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Abstract 

A threshing machine or a thresher is a piece of farm equipment that threshes grain, that is, it removes the seeds from 
the stalks and husks. Flywheel used in multicrop thresher is a solid disk flywheel. Solid flywheels are capable of storing less energy. It 
is made up of cast iron. The material induced in solid disk flywheel is large so weight of the flywheel increased as a result cost of the 
flywheel also increases and size of the motor used to rotate the solid disk flywheel is also increased so overall cost of the thresher is also 
increased. This paper deals with to improve the efficiency of thresher is focused on to the flywheel. Initially we measure RPM of solid 
disk flywheel then with the help of ANSYS we optimized mass of solid disk flywheel then we prepare optimized six spoke flywheel 
and install same flywheel on shaft of thresher machine, measure RPM of optimized flywheel. 

 
Keywords: Threshing, Flywheel, Solid disk, Efficiency, ANSYS. 
 
Introduction 

In past before such machines were developed, threshing was done by hand with flails: such hand threshing was very laborious 
and time-consuming, taking about one-quarter of agricultural labour by the 18th century.[1] Mechanization of this process removed a 
substantial amount of drudgery from farm labour. The first threshing machine was invented circa 1786 by the Scottish engineer Andrew 
Meikle, and the subsequent adoption of such machines was one of the earlier examples of the mechanization of agriculture. During the 
19th century, threshers and mechanical reapers and reaper-binders gradually became widespread and made grain production much less 
laborious. Separate reaper-binders and threshers have largely been replaced by machines that combine all of their functions, that 
is combine harvesters or combines. However, the simpler machines remain important as appropriate technology in low-capital farming 
contexts, both in developing countries and in developed countries on small farms that strive for especially high levels of self-sufficiency. 
For example, pedal-powered threshers are a low-cost option, and some Amish sects use horse-drawn binders and old-style threshers. 
Large stationary threshers powered by steam engines or tractors, common in the early part of the 20th century, were part of harvesting 
systems in which the grain was cut either by binders or by headers. In most farm regions, threshers, binders, and headers were all 
superseded by combines during the 20th century. 

 
Literature Review 

The conventional thresher had three flywheels for controlling the vibrational fluctuations. The main function of flywheels was 
to store energy and dissipate when required, to absorb the vibration and to provide the steady motion to the system. The two flywheels 
(each of diameter 0.736 m and weight 80 kg) attached at both ends of the main shaft of threshing cylinder rotated at 815RPM speed to 
absorb excessive vibrational impacts resulting from variations during non-uniform manual feeding (Figure3.1).The third flywheel (0.493 
m diameter and 60 kg weight) placed on the tractor , rotated at 540 RPM for presumably damping the vibrational effects received from 
the tractor (Figure3.2) and fourth one is the flat belt pulley (0.300 m diameter and 50 kg) placed on the opposite to tractor PTτ side on 
main shaft. The available flywheels were considered too heavy, utilizing extra energy, out of place, more in number, and therefore they 
demanded redesigning. In order to reduce their weights as well as number for optimum requirement, available literature relating 
mechanical design provided elaborative information for determining energy stored in flywheel, mass and dimensions of flywheel 
(Khurmi and Gupta, 2009; Shigley and Mische, 2007 and Kepner et al., 2005). 
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Fig. 1 Side View of threshing machine 
 
Main Components of Thresher 
(i) Drive pulley (ii) Fan/blower (iii) Feeding chute (iv) Spikes (v) Cylinder (vi) Concave  
(vii) Flywheel (viii) Frame (ix) Towing hook (x) Upper sieve (xi) Lower sieve (xii) Transport wheel (xiii) Suspension lever (xiv) Can 
pulley (xv) Shutter plate 
 
          Design optimization of flywheel of thresher using fem by S. M. Choudhary and D.Y.Shahare in his study solely focuses on 
exploring the effects of flywheel geometry on its energy deliver capability per unit mass, further defined as specific energy. Sudipta 
Saha, Abhik Bose, G. Sai Tejesh, S.P. Srikanth have proposed the importance of the flywheel geometry design selection and its 
contribution in the energy storage performance. In the previous studies, Mouleeswaran S Kumar [2] concludes cast iron flywheels are 
having higher mass & less angular speed. Aluminum alloy, mar aging steel & E-glass composites lie almost in same category in between 
cast iron & carbon fiber composites can be used in flywheel to store energy with less mass. S. M. Choudhary [3] studied various profile 
of flywheel & stored kinetic energy is calculated for respective flywheel. A. P. Ninawe [6] study useful for what parameter should have 
been taken into account while defining the flywheel. Sudipta Saha [7] study depicts the importance of the flywheel geometry design 
selection & its contribution in the energy storage performance. 
 
