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Abstract - Reciprocating Compressors are typically used for low flow rates and high pressures. They are frequently used in 

mining and other sectors of the pneumatic industry. Flywheel pulleys are one of the key components used in compressors, among 

many other parts. The method uses a flywheel to buffer energy fluctuations, and a pulley transmits power effectively while 

slowing down the transmission. During this research, the flywheel's mass is optimized while keeping the moment of inertia the 

same as that of the old flywheel based on the compressor's requirement. Optimization, also referred to as mathematical 

programming, is a group of mathematical ideas and strategies for resolving quantitative issues in a variety of fields, such as 

physics, biology, engineering, economics, and business. A group of novel problem-solving methodologies and approaches that 

are inspired by natural processes are known as "nature-inspired algorithms". The flywheel optimization is carried out using a 

mayfly algorithm to cut down on material and production costs. The stressed-out model is validated using Ansys Mechanical. A 

mass reduction of 30% is obtained from this research. 

Keywords - Flywheel pulley, Finite element analysis, Mayfly algorithm, Optimization, Reciprocating compressor. 

1. Introduction 
Moving high-pressure air and gas for storage and use in a 

variety of applications is the main function of reciprocating 

compressors, also known as piston compressors. The main 

parts of the compressor are one or more cylinders and the 

pistons that move inside them. Similar to reciprocating 

compressors, automobile engines work by introducing air into 

one chamber, mixing it with fuel, and then forcing it under 

pressure out of a second chamber. The oil and gas sectors 

account for the bulk of reciprocating compressor uses. Oil 

refineries use these compressors for procedures that require 

high-pressure supplies of vital gases. In addition to natural gas 

transportation over pipelines, reciprocal compressors are also 

used. 
 

Pulses, or areas of high and low pressure in relation to a 

constant pressure level, move through the pipe system as a 

result of a piston's reciprocating motion. It is possible to 

comprehend how pulsations are created by using a 

straightforward compressor piston without any valves. The 

piston's back-and-forth motion creates regions of compression 

and rarefaction, and they move through the piping system at 

the gas's sound speed. Pressure pulsations, or variations in 

pressure, are brought on by the positive and negative pressure 

areas moving away from the piston. These pulsations cause a 

very high load on the crankshaft. Also, due to the pressure 

variation, the energy requirement to drive the compressor 

varies continuously. In order to provide this fluctuating 

energy, flywheels are commonly used by industries. 

 
 

Energy is stored in a flywheel. However, their primary 

function in machine design is to smooth out changes in shaft 

speed brought on by loads or power sources that fluctuate in a 

cyclical manner. A flywheel evens out the varying speed of a 

machine. It lessens unwelcome transient loads by using its 

kinetic energy of 0.5Iω2 to absorb the change in torque during 

a machine cycle. Supplying energy at rates greater than the 

source, smoothing the output of reciprocating engines, and 

adjusting the orientation of mechanical systems using 

gyroscopes and reaction wheels, among other things, is the 

predominant application of the flywheel. Flywheels are 

normally built of steel and rotate on traditional bearings, 

typically only capable of a few thousand revolutions per 

minute. 

 

The current flywheel utilized in the compressor weighs 

265 kilograms and has a moment of inertia of 24.101 

kilograms per square meter. The flywheel's high weight raises 

the price of production. The study's primary goal was to lower 

the cost of making flywheels by applying the mayfly 

optimization algorithm to lighten the material weight. 

https://www.internationaljournalssrg.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/
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Fig. 1 Skid mounted reciprocating air compressor[1] 

 

 
Fig. 2 Schematic and models of a two-stage compressor[2] 
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The term "nature-inspired optimization algorithms" 

(NIOAs) refers to a class of algorithms that draw their 

inspiration from natural phenomena, such as biological 

systems, swarm intelligence, physical and chemical systems, 

etc. Numerous popular NIOAs have been proposed thus far, 

including the genetic algorithm (GA)[3], particle swarm 

optimization (PSO)[4], differential evolution (DE)[5], 

artificial bee colony (ABC)[6], ant colony optimization 

(ACO)[7], cuckoo search (CS)[8], bat algorithm (BA)[9], 

firefly algorithm (FA)[26], grey wolf optimization 

(GWO)[11]. 

