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Abstract— Chain is a mechanism is used for the 

transmission of the load from the one location to other 

location of the link. There is the number of the link are 

attached with each other for transmission of power from the 

end location of the link. When the chain rotate, there is also 

change the location of the load on the chain, which create a 

dynamic effect in the chain. There are a number of chain 

mechanism use for transmission of the power, in this lock 

link is the one of them. There is try to optimize the design of 

the lock link for the same loading condition. 
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I. INTRODUCTION 

Chain is a mechanism for transmission of power and the 

load from the one location to the other location. Lock link is 

generally used in waste water treatment for removing the 

solid waste. So that the mechanism is containing the load in 

the vertical direction for the removing the load from the 

bottom of the link to the top of the link. The main factor 

which was affected on the working of the lock link is that 

the corrosion of the link in the mud water, and the wear of 

the link. This link is special purpose chain, whose load 

carrying capacity is much greater than the other chain 

mechanism. The performance of the link is well work in the 

mud water for the removing the load. 

II. OBJECTIVES OF RESEARCH 

1) Increase the efficiency of the lock link. 

2) Optimize the design of the lock link. 

3) For the same load optimize the design of the lock 

link. 

4) Minimize the weight of the lock link. 

III. PARTS OF LOCK LINK MECHANISM 

 
Fig. 1: Lock Link1 

 
Fig. 2: Lock Link2 

 
Fig. 3: Pin 

IV. MAXIMUM LOAD CARRYING CAPACITY OF LOCK LINK 

For the considering the minimum cross sectional of the link 

in the normal condition of the link, So that the normal cross 

section of the link is as follow, 

 
Fig. 4: 

So that the total cross sectional area of the link at 

the place where the main effect where created is as 

=Total area of the outer block-horizontal block-2* middle     

square block 

=(36.51*38.10)-(14.29*36.51)-2*(14.29*11.91) 

=1391.031-521.7279-(2*170.1939) 

=528.9153mm
2 

Here we have considering the factor of safety is 8, so that 

the design stress in the link is to be 

Stress=
                     

                
 

 
      

 
=36.25N/mm

2 

So that based  on this two condition the load 

carrying capasity of the link in the normal condition of the 

link is 

Stress,   
 

    
=

 

        
=36.25 

P=36.25*528.9153 

=19173.179625N. 
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This load is the maximum load carrying capacity of 

the lock link the normal working condition. Here we 

consider the total load is devided same in the all the square 

of the lock link cross section. So that form that condition of 

the lock link, find the optimum design of the lock ink with 

help of the johnson method, 

 Optimization is 

the act of obtaining the best result under given 

circumstances. The ultimate goal of all such decision is 

either to minimize the effort or to maximize the desired 

benefit. Optimization can be defined as the process of the 

finding the condition that give the maximum or minimum 

value of a function. 

 Statement of the 

optimization problem: An optimization or a mathematical 

problem can be stated as follow  

Find X=   
  
  

  

}, Subject to constraints 

Gj (X) ≤0, j=1, 2,   m 

Jj(X) =0, j=1, 2,   p 

A. Design Vector: 

Any system or component is defined by set of quantities 

some of which are viewed as variables during the design 

process. In general, certain quantities are usually fixed at the 

outset and these are called preassigned parameters. 

B. Design Constrains:  

Many practical problems, the design variables cannot be 

chosen arbitrarily; rather, than have to satisfy certain 

specified functional and other requirement. The restriction 

that must be satisfied to produce an acceptable design are 

collectively called design constrains. Constrains that 

represent physical limitation on design variables, such as 

availability, fabricability, and transportability, are as 

geometric or side constraints. 

C. Constraint Surface:  

Consider an optimization problem with only inequality 

constrains gj (X) ≤0. The set of values of Z that satisfy the 

equation gj (X)=0 for a hyper surface in the design space 

and is called a constraint surface. 

 A design point 

that lies on one or more than one constraint surface is called 

a bound point, and the associated constraint is called an 

active constraint. Design point that do not lies on any 

constraint surface are known as free points.  

1) Free and acceptable point 

2) Free and unacceptable point 

3) Bounded and acceptable point 

4) Bounded and unacceptable point 

D. Objective Function: 

The Conventional design procedures aim at finding an 

acceptable or adequate design that merely satisfies the 

functional and other requirement of the problem. In general, 

there will be more than one acceptable design, and the 

purpose of optimization is to choose the best one of the 

many acceptable designs available. 

