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A B S T R A C T 

This paper presents the design of jointless mechanisms with distributed compliance, specifically tailored for Micro-Electro-Mechanical Systems (MEMS) 

applications. Flexure mechanisms play a crucial role across various industrial applications, demanding high precision and frictionless motion. While numerous 

studies focus on the conceptualization of precision manipulators, only a subset successfully attains both high speed and precision. In this work, Pro-E software is 

utilized for the modeling of the flexure mechanism, while ANSYS is employed for both static and dynamic analyses. Static analysis, involving force-induced 

deflection, is conducted to assess the motion. The deflection of the XY mechanism mirrors the deformation of a Cross-shaped cantilever beam. Comparative 

analyses are performed with experimental results, enhancing the validation through Finite Element Analysis (FEA). 
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Introduction 

This paper explores the utilization of flexure mechanisms as bearings to enable smooth motion. A flexure mechanism, being a single-piece structure, 

facilitates movement without any relative motion between joints or linkages, resulting in wear-free, energy-efficient, highly precise, and rapid devices 

[1-5]. These mechanisms leverage material elasticity for their functionality, generating motion through molecular-level deformation [6-7]. Notably, 

flexure mechanisms find applications in various products, such as camera lens caps and laser scanning machines, emphasizing their significance in 

achieving smooth and precise motion [8-12]. Flexure mechanisms represent a recent advancement in MEMS design, offering advantages like frictionless 

and hysteresis-free operation. The design principles involving flexural bending at linkages have spurred their application in diverse products, ranging 

from macro-scale components like clutches and switches to micro-electromechanical systems (MEMS) [13-16]. Compliant mechanisms, known for 

increased precision, reduced friction, and simplified construction, exhibit functionalities similar to rigid mechanisms while eliminating relative motion 

between linkages, thereby eliminating friction [17-21]. 

The paper focuses on the mathematical modeling of a simple XY manipulator using typical double flexural configurations [22]. MATLAB is employed 

for static and dynamic analyses, with static analysis determining the static deflection of the motion stage under force [23-27]. Dynamic analysis aims to 

identify frequencies and mode shapes of the flexural manipulator. ANSYS is utilized for static and dynamic analyses of basic double flexural mechanism 

configurations and a few XY mechanisms [28-30]. The modeling of the XY flexure mechanism is based on the characteristics of the building blocks used 

in its construction. The paper presents a comparison of linear and non-linear closed-form analyses, and the analytical results are compared with finite 

element analysis (FEA) and experimental outcomes [31-34]. For the design of a large displacement precision XY positioning stage, the paper employs 

cross strip flexure joints. The analysis and design of general platform-type parallel mechanisms containing flexure joints highlight a key difference from 

conventional parallel mechanisms – kinematic stability is no longer a design consideration [35-36]. Finally, the paper delves into the design and analysis 

of a flexure-based XY micro-positioning stage. Compliance and stiffness analyses based on matrix methods are conducted, and both the mechanical 

structure and electromagnetic model are validated through finite element analysis (FEA) using ANSYS. 

Development of the XY model 

The paper focuses on the design of a flexure mechanism, drawing inspiration from various existing designs that predominantly rely on flexural motion. 

In these mechanisms, an elastic strip is manipulated to bend or twist, inducing distortion in its original dimensions to achieve the desired motion. In 

contrast, the proposed design centers around Flexural Force Transmission [37-38]. To address mounting challenges, the decision was made to adopt a 

single-piece mechanism, fabricated by laser and wire cut machining processes. This approach streamlines the mounting process, preventing unnecessary 

displacement of strips and enhancing overall stability and accuracy. However, it leads to maximum stress development in the design. The mechanism 

incorporates angular motion of the beams in its design while providing linear motion. The Geometrical Modelling of the proposed mechanism is crucial 

for both numerical analysis and graphical representation. For this purpose, Computer-Aided Design (CAD) software is employed, and imported in ANSYS 
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being the chosen platform as shown in figure 1. This software aids in visualizing and analysing the intricate details of the mechanism, facilitating a 

comprehensive understanding of its behaviour and performance characteristics. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 - CAD model in ANSYS of the Cross Flexure Mechanism 

Experimental Setup of the Mechanism 

The experimental setup comprises several components: a mechanism, graph paper, pencil, C-clamp, string, weight pan, a vibration-free base (i.e., Optical 

