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This study presents a novel protocol to enhance the structural optimization design,
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size while enhancing performance. Therefore, next-generation technologies will
necessitate innovative techniques such as additive manufacturing and design
Ke?’ wor ds: optimization to improve part performance. Additive manufacturing has revived
Kriging mOde_l o interest in structural optimization technology. However, most companies remain
Topology optimization hesitant to adopt new and optimized designs owing to their unfamiliarity with the
User friendly design design process and fear of failure stemming from unforeseen variables. Hence,
Heat removal system the protocol proposed in this study offers user selection options based on
parametric optimization using machine learning models while incorporating
existing validated designs. The expected feasibility function (EFF) provides a
guide aligned with specified thresholds, such as design constraints. Topology
optimization, utilizing the initial design selected in the previous step, can

advance the optimization of engineering products familiar to users.

1.M & off wk2} ol2igt o] tiet 2771 BET AR . olell A
o %5 S gistol AEAA HZPAIN Holt 34 A
T Ut A ARlEokol M AES) 43t 9 /sl FAIR E ARAEA TIed =0l AL gl FAlot
gk Q47F sl ok tiEAQ o= A7IAEAR] A 71 ASAIR 7lee VIR AR FHeRE 1Y Ebs d4E
29| Yo7ls ABAHT 0 5 U Be do] st mEe] AT 4 Ut UL 23 Atk 34 434 71¢ F )
A4S FgA0= AAS= AlA"o0] Aodt AYojtl!l g4 PBF(powder bed fusion)= HEZ#]0|E(build plate)ol] A =
QY= A7IAEA R ot N, 2R Y =4 o 2l xE 3o HojAE YA oR 2ARsle] 2Yshs YRR
2E] 5 ot Ao Aokl Q7T ol Al e A APRReIM HE tlEAos AEE N gl 7lgoln
o P B8R A AR, 55 AlES & AT AEHAEA THe fFaasiMe Tter FRE9] AR

* Corresponding author. Tel.: +82-42-868-7760
E-mail address: yeoulsong@kimm.re.kr (Yeo-Ul Song).

215


https://crossmark.crossref.org/dialog/?doi=10.7735/ksmte.2023.32.4.215&domain=http://journal.ksmte.kr/&uri_scheme=http:&cm_version=v1.5

Yeo-Ul Song et al.

Aslo|A A9 Hegs ¥ 4 J= H9

vt 71Ee] ATAR] 1AV
ge T3] ol A|opol Ut
g FHE 7S FoER SR A At
Feadete @ 4 AT oleh Fisto] Al
3 e e Bgol oisl 1 AAAE A
T3 QITH T2t AR Alof|Afe) =

o o3t VI A A Abe tiF-E ARAlA s
7FA7E Molu7he 1 ARl A At R AR Fokel
A8l td AAolth. wehA B Atolae AAl el A
B7Fsde nEd HHAA 15 ZRESS AdTh 27 &
m|<lell oAl R AALA EJE agstol, At RES
&2 %ﬁi}ﬂ FEE 712 e AlFell 483
AAsEAT. A FASkE melo] tish A

=i}
=

ogl oflt

o

A&

2l

2.1 YIAEMMA 7| =
B o] A7t El= BREL
)= s|EAAR HASHITH Y. 5

o

=2

«—Fin number

R1 g tilt angle

Heat flux

Fig. 1 Heat sink model

216

Table 1 Shape parameters of heat sink

Component Min Max Unit

Fin number 8 16 ea

Fin length 10 20

Fin tilt angle 0 20

Fin thickness
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Fig. 3 Kriging model with 150 initial samples
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Fig. 4 Kriging model with additional 200 samples
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Fig. 5 Option 1 : Optimized design from parametric optimization
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Fig. 6 Option 1 : Topology optimization result
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V=28880 mn*, Tmax =~60°C

