e 7 Al =R A, Al 358 Al 12 &, pp. 1635~1640, 2011 1635

<St==2> DOI http://dx.doi.org/10.3795/KSME-A.2011.35.12.1635 ISSN 1226-4873
Aga} ghols] £ BF AAE eHEY FPo W7 A29 AA)

o|=7|™. ato]

2r
* 2 W7FE 2y Ay sta), s A st 7] A s gt

Design of Cooling System of Over-molding Mold for Socket Component of
Automobile Wiper

Dong Gi Lee', Min Woo Park”" and Dong Gyu Ahn""

* Dept. of Mechatronics Engineering, Chosun Univ.,
** Dept. of Mechanical Engineering, Chosun Univ.

(Received June 21, 2011; Revised July 29, 2011; Accepted August 8, 2011)

Key Words : Over-Moulding( 2. ¥ &), Socket Component(A 7! #-3%), Cooling System(*§Z A]2~¥l), Cooling

Characteristics(*d 2t 54), Product Quality(A 3 & 3), Volumetric Heat Sink(H] % € &4
28 2 =79 542 FHAAE T Asak ool A FF ALE oMEd 539 W A~
g AAlolth. 7] @Al e FAA S Tt AFW w2 2% FEE YEHde 43T 9
9e EEslith AR5 499 A5 NS st AXAY daeEe AH d 559 2 7HA
WAAN2~"HS adeiglnr. Ay dzeRe] AAE =F87] 98ty W52 A4 A7 37
543 AF F4 vAs 4% AFHom FAet 13 A4 d S5 2AAV AE A 5
A3 AFe v A= FEFS nFEgIth HEARE AF d FFEHU FUHE o gl e¥Ed
w30 W7 549 AEFFES Al AL F de5S & AT

Abstract: The objective of this study is to design of a cooling system of the over-molding mold for a socket component of an
automobile wiper by performing numerical analyses. Hot spots in which the temperature distributions are higher than those of other
region, were estimated by an initial over-molding analysis for the initial design of the mold. On the basis of the initial over-molding
analysis, two types of cooling system designs with a linear cooling channel and a volumetric heat sink, were considered to improve
the cooling characteristics of hot spots. To obtain an appropriate cooling system design, the effects of the diameter and the position of
the linear cooling channels on the cooling characteristics and the product qualities were quantitatively examined. In addition, the
effects of the design of the volumetric heat sink on the cooling characteristics and deformation distributions in the molded product
were investigated. The results of the over-molding analysis of the two types of cooling systems showed that the multi-sliced over-
molding mold with a volumetric heat sink can improve both the product quality and the cooling characteristics of the mold.
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Table 1 Initial conditions of injection moulding analysis
Mould Temp. | Melting Temp. of | Coolant Temp.
(T) resin (C) (T)
55 240 20

Fig. 2 Initial designs of cooling channels
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Table 2 Design alternatives of linear cooling channels
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Table 3 Results of injection moulding analysis

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

Dmm)| 4|44 |5[5[5|6|6]6
Hmm)| 6 | 8 |10 6] 8 [10] 6] 810

Volumetric heat sink |

| Additional cooling channel ||

Fig. 5 Modified designs of cooling system
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Design | 1 | 2 [ 3 |4 |5]|6|7]|819

Filling | elogl08(08]08l08]08]08]08
time (sec)
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injection
pressure

(MPa)

97.397.3197.4|97.3|197.3(97.3|97.4|197.3|97.4
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force [21.5(21.6|21.6]21.5|21.6|21.6{21.6|21.6|21.6
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0.24 0.38 0.52 0.66 0.80
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Fig. 6 Filling patterns

Fig. 7 Formation of air traps and weldlines
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Fig. 8 Influence of design of the additional cooling
channel on the temperature distribution in the
outside of product

Fig. 9 Effects of design of the additional cooling channel on
the temperature distribution in the inside of product
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Table 4 Temperature deviation between the outside of
product and inside of product

Design | 1 |2 |34 ]|5]6|7[81]9

De(V%‘t)“’n 7017.0(71]69(72|74|68]75|7.6

Table 5 Variation of the maximum shrinkage and the
maximum deflections according to design of
the additional cooling channel

Design | 1 |2 |34 |5]6|7]8]9
Max.
Shrinkage| 7.0 | 7.0 7.1|6.9|7.2|7.4|6.8|7.5|7.6
(%)
Max.
Deflection|0.24(0.24|0.24]0.24]|0.24(0.24|0.24(0.24/0.24
(mm)
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Fig. 10 Influence of the thickness of volumetric heat sink
on the temperature distribution in the product
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Table 6 Mean shrinkages and maximum deflections of
the moulded product for different designs of

mould
Additional .
. . . Volumetric

Design Previous | cooling .

heat sink
channel
Mean shrinkage (%) 6.9 6.7 6.6
Max. deflection (mm)| 0.25 0.24 0.23

Additional cooling channel § Volumetric heat sink
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Fig. 11 Variations of temperature distributions in the
product for different cooling system designs

Additional cooling channel J  Volumetric heat sink
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Fig. 12 Variation of volumetric shrinkages of the product
for different cooling system designs
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Fig. 13 Variation of temperature-cycle time curves for
different cooling system designs
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