Problem Statement  
          Flywheel used in multicrop thresher is a solid disk flywheel. Solid flywheels are capable of storing less energy. It is made up of 
cast iron. The material induced in solid disk flywheel is large so weight of the flywheel increased as a result cost of the flywheel also 
increases and size of the motor used to rotate the solid disk flywheel is also increased so overall cost of the thresher is also increased. 
High weight of flywheel also increases the operational loads coming on to the shaft and bearing. This project work carried out to improve 
the efficiency of thresher is focused on to the flywheel. Initially we measure RPM of solid disk flywheel then with the help of ANSYS 
we optimized mass of solid disk flywheel then we prepare optimized six spoke flywheel and install same flywheel on shaft of thresher 
machine, measure RPM of optimized flywheel. 
 
Objectives of the Study     
The main aim of this project is to overcome the traditional method 

1. To increase the efficiency. 
2. To reduce the hard work. 
3. To develop a low cost machine this can be used by farmer to convert their semi-finished Agri product into finished Agri 
product.  
4. Save electricity. 
5. Reduce human effort. 
6. Ease of Handing 
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Methodology 
Threshing Mechanism  

The Threshing operation is performed by threshing drum provided or mounted on the shaft. The shaft is rotated by the electric 
motor fixed at one end. The size of the motor is 5 HP/3.7 KW. The shaft is provided with threshing drum at one end and the solid disk 
flywheel at other end. The threshing drum provided with number of spikes which are used to thresh the crops. The spikes used to separate 
the cob from the grains. The threshing drum and overall assembly is covered by threshing chamber. Maximum rpm of the shaft is 800. 
The material which is to be threshed is provided from the hopper. The crops threshed by multi crop thresher are wheat, maize, jawar, 
soyabean etc. The material remains after threshing operation such as shell and grains drops on the net and the blower is provided to 
throw out the removed shells. The grains drop into the collecting chamber or collector through the net. The shaft rotated by electric 
motor with the help of belt and pulley system. The V belt is used for transmission of power. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 Threshing drum 
Flywheel Geometry 

It controls the Specific Energy, in other words, kinetic energy storage capability of the flywheel. Any optimization effort of 
flywheel cross-section may contribute substantial improvements in kinetic energy storage capability thus reducing both overall Shaft 
and bearing loads and material failure occurrences. Flywheel efficiency includes the amount of 
specific kinetic energy (energy per unit mass) and mechanical losses. To improve the quality of 
the product and in order to have safe and reliable design, it is necessary to investigate the stresses 
induced in the component during working condition. When the flywheel rotates, centrifugal forces 
acts on the flywheel due to which tensile and bending stress are induced in a rim of flywheel. To 
counter the requirement of smoothing out the large oscillations in velocity during a cycle of a 
mechanism system, a flywheel is designed, optimized and analyzed. By using optimization 
technique various parameter like material, cost for flywheel can be optimized and by applying an 
approach for modification of various working parameter like efficiency, output, energy storing 
capacity, we can compare the result with existing flywheel result. Specific energy storage depends 
on the mass of flywheel. To improve specific energy stored in flywheel we have to reduce the 
mass. We can reduce the mass using the different geometry. 

Fig. 3 - Arm Flywheel 
 

To improve the quality of the product and in order to have safe and reliable design, it is necessary to investigate the stresses 
induced in the component during working condition. When the flywheel rotates, centrifugal forces acts on the flywheel due to which 
tensile and bending stress are induced in a flywheel. 

 
Selection and Dimensions of Flywheel 

Thresher machine is used in agriculture sector to separate the comb from grain. Flywheels used in Thresher Machine are made 
of single solid disk cast iron material and is selected in this project work. Specifications are mentioned in the Table no 1. 
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Flywheels Kinetic Energy is Depends upon the mass Moment of inertia of the Cross section which intern depends on the 

material of flywheel. Hence selection of Material to enhance the rotational speed and kinetic energy of the existing system is a critical 
task for the engineers. Different composite materials are short listed depending upon the Energy storage capacity of the materials. 
Weighted Residual Method (WRM) is used to find the best materials out of the number of shorted one. S-glass epoxy stands at the top 
to full fill all the requirement of flywheel. It has good inner strength and variety in surface textures. It is cost effective and corrosion 
resistant. In this project work S- Glass Epoxy Flywheel is compared with Existing Cast Iron ASTM – 30 Flywheel. 

