L T ,2015,48(7) < 134-138.

[14] LI Peng, HUANG Daochun, RUAN Jiangjun, et al.
Study on the dielectric characteristics of simulation
transmission line gap under fire conditions[ C] // IEEE
Conference on Electrical Insulation and Dielectric
Phenomena( CEIDP) , Ann Arbor, MI, 2015:233-236.

[15] E I Koufakis, P T Tsarabaris, J S Katsanis, et al. A
Wildfire Model for the Estimation of the Temperature
Rise of an Overhead Line Conductor[J]. IEEE Transactions
on Power Delivery, 2010, 25(2) ;1077-1082.

fEEE N
MAEF(1999) , 5, EiEM LR A AR T @ HZHE

I A,

(s B H#A:2021-10-30)



L MR 55 3 10~ 35 KV Ay HL 28 3% 24 2 52 i 1 36 5

BFEE  GEE  FER KER,ERE  FXRE
(1. ARHE TIRAREEOR S Bl b TR B, 11 BT 610059
2. [E R A R BRI S B, DY) R 610041)

H OE.AMLKFRERM ARG A L AL, LPHBETEENS 10~35 kV b KR LLE 0 RBALT S,
&t TR F R T E AP RIB T AT 10~35 kV 3 KR F L5 o A BB Gk At diy b, 4% 36 S8 A 3t 3 Fe A 18]
WA, BN S EEREI O = A R A A A R R K A T AL R P R B s RS G
W AR T R B AE 2 08 B e R ) AR B B sk 3 o, A 64 RS v, K IIL S AR 04 9B B a i L K R0 S A M B v D
KB I KRGS S H R R A 2 5 IR T 5T

FESES . TM 852 XEAHRERAD:A XEZHS:1003-6954(2022) 01-0006-04
DOI:10.16527/j.issn.1003-6954.20220102

Experimental Research on Impact of Mountain Fire Smoke on
Insulation of 10~ 35 kV Transmission Lines

YANG Nongchao', YANG Bowen', YANG Chunlan', ZHANG Xinghai®, FAN Songhai*, CHEN Tianxiang'
(1. College of Nuclear Technology and Automation Engineering, Chengdu University of Technology,
Chengdu 610059, Sichuan, China; 2. State Grid Sichuan Electric Power Research Institute,
Chengdu 610041, Sichuan, China)

Abstract : The tripping of transmission lines occurred from time to time caused by forest and wildfire accidents. A test research
platform on the insulation effect of smoke on 10 ~35 kV transmission lines is established, and a smoke test scheme is
designed. The effects of smoke on the air insulation characteristics of 10~35 kV transmission lines are studied as well as the
effects of smoke concentration on the phase-to-earth and interphase insulation characteristics of transmission lines. The
influence of smoke on the insulation characteristics of transmission lines is judged by observing the triangular voltage of
voltage transformer opening and the size and change of phase-to-earth leakage current. Experiments have investigated the effects
of different types of smoke on leakage current under different concentration. And the experimental research shows that pure
smoke has less effect on the insulation characteristics of transmission lines.

Key words : mountain fire smoke; transmission line; insulation effects; experimental research
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Experimental Research on Fault Signal Characteristics of 35 kV
Transmission Line under Mountain Fire

LI Weijia', YANG Yuhang®, YANG Jiacai', ZHANG Xinghai’, FAN Songhai’, CHEN Tianxiang'
(1. College of Nuclear Technology and Automation Engineering, Chengdu University of Technology,
Chengdu 610059, Sichuan, China; 2. School of Electrical Engineering, Chongging University,
Chongging 400044, China; 3. State Grid Sichuan Electric Power Research Institute,
Chengdu 610041, Sichuan, China)

Abstract ;: Wildfire disasters have a high probability to cause line trippings, which leads to power outages and threatening the
safe and stable operation of power system. In order to study the fault signal characteristics of 35 kV transmission line caused by
the wildfire, a mountain fire fault simulation test platform for 35 kV transmission line under the wildfire condition is
established, and the wildfire fault simulation test is carried out. The waveforms and phenomena of flame single-phase wire test,
flame phase-to-phase wire test, smoke single-phase wire test, and smoke phase-to-phase wire test are measured and recorded.
The research shows that smoke has little effect on the insulation of transmission lines, while flames have a greater impact on
the insulation of transmission lines. The research results can provide a theoretical support for the study of measures to prevent
mountain fire accidents.

