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Optimum Design of Injection Molding Cooling System
via Boundary Element Method

Seong Jin Park and Tai Hun Kwon

Key Words : Injection Molding (#}2433), Cooling System Design(v§ 7} ~&l A=A}, Optimi-
zation(# A 3}), Boundary Element Method (BEM : 7 Al @ £1)

Abstract

The cooling stage is the very critical and most time consuming stage of the injection molding
process, thus it clearly affects both the productivity and the part quality. Even though there are
several commercialized package programs available in the injection molding industry to analyze
the cooling performance of the injection molding cooling stage, optimization of the cooling system
has not yet been accomplished in the literature due to the difficulty in the sensitivity analysis.
However, it would be greatly desirable for the mold cooling system designers to have a computer
aided design system for the optimal mold cooling system design and for the determination of best
processing conditions of the cooling stage. With this in mind, the present study has successfully
developed an integrated computer aided design system for the injection molding cooling system.
The CAD system utilizes the sensitivity analysis via a Boundary Element Method, which we
recently developed, and the well-known CONMIN algorithm as an optimization technique to
minimize a weighted combination (objective function) of the temperature non-uniformity over
the part surface and the cooling time related to the productivity with side constraints for the
design reality. In the proposed objective function, the weighting parameter between the tempera-
ture non-uniformity and the cooling time can be adjusted according to user’s interest. In this
cooling system optimization, various design variables are considered as follows: (i) (design
variables related to processing conditions) inlet coolant bulk temperature and volumetric flow
rate of each cooling channel, and (ii) (design variables related to mold cooling system design)
radius and location of each cooling channel. For this optimum design problem, three different
strategies are suggested based upon the nature of design variables. Three sample problems were

successfully solved to demonstrate the efficiency and the usefulness of the CAD system.
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Table 1 Optimal values of design variables for several weighting parameters
T, Q. aj Vi Zj
a
j=1 =2 i=1 j=2 i=1 =2 =1 i=2 i=1 i=2
0.00 | 23.7 24.9 172 160 0.483 | 0.486 5.10 —5.15 0.0137 —0.0501
0.25 | 22.4 23.5 184 172 0.489 | 0.491 4.67 —4.71 0.0398 —0.0973
0.50 19.7 ' 19.8 204 201 0.498 | 0.499 4.30 —4.25 0.0287 —0.0371
0.75 14.5 T 15.3 230 227 0.510 | 0.511 3.66 —3.72 0.0399 —0.0349
1.00 13.3 14.0 246 237 0.517 | 0.518 3.09 I —3.12 ( 0.0678 —0.0200

(unit : °C, cc/sec, cm, cm, cm)

Table 2 Optimal values of design variables for all the strategies

i Strategy T 1 Qs a; X Zj
A 23.9 117.6 0.308 | 15.13 2.53
1 L B 22 .4 118.2 0.316 15.11 2.64
C 25.6 116.2 0.294 15.14 2.34
A 23.9 117.6 0.308 | 1513 —~2.53
T
2 B 99 4 118.2 0.316 ’ 15.11 —2.64
I
C 25.6 116.2 ~2.34
A 22.1 116.8 0.331 10.00 2.79
3 B 21.6 17.7 J 0.340 10.00 2.91
C 23.4 114.5 0.312 10.00 2.62
A 22.1 116.8 0.331 10.00 —2.79
4 B 21.6 117.7 0.340 I 10.00 —2.091
o
C 23.4 114.5 0.312 10.00 —2.62
L
A 23.9 117.6 [ 0.308 4.87 253
5 B i 99 .4 2 4.89 2.64
]
C 25.6 2 4.86 2.34
|
A 23.9 117.6 L 0.308 4.87 —9.53
e
6 B 22 .4 118.2 0.316 | 4.89 —9.64
C 25.6 116.2 0.294 4.86 —2.34

(unit : °C, cc/sec, cm, cm, cm)
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