 

The flywheel was designed for a reciprocating 

compressor in the paper by considering the energy fluctuations 

required to drive the compressor. The moment of inertia 

required by the flywheel was calculated based on these 

fluctuations. For this moment of inertia, a new flywheel of 

optimum weight was designed using the mayfly algorithm. 

The shape of the flywheel was changed for optimization[12]. 

The results of the new optimized geometry were compared to 

the results of the existing flywheel. A conclusion was made 

that even though there is a slight increase in stresses, the 

flywheel is safe for operation as the total stresses of the final 

geometry are less than the allowable limit. 

 

Singh and Chaudhary [13] developed a non-dominating 

Jaya algorithm for the optimization of the agricultural thresher 

flywheel. To generate a new design of the flywheel with the 

consideration of the multi-objective problem of kinetic energy 

and von-misses stresses. To plot the design variable points, a 

cubic B-spline curve is used. The proposed method is 

compared with the genetic algorithm. The results obtained that 

their algorithm results are much better than a genetic 

algorithm. After that, for validation purposes, the Ansys 

software is used for von-misses stresses. Fawazi and Hasrizam 

[14], in this study, used finite element analysis to forecast the 

flywheel's equivalent stress at various rotating speeds. 

Following the decision to set the maximum spinning speed at 

8000 revolutions per minute, the flywheel's structure was 

modified. The maximal equivalent stress and the mass of the 

flywheel are both reduced as a result. This piece shows a 

contrast between the original and revised flywheel 

configurations. Gao and Zhao [15], with improved 

hybridization of the differential evolution (DE) and particle 

swarm optimization (PSO) methods, we present a novel 

technique for optimization termed the MO algorithm. In this 

study, they updated a velocity equation to the best of their 

ability. Simulation results demonstrated that the modified MO 

algorithm would outperform the baseline approach. 

Jiang & Wu [16] worked on flywheel performance as one of 

the key concerns to maximize energy storage density. The 

flywheel is subjected to topology optimization using the two-

dimensional density approach. The improved flywheel 

topology arrangement was created using post-processing in 

conjunction with the finite element study that was performed. 

These topology-optimized flywheels can offer helpful 

recommendations for the design of energy storage flywheels 

in actual engineering. L Pedrolli and A Zanfei [17] worked 

on the optimization of energy-stored flywheels. They used a 

novel optimization approach for optimization. Utilizing an 

evolutionary system approach, the population's genome is 

optimised using statistical quantities. A complete description 

of the fitness function enables a wide range of goals. Jiang et 

al.[27], presented a research study on the optimization of the 

flywheel rotor's form for energy storage. In which they 

developed a flywheel optimization method and parametric 

geometry model. In his research, it was discovered that form 

optimization is significantly impacted by the maximum 

structural stress constraint applied in the proposed region. 

2. Methodology 
A skid-mounted water-cooled reciprocating air 

compressor[1], as shown in Fig.(1), with a working pressure 

of 7.5 kg/cm2, was used for the study. The calculations in the 

further part of the study are based on the same. The schematic 

representation of a belt-driven reciprocating compressor for 

any general purpose is represented in fig.(2). 

2.1. Compressor Calculations 
A flywheel of a skid-mounted reciprocating air 

compressor is selected with a discharge pressure of 7.5 

Kg/cm2 and with a motor of 90 kW rating. The selected 

compressor is a double-acting type with two stages, increasing 

forces' action on the crankshaft. The forces acting on the 

crankshaft are calculated based on pressure variation during 

one compressor cycle.[20] 

 

The force acting on the piston on the head end and crank 

end of the compressor is based on the difference between the 

suction pressure and the pressure at a particular instance of the 

stroke of the compressor is represented by eqn. (1)&(2). 

