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Fig.1 2-D axisymmetric section of insulators
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Material properties of each part

R M RER RRERE%Y HEERES B/
R HEE (psrem™) [We(meK) ™' ] [T+ (kg-K) ™' ] (kgem™)

Table 1

i 47 2x107! 35 730 3 965
}g;f% 8 1.7x107 5 800 3 600
ﬁwﬂi 10" 1.2x10" 80.2 449 7 860
255, 1 1078

TAH L 25T AL, K 5 0 S 2k B A E S
JREE AR 4 i S AR A RE, DIASEADL BT 2 P i g, G
bl 5 IR 4% T A IR . {5 FLAE T COMSOL %t
1 AETC R I T X I8 i 00 FL i B S P R
N AN Ft ik, o DX s e F AR T, T 42
2 m, RN 20 m AT RSO F AL, R
BRI B s RBE R g R AR, SR
BN TCTE R BE AT 140 B ik JBE (A PR T (R 2
BE N 20 Co YO IR, i s % 1Ak
TN 63.5 kV Fy I, A1 JTs i 25 2% - S MR AL Tt 0 kv
L, #E4T 50 Hz BS00#r

SCHE TG BRI T e 2 R TH V5 8 2 A
AL BB E S 811 AR SOk 18], 15 R 2
FELFIEE B BF ) 10 ~ 20 ml 7K £33 40 8 36 15 20 2%
TR, R 5 R JZ R B E D 0.1 mm, (58 )=
TEARRIR I A L 53y,

Y. = 230pgspp P%SZ)SD (1)

:—thj PESDD ﬁ%ﬁﬁ, PNsDD 7\77'}?%13(43?[?]{’3%5&?
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B 15 R AT IR E R NaCl, XTI EANF 5

TR TSR 2 i G 2, 75 25 S8 T W )= R 3k 1

ANPGRS N A R i, TSR R

TR AP N, HL R S ] E A SOk [ 20 ] 3eAT . AHOR
TSR SRR PE AN 2 FR .
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Table 2 Contamination parameters

i/ BB (psrem™)
(mgeem™) g 70% R 75% L 80% i 100%
0.05 0.16 0.64 1.28 11.50
0.10 0.32 1.27 2.56 23.00
0.20 0.64 2.56 5.11 46.00
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TEVEAT TSR & Z B 40 5% 1 3 1) L - B0 22 )
Gt EL R v 3 5 R T R L 3 0 A L
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158 & AL 5% T R I PRFAE
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4% 1247 S0, Bl s v () AR s e 7
B T IRE  A F EAT
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XFREEE g 80% I}, 4 2% ¥~ H3 AR L A AN 2 F s o
TALRIFAE 2 2 4 2 1 H3 I A JC % I i 2 1k
R IR A

I/ C

21.62
} 21.42
l 21.22
21.01
20.81
20.61
20.41

20.20
20.00

I/ C
121.96
121.72
121.47
21.23
20.98
20.74
20.49
20.25
20.00

(@) TE () 25%H

i/ C
n22.14
21.87
21.61
21.34
21.07
20.80
20.54
20.27
20.00

I/ C
’ 21.94
‘ 21.70

21.46
21.22
20.97
20.73
20.49
20.24

20.00
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Fig.2 Temperature distribution of insulator
string during wet contamination
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Fig.3 Temperature rise of steel cap and iron foot
of insulator strings during wet contamination

Ko B3 FAAY L T1E 2 SALEN ANIE LI Bk
JE5 T 2 SR AL R T3 5 0.24 “C 1 0.28 C s
TE 4 SAERS T 0.17 CH0.18 °C 57 7
SOLER T 0.10 CHI0.13 °C
2.2 IMEHEXEE XA R R

TEAR R {5 8 2% 1 (15 8% &% NaCl, ££% 05 0.10
mg/em’) H 2 S BAFMMLLFIHILT , 5%
FER R B2 T M T, LT 8% 246 1 3 ) S TR R 20 A
JLIEL 4, 4 251 R A IS A0 R IR T 2 T AR Y
RIS

B2/ C i/ C

21.95
21.85
21.74
21.64
21.54

(a) WBJE70%

(b) EET5%

(c) HEIE-0%

4 AEREETNEETHEZFRNEBRESH
Fig.4 Isothermal distribution of insulator strings under
different environmental relative humidity
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Fig.5 Temperature rise of steel cap and iron foot
of insulator strings when environmental
relative humidity increases gradually
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I/ C g/ C JELEE/C
22.67 24.16
22.53 23.94
22.39 23.72
22.25 23.50
22.11 23.28
21.97 23.07
21.83 22.85
21.69 22.63
21.55 22.41
21.41 22.19
21.26 21.97
21.12 21.75
20.98 21.53
20.84 21.31
20.70 21.09
20.56 20.88
20.42 20.66
20.28 20.44
20.14 20.22
20.00 20.00

