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Fault Diagnosis of Transmission Line Icing Based on Decision Tree
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State Grid Electric Power Research Institute, Wuhan 430074, China)

Abstract: Transmission line as one of the weak links, its safe and stable operation is directly related to the operation
of the grid state. Icing is an important factor which poses a threat to the safe operation of transmission lines. To en-
hance the icing fault analysis efficiency, icing fault diagnosis model becomes more and more important. In this pa-
per, the data of icing tripping of transmission lines in the past five years are analyzed. Based on the influence of mete-
orological and micro terrain conditions, a fault diagnosis model of icing fault is constructed, which is based on deci-
sion tree. Combing the key diagnostic variable factors and weight coefficients, the calculation method of suspected
failure probability is proposed. Finally, combining with the diagnosis model, the paper analyzes and calculates the
actual running fault cases, and confirms the types of ice faults through manual intervention and on-site investigation,
thus laying a good foundation for fault diagnosis and trouble shooting of transmission lines.
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Fig. 1 Statistics of icing trips by month
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Fig. 2 Statistics of icing trips by fault type
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Table 1 Icing fault diagnosis factor and weight

o P g s 0
. ~RAE3 A 1.0
A 02 A LRI 2-10 A 0.0
N PRk PER -2 1.0
T FerEvk 0.0
ToE vk 0.0
N BUKTELE  BEUKIGHO.3 0.3
“ W HEUKILE03~05 0.6
Bk OS5I E 1.0

A 04 T 0~—5 °C 3%
e JE>80% K 1.0

A @Q/{{ﬁ‘% 3~15 m/s

) AFFEIREE VR 0.0

R S 2 —

o Wk £&
re AT T B vk 24 1.0

= NI P
oyt RIS 00
H
AL & 1.0
TH. 4~ A31 ﬂEE‘
F1i Kid: 4~15m/s = 0.0
sssny | ROGGSE .
LWL it KA , A = L0
- TKIE & 0.0
B4 AF \ K s 1.0
1 1 1 T 03 h il i 0.0
( e )@;mﬁmm@ Ok o T ”ﬂ%%‘rmﬁ%ééﬂn@ L e 2 1.0
| [ [ [ N It & 0.0
i | iR SR E 1 L wan n 10
Bk | REHE S R % 0.0
VKIS ) - R L0
ks 1 o # 00
LWL i — —

5 sk g KA 3k 7 s vk

T B RAGAIR
WG 24ER R
A o1 A il ARk vk Bk
LT ! RE ReEMpnEnk
. S .

E3 BT RER B KKEISEER mg_,‘@ﬁm

Fig. 3 Icing fault diagnosis model based on decision tree ﬂ%iiﬁjﬁ 03
i

AR P 3 R, B UK B2 W 4 S G BREIA 1




<168 201941 A

Eudz

55 1M

R R - T o ) B R A - R, 6
HEDR - b K R 5 e PR 2% ) S S ) A K R A R
K h8, WA 4l 5C S PN AR

P.=a, maxp; (1)

4 P =058 P=0 W], W] ELHZ 45 7 o0 S (B UK

4 P#0 H PAO B, W BERLEL AR P Ry

P=XP, )

1)) :i=1,2,3,45=1,2,3,4,5,6.

1) 26 B Bk ) 5, e BB AT BN BB e
A BE VA B R R R B AR O R R AT I
TS 0 B i 0 R B o R S R X B

2) MR 2k B Bk I kA2 H Ay, FI W AL G EETR 2
WRAETE 1L H ~KAE3 Ay 45 R T T — 212
W, 75 D B4 5 o Sy S L DK

3)24 P70 I, AR 7 2 W I 45 22 J 1 PR 25 50 1
AR SRR 5 R B VKSR, A T S B
WU N T U4 B A0

4)4 P70 H P70 B, M3 4l 26 1% 52 B iz 45508
6 RAT B VRRER XA SR VK X BUZ & R
PRI X 35

52k I 1 B D s R Ry i v S A —
() F8 T AL, 308 o 9 (56 D o 5 e 2 - T 1 o A
Az g k], EL s R A T 43T

