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ABSTRACT 

This project report describes design and analysis of polymer Spur gear under static and 

dynamic loading condition for sugarcane juice machine. In this presented report, the 

existing cast iron spur gear used for sugarcane juice machine is advised to replace with 

polycarbonate spur gear. The only purpose to design a gear with polymer is reduction of 

weight, vibration, free of corrosion and less moment of inertia. To carry out the result, 

the material of polycarbonate is selected to check the design condition with existing cast 

iron spur gear. The dynamic and static analysis are analysed theoretically as well as 

through finite element analysis to check that considered polymer gear is reliable to this 

particular application. The proposed polymer material has feasible physical and 

mechanical properties. The polymers give some advantages over metal as weight 

reduction, vibration observer and anticorrosion. In the static analysis, we carried out von-

mises stress and in the dynamic analysis, we carried out fatigue failure of the spur gear. 

So, we can predict the life of the polymer spur gear made of polycarbonate.  
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1 

Introduction 

1.1 Project background 

Gear is the important part of any rotating part. Due to sudden failure of gear, it may lead 

a large damage. The design of gear is the most important, according to the application, 

the geometrical specifications should be calculated. After the dimension, material 

selection is a major issue. A gear’s strength is depended upon which material is to be 

used. Consideration of these physical and mechanical properties are very important, these 

properties play a big role to consider the strength of that material for specific application. 

Now a days, there is much use of polymer for the manufacturing of gear, polymers are 

the future for the gears. Polymer’s gear gives some advantages over the metallic gears, 

polymer’s gear has the ability to absorb the shock and vibration due to the elasticity of 

the material. Plastic gearing has been increasing in usage as designers better understand 

their benefits and limitation. 
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1.2 Research purpose and meaning 
 

However, plastic gears have some advantages over metallic gears but they have some 

drawbacks like less load carrying capacity compared to similarly sized metal gears. 

For the designing of gear to check only strength condition compare to the allowable stress 

condition for desired gear is not enough. In compare to the meatal gears, polymer gears 

have less load carrying capacity, cannot hold high tolerances and are less dimensionally 

stable. So, for a reliable design of gears with polymers, it is necessary to consider the life 

if gear with the polymer used in manufacturing of gear. Fatigue strength plays a big role 

in this case. By doing dynamic analysis as well as static analysis, we can calculate the life 

of gear. So, the use of polymers in gearing will not be cost effective and the design of 

gear will be safe and more reliable. 

 

 

 

1.3 Objective of study 

 
In this project, we are going to substitute the existing metallic spur gear (cast iron) which 

is used for sugarcane juice machine by polycarbonate spur gear. By achieving the static 

loading condition, we cannot sure that the design is reliable if we are going towards the 

polymer gears. In the dynamic condition fluctuating stress induced on the tooth of gear. 

They are not changing in magnitude but in the direction. In this condition fatigue failure 

appears. We are taking the rotation of gear from the center of gear profile so that 

maximum stress will be induced on the gear tooth. By achieving the result of dynamic 

analysis of polycarbonate spur gear, we can estimate the fatigue strength and the life cycle 

of the polycarbonate spur gear in both maximum and minimum condition. 
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2 

Literature review 

2.1 Introduction  

 

The review mainly focuses on replacing the existing material for the specific application 

by polymer spur gear. In these literature survey, we also took attention on the static and 

dynamic analysis of spur gear which are manufactured from different material. In the 

survey, we found that through the static loading condition polycarbonate can be 

substituted in place of metallic spur gear. In many works, the gears made of different 

material is observed in static condition as well as in dynamic condition. In the static 

loading condition, simply the Lewis equation is used. The tooth of spur gear is observed 

as a cantilever and then bending failure study is done on the tooth of spur gear. In the 

