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Abstract: The dry and cold environment of the Qinghai-Tibet Plateau is easy to make the insulators of railway
catenary ice-coated, causing serious ice flash accidents. To study the operating status of ice-coated insulators in
catenary, a two-dimensional ice-coated model of cantilever insulators was established according to the winter
environmental characteristics of Golmud station on the Qinghai-Tibet railway, and the porcelain insulator XP-160
and composite insulator FXBW-110/100 were used as contrast. The spatial electric field distribution and surface
temperature distribution characteristics of different types of ice-coated insulators were analyzed by electrostatic
field and Joule heat field simulation. Finally, the shed structure of the insulator was optimized. The results show
that as the thickness of ice layer and the length of ice crystal increase, the field intensity of each insulator increases
gradually, and the surface temperature continues to rise. When the insulator is bridged by the ice crystal, the field
intensity decreases, which is slightly lower than the field intensity of clean insulator. The increase of arrangement

angle for the cantilever insulator will lead to the increase of electric field, but it has little effect on the temperature.
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Therefore, the arrangement angle of cantilever insulator should decrease during installation. The insulators with

one large and two small shed structure can effectively reduce the increase of field intensity and suppress the

temperature rise.

Key words: cantilever insulator; ice-coated; electrostatic field; Joule heat field; physical field coupling; finite

element simulation
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Tab.1 Basic structural parameters of insulators

iR H/mm h/mm L/mm D/mm
XP-160 155 155 305 255

FXBW-110/100 1 180+20 1 000 3200 150/115

FQB-25/12 760+20 616 =1 600 192/140
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Fig.1 Structure chart of insulators
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Tab.3 Different types of insulator icing

2% TR VK2 S /mm VKB BE/mm

0 0
XP-160 9 52.7
20 85.5

0 0

3 7

FXBW-110/100 6 14
9 21

9 72

0 0

FQB-25/12 3 13
6 26

#x2 FESH
Tab.2 Simulation parameters

ME plglem®) & ofS/m)  C(J/(kg'K)  A(W/(mK))
&R 73100 107 10° 460 49.9
M 0.97x10° 3.5 107" 1 460 0.16
WH o 2500 30 107" 794.2 1.09
fE  27x10° 6.0  107° 850 10-2
vk 0.92x10° 75 10 2 100 2.22
ket 1342 1 0 1.004 0.024
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Fig.2 Layout of cantilever insulator
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Fig.3 Two-dimensional model of XP-160 iced insulators
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Fig.4 Electric field distribution of XP-160 insulators

during icing

% THI HA 37 96 FE I 2 386 0, 6 BH UK b AR K o AR T LI
AL BG T IRE RAE T A, KK N 52.7
mm [ 48 2137 58 e K i B VR 46 25 1 7 2.256%10°
Vim. {H 249K 5 W40 4% T, H 3758 15 &I
TR AR TR AL T30 . X UL VKA TE UK R ik
IR, 25 5 7= A R TR UK N, BRI T
U2 T IR VERE s M B2 2 J5 B VK4 2 7 R
Je S () PT REPE RN 7 — E R E B OR T 4%k
T4 RE

5o BER4% 7 FXBW-110/100 f) — 4 fiij 14 45
RGN S Fi s , 4821308 42 FELUE N 110 KV, U AH
JE 564 kV. 15 B R HE K i B A U AR HL 90
KV, TR 35 4 0 kV .

—UkE

HET

5 BIKBGF RIKIRTE

Fig.5 Iced insulators and ice crystal bridge
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Fig.7 Iced cantilever insulators
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Fig.9 Two-dimensional cantilever iced insulators
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Fig.10 Electric field distribution of

insulators in different layout
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Fig.11 Spatial electric field distribution of insulators with

different arrangement angles of inclined cantilever
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Tab.4 Surface temperature of iced insulator

ke S St VK JE /mm UKK/mm ae T./C AT,/ 'C AT,/ C
0 0 -2.94 -3.00 0 0.06
XP-160 9 52.7 -2.62 -3.00 0 0.38
20 85.5 -0.80 -3.00 0 220
0 0 -3.00 -3.00 0 0
3 7 -2.41 -2.97 0.03 0.59
FXBW-110/100 6 14 -2.43 -2.96 0.04 0.57
9 21 -2.42 -2.96 0.04 0.58
9 72 -121 -2.99 0.01 1.79
0 0 -3.00 -3.00 0 0
3 0 -2.71 -2.87 0.13 0.29
N 6 0 -2.65 -2.80 0.20 0.35
T fi
9 0 -2.53 -2.72 0.28 0.47
3 13 -2.68 -2.91 0.09 0.32
FQB-25/12
6 26 -2.61 -2.90 0.10 0.39
- 3 13 -2.67 -2.90 0.10 0.33
FHBI(60°)
6 26 -2.66 -2.93 0.07 0.34
- 3 13 -2.67 -2.90 0.10 0.33
FHBI(65°)
6 26 -2.67 -2.93 0.07 0.33
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Fig.18 Electric field distribution of cantilevered
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Fig.17 Electric field distribution of iced insulators with

different shed structures

insulators with different shed structures
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Fig. 19 Temperature distribution of

flat cantilever insulator with icing
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inclined cantilever insulator with icing
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