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During injection molding, the cooling process generally consumes more than
50% of the total processing time. Therefore, the cooling efficiency is typically
improved by optimizing the cooling channel arrangement. However, it takes
significant time to optimize and is challenging to apply to mold design. A
quantitative design methodology that efficiently generates a cooling circuit
within a short period was developed. First, a cooling-channel design equation
was derived based on a simulation of the heat transfer process in the mold to
express the relationship between the diameter, depth, and distance of the
cooling channel. Next, the design equation was used to plot a cooling-channel
design graph by applying PP, ABS, PC, and PMMA, materials widely used for

CAE injection molding. Finally, the cooling channel was generated by applying this
graph to the shape of the actual automotive bumper, and the cooling analysis
was performed. The proposed method demonstrates an efficient cooling-channel
design.
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Ejecting
temperature
(©)
60-100
60-100
90-140
70-110

Melting
temperature
(©)
200-300
200-270
270-320
180-260

Mold surface
temperature
(©)
20-100
50-80
85-120
10-80

Table 1 Temperature conditions for PP and ABS

PP
ABS
PC

PMMA
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Table 2 Material data for PP TE-5005, ABS HF 380, PC GN1008RF

and PMMA IH830HF

Polymer
PP ABS PC PMMA Units
G 2580 1970 2061 2240 JIKgK
O 900 1040 1045 1054 Kglm®
e 10.7 17.2 20.4 17.5 s
Trneit 210 230 275 240 T
Tiject 90 70 92 90 T
w 2.5
Mold (S45C)
T, 50 40 75 70 C
K 45 Wimik
Coolant (water)
h 80000 Wim*k
T. 9 | 20 | 70 | eo C
744, 29 A7) 370 FA B UHA] dese FHes
ojgsto] Aeshd A (2)9F Zo] Ued 4 3t
hKpt (T, — T.) _ (ﬂ N hm m) <1, @
PpCp(TmettTeject)  \D ~ 2Kpy

2.2 MA Tafz=o| M

Al (2)5 0|83t A = 7] YA 2o B
Zol Bestuz tghoR Wol A8EE LGHY PP &
TE-5005, ABS % HF 380 1#]o]=¢}, PC 5 GNI100SRF 12
olt, upxjgto 2 LX MMA2] PMMA % TH830HF I1o|=&
743t & Moldflow, 7 2744k} Ag-5h= TDS(technical data
sheet), 18] 31 Menges!""! AH2 2 2a15}0] Alatol] Qs HHE
< Table 20 YERASITE.

Table 29| F55 o185t 4 (2)cfl HiY & A5k
Al (3), ABSE 4] (4), PC& 4] (5), PMMAE 4 (6)& o
& ek 2] $AE st duete] wiD Fol 2791114,

°

gurk 3ol vl g A 4 9k

w
8.682 = (3 +2791.11 x lm) <1, 3)

w
5.931 = (E +2791.11 X lm) X L, “
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Fig. 2 Cooling channel design graph for ABS using equation (3)
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2.930 = (3 +2791.11 X lm) x L, (5)

w
5.582 = (E+ 2791.11 x lm) x L, (6)
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Fig. 3 Cooling channel design graph for PP, ABS, PC and PMMA
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Fig. 4 Automotive front bumper
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Fig. 5 Cooling channel design graph with the restricted area
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Front view
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Fig. 8 Local hot spot area of the product
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Fig. 10 Mold cavity and core surface temperature when the
depth is 70 mm
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Table 3 Cooling analysis results according to the diameter change

Depth | Diameter | Average temperature Standard
(mm) (mm) (C) deviation
210 88.1 11.9
40 020 87.3 12.0
230 86.8 12.0
010 84.5 11.8
70 220 82.9 11.8
230 82.1 11.8

432



Journal of the Korean Society of Manufacturing Technology Engineers 31:6 (2022) 428~434

ot Yol e Sastaa Wk 2 7o) A o] ) 5 7]
%}7_}5;0 5\_1:,_7]- 71—_/,\__?4_1;}. Eq-}\ 7J7§9,] 57].§ o=y 2h=y 1:|:]7\40]

2va v
dape HE AR A o] e 20029 ROt giet A7ElY AL ol 5
o QA 4 B gaEo] YR A7) TR Yot ggoe.

Atz gt
References
3.4 &
_ L . [1] Kwon, T. H., Park, S. J., 1998, Optimal Cooling System Design
£ AN ¥Z32 A7 adzE ol AEadd AN o . ‘
i ) i for the Injection Molding Process, Polym. Eng. Sci., 38:9
HB12E HYHOE MAY 4 Ik PHES AU £

1450-1462, https://doi.org/10.1002/pen.10316.