Fig. 7 Option 2 : Optimized design from parametric optimization

V=15656 mw', Tmax =~53°C

Fig. 8 Option 2 : Topology optimization result

S Ewlelo] A4 Ash 49 A0S Uehim, Hrjewst o

S4C 4202 Pus A8t WALTRAS ASIE RS g

F42 242§ 718 S1gHAst At 28,995 mm’ A 17,167

MO 27] B3)9] 40% $E02 AL B AFolA A

Mt ZREZS 7|WOR AARY] St A WieE 1HT 4

U=, 27] Yol S A

SgFAstel 5 HARPAAL 2 5 Yk PRI ¢
A

M A aF271E SS9

2 AFolM = AA AR A8
e AL FRIAARY ZREF EEE SP3BT AlFe
9]

=
esist] wE g Azx7ieqd

_,,
X
fo
N

N
\r
ol
i)
ui(<l
10
o
iTte
ox
el
10

R EL R e
uA 710 A3 EYL Astol, HH 2ET 3 AN
gAY QAL WSt S TFUT B ATOINE R
F2 2 U2 71719 B A2 SRS HE o2
HesteT DHAQ SEAE B4 We 550l AN 4
sk, o st Hlolelg ol§tel mAlely sl el w
g FESGT. 27 RS HFOR MA RTEAS WS
L g =) 9ol 2Estol AEAIA ABTORA 271
AEHAS A2 JAYHAA 27] =S AFRATF Hee
% oitk # SoIA] WG A5l 28 8glo] H F2ge] B
#g Z7keke Wiro 2] Evielo] AlQHEL: 0|2 Higos
ARHAUAS B me] FPe Y H5IUNE 9L 4
g oAIS Fol sttt olelat HE e gAY A
9g NIRoRM FEHIARE BT ANE 4G BEE B
o] H53te} Az 7% A FBS V0T 4 Yrk

z 7

e RIS ETAT) Y AdeR =7 Ad T+
71 712AH (NK242)) 3 AT L Bl AA7] a0
TAFRY(2021M3D1A2047721)2] A|9dE& of 4343t 1419 2

>
>
r

References

[1] Wang, X., Li, B., Gerada, D., Huang, K., Stone, 1., Worrall, S.,
Yan, Y., 2022, A Critical Review on Thermal Management
Technologies for Motors in Electric Cars, Appl. Therm. Eng.,
201 117758, https://doi.org/10.1016/j.applthermaleng.2021.
117758.

[2] Michelin, n.d., viewed 01 July 2022, <https://www.michelin.
com/en/activities/high-tech-materials/3d-printing/>.

[3] Bandyopadhyay, A., Traxel, K. D., 2018, Invited Review
Article: Metal-additive Manufacturing—Modeling Strategies
for Application-optimized Designs, Addit. Manuf., 22 758-774,
https://doi.org/10.1016/j.addma.2018.06.024.

[4] Prathyusha, A. L. R., Babu, G. R., 2022, A Review on Additive
Manufacturing and Topology Optimization Process for Weight

219



Yeo-Ul Song et al.

Reduction Studies in Various Industrial Applications, Materials
Today: Proceedings, 62 109-117, https:/doi.org/10.1016/
j-matpr.2022.02.604.

[5] Han, Z., Wei, K., 2022, Multi-material Topology Optimization
and Additive Manufacturing for Metamaterials Incorporating
Double Negative Indexes of Poisson’s Ratio and Thermal
Expansion, Addit. Manuf., 54 102742, https://doi.org/10.1016/
j-addma.2022.102742.

[6] Lei, T., Alexandersen, J., Lazarov, B. S., Wang, F., Haertel, J. H.
K., Angelis, S. D., Sanna, S., Sigmund, O., Engelbrecht, K., 2018,
Investment Casting and Experimental Testing of Heat Sinks
Designed by Topology Optimization, Int. J. Heat Mass Transf.,
127  396-412,  https://doi.org/10.1016/j.ijheatmasstransfer.
2018.07.060.

[7] Chen, F., Wang, J., Yang, X., 2022, Topology Optimization
Design and Numerical Analysis on Cold Plates for Lithium-ion
Battery Thermal Management, Int. J. Heat Mass Transf., 183
122087, https://doi.org/10.1016/j.ijheatmasstransfer.2021.
122087.

