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Design Optimization for Minimizing Warpage
in Injection Molding Parts with Numerical Noise
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Abstract

In order to minimize warping deformation which is an essential factor in the failure of injection molding
parts, this study proposes an optimization design method for determining design variables of injection
molding parts. First, using a commercial package program for injection molding analysis, namely, Computer
Aided Plastics Application(CAPA), we investigate the effects of parameters of injection molding process.
Next, an optimum design process is established by interfacing CAPA to PQRSM embedded in EMDIOS, a
design framework developed by the center of innovative Design Optimization Technology(iDOT). PQRSM is
a very efficient sequential approximate optimization algorithm. Optimum design results demonstrate the
effectiveness of the design method suggested in this study by showing that the results of the optimum design
is better than those of the initial design. It is believed that the proposed methodology can be applied to other
injection molding design applications.
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Table 1 Information of geometric data for the TCS cover

Part Mold
Number of nodes 2431 130
Number of elements 4690 126
Mesh type triangular

Table 2 Information of geometric data for the lower case
of the washer balancer

Part Mold

Number of nodes 3954 1596

Number of elements 7756 1582
Mesh type triangular
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(a) Finite element model

Fig. 1 Model of the TCS cover

(b) Cooling channel

(a) Finite element model

(b) Cooling channel

Fig. 2 Model of the lower case of the washer balancer
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Table 3 Initial, lower and upper limit values of the design variables selected
Analysis type Design _variable Lower bound [ Initial value | Upper bound
oo Filling time X; (sec) 0.1 1 4
- Flow Melt temp. x; (T) 220 240 260
Mold temp. %3 (C) 40 60 30
Cool Coolant temp. x4 (C) 40 60 80
Flow rate xs (Re) 2300 10000 15000
Packing time 1 x4 (sec) 1 2 7
Pack Packing time 2 x5 (sec) 0.1 2 7
Packing pres. 1 x5 (%) 50 80 100
Packing pres. 2 %, (%) 0 40 50
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Fig. 3 Deflection of the selected nodes
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Table 4 Initial and optimum values of the TCS cover
Design variable Initial Optimum
Filling time X (sec) 1 0.993
Coolant temp. x4 () 60 53.665
Coolant flow rate Xs (Re) 10000 8922.043
Packing time 1 X¢ (sec) 2 2.060
Packing pres. 1 X3 (%) 80 79.750
e E=em
I Optimum 0.145 .
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Fig. 6 Relative values of design variables at the optimum
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Fig. 7 Convergence history of the objective function
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Table 5 Initial, lower and upper limit values of the design variables selected

Analysis type Design variable Lower bound | Initial value | Upper bound

Filling time X, (sec) 1 3 8

Flow Melt temp. x (7) 195 210 230
Mold temp. %3 (7) 20 40 60

Cool Coolanttemp. x4, () 20 40 60
Flow rate Xs (//min) 3.8 5 7.5
Packing time 1 X, (sec) 1 3 27

Pack Packing time 2 x5 (sec) 1 3 27
Packing pres. 1 x5 (%) 60 80 80
Packing pres. 2 x9 (%) 30 40 50
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Table 6 Initial and optimum values of the lower case

Design variable Initial Optimum
Filling time X, (sec) 3 7
Melt temp. x,(C) 210 195

Coolant temp.  x4(C) 40 60
Packing time 1 X¢ (s€C) 3 1
Packing time 2 x;(sec) 3 26.95
Packing pres. 1 x5(%) 80 61.72
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