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Platen Weight Reduction Design of Extruder Using Topology
Optimization Design
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Abstract

In this study, the weight of the platen was reduced using the structural strength analysis and topology optimization design
of the extruder by finite element analysis. The main components of the extruder such as the stem and billet, were modeled,
and the maximum stress and safety factor were verified through structural strength analysis. Based on the results of the
structural strength analysis, the optimal phase that satisfies the limitation given to the design area of the structure and
maximizes or minimizes the objective function was obtained through a numerical method. The platen was redesigned with a
phase-optimal shape, the weight was reduced by 40% (from the initial weight of 11.1 tons to 6.6 tons), and the maximum

stress was 147.49 MPa safety factor of 1.86.
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Fig. 1 Components of an extruder

Fig. 2 Finite element modeling of extruder

Table 1 Material properties of platen

Part Platen

Material SF55

Modulus of elasticity (GPa) 200
Poisson's ratio 0.32
Density (kg/m® 7850

Yield stress (MPa) 275
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Fig. 7 Von-mises stress of main cylinder housing
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Fig. 8 Von-mises stress of platen
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Table 2 Results of structural strength analysis

Part Von-mises stress Safety
(MPa) factor
Stem 1152.5 1.12
Housing 163.0 2.76
Platen 128.6 2.14
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Table 3 Results of structural strength analysis

Thickness \Von-mises Weight Safety
reduction rate stress (MPa) (ton) factor
0% 128.6 1.1 2.14
5% 128.8 10.8 2.14
10% 148.5 10.2 1.85
15% 170.4 9.7 1.61
20% 208.8 9.1 1.32
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(a) Stress at 5% thickness reduction
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(b) Stress at 10% thickness reduction
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(d) Stress at 20% thickness reduction

Fig. 9 Von-mises stress for thickness reduction rate
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[l Design Region: Topology
[l Exclusion Region

Fig. 11 Topology optimization region of platen

X

(b)Removed region

(a)Retained region

Fig. 12 Topology optimization model of platen
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Fig. 13 Structural strength analysis result of topology
optimized model
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Table 4 Results of structural strength analysis

\on-mises
stress (MPa)

Weight
(ton)

Safety

Model
factor

Original 11.1 128.6 2.14

Topology 6.6 147.4 1.86

o
chi
ol
a‘% o
N Sk
—
[}
R
o
o =
= olo
TLw
ok o,
o X to %
Bow o
Bfts i j{i i1t
B e o
o g M
o
ﬁlu:‘ e >
o jaE)
i, iﬁf -+
BN

N

il
N
X
[EEN
)
=
[E=Y
a1
S
N
2
X
i
N
2
-
x
L

=

= ofo

oo )

S o B b

=3 ]S A R %vﬂg—
208.8MPa = Hu] &Ho] 7]&
5#%“4

Aol Tom AT 2AE FEATY BAGE
§ AAANA ALHAE A% ATE $A9

2 ZdEs QA
ol A 6.6ton ©. = 40% 72k
2 —8— 147.49MPa & 7]Z9] Za}dl
SH2 oF 15% 715 AL St AIFE 1.86 &



308 Hed - AAS - olHYd - ok} - o) E - A

G Ao vgetA e,

a7l 4E PP X How Tehle T
29 W w9 AH 4A JHen Ay
ARG W AE Wl o B mEe Aot
29 2 AL FES wEAAT

(o
=2
1o
e
re
-
o >
=
[\®)
S
2
(=]
\O
(98]
g
NG

REFERENCES

[1] M. G. Lee, J. M. Kim, M. J. Jo, C. D. Cho, 2009,
Structural Analysis and Evaluation on the Durability
and Safety of Extrusion Press, Trans. Kor. Soc. Mech.
Eng, Vol. 2009, No. 5, pp.376~381.

[2] Y. Qiu, S. C. Park, H. Y. Cho, 2020, Predictions of
Forming Limits in Cold Open-Die Extrusion Process
using FEM, Trans. Kor. Soc. Mech. Eng, Vol. 44, No. 6,
pp. 435~441.
https://doi.org/10.3795/ksme-a.2020.44.6.435

[3] D. H. Song, Y. B. Park, M. E. Kim, 2000, Comparison
between Forward Extrusion and Upsetting Process for
Preform with Stepped Shape, Proc. Kor. Soc. Tech.
Plast. Conf, Vol. 2000, No. 10, pp. 82~85.

[4] K. W. Kim, Y. T. Kim, S. J. Lee, W. J. Kim, H. Y. Cho,
2008, Process Design for Forward and Backward
Extrusion of Asymmetric Parts using FEM, J. Ind. Sci.
Tech. Inst, Vol. 22, No. 1, pp. 69~74.

[5] H. J. Park, D. J. Yoon, K. H. Na, N. S. Cho, 1993,
Hydrostatic Extruder Development, Proc. Kor. Soc.
Tech. Plast. Conf, Vol. 1993, No. 4, pp. 44~49.

[6] G. H. Yoon, 2010, Maximizing the fundamental

o,

4 . s

M

- A

A

LS|
a

eigenfrequency of geometrically nonlinear structures

by topology optimization based on element connectivity
parameterization, Comput. Struct, Vol. 88, pp. 120~133.
https://doi.org/10.1016/j.compstruc.2009.07.006

[71 I. H. Kang, S. H. Choi, 2019, Light weight Design of
Aluminum Piston by Using Topology Optimization,
Kor. Soc. Automot. Eng, Vol. 2019, No. 5, pp. 176~178.

[8] D. H. Lee, M. S. Park, Y. C. Kim, T. H. Baek, 2022,
Wheel Structure Design by Finite Element Topology
Optimization Method, J. Kor. Soc. Mech. Tech, Vol. 24,
No. 1. pp. 66~71.

[9] R. J. Yang, A. I. Chahande, 1995, Automotive
Applications of Topology Optimization, Struct. Optim,
\ol. 9, pp. 245~249.
https://doi.org/10.1007/bf01743977

[10] J. Fukushima, K. Suzuki, N. Kikuchi, 1992, Shape and
Topology Optimization of a Car Body with Multiple
Loading Conditions, SAE Paper, No. 920777.
https://doi.org/10.4271/920777

[11] G. Chiandussi, I. Gaviglio, A. Ibba, 2004, Topology
Optimization of an Automotive Component Without
Final Volume Constraint Specification, Adv. Eng.
Software, Vol. 35, pp. 609~617.
https://doi.org/10.1016/j.advengsoft.2003.07.002

[12] H. Fredricson, 2005, Topology Optimization of Frame
Structures - Joint Penalty and Material Selection, Struct.
Multidiscip. Optim, Vol. 30, No. 3, pp. 193~200.
https://doi.org/10.1007/s00158-005-0515-3

[13] G. W. Jang, M. S. Yoon, J. H. Park, 2010, Lightweight
Flatbed Trailer Design by Using Topology and
Thickness Optimization, Struct. Multidiscip. Optim,
\ol. 41, No. 2, pp. 295~307.
https://doi.org/10.1007/s00158-009-0409-x

[14] H. J. Kim, M. H. Heo, C. W. Han, S. H. Park, 2017,
Design of Aircraft Heat Exchanger Manifold using
Topology Optimization, Trans. Kor. Soc. Mech. Eng,
Vol. 2017, No. 11, pp. 1784~1787.





