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ABSTRACT 

The meticulous knowledge of the kinematic chain is essential for the designer in mechanical engineering and 

importunate effort has made to know about kinematic chain as much as possible. The existing literature shows that 

methods have been reported by C.N. Rao and A.C.Rao to predict the performance and rate the kinematic chains and 

mechanism among several configurations. In the present work a methodology is used which is based on the influence of 

type of links, type of joints and type of loop present in a kinematic chain to predict the performance of kinematic chains 

without carrying out the dimensional synthesis. The work already reported has been used to explore the performance rating 

of catalogue of 8 – Link, 1 –degree of freedom simple jointed planar kinematic chain. For the whispered analysis required 

programme is developed in C language. Developed system is implemented to detect rating of independent suspension 

system mechanism and results shows that current methodology is superior.  
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INTRODUCTION 

Analysis and synthesis of kinematic chains is very important from the view point of    mechanical engineering 

design and it is only natural that many researchers have directed their efforts to study various aspects of mechanisms 

Machine designer have been synthesizing kinematic chains unconsciously since time immemorial. Reuleaux was made fist 

systematic attempt, but, limited to type synthesis. Hartenberg and Denavit classic book change the scenario and make 

synthesis as an independent area of study. Then after, number synthesis was introduced wherein one chooses the number of 

binaries, ternaries etc. so as to build a chain with the desired degree of freedom. Structure analysis and synthesis of chains 

and mechanisms have been the subject of many studies the last several years [1]. One very important problem involved in 

structure analysis of chains is the determination of distinct mechanism of a chain and to detect isomorphism among 

kinematic chains. Attempts have been made in the past to solve this problem, and a number of algorithm proposed by 

Crossley [3], mainly based on the Graph Theory [9], are available in the literature. Many methods have been reported to 

detect isomorphism by many investigators. Most of these methods are based on link adjacency matrices [1] or Distance 

matrices [2] which was first introduced by Freudenstein and Dobrajanskyj [15].  

It is, of course, know that a chain with greater number of links will generate specified motion more accurately 

because more design parameters like link ratios are available to the designer, but out of distinct chains consisting of same 

number of links it is not known how the type of link and their layout affect the dimensional behavior of the chain in the 

sense of structural error. 
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As the number of linkages, increases at the same time the possible configuration increases i.e. more number of 

distinct kinematic chain are possible hence predicting the performance of a given category of kinematic chain is difficult. A 

methodology has been developedbyDr.A.C.Rao[20] where performance of kinematic chain is carried out without doing 

dimensional synthesis. 

A rating scheme uses link assortment, joint value, primary Hamming number, secondary Hamming number & 

loop value of chain for predicting the performance. And same has been implemented on suspension system to validate the 

methodology. 

METHODOLOGY  

  The said method is based on the link assortment, Joint Values and Family used to form primary and secondary 

Hamming matrix. The 8 link 1 degree of freedom simple jointed kinematic chain having 16 numbers of possible 

configuration but in this paper only one configuration selected to show methodology. And other results got from the 

computer programmed output. 

  Given below Figure.1 (Kinematic chain ) is used for the sample calculation. 

 

Figure 1: Sample Configuration of  8- Link, 1 Degree of Freedom 

The connectivity of figure 2 is given below. 

1 -  2, 8 

2 -  1, 3 

3-  2, 4, 8 

4-  3, 5, 7 

5-  4, 6 

6-  5, 7 

7-  4, 6, 8 

8-  1, 3, 7 

Step 1:  Generating a Connectivity Matrix 

The connectivity matrix is a square matrix, whose diagonal elements are zero. The size of matrix is equal to 

number of links in a given kinematic chain hence size of connectivity matrix for Figure 1 is [8 x 8].The link which are 
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directly connected are denoted as 1 and links which are separated denoted as 0.The connectivity matrix of Figure 1 is as 

shown below. 

