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Abstract:  

Conveyor system is one of the most useful means of material handling since the industrial revolution. Conveyors are used in 

various industries like min ing, ship building, production, food etc. Looking at the applications we can understand the usefulness 

of conveyor systems in the day to day life. Conveyor system is made up of various types. Roller, chain  (drag conveyors), belt etc. 

considering the strength and the requirements of applications these are further classified. In heavy duty applications like m ining 

industry chain conveyor system is used. These conveyor systems are used of typical chain links collectively making the chain.  

These chain links are the basics of such conveyor system which decide the strength of the chain.It has two eyes at one side and 

one at another side. Such chain link is optimized  here topologically and structurally after finding the critical sections of the 

existing chain link. Also the chain link is optimized for the increased tonnage capacity . Also we will try to find a alternate 

material fo r the existing one. 
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I. INTRODUCTION 

The main components of the Bolt N go is  used in material 

handling equipment to transfer material from one point to 

another. The purpose of such a material handling equipment 

is to transfer goods with high efficiency, less material 

transport time, no need to slacken off the chain or re -tension 

while changing flights, and easy installation. These type of 

conveyor links are used in heavy duty applications. Various 

industries like coal industries, min ing industries, ship 

building industry etc have the applications where the tonnage 

capacity of conveyor system is required to be in the range of 

40-80 ton .In such applications roller or any other conveyor 

system have too much of limitations. Thus in these cases 

there is no other option than chain links. But traditional chain 

links have the limitations that are unavoidable. In such chain 

system in case of failure of certain link causes the whole 

system to stop. This produces a lot of down time. Thus bolt n 

go chain link is advantageous.  The existing conveyor chain 

link is designed for 60 tonn capacity. Our main object ive is to 

increase the tonnage capacity of the existing model without 

the failure of the chain link. Also we will t ry to find a 

different alternative for the existing material of the chain and 

analyse its results. Thus we will do this with a series of 

iterations as shown in coming chapters. 

Nomenclature  

H Diameter of fork (mm)  

P Pitch (mm) 

T thickness of link at web (mm)  

D Inner eye diameter (mm) 

M Thickness at single eye end (mm) 

W Thickness of fork at double eye end (mm) 

Sut ultimate Tensile  Strength (N/mm
2
) 

σa Allowable stress (N/mm
2
) 

σn nominal stress (N/mm
2
) 

Syt yield strength (N/mm
2
) 

Y Youngs modulus (GPa) 

µ Poissons ratio 

K Stress concentration factor 

Abbreviations 

FOS factor of safety 
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II. LITERATURE REVIEW  

Shruti S Kulkarn i et al [1]. , have published a paper in which 

work has been done to increase the chain link b reaking 

strength from 40T to 70T for higher models without changing 

the pitch, 216 mm. To achieve the target, crit ical sections of 

existing 216 mm pitch chain link, in terms of stress are found 

out and the design is modified in those critical sections. This 

is carried out in two options. First option is ‘Modified 

dimensions with existing material’. And in second option, 

suitability of alternative materials is checked and new 

material is suggested without changing the dimensions. Best 

suited material is selected on account of suitability for 

manufacturing processes, availability, and costs involved. 

From this the conclusion is drawn that, it can be resolved that 

with increase in fork d iameter and thickness of chain 

link,strength requirements have been met. However, it  

involves increased weight and ultimately cost. 

Suhas M. Shinde, et al. [2] have studied existing conveyor 

system and optimize the critical parts like roller, shafts, C-

channels for chassis and support, to min imize the overall 

weight of assembly and material saving.the results were 

30.931 % of weight reduction due to Optimized design. 

A. Katterfeld, F. Krause et al. [3] have described some of the 

necessary knowledge using and designing tube chain 

conveyors (TCC). It is based on the newest results of 

experimental tests on TCC and on the experience of many 

expertises. The aim of the research work is the formulation of 

generally valid and easy to use technical regulations for the 

tube chain conveyor. The measurement results show the 

influence of some major parameters. Further it shows how 

the quite new discrete element method could help to solve 

some of the major problems finding a general theory 

calculating TCC. 

