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Elastostatic Modeling and Optimal Design-of Rhombic Compliant Mechanism
Mohammad Saeed Erami Motlagh Armaki, Hamed.Ghafarirad,, Afshin Taghvaeipour, Pouya Firuzy Rad
Department of Mechanical Engineering, Amirkabir University of Technology, Tehran, Iran

Abstract

Compliant mechanisms are designed and used for precise positioning and amplification of piezoelectric
actuators Due to their integrated structure. Modeling the kinematic behavior of these mechanisms has
challenges due to their continuous structure and elastic deformation. This article presents a structural
matrix-based method called the elastostatic method for static modeling of compliant mechanisms. The
innovation of elastostatic modeling reduces calculations by approximating rotation and small
displacement. The main goal of this research is to design and optimize the rhombus flexible mechanism
using elastostatic modeling. This mechanism is optimized in such a way that,in“addition topositioning, it
has high magnification and low input stiffness. The rhombus mechanism has an integrated and simple
structure and is used for micron positioning and piezoelectric actuator amplification. In this research, the
rhombus mechanism has been modeled using the elastostatic method, and its dimensions have been
optimized according to the parameters of the mechanism; For this purpose, it is necessary to.check_the
modeling error. The modeling error is compared with simulation in finite element Software and
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experimental results. The results show that the modeling used to design the rhombus mechanism have a
1.5%:-error compared to experimental results.

Keywords: elastostatic modeling, compliant mechanism, rhombic mechanism, optimization, mechanism
design
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Fig. 1 Forces applied to the flexible joint
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Fig. 2 Approximation of small displacement and rotation assumption
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Fig. 3 Node numbers and links of the rhombussmechanism
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Fig. 4 Meshing ofthe rhombus mechanism in finite element software
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Table 1 Material properties and geometric parameter values of the rhombus mechanism for
software simulation
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Fig. 5 Dimensions of the rhombus mechanism
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Fig. 6 Finite element analysis of the rhombus‘mechanismand investigation of the rigid behavior of
thick links
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Fig. 7 Displacement amplification ratio diagram with respect to link angle using elastostatic modeling, formula
(15), and finite element method
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Fig. 7 Displacement amplification ratio diagram with respect to link angle using elastostatic
modeling, formula«(15), and finite element method
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Fig. 7 Displacement amplification ratio diagram with respect,to link angle using elastostatic modeling, L 3:las
formula (15), and finite element method
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Fig. 8 Investigation.ofthe effect of elastic modulus on the displacement amplification ratio
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Fig. 9 Stiffness of the rhombus mechanism with respect to link angle by finite-element and
elastostatic methods
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Table 2 Comparison of parameters of the rhombus mechanism considering a thickness of 0.6 mm
for elastic links
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Table 3 Comparison of parameters of thear-hombus mechanism considering a thickness of 0.8 mm
for elastic links
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Fig. 10 Method of cannecting the experimental components
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Fig. 11 Placement of the sensor in front of the mechanism
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Fig. 12 Signal applied to the piezoelectric
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Fig. 13 Input and output displacement of the mechanism with respect to input voltage to the piezoelectric. a.
Output displacement of the mechanism. b. Input displacement of the mechanism
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Fig. 13 Input and output displacement ©f the mechanism with respect to input voltage to the
piezoelectric. a. Output displacement of the mechanismsb: Input displacement of the mechanism

Pl (295 plraly AL uslg i 4 (5999 S i 01l (29,5 9 (59953 lz Al Y USS
Pl 99,9 L alio
Fig. 14 Output and input displacement of the mechanism with respect.to the time of the experiment ,s

Gl jo o2 &S5, 0929 Jodo @ 5 Jloged ol Ho asleas ooy lis le) s g 03l 29,5 9 (69955 b ol VS
il (295 2lbmle Jlaged 5l Sty jpads (oS Jged (Bl L) 1o 08 g S09ee



Yo V5.

F
%-_ A —3_
20 2
) S A
3 Y .
i g s
2% 8 ol
iy
v ¥ F A ). . Y ¥ § A
() o (4t o

()
Fig. 14 Output and input displacement of the mechanism with respect to the time of the experiment
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Fig. 7 Displacement amplification ratio diagram with respect to link angle using elastostatic modeling, formula
(15), and finite element method
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Table 4 Displacement amplification ratio obtained from elastostatic method, finite element
simulation, and fabricated sample
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Table 5 Optimized dimensions using the penalty method and elastostatic method based on the
desired displacement amplification ratio
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Fig. 16 Convergence diagram:of the cost function and function value at the final stage
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Table 6 Comparison of parameters of the rhombus mechanism with optimized and non-optimized
dimensions
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