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Optimization of Curing Pressure for Automatic Pressure Gelation Molding

Process of Ultra High Voltage Insulating Spacers
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Abstract: By introducing curing kinetics and chemo-rheology for the epoxy resin formulation for ultra-high voltage gas insulated

switchgear (GIS) Insulating Spacers, a study was conducted to simulate the curing behavior, flow and warpage analysis for

optimization of the molding process in automatic pressure gelation. The curing rate equation and chemo-rheology equation were

set as fixed values for various factors and other physical property values, and the APG molding process conditions were entered

into the Moldflow software to perform optimization numerical simulations of the three-phase insulating spacer. Changes in

curing shrinkage according to pack pressure were observed under the optimized process conditions. As a result, it was confirmed

that the residence time in the solid state was shortened due to the lowest curing reaction when the curing holding pressure was 3

bar, and the occurrence of deformation due to internal residual stress was minimized.

Keywords: Automatic pressure gelation (APG), Moldflow simulation, Cure kinetics, Packing pressure, Spacer, Gas insulated

switchgear (GIS)
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Fig. 1. Chemical structure of epoxy resin and curing agent used in this
research (a) bisphenol A di-glycidyl ether (DGEBA) and (b) methyl
hexahydrophthalic anhydride (MHHPA).
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Fig. 2. GIS spacers used in this study: (a) front and (b) side.

Table 1. Basic physical properties of the materials used in this
research.

Thermal
Densi ific h ..
Material (;2:?)] Slzj;:ll li C;:at conductivity
& (W/m-C)
Epoxy
2.263 962~1,363 0.895
compounds
Conductor
2.7 900 200
(A6063)
Insert (A2024) 2.78 875 151
Mold (steel) 7.8 460 29
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Table 2. Processing and optimized heater temperature conditions
used in this research.

Table 3. Estimated parameters of the Kamal-Sourour model.

Activation energy  Pre-exponential factor Reaction order

Initial resin temperature (°C) 60 (K) s
Filling time (sec.) 300 Eai Ea Kal Ka2 m n
Packing time (min.) 30 9,053 7,532 2:906 4859 0.948  1.209
x 10° x 107
Packing pressure (bar) 1~4
Heater No.

(from top to bottom)

Temperature (°C) 140 137 135 130
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Table 4. Chemorheological parameters of the cross Castro-Macosko
model.

Olgel n ™ (Pa) B (Pas) Tb(K) Ci

0.453 0.845 1.0 2.167 3,595 0.378

x 102 x 1073
n(e T, y) = np(T)(E) 010

(Xg—(X
Where ny(T) = Bexp (%)

n,

n(a, T, y) = Hm?—g\)()ln(u _Q)C1+c2a) @)
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Fig. 3. Flow profile during filling stage.
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Fig. 4. Average curing degree and curing time with variation to pack
pressure.
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variation to pack pressure.
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Fig. 7. Axial deformation (strain) according to the packing pressure.

Table 5. Maximum and minimum values of the average deformation
for all directions.

All-direction (mm)
Packing pressure

Maximum Minimum
1 1.226 0.2069
2 1.226 0.2062
3 1.226 0.1963
4 1.235 0.2124
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Fig. 8. Shrinkage variation in the center of the spacer over curing time.
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