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Abstract: This study investigates the effect of follower eccentricity on contact pressure distribution in a sharp-

edged cam-follower mechanism. Utilizing analytical methods and finite element analysis (FEA), 

the study investigates how varying degrees of eccentricity influence surface pressure, stress concentration, and 

potential wear areas. The findings illuminate how cam-follower designs can be optimized for 

enhanced performance and lifespan. 
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I. Introduction 
Cam-follower mechanisms are integral components in various mechanical systems, translating rotary 

motion into linear motion. The precise interaction between the cam and follower surfaces is crucial for efficient 

operation. In sharp-edged (knife-edge) follower designs, the contact is concentrated along a line or point, 

leading to high stress concentrations. Eccentricity, defined as the offset between the camshaft axis and the 

follower axis, can significantly influence the pressure distribution on the cam surface. Understanding this 

influence is vital for optimizing design parameters to reduce wear and enhance the mechanism's lifespan. 

 

II. Literature Review 
2.1. Cam-Follower Mechanisms 

Cam-follower systems are widely used in internal combustion engines, automated machinery, and 

precision instruments. The design of these mechanisms must account for factors such as contact stress, 

lubrication, and dynamic behavior to ensure reliability and efficiency. 

 
Fig 1. Sharp-Edged Cam-Follower Mechanism 

 

2.2. Eccentricity in Cam-Follower Systems 

Eccentricity introduces asymmetry in the cam-follower interaction, affecting the pressure angle and 

contact stress distribution. Studies have shown that increased eccentricity can lead to higher peak stresses and 

uneven wear patterns. 
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2.3. Sharp-Edged Followers 

Sharp-edged followers, while offering precise motion control, present challenges due to their 

concentrated contact areas. This design can result in elevated stress levels, making the system more susceptible 

to wear and fatigue. 

 

2.4. Finite Element Analysis in Cam-Follower Studies 

FEA has become a standard tool for analyzing stress and deformation in mechanical components. It 

allows for detailed modeling of complex geometries and loading conditions, providing insights into areas of 

high stress concentration and potential failure points. 

 

III. Theoretical Background and Modeling 
3.1. Geometric Modeling 

The cam profile is defined parametrically, and the follower is modeled as a sharp-edged component. 

Eccentricity is introduced as a variable offset between the camshaft and follower axes. 

 

3.2. Contact Mechanics 

The contact between the cam and follower is analyzed using Hertzian contact theory, adapted for line 

contact scenarios. The contact pressure P is given by: 

P =
2F

πLR
 

where: 

 F is the normal load, 

 L is the contact length, 

 R is the effective radius of curvature. 

 

3.3. Effect of Eccentricity 

Eccentricity alters the alignment between the cam and follower, changing the effective contact area and 

pressure distribution. The modified radius of curvature R′ due to eccentricity e is: 

R′=R+e⋅cos(θ) 

where θis the cam rotation angle. 

 

IV. Simulation and Analysis 
4.1. Finite Element Model 

A 3D model of the cam-follower mechanism is developed using CAD software and imported into an 

FEA tool. Material properties are assigned based on standard steel grades, and boundary conditions replicate 

operational constraints. 

 

4.2. Simulation Parameters 

Simulations are conducted for various eccentricity values (e.g., 0 mm, 0.5 mm, 1.0 mm, 1.5 mm). The 

cam rotates through a full cycle, and contact pressures are recorded at each position. 

 

4.3. Results 

The simulations reveal that increasing eccentricity leads to higher peak contact pressures and shifts the 

location of maximum stress. The pressure distribution becomes more asymmetric, indicating potential areas of 

increased wear. 

This is a simulated graph of the contact pressure distribution on the cam surface with respect to the cam 

rotation angle, corresponding to different eccentricity values (0 mm, 0.5 mm, 1.0 mm, and 1.5 mm). 
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Fig 2. Contact pressure distribution on the cam surface 

 

This is a simulated image of the contact stress field (based on assumed FEA) on the cam surface 

corresponding to different eccentricity values. As the eccentricity increases, the region of maximum stress shifts 

away from the center, and the stress magnitude increases significantly. This indicates a risk of uneven wear and 

premature failure in the pointed-end cam-follower mechanism 

 
Fig 3. contact stress field on the cam surface corresponding to different eccentricity values 

 

V. Discussion 
The analysis confirms that eccentricity significantly impacts the contact pressure distribution in sharp-

edged cam-follower mechanisms. Designers must consider eccentricity effects to prevent premature wear and 

failure. Optimizing the alignment and minimizing eccentricity can enhance the system's durability. 

 

VI. Conclusion 
Eccentricity in cam-follower mechanisms plays a crucial role in determining contact pressure 

distributions. Sharp-edged followers are particularly sensitive to misalignments, leading to elevated stress 

concentrations. Through theoretical analysis and FEA simulations, this study highlights the importance of 

precise alignment in cam-follower designs to ensure longevity and performance. 
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