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ABSTRACT 

Contact-aided compliant mechanisms are defined as flexible structures that experience self-contact under 

deformation. Such structures can be used in many applications which might not be possible with a rigid link 

mechanism or a classical compliant mechanism. Contact mechanisms can be tailored to cause an output point 

to follow a nonlinear path. Contact can also be used to decrease the stress consolidation of effort in a compliant 

structure. Contact with an external rigid-body can be viewed as an additional boundary condition for the 

compliant structure, which can be used to advance the load-bearing capacity of the compliant structure. 

 In this study we are trying to study the behavior of contact-aided compliant mechanism by varying its L/H ratio 

using both fem tools, this study will help in determining the optimum L/H ratio for a contact-aided compliant 

mechanism for better performance and life. Modelling is done using CATIA and ANSYS work bench is used for 

analysis part. These non-dimensional variables give enough information to define any cell geometry and also 

provide a means for comparing different cell geometries to each other. 

 

I.INTRODUCTION 

By repeating a unit cell in an array form Cellular structures are created. They are used in thermal insulation, 

packaging, and structural applications. Depending on its shape, cellular structures can have positive, negative, or 

zero Poisson’s ratio and can also be very useful for high-strain applications (Henry and McKnight, 2006; 

Olympio and Gandhi, 2007, 2009). Cellular structures can usually arrange as compliant mechanisms, which are 

flexible mechanisms that transfer motion, force, or energy from an input to an output. The complaint 

mechanisms have many advantages when compared to rigid-body mechanisms but, in spite of these advantages, 

may not achieve the same range of motion as rigid-body mechanisms (Howell, 2002).  

In Contact-aided compliant mechanisms, compliant segments come into contact with each other or with the 

neighboring structure during deformation. The contact-aided compliant mechanisms have been profitably used 

for path generation (Mankame and Ananthasuresh, 2004, 2007) and to increase the range of motion or load-

bearing capacity via stress relief (Aguirre et al., 2011; Mehta et al., 2009). Mehta et al. included cellular 

structures and contact-aided compliant mechanisms in a novel, high-strain cellular structure mention as a 

contact-aided compliant cellular mechanism (C3M; Mehta, 2010; Mehta et al., 2009). Curved cellular structures 

have been analyzed in the literature, along with circular honeycombs (Karagiozova and Yu, 2005) and bi-

cylindrical corrugated specimens (Shaw et al., 2007). Olympio et al. (2006) used topology optimization to 
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develop an S-shaped cell for high-strain applications, Henry and McKnight (2006) compared strain relief 

(curved) with straight-armed cells of negative and positive Poisson’s ratios to show that the curved auxetic cells 

were the best choice for high deformation. Shape synthesis (Zhou and Ting, 2006) and shape optimization (Xu 

and Ananthasuresh, 2003) of compliant mechanisms using curved walls have also been shown to advance the 

performance of compliant mechanisms. From a fabrication standpoint adding curved walls to a cellular structure 

is also beneficial, by avoiding sharp corners and stress concentrations. 

II.GEOMETRY 

The overall height and width of the cell are referred to as H and L, respectively, both of which are functions of 

h, l, and u. Additionally, P is a measure of the overall size of the cell and is defined as the sum of H and L. The 

variables H, L, and P can be calculated using equations (2) to (4) 

 

III.PROJECT OUTLINE 

Deformational behavior of compliance mechanism is discussed in this paper, two sets of specimens are studied 

through simulation, first set of specimens are designed using the above-mentioned formulation and the second 

set is modeled by scaling the geometry of cellular mechanism of L/H-0.5 , here the material considered is 

AIREX® C70.200 ( foam made of poly vinyl chloride). This material is considered for ease of experimentation 

in future. 

IV.ANSYS CONTOUR PLOT REPORTS 



 

754 | P a g e  
 

 

 

Contour plot representing the deformation in Z-direction (direction in which load is applied) of model with L/H 

ratio 0.5 

 

Contour plot representing the deformation in Z-direction (direction in which load is applied) of model with L/H 

ratio 0.66. 

