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Abstract: Due to the multi-umbrella structure and high depth of hybrid porcelain post insulators, the surface silicone
rubber injection is more difficult compared to that of line insulators. To obtain the optimal injection process for 35 kV hy-
brid porcelain post insulators, the curing and rheological properties of the improved silicone rubber were measured
experimentally, and a simulation model of the silicone rubber injection process on the surface of the insulator was estab-
lished on the basis of these properties. The test results show that the improved silicone rubber has a longer scorch time
and better fluidity, making it more suitable for the injection process of hybrid porcelain post insulators. Through orthogo-
nal experimental design simulation, the optimal combination of mold temperature, rubber temperature, injection speed,
holding pressure and holding time for minimizing the clamping force and volume shrinkage rate during the injection pro-
cess was obtained. The results show that the best injection process can be achieved when the mold temperature is 140 C,
the rubber temperature is 55 °C, the injection speed is 30 mL/s, the holding time is 10 s, and the holding pressure is 110%
of the injection pressure; meanwhile, the maximum clamping force and volume shrinkage rate are 178.9 kN and 1.205%,
respectively. The research results can provide guidance for the injection process of hybrid porcelain post insulators.

Key words: hybrid porcelain post insulators; curing characteristics; rheological characteristics; injection process opti-
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Table 1 Optimization of the formula
JIGRERR I & ORI TR

e 8% 8% R fRA
FRHERETh 1 2 L HOE N 1%
TARE 1 0 J 5 B RRAIG 1%

JiR A B
v i
TR iy 0 0.5 0.5

R2 BT ZSH

Table 2  Silicone rubber vulcanization process parameters
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Fig.1 Diagram of the MVQ curing process
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Fig.2 Isothermal DSC results of silicone rubber at different

temperatures
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Table 3 Material data for curing reaction kinetics
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Table 4 Curing process temperatures at various heating rates
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Fig.3 Extrapolation of the curing reaction temperature of

silicone rubber
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Fig.4 Silicone rubber rheological curve test data
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Table 6 Structural parameters of 35 kV hybrid porcelain post

insulators
ZH il
AFREEH T /mm 305
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Table 7 Flow channel design structural parameters
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Fig.5 Hybrid porcelain post insulator gate setting
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Table 8 Settings of injection molding process parameter
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Table 9 Physical quantities of each factor in the orthogonal

experiment
Rl LY/

ESEN LR IRE/C

ES ] JRARIRLEE/C
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K% D PR I [5)/s
K E PRI T &5 E /%
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Table 10 L2s(5°) orthogonal experiment factors and levels

K HEA O BWEB  BHEC HRD BWHRE RHEF

1 120 40 10 5 105 1
2 125 45 15 10 110 2
3 130 50 20 15 115 3
4 135 55 25 20 120 4
5 140 60 30 25 125 5

£ 11 ERE L

Table 11 Results of orthogonal experiment

S (A
Gi% A HEB HEC WMED WEE mxr Do R
JI/KN 452 /%

1 120 40 10 5 105 1 842.8 4.566
2 120 45 20 25 125 2 2684  3.895
3 120 50 30 20 110 3 1914  3.451
4 120 55 15 15 115 4 3756 4212
5 120 60 25 10 120 5 2035 3.432
6 125 40 30 15 125 5 2282 2854
7 125 45 15 10 110 1 282.6  3.183
8 125 50 25 5 115 2 207.6 2.824
9 125 55 10 25 120 3 764.1 3222
10 125 60 20 20 105 4 207.3 2953
11 130 40 25 25 110 4 213.8  2.617
12 130 45 10 20 115 5 141198 8.761
13 130 50 20 15 120 1 2732 2767
14 130 55 30 10 105 2 164.7  2.169
15 130 60 15 5 125 3 381.8 3.832
16 135 40 20 10 115 3 2508 1.91

17 135 45 30 5 120 4 192.0 1.867
18 135 50 15 25 105 5 509.8  3.481
19 135 55 25 20 125 1 2342 2182
20 135 60 10 15 110 2 7140 2513
21 140 40 15 20 120 2 6354 3.542
22 140 45 25 15 105 3 1915 1412
23 140 50 10 10 125 4 770.6  2.304
24 140 55 20 5 110 5 2445 1.347
25 140 60 30 25 115 1 220.1  1.67
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Fig.6 Trend chart of the influence of various factors on the clamping force
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Fig.7 Trend chart showing the influence of various factors on the volume shrinkage rate
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Fig.8 Trend chart showing the impact of various factors on the comprehensive weighted index
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