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Abstract— Chain sprocket is one of the important component 

of chain drive for transmitting power from one shaft to 

another shaft. The front sprocket drives the rear sprocket via 

chain connection. In this study of the stress of chain drive, 

existing sprocket of mild steel is compared with the sprocket 

of cast iron material. It has been achieved by using Ansys 

18.1, by applying torque in to the model of sprocket. Then 

model is made by the commands in Solid Works 2016 and 

geometrical selections in part design module. Pre-processing 

like meshing is carried in Ansys 18.1. With insertion of that 

model into the Ansys 18.1 for Post-processing with different 

properties of mild steel we found different values of Von-

Misses stress, total deformation and equivalent elastic strain. 

With same model of sprocket, analysis has been carried out 

in Ansys 18.1 with different properties of cast iron. 
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I. INTRODUCTION 

Sprocket are rotating parts with teeth that are used in 

conjunction with a chain and, almost at least one other 

sprocket to transmit torque. Roller chain or bush roller chain 

is the type of chain drive most commonly used for 

transmission of mechanical power on many kinds of 

domestic, industrial and agricultural machinery, including 

conveyor and tube-drawing machines, printing presses, cars, 

motorcycles, and bicycles. The driving sprocket is connected 

to engine output shaft, which transfer power to driven 

sprocket by chain. Further this driven sprocket transfer power 

to drive shaft. 

Chain sprocket has problems like braking of 

bushings and/or rollers, braking of plates and pins (unusual 

cracks), quickly of sprockets wear. 

Quickly, Worn rollers, etc. Possible causes of these 

problems are significant overload, overload breakage, high 

impact pressure, excessive chain wear far beyond 

replacement level, combination of worn chain with new 

sprockets etc. In this paper it is proposed to substitute the 

metallic sprocket of motorcycle with composite material to 

reduce the weight and noise. For the purpose composite 

material were considered namely Cast iron and their viability 

are checked with their counterpart metallic gear (Mild steel). 

Based on the static analysis, the best composite material is 

recommended for the purpose. A virtual model of sprocket 

was created in Solid Works 2017. Model is imported in Ansys 

18.1 for pre-processing and analysis is carried in Ansys 18.1 

After analysis a comparison is made among existing mild 

steel sprocket. Based on the total deformation. Equivalent 

elastic strain and Von-Misses stress from the analysis, we 

choose cast iron as a substitute of metal. 

 
Fig. 1: Photograph of Sprocket Bajaj Pulsar 180. 

A. Objective of Work 

 The major objective of the work is Compare between 

Mild Steel and Cast Iron Chain Sprocket. The following 

have to be carried out to satisfy the objective. 

 To create the solid three-dimensional model of the 

sprocket in Solid Works 2017. 

 Meshing of these sprocket using ANSYS 18.1 

 Import into Ansys 18.1 for performing the stress 

analysis. 

B. The Main Steps Involved in This Work 

 Analysis stresses using ANSYS 18.1 

 Meshing the model using ANSYS 18 

 Modelling the Sprocket using Solid Works 2017 

software. 

 Results and discussion. 

II. LITERATURE REVIEW 

In this Chapter focuses on the chain sprocket. 

[1] Ebhota Williams S, Ademola Emmanuel, 

Oghenekaro Peter, “Fundamentals of heat treatment was 

applied to move the material hardness from 13 HRC to 45 

HRC as shown by hardness test.   

In this research paper, study involves the 

fundamentals of sprocket design and manufacturing of a rear 

sprocket of Yamaha CY80 motorcycle through reverse 

engineering approach. The eight steps that are to be followed 

sequentially in the reverse engineering approach are 

discussed.They manufactured the sprocket by universal 

milling machine from the blanked mild carbon steel (AISI 

1045) with chemical composition of C=0.45%, Mn=0.75%, 
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P=0.03% max, S=0.04%. Then induction heat treatment was 

applied to move the material hardness from 13 HRC to 45 

HRC.[1] 

[2] Swapnil Ghodake, Prashant Deshpande, 

Shrikant Phadatare, “Optimization of Excavator Sprocket and 

it's Validation by Test Rig Concept”, Conf. on Advances In 

Engineering And Technology, ISBN: 978-1-63248-028-6. 

In an excavator, a sprocket is a toothed wheel that 

engages with a chain or track to transmit rotary motion. 

