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ABSTRACT 
As of today, over 0.2 billion two wheelers are being used across the world. One of the important 

components for the power transmission that is an integral part of all two wheelers is the chain drive. The amount of 

torque that the chain drive delivers is the important determining factor for speed, acceleration and performance of a 

two wheeler. The present work is aimed at designing and analysis required to decide the capacity of a chain drive 

that should be used to drive a vehicle of particular specifications. Structural analysis was carried out for Chain 

links of different materials Aluminum 7475-T761alloy and Stainless steel. Stainless steel resulted as with less 

stress distribution and depending upon the stress acting on the Chain link, corresponding dimensions were 

determined. 
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1. INTRODUCTION 

In designing, building and discussing chain drive systems it is important to understand the concepts and 

terminology associated with chain drive systems. The design of a chain drive demands the requirements of load, 

and description of driver and driven speeds and their units along with peak load, center distance and operating 

conditions.  Elongations due to wearing of chain can be neglected at a speed of 50m/min. For high shock loads the 

Service factor used for chain drives ranges up to 1.7. Pitch selection tables are used for selection of proper pitch, 

which is also used for synchronous belts. Numbers of strands required are determined from rating tables, once the 

sprocket sizes have been chosen. Many chain drive industries admitted that most chain drives are not designed 

properly. Without having all the basic drive data, Poly Chain belt drives are not supposed to be designed only on 

the basis of chain rating information. This study provides design calculation of chain drive in detail. Chain drives 

are similar to belt drives, for essential satisfactory performance; proper tension is required .This tension in chain is 

related to chain sag which is known as the “catenary effect" It is a curve (catenary effect) made by a cord (chain or 

cable) of uniform weight suspended between two points. Sag is a phenomenon which usually occurs in chain drive 

which can be defined as a bend or hang down in the middle especially because of weight or weakness.  

Table.1. Variation in chain sag with respect to center distance. 

Sprocket centers Inches Chain sag Inches 

20 0.50 TO1.0 

30 .63 TO 1.25 

40 0.88 TO 1.75 

60 1.25 TO2.50 

80 1.63 TO3.25 

100 2.0 TO4.0 

125 2.50 TO 5.00 

 

2. DESIGN PROCEDURE 

Selection of chain type: Based on the application type of chain is selected (ex-roller chain) 

Determination of transmission ratio:  Calculate the transmission ratio  

i=𝑧2/𝑧1=N1/N2 

Transmission ratio is selected based on the calculated (i) Value. 

Standard number of teeth on pinion sprocket: Preferred transmission ratio (i) Preferred number of teeth on 

sprocket (z1) calculates number of teeth on wheel (z2). 

Standard Number of Teeth on Wheel Sprocket (Z2): From the preferred transmission ratio (i) and recommend 

number of teeth on sprocket (Z1) calculate number of teeth on wheel (Z2) using the formula Z2 =i* Z1. 

Choosing even number of teeth is recommended. 

Selection of standard pitch (p): Using the formula of optimum center distance which is calculated by the 

formula- 

a= (30 to 50) p  

Where, a is center distance in mm, p is pitch of chain in mm, through this we can calculate pitch value (p). 

After calculating pitch value, select standard pitch value from PSG design data book, in specification of chains, 

Select a random value between 30 to 50 or take average value to calculate "p" if "a" value is not given assume a 

value (say 500 mm or 1000 mm). 
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Calculation of Breaking Load (Q): Now the power transmitted formula is rearranged for calculating the breaking 

load in kgf. ks can be calculated by the formula given in the design data book. 

Calculate speed "v" using formula 

              v = 
𝒛𝟏∗𝑵𝟏∗𝒑

𝟔𝟎∗𝟏𝟎𝟎𝟎
 

Based on the values of pitch and speed of small sprocket in Design Data Book under the section of chains. 

Select minimum factor of safety "n". 

Check for factor of safety: The design is safe if the calculated actual factor of safety is greater than minimum 

factor of safety, then the design is safe. 

