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A study on the effects of polymer core gate sizes on thickness shrinkage rate
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Abstract: In this study, the variation of the shrinkage in the thickness direction of the molded parts according to the gate
size of the polymer core fabricated through the 3D printer using the SLS method was studied. The polymer cores are
laser sintered and the powder material is nylon base PA2200. The polymer cores have lower heat transfer rate and rigidity
than the metal core due to the characteristics of the material. Therefore, the injection molding test conditions are set to
minimize the deformation of the core during the injection process. The resin used in the injection molding test is a PP
material. The packing condition was set to 80, 90 and 100% of the maximum injection pressure for each gate size. The
runner diameter used was @/3mm, and the gates were fabricated in semicircle shapes with cross sections 1, 2, and 3 mn?,
respectively. Thickness measurement was performed for 10 points at 2.5 mm intervals from the point 2.5 mm away from
the gate, and the shrinkage to thickness was measured for each point. The shrinkage rate according to the gate size tends
to decrease as the cross-sectional area decreases as the maximum injection pressure increases. The average thickness
shrinkage rate was close to 0% when the packing pressure was 90% for the gate area of Imm2. When the holding
pressure was set to 100%, the shrinkage was found to decrease by 3% from the standard dimension due to the
over-packing phenomenon. Therefore, the smaller the gate, the more closely the molded dimensions can be molded due
to the high pressure generation. It was confirmed that precise packing process control is necessary because over-packing
phenomenon may occur.
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Fig. 1 Mode! for experiment part (a), 1 mm? gate (b), 2 mn?
gate (0), 3 mm? gate (d) of gate end section
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Fig. 2 Dimensions of SLS 3D printed polymer core
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Table 1 Injection molding conditions for experiments

Condition Value

Resin temperature (C) 195
Injection velocity (mmvs) 10
V/P switch over point (mm) 7
Cooling water temp. (C) 40
Cooling time (sec) 360
Packing time (sec) 12
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Fig. 3 Points for measuring the depth of polymer cores (a),
thickness measuring positions and spline micrometer (o)
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Fig. 4 Results of measured injection pressure for short shot
tests

Table 2 Comparison of maximum injection pressure of
experimental results

Gate size maximum injection pressure
1 mny’ 27.0 MPa
2 mm?? 20.3 MPa
3 mm’ 19.1 MPa

Z} AelE A7]e] e HjAEdE e 2as
Fig. 5%} Table 3¢l #|A1&F3ATE Table 30l YERd
AFES S Table 29 A3 A3} gk} vlael w
Us w Alo|E 7|7} HoldRE HjAE g o]

AAE BUT AFHS BAL 5 ATk

e zeAgae

Injection pressure (MPa)

5 o 5 2
Cycle time (5)

(@) @3-A gate

5

Injection pressure (MPa)
i
s
s
s
P
.
.
4
‘
.

0
Cycle time (s)

(b) 3B gate



b
e
>
0%
1o

Zl_l

s

Zojoli - =5 - 4

0>
Ho
IN]
)
pn)
=)
X
fo
S
0x
o

—a— g3
. @3-C gate

r T T e

i

Injection pressure (MPa)

5 10 15 2%
Cycletime (s)

(0) @3-C gate
Fig. 5 Results of pressure analysis of shot test

Table 3 Comparison of maximum injection pressure by
simulation results

Gate size maximum injection pressure
1 mn? 30.4 MPa
2 mm’ 23.9 MPa
3 mm’ 22.8 MPa
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Fig. 7 Gate freeze time analysis according to packing time
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