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ABSTRACT: In industries where manufacturing and assembly operations are to be carried out with a
high degree of precision on a micro scale, precise control and movement of components on a micro scale
are desperately needed. Integrated microgripper mechanisms are used for this purpose. In this paper, a
compliant-based microgripper is designed using multi-objective topology optimization method and the

modification algorithm. Usually, the optimization faces some problems in the designing step of the

structure topology, such as node to node joining rather than the correct joining of the elements, as well ~ Keywords:

as staircase boundaries due to the analysis of the problem with the finite element method. To overcome  Compliant mechanism

these drawbacks, in this paper, the curve fitting method is used to minimize the sum of squared errors Microgripper

in the boundary profile of the structure; meanwhile, the optimized objective functions of the structure S -
. . . . . Multi-objective topology optimiza-

are improved and better results are obtained. Finally, the performance results of the microgripper are
confirmed using the comparison between numerical simulations and empirical tests. tion
Structural boundary modification

algorithm

Experimental test

1- Introduction

Microgripper is one of the tools for high-precision
positioning of the micro specimens with minimal error.
Various methods have been proposed by researchers for
designing compliant mechanisms such as the mechanism
synthesis method [1], and topology optimization [2, 3],
Among these, topology optimization provides a logical, fast,
and efficient approach. For example, in references [4, 5], a
topology optimization method was used for extracting the
conceptual design of the compliant microgripper mechanism.
The extracted conceptual design was not appropriate for
manufact=uring because the topology optimization methods
use finite element, and so, the mentioned conceptual design
should be reformed at its boundaries. In the studies in the field
of preparing the microgripper mechanism for manufacturing
by post-optimization techniques [6, 7], the effect of changes,
which are applied to the mechanism, is ignored.

In the present paper, the existing problems in
manufacturing the conceptual design are resolved through
the use of a new optimal boundary modification algorithm
so that the performance indicators and optimized objective
functions of the structure will be improved. First, the
microgripper’s conceptual design is developed using the
topology optimization method. Then, the new optimal
boundary modification algorithm is applied to prepare the
microgripper for manufacturing. After that, the microgripper

*Corresponding author’s email: aghoddosian@semnan.ac.ir

manufacturing method and testing process will be expressed
and finally, the numerical and empirical results will be
compared.

2- Methodology

In this paper, the conceptual design of the mechanism is
obtained from multi-objective topology optimization. To this
end, the design domain of the mechanism, input and output
forces, and the supports are considered as depicted in Fig. 1.
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Fig. 1. Initial design domain
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Fig. 2. The final design of the microgripper

The structure should be stiff enough to sustain external
loads, so the strain energy of the structure should be reduced
subsequently. Hence, the desired objective function is the
minimization of the strain energy as well as minimization of
the structure volume. For structural strain energy, we have

[8]:

sE =D} [K]{D} )

where, K is the general stiffness matrix and D is the node
displacement vector resulted from fin orce.

In this article, the new structural boundary modification
algorithm is used. For this purpose, the B-spline curve, which
is calculated by minimizing the sum of squared errors, is
fitted to the structure boundary. The innovation proposed in
this article is that during the calculation of mentioned curve,
the objective functions of the optimization problem are
calculated as well; i.e. the sum of squared errors is minimized
besides considering the objective functions values; otherwise,
the structure may deviate from the optimum state after the
boundary modification.

The B-spline curve is extracted from the following
equation [9]:

x(u):iBiNi’k(u) @)
j=0

where B, s the i® ontrol pointn + 1, the number of control
points, and N;, (u)s the basis function of the B-spline curve,
which is defined as follows:

W —1,)N, () N e =Ny W)

0 otherwise

N., u)=
l’k( ) Livpa =1 Livg =iy ®
and
1 if ¢t <uc<t
N[,l(u):{ o o (4)
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Fig. 3. The manufactured microgripper

The sum of squared errors is calculated as follows:
" 2
f =ZHPJ —XWH )
j=0

Therefore, considering Egs. (3) and (6) we will see:

2

f ZZr: L. —iBiN,.’k ;) (©)
z=0 j=0

The optimization of f Eyalue is performed so that the
values of the objective functions (Strain energy and volume
of the structure) are minimized in comparison to the original
values. So the final form of the structure will be as shown in
Fig. 2.

The microgripper is made from 316 Stainless Steel sheets
(Fig. 3).