(a) 0.05 mg/cm’

b) 0.10 mg/cm’ ¢) 0.20 mg/cm’
g g

B 6 AESHETEZTFENERESH
Fig.6 Isothermal distribution of insulator strings
with different contamination degrees
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Fig.7 Infrared insulator string detection point
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Fig.8 Flow chart of infrared insulator string detection
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Table 3 Infrared detection conditions
and detectable locations

s/ AR
(mgrem™)  JRREET0%  WRIETS%  NRJE 80% MR 85%
BN &R ;
0.01 G g o Eoxil
ER 7S s
0.05 '%%15’?” £ 2 27
0.10 g R e KN
0.20 g K e KN
— {3'19 x QAT Prspp P%SSSSD 710 <Ry <75
1277 x 2! Prspp P%SZ)?) 75 <Ry <8
(2)
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Fig.9 Schematic diagram of test principle
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Table 4 Basic parameters of test insulator
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4%/ mm 255 || FEEF/em?> 1002
JEHLFEE)/mm 400
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4.2.1  A[R]FREE AR B i g0 25
5 ATEMIFE R B (2% 0.10 mg/em?) &
(HAZ T 5T FREE AR E 4331k 70% ,80%
BF AR5 T e M R IR T 2
®£5 FREMNEEMGMS FTREEBEMENEFE

Table 5 Temperature rise difference between iron foot
and lower surface at different relative humidity

. I EmE 2BRE 3EmE
EAE AHRE/% o o
WIHE/CWTEE/C T/
70 0.9 0.9
1%
80 1.4 1.3
70 0.9 0.7
25
80 1.3 1.0
70 0.8 0.4
38
80 1.7 0.8
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Table 6 Temperature rise difference between
connecting position of iron foot and lower

surface with different degree of filth T
SRE/ (mg-em™) 2B ERTIZE 3 S ERTE

0.03 1.3 1.1

0.05 1.3 1.2

0.10 1.4 1.3

0.20 1.5 1.3

4.3 A EEIE

FEAS TR B RAG AN R PR 10 5 A [ 5 4% i
AR A3 0 5 AL el S R T i 2R AT B IE
¥ 1552 54 %FiRTE 2553 SH% Tk
T2 3 552 S@MGFRAZESHEXH T,, Ty,
Ty, , k20N

r,=T -T,
T, =T, - T, (3)
Ty, =T, - T,

KT, T, T3 5008 1.2.3 S 421 .
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Fig.11 Test results of zero value of No.1 insulator
(salt density 0.03 mg/cm?, relative humidity 70%)
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{H24 2 ER R EE R e 13 s, T, ,T,, Ty 41
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Fig.12 Test results of zero value of No.2 insulator
(salt density 0.03 mg/cm?, relative humidity 70%)
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Fig.13 Test results of zero value of No.2 insulator
(salt density 0.10 mg/cm?, relative humidity 80%)
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Infrared detection method of zero value insulator considering

relative humidity and pollution degree
TAO Yuning, FANG Chunhua
(College of Electrical Engineering and New Energy, China Three Gorges University, Yichang 443002, China)

Abstract : Zero-value insulator infrared detection method is widely used with the characteristics of precision, efficiency and
safety, but its measurement results are easily affected by the relative humidity and pollution degree of the environment. The
coupling model of electric-thermal-flow field of polluted insulator string is established,and the influence of zero value insulator
position , environmental relative humidity and pollution degree on the temperature distribution of insulator string is analyzed.
Then , an infrared detection method of zero value insulator based on adjacent temperature rise difference is proposed and verified
by experiments. The results show that the continuous saddle temperature distribution of insulator stringcanbe destroyed because
of zero value. The farther the insulator is from the rotating center shaft, the lower the temperature rise is,and vice versa. The
maximum temperature rise appears at the connection between the iron foot and the lower surface. With the increase of
environmental relative humidity and pollution degree ,the overall temperature rise of insulator string gradually increases,and the
temperature rise difference between zero value insulator and normal insulator gradually increases. The experimental results show
that it is feasible and effective for the zero-value insulator detection in field with this method.

Keywords : zero value insulator;relative humidity ; temperature distribution ;pollution degree ;multiphysics ;infrared detection
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