 

                               𝐹𝐺𝐻 =
𝜋

4
𝐷2(𝑃𝐻𝐸 − 𝑃𝑆)                         (1) 

 

                               𝐹𝐺𝐶 = (𝑃𝐻𝐸 − 𝑃𝑆)𝐴𝐶𝐸                            (2) 

 

The total gas force acting on the piston is the sum of the 

gas force on the head end and crank end of the particular stage 

given by eqn. (3). 

                                    𝐹𝐺𝑇 = 𝐹𝐺𝐻 + 𝐹𝐺𝐶                              (3) 

 

The inertia force due to the mass of the piston and rotation 

of the crankshaft is given by eqn. (4) 

 

                     𝐹𝐼 = 𝜔2
𝑀𝑟

981
(

𝑐𝑜𝑠(𝜃) + 𝑐𝑜𝑠2(𝜃)

𝑛
)                    (4) 

 

The total force acting on the piston is given by the sum of 

the total gas force and the inertia force, as shown in eqn(5) 

 

https://link.springer.com/article/10.1007/s00158-016-1576-1#auth-L_-Jiang
https://link.springer.com/article/10.1007/s00158-016-1576-1#auth-C__W_-Wu
https://journals.sagepub.com/doi/10.1177/0954406216682054#con1
https://journals.sagepub.com/doi/10.1177/0954406216682054#con2
https://link.springer.com/article/10.1007/s00158-016-1516-0#auth-L_-Jiang
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                          𝐹𝑇𝑜𝑡𝑎𝑙 = 𝐹𝐺𝐻 + 𝐹𝐺𝐶 + 𝐹𝐼                        (5) 

 
The force required to drive the piston to resist the total 

force acting on it is given by eqn. (6) 

 

                                    𝐹𝑐𝑜𝑛𝑟𝑎𝑑 =
𝐹𝑇𝑜𝑡𝑎𝑙

𝑐𝑜𝑠(∅)
                      (6) 

 

The force in the normal direction of the connecting rod is 

given by eqn. (7) 

 

                             𝐹𝑁𝑜𝑟𝑚𝑎𝑙 = 𝐹𝑐𝑜𝑛𝑟𝑎𝑑𝑠𝑖𝑛(∅)                        (7) 

 

This force is required on the crankshaft in the radial and 

tangential direction is represented by eqn(8)&(9). 

 

                       𝐹𝑟𝑎𝑑 = 𝐹𝑐𝑜𝑛𝑟𝑎𝑑𝑐𝑜𝑠(𝜃 + ∅)                           (8) 

 

                     𝐹𝑡𝑎𝑛𝑔𝑒𝑛𝑡𝑖𝑎𝑙 = 𝐹𝑐𝑜𝑛𝑟𝑎𝑑𝑠𝑖𝑛(𝜃 + ∅)                   (9) 

The torque required to provide the force from eqn.(9) is 

given by eqn.(10) 
 

                         𝜏 = 𝐹𝑡𝑎𝑛𝑔𝑒𝑛𝑡𝑖𝑎𝑙 × 𝑟                                     (10) 

 

Based on eqn. (10) the plot of torque for one rotation of the 

crankshaft is represented by fig.3 

 

This is the torque needed to drive the crankshaft for the 

two-stage compressor. The variation in the torque requirement 

causes fluctuation in the energy needed to drive the 

compressor. This fluctuation can damage the motor that is 

used as the driver. So a flywheel is used as a buffer between 

the motor and compressor. Further, to reduce the overall cost 

of the compressor package, the flywheel is also used as a 

pulley that connects the compressor to the motor using a belt 

drive. The energy variation of the compressor was plotted 

based on the torque variation. This torque variation was put 

into the AutoCAD software to determine the area of the graph, 

and based on this area, the energy variation can be determined. 

