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The Arrangement of Heaters for Rubber Injection Molds using
FEM and Optimal Design Method
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Abstract

Temperature control of a rubber injection mold is important for the dimensional accuracy of product. The main objective
of this paper is to optimize the arrangement of heaters by FEM and optimal design method. Firstly, 3-dimensional transient
heat transfer analysis was carried out for a square specimen mold. Results of FE analysis are a good agreement with the
experimental results, showing about 1.22~7.22% error in temperature distribution. Secondly, we suggested the optimal
method about an arrangement of heaters of rubber injection mold by using the optimal design technique. Distances between
heater’s center and the contact surface of mold, distances between heater’s center and symmetric surface were considered
as design variables. And the variances between the temperatures of cavity surfaces and their average temperature were used
as the objective functions. Applying the optimal solution, the temperature variation was improved about 52.9~88.1%
compared to the existing mold. As a result of sensitivity analysis for design variables, design variables parallel to the direction

of the split plane in mold affect the largest on the surface temperature variation in mold cavity.
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Fig.

(a) Moving meld

(b) Fixed mold
Fig. 2 Locations of temperature sensors

Table 1 Boundary conditions for FE analysis

Type Transient analysis by control sensor
Heat Flux 55.7 kWi’
Convection 10 W' K
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Fig. 3 FE model and boundary conditions
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Fig. 4 Equipment and melds for rubber injection

Table 2 Experimental conditions for injection

Conditions Note
Curing Temp. 150°C Setting Temp.
Screw Temp. 80°C
Injection Time 8 sec Pressure 40 kg/em’
Curing Time 180 sec
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Fig. 5 Design variables

Table 3 Side constraint of design variables {mm]

Design Lower Initial Upper
variables bounds values bounds
H1 9 25 41
H2 43 75 107
H3 9 25 41
H4 43 75 107
D1 20 30 40
D2 20 30 40
D3 15 20 25
D4 15 20 25
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Table 4 Results of FEA and experiment [T
Sensor FEA Experiment Error(%)
1 151.4 158.3 434
2 151.5 156.2 3.03
3 150.1 155.2 3.30
4 150.0 153.4 2.19
5 146.1 139.8 4.49
6 1459 139.1 4.89
7 153.0 157.2 2.70
8 151.8 156.1 2.74
9 151.4 154.2 1.84
10 150.4 152.2 1.22
11 146.3 136.4 722
12 146.0 137.2 6.38
Max. Diff. 7.1 219 -
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Fig. 6 Temperature disttibutions at the sensors
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Fig. 7 Temperature distributions of present molds
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Table 5 Results of optimization

Design variables Initial Optimum
‘H1 25 230
H2 75 99.4
H3 25 19.2
H4 75 882
Dl 30 35.5
D2 30 34.1
D3 20 16.0
D4 20 20.8
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(b) Fixed mold
Fig. 8 Temperature distributions of optimum molds
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Fig. 9 Temperature distributions of moving mold
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Fig. 10 Temperature distributions of fixed mold
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Fig. 11 Sensitivity of design variables-

Table 6 Maximum temperature differences of mold cavity

surfaces
De?sign Max Temp. Dif‘f_.("C) ‘Emr(%)(*)
variables Initial Optimum
S1 4.89 2.89 69.2
S2 5.55 295 88.1
S3 5.66 334 69.5
S4 7.14 4.67 529
S5 7.02 445 54.6
S6 6.13 375 63.5

(*) : Error(%) = (Initial-Optinnum)/Initial* 100
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