Sprocket, track and idler form an assembly to cause the 

motion of excavator. Optimization is a methodology of 

making something (as a design, system, or decision) as fully 

perfect, functional, or effective as possible to maximize 

productivity or minimize waste. In this paper, sprocket 

weight optimization is done with reducing material to get 

optimized design which can perform well under torque 

condition keeping same constraints. For this purpose, an FEM 

tool is used for analyzing existing and optimized sprocket 

with different types of FEA techniques. Strain Gauging is 

done for correlation with FEA virtual strain to confirm the 

loadings. Conceptual Test rig is proposed to validate the 

optimized sprocket. 

[3] Chaitanya G Rothe, A.S.Bombatkar, “Design 

and Analysis of Composite Material Drive Shaft”. In this 

work deals with the replacement of conventional steel drive 

shaft with high strength carbon/epoxy composite drive shaft. 

The design parameters were optimized with the help of 

genetic algorithm (GA) with the objective of minimizing the 

weight of composite drive shaft. The result of GA are used 

for modelling of carbon/epoxy composite drive shaft and 

steel drive shaft using CAD software to perform static, 

buckling and modal analysis of both drive shaft using 

ANSYS. 

[4].Sprocket Design and Reverse Engineering of 

Rear Sprocket of a Yamaha CY80 Motorcycle”, International 

Journal of Engineering and Technology Volume 4 No. 4, 

April, 2014.  

This study involves the fundamentals of sprocket 

design and manufacturing of a Yamaha CY80 motorcycle 

rear sprocket through reverse engineering approach. It 

discusses dimensioning, drafting, chemical composition, 

material selection, choice of manufacturing process, heat 

treatment, surface finish and packaging as the eight steps that 

need to be followed sequentially in this reverse engineering 

approach. In this work, universal milling machine was used 

to produce the sprocket from the blanked medium carbon 

steel (AISI 1045) with chemical composition of C=0.45%, 

Mn=0.75%, P=0.03% max, S=0.04%. Induction alternate 

materials is expected to make the investigation as complete 

as possible. 

[5]. Prajapati Pintoo, Srivastav Vipul kr., Yadav 

Rahul kr., “Sprocket side stand retrieve system” International 

Journal of Technical and Application e-ISSN:2320-8163, 

Vol-3, Issue 3 (May June 2015), PP.86-87. 

[6]. Steven Shooter (2008)., “Reverse Engineering 

to Design Forward” An Introduction to Engineering 

Experiential Learning Module with Video Podcasts. 

American Society for Engineering Education. 

