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ABSTRACT-A flywheel used in machines serves 

as a reservoir which stores energy during the period 

when the supply of energy is more than the 

requirement and releases it during the period when 

the requirement of energy is more than supply.  For 

example, in I.C. engines, the energy is developed 

only in the power stroke which is much more than 

engine load, and no energy is being developed 

during the suction, compression and exhaust 

strokes in case of four stroke engines. The excess 

energy is developed during power stroke is 

absorbed by the flywheel and releases it’s to the 

crank shaft during the other strokes in which no 

energy is developed, thus rotating the crankshaft at 

a uniform speed. The flywheel is located on one 

end of the crankshaft .existing  flywheel is 

manufactured by using castiron. 

In this paper the flywheel is replaced by aluminum 

and steel for HONDA HD001 GL125. The 

flywheel is modeled by using CATIA. Static 

analysis of flywheel is being done in CATIA and 

hoop stresses are noted. 

Keywords: Flywheel, design, stress,  casting , 

catia. 

      

INTRODUCTION 

A flywheel is an inertial energy-storage device. It 

absorbs mechanical energy and serves as a 

reservoir, storing energy during the period when 

the supply of energy is more than the requirement 

and releases it during the period when the 

requirement of energy is more than the supply. 

A flywheel is a mechanical device specifically 

designed to efficiently store rotational energy 

.Flywheels resist changes in rotational speed by 

their moment of inertia. The amount of energy 

stored in a flywheel is proportional to the square of 

its rotational speed. The way to change a flywheel's 

stored energy is by increasing or decreasing its 

rotational speed applying a torque aligned with its 

axis of symmetry, flywheels are used in punching 

machines and riveting machines. For internal 

combustion engine applications, the flywheel is a 

heavy wheel mounted on the crankshaft. The main 

function of a flywheel is to maintain a near 

constant angular velocity of the crankshaft. 

Flywheels store energy in the form of kinetic 

energy. The amount of energy ‘E’ stored in a 

flywheel varies linearly with moment of inertia ‘I’ 

and with the square of the angular velocity ‘ω’.   k. 

E = 1/2 I ω2. 

 

          Fig1.Schematic diagram of flywheel position 

https://en.wikipedia.org/wiki/Rotational_energy
https://en.wikipedia.org/wiki/Rotational_speed
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Fig 2. Types of flywheels 

 

PROBLEM DEFINITION  

Existing flywheel is manufactured by using cast 

iron. In this Paper flywheel material is replaced 

with Aluminum and steel for HONDA HD001 

GL125 

*Weight of the flywheel is 0.25KG by using cast 

iron. 

 

MATERIALS 

 Flywheels are made from many different 

materials, the application determines the choice of 

material. Small flywheels made of lead are found in 

children’s toys. Cast iron flywheels are used in old 

steam engines. Flywheels used in car engines are 

made of cast or nodular iron, steel or 

aluminum. Flywheels made from high-strength 

steel or composites have been proposed for use in 

vehicle energy storage and braking systems. 

The efficiency of a flywheel is determined by the 

maximum amount of energy it can store per unit 

weight. As the flywheel’s rotational speed or 

angular velocity is increased, the stored energy 

increases; however, the stresses also increase. If the 

hoop stress  surpass the tensile strength of the 

material, the flywheel will break apart .steels and 

cast irons are both primarily iron with carbon as the 

main alloying element. Steels contain less than 2 

and usually less than 1% carbon; all cast irons 

contain more than 2% carbon. Two percent is about 

the maximum carbon content at which iron can 

solidify as a single-phase alloy with all the carbon 

solution in austenite. Thus, the cast irons, by 

definition, solidify as heterogeneous alloys and 

always have more than one constituent in their 

microstructure. In addition to carbon, cast irons 

must also contain silicon, usually from 1 to 3%; 

thus, they are actually iron-carbon-silicon alloys. 

High-carbon content and silicon in cast irons give 

them excellent cast ability. Their melting 

temperatures are appreciably lower than those of 

steel. Molten iron is more fluid than molten steel 

and less reactive with molding materials. 

Formation of lower density graphite during 

solidification makes production of complex shapes 

possible. Cast irons, however, do not have 

sufficient ductility to be rolled or forged.  

Aluminum: After iron, aluminum is now the 

second most widely used metal in the world. The 

properties of aluminum include: low density and 

therefore low weight, high strength, superior 

malleability, easy machining, excellent corrosion 

resistance and good thermal and electrical 

conductivity are amongst aluminum’s most 

important properties. Aluminum rods are used 

widely in high horsepower, high drag engines. 