 1 2 3 4 5 6 7 8 
1 0 1 0 0 0 0 0 1 
2 1 0 1 0 0 0 0 0 
3 0 1 0 1 0 0 0 1 
4 0 0 1 0 1 0 1 0 
5 0 0 0 1 0 1 0 0 
6 0 0 0 0 1 0 1 0 
7 0 0 0 1 0 1 0 1 
8 1 0 1 0 0 0 1 0 

Figure 2 

Step 2: To Get Link Assortment and Joint Value from the Connecting Matrix  

To get Link Assortment:Sum of the elements of each row of matrix 1 which gives the type of link.e.g. 1st link of matrix is 

binary (2) and  3rd link of the matrix is ternary (3) Now, as per the definition of link assortment the type of link in a given 

kinematic chain gives the link assortment hence link assortment of the Figure 1 is 4(2), 4(3). 

To get Joint Values:At the simple joints only two links are joined and the summation of the type of link of the two is joint 

value. 

e. g. In the matrix the first link is binary and which is connected with  second link which is also binary and first link is 

connected with eighth link which is ternary,hence, joint value of that joints are (2+3) and (2+2). Count the joint value of all 

the joints in the given kinematic chain. 

So, the joint value for the given Figure 1 is 2(2+2),4(3+3) ,4(2+3). 

Step 3:Generating Primary Hamming Matrix and to Get Primary Hamming Number 

The Primary Hamming matrix is generated form the connectivity matrix. The element of the ith row has considered as the 

binary code representing ith link. For example in our matrix . 

Link 1: 0 1 0 0 0 0 0 0 1 
Link 2: 1 0 1 0 0 0 0 0 0 

 

Primary Hamming number between any two links is the number of digit at which the corresponding codes differ. 

For example h1,2  the hamming number between links 1 and 2 of matrix is 4. Link wise hamming number for all the links 

has computed and another matrix is generated the elements of which are hijcan be formulated.  

Primary Hamming Matrix 

SUM 
0 4 1 5 4 4 3 5 26 
4 0 5 3 4 4 5 1 26 
1 5 0 6 3 5 2 6 28 
5 3 6 0 5 1 6 3 28 
4 4 3 5 0 4 1 5 26 
4 4 5 1 4 0 5 3 26 
3 5 2 6 1 5 0 6 28 
5 1 6 2 5 3 6 0 28 

             
              216 
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Primary hamming number of chain is summation of all the elements of primary hamming matrix hence primary 

number for the given configuration is 216. 

Step 4: Secondary Hamming Matrix and To get Secondary Hamming Number 

The Secondary hamming matrix is generated form the primary hamming matrix. The elements in the ith row of 

primary hamming matrix may be considered as its hamming code for example the element of link 1 and 2 of matrix 2  are,  

Link 1:   0 4 1 5 4 4 3 5 
Link 2:   4 0 5 3 4 4 5 1 

 

“The secondary hamming number between two links is defined as the sum of the primary hamming numbers off 

the entire digit at which they differ”  

i.e. secondary hamming number Sij  between links i and k for an n link chain is given by the relation. S ik = (hij+hkj) 

It may be noted that (hkj + hkj) = 0, if hij = hkj. So, the value between link 1 and link 2 is 36.Same way generation of 

the whole matrix for the given configuration can be done and Secondary Hamming matrix is given below. 

00 36 54 54 16 36 54 54 304 
36 00 54 54 36 16 54 54 304 
54 54 00 56 54 54 12 56 340 
54 54 56 00 54 54 56 12 340 
16 36 54 54 00 36 54 54 304 
36 16 54 54 36 00 54 54 304 
54 54 12 56 54 54 00 56 340 
54 54 56 12 54 54 56 00 340 
        2576 

 

The Secondary hamming number ofchain has defined as summation of all the elements of secondary hamming 

matrix. The value of Secondary hamming matrix in our case is 2576.  

RATING SCHEME 

Rating of Simple Jointed Planner Kinematic chain is done as per steps given below. 

Step 1: All the chains of a particular category of simple jointed planner kinematic chains are arranged in 

ascending order of their link assortment. 