Bread Board), and four metal mounting blocks as shown in figure 2. The primary objective is to mount the manufactured mechanism on a fixed, adjustable, 

and vibration-free base. Additionally, the input force for the mechanism is provided through a weight pan, requiring a stable and vibration-free base for 

the weight pan as well. The base should also be adjustable to accommodate variations in the experimental setup and fix components in different 

configurations. To meet these requirements, the use of an "Optical Board" is essential for mounting the mechanism and assembly. Arrangements must 

also be made to incorporate the stylus pencil necessary for calibrating the output results. Mounting blocks are employed to lift the model and fix it on the 

Optical Board. To secure the fixed base on the board, an M6 bolt is utilized. The model is actuated by weights clamped using a C-clamp, which is properly 

positioned. This setup serves to actuate the mechanism and measure the output by employing a stylus pencil fixed at the output link. Overall, the 

experimental setup is carefully designed to ensure stability, adjustability, and precision in conducting experiments with the flexure mechanism. 
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Fig. 2 - Experimental set for the Mechanism 

After experimental testing the observations are shown in following table 1. 

Table 1 - Results of the Experiment  

Trail 

No 

Applied 

Force (N) 

Output Results 

X- Direction Y Direction 

1 5 1.78 1.89 

2 10 3.99 4.01 

3 20 6.78 6.89 

4 25 8.12 8.21 

4. FEA Analysis of the Model 

When we apply the maximum force of 25 N in X-direction and in Y-direction in Ansys software then we get the maximum deformation in X and Y 

direction, also the maximum stresses occurs in X and Y direction respectively. 

 

 

 

 

 

 

 

 

 

 

Fig. 3 - Deformation in X Direction 
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Fig. 4 - Deformation in Y Direction 

After experimental testing the results are shown in following table, 

Table 2 - Analytical results of X and Y direction 

Trail 

No 

Applied 

Force (N) 

Output Results 

X- Direction Y Direction 

1 5 2.11 2.18 

2 10 4.46 4.71 

3 20 6.78 6.89 

4 25 8.78 9.45 

5. Result and Discussion 

Now we can compare the experimental output results and Analytical output results of mechanism for X & Y direction as given in table 3. 

Table 3 - Results of comparison for Experimental and Analytical Directional Deformation in X &Y- Direction 

Test Applied Force (N) Experimental Result Analytical Results 

X Direction 

1 5 1.78 2.11 

2 10 3.99 4.46 

3 20 6.78 6.78 

4 25 8.12 8.78 

Y Direction 

1 5 1.89 2.18 

2 10 4.01 4.71 

3 20 6.89 6.89 

4 25 8.21 9.45 
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From the above table 3 the graph has been plotted which they are having a close match as shown in fig 5 and fig 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 - Comparison plot of Experimental and Analytical in X direction  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6 - Comparison plot of Experimental and Analytical in Y direction  

6. Conclusion 

The results, it is evident that the Input Displacement vs. Output Displacement characteristics in both the experimental and numerical calculations align 

closely. Furthermore, the stress levels observed are within permissible limits. The mechanism successfully exhibits key Flexure mechanism 

characteristics, including linearity, absence of hysteresis losses, zero error, and sensitivity. These observed characteristics are crucial factors determining 

the feasibility and applicability of the mechanism. The testing results underscore the mechanism's ability to meet essential performance criteria, 

reinforcing its suitability for intended applications. 

References 

1) Pratik M. Waghmare, “A REVIEW PAPER ON FLEXURE" International Journal for Science and Advance Research In Technology, 3(10) 2017. 

2) Shrishail, B. Sollapur, and P. Deshmukh Suhas. "XY scanning mechanism: a dynamic approach." International Journal of Mechanical Engineering and 

Robotics Research 3.4 (2014): 140.  

0

1

2

3

4

5

6

7

8

9

10

1 2 3 4

D
is

p
la

ce
m

e
n

t 
in

 m
m

Applied Force in (N)

Comparasion Plot for X Direction

Experimental Result

Analytical Results

0

1

2

3

4

5

6

7

8

9

10

1 2 3 4

D
is

p
la

ce
m

e
n

t 
in

 m
m

Applied Force in (N)

Comparasion Plot for Y Direction

Analytical Results

Experimental Result



International Journal of Research Publication and Reviews, Vol 5, no 1, pp 4957-4963 January 2024                                     4962 

 

 

3) Constraint-based Design of Parallel Kinematic XY Flexure Mechanisms Shorya Awtar Precision Engineering Research Group Massachusetts Institute 

of Technology, Cambridge MA  518-577-5500, shorya@mit.edu   

4) M S Patil, S P Deshmukh , “Design and Development Aspects of  Flexure Mechanism for High Precision Application”,  AIP Conference Proceedings 

1943, 020023 (2018);  doi: 10.1063/1.5029599,(2018) 

5) Deore, Om Bipin, "Design and Analysis of Complaint Mechanism using FEA." development 7.10 (2020). 