3- 3. Results and Discussion

By simulating the microgripper in the ANSYS
WORKBENCH analysis software, the input and output
displacements of the jaws can be obtained using finite element
numerical solution and the results are plotted in Fig. 4. As can
be seen in the diagram, there is a good match between the
numerical and the experimental results, and the maximum
error is equal to 7.76 %.

4- Conclusions

In this paper, an optimum conceptual design of the
compliant mechanism of microgripper structure is obtained
using a multi-objective topology optimization method. Due
to the staircase boundaries, the manufacturing process of the
microgripper encounters difficulty. Therefore, using a logical
and systematic approach, the boundaries of the structure were
corrected. To this end, the curve fitting method was used to
minimize the sum of squared errors of the boundary profile
and the optimized objective functions were improved. Then,
the final structure obtained from optimization was constructed
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Fig. 4. Variation of the output displacement for the applied input displacement

from 316 stainless steel sheets and the EDM-Wire cut method
and laboratory tests were performed on it. The results of the
experiments show an appropriate consistency between the
simulation results and the built structure
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Fig. 9. A view of microgripper on the base and screw A
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Fig. 10. Calculating the input displacement value using the microscope digital camera and image processing method
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Fig. 11. Calculating the output displacement of jaws using the microscope digital camera and image processing method
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Fig. 12. Variation of the output displacement for the applied input displacement
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Table 2. Percentage difference between input displacement versus output displacement - Experimental testing and
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Fig. 13. Contour plots of the microgripper - (a) Total deformation plot - (b) Von-Mises stress plot

G5 dx —F ilee 59,50 (LSS 4 by e alnlr

YA

oS 5,5 o5l calisee Ll 45 i ke VY -0 S o



YYV BYVEY docio NFre Jlo o&F ojlad @Y 093 (pnS ol Sl cuwines 4y i

[2] P. Dario, M.C. Carrozza, A. Benvenuto, A. Menciassi,
Micro-systems in biomedical applications, Journal of
Micromechanics and Microengineering, 10(2) (2000) 235.

[3] A. Alogla, P. Scanlan, W. Shu, R. Reuben, A scalable syringe-
actuated microgripper for biological manipulation,
Procedia Engineering, 47 (2012) 882-885.

[4] Y. Zhang, Y. Yu, Z. Zhang, X. Zhang, Structure and Design
of Microgrippers: A Survey, in: 2017 2nd International
Conference on Cybernetics, Robotics and Control (CRC),
IEEE, 2017, pp. 139-143.

[5] P. Zhang, W. GUO-ying, Y.-L. HAO, Z.-j. LI, Development
of microgripper technology [J], Optics and Precision
Engineering, 3 (2000) 292-296.

[6] L. Saggere, S. Kota, Synthesis of planar, compliant four-bar
mechanisms for compliant-segment motion generation,
Journal of Mechanical Design, 123(4) (2001) 535-541.

[7] A.E. Albanesi, V.D. Fachinotti, M.A. Pucheta, A. Cardona,
Synthesis of compliant mechanisms for segment-motion
generation tasks, Mecanica Computacional, 26 (2007)
2919-1930.

[8] L.L. Howell, Compliant mechanisms, John Wiley & Sons,
2001.

[9] M.P. Bendsge, O. Sigmund, Topology optimization :
theory, methods and applications, Springer, Berlin [u.a.],
2003.

[10] V. Megaro, J. Zehnder, M. Bacher, S. Coros, M.H. Gross,
B. Thomaszewski, A computational design tool for
compliant mechanisms, ACM Trans. Graph., 36(4) (2017)
82:81-82:12.

[11] S. LinB3, S. Henning, L. Zentner, Modeling and design
of flexure hinge-based compliant mechanisms, in:
Kinematics, IntechOpen, 2019.

[12] L. Yin, G. Ananthasuresh, A novel topology design
scheme for the multi-physics problems of electro-
thermally actuated compliant micromechanisms, Sensors
and Actuators A: Physical, 97 (2002) 599-609.

[13] O. Sardan, D.H. Petersen, K. Mglhave, O. Sigmund, P.
Boggild, Topology optimized electrothermal polysilicon
microgrippers, Microelectronic Engineering, 85(5) (2008)
1096-1099.

