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Investigation on Heat Shrink Phenomena of

Plastic Parts and Development of CAE Methodology
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Summary

As plastics, compared with metals, show remarkable sensitivity to deformation with temperature
changes, much consideration needs to be given to thermal deformation in designing plastic parts. In
so doing, "heat shrinkage" phenomena, which are not observed in metals, need to be taken into
consideration. However, the conventional FEM methodology using the coefficient of linear expan-
sion, which is applicable to metal parts, cannot reproduce "heat shrinkage" phenomena.

In response, material tests by specimen were conducted to investigate and clarify the phenomena
regarding the "heat shrinkage". Then a CAE methodology was developed so that the "heat shrink-
age" phenomena could be predicted by dealing with the anisotropic different coefficients of linear

expansion by function as well as the residual stress, which can be used in early design stage.
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Table 1 Test Condition and Heat Shrinkage

. Location Evaluation by Actual Tests
Vehicle of
Evaluation| )y Test Condistions
@ 47 |RT-—> 90°C—>RT
A @ 3.8 |Unit Test
6 55
B 1.5 RT---> 70°C--->RT,Unit Test
3.7 RT--->100°C--->RT
c 2 3.9 Unit Test
[©) 3.8
@ 2.9
2.5 RT---> 70°C--->RT
D Z 15 Vehicle Test
3 25

RT:Room Temperature

Fig. 12 Initial State at Room Temperature

Fig. 13 State at the Maximum Temperature
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Table 2 Heat Shrinkage Predicted by CAE

Location

Vehicle of Actual CAE
Evaluation | 185t | (mm) | Prediction(%)

[©) 47 1.2 25%

A @ 3.8 2.0 52%
3 55 32 59%

@ 15 1.0 68%

@ 3.7 0.3 9%

C @ 3.9 2.3 58%
® 3.8 3.2 83%

7 29 2.7 95%

a 25 1.1 46%

D @ 1.5 1.1 76%
® 25 0.8 33%

Mean Value 55%
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Table 3 Effect of Added Residual Stress

CAE
Location ORTHO TROPIC
Vehicle of Resitual | Residual | Residual | Residual | Residual | Residual

Evaluation | Stress | Stress | Stress | Stress | Stress | Stress

OMPa 1MPa 2MPa 3MPa 4MPa S5MPa

25% 34% 44% 54% 66% 7%

A 52% 67% 81% 96% 110% 125%
59% 68% 78% 87% 97% 107%

B 68% 94% 119% 144% 169% 194%

9% 18% 27% 35% 43% 52%

c 58% 72% 86% 100% 114% 128%
©)] 83% 96% 109% 122% 135% 148%

@ 95% 109% 122% 136% 150% 164%

@ 46% 70% 95% 120% 145% 170%

D [3) 76% 99% 123% 146% 168% 187%
©)] 33% 52% 71% 90% 107% 123%

Mean Value | 55% 71% 87% 103% 119% 134%

Table 3 L0, U7 h7— bk KU AIZDOWTIE 3MPa

DFERBIEN ZMIT 5 & A HnS D HO 4 HFE 11 5
ATty & LTl b £V FRE (FERED
103%) NELNT-, FEMICR 5 & BECFTMALE (2
£V Rl RIS MEA 1MPa 726 4MPa O#iH TiX
HOXEFFSOTNWDHZ LM Table 3 NHEERTE 5,
TSRS LTI L RIRE S (8D
i) RIIETH A IR R I D T RE R DEE, FoH
FIZ X BIIR - K& S0P SRERG Gt (1R
JE - AR NRAR DR L L ORI NI
o 2&ERbDLILdbDEE 2D, £7- 3MPa
EWVWSEIX, V7 N — MMV AHO—EARY T
Ly TEXDEBRTORKIET (18MPa) X DK<
BIERPHN T, OF A EIT 0.22%IC%)5 LT 5,
B O FHFRRIGEE, Bc ko TR L
EZDONFETHY, ©T7— M) ARE~OBHAT
WEEREFEIC LV EE - IRET D2 BT LR D,

43 BELEHDZE

—Jj Table 3 22H 1%, EREIG/IEN IMPa £b 572
T CRUNAE DY 16%FEEEM L TR Y, BUHEITR
DEERIC DR - ERKENZ L L0 D,
Fig. 15 & Fig. 1612, 11 SOFHMBMREIZR T D &E
IR IR OV ds K OB & &, 7RIS & OBfR %
Y,

Relation between Residual Stress Added and Elongation at the
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