III. CALCULATION (ANALYTICALLY) 

P = 0.5 inch or 12.7mm  

Dr = 0.335 inch or 8.51 mm  

N = 42  

Ds = [1.0005Dr + 0.003] × 25.4  

= [1.0005 × 0.003 + .003] × 25.4 

= 8.5877mm   

R = [Ds/2] × 25.4  

= [0.3381/2] × 25.4 

= 4.2938mm 

A = [35° + (60°/N)] × 25.4 

= [35° + (60°/42)] × 25.4 

= 36.428°  

B = [18° - (56°/N)] × 25.4 

= [18° - (56°/42)] × 25.4 

= 19.33° 

Ac = [0.8 × Dr] × 25.4 

= [0.8 × 0.335] × 25.4 

= 6.8072mm  

M = [0.8 × Dr × cos (35° + 60° /N)] × 25.4 

= [0.8 × 0.335 × cos (35° + 60° /42)] × 25.4 

= 5.4762mm 

T = [0.8 × Dr × sin (35° + 60° / N)] × 25.4 

= [0.8 × 0.335 × sin (35° + 60° / 42)] × 25.4 

= 4.0411 

E = [(1.3025 × Dr) + 0.0015] × 25.4 

= [(1.3025 × 0.335) + 0.0015] × 25.4 

= 11.1201 

Chordal Length of Arc xy =[(2.605 × Dr) + 0.003) × sin(9° – 

(28°/N) × 25.4 

= [(2.605 × 0.335) + 0.003) × sin(9° – (28°/42) × 25.4 

= 3.2207   

Yz = {Dr[1.4 × sin (17 – (64/N)] – [0.8× sin (18 – (56/N)]} × 

25.4 

= {0..33[1.4 ×sin (17 – (64/42)]– [0.8 ×sin (18 – (56/42)]} 

×25.4  

= 1.205mm  

Ab = [1.4 × Dr] × 25.4 

= [1.4 × 0.335] × 25.4 

= 11.912mm 

W = [1.4 × Dr × cos (180°/N)] × 25.4 

= [1.4 × 0.335 × cos (180°/42)] × 25.4 

= 11.877 

V = [1.4 × Dr × sin (180°/N)] × 25.4 

= [1.4 × 0.335 × sin (180°/42)] × 25.4 

= 0.889mm 

F = {{Dr[0.8 × cos (18° – (56°/N)] + [1.4 × cos (17° – (64°/N) 

1.3025]} – 0.0015} × 25.4 

= {{0.335[0.8 × cos (18° – (56°/42)] + [1.4 × cos (17°– 

(64°/42)-1.3025]} – 0.0015} × 25.4 

= 6.838mm 

H = √𝐹2 − [1.4 × 𝐷𝑟 − (𝑝/2)]2 

= √0.27082 −  [1.4 × 0.335 − (0.5/2)]2 

= 4.0462 

S = [( p/2 ) × cos (180/N) + H × sin (180/N)] × 25.4 

= [(0.5/2 ) × cos (180/42) + 0.1593 × sin (180/N)] × 25.4 

= 6.6344mm 

Do = 180mm 

Pd = [
𝑝

sin (
180

𝑁
)
] × 25.4 
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= [
0.5

sin (
180

42
)
] × 25.4 

= 170mm 

IV. MODELLING IN A SOLIDWORKS 2017 

 
Fig. 2: Sprocket Tooth Geometry. 

 
Fig. 3: Tooth profile Generated in Solid Works. 

V. MATERIALS SELECTION FOR SPROCKET 

Material selection is important consideration, due to strength 

and weight of sprocket. The sprockets maybe manufactured 

from metallic or non-metallic materials. 

The steel is widely used for the manufacturing of 

sprocket due to its good wearing properties, excellent Mach 

inability and ease of producing complicated shapes by 

machining. Sprockets can also be supplied in various cast 

materials as Standard Cast iron (with or without hardened 

teeth), Stainless Steel, Special materials such as alloy steel, 

bronze, etc. The non-metallic materials like wood, rawhide, 

compressed paper and plastics like Nylon, Acrylic and 

Polycarbonate etc. are used for gears, especially for reducing 

weight and noise. 

A. Material Select of the Project 

1) Mild Steel. 

2) Cast Iron. 

1) Mild Steel 

At present sprocket chain is made of mild steel material. So, 

first analysis is done using MS as material. Steel is the 

traditional material for sprocket chain. Steel is easy to get. 

Machinery to manipulate steel is easy to get. Steel is easy - 

and it's also cheap. This is the main reason that 99% of the 

sprocket chain are made from steel. Steel is stiff but dense 

(heavy). Steel rates well in terms of both yield strength and 

ultimate strength, particularly if it's carefully alloyed and 

processed. Steel also resists fatigue failure well which is 

extremely useful - even if the sprocket chain flexes under 

load, such flexing need not lead to a critical failure. 

Chemical Composition of IS 2062 

C- 0.23% , Mn-1.5%, S-0.05%, P-0.05%, Si-0.4% 

The properties of mild steel are listed below. 

Property Value 

Young’s Modulus, E 2.1x105 MPa 

Poisson’s Ratio ,ν 0.28 

Density, ρ 7.850 g/cm3 

Yield Stress, σ yield 247 MPa 

Table 1: Material properties of steel. 

2) Cast Iron 

Cast iron are  used in wide variety of application owing to the 

properties like good fluidity , ease of casting ,low shrinkage 

,excellent mach inability ,wear resistance and damping 

capacity. Cast iron is one of the oldest ferrous metals in 

commercial use. It is primarily composed of iron (Fe), carbon 

(C) and silicon (Si), but may also contain traces of sulphur 

(S), manganese (Mn) and phosphorus (P). It has a relatively 

high carbon content of 2% to 5%. It is typically brittle and 

non-malleable (i.e. it cannot be bent, stretched or hammered 

into shape) and relatively weak in tension. Cast iron 

members tend to fracture with little prior deformation. Cast 

iron, however, has excellent compressive strength and is 

commonly used for structures that require this property. The 

composition of cast iron, the method of manufacture and heat 

treatments employed are critical in determining its final 

characteristics. To achieve the best casting for a particular 

application consistent with the component’s requirements, it 

is necessary to have an understanding of the various types of 

cast iron. The general designation of cast iron is meaningless, 

except when distinguishing the part from a steel casting. 

