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Abstract: Composite insulators are widely used in the field of power grid because of their superior performance. At present,
due to the increase of the number of birds, the situation of bird pecking composite insulators is becoming increasingly
serious, and the insulator structure is damaged after bird pecking, which will cause power grid line faults. Therefore, this
paper studies the effect of bird pecking damage on the performance of composite insulators, and provides reference for
power grid operation and maintenance management. Firstly, the mechanical and electrical properties of composite insulator
after bird pecking were analyzed by experiments. Then, the effects of different damage proportions and different damage
number on the surface electric field strength and pollution flashover voltage of composite insulators were studied by
artificial simulation of bird pecking umbrella skirt damage. Finally, the electric erosion test, acid immersion test, and thermal
ageing test of composite insulator sheath were carried out to evaluate the effect of sheath damage on the properties of
composite insulator. The results show that the structure of the composite insulator is damaged after bird pecking, and its
electrical properties, mechanical properties, and anti-fouling properties will be affected. At the same time, after the sheath is
damaged, under the joint action of many factors such as local field strength, moisture, acid, discharge heat production, and
mechanical stress, the core rod material deteriorates and degrades, the mechanical properties of the core rod decrease, and
there is a risk of abnormal fracture of the composite insulator.

Key words: composite insulator; bird pecking damage; umbrella skirt damage; sheath damage

i

0 35l

R e T BA R B AP Bk i i
b, 7 350110220 kV 268 N R £ . BARE
H UG BT E M RUF , (AP 858 7 SR 1) 22 4
AR A, BEE SRR LGS, 9550 E
W2 HRgE LIRS A% TSR H IS B

SR AL G R G T MPE L % 1
PRI S R S % WA 298 246 25 1 T g RS Y 463 0 7 RE
N RIAR > B BRI K AL S
WK T 5] AEC 268 % 1t B 1t 1) 2 401

R A G T 1SR 0] LA 73 O 5 W <p= 4 15
DI AN S KA B 453405 o A 5 ) DR 2 Ak A1 38 3 35 %



114 FOIEE L SR AL Ak T AT B B 9

@Rl 2024,57(3)

Y2 TR B  (H SIS AR e AR R,
PR F R XA R T A% T
SR, ORI 4 T I R MR RECY B a4
GTURINMIERE - RAGIE P ESEE —H
A5 T AN B 2 5K 47 B KA AE T DULR S
OB B 52 R R R AR e, T B S B R B K
L HG T ESE R, BUE S B S AN
B, ARSI BON RIS LT BRER
O R A BT 2 A R BOR B, Bl % 4
A, 7R TR R A By P M B S Sk
BT 5 5 5 WK 45 0 SN e, 7R T
%7@[9-10}0

N Y S R 5 2 G T 140 S i R ) 2 A TRl
AL, T E I S 2R R G 8% T2 RS
BATHEIC . A EE LG T2 RS, B A ST
WNIZP S ESITRUE NI U2 RE RSk iR Ny
T S5 A% G2 D5 iR HEAT AT T SR E N AMIE TN
SRS 1 3 T AR R (TSCO s 2 18 5
21 A0 56 1 23 B ik (FTIR) 45 38 B4 22 AR 2 e il 77
IR, SCHR[17-1818 R A AR AN B & 4 4% 7
1980 TROR AR AT A, 45 R R B 4% T
L BCRAR I B L TS, R G452 g™
H SCHR[19-2110F 58 17 RTV AR AR B 52 22 4k
0 73 i BEAT PEAL , 42 2046 43 i (FTIRD fig
WEEEG THZHIRE. KUEE4LSE T2
WARERIEETER Z HE AT R & 4% 724k
IBYETT RERIBE T 2 R NR S 4% TR 3k
RESE I FEBEAT VAL, DA N I E 45 T R
B AR AR T A I ) RREEAT A SRR AT . R R
B3 B E B85 72 WIERERIWT IT R 5 18 . — %5
PEFRAR , G0 40 2 7 REAR IR AL TR L L ) 2 PR e
ARG EEIE.

T ERDHH I TRELG T RKYEY
W <=4 55 7 8 28 ARSI K40 40 o
R AR5 71847 VERERI R B 7e /& b B . AL
CLEARWNFENT R, B EISTER T HEN G
W AR B R L, A0 S IR & 451 AN Tk
B A ot BEAT 70 2 R R R R Sk BE G 5 B AN [R5
W I A AR Bl SRR JEE < Wk R BRSO e 3 0 B W T
55 25 AT AR 00 AT ) A A IR S T T
NThEZ s, Bt R R & 8% T Eg K
ERE V1)) CAGIN  N IR AN EZ LN
K F R 5 48 G 7 1K 12 A7 I S0 e 4R e o

AESESi Al
1 BEEHEMED

P9 RS T F R 2 ) i A KD 220 kv FE 2R B
HEBG AL TH I T8Oy ™ EHSK

15 00, ASHE 7 MBI FH B 4 H 220 kV L7 S5 A
Y%A R EAT 1 AR
1.1 M

STHEC 4 R S & 4 7 AT AN 7
RIVFH R M AH — 2 2B RAS , fEumili E4H
T 5 (WK B A7 L, T B 3 e L T AT T L, %
e NP, BREGAGTHGE S BAE R ™
GBS, IR E A 4% <048 L4 40 4
T, B 1LAEA %G T S0 5 1 SE
K.

