a7l Astsl=21 A9, 41278 443, pp. 507-514, 2003 507

32 YALLE AT A2HYEY
2739 A% % TAY A

a2 kB EE”
(200241 49 269 #47,2003d 29 219 AlAbebg)

Residual Stress Estimation and Deformation Analysis for Injection
Molded Plastic Parts using Three-Dimensional Solid Elements

Keun Park, Jong-Ho Ahn, and Chung-Hyuk Yim

)

Key Words :  Injection Molding(A}&*3 &), Finite Element Analysis(-F 324 3] 4]), Solid Element( Y

A
7| 2 4), Deformation Analysis(*¥ & 8] 41), Residual Stress(3F-3-

)
)

R

Abstract

Most of CAE analyses for injection molding have been based on the Hele Shaw's approximation: two-
dimensional flow analysis. In some cases, that approximation causes significant errors due to loss of the
geometrical information as well as simplification of the flow characteristics in the thickness direction.
Although injection molding analysis software using three-dimensional solid elements has been developed
recently, such as Moldfiow Flow3D, it does not contain a deformation analysis function yet. The present work
covers three-dimensional deformation analysis of injection molded plastic parts using solid elements. A
numerical scheme for deformation analysis has been proposed from the results of injection molding analysis
using Moldflow Flow3D. The accuracy of the proposed approach has been verified through a numerical
analysis of rectangular plates with various thicknesses in comparison with the classical shell-based approach.
In addition, the reliability of the approach has also been proved through an industrial example, an optical
plastic lens, in comparison of real experiments.
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Fig. 1 Mesh structure based on shell elements for a
thin geometry
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Fig. 2 Mesh structure based on solid elements for a
thick geometry
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Table 1 Injection molding conditions

Items Contents
Material ABS (HF0660I1)

Melt temperature ( C) 220
Mold temperature (C) 60
Injection time (sec.) 1.2
Packing time (sec.) 20

Packing pressure (MPa) 40.0

Cooling time (sec.) 20.0
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Fig. 4 Schematic view of a rectangular plate
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Fig. 5 Residual stress distribution before ejection

Table 2 Comparison of deformation wrt. part thickness

Thickness (mm) 1.0 2.0 3.0 4.0

Width/thickness ratio | 20.0 10.0 6.67 5.0
Shell analysis (mm) | 0.1742 | 0.2113 | 0.2628 | 0.2826
Solid analysis 1¢mm) | 0.0853 | 0.1035 [ 0.1578 | 0.2001
Solid analysis 2(mm) | 0.1256 | 0.2081 | 0.2453 | 0.2593
Experiments (mm) 0.1830 | 0.1922 | 0.2184 | 0.2324
Variance (x 10) 0.305 | 0.053 | 0.028 | 0.173
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