Therefore, a more specific designation should be made. Cast 

irons can be divided into five groups, based on composition 

and metallurgical structure:    

1) Gray cast iron  

2) Ductile cast iron 

3) White cast iron   

4) Malleable cast iron 

5) Compacted graphite iron and   

6) Alloy cast iron 

One reason for the wide use of iron castings is the 

high ratio of performance to cost that they offer. This high 

value results from many factors, one of which is the control 

of microstructure and properties that can be achieved in the 

as cast condition, enabling a high percentage of ferrite and 

paralytic iron castings to be produced without the extra cost 

of heat treatment. However, producing high quality castings 

as-cast requires the use of consistent charge materials, and the 

implementation of consistent and effective practices for 
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melting, holding, treating, inoculation and cooling in the 

mold. Heat treatment is a valuable and versatile tool for 

extending both the consistency and range of properties of iron 

castings beyond the limits of those produced in the as-cast 

condition. The properties of mild steel are listed below. 

Property Value 

Young’s Modulus, E 4.1x106 MPa 

Poisson’s Ratio ,ν 0.27 

Density, ρ 7.872 g/cm3 

Yield Stress, σ yield 276 MPa 

Table 2: Material properties of Cast Iron. 

VI. MESHING IN FEA SOFTWARE, ANSYS 18.1 

In this stage IGS file is imported to the meshing software like 

Ansys 18.1. The data of the Sprocket chain is imported and 

the surfaces were created and meshed. Since all the 

dimensions of the sprocket are measurable, the best element 

for meshing is the Hex Dominant element. Here, static 

analysis is used for analysis. 

 
Fig. 4: Meshed Model of Sprocket in Ansys 18.1. 

Shows the meshed model of sprocket in Ansys 18.1. 

For this following parameters are used.  

No. of Nodes: 16552  

No. of Elements: 62272  

Element size: 2mm  

A. Boundary Condition Applied on Sprocket in ANSYS 18.1 

After meshing is finished we apply boundary conditions. 

These boundary conditions are the reference points for 

calculating the results of analysis. 

Forces acting on sprocket:  

1) Force acting on sprocket due to tension in tight side of 

chain (Torque at rear sprocket) 

2) Gravitational force acting at the centre of sprocket (in 

this case neglected)  

Calculation for Torque at rear sprocket (Pulsar 180):  

Gear ratio = 26.93:1  

Engine torque = 14.22 Nm, 6500 rpm  

Torque rear sprocket = Te × G  

= 14.22 × 26.93  

=  383 Nm  

Sprocket has been constraint at the circumference 

and torque of 383 Nm is applied at the center. 

 
Fig. 5: Boundary Conditions Applied on Sprocket in Ansys 

18.1. 

VII. SOLUTION AND POST PROCESSING MILD STEEL 

Meshed and condition applied model is foreign to the 

convergent thinker. Analysis method starts when applying 

run within the convergent thinker computer code. Software 

first calculates the total deformation with respect to the 

boundary conditions applied. Then on the basis of deflection 

it computes strain.  

Once the strain is calculated we know modulus of 

elasticity then we can compute the stress values. Results are 

viewed and accordingly modifications are suggested. 

Changes area unit instructed in line with high stress regions 

obtained.  

If the stresses are beyond the permissible limits then 

changes such as change in material, change in thickness of 

component or addition of ribs etc. are made according to 

suitability. The calculation of stress depends upon the failure 

theory appropriate for the analysis. 

A. Equivalent Elastic Strain  

 
Fig. 6: Equivalent Elastic Strain. 
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B. Equivalent Stress 

 
Fig. 7: Equivalent stress. 