Here the objective of the function is either reduce 

the width of the lick side or reduce the thickness of the lick. 

So that here we have consider the W as the width constrain 

and the T as the thickness constrain. 

   
  

  
 = {

 

 
} 

Here we are use the behaviour constrain as the 

induced stress should not be greater than the design stress, 

and the deflection should not be greater than predefined. 

For the behaviour constrain, stress=σ=
 

 
=

 

    
 

 

Here, the design stress in the link is 

σ=
                            

                    
 

=
       

 
 

Here we use FOS=8       =36.25MPa 

So that      σ=
 

    
, 

As finding previous for considering only one side of the 

lock link      

P=4793.294906N 

Stress =σ=
 

 
=

 

    
 

=
         

    
 

So that the first behaviour constrain is G1(X) =
         

    
 – 

36.25 ≤ 0 

Second behaviour constrain is the deflection in the 

link should be minimum: 

Modulus of Elasticity E= 
      

      
=

 

 

 

  
 

So that δl=
 

 

 

 
 

 P=4793.294906   

L=317.43mm 

A=X1X2    

E=193000MPa  

For the stainless steel 316 

So that the behaviour constrain for the deflection in the link 

is 

  

δl=
 

 

 

 
=   

           

    

      

      
 

                           =
        

    
 , Here we find the deflection in 

the link at the present condition of the link. 

Δl=
         

           
=0.05956mm 

 

So that we consider the second behaviour constrain is  

G2(X) = 
         

    
- 0.05956 ≤0 

Here the side constrain of the link is consider as 

10.50 ≤ X1 ≤ 11.50 and, 

11.50 ≤ X2 ≤ 12.50. 

 So that the other behaviour constrain is given by, 

1) G3 (X) = -X1+10.50 ≤ 0 

2) G4 (X) = X1- 11.50 ≤ 0 

3) G5 (X) = -X2 + 11.50 ≤ 0 

4) G6 (X) = X2 -12.50 ≤ 0 

Since, here only two design variable so that the problem 

can be solved by the graphical method, 

First, the constraint surface are to be plotted in a 

two-dimensional design  space where two axis represent the 

two design variables X1 and X2,  To plot the first design 

constrain,  

G1 (X) = 
         

    
 – 36.25 ≤ 0 

This is X1X2 ≥ 132.228824 
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X2 X1 

11.50 11.498158 

11.60 11.399036 

11.70 11.301608 

11.80 11.205832 

11.90 11.111665 

12.00 11.019068 

12.10 10.928001 

12.20 10.838428 

12.30 10.750310 

12.40 10.663661 

12.50 10.578305 

Table 1: 

Second behaviour constrain of the lock link is 

G2 (X) = 
       

    
- 0.05956 ≤ 0 

By giving the different value of the displacement of 

the lock link we find the other value of the X1 and X2 as 

follow 0.055 0.06, 0.065, After the finding the 

This is X1X2 ≥ 132.3640 

X2 Δl1=0.055 Δl2=0.05956 Δl1=0.065 

11.50 12.4641 11.5099 10.54 

11.60 12.3567 11.4106 10.4557 

11.70 12.251121 11.3131 10.3663 

11.80 12.417309 11.2172 10.2784 

11.90 12.04523 11.1230 10.1921 

12.00 11.944854 11.03033 10.1075 

12.10 11.8461 10.9391 10.0236 

12.20 11.749037 10.8495 9.9419 

12.30 11.653516 10.7613 9.8606 

12.40 11.559536 10.6745 9.7811 

12.50 11.467060 10.58912 9.7028 

Table 2: 

 
Fig. 5: 

Based on the above all the point of the deflection 

and stress the link is to be plotted in the graph. 

From the graph show that the optimum point of the 

link cross section is the X1=11.2 and the thickness X2=11.8. 

So that from the same load condition of the lock 

link the total cross sectional area of the link is to be reduce 

V. CONCLUSION 

From the mathematical calculation of the lock link, it is 

easily seen that the load carrying capacity of the lock link is 

same with optimization of the lock link. There is also other 

factor must be consider that, the factor of safety of the lock 

link is to be consider is the very high as 8. So that this is 

another factor for the optimization of the link. 
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