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Fabrication and Testing of Injection Mold for Cosmetic Container
with Conformal Cooling Channels Using Vacuum Diffusion
Bonding
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ABSTRACT

In this study, an injection mold with conformal cooling channels was designed and manufactured for use in
the production of a thick plastic cosmetic container that required high gloss surfaces. A cooling analysis
verified the design of the conformal cooling channel for the cosmetic container, and also showed that the
cooling efficiency was superior to that of the straight cooling channel. Slide cores designed with the conformal
cooling channel were manufactured using the Layers Parting method and vacuum diffusion bonding. Subsequent
test injection and quality inspection showed no problem in the appearance and dimensional accuracy of the
produced product. The cycle time for product production was about 110 seconds, sufficient for mass
production.

Key Words : Conformal Cooling Channel(3&& S8 HZtAlE), Vacuum Diffusion Bonding(2lS 2 E,
Cosmetic Container(2t&HE Z71), Injection Mold(AFEZE), Cooling Analysis(‘d 245 A1)

1. A 2 do| A%, dZAde AFol 3l A sieet

T FE0l & F9UF AFY woles Wao] B4

AF224 8 (injection molding)ol A W7zt AL A StAl Eol FAF AN el SAVE Ut o]
o) HEF ZAo| Zuet FFS nHy A A ek 2y dzhade] A4 sidS $8) 3D =
g Spgel A g 7l Azke AAw Azage) 00 AEHUAHT T 2L 71ES o8 A
A duE oz 71a wo| AL AME Yz o] Gl tgshs F4HsF B s 30l
Aggoen Wzte] A% FEe Bl FEA A

# Corresponding Author : cadpark@kumoh.ac.kr ARA RS s & 4 Atk A LE gzt
Tel: +82-54-478-7297, Fax: +82-54-478-7319 Ad3 BEF AP AT2 AQsE oo 2o

Copyright © The Korean Society of Manufacturing Process Engincers. This is an Open-Access article distributed under the terms of the Creative Commons Attribution-Noncommercial 3.0 License
(CC BY-NC 3.0 http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

—92 —



u

fFREE, BEH - F=71AVEE S A A9, A3E

Ahn Fe AL AEEdS g
DMT(direct metal tooling) 7]&< &-83l] /43
8 ¥AAd 58S A, 43S FE 3
283 WaAdol AL Hlsl w2 Yo
7Y FH4E dE F Y-S BATh Pak TP
DMLS(direct metal laser sintering) 3H& ©]-83}]
FEASE dAAEe] AEH 5 W= F3¥S
AzFeraAth. =3 dspd shdel 9 g ol &
st WA Fxo wE S¥eE 22 % ¥
s Brbel B} ATE FASATE Kim 5P
DMT 7|&& o83t BF4HEd dAAds 2
© v8 FZolE AFsta, 71E ¥ Blu
o Ay WAAd g0 ¢ ¥a A
< I3%t= A3E AASATE Ahn S
A3 S ol &std FAAEE YAANES
&
:‘

B > of o

o ©
g Alo]2 A Fol el FHEES Hisste
A FARAE EEse AT7E FISIITE Park
= selective laser melting) &H-S ©]-&3}
o F48 FFHTE WAAds 2e 389 =
ol

&
E

7<
AR, WAEES NS PHe A

= 04?01]/‘1\_ sPgE 871 =8A FollA 28
7)(outer bottle)S Ao 2 ALEAE AlEH A 3
e olgste] FAASE WAAE =30 did
RAE b= T?SES]'—J—- Ao ALgE HA AFE
7122 34 LPM(layers parting method)¥<} %133}
WHTL oledel AW WARAL 2 A
E58e AT APAES T8 218719

Qe A7t FAE AAE HEARS #EA
o} =3 A)E AYake] Q3 Ao F E]-O‘O] 110sec

2 ZAE AL AEY o] T8 UsS
& AT

2. IAHE 287 =23 Wz
2.1 27|

Fig. 12 SAF 987 AF 33 ol
8719 ngEge dge Id g
& YARglo]l A= 9, k&
bottle)e] ZH< {13l A5 F/Jolth