 
Design of flywheel 

As conceived earlier, a single flywheel was to be designed instead of two large size ones on both ends of the drum beater shaft, 
one flat belt pulley and one flywheel on PTO shaft. Grey cast iron with 7200 kg m-3 density was selected for casting of the new flywheel 
(Riely, 2006). The design specifications of the single flywheel were selected as follows. Radius and weight of the redesigned flywheel 
was 0.4075 m and 100 kg respectively. The energy stored in a flywheel has been calculated using the design principles suggested by 
Jain (1991). 
Various Functional values of solid disk flywheel are –  
Angular velocity (ω) = 2×π×N/ 60[4] 
                                  = 2×π×738 / 60 
                              ω = 77.28 rad/sec 
Surface speed (vs)   = π×D×N / 60[4] 
                                = π×0.500×738/ 60 
                           Vs = 19.32 m/s 
Energy stored in flywheel (Ek) = ½ × Itotal× ω2[4] 
                                                  = ½ × 1.7594 ×77.28 2 
                                             Ek = 5.253 KJ 
Specific energy (Ek,m) = Ek/ Mtotal[4] 
                                     = 5.253/ 60 
                         (Ek,m) = 0.087 kJ/kg 
Energy Density (Ek,v) = (Ek/ Mtotal)× ρ[4] = 0.087×7510 = ( Ek,v) = 653.37 KJ/m3 
Speed fluctuation - 𝐶𝑆=𝑁 2−𝑁1/𝑁   =410−400/405 
N= average speed in RPM, Coefficient of speed fluctuation =0.02469 
Energy storage 𝛥𝛦=𝑀𝑉2 𝐶𝑆 
600= 𝑀 ( 0.6 𝑋 405/60)2 X 0.02469 
Mass m=150 kg 
mass (m) = π x d x b x t x ρ 
150 = π x 0.6 x 0.118 x t x 7510 
Required Thickness t = 0.089 m, Outer diameter of rim = D+t =0.6+0.089  
Outer diameter of rim =0.6897 m, Inner diameter of rim = D-t = 0.6-0.089  
Inner diameter of rim =0.511 m, Design of shaft hub and key 
Power P= 2 𝑋 𝛱 𝑋 𝑁 𝑋 𝑇/60 = 20000= 2 𝑋 𝛱 𝑋 405 𝑋 𝑇/60 
T=471.57 N-M 
N= average speed in RPM 
Suppose max torque is equal to twice of mean torque THEN = 43.14 N-M  
Shear Stresses of for Shaft and Key Material Is 40 N/mm2 

𝑇𝑚𝑎𝑥 =𝛱16 𝑋 𝑆 𝑋 D3 
D= ((16 𝑋 943.14 𝑋 103)/(𝛱 𝑋 40))1/3 

diameter of shaft. (D)=49.5 mm diameter of shaft. (D) = 50 mm  
Outside diameter of hub may be assumed as twice the diameter of shaft  
Outside diameter of hub = 2 X D  

Mass of Flywheel (m) 72kg 
Outer Diameter (Do)  500 mm 
Inner Diameter (Di)  50mm 
Thickness (t)  50mm 
RPM  750 
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Outside diameter of hub =100 mm, suppose let we take Length of hub = width of rim  
Length of hub for fly wheel L=0.07 m, Width of hub for fly wheel W = 𝐷/4 = 50/4 
Width of hub for fly wheel =12.5 mm, Height of hub for fly wheel H= 𝐷/6 = 50/6 
Height of hub for fly wheel = 8.5 mm 
 
CAD Model of Flywheel 

Pro/Engineer Wildfire is the standard in 3D product design, featuring industry-leading productivity tools that promote best 
practices in design while ensuring compliance with your industry and company standards. Integrated Pro/Engineer CAD/CAM/CAE 
solutions allow you to design faster than ever, while maximizing innovation and quality to ultimately create exceptional products. 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
            
 
 
 
 
 
 
 
 
 
 

Webbed Flywheel                             Solid Flywheel                                 Arm Flywheel 
 
Finite Element Analysis of Flywheel  

ANSYS is a general-purpose finite element-modeling package for numerically solving a wide variety of mechanical problems. 
These problems include: static/dynamic structural analysis (both linear and non-linear), heat transfer and fluid problems, as well as 
acoustic and electro-magnetic problems. 