As shown in Fig.(4), the area of each region in mm2, 

shaded with different color, is given in Table 1. By 

multiplying the value in column 3 of Table 1, we get the 

energy value in that particular region by scaling factor. 

 
Fig. 3 Torque vs Theta diagram for compressor

 
Fig. 4 Torque vs Theta diagram for energy calculation 

Table 1. Energy of fluctuation during the cycle 

Area 

Section 

Hatch 

Section 

Color 

Area Value 

(mm^2) 

Area Value 

(N.M) 

A1 Red 3158.78 270.41787 

A2 Green 12297.96 1052.8078 

A3 Cyan 14458.75 1237.7894 

A4 Blue 17633.23 1509.5513 

A5 Magenta 8502.57 727.8908 

 
Table 2. Energy at points intersecting the mean line 

Locations Energy at 5 meeting points 

a 270.4178727 

b -782.3899145 

c 455.3994907 

d -1054.151838 

e -326.2610409 
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By cumulative addition of energies in each region, the 

fluctuation energy of that region can be determined, as shown 

in Table 2. This represents the energy of fluctuation of the 

compressor when the mean torque is acting. 

The flywheel needs to compensate for the maximum 

variation in the energy requirement of the compressor. This 

can be determined by taking the difference between maximum 

and minimum energy values from Table 2. This is represented 

by eqn. (11) 

                                     ∆𝐸 =  𝐸𝑚𝑎𝑥 − 𝐸𝑚𝑖𝑛                        (11) 

 

∴ ∆𝐸 = 1509.5513 

 

The maximum energy absorbed by a flywheel is given by 

eqn. (12)The compressor's operation speed is 754 rpm. Also, 

for a belt-driven flywheel pulley, the coefficient of fluctuation 

Cs is taken to be 1/80[22]. 

 

                                           ∆𝐸 = 𝐼. 𝜔2𝐶𝑠                              (12) 

 

Form this eqn. (11), The minimum moment of inertia 

required for the flywheel can be calculated which is given by 

                                   ∴ 𝐼 = 19.37 𝑘𝑔 − 𝑚2                      (13) 

 2.2. Material of Flywheel 

A flywheel needs to store maximum energy in minimum 

volume; the material density must be as high as possible. It is 

also desirable that the flywheel can be easily machined. The 

cost of material and machining cost of the flywheel must also 

be low so that it is feasible to manufacture and use in the 

package as such cast iron and cast steel are used. When the 

speed of flywheel operation is less than or equal to 40m/s, cast 

iron is used, and if the speed is more than 40m/s, cast steel is 

used. Also, as reciprocating compressor components undergo 

immense loads due to reciprocating action, a high factor of 

safety of order of 9 is considered [22].  

For this work, a cast iron flywheel is considered. The 

material properties of cast iron and allowable stress values are 

given in Table 3. 
 

Table 3. Material of flywheel[20] 

Material Cast Iron Units 

Density 7200 Kg/m3 

Young’s Modulus 429 GPa 

Tensile strength 260 MPa 

Allowable strength 28.89 MPa 

2.3. Mass Moment of Inertia and Mass of the Flywheel 

Based on the geometry of the existing flywheel, as shown 

in fig.(5), the dimensions of different features are represented 

in Table 4.  

Table 4. Existing flywheel dimensions 

Sr. 

No. 
Description Symbol Value Unit 

1 
Material of 

flywheel 

Cast 

Iron 
7200 kg/m^3 

2 Rim outer diameter DR 0.7600 Mtr. 

3 Rim inner diameter Dr 0.6060 Mtr. 

4 Hub outer diameter DH 0.2075 Mtr. 

5 Hub inner diameter Dh 0.1080 Mtr. 

6 Hole diameter D 0.100 Mtr. 

7 Hole PCD PCD 0.3700 Mtr. 

8 No. of holes N 4  

9 Hub length LH 0.150 Mtr. 

10 Rim length LR 0.150 Mtr. 

11 Web thickness TW 0.045 Mtr. 

 
Fig. 5 Torque vs Theta diagram for compressor 

 

The mass and moment of inertia of the existing flywheel 

are obtained from these dimensions, as shown in Tables 5 and 

6, respectively. 
 