Aluminum rods can be manufactured to the same 

strength level as a steel rod due to large amount of 

material that makes up the rod but still be 40% 

lighter than a steel flywheel. Aluminum is in lighter 

weight that can reduce vibration and stresses on the 

crankshaft.  

Selection of materials for flywheel on the basis 

of 

a.       High tensile strength b.      High fatigue 

strength c.       Low shrinkage 

 

SHAPE OF FLYWHEEL 

  when rotates the non-circular shape of flywheel 

will try to deform a shape of circular because of 

mass/area inertia. For that better to 

design circular shape of flywheel and one more 

thing is loss of energy is less for circular shapes 

when rotating load applied. 

 

FUNCTION OF FLYWHEEL 
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 A flywheel is a mechanical device with a 

significant moment of inertia used as a storage 

device for rotational energy. Flywheels resist 

changes in their rotational speed. Governor 

regulates the mean speed of an engine when there 

are variations in load by changing the supply of 

working fluid. Flywheel does not maintain a 

constant speed. It reduces the fluctuations.The 

function of a governor in engine is entirely 

different from that of a flywheel. It regulates the 

mean speed of an engine when there are variations 

in the load, e.g. when the load on the engine 

increases, it becomes necessary to increase the 

supply of working fluid. On the other hand, when 

the load decreases, less working fluid is required. 

The governor automatically controls the supply of 

working fluid to the engine with the varying load 

condition and keeps the mean speed within certain 

limits.The flywheel does not maintain a constant 

speed; it simply reduces the fluctuation of speed. In 

other words, a flywheel controls the speed 

variations caused by the fluctuation of the engine 

turning moment during each cycle of operation. It 

does not control the speed variations caused by the 

varying load.  

 

TYPES OF FLYWHEELS 

a.Solid disc type: Solid disc type flywheel is rarely 

used because they have less capacity of storing 

energy. 

  b. Rimmed type with either arms or solid web: 

Rimmed type flywheels with arms are preferred 

because they can store more energy. Small rimmed 

type flywheels are manufactured with solid web or 

holes drilled in the web. 

 

MANUFACTURING METHODS OF 

FLYWHEEL    

Sand Cast flywheel:A material in a liquid or semi 

solid form is poured or forced to flow into a die 

cavity and allowed to solidify, taking the solid 

shape of the cavity. The pattern that is used for 

molding of flywheel is made by means of wood 

and then we have casted by using Aluminum. The 

pattern used is as shown as below fig.  

 

Fig 3: Wooden Pattern Of Flywheel 

 

Wooden cast flywheel : The strength of the green 

sand is not enough to cast the connecting rod so we 

moved for wooden casting by considering some 

allowance. The Aluminum is melted by using small 

furnace. The wooden mold is initially dipped in the 

water for nearly 30 minutes. The inside portion of 

the mold is coated with silica brick powder 

(refractory material). The mold is exposed to air for 

30minutes for curing of the refractory material. 

After that, the mold is kept in water up to some 

extent, such that the water contacts only outer 

periphery of the mold. It helps to cool the mold so 

we made this arrangement.  The molten material is 

directly poured in to the open cavity slowly, after 

that subjected the entire mold to cure at ambient 

temperature for one day. The wooden mold is 

shown below after casting process. 

 

Fig 4: Wooden Mold 

After performing some operations to get 

approximate flywheel such as filing, milling, 

remaining, grinding and shaping. After operations 

the flywheel as shown in thes below figure. 
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Fig 5: After casting 

 

DESIGN PROCESS OF A FLYWHEEL 

The basic parameters are assumed including Rated 

Power, Material and its properties and space 

conditions etc. The mean Torque will be calculated 

along with Work done per cycle and Energy 

absorbed etc. Usually cast steel is taken as flywheel 

material and from its hoop stresses, its diameter 

will be determined. It is assumed that most of the 

mass of the flywheel is concentrated at the rim, 

thus the cross sectional such as width and thickness 

of the rim will be calculated. Arms of the flywheel 

will be designed using maximum bending stress 

conditions. The stresses in the flywheel will be 

analyzed using CATIA software.       

Let 

    N= Speed of the flywheel  

    P = Rated power of the flywheel 

    ω= Angular velocity of flywheel =2ΠN /60 

rad/sec 

    Power (P) =2πNT /60 watts 

    Kinetic energy of the flywheel (K.E) =1/2 I ω^2 

N-m 

    I = moment of inertia of the flywheel=m×R^2 

    R= radius of gyration of flywheel 

    m = mass of the flywheel =volume × density 

    T = torque of the flywheel   

 

 

Fig 6: Cross Section Of Flywheel 

 

STRESSES ACTING ON THE FLYWHEEL 

The following stresses are induced in the rim of a 

flywheel 

1. Tensile stress due to centrifugal force 

2. Tensile bending stress caused by the 

restraint of the arms. 