 
These four profiles of flywheel used are analyzed by FE software ie. ANSYS software. FE analysis is carried out for different 

cases of loading applied on flywheel and maximum von mises stresses and total deformation are determined. 
Step 1: Launching ANSYS Workbench the ANSYS installation has many packages included. For this tutorial, we will be using ANSYS 
Workbench. 
Step 2: Pre-processing (Setting up the Model) Our analysis is a Static Structural analysis. It can be found in the Toolbox on the left, and 
needs to be added to the Project Schematic by either double clicking it, or dragging it into the pane. The Static Structural component 
and all of its modules will be created. The modules are similar to those in ANSYS MAPDL. They outline the steps that are required to 
complete a finite element analysis.  
• Engineering Data module is used to define the material properties.  
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• Geometry module  opens the Design Modeler application, which can be used to import CAD models from other software like Pro-E 
or to sketch a new 2D or 3D geometry.  
• Model, Setup, Solution, and Results modules opens the Mechanical application, which can be used to set up and solve the simulation 
(includes meshing, load and boundary condition applications, solving, and results). 
Step 2A: Engineering Data Double-click Engineering Data. What you see in this window may differ from the screenshot below. In here, 
you can add a new material by defining a new material entry for Mild Steel. We want to define the material as an isotropic elastic one. 
 
 
 
 
 
 
 
 
 

Figure. 4 Meshing of cut Section of flywheel 
 
 
 
 
 
 
 
 
 
 

Figure. 5 Analysis of Rim Flywheel 
 

 

 

 

 

Figure. 6 Analysis of Web Flywheel 

 

 

 

 

 

 

Figure. 7 Analysis of Solid Flywheel 
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Figure. 8 Analysis of Arm Flywheel 
 
Results and Discussion 

In single flywheel multicrop thresher solid disk flywheel is used to store the energy. It stores the energy when supply is greater 
than the requirement and releases energy when requirement is greater than supply. Solid disk flywheel used in the single flywheel 
thresher is made up of cast iron material. Solid disk flywheel is provided with hub and disk. Solid disk flywheels are less capable of 
storing energy. In experiment calculation of solid disk flywheel various parameters are used as inputs such as dimensions of solid disk 
flywheel and resulting functional values of solid disk flywheel are calculated. 

 
            Shape optimization of solid disk flywheel is done by Ansys. The shape finder is used for the shape optimization of flywheel. 
The target reduction for the solid disk flywheel is 12%. The material of the solid disk flywheel of thresher is gray cast iron. It allows 
finding the optimized mass and the marginal mass. The outer portion of flywheel at periphery represented by red colour can be removed 
to get the optimized mass. It also shows the marginal mass and the mass which is to be kept to get the optimized mass for the 12% target 
reduction. The original mass of solid disk flywheel of thresher which is to be optimized is 60 kg and optimized mass for the 12 % target 
reduction found to be 52.368 kg. The marginal mass for solid disk flywheel is allowed to be 0.020304 kg. Model of the object whose 
shape optimization is to be done is created with the help of PRO-E modeling software and the model is introduced into the ANSYS for 
the shape optimization. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2.  Comparison of functional values of flywheel 
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 Table 3.  Comparison of analysis of flywheel                   Graph 1.  Deformation plot for all models 
 

The results obtained from experiment for the existing solid disk flywheel and optimized six spoke flywheel on the basis of their 
functional values. From comparison it is found that energy stored into the six spoke flywheel is more as compared to solid disk flywheel 
Results obtained from mass minimization of solid disk flywheel gives 0.260 m optimal radius with thickness of 0.325 m. Shape 
optimization by ANSYS shows optimal mass of solid disk flywheel is 52 kg for the 12 % target reduction. 

 
Conclusions  

Results shows that efficient flywheel design maximizes the inertia of moment for minimum material used and guarantee high 
reliability and long life. Smart design of flywheel geometry has significant effect on its specific energy performance.  

 
Amount of kinetic energy stored by wheel –shaped structure flywheel is greater than any other flywheel. To obtain certain 

amount of energy stored; material induced in the spoke/arm flywheel is less than that of other flywheel, thus reduce the cost of the 
flywheel. From the analysis it is found that maximum stresses induced are in the rim and arm junction.  

 
Flywheel geometry play very major role in performance of flywheel in thresher machine. With the help of experimental result, 

we are able to success 12% material cost saving with less operational loads on to the shaft and bearing and high storing capacity of 
kinetic energy.  
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