Key words : transmission line; wildfire accident; fault simulation; signal characteristics; experimental research
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Experimental Research on Influence of Mountain Fire on
Insulation Breakdown Characteristics of Air Gap

LIU Lei', YANG Yuhang®, XU Huikai', ZHANG Xinghai’, WU Chi’, CHEN Tianxiang'

(1. College of Nuclear Technology and Automation Engineering, Chengdu University of Technology,
Chengdu 610059, Sichuan, China; 2. School of Electrical Engineering, Chongging
University, Chongqing 400044, China; 3. State Grid Sichuan Electric Power
Research Institute, Chengdu 610041, Sichuan, China)

Abstract: In recent years, the frequently happening of mountain fire has brought a great threat to the safe and stable operation
of power grid. Mountain fire will cause the insulation strength of overhead transmission line gap to decrease significantly,

resulting in line tripping, line shutdown and other serious accidents. So a '

"rod-rod" electrode air gap discharge model
is designed, the air gap insulation breakdown test of the "rod-rod" model is carried out, and the influence of flame, temperature
and smoke on gap insulation is studied. The results show that the flame height and temperature have a great influence on the
gap breakdown characteristics, and the temperature is the decisive factor affecting the gap breakdown characteristics.

The research results can provide a reference for the prevention of mountain fire tripping accidents in transmission lines.

Key words : mountain fire; transmission line; air gap; breakdown characteristics; experimental research
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Research on Earthing Fault Treatment Based on Primary and
Secondary Integration Technology of Distribution Network

ZENG Xianfeng, REN Baiqun, SONG Bing, SHI Yong, ZHU Zhonghua
(NR Electric Co., Ltd., Nanjing 211102, Jiangsu, China)

Abstract:In order to solve the problems about the detection and quick isolation of single-phase earthing faults in a small
current grounding system, an earthing fault treatment scheme is proposed based on primary and secondary integration technology
of distribution network. Through a complete set of primary and secondary fusion equipment and wavelet packet transient
zero-sequence line selection technology, and combined with the use of incoming call closing, voltage-free opening, closing on
fault accelerated tripping, fault path priority and other strategies, the problems of single terminal line selection under multi-
branch and multi-power supply modes are effectively solved. At the same time, combined with on-site application cases, it is
proved that the proposed scheme can quickly realize the location and isolation of ground fault zone and has universal applicability.
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Grounding Line Selection Device Based on Flexible
Optical Current Transformer

SHI Yong, REN Baiqun, WANG Yao, LI Yuqi, LIU Nixuan, JIANG Lei
(NR Electric Co., Ltd., Nanjing 211102, Jiangsu, China)

Abstract : Aiming at the conventional zero-sequence current transformer that can’t be installed in the field, the scheme for
grounding line selection device is proposed based on flexible optical current transformer. In view of the current characteristics
of single-phase grounding fault in small current grounding system, the transient line selection scheme based on optical current

transformer is formed. According to the actual application in the field, the operation condition of the proposed scheme is good.

Key words: grounding line selection; optical current transformer; transient method
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Research on Leakage Protection Scheme Based on

Wavelet Packet Energy

ZHAO Heng', ZUO Jinwei', QU Ke
( 1.State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China;
2. Sichuan University, Chengdu 610065, Sichuan, China)

Abstract; Most of the current protective methods act based on the total residual current with a fixed threshold, which is
difficult to identify the types of electric shock. In order to reduce the serious consequence caused by electrical shock, and
aiming at low-voltage distribution network, a leakage protection scheme based on wavelet packet energy is studied.
Relative entropy of wavelet packet energy is calculated according to residual current through sliding time window. The change
value of relative entropy serves as a criterion for electrical shock of life entity. On this basis, the leakage protection scheme is
proposed. The resistance, pork and rabbit are used to simulate different electric shocks. The results show the correctness and
effectiveness of the proposed method, which is of a certain significance in developing new residual current devices.

Key words :low-voltage distribution network; leakage protection; shock current; fault detection; relative entropy
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Application Research of Channel Self-Checking
Technology in Arc Flash Relay

WANG Jie, HOU Wei, CHEN Jun, NIU Honghai
(NR Electric Co., Ltd., Nanjing 211102, Jiangsu, China)

Abstract : The necessity of self-checking technology for arc transmission channel in arc flash relay of medium-voltage and low-
voltage switchgears is described. The principle and methods realizing self-checking for arc transmission channel by superimposing
pulse light are introduced. It is theoretically analyzed that the recursive median filter algorithm can eliminate the influence of
pulse light, and the deviation of pulse light to background light is also estimated. The test shows that in the premise of no
misoperation of the device, the method can realize real-time self-checking for arc transmission channel, which can improve the
reliability of arc flash relay.
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Action Behavior Analysis of Current Transformer
Position and Dead-zone Fault Protection