FEA analysis, many authors took the rotation of spur gear through the center of the gear 

profile of spur gear so the maximum stress is achieved on the tooth of spur gear. Many 

works have been done for the dynamic analysis of spur gear so that they can give the more 

reliable result. It may happen that the used material can give a satisfied result in the static 

condition but it can have a short life. So, the dynamic analysis gives the result for fatigue 

failure by which we can predict the life cycle of the desired spur gear.   
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     2.2 Reviews 

V. Siva Prasad, Syed Altaf Hussain et al.  proposed to replace the cast iron spur 

gear for sugarcane juice machine with the polymer’s spur gear to decrease the weight 

and vibration of the system. To achieve the purpose, different type of polymers has 

been taken, there’s physical and mechanical properties are checked with the existing 

cast iron spur gear. The gear was designed by the computer aided designing and after 

solid modeling the design was imported in the Ansys for finite element analysis for 

static loading condition. Two materials nylon and polycarbonate were taken in which 

nylon was considered suitable material for the application. 

 

 

Mr. Samadhan, Dr. A.D. Desai, Prof. A.B. Verma et al. give the idea of substitution 

of conventional metal spur gear for sugarcane juice machine with the plastic spur gear. 

Many polymers are assumed for gear manufacturing. The work presents the 

substitution of metal spur gear (cast iron) with suitable plastic spur gear either nylon 

or polycarbonate. The plastic gear was proposed to reduce the weight, noise and 

corrosion. The designing work is done with the CATIA V5 by parametric modeling 

workbench. The author generated this model by traditional drafting method in CATIA 

V5 R21. In the static analysis, plane stress, strain and displacement values are 

observed and polycarbonate was proposed as a suitable material.  
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Shubham, Nimish Ajmera et al. showed the work of static and dynamic analysis of 

spur gear. The dynamic analysis stands for the fatigue analysis of spur gear or the life 

of the tool. The rotation of gear is taken from the center of the gear profile so that the 

maximum bending stress induced on the gear tooth. In initial condition, the author 

assumed the velocities and displacements as zero for all degrees of freedom. The 

presented model of spur gear was modeled by the CATIA. The bending stress was 

achieved by the Lewis equation and displacement was carried out by Castigliano’s 

equation. By the finite element analysis of static and dynamic condition the viability 

of spur gear was checked. 

 

Amol C Dhomse, R.K. Agrawal et al. presented the work in which the PEK polymer 

was used and make a comparitive study with the existing metallic cast iron spur gear. 

The design and analysis of spur gear by using PEK was done under the static and 

dynamic loading condition. First of all the sataic analysis was done by Lewis equation 

and dynamic analysis was done by Buckingham’s equation theoriticaly. The propsed 

gear profile was generated by Solidworks 2015. After the modeling the design was 

importes in ANSYS for finite element analysis. PEK (Polymer Ether Ketone) is 

considered a good material over the PEEK material. The gear achieved 70% weight 

reduction and 80% reduction in moment of inertia as well. Von-mises stress was 

carried out by the static analysis and according the result PEK was considered a 

suitable material of gear manufacturing. 
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3 

Problem description 

 

 

3.1 Problem description  

In this project, we are going to substitute the existing metallic spur gear which is used for 

sugarcane juice machine with the polycarbonate spur gear. We considered all the physical 

and mechanical properties of both material cast iron as well as polycarbonate. We did 

static analysis theoretically by using Lewis equation. The solid modelling is done in 

Solidworks and then static and dynamic analysis is done in Solidworks. In the dynamic 

analysis the rotation of spur gear is taken from the centre of gear profile. The motor, we 

used of 1.5 Kw and it runs at 1400 rpm. 
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4 

Result plotting 

 

4.1 Static analysis of cast iron 

 

Material properties: 

Model type Linear, elastic, isotropic 

Elastic modulus 1.9e+11 N/m2 

Yield strength 2.5742e+08 N/m2 

Tensile strength 4.13613e+08 N/m2 

Poisson’s ratio 0.27 

Density 7300 Kg/m3 

Shear modulus 8.6e+10 N/m2 
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Stress result for cast iron 