Table 5. Mass moment of inertia of the flywheel 

Sr. No. Description Symbol Value Unit 

1 Rim IR 21.074 kgm^2 

2 Hub IH 0.182 kgm^2 

3 Web IW 3.205 kgm^2 

4 Holes Ih 0.090 kgm^2 

Total mass moment of inertia IT = 24.101 kgm^2 
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Table 6. Mass of flywheel 

Sr. 

No. 
Description Symbol Value Unit 

1 Rim mR 158.437 kg 

2 Hub mH 26.628 kg 

3 Web mW 70.564 kg 

4 Holes mh 10.179 kg 

5 Ring mRg 0.000 kg 

Total mass of flywheel Tm = 265.808 kg 

 

 
Fig. 6 Stress contour plot of the flywheel 

 
Fig. 7 Total deformation contour plot of the flywheel 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Fig. 8 Flowchart for mayfly algorithm [24] 

Start 

Generate initial population of male mayfly 

and allocate maximum no. of iterations 

Evaluate the fitness 

Update the location and velocity of male 

and female mayfly 

Apply Levy Flight to evaluate the velocity 

of mayfly 

Arbitrarily segregate offspring to male and 

female mayfly 

Reinstate the worst solutions with the best 

new ones 

End of 

Iterations 

Stop 

Determine the global best 

Evaluate the fitness 

Rank the mayflies 

Determine the value of gravity coefficient 

Evaluate offspring 

Update pbest and gbest 

No 

Yes 
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After analyzing the existing flywheel from Table 5, it is 

observed that the moment of inertia is high. Thus the mass of 

the resulting flywheel also increases, as seen in Table 6. FEA 

analysis [21] was conducted on the flywheel, and loads due to 

centrifugal action and the belt tension are applied as shown. 

The allowable stress for Cast Iron was determined based on 

the factor of safety taken as 9, which came at 28.89MPa. 

As can be seen from fig.6, there is a gradual change in 

stress distribution, with the minimum stress in the hub region, 

while the maximum stress is near the holes provided on the 

flywheel. The value of this stress is less than the allowable 

limit. Also, the total deformation in the flywheel, which is 

0.015mm, is at the periphery of the rim, as shown in fig.7. 

2.4. Optimization of the Flywheel 

As the stresses are low, optimization was carried out to 

reduce the weight of the flywheel. Also, due to very low 

stresses, an arm type of flywheel was used instead of the solid 

rim-type flywheel. Using an AI-based optimization algorithm, 

determined the optimum dimensions of the flywheel. There 

are a lot of optimization algorithms which are based on the 

behavior of different animals and plants in nature. These 

algorithms take into account the methods in which the animal 

behaves to a particular change in nature, and based on that 

pattern, the algorithms are generated. 

 

Mayfly Algorithm (MA) to solve optimization problems is 

inspired by the flight behavior and mating process of mayflies, and 

the algorithm combines major advantages of swarm intelligence 

and evolutionary algorithms. The order Ephemeroptera, which 

includes mayflies, is a suborder of the venerable Palaeoptera 

family of insects. Their name comes from the fact that May is 

when they are most prevalent in the UK. After emerging from 

the egg, immature mayflies can be seen with the naked eye. 

They spend several years developing as aquatic nymphs 

before they are ready to rise to the surface as adults.  
 

The comparison's findings demonstrate that the suggested 

strategy is superior in terms of convergence rate and 

convergence speed. The mayfly algorithm may be 

implemented in any computer language, but we picked Matlab 

since it makes it simple to use structure arrays and create data 

visualisations. [23] 

 

The total mass of the flywheel is the sum of the mass of the 

hub rim and the spokes combined, which can be represented by the 

following equation (14). 