4 EBISH

K P 2 A 2 T L R ROIR S AR R AR, 2
24 % A b I A e e R M P s e
S J7 AT ARG KR Ba (5 8, e RSB
i JCHE A P ek R e 7 Sy R LA SR RS W A AR
SREE . R X R LB p RS A BAUA S
B2 WA T i REAS L AR i2 W A 2 2R

2 WS BEG E e A R 19 2 e R A e A
LW, SRR B R2 W ) S AR A R 2 W R
(TR AL, DT 8/ i 2 TAE N B TR, SO
S RS W R AR ) 2k B e B S B BE AT A1 812
Wr , [ I HEAT L R ARG R ANLES H, LA S A2 71
PEATIZWIINIR, DAL G R se 2 W A i A s

1) A2 W MR Halk B 2k S By il i e e 5
SR 2 0 R K 2 Bt 2 W T X
B I AT 25 G 12 W, B A5 B SE AL VK £ B Bk ]
L[

DNT W K Hi %, fEAShiZWi el L, 455
LREI IS Wra R G Bl #7215 B 5 52PR
AFFRYNG B, AT DL AR i AR S AT S, SE AL

ZHAZEIIRE, LR UES Wi g5 R 1k o R,
[Fi] — e B v R [6) FH  EA T2 W, AN R 912 W 4
B HERMITHL AT W R, e AR
5% Bk ] B LR R AT RIS L AR IR IS W SR A o v 5 T
SRR,

3)EMW M. 20164E 12 A 30 H 141} 30431 4R
TEEW, 2 CLEL IR 2~3%,12H 30 H
M SR BRI -5 °C, e AR MG B iR
20:00~22:30 W] BL N, WK 24 4.5 m/s, W) 24 98% .

12 H 30 H 220F 1543 ,500 kV F-28 1% 15 42 = Bk,
PN AR 31, B-C A & A e

A7 A A S 3 0 B B R 7E 96-99 5+ [l
L AR IR 18.6 km , B 2% HL 3 i B30 B 86.41 km .

WL DX S 2 1 O

V) A UK, 20104E2 A 12 H, BE3h 1 al
96-97 514 Py A—C HH 7] (B A1 = 100 ) J i ke e, % PR
A-C AHE 8 A>T 5 2k [B] i e A1 C AH -3 2k i) o e
bl 2 M S KTy IR SE VT ST

2) 5 S A K MGE . 201047 A L % IR L i
TR E 7 %, %F 600 m B4REIEAT T 254 B BRIA B .

3 B X B LI 5 O - 96-97 5 s Ab B AN 1L 2
P &5 22 MR K, 97 45 E 96 5 155 165 m, £ i rp
(i) A5 4 2% 7 o) 5 — 3 VA 4 T A f, 98,99 5 HLJE /&
FEAK TR —A L L,

MBI, N BB AL I, 2L TPk XA
Bk X B, Hod 96-97 5 . 98-99 5 #i 42 vK X 5
T, UUER B B 48 2% - (2x30XFC400/205)

RYGIZW R

MR &R MAE12 A (FF 6 11 23 H 5400
IS @FEE 55540, Ri-5 C, REH 4.5 m/s,
B 95% , 12 Kt by Bk AL) 78 vK s ™, g o M R
Pi=a,1=0.2; P:=cmax(Bui, Br, B, Bu) =0.4; Pi=a
smax(Bsi, B, By Baas Bosy Bas) =0.35 Pi=y4,=0.02; P=
3.P=0.2+0.4+0.3+0.02=0.92,,

FEF P SR 7 VK RIS WA AR ) Sl ) £ Ik
S DL VK I ARE 283k 92% , 38 ik AT i v A% S IR
Yyt AN, 96-97 S A4 N B C MM B vk $E5h . 7%
2010 4F SR HUHS it Jo 475 & A I, 156 B X)L IX AR b T
PESIAN PR A AE 2205, 36 BRAE i () 38 % A 0tk
B REfE— R,