 

 

 

Fig. 1 stress result for cast iron 
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Displacement analysis for cast iron 

 

 

Fig. 2 displacement result of cast iron 
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Strain result for cast iron 

 

 
 

 

 

Fig. 3 strain result for cast iron 
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Result of static analysis of cast iron 

 

Analysis type Min Max 

Von-mises stress 1.200e+03 N/m2 40805e+06 N/m2 

Displacement 0.000e+00 mm 1.923e-03 mm 

Strain 7.167e-09 1.704e-05 
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4.2 Static analysis of polycarbonate 

 

Material properties 

Model type Linear, elastic, isotropic 

Elastic modulus 2.32e+09 N/m2 

Tensile strength 6.27e+07 N/m2 

Poisson’s ratio 0.39 

Shear modulus 8.291e+08 N/m2 

Density 1190 Kg/m3 
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Stress result for polycarbonate 

 

 

 
Fig. 4 stress result of polycarbonate 
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Displacement result for polycarbonate 

 

 

 

Fig. 5 displacement result of polycarbonate 
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Strain result for polycarbonate 

 

 

 

 

Fig. 6 strain result for polycarbonate 
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Result of static analysis of polycarbonate 

 

Analysis type Min Max 

Von-mises stress 2.710e+03 N/m2 4.779e+06 N/m2 

Displacement 0.000e+00 mm 1.702e-01 mm 

Strain 7.627e-07 1.508e-03 

 

 

 

 

 

 

 

 

 

 

 

 



17 
 

4.3 Dynamic analysis of cast iron 

Study Properties 

Study name Fatigue 

Analysis type Fatigue (Constant Amplitude) 

Event Interaction Random 

Computing alternating stress using Stress intensity (P1-P3) 

Shell face  Top Face 

Mean stress correction None 

Fatigue strength reduction factor 1 

Infinite life Off 
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Fatigue result for cast iron 

 

 

 

Fig. 7 fatigue result of cast iron 

 

 

Result of dynamic analysis of cast iron 

Analysis type Min Max 

Life cycle 1.000e+06 cycle 1.000e+06 cycle 
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4.4 Dynamic analysis of polycarbonate 

Study Properties 

Study name Fatigue 

Analysis type Fatigue (Constant Amplitude) 

Event Interaction Random 

Computing alternating stress using Stress intensity (P1-P3) 

Shell face  Top Face 

Mean stress correction None 

Fatigue strength reduction factor 1 

Infinite life Off 
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Fatigue result for polycarbonate 

 

 

 
Fig. 8 fatigue result of polycarbonate 

 

 

Result of dynamic analysis of polycarbonate 

Analysis type Min Max 

Life cycle 8.156e+03 cycle 1.000e+06 cycle 
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4.5 Comparative study of static and dynamic condition 

 

 

 

 

 

 

 

 

Material Von-mises stress Life plot min Life plot max 

Cast iron 4.805e+06 1.000e+06         1.000e+06 

Polycarbonate 4.779e+06 80156e+06 1.000e+06 
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5 

Conclusion 

After doing the static analysis, it is carried out that the von-mises stress analysis observed 

for cast iron is more than the von-mises stress of polycarbonate. So, in this case 

polycarbonate sustained less stress on the tooth face of spur gear. The strain and 

displacement value for the cast iron spur gear and polycarbonate spur gear is carried out 

through the finite element analysis. In the dynamic analysis, we took the rotation along 

the center point of the gear profile so that it exerts maximum load. In the dynamic 

condition, a gear always gets fatigue failure because in this case the magnitude of load 

remains same but it varies in direction. The life plotting stands that in the maximum load 

condition life cycle of both cast iron and polycarbonate are equal. In the minimum 

condition the life cycle of polycarbonate is less than the cast iron but it nearest to the 

minimum cycle of cast iron. Thus, through this analysis polycarbonate is suitable material 

for this application. 
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