Step 2: All the chains of a particular category of simple jointed planner kinematic chain are arranged in 

ascending order of their joint value. 

Step 3 : In a given family the chains which are having same link assortment and same joint value then, the chains 

are arranged in ascending order of followed by primary Hamming number followed by secondary Hamming number. 

VALIDATION WITH CASE STUDY 6 BAR INDEPENDENT SUSPEN SION SYSTEM  

Below of possible different types of suspension structures and their rating based on above mention rating scheme. 
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Chain No. 
Link 

Assortment 
Joint Value 

Primary 
Hamming 
Number 

Secondary 
Hamming 
Number 

Rated 
Chain 

S-III 4(2),2(3) 1(2+2),6(2+3) 100 800 5 
S-I 4(2),2(3) 1(2+2),6(2+3) 100 808 4 
S-II 4(2),2(3) 1(2+2),6(2+3) 100 808 3 

W-I 4(2),2(3) 
2(2+2),4(2+3) 

1(3+3) 
100 888 1 

W-II 4(2),2(3) 4(2+2),3(2+3) 100 878 2 
 

As per our scheme the structure which having  higher vaule is selected for the application.So,here W-I gives better 

perfomance among others,which can be validate by dimensional synthesis also. So, we can conclude that Watt Chain is 

better than Stephenson Chain.Detail dimenstional synthesis carried out by the Hrishikesh V. Deo , Nam P. Suh [18] and 

prove that the Watt I configuration meets the functional and design parameter,so, our results is match with dimensional 

synthesis. 

CONCLUSIONS 

  Used technique for the rating of simple jointed planner kinematic chain is a standard test where dimensional 

synthesis need not be carried out. The methodology is generic and can be implemented on n-link, f- degree of freedom 

chain with slight modification. The method is compatible for the digital computer. Our analysis using the said methodology 

results that six-bar Watt-I linkage suspension, is better than other configuration of watt chain & Stephenson chain. 

REFERENCES 

1. A.C. Rao, Raju D. Varada, “Application Of The Hamming Number Technique To Detect Isomorphism Among 

Kinematic Chain S And Inversion”, Mech. Mach. Theory 26 (1) (1991) 55-75. 

2. A. C. Rao, “Hamming Number Technique--Ii. Generation of Planar Kinematic Chains”, Mech. Mach.Theory, 

Vol. 32, No. 4, Pp. 489-499, 1997. 

3. A.C. Rao. “Comparison Of Plane And Spatial Kinematic Chains For Structural Error Performance Using Pseudo- 

Hamming Distances”. Indian Journal Of Technology, 26:155–160, 1988. 

4. Rao A. C. & Prasad RajuPathapti V.V.N.R. 2000, “Loop Based Detection Of Isomorphism Among Chains, 

Inversions And Type Of Freedom In Multi Degree Of Freedom Chain”, Transactions Of The ASME, Journal Of 

Mechanical Design, 122: 31,2000 



166                                   NikunjYagnik & AnuragVerma  

 

5. C. N. Rao, A.C.Rao, “Loop Based Pseudo Hamming Values I Testing Isomorphism And Rating Kinematic 

Chains”, Mech. Mach. Theory 28 (1) (1993),113-127. 

6. D.G. Olson, A.G. Erdman, And D.R. Riley, "A Systematic Procedure For Type Synthesis Of Mechanisms With 

Literature Review” Mechanism And Machine Theory, 20(4):285–295, 1985. 

7. F. FreudensteinAnd L. Dobrjanskyj. “On A Theory Of Type Synthesis Of Mechanisms”. In Proceedings Of 11th 

International Congress Of Applied Mechanics, Pages 420–428. Springer, Berlin, 1964. 

8. Crossley F.R.E.,  “A Contribution To Gruebler’s Theory In The Number Synthesis Of Plane Mechanisms”, 

ASME Journal Engineering Industry, Trans. ASME, Series B,Vol 86, Pp. 1-8, 1964. 