4 A THES
BIU W o] s 2 o] m2A] AASE & o) E 1A
ol ":'E'J S22 g qlo] meA AAR 5 Sles dst [2] Rhee, B. O., Park, C. S., Chang, H. K., Jung, H. W., Lee, Y. J.,
o =

1 % el =N
o ol Rt Al °= = 2010, Automatic Generation of Optimum Cooling Circuit for
ol
ek Large Injection Molded Parts, Int. J. Precis. Eng. Manuf., 11:3
wzrslz A I Fo o3 XTsk eo

312 AA| o] ARS Fie 2ae HE2 Xud] A 439-444, htps://doi.org/10.1007/s12541-010-0050-z.
ZAF Xus YEARE 97 F FRRELEE FAWINL (31 Choi, J. H,, Choi, S. H,, Park, D. H., Park, C. H,, Choi, D. H., Rhee,
FA (D AQFetgletl 2 AolMes A1) AR S &4 B. 0., 2012, Design Optimization of Injection Mold for
o] 2/3%E il & Aelstod ¥l FHolek 114, 273t Minimizing Temperature Deviation, Int. J. Automot. Technol.,
TANE FEFt o] mf ARREE AAE UHEQl AFEAI ol 13:2 273-277, https://doi.org/10.1007/s12239-012-0024-5.
Wo| AHgEl= PP ABS, PC, PMMAE 7|#0.2 BAAE & [4] Sachs, E., Wylonis, E., Allen, S., Cima, M., Guo, H., 2000,
wsto] Wslz AA aH=E AAsl Production of Injection Molding Tooling ~ with Conformal

W43 2 A7 a9l Ay 343 A4S ¥ S Cooling Channels Using the Three Dimensional Process, Polym.
2 A= FRIx|o] Y7ke] Zlojel 7HARIo 2 TpstA| /3 Eng. Sci., 40:5 1232-1247, https://doi.org/10.1002/pen.11251.
AA 2HZE TS 3L 0]E o]&sto] AlA| AzAte] M AlE [5] Dang, X. P., Park, H. S., 2011, Design of U-shape Milled Groove
o] Agsto] 1 aTE A= A=At Huls PPE AMR S for Conformal Cooling Channels for Plastic Injection Mold, Int.
o] A&=]7]of PPS] WZE2 A Jdj=E o]gsto] & F AHL J. Precis. Eng. Manuf., 12:1 73-84, https://doi.org/10.1007/
o WslRE AAT 5 WA Saetlnt $12541-011-0009-8.

Wzke] 71o] 40 mm, 74 77.8 mmQl A9} Wzkzke] 7lo] [6] Kanbur, B. B., Suping, S., Duan, F., 2020, Design and
70 mm, 7H2 444 mmQl T 7o) Tigt YA Au JFew Optimization of Conformal Cooling Channels for Injection
L 44Capo] LEHAFE= (0.2 Aol2 AA| AFRAY 34 2AS Molding: A Review, Int. J. Adv. Manuf. Technol., 106:7
FFsihd A 7153t Ajol&2 & WAsEs 9ARE UAasS 3253-3271, https://doi.org/10.1007/s00170-019-04697-9.
FIATh B 2 otk [7] Feng, S., Kamat, A. M., Pei, Y., 2021, Design and Fabrication of

wo} Wzkeho] WAL MeAA 1ok Zalo] A=S Aayat Conformal Cooling Channels in Molds: Review and Progress
Azt WA AT} ARR Yo shels] Waksls A 1) Updates, Int. J. Heat Mass Transf., 171 121082, https://doi.org/10.
_-‘;—1_9] }‘\lﬂ}\é% l.—:',:_'?—:!_ _/'\_ 2}19%_]]:]_ 7HE]'§]:1H_ Ho]—t]]j ‘_'% O]%?_H:]"?i %-E-)g 1016/_]1_]heatmasstransfer2021121082
MAAE 3% % 9 A&7 So| WAQAS 1 7o) ot [8] G?O,Z.,DOTlg, G., Tang, Y.,Zhao,Y: F., 2021,MachineLe.:arn.ing
WA ok 7kATH 710l MAshT 2] Esttha ajA Aided Design of Conformal Cooling Channels for Injection
9 2A8l2 I8k AlZF AR Qlo] Aldst Wzks|Z o] AT} Fhs Molding, J. Intell. Manuf., 1-19, https://doi.org/10.1007/s10845-
] 021-01841-9.
iz . . . . .

25 070l B4 I % slolE A= Sy Higko2 o] [91Ko, Y. H.,Kim, D. E., Kim, D. H., Kim, Y. D., Kim, J. S., Kim,

_ _ _ ) J.S,Kim, T.B., Song, J. H,, Lee, J. S., Lee, J. S., Ha, C. W., Cheon,
sk AN ANE WA AA7) ojely) L7t ATjdoR : ‘

_ ) H.P.,2021, 2021 PPURI Industry White Paper, Korea National
%2 oA F2 AGEIE BT AT ZYAZ S412 |
) o Ppuri Industry Center, Korea.
Aelel WRl= A7 2eimo) A8 WIS ©e WY Aslolh

433



Jae Hyuk Choi

[10] Xu, X., Sachs, E., Allen, S., 2001, The Design of Conformal
Cooling Channels in Injection Molding Tooling, Polym. Eng.
Sci., 41:7 1265-1279, https://doi.org/10.1002/pen.10827.

[11] Menges, G., Micaheli, W., Mohren, P., 2001, How to Make
Injection Molds, Third Edition, Hanser Publications, Germany.

[12] Yu, C. J., Sunderland, J. E., 1992, Determination of Ejection

Jae Hyuk Choi

Professor in the Department of Mechanical
Convergence Engineering, Gwangju
University. His research interests are
optimization of injection molding process and

thermoset plastic molding.

Temperature and Cooling Time in Injection Molding, Polym. E-mail: jhchoi@gwangju.ac.kr
Eng. Sci,, 32:3 191-197, https://doi.org/10.1002/pen.760
320305.

434



	사출금형용 직선형 냉각회로의 정량적 설계 방법론 개발
	ABSTRACT
	1. 서론
	2. 본론
	3. 결론
	References