 

Contour plot representing the deformation in Z-direction (direction in which load is applied) of model with L/H 

ratio 1. 
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V.OBSERVATIONS 

Table 

geometry by 

formula 

 Directional 

Deformation (mm) 

Equivalent strain 

(mm/mm) 

Equivalent stress 

(Mpa) 

Total Deformation 

(mm) 

 min max min max min max min max 

L/H-1 
 

-22 0.034097 
4.64E-

17 
0.048236 2.54E-15 8.1944 2.4445 22.001 

L/H-0.66 
 

-6.0799 0.011014 
1.69E-

11 
0.033334 8.31E-10 5.449 0.89797 8.0817 

(L/H-

0.5)(H/L-2) 

 
-2.3995 0.005931 

9.89E-

12 
0.031712 1.95E-10 5.227 0.47748 4.2973 

H/L-3 
 

-3.3506 0.004747 
3.10E-

17 
0.024751 1.04E-15 4.1674 0.46617 4.1955 

H/L-4 
 

-6.4199 0.004661 
2.35E-

18 
0.027499 1.55E-16 4.6571 1.2281 11.053 

 

Table representing the deformations, equivalent strain, and equivalent stress in specimens designed using 

formulas 

 

Graph representing directional deformations in various models of compliance cellular mechanisms designed 

with formulation 
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Graph representing Equivalent strain in various models of compliance cellular mechanisms designed with 

formulation 

From the reports it is evident that direction deformation in this case deformation in the direction of load 

application is reduced with reduction in L/H ratio but the behavior is reversed as the L/H ratio falls below 0.5 

equivalent strains are also following the same trend. 

 

Graph representing Equivalent stress in various models of compliance cellular mechanisms designed with 

formulation 
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Graph representing total deformations in various models of compliance cellular mechanisms designed with 

formulation 

Equivalent stress and total deformations are also following the same trend as directional deformation and 

equivalent strain, this behavior is due to uniform thickness of the web in this case 3mm, as web thickness is not 

varied with the L/H ratio the effect of L/H ratio is diminished. 

Table  2 

geometry by 

scaling 

Directional 

Deformation (mm) 

Equivalent strain 

(mm/mm) 

Equivalent stress 

(Mpa) 

Total Deformation 

(mm) 

min max min max min max min max 

L/H-1 -6.5768 0.012882 
3.94E-

17 
0.038578 2.02E-15 5.3943 0.77056 6.935 

L/H-0.66 -3.3311 0.006909 
1.73E-

11 
0.026568 4.04E-10 3.9811 0.51589 4.6431 

(L/H-0.5)(H/L-

2) 
-2.3995 0.005931 

9.81E-

12 
0.031712 3.78E-10 5.227 0.47748 4.2973 

H/L-3 -2.0209 0.001663 
1.03E-

17 
0.017546 6.05E-16 2.7502 0.53486 4.8138 

H/L-4 -1.91 0.004772 
4.44E-

17 
0.012469 2.06E-15 2.1194 0.74367 6.6931 

 

Table representing the deformations, equivalent strain, and equivalent stress in specimens designed using 

scaling. 
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Graph representing directional deformations in various models of compliance cellular mechanisms designed by 

scaling 

 

Graph representing equivalent strain in various models of compliance cellular mechanisms designed by scaling 

direction deformation in this case deformation in the direction of load application is reduced with reduction in 

L/H ratio but the behavior is not reversed as the L/H ratio falls below 0.5 equivalent strains are also following 

the same trend. This behavior is a result of scaling as the thickness of the web is not uniform in all models, it is 

scaled according to the ratio of L/H ratio
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Graph representing equivalent stress in various models of compliance cellular mechanisms designed by scaling 

 

Graph representing total deformations in various models of compliance cellular mechanisms designed by scaling 

Equivalent stress and equivalent strain are also gradually decreasing with decrease in L/H ratio but total   

deformation is follow in the same trend as in specimens designed using formulation 

VI.CONCLUSION 

In this paper the structural behavior of a single cell of cellular compliance mechanism is studied under tensile 

load, the study is carried in way to characterize the deformation in the cell based on its structural behavior, in 

this case L/H ratio is taken where “L” is width and “H” is height of the cell. Here the deformations in the cell 

can be controlled by developing the geometry by scaling method. If we follow the formulations the deformation 

won’t converge continuously but they increase for L/H ration less than 0.5   
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VII.FUTURE SCOPE 

This work needs to be continued to compare the simulation results with theoretically and experimentally for 

validation. 
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