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Abstract 

This paper highlights the significance of sensitivity analysis as a basis for the 

dynamic synthesis of compliant mechanisms. Based on the results obtained 

from the sensitivity analysis, four models were developed and simulation 

results show that for model 1, at a frequency of 44.5 rad/s, the mechanism 

yielded a median force of 135.4N with a force variance of±0.3N, for model 2, 

at a frequency of 41.5 rad/s, it yielded a median force of 91.9N with a force 

variance of ±0.4N, for model 3, at a frequency of 35 rad/s, the compliant 

slider mechanism yielded a median force of 92.7N with a force variance of 

±1.8N and for model 4, at a frequency of 44 rad/s, it yielded a median force of 

73.4N with a force variance of ±0.3N. The results obtained shows the 

effectiveness of this method in improving the dynamic behavior of compliant 

mechanisms and also shows that, depending on what attributes are most 

desirable, the compliant slider mechanism parameters can be optimized to 

achieve the desired results. 
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Introduction 

 

The field of compliant mechanisms is relatively new, and many design research issues 

are still unanswered. The potential of compliant mechanisms to produce no-assembly designs 

gives rise to many applications. They are particularly suited for applications with small ranges 

of motions. These monolithic devices can potentially replace conventional mechanisms in 

applications where small but intricate motions are generated by a system of links, cams, and 

gears. Examples of such systems can be found in cameras, VCR’s, and other mechatronic 

systems. As the research matures in this area, we can expect to identify more and more 

applications of compliant mechanisms in the near future (Kota et al., 1999). Compliant 

mechanisms are single-piece flexible structures that deliver the desired motion by undergoing 

elastic deformation as opposed to rigid body motions of conventional mechanisms. 

Deployment of compliant mechanisms can significantly benefit the field of adaptive/smart 

structures, for they provide a simple and cost-effective means to accomplish controlled 

motion and force generation without the burden of an excessive number of actuators, as is 

currently practiced (Kota et al., 1999). At the micro and nano scales, compliant mechanisms 

dominate conventional rigid body mechanisms because of their ease of fabrication, scalability, 

superior dynamic response and wear resistance (Mankame and Ananthasuresh, 2002). The 

past couple of decades has witnessed extensive research in studying the kinematic and 

kinetostatic behavior of compliant mechanisms (Midha, 1993; Salamon and Midha, 1992; Her 

and Midha, 1987; Howell and Midha, 1994; Murphy et al., 1994) as well as in the 

development of techniques for their systematic synthesis (Ananthasuresh and Kota, 1995; 

Frecker et al., 1997; Sigmund, 1997; Saxena and Ananthasuresh, 2000). This paper highlights 

the significance of sensitivity analysis as a basis for the dynamic synthesis of compliant 

mechanisms  

 

 

Sensitivity Analysis 

 

Sensitivity analysis is an effective way to predict the influence of various physical 

parameters on the performance of a compliant mechanism. It can be used very effectively to 
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guide the redesign efforts in tuning the design parameters for desired dynamic performance. 

Minimizing the sensitivity of the response to system parameters can make the design robust 

and insensitive to manufacturing errors or overload. Sensitivity analysis for optimal design 

problems where the state is governed by a variation inequality is a topic of continuing 

research because the problem is inherently non-differentiable and only directional sensitivities 

can be expected (Mankame and Ananthasuresh, 2002). A method of sensitivity analysis based 

on the direct differentiation of the equilibrium equation with respect to design variables is 

presented. 
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Figure 1. The compliant slider mechanism and its pseudo-rigid-body model 

 

The dynamic equilibrium equation of motion for the compliant slider mechanism can 

be derived using Lagrange’s equation of motion given as 
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where 2θ = Generalized position coordinates 

The Lagrangian L for a conservative system is formed by taking the difference of the 

scalar quantities of kinetic energy T and potential energy V of the system. 

VTL −=  
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The sensitivity formulae with respect to certain physical parameter S of the compliant 

slider mechanism is given as 















θ∂

∂
−














θ∂

∂

∂

∂
=

∂

∂
⋅

θ

2
2

2 LL

dt

d

SS

M
 

The design parameters considered are the mass Smandmm 32 of the rigid links and the 

stiffness 321 KandKK of the flexural joints of mechanism. The sensitivity of the constant-

force behavior of the compliant slider mechanism to design parameters is derived as follows 
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is transformed to mechanism’s output force F using the power 

relationship which is expressed as follows: 
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Results and Discussion 

 

Sensitivities of the mass of the rigid links of the mechanism and also the stiffness of 

the flexural joints on the constant-force behavior of the compliant slider mechanism were 

carried out and the results presented in Figures 2 through 7. Table 1 shows the mechanism 

parameters used for the simulation. The sensitivity of the mean force to the mass of the rigid 

links and also to the stiffness of the flexural joints of the mechanism is shown in Figures 2 

and 3. Results show that the most effective means to reduce the mean force magnitude of the 

compliant slider mechanism would be to 

1. Reduce the mass of link 2, and/or 3 

2. Reduce the stiffness of flexural joint 2K  

 
Figure 2. Sensitivity of mean force to the mass of rigid links of mechanism 
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Figure 3. Sensitivity of mean force to the stiffness of flexural joints of mechanism 

 

As shown in Figure 4, the sensitivity of the median force to the mass of the rigid links 

of the mechanism, links 2 and 3 is negative while that with respect to the slider mass is 

positive. Sensitivity of the median force as shown in Figure 5, to the stiffness of the flexural 

joints of the mechanism, is positive. Results, as shown in Figures 4 and 5, shows that the most 

effective means to reduce the median force magnitude of the compliant slider mechanism 

would be to 

1. Increase the mass of link 2, and/or 3 

2. Reduce the mass of slider 

3. Reduce the stiffness of flexural joint 2K  

 