WANG Liping', CHENG Lang”, HU Yang’
(1. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China;
2. State Grid Sichuan Maintenance Company, Chengdu 610041, Sichuan, China)

Abstract : The action behavior of the protection is analyzed when current transformer ( CT) is installed in different positions in
case that the fault point is between the circuit breaker and the CT. If the action behavior could not remove the fault reliably,
the range of outage would be extended. At the same time, in the case of a dead-zone fault, the action logics of the failure
protection of circuit breaker and the dead-zone protection are analyzed. The current situation of the installation locations of
CT of 220 kV circuit breaker and above in Sichuan power grid is summarized, and based on the existing researches, the
suggestions are proposed that the CT should be arranged on both sides of circuit breaker strictly in accordance with the
requirements of anti-accident measures.

Key words: current transformer; installation position; dead-zone protection; failure protection of circuit breaker
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Optimal Configuration Method of Distributed Photovoltaic
Energy Storage System

PENG Wei'*, ZHENG Lianqing' , ZHENG Tianwen’
(1. State Key Laboratory of Power Transmission Equipment & System Security and New Technology,
Chongqing University, Chongqing 400044, China; 2. Sichuan Energy Internet
Research Institute of Tsinghua University, Chengdu 610213, Sichuan, China)

Abstract : The randomness and intermittent nature of photovoltaic power generation lead to low resource utilization, and energy
storage has the characteristics of flexible control and rapid response. It is currently one of the effective means to solve photovoltaic
grid connection and improve consumption. At present, the high investment cost of energy storage is the key to restrict its
promotion and application. Therefore, the optimal configuration method of energy storage in distributed photovoltaic systems is
studied from the perspective of cost. Firstly, take the investment and operating cost of distributed energy storage system as the
goal, a two-layer optimization model is established while considering the storage access location, configuration capacity, state of
charge, and grid operation status as constraints. And then the optimization model solution method is introduced, that is, the outer
layer uses genetic algorithm to optimize energy storage configuration location, power and capacity, and the inner layer uses
particle swarm algorithm combined with MATPOWER power flow calculation tool to optimize the daily operation strategy of
energy storage. Finally, the IEEE 9-node system is used in Matlab software to verify the feasibility and effectiveness of
the proposed optimal configuration method.

Key words : distributed photovoltaic; distributed energy storage; optimal configuration; genetic algorithm; particle swarm
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Research on Design of New Adjustable Steel Pipe Truss
Suitable for Mining-affected Areas

ZHOU Jianjun, JIANG Rui, XIANG Yue, CHE Da, YANG Changjin
( CPECC Southwest Electric Power Design Institute Co., Ltd., Chengdu 610021, Sichuan, China)

Abstract : With the construction of a large number of transmission line projects, the proportion of mining-affected areas along
the line is increasing day by day. Under the influence of mining activities, the ground surface at the foundation of transmission
tower may move and deform, resulting in foundation tilt, tower deformation and other hazards. The hollow protective
slab foundation has been successfully applied in mining-affected areas of UHVDC transmission lines, and has achieved good
results and engineering application experiences. However, it has a poor adaptability to terrain, huge excavation volume and
serious soil and water loss. Combined with the design experiences of steel members and long and short legs, a connection mode
is proposed to move the rigid partition upward and set a new type of adjustable steel pipe truss below the partition surface so as
to replace the hollow protective plate foundation, which can effectively improve the towers’ ability to withstand surface
deformation and to adapt to the terrain.

Key words : mining-affected areas; transmission tower; foundation design scheme; adjustable steel pipe truss
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Design and Practice of Anti-corrosion Engineering for Substation
in Southwest Area with Damp-heat Climate

LI Chengxin', WANG Zhigao®, AN Zheng’, GENG Zhi*, WANG Fangqiang’
(1. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China; 2. State Grid
Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China; 3. State Grid
Bazhong Electric Power Supply Company, Bazhong 636000, Sichuan, China)

Abstract: According to the actual situation of severe corrosion of power grid equipments in typical damp-heat climate in
southwestern China, taking a 110 kV substation in Sichuan province for example, anti-corrosion engineering of this substation
is designed and carried out to achieve the goal of " 10-year guarantee against rusting" . This project is reasonable in design, strict
in operation, efficient in supervision, reliable in quality and remarkable in effect. The standard process and typical experiences

of anti-corrosion engineering in damp-heat climate are summarized from this project, which have been applied in whole

Sichuan power grids.

