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Abstract: The objective of this study is to design the conformal cooling channels for the mould of a plastic drawer of a
refrigerator by analysis of three-dimensional injection molding. In order to obtain the desired design of the conformal
cooling channels, the influence of the diameter and the position of the conformal cooling channels on the moulding
characteristics and the product qualities were quantitatively examined. From the results of the examination, an optimal
design of the conformal cooling channels, which ensures uniform cooling and minimum potential deformation of the
molded drawers, was estimated. By comparing the designed mould and a conventional mould with linear cooling
channels from the viewpoints of the product qualities as well as cooling and cycle times, it was shown that the mould
with conformal cooling channels can simultaneously improve the productivity of the injection moulding process and the
product qualities.
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Table 1 Design alternatives of conformal cooling
channels

Design [ 1 [ 2 |3 |4 |56
D(mm)| 4 |4 |4 |5]|5]5]|]6]|6
L(mm) |32 |37 |42 |32 |37 |42|32|37]|42
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Linear Cooling Channels

4 Conformal Cooling
hannel

Fig. 2 Design of conformal cooling channels and products
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Fig. 3 Meshes of injection molding analysis
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Table 2 Results of injection moulding analysis

Design | 1 | 2 |3 |4 |5|6]| 7|89

Filling

. 25(25|25(25(25(25(25(125](25
time (sec)

Max.
injection
pressure

(MPa)

48.3147.7\47.3|48.5(48.2147.3|48.6|48.347.6

Clamping
force |55.0|53.7|53.0|55.3|54.8(53.0|55.0|54.9|53.5
(tons)

Mean
shrinkage | 3.7 | 3.8 3.8 3.7 (3.8 3.8 (3.7|3.7|3.8
(%)

0.0 0.6 12 18 25
| m (Sec)

Fig. 4 Filling patterns

80
T (deg)

Fig. 5 Formation of weldlines
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Table 3 Temperature deviation between A region and B

region at the ejection time

Design | 1 |2 |3 |4 |5]6|7|8|9
Deviation

(©)

3.5(89(143]3.1|8413.9/2.7|8.1|13.7

L - 352 mm L - 37 mm

Design 2 j Design 3

P (cc)

Fig. 6 Temperature distribution in the moulded products
at the ejection time (cycle time = 30 sec)
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Fig. 7 Variation of temperature-cycle time curves according

to the design of conformal cooling channels (in the A
and B regions of the moulded product)

Design 7 Design 8 Design 9
20.0 375 55.0 725 90.0
| . o

Fig. 8 Influence of distance between the center of
cooling channel and the bottom surface of
product on the temperature distribution in the
product (D = 6mm, cycle time = 30 sec)
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Linear
cooling channel

Fig. 10 Designs of conformal and linear cooling channels
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Fig. 11 Comparison of the moulding characteristics of
the designed mould with those of the previously
designed mould
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