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~ A Study on the Warpage and Post-Deformation
in Heat Resistance Test of Automotive Plastic Components

Heon Young Kim*, Joong Jae Kim**,

Jae Su Kim***

ABSTRACT

A procedure predicting warpage and post-deformation due to heat resistance test is presented. The proce-

dure is applied to the injection molding processes of automotive plastic components, which are the door
trim and the instrument pannel. The warpage of products is obtained from the residual stress after filling,

packing and cooling process, and the post deformation due to the heat resistance test is calculated in the

structural analysis of the product at the ejection temperature with the initial condition of residual stress,
the boundary conditions and heat resistance conditions. The analyses give some useful guide lines in the

design of automotive plastic parts which should satisfy heat resistance regulation.

Key Words : Injection molding (A1%43), Residual stress (##52), Heat resistance test (¥ A1 §),
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T1 - Roam Temp.(20T)
‘T2 - Reference Temp.(70C)
T3 - Heat Res. Temp.(110T)
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Fig.1 Conditions of heat resistance test
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Fig.2 Procedure of predicting post-deformation due
to heat resistance test
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Fig.3 Finite element models of door trim and runner
system

Table 1 Resin properties of door trim (PP)

Melt Density (kg/w’) 714
Melt Thermal Conductivity (W/m - k) 0.166
Melt Specific Heat (J/ke * k) 2900
Transition ‘Temperature (K) 388
Iso. Elastic Tensor (Pa) 1.15E+9
Poisson’s Ratio (v) 041
Iso. Thermal Exp. Coeff.(m/m - k) 0.000116
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@ 2xEr 542 . AFY FAE 2.5mm
o, AlZAITHE 622 Sttt BYAIZRE 429 9%
8] 27FA 7ol digte] 4& s ATt. Table 1 &
AHEE FA9 B3] ZZ2 U (PP)o UF A=
4RIt}

4.2 A Zn}

t=4,0s

t=6.0s

Fig.4 Melt-front advancement and weld lines in the
injection molding process of door trim

Fig.4& A1238A1Y /5 geo} 4= 2219 A&
B 0. FE5%de 7Y % (unidirectional flow)
< gAsly, 4 2Rle] AXe 4 AEF v §HE
o ARy}, Pig.5 9 Fig.6& 2% Tpacking
time) & 422 & A% d Mg & AERY
2ER9 gzl RgdaF HH F2ES H
Zt, Fig.5ol4 AolEg 3559 & vwd BY
Hgto] EE (< 102F) Al|EY o] FFHUY
iR En BES B £ e, o FEF e £A7
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Fig. 5 Pressure curves of gate and cavity
(packing time 4 sec.)
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Fig. 7 Pressure curves of gate and cavity

(packing time 9 sec.)

Fig. 6 Volumetric shrinkage rate distribution
(packing time 4 sec.)
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Fig. 8 Volumetric shrinkage rate distribution
(packing time 9 sec.)
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Fig. 9 Deformed shapes of door trim at the area of
gate after the analysis of heat resistance test
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Fig. 10 Finite element model of instrument pannel
core and runner system
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Fig.12 Shear modulus G (t) and bulk modulus K (t) of
PC/ABS

Table 2 Resin properties of instrument panel (PC/ABS)

Meit Density (ke/m') 1007
Melt Thermal Conductivity (W/m * k) 0.13
Melt Specific Heat (J/kg - k) 1589
Transition Temperature (K) 343
Iso. Elastic Tensor (Pa) 2.3E+9
Poisson’s Ratio (v) 0.35
Iso, Thermal Exp. Coeff.(mvm - k) 0.000101
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Fig.13 Deformed shape after the analysis of heat
resistance test

Fig.14 Z-deformation at 110°C in the analysis of
heat resistance test
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Fig.15 Z-deformation at room temperature after the
analysis of heat resistance test

wit © MPa

Fig.16 Residual stress distribution after injection
molding analysis

Fig.17 Residual stress distribution after the analysis
of heat resistance test
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