
 

 

 

© 2024 IJSRET 
2773 

 

International Journal of Scientific Research & Engineering Trends                                                                                                         
Volume 10, Issue 6, Nov-Dec-2024, ISSN (Online): 2395-566X 

 

Analytical Study of Grubler’s Criterion for Plane 

Mechanisms 
Professor N.Tamiloli, T.Gowtham, T.Gowshik  

Department of Mechanical Engineering,  

PERI Institute of Technology 

 
Abstract- Grublers criterion is a foundational concept in kinematics, offering a systematic approach to determining the 

degrees of freedom (DoF) of planar mechanisms. This study delves into its theoretical basis, exploring its application to various 

types of plane mechanisms. By analyzing case studies and real-world examples, this research aims to validate the criterion’s 

utility and highlight its limitations. The findings demonstrate that while Grublers criterion effectively predicts kinematic 

behavior, it requires adaptation for certain complex mechanisms. The study provides insights into enhancing the 

understanding and application of this criterion in mechanical design. 
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I. INTRODUCTION 

 
The field of kinematics focuses on the motion of mechanical 

systems without considering the forces causing the motion. An 

essential aspect of kinematics is understanding the degrees of 

freedom of mechanisms, which determine their mobility and 

functionality. Grublers criterion offers a mathematical 

framework to evaluate the mobility of planar mechanisms 

using the relationship between the number of links, joints, and 

degrees of freedom. Additionally some other papers referred 

related to this paper (7-14). 

 

This paper aims to: 

 Analyze the theoretical basis of Grublers criterion. 

 Explore its practical applications in common planar 

mechanisms. 

 Identify scenarios where the criterion may require 

refinement. 

 

Through this investigation, we seek to provide a deeper 

understanding of the criterion’s relevance and limitations in 

modern mechanical system design. 

 

II. METHODS 
 

Theoretical Basis of Grublers Criterion 

Grublers criterion for planar mechanisms is mathematically 

expressed as: 

 

Where: 

 = Degrees of freedom 

 = Number of links 

 = Number of lower pairs (joints) 

This formula is derived from the general mobility equation for 

three-dimensional mechanisms, simplified for planar systems. 

 

Case Studies 

 Four-Bar Mechanism: A detailed analysis of a four-bar 

linkage to validate Grublers equation. 

 Slider-Crank Mechanism: Examination of its DoF 

calculation and its implications for motion. 

 Complex Mechanisms: Exploration of systems 

involving redundant or higher-pair joints to evaluate the 

criterion’s limitations. 

 

III. DATA COLLECTION 
 

Numerical examples and kinematic diagrams of mechanisms 

were analyzed to calculate the DoF using Grublers criterion. 

Simulations and software tools such as MATLAB were used 

to visualize and validate theoretical findings. 

 

IV. RESULTS AND DISCUSSION 
 

Validation of Grublers Criterion 

 Four-Bar Mechanism: Applying the Formula: This 

single DoF aligns with the expected motion of the 

mechanism. 

 Slider-Crank Mechanism: Calculation yields , 

consistent with its observed mobility. 

 

Challenges and Limitations 

 Higher-Pair Joints: Mechanisms involving cam and gear 

systems often deviate from the predicted DoF due to the 

presence of complex constraints. 
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 Redundant Constraints: Mechanisms with extra 

constraints can reduce mobility, contradicting Grublers 

prediction. 

 

Insights 

 Grublers criterion is robust for simple planar 

mechanisms. 

 Adaptations are required for systems with higher pairs or 

redundant constraints to ensure accurate DoF estimation. 

 

V. CONCLUSION 
 

Grublers criterion provides a reliable framework for analyzing 

the mobility of planar mechanisms, especially in basic 

configurations. However, its application to complex systems 

necessitates a more nuanced approach. This study highlights 

the importance of understanding the underlying assumptions 

and limitations of the criterion to enhance its applicability in 

modern mechanical designs.Future research should focus on 

extending the criterion to account for higher pairs and 

redundant constraints, improving its accuracy and usability. 
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