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Abstract  In order to select the best possible chain or 
mechanism at the conceptual stage of design, the designer 
should be able to read the characteristics of the kinematic 
chains based on their topology. To accomplish this it is only 
necessary to associate logically certain characteristics of a 
chain to perform a task, with the structure and then 
generalize. Based on this belief in the present work chains 
are modeled as a system of springs connected in series to 
reveal some of the characteristics like stiffness and 
compactness. The concepts developed are applied to 
platform type robots, which are gaining in importance. 
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1. Introduction 
There are two types of kinematic chains, i.e. serial and 

parallel. In serial choice is limited while in parallel, there are 
distinct structures such as 16 in eight links single degree of 
freedom, 40 in nine links 2 degree of freedom, 98 in 10 links 
3 degree of freedom and more than 6000 single DOF with 
twelve links [1, 2]. Through knowledge of kinematic chains 
is essential for a designer and persistent efforts are made to 
know about kinematic chains as much as possible. The 
complexity of kinematic chains increases with the number of 
the links. For the chains with the same number and type of 
links, the structure or the topology of the chain is expected to 
play a prominent role. Despite availability of many chains 
with distinct structure there are no guidelines to select the 
best possible chain for the specified task such as function 
generation, path generation or robot manipulator application, 
etc. Until now, most of the work is directed to study 
isomorphism among chains and to know the type of freedom 
[3-7] work relating to this aspect is hardly seen in the 
literature. Some work reported earlier [8-10] deals with the 
dimensional aspects and not with the structural influence. 
Rao and Rao [11, 12] proposed link-loop Hamming values 
for rating of the kinematic chains. Rao [13] compare the 

kinematic chains for characteristics like mechanical 
advantages, compactness and stiffness. Rao and Jagdeesh 
[14] compare the chains from the viewpoint of balancing and 
their expected dynamic behavior. Rao [15, 16] presented a 
pseudo genetic algorithm for evaluation of kinematic chains. 
Rao [17] using the concept of fuzzy logic proposed a 
numerical measure to compare the chain characteristics like 
symmetry, parallelism and mobility. Srinath and Rao [18] 
proposed the concept of correlation to evaluate the 
performance of the chains. 

Exact static and dynamic behavior of linkages in an 
absolute sense cannot be predicted unless the link shapes, 
dimensions, masses and their distribution etc., are known. 
However, it should be possible to compare different chains 
with same number of links and joints for their expected 
behavior on the basis of their structure, without having to 
perform the actual static and dynamic analysis. Structure of a 
chain depends upon the link assortment, i.e., type, number 
and their adjacency. The author believes that the structure of 
a chain reveals its capabilities and limitations accordingly an 
attempt was made to compare the chains from the viewpoint 
of stiffness and compactness extending the concepts 
proposed by Rao [13] these concepts to compare 
platform-type robots, which are gaining importance, is dealt 
with. 

2. Definitions of Terminology  
The following definitions are to be understood clearly 

before applying this method. Various definitions with their 
abbreviations are given below. 

(i) Degree of link: A numerical value for the link, based 
on its connectivity to other links     therefore quaternary 
link has degree equal to four and ternary link has degree 
equal to three. 

(ii)  Joint value: It is the ratio of summation of degree of 
all the links connected at the joint to the number of links 
connected at the joint (type of joint). it is denoted by Jv and 
computed by Eq.(1). 

Jv= ∑𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷  𝑜𝑜𝑜𝑜  𝑎𝑎𝑎𝑎𝑎𝑎  𝑡𝑡ℎ𝑒𝑒 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛  𝑜𝑜𝑜𝑜  𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙  𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  𝑎𝑎𝑎𝑎  𝑡𝑡ℎ𝑒𝑒 𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗

        (1) 
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3. Basic Theory 
3.1. Stiffness 

The actual stiffness of a link or a member of a chain 
depends upon its dimensions, elasticity and connectivity or 
supports. Since a chain is modeled as a system of springs 
connected in series, if all the links are stiffer the chain can be 
expected to posses’ greater stiffness and this will lead to 
lighter chains or links. When the chains are to be compared 
on the basis of their structure, the modulus of elasticity and 
dimensions of all the links can be considered to be same so 
the stiffness of the link is the function of its supports only. A 
member can be considered to have been elastically supported 
by as many other members as there are joints. Also, a 
member becomes stiffer if the numbers of supports are more. 
Likewise the stiffness of a link increases with the 
connectivity of the link itself and of the adjacent links. Based 
on this theory the stiffness of a link is defined as the sum of 
all the joint values of that link. As a chain is modeled like a 
system of springs connected in series, the stiffness of a chain 
is computed by Eq. (2) 

1
𝑆𝑆

=  1
𝑆𝑆1

+ 1
𝑆𝑆2

+  1
𝑆𝑆3

+  … . + 1
𝑆𝑆𝑆𝑆

                 (2) 

Here Sn is the stiffness of the nth link of the chain. To 
illustrate the above two distinct six link chains are 
considered.  