5 #HiE

S I A T L I | AR R
PESEZ2 T AR B WIE TSR T 3 T DR SRR ) B P R



BRTE 54

JHEZR, SR W, S A TR A L AR DK B2 A +169-

A DK REA2 W) % 7 3k, O X DK i i 5%
SN BALE AT 00, 78 A Shi2 Wik al L5l A L
F SR AT 2 W 4518 AT R 58 s, 56
LR BB 12 W B Sl A A a2 I 4o AR B RTRR
b, T iz e TAE N B T AR . iZBI R 52
TERE W 2 BN, 5 2Rt 8 i 5 22 1 i AR
SR GIS W, i 2 ik B2 W4 A 0 1
REHE

S 3Lk -

(1] EHGT RO, 55 B T2 M R S0 i

LIRBUKBARGIT 501 = ERA,2012,38(11):
3000-3007.
WANG Xiaoqing, DAI Dong, HAO Yanpeng, et al. Statis-
tics and analysis of transmission lines icing data based on
online monitoring system[J]. High Voltage Engineering,
2012,38(11):3000-3007.

[2] CEEPSREPSLAR VAR B R S K4 M),
AL g i, 2009.

JIANG Xingliang, SHU Lichun, SUN Caixin. Contamina-
tion and icing insulation of power system[M]. Beijing: Chi-
na Electric Power Press,2009.

(3] Ak 6. R IRl SR I A B AR G B S M. b
st s B Tl ik, 2009: 39-50.

LIN Han. The construction and application of grid disaster
emergency management system[M]. Beijing: National De-
fense University Press,2009:39-50.

[4] #EM4RL, 5D R, M S R A K E O IN
M. L 7, 2005, 38(11):27-30.

JIANG Xingliang, MA Jun, WANG Shaohua, et al. Trans-
mission lines” ice accidents and analysis of the formative
factors[J]. Electric Power,2005,38(11):27-30.

(5] Bl SREL S, 24k 30, 45, SET (B | BUAREA 3 A At

(13 T b DX R ) BT DK R BB TSR R R R
2012,38(2):464-468.
LU Jiazheng, ZHANG Hongxian, PENG Jiwen, et al. Calcu-
lation of Hunan power grid icing recurrence interval based
on extreme - value type I probability distribution modellJ].
High Voltage Engineering,2012,38(2):464-468.

(6] WK%, 5B, B By, A i A 2 B IR M D) B T
AR B E P AMIFFEBUIR . 44 F7,2011(1):96-99.
CAO Yongxing, ZHANG Changhua, HUANG Qi, et al. Re-
search status of on-line ice coating monitoring & forewarn-
ing technology of overhead transmission lines in China and
abroad[J]. East China Electric Power,2011(1):96-99.

(71 XU, B0 e H e A K S B IR M. b st . g
At ,2012:9-44,

LIU Zehong. Icing and prevention of DC transmission

line[M]. Beijing: China Electric Power Press,2012:9-44.

(8] SRAZAE, BB M4 R, A5, 500 kV i AR B 40 2% 1l

UKIN 28 03 A B DA RIFEL) ). w5 FEHL 2%, 2013, 49
(7):60-65.
CHAO Yafeng, HUANG Fuyong, JIANG Xingliang, et al.
Analysis and countermeasures of ice-melting flashover for
ice-covered insulator strings of 500 kV transmission line[J].
High Voltage Apparatus,2013,49(7):60-65.

[9] HITOSHI O. Recent progress and future perspective on con-
dition monitoring and diagnostic techniques for power equip-
ment in Japan[C]//2008 International Conference on Condi-
tion Monitoring and Diagnosis, Recent Progress and Future
Perspective on Condition Monitoring and Diagnostic Tech-
niques for Power Equipment in Japan. Beijing, China: Inst.
of Elec. and Elec. Eng. Computer Society,2008:13-18.

