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TOPOLOGY OPTIMIZATION FOR SLIDER-CRANK MECHANISMS
BASED ON MICROPOLAR ELASTICITY

WNE FERAED, (L S48

Yurika SAYO and Takayuki YAMADA

The slider-crank mechanism plays a crucial role in various mechanical systems, converting
rotational motion into linear motion and vice versa. This mechanism, comprising multiple
links, offers versatility in applications such as creating intricate strokes and incorporating
adjustment mechanisms. However, manually designing the part layout and dimensions
for desired functionality can be challenging. This study introduces a comprehensive op-
timization approach to determine the number, dimensions, and link structure within a
slider-crank mechanism using topology optimization techniques. The linkage mechanism
is represented as a topology-optimizable continuum, utilizing micropolar elasticity with
independently definable bending and tensile deformation properties. The topology opti-
mization problem is then formulated to enable the slider to produce the desired stroke
curve using the proposed model. The proposed multi-material model is defined by the
design variables of the Solid Isotropic Material with Penalization (SIMP) method, and
the optimization problem is solved by a gradient-based optimization algorithm. Finally,
we validate the effectiveness of this method through numerical examples.

Key Words: Topology optimization, Slider-crank mechanism, Link mechanism, Microp-

olar elasticity, Mechanism synthesis
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(a) Link mechanism under tensile load.
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(b) Link mechanism under bending
load.
Fig.1 Deformation characteristics of the link mechanism.
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(b) Micropolar elasticiy model under tensile load.
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Fig. 2 Deformation characteristics of the micropolar elas-

ticity model.
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(b) Design domain for topology optimization of a
linkage mechanism.

Fig.3 Problem definition.
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Fig.5 Problem setting for numerical examples.
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Table 1 Parameters for each case in the numerical example.

0 [rad] @ [rad] A [m]
Case 1l | 0 0 0.25
Case2 | & 0 0.25
Case 3 | 0 : 0.25
Case 4 | 0 0 0.15

6. &8
AR TIE, ~4 70 R-FHMEERICE 2D v 7 EEDR
HUEFNEEBATEIETRAIAR-27 7% Ko
VR T A TIEEREE L. BoRAEEMUTIORT.
o SRR L i TR R O ICERATRER~ A 7 B R —
FHERD 2 MBI ET VR WS T, VY B
MRy —REbAT RS A TRl T 2 E A Tk
R,
o BEEFNLEHAVTATIAXVHED R + v — 7 iR
BYBREIBRATAR-I 5 ERRIT 20D
PR Y -RECHEEERM L. AT X ERT
HEB DB FUER) 71 & BE R AEN R AN S
T, DRI 4 X T 2 HHEDOMREZIT-
7o BWBEEWE, HAEMOREREE v v 7
DOFTAIAINF—DOEAEAEH WL
o SIMP JEIZH S WTIREE T L DMK 9 % K 5 %E
EREHFREL, ZORELT VY XLEMBEL K.
o RFERIC K 2 HUEMMGIZRL, HIEROZY LM
FL ASAXDOAE, R o— 7 hRoIRE, i
MoRL 2 BEZHLEICN LT, HHENHEYZEE
DATAR-7 7 v e RELCEYE R,
MHER T E 7=,
AREFFRTIE, ET VOB ERITo72720, Bo0b
2574 XDA +u— 7 I IEKEBRICRE XN, 5%



%

(a) Case 1.

/

(b) Case 2.

(c) Case 3.

(d) Case 4.
Fig.6 Optimal distribution.

IR IC D SR ETS e TE O MR A b —
MR EH AT 2B ERGICE R IR TES. £, A
MEETIE1IDDEE —F, 1 DDA T A4 X\ BERE
WA UBERRT G R R L 72A3, o RO X S RERDR S
A RO T 2 RELBENDINEDEZ 6N 3.
BB, KK TE S NI REMEICBT 2 Y ¥ 7 Mrhidh i
MR © X B R 2R R R o~ 4 7 n R — SRR
TH370, EBOFRITHWEREEOEHOEIIZONT
SHBRERIMEPIRETHZ2EZONS.

