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Coupling Field Simulation and Experimental Verification of Heating Characteristics of
Zero-value Insulator Strings Under Humid and Contaminated Condition
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Abstract: For studying the heating characteristics of contaminated zero-value insulator strings under severe foggy
weather, an electro-thermal coupling model of 110 kV suspended porcelain insulator sring is set up in this paper. The
influence characteristics of zero-value insulators at different positions in the string, under different contamination
grades and different contamination distributions on the temperature distribution of insulator strings,are analyzed. The
effectiveness of the simulation results is verified by exteriment.The results show that when the salt density of the zero-
value insulator string reaches up to 0.04 mg/cm’, the zero-value temperature in the string is the lowest, while the tem-
perature of the normal insulators is significantly increased , and the increase magnitude is greatly affected by different
zero-value positions. The higher the contamination level , the more serious the heating of zero-value insulator strings.
However, the increase of the temperature of the zero-value insulator in the string is minimum with the increase of con-
tamination grade.The increase of the insulator temperature at the high voltage side is more and that at the low voltage
side is the most significant. In case of contamination layer on the upper and lower surface of the insulator, the rise of
temperature due to the latter is most serious, the temperature distribution curve of the zero-value insulator shows the
same trend under the two contamination distribution modes. The maximum surface temperature of normal insulator is
in the high resistance zone and the minimum value is at the low resistance zone. The greater the contamination non-
uniformity along the disc on the lower surfaced, the higher the overall temperature of insulator strings, and its impact
diminishes as the salt density increases.

Key words: zero-value insulator; electro-thermal coupling; wet contamination; heating characteristic

Wr#s B #:2025-09-10;  f&[E HH#B:2025-11-29

E2TH : BFE S L2018 YFFO1011903); [ db 48 5 5 F & K115 H (19212109D).,

Project Supported by National Key R & D Program of China(2018YFF01011903), Key R & D Proect of Hebei Province
(19212109D).



9557 IR, SEAER, 2 T IS ERSS PR A T o R RO )T B e -105-
0 3= PRI, I AE A G B A R B
=

WA R Mz R RSOz —,
FERFELHLIRN 1 18 SR FAM LR T AE R R AR
AT, HA VR B 2 20 W He R e A R e R 4 2%
T 12021 4R T E 220 KV KL BRI e % T H B
At R o o, HoR 15 R 46 TR M S A
SEAREIY, MR R B R R A 2T R A
L2 B BAHALG T, /b RS R A R B
(282 FIEA TR O Ko i S 46 . 20 ARG R T
P RN A 26 2 7 1 % FH Ok B Ba 15,
Y21 F T RETE IS R 2, SR &
PO G B AR 246 25 F e ISR B AT R
Jata o RS S E = 52 R EA R AN a1 I S DA O R
WAL T L% T 5 R VR T R IFSY

TR B VS B T A6 2% T £ 10 & A IR
A TR Y S B 11 T ) = O i b S = R 0K
FEIETF LN A | F B TR TSR G AT A
e 3 4 DR 28 6 A 40 % - 41 A A LR AR I 14 1
BRI A Sl 11 i IR T T AR H vl
TELIB AT 1589 4 2% R LT MG T 52 A 35
VR S, 45 R B B G e R TR A % T
AR LT AN, (E 9 B 3 it e 5 i e ), 3
FERRREAE 80% 45 A7 T $E T+ Z B LA 25 F-£1 /NS 1) o
Wi ZI TR IS B A AR MBI, R
RESIMTIS B S AT LTSN A 5, iE—2F,
SC2-14 R A BRIT 05 B AR5 568t T ARG
Y SR A X 2T MG A 1R 5 1], &5 5 2 BH Bl 2 S5 (L
R K FHA L T RABL LT 1 R T e
AETE A 5, 52 H AE PRBE 0 B R I B i i T 21
AN GRS TN B 25 55 RO A RRAE , (2 B A Y
ZH AL T LRS54 %
T B SRS Rk SR I LSR5 B A A AR AN
BT,

FF LIRAFFEBUR 0T A, B AT AR R 40 2%
T LA SRR V589 73 A T 48 2%+ Hp i) R A
IBFFE b, R, SCHT L 110 kV BB 421
WFFENT G, BT T FAE 4 % F 5 104 BR oG LR
T R TG PR B 4 % 1 £ () R A T T
BER, JRAT T A BG4 2% B AR5 RS S )
BTG AL IR R S AT A 2 RS
B BRSO ARF A G O W98 T4
B2 e b R RE S AR AN R 2 AE T R
NI 5] o3 A B 4 2 HR R R, DR XS LE AT T
IEH AL IR A etk . TEAN TS

1 FEAZTFHRIFRTHERSR

1.1 BHREEEERMEHEE

CHFE Comsol FR A4 857 HH 7 77 XP-100 Y %
2 25 ) 1) 246 2% R L RR S TR O 15 T
Uit B IR R G B R 1-7 5, B e ¥ FH AN s
1 IRV IE A T RNER I A 25 R 2 B, PR 7 8 2% - 1Y)
TR FRAER LI 1, AR RE M L 1,

)

X
1 @@s%F g3 FREE
Fig. 1 2-D axisymmetric section of one insulator
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Table 1 Material properties of each part
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Table 2 Conductivity parameters of wet contamination
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Fig.2 Schematic diagram of the lower plate division of

the insulator
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Table 3 Conductivity parameters of unevenly distributed

wet contamination
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Fig. 3 Voltage distribution curves of insulator strings with
one zero-value insulator
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Fig.4 Temperature distribution curves of strings with one

zero-value insulator
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Fig. 6 Temperature rising of insulators compared with
normal operation
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Fig.7 Voltage of strings under different pollution levels
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Fig. 9 Influence of increasing pollution level on

insulator temperature
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