[10] FRTFHS, J7EEIY 0 o3, 55, F 2 BRI S BEvK I St
WA AR . SR AR, 2009,35(11):2865-2869.
XU Qingsong, LAO Jianming, HOU Wei, et al. Real-time
monitoring and calculation model of transmission lines un-
equal ice-coating[J]. High Voltage Engineering, 2009, 35,
35(11):2865-28609.

(1] R M, T, % &, 55, fi i AR VK e 2k R D 3
ATEARI)]. = R4 AR ,2014,40(5): 1374-1381.
7ZHU Ye,WANG Haitao, WU Nian, et al. Icing on-line mon-
itoring dynamic prediction model[J]. High Voltage Engi-
neering,2014,40(5):1374-1381.

(12] TRW], A9 A, MLL A, 458, i P 2 i VKA 4 M 0 2R
Gt P AMIFFT R, =5 LAY, 2013,49(6) : 48-56.
WANG Liming, LI Haidong, MEI Hongwei, et al. Review of
on - line monitoring system of ice coating on transmission
lines[J]. High Voltage Apparatus,2013,49(6):48-56.

[13] #ad &, MM, SO, 45, 2 TR (0 OGR4 25 4
BASA TS TN = EEE AR ,2009,35(2) : 399-402.
HAN Fuchun, ZHOU Linwei, JIA Leiliang, et al. Evalua-
tion of overhead transmission lines operation based on grey
relation correlation[J]. High Voltage Engineering, 2009, 35
(2):399-402.

[14] 8 Ak, B A I, A5 ST S0Rr ) BEHILA fay HL 2k
PRATVK IR, = REEAR ,2013,39(11):2822-2828.
DAI Dong, HUANG Xiaoting, DAI Zhou, et al. Regres-
sion model for transmission lines icing based on support
vector machine[]]. High Voltage Engineering, 2013, 39
(11):2822-2828.

[15] Z=WEHT, 408 VR &, 45, S i RBLVK A Sh B i R 452
S A K HEXT H, 0 4 52 M 0 AT (D). R L TR B R, 2013, 39
(3):698-704.

LI Xiaoming, ZHOU Dongxu, JIANG Jianfei, et al. Model-
ing for de-icing automatic defense system of transmission

lines and analysis of influence on power grid[J]. High Volt-

(T35 177 )



BRTE 54

ERTE, FL, R, A5, SRS T2k D S0 <177

(17) #RELEG, X 49, #EZ R, 5. fi i 2 B H SUAL S R0X
AT EMTI]. R EOR 2012, 38(2) :476-482.
SHAO Guiwei, MIN Xuan, DONG Yanwu, et al. Simulation
analysis of the equivalent wind loads on the transmission
conductor two hanging points[J]. High Voltage Engineering,
2012,38(2):476-482.

(18] LR, 2= B, Jelheis, 45, a4 21 eh sl A XU £
A RITHHT)]. BT, 2008,29(9): 5-9.

KONG Deyi, LI Li, LONG Xiaohong, et al. Finite element
analysis of dynamic windage angle of suspended insulator
strings[J]. Electric Power Construction, 2008,29(9):5-9.

(19] ARAEEHE, ™ P, X/vas 45, Tl 21 A S 25 XU i i)

JOL 4 BB REAU ). 5 R OR 2724l (1R B 1), 2006, 29
(12):100-103.
ZHENG Jiayan, YAN Bo, LIU Xiaohui, et al. Numerical
simulation of dynamic response of suspension insulator
string[J]. Journal of Chongqging University(Natural Science
Edition), 2006,29(12): 100-103.

[20] /™ B, ARERN, B A LG XU A XU 2
HBRBIBER)]. TR J1%%,2010,27(1):221-227.