=
oo
N
oo
j=}
=
[¢]
-

(a) 3D shape
Fig. 1 Outer bottle

(b) section view
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AZEATEE ol 83 F4A5d WA S 7 F4F 8718 AEFFY A 2 ARAE
s Q=) AZFEESE A A194E, A3E

Table 1 Temperatures measured at three points on
the mold core with progress of cooling time

scc ccce

B |C |m A |B |[C |m
(T (T (T (C) (T (TO)| (O] (C)
2 | 47.4] 39.6] 44.0] 43.7] 7.8 | 38.6] 31.8] 35.9] 35.4] 6.8
10 | 46.8| 39.3] 43.6] 432| 7.5 38.0] 31.6| 35.4| 35.0| 6.4
20 | 462]38.9| 42.9] 427 7.3 | 37.2] 31.1] 34.8] 34.4] 6.1

(a) SCC (b) CCC 40 | 44.8] 383] 41.8] 41.6| 6.5 | 35.8 30.5] 33.7] 33.3] 5.3
Fig. 2 Cooling channel layouts 55 | 43.8] 37.8] 40.9| 40.8| 6.0 | 34.8| 29.8| 32.7| 32.4| 5.0
75 | 42.3]37.0) 39.9] 39.7 5.3 33.3] 202] 31.6] 31.4] 4.1
100 | 407 36.2| 38.4| 38.4] 4.5 31.4] 283] 30.1] 29.9] 3.1
150 | 372 34.5] 35.6] 35.8] 2.7|27.9] 265 27.1| 27.2] 1.4
156 | 36.8 34.3] 35.2] 35.4| 2.5 | 27.4] 262| 26.7| 26.8] 1.2

Fig. 4= 5330l 2% SAS 9 Ags A
HE(A, B, O)°lt}. A(node no.: N177147)= Al°|E
9] 3} A H o)™, B(node no.: N186158)= W= u}
2ol =AE] AA, C(node no.: N196770)= A& 2
Ho] Ho &8 A Aotk Table 1S WZAZHE=Z
A A, B, CA 43 38 Fojo] &5 Hio]
o} W7 Z71EAIQ 2sec ol SCCY Fo]e&x
ZE 39.6C~474C, FFLE(m)E 43.7CE 4=
93, CCCo Folex BIE= 31.8C~38.6C, ¥
TELEE 354CE dSFHAT. Wzhe] z=7|dA
ARE CcCcCcY Folex EXJ} SCC EHUu= 7.
8C~8.8C7} w1, HAFL%7} 83C & %%71]
7+ AReHE Aoz Utk =@ exiz
HAAAEHHA-H22)E CCCE 6.8C, SCCE 7
8CE o FHo] cCcCel o] 2EEEV H #d f&
Aoz BAREJY =3, 156x7F AdE Wz &
;Erzﬂoﬂﬂ“ SCCe FLm RIE= 343C~36.

, BOeEE 354C =2 0412 ¥, ccce =4

=2 Sid ¥\

Lo&

(a) SCC (b) CCC LT BEIXE= 262C~274C, B E*‘E 268C=
Fig. 4 Locations for temperature measurement on dE=E Atk W dsdAeA ccce FZoj2E7t
mold core SCC Ht} 8.1C~9.4TC 9 v 25 BXE Holn,

PHFLE Hole 86CE UEIYTh =3I &%

By
FAE AME Yol FRAZ & YZApde] 73 9] #AE=E SCCE 2.5TQ HhHol cCcCeE 12T E
of W2 Wz 4eS vwdty] fsl, I A == cccel Zojer Il ¢ #Yg AL
AF P4 29 F24 25 FsvF =9 AHE 2 Yehyth 2xnx oz Wzio] YA CCC
< SAMER AYsta YAAZ g LEEX 9 FZo] HFL=7} sccol HlsH o w24 34743k
= =A319c} o] CCCo W7 &&°] ¥ $3lte e &3t
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£ Ad dAAdEe] e FEE AASAET
Fig. 5& 439 2A do|th