G. Fedorko et al. [4] have presented experimental 

measurements of selected properties of pipe conveyor belts, 

which are dynamically damaged. Apart from results of 

experimental measurements, new experimental analysis of 

inner structure of conveyor belt by computer tomography is 

used. The aim of the paper is to show the change of physical 

and mechanical properties of dynamically damaged conveyor 

belts and analyze their inner structure–conveyor belt carcass 

by non-destructive method of analysis. The next goal of the 

paper is to clarify if dynamic wear of the conveyor belt 

damages the inner structure and verify the suitability of non-

traditional but promising computer tomography method for 

conveyor belt analysis. 

Gys van Zyl, Abdulmohsin Al-Sah li [5], et al. have studied 

the shaft of a conveyor belt drive pulley failed in service. An 

investigation was performed in order to determine the failure 

root cause and contribution factors. Investigation methods 

included visual examination, optical and scanning electron 

microscope analysis, chemical analysis  of the material and 

mechanical tests. A finite element analysis was also 

performed to quantify the stress distribution in the shaft. It 

was concluded that the shaft failed due to fatigue and that the 

failure was caused by improper reconditioning of the shaft 

during routine overhaul. 

Shirong Zhang et al. [6] have made the improvement of the 

energy efficiency of belt conveyor systems can be achieved 

at equipment and operation levels. Specifically, variable 

speed control, an equipment level intervention, is 

recommended to improve operation efficiency of belt 

conveyors. However, the current implementations mostly 

focus on lower level control loops without operational 

considerations at the system level. Subsequently, both an off-

line and an on-line parameter estimation schemes are applied 

to identify the new energy model, respectively. Simulat ion 

results are presented for the estimates of the four coefficients. 

Finally, optimization is done to achieve the best operation 

efficiency of belt conveyors under various constraints. Six 

optimization problems of a typical belt conveyor system are 

formulated, respectively, with solutions in simulat ion for a 

case study. 

4B Group Manual [7], “Forged chains and sprockets for the 

toughest application”. This company is the manufacturer of 

forged chain links and pins, bolt & go chain and flight 

system, sprockets, trailers, Accessories. This manual shows 

the design and specification of bolt & go conveyor, its 

advantages etc. 

III. DESIGN AND MATERIAL PROPERTIES OF 

EXISTING BOLT N GO CHAIN LINK 

Traditional chain systems use pins and circlips. The 

disadvantage of this type of system, is that during any 

maintenance repairs on the chain, the whole chain would 

have to be lifted out of the conveyor to conduct repairs . The 

existing bolt n go chain link is designed as shown in the fig 1. 

Here there are two ends for the link. One is single eye end 

and other is double eye end. There are two forks of 25 mm 

thickness each. The inner eye diameter is 30 mm and the 

outer eye diameter is 60 mm. There is a typical rectangular 

section in between the two eye ends. The thickness of this 

rectangular section is 18 mm. This chain link is designed to 

carry the loads upto 60 ton. These dimensions are to be 

altered or optimized in order to get the maximum tonnage 

capacity. 

                  Fig.1. Bolt n go chain link 

The material cost, availability and the material properties 

decide the finalized material fo r our applicat ions. Due the 

good mechanical properties and economic option the Mild 

steel is being used in larger extent to manufacture bolt n go 

chain link.Also mild steel has maximum strength which is 

must for this application. Its mechanical properties are given 

in table below. The Young Modulus for conveyor links lies in  

same range but the yield strength limit differs and which can 

be used for comparing von misses stress in post processing. 