YAN Bo, LIN Xuesong, LUO Wei, et al. Research on dy-
namic wind load factors for windage yaw angle of suspen-

sion insulator strings[J]. Engineering Mechanics, 2010, 27

(L35 169 M)

age Engineering,2013,39(3): 698-704.

[16] AT, N T, 3. i 2 B vk P00 — AR ]
F AT BTTHEEIA,2009,3(5):69-72.

ZHU Gonghui,SUN Hao,QU Yi. Study on the integrative icing-
alarm application platform for power transmission lines[J].
Southern Power System Technology,2009,3(5):69-72.

(17) BREZE. iy AL 2 S )7 oAl A A 5 S DA M D R
GEBETH S BU D). AR : LR, 2011,

XIA Huijun. Transmission line icing mitigation technology
research and online monitoring system design and imple-
mentation[D]. Chengdu: Xidian University,2011.

(18] FH Ak, e s, 25 r 1, 45, SR8 i v 2 B B OIS T
BB R RG] R ,2011,37(12):3028-3035.
YANG Lin, HAO Yanpeng, LI Licheng, et al. Fuzzy ex-
pert system for condition assessment of overhead transmis-
sion line icing[J]. High Voltage Engineering,2011,37(12):
3028-3035.

(19] ZmH, BIE4E, 245 85,45, 02 b vp 2 B ik ] ke e
BEIZWI]. s 4R, 2012,38(8): 1965-1972.

PENG Xiangyang, QIAN Guanjun, LI Xin, et al. Intelligent
trip - out fault diagnosis of overhead transmission line[J].

High Voltage Engineering,2012,38(8):1965-1972.

(1):221-227.

[21] B 40, SCGERE, RIR G5 i A R 208 5700 XU D
PR ARTSEL)]. hEE J],2014,47(1):28-34.

MIN Xuan, WEN Zhike, WU Xiangdong, et al. Research
on the windage yaw calculation og UHV long insulator
string[J]. Electric Power,2014,47(1):28-34.

[22] KR, ShAXNE T 24 2 1 o XU TS FFE D).
HK  FLPRORAE, 2006.

ZHENG Jiayan. Study on computation methods of windage
of suspension insulator strings under dynamic wind loads[D].
Chongging: Chongging University ,2006.

[23] BESCIH, R, B, 5 2R TSFEE N R
MR BEBEFE(T]. 25 B 122741, 2015, 33(6) : 787-792.
LOU Wenjuan, LI Tianhao, LYU Zhongbin, et al. Wind
tunnel test on aerodynamic coefficients of multi - bundled
sub-conductors|J]. Acta Aerodynamica Sinica,2015,33(6):
787-792.

B¥E(1974—), B AL, 5L, 2 BN FHEABH K
4,
& H(1993—), B, ML R, TR AR,

[20] BRBHERYS , BB, 256206, 5. 1 000 kV ¥ i T i L 2%
FEBIVK I IRIFTE 53153, 5 R HLAR , 2010, 46(5): 4-8.
OUYANG Lisha, HUANG Xinbo, LI Junfeng, et al. Re-
search and division of icing area along 1 000 kV ultra high
voltage AC transmission lines[J]. High Voltage Apparatus,
2010,46(5):4-8.

[21] B, B Ak, 2 R T UE Canny 55 F W VKR
FED VA1) B RE TR 4%, 2013(6) : 24-29.

SHI Zunwei, YANG Lin, LI Hao. Icing thickness measuring
based on improved Canny operator[J]. Insulators and Surge
Arresters,2013(6):24-29.

[22] ZEAE, TR0, b e, 5. D)1 PG o v, 190 2 KRR A
MR R AT, &R TR A%, 2016(3): 167-172.

LI Yawei,ZHANG Xinghai, YANG Xiaolei, et al. Analysis
of characteristics and influence factors of network icing in

the Sichuan mountains[J]. Insulators and Surge Arresters,

2016(3):167-172.

JAH A (1980—), 5, A&, SR AL, EZA R T A h
Hrd, & IEIT AR IE e ARBTR