Table 1:.Mechanism Parameters 

Mechanism 

Parameters 

Model 1 

Parameter 

Values 

Model 2 

Parameter 

Values 

Model 3 

Parameter 

Values 

Model 4 

Parameter 

Values 

r2 90 mm 90 mm 90 mm 90 mm 

r3 120 mm 120 mm 120 mm 120 mm 

m2 0.026kg 0.013kg 0.052kg 0.013kg 

m3 0.037 kg 0.0185 kg 0.074 kg 0.0185 kg 

ms 0.087kg 0.087kg 0.0435kg 0.0435kg 

K1 2.671 Nm 2.671 Nm 2.671 Nm 1.336 Nm 

K2 2.290 Nm 1.145 Nm 1.145 Nm 1.145 Nm 

K3 2.003 Nm 2.003 Nm 2.003 Nm 2.003 Nm 
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Figure 4. Sensitivity of median force to the mass of rigid links of mechanism 

 

 
Figure 5. Sensitivity of median force to the stiffness of flexural joints of mechanism 

 

As shown in Figure 6, sensitivity of the peak-to-peak force magnitude to the mass of 

the rigid links of the mechanism is positive. Figure 7 shows that the Sensitivity of the peak-to-

peak force magnitude to the stiffness of the flexural joints of the mechanism is also positive. 

Based on results, as shown in Figures 6 and 7, the most effective means to reduce the peak-to-

peak force magnitude of the compliant slider mechanism would be to 

1. Reduce the mass of link 2, and/or 3 

2. Reduce the mass of slider 

3. Reduce the stiffness of flexural joint 21 /, KorandK  
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Figure 6. Sensitivity of peak-to-peak force to the mass of rigid links of mechanism 

 

 
Figure 7. Sensitivity of peak-to-peak force to the stiffness of flexural joints of mechanism 

 

Based on the results obtained from the sensitivity analysis of the compliant slider 

mechanism, four models were developed; this is shown in table 1. The predicted force for the 

various models as a function of time and position for a sinusoidal input of 100 rad/s is shown 

in Figures 8 and 9. In the evaluation of the dynamic models, three useful plots were analyzed, 

the mean force, the median force and the peak-to-peak force magnitude difference as a 

function of frequency as shown in Figures 10, 11 and 12. Each frequency assumes a 

sinusoidal position input with amplitude equal to the full 40% designed mechanism deflection 

with a slight pre-displacement to give a preload at full expansion. 
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Figure 8. Predicted force for sinusoidal input srad /100=ω  

 

 
Figure 9. Position force diagram for the various models 

 

 
Figure 10. Frequency plots depicting the mean force exhibited by mechanism 
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Figure 11. Frequency plots depicting the median force exhibited by mechanism 

 

 
Figure 12. Frequency plots depicting the peak-to-peak magnitude difference 

 
Results for a single frequency with a very low peak-to-peak force for the various 

model have been tabulated, this is shown in table 2. The results show that for model 1, at a 

frequency of 44.5 rad/s, the compliant slider mechanism yielded a median force of 135.42N 

with a force variance of ±0.34N, demonstrated clearly in Figure 13, for model 2, at a 

frequency of 41.5 rad/s, it yielded a median force of 91.88N with a force variance of ±0.37N 

as shown in Figure 14, for model 3, at a frequency of 35.0 rad/s, the mechanism yielded a 

median force of 92.65N with a force variance of ±1.78N, shown clearly in Figure 15 and for 

model 4, at a frequency of 44.0 rad/s, it yielded a median force of 73.42N with a force 

variance of ±0.33N, this is shown clearly in Figure 16. The results obtained show the 

effectiveness of this method in improving the dynamic behavior of compliant mechanisms. 
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Figure 13. Force predicted by model 1 for sinusoidal input of ω = 44.5 rad/s 

 

 
Figure 14. Force predicted by model 2 for sinusoidal input of ω = 41.5 rad/s 

 

 
Figure 15. Force predicted by model 3 for sinusoidal input of ω = 35.0 rad/s 
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Figure 16. Force predicted by model 4 for sinusoidal input of ω = 44.0 rad/s 

 
Table 5.2: Simulation result for the various models 

Model Frequency  

(rad/s) 

Force Variance 

 (N) 

Mean Force 

 (N) 

Median Force 

 (N) 

PCF 

 (%) 

1 44.5 ± 0.3449 135.4214 135.4156 98.6216 

2 41.5 ± 0.3698 92.0205 91.8799 98.7399 

3 35.0 ± 1.7832 92.5997 92.6505 94.4632 

4 44.0 ± 0.3391 73.4425 73.4193 98.6493 

 

Depending on what attributes are most desirable, the compliant slider mechanism 

parameters can be optimized to achieve the desired results. A wide frequency band with 

moderately low peak-to-peak force, a single frequency with very low peak-to-peak force or 

some other similar effects can be achieved simply by varying mechanism parameters. 

 

 

Conclusion 

 

The field of compliant mechanisms is relatively new, and many design research issues 

are still unanswered. As the research matures in this area, we can expect to identify more and 

more applications of compliant mechanisms in the near future. A method of design analysis is 

presented based on sensitivity analysis carried out on the compliant slider mechanism. 

Sensitivity analysis is an effective way to predict the influence of various design parameters 

on the performance of a compliant mechanism. It can be used very effectively to guide the 

redesign efforts in tuning the design parameters for desired dynamic performance. Based on 

the result of sensitivity analysis, four models were developed and simulation results show the 

effectiveness of this method in improving the dynamic behaviors of compliant mechanisms in 

this case, compliant slider mechanisms. 
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