  
Figure.1. Basic structure of chai Figure.2. 3-d model of chain link 

Table.2. Dimensions of chain link 

Pitch 15.875 

Roller width 9.525 

Roller diameter 10.160 

Pin diametr 5.080 

Plate thickness 2.032 

Analysis of Deformation Of chain with Two Different Materials: 

Stainless Steel: 

 The total deformation chain is 0.00014243m. 

 The ultimate strength is 586MPa. 

 The yield strength is 207MPa. 

 
Figure.3. Deformation of chain link made of stainless steel 

Aluminum Alloy: 

 Total deformation is 0.000391777. 

 Total yield strength is 30. 

 Total ultimate strength is 165. 

 
Figure.4. Deformation of chain link made of 

Aluminum alloy: By comparing both deformation and yield strength of Aluminum alloy and Stainless Steel, we 

can conclude that Stainless Steel is better for the usage as it has less deformation than Aluminum alloy for same 

applied load. 
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In order to calculate the maximum stress and deformation as shown above , statistical structural analysis is 

done at maximum force of 40.1 N is applied at one of the holes depending upon the dimensions  The ANSYS 

results formulated are as below: 

  
Figure.5. equivalent stress in chain link Figure.6. equivalent elastic strain in chain link 

Equivalent stress is 23.45Mpa.     Equivalent elastic strain= 0.00012254 mm 

3. RESULTS AND DISCUSSIONS 

The following are the values of the safe dimensions that are recommended for the design of a chain link for 

the given tensile strength in the table. 

Table.2. Dimensions of chain link 

Pitch Roller 

 width 

Roller  

diameter 

Pin  

diameter 

Plate  

thickness 

Average  

weight 

Average  

tensile strength 

p w r d t w n 

9.524 4.764 5.081 3.581 1.26 0.3 7.56 

12.6 7.939 7.926 3.962 1.525 0.6 13.34 

13.6 8.39 8.26 3.45 1.31 1.185 26.8 

12.6 6.34 7.771 3.581 1.26 0.4 7.56 

15.865 9.526 10.16 5.08 2.03 1.02 20.9 

It is evident that chain drive is one of the key aspects that must be taken under consideration for designing 

a vehicle. A chain drive is a component used for transmitting power from motor to wheels hence it is very 

important to have a perfect design for a chain drive. The following study helps us in determining the dimensions of 

a chain drive in case of a specific applied load. In the study a clear and detailed analysis of the chain link has been 

done using ANSYS software.  

4. CONCLUSION 

The chain drives are very useful for high torque power transmission. Among all, Roller Chain has positive 

drive. From the above analysis we can conclude that for manufacturing of chain drive, stainless steel is the better 

metal than aluminum alloy. With above shown process, we can check maximum stress that can be produced in the 

chain link for applied load of any material with the given particular dimensions. 

REFERENCES 

ANSI B29.10M-1997 (R1997), Heavy Duty Offset Sidebar Power Transmission Roller Chains and Sprocket Teeth, 

American Society of Mechanical Engineers, New York, 1997. 

Nikhil, Pachkawade D, Girish, Mehta D, Dynamic analysis of roller chain link, Journal of information, knowledge 

and research in Mechanical Engineering, 04 (01), 2016. 

Pereira C, Contact mechanics in a roller chain drive using multi body approach, Ph.D. Dissertation, Department of 

Mechanical Engineering, IDMEC-IST, CEMUC, Coimbra, Portugal, 2009. 

Pereira C, Influence of contact modeling on the dynamics of chain drive, Ph.D. Dissertation, Department of 

Mechanical Engineering, IDMEC-IST,CEMUC, Coimbra, Portugal, 2009. 

Zhenga H, Wanga Y.Y, and Quekb K.P, A refined numerical simulation on dynamic behavior of roller chain 

drives, Shock and Vibration, 11, 2004, 573–584. 

 