Key words:damp-heat climate; substation; anti-corrosion engineering
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Operation Condition and Monitoring Signals of Hydropower Unit

MAN Yagin', ZHANG Chifei', ZENG Ran', QING Ming’, TONG Jing’,
YIN Yongliang”, XIE Xiaoming®, WANG Qiulin®
(1. Sichuan Huaneng Baoxing River Hydropower Co., Ltd., Ya'an 625000, Sichuan, China;
2. Sichuan Chaoying Technology Co., Ltd., Chengdu 610094, Sichuan, China)

Abstract: A hydropower station is always characterized by manual work involved in reading the indicators of digital input ( DI)
board, monitoring images, event lists and alarm apparatus to ensure the validity of the unit, which costs a lot of time and may
ignore something by the staff. So the application of image recognition technology is proposed in reading the indicators of DI
board. The signal location list is created automatically in image recognition, while the algorithms of image processing,
such as template matching, dynamic programming, geometrical positioning and area selection, are integrated into a mobile
APP. By taking photographs and recognizing the images, this APP can enable the user to read the indicators of DI board and
output the result immediately at any time with an accuracy above 98%. According to the results, the staff can quickly know the
validity of signal locations, and then inspect the locations purposefully. It is a great improvement in working efficiency,
especially for the initiation of a new hydropower station or the maintenance of a running one. At the same time, the proposed
image processing algorithm can be extended to more intelligent recognition applications of indicator lights and instruments
in industrial scenes.

Key words : hydropower unit; image recognition; DI board; template matching; dynamic programming; APP

unit, LCU) #EA 741, K L 3 HLZH LR FE AL 15 &

0 5l & (B FTRAS B ABLAL LCU, RIRFHLAL LCU 14 %
T84 XA EPLRFIHL S T8, HL

7K H S LA A8 7 Fh B M 42 i) %2 5T (local control 20 LCU — A 76 7K B b A P2 15 £ BT, 2 7K R



TRHLE T RG R EEH T ML LCU r%
il A (digital input, DI) #C R 48 7K LB HLLH F2 AL
UL A s TR, DI AR By B — N8R AT
SEE K HR R THLAL LCU TR AEE B — A1k
A AN K IR I B TFECOC i B ] TR 57 T W
g 1 ) 2 TR 45

KL E R 255 A HORIEM) 4 Fif
FRUEIRAS s B — AR AR AR BT A $8 s AT rh £
SEFMIRLE I RS2 — AR AR SR T B A 48
NS BRI IBR AR 5 3R . IR AT A
T ST HLALAR SR B AR AR 5 s R i, U WA
WAL T SH IR, KB EEHLA DI A A 80E 4
FEARET (LAFE 26K fa sl Ry 5], B 5 AL LCU 430 A
4 Y DI M, Bk DI A 64 M E 5 T8 /R 4T, 3 256
A, HECR B J7 gk A T A F iR e 7
AR T SR RED B Rl N T AR
ML R GEBRAE Dl iy M 4 o T | 4 R
FHIWr BT RS R R IER . 11T DI ARG 594
ATEEEZ MR AT T AEER, HTAERRK
K AEFR BT )42 22 N HR A B A7 A B XU
KL, H RIS T RS S A5 X s I A A
AR AR K AT e H SR o A5 (Y [

BEE THA PG AL BB R A B A i, R R
SR C T2 B T RO R | BE A EHR
WU A Tl PR 5E R A5 5 75 78 KT IR 3 4l 0
PG I AR BR A 5 BT 5 75 . 1 T ok e |
AT AT R T W R M8 4R —
XK HL S HLZ DI AR A 546 7 KT AT UG R B T
B, AT R KL = W MLAL 38 17 RS S X A i T
YRR FIIE R

1 kit

XK AL 4 FPARIEARZS T LCU A9 DI
MA5 S AT A T UG, R B A ra g ot
NG SRR KT 158 KA ARG L, 1 Bl 26 R I Y

AR I S C AR ERZ B LA 4 FhFRIEIRAS
XoF I ARESS 5 s R AT XS L, A IR 5 546 R
S5, I F Bl St Pt e of b b A2 2R
I st TR — B A48 A MG R 5 S5 R KT AN
SRS SRR AT 52, JF F S SEms Dk | o Hh
HPUIZE SR g N A B/ M AT, AL ALE TR