For Stephenson’s chain Fig. 1(a) 
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For Watt’s chain Fig. 1(b) 
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Thus the stiffness value of the Stephenson’s chain Fig. 1(a) 
and of Watt’s chain Fig. 1(b) are 0.9/1.11 and 0.878 /1.1027 
respectively, indicating the Stephenson chain is stiffer or 
more rigid compared to the Watt chain. Also, consider two 
eight link chains of Fig. 2(a) and 2(b), stiffness value of them 
are 0.7438 and 0.7686 respectively indicating that chain of 
Fig. 2(a) is structurally more stiffer or rigid. 

 

Figure 1.  (a) Stephenson chain; (b) Watt chain 

3.2. Compactness 

The knowledge of structural compactness of a chain at 
least in comparative sense is always desirable. A chain in 
which links and joints are close to one another may be 
considered as a compact chain. Closeness of any two links 
and joints may be indicated by the distance between them 
respectively. In graph theory, the distance between two 
vertices is defined as the least number of edges that fall 
between the two vertices out all possible paths between them. 
Adapting this concept, the distance between the two links is 
equal to the least number of joints that separate them and 
distance between the two joints is equal to the least number 
of links that separate them. Two distance matrices link 
distance matrix D1 and joint distance matrix D2 are written 
for every chain. For link distance matrix D1, Dij = least 
number of joints between links i and j and Dii =0 and for joint 
distance matrix D2, Dij = least number of links between joints 
i and j and Dii =0. 

For example, distance matrices for the two distinct six link 
chains is given as 

For Stephenson’s chain Fig. 1(a) 

D1=

⎣
⎢
⎢
⎢
⎢
⎡
0 1 2 1 2 1
1 0 1 2 2 2
2 1 0 1 1 2
1 2 1 0 2 2
2 2 1 2 0 1
1 2 2 2 1 0⎦

⎥
⎥
⎥
⎥
⎤

             

 D2= 

⎣
⎢
⎢
⎢
⎢
⎢
⎡
0 1 2 2 1 2 2
1 0 1 2 2 1 2
2 1 0 1 2 1 2
2 2 1 0 1 2 2
1 2 2 1 0 2 1
2 1 1 2 2 0 1
2 2 2 2 1 1 0⎦

⎥
⎥
⎥
⎥
⎥
⎤

           

The sum of all the elements in the D1 matrix is called as 
the link distance value of the chain, which for this chain is 46 
and the sum of all the elements in the D2 matrix is called as 
the joint distance value of the chain, which for this chain is 
66. 

For Watt’s chain Fig. 1(b) 

D1 =  

⎣
⎢
⎢
⎢
⎢
⎡
0 1 2 1 2 1
1 0 1 2 3 2
2 1 0 1 2 3
1 2 1 0 1 2
2 3 2 1 0 1
1 2 3 2 1 0⎦

⎥
⎥
⎥
⎥
⎤

         

D2 =  

⎣
⎢
⎢
⎢
⎢
⎢
⎡
0 1 2 2 2 1 1
1 0 1 2 3 2 2
2 1 0 1 2 2 1
2 2 1 0 1 2 1
2 3 2 1 0 1 2
1 2 2 2 1 0 1
1 2 1 1 2 1 0⎦

⎥
⎥
⎥
⎥
⎥
⎤

        

The sum of all the elements in the D1 matrix is called as 
the link distance value of the chain, which for this chain is 50 
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and the sum of all the elements in the D2 matrix is called as 
the joint distance value of the chain, which for this chain is 
66. 