The linear and isotropic material of mild steel has taken for 

the analysis purpose. The detailed material properties are 

shown in Table no.1 

Table no. 1. Material properties of existing bolt N go chain 

link 

Property S ut S yt Y µ 

Value 850 600 210 0.3 
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IV. IDENTIFICATION OF CRITICAL SECTIONS OF 

EXISTING BOLT N GO CHAIN LINK

 

Fig.2. Sections of chain link 

 

 
 

  

  
     

∴K = 2.15 –from stress concentration factor graph[10] 

Ult imate Tensile Strength (Sut) = 850 MPa  

Allowable stress 

     
   

   
 

   

   
            

The sections with stress more than allowable stress (σ all) 

will be critical. 

Stress at section A-A: 

Nominal stress  

   
 

         
 

      

            
            

Maximum Stress at single eye end 

      
 

 
        

    

 
           

As, σ1 > σa , section A-A is crit ical 

Stress at section B-B  

   
 

     
 

      

     
        

As, σ2 < σa , section B-B is not critical 

Stress at section C-C  

Nominal stress  

   
 

           

 
      

              
         

Maximum Stress at double eye end  

                         

As, σ3 > σa , section C-C is critical 

 IV.I Von-misses stresses & deformation for existing bolt N 

go chain link 

Here we study the stress and deformation of existing chain 

link in ansys.  

             
                Fig.3. Von Misses stress plot 

                Stress value -129 .12 N/mm
2  

           

 
Fig.4. Deformation plot  

Deformat ion value- 0.084 mm 

Stress value for bolt and go is 129.12 N/mm
2
 which is well 

below the critical value. Hence, design is safe. From fig, 

deformation for bolt  and go is 0.084 mm. 

 

V. DESIGN OF PROPOSED BOLT N GO CHAIN LINK 

 We are going to optimize the existing bolt n go 

chain link using various iteration where we are changing the 

dimensions of the chain link. The iterations are as follows. 

 

Table 2. List of iterat ions 

 

Sr. No. Description Figure 

1. Increase the 

thickness of 

rectangular section 

from 18mm to 24 

mm as shown in the 

CAD model 

generated in the 

below figure. 

 

 
 

2. Material removed  

from the 

rectangular section 

to make it an I-

Section for a depth 

of 6mm. 

 

 

3. Eye diameter is  

increased by 5mm 

from 60 mm & 

made it 65mm 

diameter and 

increase the fork 

thickness by 6mm 

from 25 to 31 mm. 
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VI. VON MISES STRESS AND DEFORMATION OF ALL 

THE ITERATIONS 

 

Here we will be analyzing the results of all the 

iterations in ansys. Following table shows the detailed results 

of the new iterat ions.  

 

Iteration1. 

         
Fig.5. Von misses stress plot (Iteration1) 

Stress value- 90.27 N/mm
2  

 

         
              Fig.6. Deformation plot (Iteration1) 

                    Deformat ion value- 0.063mm 

 

Iteration 2 

           
Fig.7. Von misses stress plot (Iteration2) 

Stress value-86.73 N/mm
2
      

 

           

Fig.8. Deformation plot (Iteration2) 

Deformat ion value-0.07 mm 

        Iterat ion3.  

      
 

Fig.9. Von Mises stress plot(Iteration 3) 

Stress value- 84.45 N/mm
2  

 

 
Fig.10.Deformat ion plot ( Iteration 3) 

Deformat ion value 0.078 mm 

 

VII. INCREASE IN TONNAGE CAPACITY FOR THE 

OPTIMIZED DESIGN 

 From the results we can see that the new optimized design is 

under the critical limits of stress. Now we can check the same 

results by increasing the load. Here we are try ing to increase 

the tonnage capacity of the chain link from 60 tonn to 80 

tonn. Thus increasing the load from 60 KN to 80 KN. Here 

are the results of this alteration.Von Mises  stress and 

deformation plots for increased  load capacity.   

