R AL 20004 EAHEARNEEH A pp. 745~750 KSME 008128
AT B AEATEEY B 958 AT T3 CAE 34

2z :

o
. 84

12

Integrated CAE Analysis to Predict Warpage
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Abstract

A warpage analysis program has been developed for fiber-reinforced injection molded parts. The warpage
is predicted from the residual stress and anisotropic thermo-mechanical properties coupled with fiber
orientation in the integrated injection molding simulation. A simple elastic model is used for the calculation of
thermally and pressure-induced residual stresses which are employed as the initial conditions in the structural
analysis. To improve the reliability of warpage analysis, a new triangular flat shell element superimposing
well-known efficient plate bending and membrane element is presented. The numerical examples address the
neccesity to use anisotropic models for fiber-reinforced materials and show that predicted warpage is in good
agreement with experimentally measured one.
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Fig. 1 Principal material axes, /-2-3, at each layer and
. element local coordinates, x-y-z.
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Table 1 Thermo-mechanical properties of reinforced
fiber and polymer matrix

Tensile modulus 2000 W
PBT - P(t)lissor;l ratio : 0.38
inear therm: | expansion 6X10°/K
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Fig. 2 Fiber orientation at center layer (a) and gapwise-
averaged fiber orientation (b).
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(@ ()
Fig.3 Shrinkage prediction using (a) anisotropic
material model and (b) isotropic material model.
Displacements are amplified by a factor of ten.
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Fig. 4 The geometry of the direct-gated tank-like part
and the layout of the cooling channels and baffles.

Fig. S Predicted final part shape using a magnification
factor of five.

¥ -

Measured Predicted
2.0
— Soe
o00 o0 (] .
£ F3 ‘e LY
= .
g 164 .. .
] * .
£ .
Zz 124 . .
2 y *
® . .
Z 08
] .
S
= . L4
0.4 . .
0.0 T —_— T »
[V 100 200 300 400

Longitudinal Dimension (mm)

()

- 749 -



@® Measured —— Predicied
1.2
£
£ 104
= ..... (L
= ° .
§ 0.8+ [ * o® .
] Yo o b4
= [ onr® .
o 0.6
g .
z .
§ 0.4+ L]
[= L] .
0.2
0.0¢ T T T »
] 100 200 300 400
Longitudinal Dimension {(mm)
(b)

Fig. 6. Comparison of predicted and measured warpage
along (a) side A and (b) side B as shown in Fig. 5.
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