3. The shrinkage stresses due to unequal rate 

of cooling of casting. These stresses may 

be very high but there is no easy method 

of determining.  

 

Fig 7.Model Of Flywheel 

 

MATERIALS USED IN FLYWHEEL: 

ALUMINUM7075  

Introduced by Alcoa, alloy 7075 has been the 

standard workhorse 7XXX series alloy within the 
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aerospace industry ever since. It was the first 

successful Al-Zn-Mg-Cu high strength alloy using 

the beneficial effects of the alloying addition of 

chromium to develop good stress-corrosion 

cracking resistance in sheet products. Although 

other 7XXX alloys have since been developed with 

improved specific properties, alloy 7075 remains 

the baseline with a good balance of properties 

required for aerospace applications.  Alloy 7075 is 

available in bare and al clad sheet and plate product 

forms in the annealed state as well as several 

tempers of the T6, T73 and T76 type. 

Table1.properties of aluminum 7075 

Densi

ty  

kg 

/m^3 

Youn

g’s 

modul

us 

(GPa) 

Poiso

ns 

ratio 

Bulk 

modul

us 

(GPa) 

Shear  

modul

us 

(GPa) 

Ultim

ate 

Tensil

e 

Streng

th 

(MPa) 

2800 75 0.33 73.5 28 95 

 

STEEL: 

    Steel is an alloy of iron and other elements, 

primarily carbon .because of it’s high tensile 

strength and low cost, it is a major component in 

buildings , infrastructure , tools ,ships ,automobiles 

,machines, appliances and weapons.  In pure iron, 

the crystal structure has relatively little resistance 

to the iron atoms slipping past one another, and so 

pure iron is quite ductile, or soft and easily formed. 

In steel, small amounts of carbon, other elements, 

and inclusions within the iron act as hardening 

agents that prevent the movement 

of dislocations that otherwise occur in the crystal 

latices of iron atoms.Table2.Properties Of Steel 

Mat

eria

l 

Densi

ty(kg/

m^3) 

Poi

sso

n’s 

rati

o 

Bulk 

modul

us(GP

A 

Shear 

modulus

(GPA) 

Ulti

mate 

tensil

e 

stren

gth(

MPA

) 

stee

l 

8050 0.3

0 

156 78 840 

 

Table3.Properties Of Materials 

Mat

erial 

Density

(kg/m^

3) 

Pois

son’

s 

rati

Bulk 

modul

us(GP

A) 

Shear 

modul

us(GP

A) 

Ultima

te 

tensile 

strengt

o h(MP

A) 

Alu

min

um 

2700 0.3 76 26 95 

 

Cast 

iron 

 

6800 0.26 80 41 200 

Steel 8050 0.30 156 78 840 

 

STRESS CALCULATIONS FOR 125 CC 

PETROL ENGINE FLYWHEEL:  

Honda HD001 GL 125 specifications  

Engine type air cooled 4-stroke 

Displacement =125cc 

Maximum power=8.6bhp 

Speed=7000RPM 

Torque=p×60/2πN=8.744N-m 

Angular velocity (ω) = 2πN/60=732.6 rad/sec 

Radius of gyration of flywheel rim=106mm 

Velocity=R 

×ω=106×732.6=77655mm/sec=77.6m/s 

Tensile stress acting on the rim= ῤ ×v2=42.15Mpa 

Volume of the flywheel=35993.82mm3 

Mass of the fly wheel=volume 

×density=35993.82×10-9×7000=250gms 

Tensile stress on the web=3/4× ῤ ×v2=31.875Mpa. 

2D Diagram for flywheel:    

 The  2D Diagram of flywheel as shown in fig 8. 

 

 

            Fig 8. 2D Diagram for flywheel        

https://en.wikipedia.org/wiki/Ductility
https://en.wikipedia.org/wiki/Crystal_lattice
https://en.wikipedia.org/wiki/Crystal_lattice
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MODELING OF FLYWHEEL 

Modeling of IC engine flywheel by using 

CATIAV5R20 software. 

Table 4. Specifications of flywheel 

S. 