C. Shear Stress 

 
Fig. 8: Shear Stress 

D. Total Deformation 

 
Fig. 9: Total Deformation 

Objec

t 

Name 

Total 

Deformatio

n 

Shear 

Stress 

Equivalen

t Elastic 

Strain 

Equivalen

t Stress 

 

Mini 

Mum 
0. mm 

2.9274e

-002 

MPa 

8.5954e-

011 

mm/mm 

1.2697e-

005 MPa 

Maxi 

Mum 

1.4762e-

005 mm 

2.8162e

-002 

MPa 

2.832e-

007 

mm/mm 

5.9429e-

002 MPa 

Table 3: Analysis of Results Mild Steel 

E. Solution and Post Processing Cast Iron 

1) Equivalent Elastic Strain 

 
Fig. 10: Equivalent Elastic Strain 

2) Equivalent stress 

 
Fig. 11: Equivalent stress 
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3) Shear Stress 

 
Fig. 12: Shear Stress 

4) Total Deformation 

 
Fig. 13: Total Deformation 

Objec

t 

Name 

Total 

Deformatio

n 

Shear 

Stress 

Equivalen

t Elastic 

Strain 

Equivalen

t Stress 

 

Mini 

mum 
0 mm 

.02796

2 MPa 

1.0007e 

mm/mm 

4.4885 

MPa 

Maxi 

mum 

1.5576e-5 

mm 

-

.02805

6 MPa 

2.9459e 

mm/mm 

.58917 

MPa 

Table 4: Analysis of Result Cast Iron 

Material Mild Steel Cast Iron 

Young’s Modulus 

(E) 
2.1x105 MPa 

4.1x106 

MPa 

Poisson’s Ratio (υ) 0.28 0.27 

Density (ρ) 7850 kg/m3 7872 Kg/m3 

Yield Stress, σ 

yield 
247 MPa 276 MPa 

Thermal 

Conductivity 

5.e-002 W mm^-1 

C^-1 

45 

W/(m·K) 

Table 5: Comparison of Material properties 

S.N

o. 

 

Material 

 

Deforma

tion 

Shear 

Stress 

Equiva

lent 

Elastic 

Strain 

Equiva

lent 

Stress 

 

1. 

 

Mi

ld 

Ste

el 

 

Mi

n. 
0 mm 

-

2.927

4e-

002 

MPa 

8.5954

e-011 

mm/m

m 

1.2697

e-005 

MPa 

Ma

x. 

1.4762e-

005 mm 

2.816

2e-

002 

MPa 

2.832e-

007 

mm/m

m 

5.9429

e-002 

MPa 

2. 

 

Ca

st 

Iro

n 

 

Mi

n. 
0 mm 

.0279

62 

MPa 

1.0007

e 

mm/m

m 

4.4885 

MPa 

Ma

x. 

1.5576e-

5 mm 

-

.0280

56 

MPa 

2.9459

e 

mm/m

m 

.58917 

MPa 

Table 6: Comparison of Analysis Results 

VIII. RESULTS AND ANALYSIS 

By observing the above results comparing the two materials 

results performing their values below discus below. 

 Total deformation valve is less in mild steel material is 

1.4762e-005 mm comparing the cast iron materials more 

1.5576e-5 mm deformation value less means that 

materials cannot change the original shape so that 

materials was better. 

 Equivalent Elastic Strain less in mild steel 2.832e-007 

mm/mm elastic strain. A form of strain in which the 

distorted body returns to its original shape and size when 

the deforming force is removed. More in cast iron. 

 Von Misses stress is widely used by designers to check 

whether their design will withstand a given load 

condition. In this lecture we will understand Von Misses 

stress in a logical way. Von Misses stress is considered 

to be a safe haven for design engineers. Using this 

information an engineer can say his design will fail, if the 

maximum value of Von Misses stress induced in the 

material is more than strength of the material. It works 

well for most cases, especially when the material is 

ductile in nature. Equivalent Stress is more in mild steel 

material 5.9429e-002 MPa less in cast iron. 

IX. CONCLUSION 

From results of analysis it is observed that stresses are 

maximum at joint locations. It is also observed that both the 

materials have stress values less than their respective 

permissible yield stress values. So the design is safe. From 

analysis results and comparison of properties of the materials, 

it is found that mild steel is the material which is having the 

least density; also it is easily available and cheap as compared 

to other alternate materials. Also machining cost for mild 

steel is less. Hence it is the best suited alternate material for 

sprocket and is expected to perform better with satisfying 

amount of weight reduction. 
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