9. Dobrjanskyj L. And Freudenstein F.,  “Some Application Of Graph Theory To The Structural Analysis Of 

Mechanisms”, ASME Journal Of Engineering For Industry, Series B, 89, Pp. 153– 158,1967 

10. Mayourian M. And Freudenstein F., “The Development Of An Atlas Of The Kinematic Structure Of 

Mechanisms”, Trans. ASME J.Mechanisms, Transmission And Automation In Design, Vol. 106, December, Pp. 

458-461, 1984. 

11. Crossley F.R.E., “ The Permutation Of Kinematic Chains Of Eight Members Or Less From The Graph-Theoretic 

Viewpoint, In Developments In Theoretical And Applied Mechanics”, Vol. 2, Pergamon Press, Oxford, Pp.467-

486,1965. 

12. R. K. DubeAndRao. A. C., “Detection Of Distinct Mechanisms Of A Kinematic Chain”. ASME  J. 

Mechanism,Vol.104,Pp.172-180, 1986. 

13. Siegla D.C. And R.M. Siewert, “Variable Stroke Engine - Problems And Promises”. SAE Trans. No. 780700, 87: 

3637-3651, 1978. 

14. Siewert, R.M., “Engine Combustion At Large Bore-To-Stroke Ratios”. SAE Trans. No. 780968, 87:2726-2736, 

1978. 

15. Freudenstein, F. And E.R. Maki, “Variable Displacement Piston Engine”. U. S. Patent # 4, 270,495, 1981. 

16. Harary F. & Yan, H.S., “Logical Foundations Of Kinematic Chains: Graphs, Line Graphs, And Hyper Graphs”, 

Transactions Of The ASME, Journal Of Mechanical Design,112: 79,1990. 

17. Liu T. & Yu, C.H., “Identification And Classification Of Multi Degree Of Freedom And Multi-Loop 

Mechanisms”, Transactions Of The ASME, Journal Of Mechanical Design, 117: 104-110, 1995. 

18. Hrishikesh V. Deo , Nam P. Suh.,“ Axiomatic Design Of Automobile Suspension And Steering Systems: Proposal 

For A Six Bar Suspension”,SAE International,112-119,2003. 

19. Sen D. &Mruthyunjaya, T. S., “The Question Of Mini Max Loop-Size In Planar Homogeneous Kinematic 

Chains”, Mech. Mach. Theory, Vol.31: 821-829,1996. 

 

 

 

 



Elite Computerized Rating Scheme to Evaluate Simple Jointed Planner Kinematic Chains:                                                                     167 
Implemented on Kinematic Configuration of Various Independent Suspension System 

AUTHOR’S DETAILS 

 

Dr. AnuragVerma obtained his B.E degree from University of Karnataka (1990), M.E from B.I.T Mesra (1992) 

and Ph.D in Mechanical Engineering from research centre NIT Raipur, Pt. Ravi Shankar Shukla University, Raipur (2003). 

He is Ex-Principal of G. H. Patel College of Engineering & Technology, VallabhVidyanagar, and Gujarat, India. He has 

guided 29 M.E. dissertations. He has published 27 research papers in International & National Journals/Conferences. His 

area of research is Mechanism & Machine Theory, Robotics, and Finite Element Method in Engineering Design & CAD. 

Presently, he is aspiring for post-doctoral research in these areas. He is also a Life Member of ISTE (Indian Society for 

Technical Education). 

 

Mr. Nikunj S Yagnik obtained his B.E. (Mechatronics) degree from North Gujarat University, Patan, Gujarat, 

India (2004).He is pursuing M.E (Machine Design) from Gujarat Technological University, Ahmadabad, Gujarat, India. 

He has published 06 research papers in International & National journals/Conferences. His areas of interests are 

Mechatronics, Robotics and Artificial intelligence.  He is also a Life Member of ISTE (Indian Society for Technical 

Education).He is also involved in Consultancy and delivering expert talk on various topics. 