ASHT LA S AT R A P S SR AR A 5

SR EIRTIRE B AE,  R FHAAR R DL 5
N ShAS LR B LA A 5 X e
LU E AL DI MUREME S AR R AT 0 TR
MG SRR AT SE JORAS  Hk, 75 RBRHLA
DI M f5 T4 /m 4T R S HLAL DI A5 5 f 3R, (5 5 4%
RNEALSE DI SMME S 2 PR M5, 46 R xls
W E O T B TR R S T R —
FT Android R GEMEA BIGIEN F s th Zh g i) T
BLAPP K F R UG R0 502 4R U3 - HIL I S
(application, APP) N, I P B AL AR HEIR S DI {5 5
HER, NGO TE B 8 T 0L APP AOFA BT 2
8, F sl A RO AR xIs 4830055 53, SEaix
HLA DI AE S48/ TARAS A SE i P U Ao L

FASK AL PLA DI AR -5 A AN A SR HI Y
FUGIFIN B AR TN R T AR R o AR B G kAT
FERRAL . T IS 2K Lt S 1, ki F s L2
DI A5 5 F8 73 KT IR 1R 0 RN 330 1k F T
) APP JEAT A, JF 45 Hh T IAAE R

PR VSHIKCRTS

2.1 1EHRICE
PR UG FiC 2 — A E — R R h S48 5 ) — A
M P& e AEVE T (CREARL) 353 A EEAR
Bt MR UG 2 1 MG, Bk LIRSS 14 22 I
FABESRHEMINAE RS N EE NS, B —
MEEEG , GRS A AT, IR ES
TR SRR —FE RN BUR SR TR R
BB T AT AR SRR P 22 ) AR AR
VERZAG R s AL BE |, 2T 38 s R R b A
18R RARALEE
Horp LR TR FH B9 J7 202 CV_TM_CCO-
EFF_NORMED'? | &A= N
IR HCBORNICEERESY
2T X Tty +y)
(1)
C 2Ty (2)

R(x,y) =

TI'(x',y") = T(x',y") e h)

1
I'(x +al,y +y') = 1(x +a",y +y') b)) Z,,,,),,,Tu",y")

(3)



K. (v, y) HEEVCECHY SR AR T, y) S IR IE
BCBAR G 1 (x, y ) R 4R B 5 AT R0 (9 5
FUG R (w,y) AR DEHE A5 21 (14 2850, BUE G A
[=1,1],R(x,y) H“1" B FRIRTEAICHL, R (x,y) A
“=17 I RN SE AN VERL ;w0 Ry R T8 BE (e 1) £
F) sh HEMBIEE (R ER)

X T4 R B — A Ae b, 38 3 38 17 (L)
() JE MR R (,y" ) SR WL A7 B ) (', ") BT
B — R VCEC R B R (v, y) o RIBFFEIF 3%
DT R ET , T il R /N X IR 3491 | 1% 1
(BTl D AR /N IR (27,9

FE AR KT YL v ) DG B ASEAR PSR <D, 3
TR DT BC AR L U 8 AR AT A I B4 D7 3%
FHED” L FALLL DI ARAF FH8 /R KT B4 M, G 54K
Y& DO0—D63,, AR VT fic iR 1) J5 AL KT 0.5
D" o BT 1 PR BB TR IR ENR
FAEHAMS DT AU TR, L 23k — 2R
P “D” , an & 1 MR,

B ZEREEIRRED A E

3.2 EEHMK

1 BRI T A R b 2 AR N AT — S
k256 A, [A] B Hy T MRS L, DR D ok Y
“D” AN BGE F KT 256 A, 2K B S LR
Jrid, FHRAE AL H 256 4~ DLAE S5 45 R AT
EORERT R A=W

SASHIN BB AT AL AR B 254 1289
b SCEARAR AT, B ) b M H S A A i AR
W ARTE Z TF AR 15 S A i A5 8., LA SR P44 i
SRS B A E IR

AR SR R X FAE R —A “D7 L
B EAE RS S, SR AR 64 4~“D7 Y

BEHES, HIWTE LR E N AR N RS A
F—AED” AR RS TR AN DT T R
BAHFE =AD", LI, 53— 345 64 4
“D” Y EHES TR W A5 o X 64 D7 AER
— A, T — BRI <D FE T
Wi BB H— 64 D BB X AER“D”
SEBEHEBRAESN , RN S5 SR B . & sh B AR
BRI D” dnE 2 w8 B RS