6) Chang, S.H., Tseng, C.K., and Chien, H.C., 1999, “An Ultra-Precision XYθZ Piezo Micropositioner Part I: Design and Analysis”, IEEE Transactions 

on Ultrasonics, Ferroelectrics, and Frequency Control, 46 (4), pp. 897-905. 

7) Shrishail B Sollapur, Prasanna Raut, “An ANN Approach to Determine the Surface Roughness in End Milling 

Cutter”, International Journal of Research Publication and Reviews, Vol 5, no 1, pp 4360-4365 January 2024.   

8) Chen, K.S., Trumper, D.L., and Smith, S.T., 2002, “Design and Control for an Electromagnetically driven X-Y-θ Stage”, Journal of Precision 

Engineering and Nanotechnology, 26, pp. 355-369.  

9) Design, analysis, fabrication and testing of a parallel-kinematic micropositioning XY stage. International Journal of Machine Tools & Manufacture. 

2007; 47: 946– 961 

10) Dr. M S Patil and Dr. S P Deshmukh, “Experimental Investigation of High Precision XY Mechanism”, International Journal of Mechanical 

Engineering and Technology,9(5), 2018, pp.43–50. http://www.iaeme.com/IJMET/issues.asp?JType=IJMET&VType=9&IType=5 

11) Byoung Hun Kang, John T. Wen, Nicholaas G. Dagalakis, Jason J. Gorman “Analysis and Design of  

Parallel Mechanisms with Flexure Joints”.  

12)  Chien-Hung Liu, Wen-Yuh Jywe, Yeau-Ren Jeng, Tung-Hui Hsu, Yi-tsung Li. 2010. Design and control of a long-traveling nano-positioning stage. 

Precision Engineering. 34: 497-506.  

13) Yung-Tien Liu, Bo-Jheng Li. 2010. Precision positioning device using the combined piezo-VCM actuator with frictional constraint. Precision 

Engineering. 34: 534-545. 

14)S B Sollapur, “Evaluation of Stiffness and Parametric Modeling of XY Flexure Mechanism for Precision Applications”, Journal of Modeling and 

Simulation of Materials, vol. 1, no. 1, pp. 8-15, May 2018. doi: 10.21467/jmsm.1.1.8-15 

15) Pratik M.Waghmare, , “Design of Compliant Mechanism And PID controller”, International Engineering Research Journal Page No 416-420, 

SECOND MECHPGCON 2016. 

16) M S Patil, S P Deshmukh, “Advancement and Experimental Investigation of Voice Coil Actuator utilizing Flexural Bearing”, Journal of Mechatronics 

and Automation, STM Journals, Vol 5,Issue 2, 2018. pp. 40-45 

17) Shrishail B., et al. "Design and Experimental Testing of XY Flexure Mechanism." Journal of Engineering Science and Technology 16.2 (2021): 1416-

1425. 

18) Pratik Waghmare, “Design and Experimental Investigation of XY Compliant Mechanism for Precision Applications”, ECS Transactions, 2022/4/24, 

Volume 107 Issue 1 Pages 4967 

19)Prasanna Raut et. Al, “Design and Testing of Flexural Kinematic Mechanism using Large Workspace”, Eur. Chem. Bull. 2022, 11(Issue 12), 213-

221, DOI: 10.48047/ecb/2022.11.12.025 

20) Devkant Bhaviskar et.al, “Design of XY Planer Mechanism using DFM for Parallel-Kinematic Micro Positioning XY Stage”, Stage Eur. Chem. Bull. 

2022,11. (Issue 11), 222-228 DOI: 10.48047/ecb/2022.11.11.25 

21) Saravanan, D., et al. "Tribological properties of filler and green filler reinforced polymer composites." Materials Today: Proceedings 50 (2022): 2065-

2072.https://doi.org/10.1016/j.matpr.2021.09.414 

22) Shraddha Gunjawate, “Structural Analysis and Topology Optimization of Leaf Spring Bracket”, International Journal of Engineering Research & 

Technology (IJERT) Vol. 9 Issue 07, July-2020. pp. 1448-1494 

23) Toradmal, Kuldeep P., Pratik M. Waghmare, and Shrishail B. Sollapur. "Three-point bending analysis of honeycomb sandwich panels: experimental 

approach." International Journal of Engineering and Techniques 3.5 (2017). 