Yy

ol yo GBI slajre oy bdo @ Ll ol onye 5 b
LI b aals s5s Sy See <l anlp ead oLl
ol sl s el ojle slas e ilaie by, ol ool
Slagyo sllaz Jlas (3giaieaS sl (oo (515 Ubs, pskate
23,5 (g2 &5 IS 4 235 13 eolitul 590 03l jpe b9 n
3 D5 00ld Sgnp iy )T 9,5 odddigs ojle Bus mile U
Lo | 55 S sy o3l el (e D30 al
g Jya VAl alox R Yl SRR 20,5 b A
Sl 6ln 1) 59,50 p3le Dl (B Jloel b wlodges
Sl s pl Lawgs sadolul OLSG pgar o Ll anles ooll
cel Ol ol Cal (Sew aSTy> sl oaels L 4 Joo
Sratld osi by dne Sl 5l 50 55,50 osle B0
Sy w93 4 SlSE ol dlie cpl o Ll wgd ol g0 Sles
Sloslaiul b oles oadiaigs o5l calsl jo el ais § 18 sl
Slarygesl cou g ol asle Sl ply gy 9 YVE S5 oo oY
@l b s chllas snslowny o8 @l (285 J1E 020

W5l goae gjlwds

podle Cow 548
(Sl e
Josus g5 SE
m’ (x>
N/m . J5 chw il K
m glS obuls s, D

Nes9g,9 9 £,

&S bk el Bi

B-spline i~ b & N,
S slate S bl shas

B-spline > pli X(4)

S

&b
[1] S. Nah, Z. Zhong, A microgripper using piezoelectric

actuation for micro-object manipulation, Sensors and

Actuators A: Physical, 133(1) (2007) 218-224.



YYVe U YYFY daxbo MY o JL..J A b)Lo..:l QY 0y9d ;).:..5).:.91 «&u&n L;""'“\“‘Q(" A_v).u.u

[19] R. Bharanidaran, T. Ramesh, A modified post-processing
technique to design a compliant based microgripper with a
plunger using topological optimization, The International
Journal of Advanced Manufacturing Technology, 93(1-4)
(2017) 103-112.

[20] R. Ansola, E. Vegueria, J. Canales, J.A. Tarrago, A
simple evolutionary topology optimization procedure for
compliant mechanism design, Finite Elements in Analysis
and Design, 44(1) (2007) 53-62.

[21] ER. David, J.A. Adams, Mathematical elements for
computer graphics, McGraw-Hill International, (1990).

[22] P-S. Tang, K.-H. Chang, Integration of topology and
shape optimization for design of structural components,
Structural and Multidisciplinary Optimization, 22(1)
(2001) 65-82.

[23] K. Shrivastava, S.S. Joshi, Design and development of
compliant microgripper-based assembly station, in: ASME
2016 International Mechanical Engineering Congress and
Exposition, American Society of Mechanical Engineers

Digital Collection, 2016.

[14] A.N.Reddy,N. Maheshwari, D.K. Sahu, G. Ananthasuresh,
Minijature compliant grippers with vision-based force
sensing, Robotics, IEEE Transactions on, 26(5) (2010)
867-877.

[15] R. Horstmann, L.K. Ardi, G.P. Rehder, E.C. Silva, M.N.P.
Carreno, Development of ETM microgrippers using
Topology Optimization, in: Microelectronics Technology
and Devices (SBMicro), 2014 29th Symposium on, IEEE,
2014, pp. 1-5.

[16] J. Liang, X. Zhang, B. Zhu, Nonlinear topology
optimization of parallel-grasping microgripper, Precision
Engineering, 60 (2019) 152-159.

[17] B. Zhu, X. Zhang, H. Zhang, J. Liang, H. Zang, H. Li, R.
Wang, Design of compliant mechanisms using continuum
topology optimization: A review, Mechanism and Machine
Theory, 143 (2020) 103622.

[18] R. Bharanidaran, T. Ramesh, Numerical simulation and
experimental investigation of a topologically optimized
compliant microgripper, Sensors and Actuators A:

Physical, 205 (2014) 156-163.

Eng., 53(4) (2021) 2261-2270.
DOI: 10.22060/mej.2020.17318.6576

E. Hasanabadi, A. Ghodoosian, A.A. Nikoobin, new optimal structural boundary modification
algorithm in the multi-objective topology optimization of microgripper, AmirKabir J. Mech

o2 glo | Alio ol &y dig

YV