In order to assess the compactness of a chain, a numerical 
measure is necessary and to compute the numerical measure 
a compactness index C is proposed, defined as the sum of 
link distance value and joint distance value. For example the 
compactness C of Stephenson’s chain Fig. 1(a) is 46+56 = 
102 and for Watt chain Fig. 1(b) is 50+ 66 = 106 indicating 
that Stephenson’s chain is structurally more compact. Also, 
consider two eight link chains of Fig. 2(a) and 2(b), value of 
the compactness index C are respectively 96 + 157 = 253 and 
100+ 162 = 262 respectively indicating that chain of Fig. 2(a) 
is structurally more compact. 

 

Figure 2.  .(a) and (b) Two eight link 1 d. o. f. Chains 

4. Application to platform- type robots 
In the recent past open- chain linkages have received 

greater attention for robot arms. Each joint in these robot 
arms is actuated independently. While possessing many 
advantages, such as large work space and maneuverability, 
they do suffer from disadvantages like less rigidity, 
accumulation of mechanical errors from shoulder to the end- 
effectors, control problems, etc. The alternative to the open 
chain robot arms is the in- parallel actuator arrangement 
often referred to as the platform –type robot as it has greater 
rigidity, lightness, load carrying capacity  and the actuators 
can be attached to a fixed base [12-15]. The disadvantages of 
the platform –type robot is that the forward kinematic 
problem is more complex than the inverse kinematics of 
open chain robots but some closed form solutions are 
presented for forward kinematic analysis of platform type 
robot. In what follows only planar robots are dealt with.  

To illustrate the above discussed concepts, let us consider 
two 3 d.o.f. eight link chains of Fig. 3 (a) and 3(b). 

 

Figure 3.  (a) and (b) Two eight link 3 d. o. f. chains 

For the chain of Fig. 3(a) 
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D1 =

⎣
⎢
⎢
⎢
⎢
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0 1 2 3 2 1 2 1
1 0 1 2 3 2 3 2
2 1 0 1 2 3 2 3
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1 2 3 2 1 0 3 2
2 3 2 1 2 3 0 1
1 2 3 2 3 2 1 0⎦
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⎤

      

The link distance value of the chain is 108. 

D2=  

⎣
⎢
⎢
⎢
⎢
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0 1 2 3 2 1 1 2 3
1 0 1 2 3 2 2 3 2
2 1 0 1 2 3 3 2 1
3 2 1 0 1 2 3 2 1
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1 2 3 3 2 1 0 1 2
2 3 2 2 3 2 1 0 1
3 2 1 1 2 3 2 1 0⎦
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⎤

       

The joint distance value of the chain is 138. 
So the value of stiffness and compactness of this chain are 

0.625 and 108 + 138 = 246 respectively. 
For the chain of Fig. 3(b) 
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D1 =  

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎡
0 1 2 2 1 2 2 1
1 0 1 2 2 3 3 2
2 1 0 1 2 3 4 3
2 2 1 0 1 2 3 3
1 2 2 1 0 1 2 2
2 3 3 2 1 0 1 2
2 3 4 3 2 1 0 1
1 2 3 3 2 2 1 0⎦

⎥
⎥
⎥
⎥
⎥
⎥
⎤
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D2= 

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡
0 1 2 3 2 1 1 2 3
1 0 1 2 3 2 2 3 2
2 1 0 1 2 3 3 2 1
3 2 1 0 1 2 3 2 1
2 3 2 1 0 1 2 3 2
1 2 3 2 1 0 1 2 3
1 2 3 3 2 1 0 1 2
2 3 2 2 3 2 1 0 1
3 2 1 1 2 3 2 1 0⎦

⎥
⎥
⎥
⎥
⎥
⎥
⎥
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The joint distance value of the chain is 140. 
So the value of stiffness and compactness of this chain are 

0.610 and 110 + 140 = 250 respectively.  Thus, the chain of 
Fig. 3(a) is more rigid and compact as compared to chain of 
Fig. 3(b) and should be selected for platform type robot 
application. 

5. Conclusions 
Based on the analysis of the above discussed chains and 

many more chains not included in the paper, the following 
conclusions are drawn. 

(i). The lesser the distance values of a chain or inversion, 
greater is the compactness. 

(ii). Compact chains are stiffer also and hence to become 
too light to carry the same loads. This comparison is 
permissible among chains consisting of an equal 
number and type of links. 

(iii). Loss of motion and power increases with the number 
of joints, hence compact chains or inversions are 
better from this viewpoint. 

(iv). Compact chain has less joint interaction, are more 
accurately controlled. 
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