HAH
B2 ZHhEMREER D HLE
3.3 JUAEA S RigiEFF
3 3 AN DG Fic RN sh A IR A5 31 256 A EL“D”
AL B SRl AT AR AR A B~ “ D7 O BE B v,
BEAHE R AT RO A B AR “D” 22 5, K
VEEES R a/1.3, EEIEE R 22, TELAR— TR
FT RO B IR /2.5 AR B Y 353 o
JE I — A B R AR BT 7 L, an SR L 4 A
20% WRBIZAE R AT R 587, IR T 209% WA 5%
FERIT KT, FEARIT RS SR AN 3 frow , Hor
KIFE IR 5E"  /NREE R R K",

3 APP TjRE Stk R

3.1 DItrEEmFREFThEE

HH T AL A G 3 #8 A AR BOR s (9 7T ek | 4
B LR WG SRS 1 s R B 26055 0
HRS(E 5 0 i SOt 2 kA8 4k, 1% APP GHk
DI M f5 T4 AT MR SR 5 ik, NE B AL 4
FIARAEIRAS Y DIA55 536 I RexT R S LA 5
MR PRAE AT AL APP TE55 — I fH
i, %I e S AR G LA 4 FiARiRZS R DI AR
TEE,



L]
&
[ =
He
L3
L
e
L3

B3 SRS REEEEHNETRTSE RER

3.2 DI REEGYEFThEE

APP HLA i i 311 BEOR 4E 5 AR AR 5 s R 1 1)
fiE, APP I H G HE 19 4 A 7 7 S X HLAL 4 P
HEDRZS ™ 9 R EAT 1 BRI U3, an SR 4000 i 3y
WA SR 4 FFR RS T 9 DILE 50538, 25
B 3h 5 AT AL 4 FhbR RS T A B bR o
75 3K,
3.3 DI HUKRZAIRBIThEE

PP OIRZSIRGN " APP [ shiE AR AL, A
PETE R, il RN F RSN T AR
SEPUT B

EREORAXT L7 J5 3 < ML AR B
O SR LA RS, APP [ 3% BT B L 4T
PUINJGE A USR5 N B % B LA R i
REME S RFTH S SR EE SRR
— X LSS X AR HE (R 5 R R R AE S A
INKTR S B AT, IREXT S S 25 A B
PA Excel SCHPRAFEEUCIRZASXT L 45 58

VEREC RS2 U7, PR R s B R
TR, BEHE S5t AE R PR AR
3.4 MRER

2 1% APP RETE 1 s INIR B 256 4> DI #x
T HERAT R JCIRAS T4 AR R 1% L s
g0 R 22 N B BT, 12 APP (1) R R 51 1E
FFNEMR U i Hh 45 2R (155 /53R 1Y IERf 4R
T 98%, Hix APP £ WA IER ., HETiZER N
S APP B SZPRI T2 24K fL | 1 FHASOR R,

4 4 ik

HITTEDRE ISR 51 B S HIFI K L s HLZL DI AR

FS R STRR], IFIP A T —E 2T Android R4
A AT U R Hh D RE R T-HL APP . 25
R HHTZ APP A IR T AE , n] DD |
HER B IR DI ARAE S48 /AT, I 1 U 285 SR AL B
AGAER S T HIWHLL IS TR WX SR
AR 9 TARROR it 1T N TR AR AR A
it AER R, 1% APP N T BE R AL 4L
AN B TARRCRE , BA BRI (6 A0 48 H
{EL, IR T 52 ) A PT 450 Ak BB 325 W R 21 5 22 Tl
Gyt N BUHE KT R AR RE TR, ] 5 13 W A
A T L AR A, DA A e Tl B3 ks
S TARRRCR S T BB A REAL AL

5% 0k

(1] Xk, e, Mk Lok ) NG R 5 kit
LR oK) A 3hE,2020,41(1) :10-12.

(2] HCRME, 00, B8, 3%, ZK M I sl 15 15 B
FH B A SR D BORBEFE[T]. 7K L RE IR AL 2,
2019,37,229(9) :165-168.

[3] Exyfe. @A e 5 xSy kel /
WA B EROR Y255+ JUm F C i B 25 18 SO 4.
FRU WA B AR Z 51 22,2011 0 1-5.

(4] FRuLZE, Z=77BH, ZemE. SR 2E ST BUS IR b i i
WEFEERR[) ] FHFHLT RS R, 2019, 55(12) :20-36.

[5] #5Msim, PIBEIR, ERBL Mm% Ak 22 5 /Y K115 R
MR R SRBLI]. RN S5 KR, 2016,
53(1).113-122.