24) Sollapur, Shrishail B., M. S. Patil, and S. P. Deshmukh. "Design and development aspects of flexure mechanism for high precision application." AIP 

Conference Proceedings. Vol. 1943. No. 1. AIP Publishing, 2018. 

25) Waghmare, Pratik M., Pankaj G. Bedmutha, and Shrishail B. Sollapur. "Investigation of effect of hybridization and layering patterns on mechanical 

properties of banana and kenaf fibers reinforced epoxy biocomposite." Materials Today: Proceedings 46 (2021): 3220-3224. 



International Journal of Research Publication and Reviews, Vol 5, no 1, pp 4957-4963 January 2024                                     4963 

 

 

26) Shinde, Tarang, et al. "Fatigue analysis of alloy wheel using cornering fatigue test and its weight optimization." Materials Today: Proceedings 62 

(2022): 1470-1474. 

27) Shrishail B Sollapur, M. S. Patil, and S. P. Deshmukh. "Position Estimator Algorithm Implementation on Precision Applications." Materials Today: 

Proceedings 24 (2020): 333-342. 

28) Shrishail B., et al. "Design And Experimental Testing Of XY Flexure Mechanism." Journal of Engineering Science and Technology 16.2 (2021): 

1416-1425. 

29) Baviskar, D.D., Rao, A.S., Sollapur, S. et al. Development and testing of XY stage compliant mechanism. Int J Interact Des Manuf (2023). 

https://doi.org/10.1007/s12008-023-01612-1 

30) Pratik Waghmare, “Development and Performance Investigation of Solar Concrete Collector at Different Climatic Conditions”, Indian Journal of 

Engineering and Materials Sciences, https://doi.org/10.56042/ijems.v30i2.1384 

31)Waghmare, Pratik M., Shrishail B. Sollapur, and Shweta M. Wange. "Concrete Solar Collector." Advances in Smart Grid and Renewable Energy: 

Proceedings of ETAEERE-2016. Springer Singapore, 2018. 

32) Sharath, P.C., Waghmare, P. (2024). Applications of Additive Manufacturing in Biomedical and Sports Industry. In: Rajendrachari, S. (eds) Practical 

Implementations of Additive Manufacturing Technologies. Materials Horizons: From Nature to Nanomaterials. Springer, Singapore. 

https://doi.org/10.1007/978-981-99-5949-5_13 

33) Chate, Ganesh R., et al. "Ceramic material coatings: emerging future applications." Advanced Ceramic Coatings for Emerging Applications. Elsevier, 

2023. 3-17. 

34) Vinod, M., Kumar, C.A., Sollapur, S.B. et al. Study on Fabrication and Mechanical Performance of Flax Fibre-Reinforced Aluminium 6082 

Laminates. J. Inst. Eng. India Ser. D (2023). https://doi.org/10.1007/s40033-023-00605-4 

35) Prasanna Raut , A S Rao et al., “ Finite Element Analysis of High Flexure XY Mechanism Using Parametric Modeling”, International Journal of  

Research Publication and Reviews, Vol 4, no 12, pp 2160-2167 December 2023. 

36) Prasanna Raut , A S Rao et al., “Development & Analysis of XY Stage Mechanism”, International Journal of Research Publication and Reviews, Vol 

4, no 12, pp 2518-2523 December 2023 

37) Prasanna Raut, Dr Mahesh M Kawade, “Finite Element Analysis of Femur Bone Exploring Different Loading Conditions and Modelling Fracture 

Scenarios”, International Journal of Research Publication and Reviews, Volume 5, Issue 1, Pages 1697-1702, 2024. 

38) Prasanna Raut, A S Rao, Devakant Baviskar, “Finite Element Analysis of High Flexure XY Mechanism Using Parametric Modeling”, International 

Journal of Research Publication and Reviews, 4(12):2160-2167. DOI:  10.55248/gengpi.4.1223.123436 

39) Nandeesh A Halabhavi, Charan Guru Dayal T, Venkanna A, VVamsi P “DEVELOPMENT OF AUTOMATIC SPEED SENSING OF VEHICLE 

USING ARDUINO " Internation Journal for Science and Advance Research In Technology, 9(11) 

 