 

𝑀 = 𝑀ℎ𝑢𝑏 + 𝑀𝑠𝑝𝑜𝑘𝑒 + 𝑀𝑟𝑖𝑚                     (14) 

 

where, The eqn. (14) is the sum of eqn (15), (16) & (17) 

 

𝑀ℎ𝑢𝑏 = 𝜌
𝜋

4
(𝑑𝑜

2 − 𝑑𝑖
2)𝑇                       (15) 

 

𝑀𝑠𝑝𝑜𝑘𝑒 = 𝜌𝑏ℎ
(𝐷𝑖 − 𝑑𝑜)

2
                     (16) 

 

𝑀𝑟𝑖𝑚 = 𝜌
𝜋

4
(𝐷𝑜

2 − 𝐷𝑖
2)𝑇                       (17) 

 
This mass needs to be minimized to reduce the cost of the 

flywheel and the overall cost of the compressor package. Also, 

the moment of inertia of the whole package must remain 

constant as given in eqn.13. As the flywheel is also used as a 

pulley and slots for belt mountings need to be provided, it 

reduces the moment of inertia of the flywheel, the design 

needs to consider some excess inertia as given in table 4. For 

arm type flywheel, the moment of inertia can be considered as 

the sum of the moment of inertia of the hub, rim and spokes 

about the centre of the hub, which is given as the sum of 

eqn(19),(20)&(21) and represented by eqn(18). 

 

𝐼 = 𝐼ℎ𝑢𝑏 + 𝑁 × 𝐼𝑠𝑝𝑜𝑘𝑒 + 𝐼𝑟𝑖𝑚                  (18) 

where, 

𝐼𝑠𝑝𝑜𝑘𝑒 =
1

8
𝑀ℎ𝑢𝑏(𝑑𝑜

2 + 𝑑𝑖
2)                  (19) 

 

𝐼𝑠𝑝𝑜𝑘𝑒 =
1

3
𝑀𝑠𝑝𝑜𝑘𝑒 [

(𝐷𝑖 − 𝑑𝑜)2

4
+

𝑏2

4

+
𝑑𝑜

𝐷𝑖

(
3

4
(𝐷𝑖 − 𝑑𝑜)2 +

3

4
(𝐷𝑖 − 𝑑𝑜)𝑑𝑜

+
1

2
𝑏2)]                                                     (20) 

𝐼𝑟𝑖𝑚 =
1

8
𝑀𝑟𝑖𝑚(𝐷0

2 − 𝐷𝑖
2)                     (21) 

 
The optimization algorithm used helps to minimize the 

weight of the flywheel while providing the minimum moment 

of inertia. Also, the stresses in the flywheel must[25] be less 

than the allowable limit of 28.89 MPa. 

 

2.4.1. Stresses in Rim 

The stresses in the rim are given by eqn.(22) which can 

be obtained by solving eqn(23),(24),(25)&(26). 

 

𝜎𝑟𝑖𝑚 = 𝜌𝑟𝑎
2𝜔2 [1 −

𝑓4

3
+

𝐴𝑟𝑎

3𝑍𝑟

(𝑓4 −
1

𝑓3𝛼
)]    (22) 

 

𝑓1 =  
1

2𝑠𝑖𝑛2(𝛼)
(

𝑠𝑖𝑛2𝛼

4
+

𝛼

2
)                (23) 

 

𝑓2 = 𝑓1 −
1

2𝛼
                                     (24) 

 

𝑓3 =
𝐴𝑟𝑎

2𝑓2

𝐽
+ 𝑓1 +

𝐴

𝐴𝑠

                             (25) 
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𝑓4 =
𝑐𝑜𝑠𝛽

𝑓3𝑠𝑖𝑛𝛼
                                           (26) 

 

2.4.2. Stresses in Spokes 

Similarly, the stresses in the spoke can be calculated by 

taking the sum of bending(eqn(27)) and tangential 

stresses(eqn(28)) as shown in eqn(29). 