[6] MRPRIA, HE5%, B EUEL. M ) 2R 40 R TR 5 B 58 25 5
[J].=FEH AR 2017,45(4) :30-33.

(7] %I R R I 2 > T UG AR Sl U 4 iy T AR 5 06
[ I RBHE IR, 2020, 18(3) :21-22.

(8] WO, KT, T, BRI AL
EEIREIEF M, 2019, 24(5) :677-699.

(9] skze shaS MU FkLRR [ 1] RHEIAR ,2014(28) « 126.

[10] s, J X8 DU T HO i 0 90K LR EEGE R
fpEQDTFEL D] R AT B RS R R, 2012.

[11] FEFfL. FEF ety SIFT BRI AR [ D] K
B OREE,2017.

[12] Kai Briechle, Uwe D Hanebeck. Template Matching
Using Fast Normalized Cross Correlation [ C] //
Proceedings of SPIE Vol. 4387, Aero Sense Symposium,
Orlando, Florida,2001.

EE®T:

BEY(1975), 5, HA LRI, EEANFL N ARK

H B ky TAE, (W7 B #3:2021-08-08)



— b T 5 A Sk 2 B R P A Bt

FEE
(AR 35 AAFRA R IR M 256600)
B AMRRNFRZER & ERIKFME, RSB RRHERNEE TR RETAT SHEAFRARSE, TA
ARPEIEMFTREEF AR GERBRFEFELEBRRE BIRFFA, "EYm T AEESOER R, £
AT el b R T A A AR XA EE B Ak Ak A T AR ARIET BRI KIE
ATRAEE M B T B AL A, EALIRIRIER] R B A T GEATARE  JF B M B A R R AR,
R PTG B fid >k s il ok s 26
FEDES . TM 564.2 XEAFRERE A XELHRS :1003-6954(2022) 01-0066-05
DOI; 10.16527/].issn.1003-6954.20220114

Optimal Design for Contact Device of A Voltage
Regulating Switch

LI Haiguo
( Shandong Puyi Electric Co., Ltd., Binzhou 256600, Shandong, China)

Abstract:In order to solve the problem of lower voltage in rural areas and other remote areas, a variety of intelligent voltage
regulators have been developed in cooperation with the national rural power grid reconstruction project. In the process of
development, the traditional contact parts used in a certain type of voltage regulating switch have some problems, such as poor
contact and arcing, which seriously affects the performance of voltage regulator. On the basis of product optimization analysis, a
closed self-tightening contact device is designed. Through the full and reliable contact between moving contact and static

contact, the stability of voltage regulating switch is ensured and the flow capacity is increased. The installation test shows

that the device has a reliable performance and stable operation with compact structure and low manufacturing cost.

Key words :voltage regulating switch; moving contact; static contact; device
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Analysis on Insulation Discharge Diagnosis in High-voltage Cable
Head Based on Multiple Detection Methods

ZHAO Wenjun', LUAN Chongbiao”, FENG Fan®, SHI Yi', JIANG Yigiang', LAN Hao'
(1. State Grid Yibin Electric Power Supply Company, Yibin 644000, Sichuan, China;
2. Institute of Fluid Physics, China Academy of Engineering Physics, Mianyang
621000, Sichuan, China; 3. State Grid Mianyang Electric Power Supply
Company, Mianyang 621000, Sichuan, China)

Abstract : The manufacturing process of high-voltage cable head has always been a difficult problem due to the enclosed
structure, complex components and high requirements of electric field uniformity. On the basis of infrared temperature
measurement, ultrasonic and high-frequency current testing, X-ray absorption-contrast imaging technology is introduced to
carry out the nondestructive testing for power cable head. Through the comprehensive diagnosis of various methods and
disassembly, an insulation discharge case of a 35 kV single-core high-voltage cable head is analyzed in detail. The analysis
results show that X-ray absorption-contrast imaging technology can effectively help to determine defects such as holes and
cracks which are formed in manufacturing process or ageing process, and mutual verification of various methods can improve
the accuracy of qualitative analysis for the defects. The proposed X-ray absorption-contrast imaging technology is firstly applied to
engineering, which realizes searching defects by images, and improves the direct visualization and reliability of defects diagnosis
for power cables.

