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Study of injection molded pattern transferability
of double-sided micro-patterned automotive thick light guides
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Abstract: In this study, we investigated the injection molding technology of thick-walled light guides, which are parts that
control the light source of automotive lamps. Through injection molding analysis, the gate position that can minimize
product shrinkage and deformation was selected, and a mold reflecting the analysis results was manufactured to evaluate
the effect of injection speed and holding pressure on transferability during micro-pattern molding through experiments.
When designing an injection mold for products with varying thicknesses, it was found that installing the gate on the side
of the thicker part was advantageous for reducing volume shrinkage and deformation. It was found that the effect of
shrinkage due to thickness may be greater than the position of the gate on pattern transferability. The pattern transfer error
decreased as the injection speed and holding pressure increased, and it was found that increasing the injection speed was
relatively effective.
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Fig. 1 Geometry of light guide
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Fig. 2 Injection molding simulation model
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Table 1 Recommended injection molding condition
for resin(ACRYPEY VHOO1, Mitsubish chemical)

Process Condition Unit Value

Mold temperature T 70

Melt temperature T 235

Ejection temperature T 101

Maximum shear stress MPa 0.4

Maximum shear rate /s 40,000
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Fig. 3 Rheological properties of resin(ACRYPEY VHOO1,
Mitsubish chemical)

Table 2 Specifications of Injection molding machine
using experiment

Category Unit Value
Screw diameter mm 32
Injection stroke mm 150
Maximum injection volume cc 121
Maximum injection speed mnys 1200
Maximum injection pressure kgt/em3 3800
Tonnage tf 250
Tie bar spacing(HxV) mm 710 x 635
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Table 3 Condition of experiments

Mold Temperature | Resin Temperature | Injection speed | V/P, ;3;1211;‘2 Holding time | Cooling time
No [© [© mnys % bar sec sec
1 60 250 3 90 800 20 70
2 60 250 5 90 800 20 70
3 60 250 10 90 800 20 70
4 60 250 20 90 800 20 70
5 60 250 5 90 800 53 70
6 60 250 5 90 1040 53 70
7 60 250 5 90 1200 53 70
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Fig. 5 Measuring point for acquiring geometry profile
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Fig. 6 Example of pattern transfer error acquisition
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Table 4 Injection molding analysis results for gate
position change

Filling Clamping Max Max.
%age Time force Shrinkage | Deflection
sec ton % mm
1 1.934 7.5 8.46 0.3406
2 1.934 10 8.468 0.3410
3 1.888 13.75 8.619 0.3563
4 1.860 12.5 8.58 0.3584
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Fig. 7 Comparison of CAE and experimental results
of weight by injection molding condition
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Table 5 Pattern transfer emror due to injection speed variation
Pattern transfer error(optical pattern) Pattern transfer error(backside pattern)
Measuring Measuring
Point No. Casel Case2 Case3 Case4 Point No. Casel Case2 Case3 Cased
3 mny/s 5 mm/s 10 mm/s | 20 mm/s 3 mny/s 5 mm/s 10 mny/s | 20 mm/s
1 18.20% 7.03% 0.54% 4.94% 1 46.37% 16.77% 10.13% 5.37%
2 36.21% 10.76% 5.14% 5.55% 2 38.04% 12.67% 5.99% 3.92%
3 44.05% 20.22% 6.72% 5.23% 3 24.32% 8.82% 3.51% 2.32%
4 0.55% 1.20% 0.73% 0.30% 4 25.71% 10.26% 6.28% 3.25%
5 11.39% 0.15% L.77% 2.78% 5 21.20% 6.65% 4.09% 1.59%
6 16.98% 2.42% 0.54% 0.12% 6 9.18% 4.46% 2.29% 0.86%
7 0.71% 0.99% 1.61% 0.83% 7 9.71% 3.75% 2.17% 0.59%
8 0.86% 1.76% 0.40% 1.19% 8 6.28% 2.33% 0.73% 0.21%
9 1.57% 0.04% 1.44% 0.77% 9 2.66% 1.61% 0.70% 0.12%
Max. 44.05% 20.22% 6.72% 5.55% Max. 46.37% 16.77% 10.13% 5.37%
Min. 0.55% 0.04% 0.40% 0.12% Min. 2.66% 1.61% 0.70% 0.12%
Average 14.50% 4.95% 2.10% 2.41% Average 20.38% 7.48% 3.99% 2.02%
Std. Dev. 16.25% 6.75% 2.27% 2.25% Std. Dev. 14.93% 5.09% 3.06% 1.83%

Table é Pattern fransfer eror due to packing condition

Pattern transfer error(optical pattern) Pattern transfer error(backside pattern)

Measuring | Cpse) Case5 Case6 Case7 | Measwing | (cpgen Cases Case6 Case7

Point No. 20 sec 53 sec 53 sec 53sec Point No. 20 sec 53 sec 53 sec 53sec
800 bar 800 bar 1040 bar 1200 bar 800 bar 800 bar 1040 bar 1200 bar

1 7.03% 9.07% 1.09% 7.03% 1 16.77% 24.37% 19.53% 16.77%

2 10.76% 14.75% 10.00% 10.76% 2 12.67% 15.82% 13.22% 12.53%

3 20.22% 18.64% 14.54% 17.66% 3 8.82% 8.18% 6.52% 8.82%

4 1.20% 1.24% 7.06% 1.20% 4 10.26% 11.71% 9.23% 10.26%

5 0.15% 1.28% 1.46% 0.15% 5 6.65% 8.64% 6.44% 6.65%

6 2.42% 5.25% 3.91% 2.42% 6 4.46% 3.09% 2.83% 4.46%

7 0.99% 0.00% 1.27% 0.99% 7 3.75% 4.34% 4.19% 3.75%

8 1.76% 0.51% 0.48% 1.76% 8 2.33% 2.77% 3.60% 2.33%

9 0.04% 1.23% 3.29% 0.04% 9 1.61% 1.82% 1.70% 1.61%
Max. 20.22% 18.64% 14.54% 17.66% Max. 16.77% 24.37% 19.53% 16.77%
Min. 0.04% 0.00% 0.48% 0.04% Min. 1.61% 1.82% 1.70% 1.61%

Average 4.95% 5.77% 4.79% 4.67% Average 7.48% 8.97% 7.47% 7.46%

Std. Dev. 6.75% 6.89% 4.82% 6.05% Std. Dev. 5.09% 7.40% 5.75% 5.07%
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