  

 
 

Fig.11. Von Mises Stress plot 

(Increased tonnage capacity) 

Stress value-112.604 N/mm
2  
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Fig.12. Deformation plot 

(Increased tonnage capacity) 

Deformat ion value- 0.104 mm 

 

VIII. EXPERIMENTATION 

 Experimentation of these chain links is done on 

universal testing machine. This test is a complete static 

tensile test. Here the chain assembly of 2-3 chain links is 

tested on universal testing machine. After getting suitable 

analytical results  for altered dimensions, model will be 

manufactured and then tested for load vs. stress on UTM. 

Tested results should be in line with the analytical results.   

Break load test is carried out to check the breaking 

strength of chain links. Load is applied on assembly of two or 

three chain links held between one fixed and one movable 

jaw till chain link breaks. The set up for this process is as 

shown in below fig. The movable jaw is pulled with the load 

equal to the required loading conditions which helps to bring 

the actual loading conditions of the conveyor system in 

application. The loading conditions are as shown in the figure 

13. We can see both the fixed and movable jaws in the figure.  

 

 

Fig. 13 Set up for break load test 

However, this method not only records the change in length 

of the specimen but also all other extending / elastic 

components of the testing machine and its drive systems 

including any slipping of the specimen in the grips. 

Once the machine is started it begins to apply an increasing 

load on specimen. Throughout the tests the control system 

and its associated software record the load and extension or 

compression of the specimen. The experimentation results 

are in the process. 

 

IX. RESULT DISCUSSION 

Here we have discussed both the existing and the 

proposed design and the stress and deformation plots. 

Existing design had critical sections as seen in the initial 

parts. Thus we had a task to eliminate those critical sections 

in the existing design and propose a new design which is 

perfectly within the limits of stress and deformat ion. After 

looking at the stress and deformation plots of the existing 

design we concluded that there is a lot of unnecessary stress 

induced in the crit ical sections of the model. Therefore we 

tried to remove those unwanted stresses and simultaneously 

produce the design which has no critical sections and 

optimize the design. It was required to design in such a way 

that it minimizes stress along with considerable weight 

reduction and and minimum deformation. Thus the model 

was further optimized in various iterations to get the best 

results out with limited resources. The iterations carried out 

were in such a way that the new design has to sustain the 

loading conditions and should be able to withstand the 

increased load. In short we had to design the new model in  

such a way that it should have increased tonnage capacity.  

Table 3. Comparison of results 

Case no. Von-Misses 

Stress(N/mm
2)  

Deformat ion 

(mm) 

Existing model 129.12 N/mm
2 

0.084 mm 

Iteration1 90.27 N/mm
2  

0.063 mm 

Iteration 2 86.73 N/mm
2  

0.07 mm 

Iteration 3 84.45 N/mm
2  

0.078 mm 

 

From the comparison of results in the above table it can be 

noticed that the Iteration 3 has maximum stress reduction. 

Thus the chain link is successfully optimized. The 

dimensions and the shape is changed in order to reduce the 

stress induced in the chain link. Thus it can be seen that in 

iteration 3 there is a noticeable change in the weight which is 

a very good achievement. Also there significant reduction in 

stress induced. From the above results it would be easier to 

make the conclusions regarding choosing the optimal design 

for proposed chain link. Fo llowing conclusions are made 

regarding the the respective objective fulfillment and other 

areas. 

X. CONCLUSIONS 

 The stress induced in existing model was 129.12 N /mm
2
 

and it was reduced to mere 84.45 N/mm
2
 which is a 

considerable reduction in stress. 

 Deformat ion in existing model was 0.084 mm was 

reduced to 0.078 in the new design. This results  affects a 

lot as the conveyor system is a linkage system where 

collective results are to be considered. 

 The final optimized model is under the design safety 

condition 

 Hence we check it for increased strength capacities. 

 The optimized model is checked fo r increasing load 

conditions 

 Finally it is capable of handling 80KN of load which was 

earlier 60KN. 

 Hence the strength is optimized for much better loading 

conditions. 
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