Key words : power cable; X-ray absorption-contrast imaging technology; partial discharge detection of high-frequency current
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Analysis of Impact on Power Grid Caused by Power Return from
Motor in A Lightning Trip-out Accident
LAN Binhuan, HUANG Yuhan, CHEN Peng
(State Grid Suining Electric Power Supply Company, Suining 629000, Sichuan, China)

Abstract : Aiming at a complex power grid accident that the reclosing fails due to the power return from motor after a lightning
trip-out of 110 kV transmission lines, the impact of power return from motor on 110 kV terminal system is analyzed in detail in

the aspect of wave recording, accident appearance, relay protection behaviour and time sequence of breaker action. The

reasonable countermeasures and improvement methods are also proposed.

Key words: 110 kV terminal system; power return; fault analysis
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Analysis on Tripping Accidents of Repeated Protection Actions
of A Main Transformer

WANG Wei, WANG Tingting, ZHANG Li
(Skills Training Center of State Grid Sichuan Electric Power Company, Chengdu 611133, Sichuan, China)

Abstract: Aiming at the repeated tripping accidents caused by buchholz relay protection actions, the history of repeatedly
tripping accidents of the main transformer in a 35 kV substation over the past few years is analyzed, and it is found out that
the through current generated by the fault outside the main transformer area may be the important cause of main transformer
tripping. A large number of electrical power protection tests and non-electrical power protection tests are carried out on the main
protection device of transformer by setting up a test platform. The reasons why the heavy gas protection action of main transformer
tripped but there is no action message are found out, and it is proposed that the setting value of heavy gas protection is set as
the highest upper limit within the standard range to prevent the through current generated by the fault outside the main
transformer area from causing the malfunction of heavy gas protection.

Key words : buchholz relay; action message; current quick-breaking protection
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Optimization and Abnormal Disposal of Condition Monitoring
for Substation Protection Device

YU Junyang, LI Jiyao, LI Hui, SONG Linfei, LI Feipeng, JIANG Zhi
( State Grid Sichuan Maintenance Company, Chengdu 610042, Sichuan, China)

Abstract; With the continuous development of substation secondary system, monitoring the status of secondary equipment,
especially relay protection devices becomes much more important. The condition monitoring system in the station and remote
terminal based on the collection of various signals of protection devices has been widely promoted. However, due to the expansion
of the scale and the quantities, the condition monitoring of protection devices presents a trend of complexity and disorder. And
it is hard for the operation and maintenance personnel to efficiently troubleshoot and deal with the abnormal problems. Firstly,
the advantages and disadvantages of the existing monitoring system for in-station protection device analyzed from multiple
perspectives, and then a scheme to optimize the monitoring system is put forward from on-site experience. While optimizing the
signal and display of condition monitoring, a standard process of finding, disposing and reporting the abnormal problems of
protection devices based on the practical operation and maintenance experiences is also proposed.

Key words :substation; relay protection device; condition monitoring
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Analysis on Open-phase Fault of 110 kV GIS Disconnector

HUANG Kequan, ZHENG Rongfeng, QU Feifei, LIU Yuanfang, LU Xiaobin, HUANG Xin
(State Grid Chengdu Electric Power Supply Company, Chengdu 610041, Sichuan, China)

Abstract: A main transformer tripping accident caused by open-phase fault of 110 kV GIS disconnector is analyzed. Through

the analysis of fault recording, and combined with fault location and disassembly maintenance of GIS equipment, the equipment

process defects and the cause of the accident are finally found out, and the reasonable rectification suggestions are put forward.

Key words: open-phase fault; GIS disconnector; accident analysis
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Modification for the Interface of Oil Evacuation and Nitrogen
Injection Extinguishing Device in Old Type Transformer

TAN Wengiang', SONG Yu', DENG Hao®
(1. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China; 2. State Grid Deyang
Electric Power Supply Company, Deyang 618000, Sichuan, China)

Abstract ; According to the regulations of " Code for fire protection design of buildings" ( GB 50016-2014) , an automatic fire
extinguishing system should be installed for a separate oil-immersed transformer with a capacity of 125 MV - A and above.
Some of the old type transformers with 125 MVA and above are not equipped the hole with oil evacuation and nitrogen injection
extinguishing device, and there are no holes prepared for oil evacuation and nitrogen injection pipes in advance. In order to
solve the problems of the old oil-immersed transformer without interface connected to install the oil evacuation and nitrogen
injection extinguishing device, an innovative solution of using transformer manhole, oil discharge valve and sampling valve as
connection interface is proposed. Compared with the method of opening new holes in transformers, the proposed method has the
advantages of simplicity, convenience and safet, which can greatly shorten the reconstruction time and save the construction
cost.

Key words: transformer; oil evacuation and nitrogen injection; interface
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