7. BiEE
ARIFFED—FE, JST BIFMZE X REH (JPMIFR202])
DEEEZTE L.

BE X

(1) Moteki, K., Aoyama, S., Ushijima, K., Hiyoshi, R.,
Takemura, S., Fujimoto, H., and Arai, T.: A study

of a variable compression ratio system with a multi-

7 7

Fig.7 Kinematic diagram of optimal distribution for Cases
1-4.

link mechanism, SAE Technical Paper, 2003-01-
0921(2003)

(2) Hsieh, W. H., and Tsai, C. H. : On a novel press system
with six links for precision deep drawing, Mechanism
and Machine Theory, 46.2(2011), pp. 239-252.

(3) /MR Ed, SEM ER HT L WAIEERL T > o bR
DS - BFE (58 1, ATEREMLD > ¥ UK
Fiths X ORRED , HARWY R CE, 84.860(2018),
17-00372.

(4) Kang, S. W., and Kim, Y. Y.: Unified topology and
joint types optimization of general planar linkage mech-
anisms, Structural and Multidisciplinary Optimization,
57.5(2018), pp. 1955-1983.

(5) Vanpaemal, S., Asrih, K., Vermaut, M., and Naets, F.:
Topology optimization for dynamic flexible multibody
systems using the Flexible Natural Coordinates Formu-
lation, Mechanism and Machine Theory, 185(2023),
105344.

6) /N BEFIAE, W A& KDY — Rk
A4 7R HUEDEZFTITESS Y VoK
MoMERE, HABWEEZWXE, DOL
https://doi.org/10.1299 /transjsme.23-00082

(7) Eringen, A. C.: Linear theory of micropolar elasticity,
Journal of Mathematics and Mechanics, 15.6(1966),
pp. 909-923.

(8) Gauthier, R.D., and Jahsman, W.E.: A quest for mi-
cropolar elastic constants, Journal of Applied Mechan-
ics, 2.2(1975), pp. 369-374.

(9) Lakes, R.: Experimental methods for study of Cosserat
elastic solids and other generalized elastic continua, In:
Miihlhaus, H. (ed.) Continuum models for materials
with microstructure, (1995), Wiley, New York, Ch.1,
pp. 1-25.

(10) Pederson, C. B. W., Buhl, T., and Sigmund, O.: Topol-

=

ogy synthesis of large-displacement compliant mecha-
nisms, International Journal for Numerical Methods in
Engineering, 50.12(2001), pp. 2683-2705.

(11) Nam, S. J., Jang, G. W., and Kim, Y. Y.: The
Spring-Connected Rigid Block Model Based Automatic

Synthesis of Planar Linkage Mechanisms: Numerical



Issues and Remedies,
134.5(2012)7 051002.
(12) Bendgse, M. P., and Sigmund, O.: Material interpola-

Journal of Mechanical Design,

tion schemes in topology optimization, Archive of Ap-
plied Mechanics, 69(1999), pp. 635-654.
(13) Svanberg, K.:

a new method for structural optimization,

The method of moving asymptotes—

Interna-
tional Journal for Numerical Methods in Engineering,
24.2(1987), pp. 359-373.

(14) Lazarov, B. S., and Sigmund, O.: Filters in topology
optimization based on Helmholtz-type differential equa-
tions, International Journal for Numerical Methods in
Engineering, 86.6(2011), pp. 765-781.

(15) Hecht, F.: New development in freefem++, Journal of
Numerical Mathematics, 20.3—-4(2012), pp. 251-265.

Displacement of the slider [m] Displacement of the slider [m] Displacement of the slider [m]

Displacement of the slider [m]

0.2

0.1

0.0

-0.1

-0.2

0.2

0.1

0.0

-0.1

-0.2

0.2

0.1

0.0

-0.1

-0.2

0.2

0.1

0.0

-0.1

-0.2

—— generated path
o precision points

0 1 2 3 4 5 6
Angle of the crank [rad]

(a) Case 1.

—— generated path
o precision points

2 3 4 5 6
Angle of the crank [rad]

(b) Case 2.

—— generated path
o precision points

0 1 2 3 4 5 6
Angle of the crank [rad]

(c) Case 3.
—— generated path
o precision points
0 1 2 5 6

3 4
Angle of the crank [rad]

(d) Case 4.

Fig.8 Stroke curve of slider with optimal structure.




Table 2 Deformation and distribution of micro-rotation in Case 1.
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