3lZoY(lower core)= £87]9 W= Fake 73
st} AolE sltke] SF(hot spot) H-ET UF
33 879 Yres FAatA4 WA 77 g U
Yzde Agstgoh Ay yaade v
Zaly] 9ste] slFolE 9= 3ol Y= stz
o2 BT US siaolo) WRel Yy W
PSR 7}%@ T 95 stao)9] k%ol =ysh=
3ol 54 = AA T Fig. 62 AAR 3kx0]

oﬁt

3.3 £2l0|E =

g7 Mg FAe SH F9E s A
Z 9)g o] fiRio] &glo]l= Ho(slide core)oll <]
3 FAHETh wEtA AFe] AL FHe} Alo]F
ER @S fEiA Egtols Zojo WyAd A
AZF dl$ Fasity & 4 k. B AFdM=
A AF S 78] 93l Eetol= o]
s F N9 RdE Egtel= Foj2 AAISIAT
Jg)a ZHZhe] wrE EEfol= Fojo F43 -8y
WZhAdS #gste] AASIAT WhAdel mix
9o} #H Xge W AgE 71EeE HAS
ATt Fig. 72 Egfol= Fojo] AHg3lr] fa Al

£ 920 AR I4HLY WAL Fig 8
& BAHey WA e Hgd UA Lejol=

Fig. 5 Design shape of upper core

(a) outer lower core (b) inner lower core

Fig. 6 Design shape of lower cores

Fig. 7 Configuration of conformal cooling channels
designed for tooling slide core

Fig. 8 Half part of designed slide core
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Fig. 9 Slide core layers

Fig. 10 Slide core completed by vacuum diffusion
bonding

Table 2 Process conditions optimized by test injections

Value
Description Unit
1203 4] 5] 6
Cylinder ‘C | 210] 210] 195] 185| 175] 165
temperature

Injection speed mi/s | S| 50| 45| 40| 35| 25

Injection pressure bar | 50| 75| 70| 65| 60| 50

Injection time sec 20
Packing pressure bar 45
Packing time sec 10
HRS temperature T 210
Cooling time sec 70

Mold open / close

/ ejection time sec 5/5/710

Cycle time(sum) sec 110

90% ¥ ¢AHZ AF AFFHE Fls] 714
AYZ2AL HASAT Table 2= AIAIZS
H A¥FAolth Fig 112 ATAEZ

= 98] AFoltt
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Fig. 12 Drawing for product measurements 8] Fole] WHLES} 8.6C T Yo Wzt

Table 3 Result of measurements

HAE 13T7F vob W7 #dA8E o 5
Measure Spec. Tolerance Value Pass/Fail Ag Felssith
Number | () | m) | () 2 ABTUHT FHE olelel WA AT
1 ©100.50 | 0.1 10043 | Pass A Ao FHof #HolojEs 6}%}9] %E}O_lE
zolz AHAOH, AANE T AUAEL
2 08620 | 1000 86.18 Pass .
2 005 | % 53 Agwol AV} 98¢ Assh
3 08220 | 000 | 8222 | Pass 3. ANEAEE AskE 98] AF oW FH
]2~ A TE: A A3, Aglo] WAEX
4 080.60 | D0 | 8063 | Pass AF AUEE AR A Aol A=A
- gtow), & A% 102mmel ol2E F8
5 61.60 0.1 61.55 Pass a3 En AEx PA4ALE yzde A
6 56.60 £0.1 56.56 Pass L3 A AJako] 7l AL 3213t
4 APAES B AF ALS AT AolZ B
7 16.90 0.0 16.92 Pass 1EAEE o A% A A Al 2 B
- o] 110sec® eSS, wabs] 1Y 8AIZF A4k
8 1.40 o 142 Pass Al Z 2 50070 o] AF Aato] Thedl Ak

Aol 9lee selstgr.
52 EA AAL

ANAER AR SAE 98700 sl 9%
FA3 A5 AUE A4S AASAT 9B F4

=
o AnE o]4d WAL} AAF FAAF feko=m 1. Ahn, D. G. Park, S. H. and Kim, H. S,

yul
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