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ABSTRACT : Injection molding is one of the widely used polymer processing operations. It is being used for not only
conventional injection molding but gas injection molding, water injection molding, and injection compression molding. Injection
compression molding involves injection and compression operation, and it gives uniform physical property and high dimen-
sional quality of product. In this study, injection compression characteristics for various product shapes have been investigated
by computer simulation. Product containing side wall showed not much effective in injection compression molding since
wall thickness direction was perpendicular to the compression direction. Uniform and low shrinkage was observed in injection
compression molding comparing conventional injection molding. Subsequently injection compression molding can be used
for molding precise product. Optimal injection compression molding condition was obtained using design of experiment
for plastic lens and the results were compared with conventional injection molding.

Keywords : injection molding, injection compression molding, compression gap, compression speed, compression delay
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(a) Shape 1 - Flat (b) Shape 2 - Box

(c) Shape 1-Modified box (d) Shape 4-Hemisphere

(e) Shape 5 - Modified hemisphere

Figure 1. Selected shapes for injection compression molding
products.
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(a) Shape 1 - Flat

(b) Shape 2 - Box

(c) Shape 1-Modified box (d) Shape 4-Hemisphere
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(e) Shape 5 - Modified hemisphere

Figure 2. Compression direction for each model during injection
compression molding.
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Table 1. Injection compression molding condition for simulation

Screw Diameter/Injection Stroke 40 mm/43 mm
Resin Trirex3022IR (PC)
Mold Temperature/Resin Temperature 80 C/300 C
Compression Gap 0.6 mm
Waiting Time for Compression 2.7 sec
Compression Speed 1 mm/s
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Table 2. Comparison of volumetric shrinkage for each shape

&9 50

8.31%

Max | 2.14% | 8.57% 8.88%
Min | 1.92% | 6.79% | 6.03% | 5.43%
Max- 6 0000 | 178% | 227% | 3.45%

Min

(a) Conventional injection molding
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(b) Injection compression molding
Figure 3. Comparison of pressure distributions.
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Figure 4. Selected products comparing conventional injection

molding and injection compression molding.
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Table 3. Design of experiment for injection compression molding
of lens 1

Delay Time (sec)

5 20 8 15 10

1.4 0.2 0.4 0.6 0.8 1

0.6 0.4 0.6 0.8 1 0.2

Gap 02 06 0.8 1 0.2 0.4
(mm)

1.8 0.8 1 0.2 0.4 0.6

1 1 0.2 0.4 0.6 0.8

Speed (mm/s)
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T Ak
Max shrinkage (mm) GAP
0.045
0.042
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0.036
0.033

0.2 0.6 1.0 14 1.8 (mm)

(a) Max shrinkage for compression gap

Max shrinkage (mm) Delay
0.07
0.06 F”/
0.05
0.04
0.03
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(b) Max shrinkage for compression delay time

Max shrinkage (mm) SPEED

0.045
o \
0.039 /\‘\

0.036

0.033
0.2 0.4 06 0.8 1.0 (mm/s)
(c) Max shrinkage for compression speed

Figure 5. Variations of maximum shrinkage according to opera-
tional conditions for lens 1.
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Max Volumetric
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6.76
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Max Volumetric
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6.85
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672
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(c) Max shrinkage for compression speed

Figure 6. Variations of maximum volumetric shrinkage according
to operational conditions for lens 2.
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a) Injection molding : 8.910%
(a) Inj g

b) Injection compression molding : 6.612%
(b) Inj p g

Figure 7. Comparison of maximum volumetric shrinkage by
Moldflow for conventional injection molding (left, max volu-
metric shrinkage: 8.910%) and Injection compression molding
(right, max volumetric shrinkage: 6.612%) for lens 1.
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Table 4. Design of experiment for injection compression molding
of lens 2.

Delay Time (sec)

20 15 5 25 10

2 0.2 0.4 0.6 0.8 1

1.8 0.4 0.6 0.8 1 0.2

(Sl‘i‘fl’) 1 06 | 08 1 02 | 04
1.4 0.8 1 0.2 0.4 0.6

0.6 1 0.2 0.4 0.6 0.8

Speed (mm/s)

Max shrinkage (mm)

GAP
0.06
0.05
0.04
0.03
0.02
0.2 0.6 1.0 14 1.8 (mm)

(a) Max shrinkage for compression gap

Max shrinkage (mm)

SPEED
0.06
0.05 k
0.04
0.03
0.02
02 04 06 0.8 10 (mm/s)

(b) Max shrinkage for compression delay time

Max shrinkage (mm)

Delay
0.05
04|
0.03
0.02
0.01
5 10 15 20 25 (sec)

(c) Max shrinkage for compression speed

Figure 8. Variations of maximum shrinkage according to opera-
tional conditions for lens 2.

ii
i

(a) Injection molding : 0.123 mm

oopmEEmmEn .
REERl )

LLLLULLL L)

(b) Injection compression molding : 0.045 mm

Figure 9. Comparison of maximum shrinkage by 3D-Timon for
conventional injection molding (left, max shrinkage: 0.123 mm)
and Injection compression molding (right, max shrinkage: 0.045)
for lens 2.
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