(2) S5 K B A5 248 5 1 i #4052 A S AL

(b) S E &4 5T e SZARER AL
Bl BEEABETI

Fig.1 Appearance of bird pecking composite insulators
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Tab.l Shore hardness measurement results of bird pecking

composite insulator umbrella skirt

Shore A fifi &

b SR
Bt 1 Wi 2 Wskai 3 Wiksi4 MWiksis

L% FAREM 79 82 82 78 82
LR mEm 78 79 81 83 80
Eog [EACE SRk iE 72 73 71 69 72
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Fig.2 Hydrophobicity test results of bird pecking
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Fig.3 Experimental results of mechanical tolerance of

bird pecking composite insulators
2 ERX<ARR A XM RERY 2N S0 A

2.1 A ATE

Giit RGBT B R E & 421 i R i 4 %2
S I G P, K oy R T A R B A A
B B WK T D < R A2 45 A6 3 B AR B A IR
Mo WG 465 145 20 <48 Bl S KA ke 01— A 7E 4
AR CLPY 5 BT A5 407 1 B R 149229,

RN A0 WK = 4 45043 SR F 72 S K 5

MG TSR, N TERUE BN ik &2
RAAE , S AR T SIOR ; B 5 2 30500 x SRR
JE y% » Horp x — L 4, y% R GT THRR 5 EL xR
ASAR A ISR R E N v, % s x, N5 2 Ab 45475 , 45240 T AR
N (0/2)% 5 x, R ES 3 Ab 5 A TR EE A
(1/3)% 3 x, N ER 4 45047, B A T AR o5 b (/4D %
o} Hff S U B B2 AR AR AT N TR S5 58 RO , A
TR B 4 iR
&%ﬁﬁfiﬁﬂ
MR AR AR

v
SRR

¥
W
R SRR %

X T
AT A TR
ERGER | | x B mR
dt: (1/2)% HEe: (50,/3)%
A A

xR TR
EEE: (n/4)%
A

o TR G
IJ_‘?HZ y,%
A

R
El4 HEEXESBRETOESBEATEREULR

Fig.4 Artificial simulation on bird pecking umbrella skirt of

rod type suspension composite insulator
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Tab.2  Simulation parameters of rod suspension composite
insulators of three voltage levels

SR BOEA IANEk  gRkE R

TR /b HitE/%  FAEE/mm EHLEE B /mm
1 14 27.0 162.0
2 6 22.8 107.2
FXBW-35/70
3 4 16.8 81.3
4 3 15.2 63.2
1 14 38.9 252.9
FXBW4-110/ 2 6 27.6 170.0
120 3 4 243 133.1
4 3 21.9 110.8
1 14 51.3 279.5
FXBW4-220/ 2 6 38.1 151.3
100 3 4 31.2 123.6
4 3 26.8 105.2
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Fig.5 Schematic diagram of different damage degrees of rod

type suspension composite insulators with one damage
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Fig.6  Surface electric field distributions of composite insulators with different amount of damage
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Fig.7 The maximum surface electric field strength of
composite insulators of three voltage levels with different
amount of damage
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Fig.8 AC pollution flash voltage of composite insulators of
three voltage levels with different shrinking distance
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Fig.9 AC pollution flash voltage of composite insulators of
three voltage levels with different amount of damage
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Fig.10 Composite insulator with bird pecking sheath damage

through artificial simulation
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Fig.11 Comparison of sample morphology before and after

electrical erosion test
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Fig.12 Surface topography of mandrel soaked in

different concentrations of nitric acid
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Fig.14  Stress-strain curves of mandrel after

acid soaking for 30 days
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Fig.15 Appearance of mandrel thermal ageing at
different temperatures
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Fig.16 Infrared spectra of mandrel after thermal ageing

N A - AR M2 O T I ke 2 R R 22 B
Aol it P 0 #A ek 18] 21 5 R R 06 O R i R O 3
SC, AN AR FE R SR AR B S h S SR I ) e v e i
Weah R 17 s AE 17 AT LUE Y, B IR
BNy (D ETA CYNPALE L IER 9 A nACI VA
3 JRE AR R, X 3% W B vy S o o P BRI

200 —xm
- --200C
10007 ---- 220C
—---240C
~=260C
8001 .. 280°C
300°C
6004 ---320C
-340°C

$ir {57 J3/MPa

400+
200+ 7 i
g . D
0 g : . - N ‘:. :".
2 4 6 8 10 12 14 16
REAE /%

17 TEIRE TERLIES hESEADFMEENIRER
Fig.17 Test results of mechanical properties of mandrel
treated at different temperature for 5 h
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Fig.18 Tensile fracture stress of mandrel with

different heating duration
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