 

𝜎𝑏𝑠𝑝𝑜𝑘𝑒
=

𝑡(𝑟𝑎 − 𝑟ℎ)

𝑍𝑠𝑁𝑠𝑟𝑎

                    (27) 

 

𝜎𝑡𝑠𝑝𝑜𝑘𝑒
=

𝜌𝑟𝑎
2𝜔2

6
(3 +

4𝐴

𝑓3𝐴𝑠

−
3𝑟2

𝑟𝑎
2

)        (28) 

 
𝜎𝑠𝑝𝑜𝑘𝑒 = 𝜎𝑡𝑠𝑝𝑜𝑘𝑒

+ 𝜎𝑏𝑠𝑝𝑜𝑘𝑒
(29) 

 

If the flywheel is used as a pulley, the stresses acting are 

not evenly distributed, and as such, the number of spokes is 

divided by two during stress calculations.[25] Based on the 

above equations, the optimization problem is formulated, and 

the limiting values for different dimensions of the flywheel are 

 

𝑑𝑖 = 0.11𝑚 

𝑑𝑜 = 0.20𝑚 

𝐷𝑜 = 0.76𝑚 

𝑁 = 6 
 

Table. 7 List of variable parameters of the flywheel 

Dimension Representation Min Max 

T x1 0 0.15 

b x2 0 0.08 

h x3 0 0.05 

Di x4 0.2 0.7 

 

3. Results and Discussion 
After using the mayfly optimization algorithm, the 

variable parameters were obtained in Table 8. 
 

Table. 8 Output from the mayfly algorithm 

Parameter Representation Value 

Hub inside diameter di 0.11m 

Hub outside diameter do 0.2m 

Thickness of hub and rim T 0.15m 

Rim inside diameter Di 0.641m 

Rim outside diameter Do 0.76m 

Width of spoke b 0.08m 

Breadth of spoke h 0.05m 

Number of spokes N 6 

 

The new geometry was modelled after optimizing the 

flywheel using the mayfly algorithm. Fillets were added to 

reduce the stress concentration in the final model. The final 

3D model for the flywheel with spokes is represented in fig.9. 

The mass of the new geometry was found to be 199.22Kg 

by the modelling software after the material properties were 

applied. 
 

Also, the moment of inertia for the new flywheel can be 

given by equation (18). 

I = 23.982 kg − m2 
 

So the moment of inertia of the new flywheel is almost 

the same as that of an existing flywheel. Ansys obtain the 

stress and deformation in the new geometry of flywheels. 

 

 
Fig. 9 Optimized flywheel geometry 

 
Fig. 10 Maximum principal stress in an optimized flywheel 
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Fig. 11 Maximum deformation in an optimized flywheel 

The stresses obtained from the FEA analysis of the 

flywheel are found to be less than the permissible value. Also, 

the deformation was found to be within permissible limits, and 

it can sustain the stresses acting on the flywheel periphery. 

4. Conclusion 
The paper explains the single-objective optimization 

problem for the ideal flywheel shape. The minimization of the 

weight is stated in a formulation for a single objective 

optimization problem. The design variables are defined by the 

dimensions of different features of the flywheel. The mayfly 

algorithm is used to solve the formulized optimization 

problem. It is observed that a mass reduction of about 25% is 

obtained when the optimization is carried out in the axial 

direction—the stress in the flywheel increase with a reduction 

in weight by some amount. 

 

Nonetheless, it can operate without any failure at the 

stated condition. The stresses in previous and optimized 

flywheel geometry are 25.802 MPa and 28.394 MPa, 

respectively, less than the allowable stress (28.89MPa). Thus 

the designer can use this optimization technique according to 

the objectives of the problem. 
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