[8] Ahmed, H. E., Salman, B. H., Kherbeet, A. Sh., Ahmed, M. L.,
2018, Optimization of Thermal Design of Heat Sinks: A
Review, Int. J. Heat Mass 118  129-153,
https://doi.org/10.1016/].ijheatmasstransfer.2017.10.099.

[9] Bruns, T. E., 2007, Topology Optimization of Convection-

Transf,,

dominated, Steady-state Heat Transfer Problems, Int. J. Heat
Mass Transf., 50:15-16 2859-2873, https://doi.org/10.1016/
j-ijheatmasstransfer.2007.01.039.

[10] Tadayoshi, M., Atsushi, K., Tsuguo, K., 2019, Topology
Optimization for Thermal Stress Reduction in Power
Semiconductor Module, Struct. Multidiscipl. Optim., 60
2615-2620, https://doi.org/10.1007/s00158-019-02341-4.

[11] Sacks, J., Welch, W. J., Mitchell, T. J., Wynn, H. P., 1989,
Design and Analysis of Computer Experiments, Statist. Sci.,
4:4 409-423, https://doi.org/10.1214/ss/1177012413.

[12] Lophaven, S. N., Nielsen, H. B., Sendergaard, J., 2002,
DACE-A Matlab Kriging Toolbox, version 2.0, Technical
University of Denmark, DTU, 34, <http://www2.imm.
dtu.dk/pubdb/pubs/3213-full.html>.

[13] Bichon, B. J., Eldred, M. S., Swiler, L. P., Mahadevan, S.,
McFarland, J. M., 2008, Efficient Global Reliability Analysis
for Nonlinear Implicit Performance Functions, AIAA journal,
46:10 2459-2468, https://doi.org/10.2514/1.34321.

[14] Lee, J. B., Kim, H. J., Kim, D. K., 2017, Thermal Optimization

220

of Horizontal Tubes with Tilted Rectangular Fins under Free
Convection for the Cooling of Electronic Devices, Appl. Sci.,
7:4 352, https://doi.org/10.3390/app7040352.

[15] Bendsge, M., Sigmund, O., 1999, Material Interpolation
Schemes in Topology Optimization, Arch. Appl. Mech., 69
635-654, https://doi.org/10.1007/s004190050248.

[16] Fawaz, A., Hua, Y., Corre, S. L., Fan, Y., Luo, L., 2022,
Topology Optimization of Heat Exchangers: A Review,
Energy, 252 124053, https://doi.org/10.1016/j.energy.
2022.124053.

Yeo-Ul Song
Senior Researcher in Korea Institute of

3

Machinery & Materials. Her research
interests are Computer-aided Engineering
and Structural Optimization.

E-mail: yeoulsong@kimm.re.kr

-,
-

Byeong Uk Song
Ph. D. Candidate in the Department of
Mechanical Engineering, Korea Advanced

»

Institute of Science and Technology. His
research interest is Optimization with
Additive Manufacturing.

E-mail: busong@kaist.ac.kr

=
-

Min-Kyo Jung

Senior Researcher in Korea Institute of
Machinery & Materials. His research interest
is Design for Additive Manufacturing by
using FEM.

E-mail: mkjung@kimm.re kr

Taeho Ha

Principal Researcher in Korea Institute of
Machinery & Materials. His research interest
is Additive Manufacturing Process and
Equipment Development.

E-mail: tachoha@kimm.re.kr

Pil-Ho Lee
Senior Researcher in Korea Institute of
Machinery & Materials. His research interest

is Process and System Development of

Additive Manufacturing System.
E-mail: pilho lee@kimm.re.kr




	부품성능 극대화를 위한 작동환경 반영 단계적 구조최적설계 프로토콜 개발
	ABSTRACT
	1. 서론
	2. 단계적 최적설계 프로토콜 구축
	3. 결과 및 고찰
	4. 결론
	References