NO 

PARAMETER DIMENSIONS 

1 Outer diameter 

of the flywheel 

rim 

112mm 

 

2 Inner diameter of 

the flywheel rim 

100mm 

 

3 Inner diameter of 

the flywheel hub 

38mm 

4 Outer diameter 

of the flywheel 

hub 

50mm 

5 Number of holes 

on the flywheel 

web 

06 

6 Width of the 

flywheel rim 

6mm 

7 Width of the 

flywheel hub 

11mm 

 

Introduction to CATIA: 

CATIA started as an in-house development in 1977 

by French aircraft manufacturer Avions Marcel 

Dassault, at that time customer of 

the CADAM software to develop 

Dassault's Mirage fighter jet. It was later adopted 

by the aerospace, automotive, shipbuilding, and 

other industries. Initially named CATIA 

(conception assisted tri dimensionally 

interactive – French for interactive aided three-

dimensional design), it was renamed CATIA in 

1981 when Dassault created a subsidiary to develop 

and sell the software and signed a non-exclusive 

distribution agreement with IBM.  

 In 1984, the Boeing Company chose 

CATIA V2 as its main 3D CAD tool, 

becoming its largest customer. 

 In 1988, CATIA V3 was ported 

from mainframe computers to Unix. 

 In 1990, General Dynamics Electric 

Boat Corp chose CATIA as its main 3D 

CAD tool to design the U.S. 

Navy's Virginia class submarine. Also, 

Lockheed was selling its CADAM system 

worldwide through the channel of IBM 

since 1978. 

 In 1992, CADAM was purchased 

from IBM, and the next year CATIA 

CADAM V4 was published. 

 In 1996, it was ported from one to four 

Unix operating systems, including 

IBM AIX, Silicon Graphics IRIX, Sun 

Microsystems SunOS, and Hewlett-

Packard HP-UX. 

 In 1998, V5 was released and was an 

entirely rewritten version of CATIA with 

support for UNIX, Windows 

NT and Windows XP (since 2001).  

 In the years prior to 2000, problems 

caused by incompatibility between 

versions of CATIA (Version 4 and 

Version 5) led to $6.1B in additional costs 

due to years of project delays in 

production of the Airbus A380.  

 In 2008, Dassault Systèms released 

CATIA V6.[5] While the server can run 

on Microsoft Windows, Linux or AIX, 

client support for any operating system 

other than Microsoft Windows was 

dropped.  

 In November 2010, Dassault Systèms 

launched CATIA V6R2011x, the latest 

release of its PLM2.0 platform, while 

continuing to support and improve its 

CATIA V5 software. 

 In June 2011, Dassault Systèms launched 

V6 R2012. 

 In 2012, Dassault Systèms launched V6 

2013x. 

 In 2014, Dassault Systèms launched 

3DEXPERIENCE Platform R2014x  and 

CATIA on the Cloud, a cloud version of 

its software. 

PROCEDURE FOR MODELING: 

STEP-1 

 Start Mechanical designpart 

designpadselect sketchdraw a profile. 

 Select profile  give the pad 

lengthclick ok. 

https://en.wikipedia.org/wiki/Dassault_Aviation
https://en.wikipedia.org/wiki/Dassault_Aviation
https://en.wikipedia.org/wiki/CADAM
https://en.wikipedia.org/wiki/Mirage_(aircraft)
https://en.wikipedia.org/wiki/IBM
https://en.wikipedia.org/wiki/Boeing
https://en.wikipedia.org/wiki/Mainframe_computer
https://en.wikipedia.org/wiki/Unix
https://en.wikipedia.org/wiki/General_Dynamics_Electric_Boat
https://en.wikipedia.org/wiki/General_Dynamics_Electric_Boat
https://en.wikipedia.org/wiki/Virginia_class_submarine
https://en.wikipedia.org/wiki/IBM
https://en.wikipedia.org/wiki/AIX_(operating_system)
https://en.wikipedia.org/wiki/IRIX
https://en.wikipedia.org/wiki/SunOS
https://en.wikipedia.org/wiki/HP-UX
https://en.wikipedia.org/wiki/Windows_NT
https://en.wikipedia.org/wiki/Windows_NT
https://en.wikipedia.org/wiki/Windows_XP
https://en.wikipedia.org/wiki/CATIA#cite_note-5
https://en.wikipedia.org/wiki/Microsoft_Windows
https://en.wikipedia.org/wiki/Linux
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 Inner diameter of the rim is 100mm-> enter 

 Outer diameter of the hub is 50mm->  enter 

Step-2 

 
 Diameter of hole is 14mm-> enter the 

pocket length ->click on OK 

Step-3: 

 

 Select circular pattern->select the hole -

>enter the no of holes-> specify the pocket 

length->click on ok->enter 

STEP-4: 

 

 Hence, the model is completed by using 

CATIAV5R20 software. 

 

 

ANALYSIS OF FLYWHEEL 

Analysis is also done in CATIA V5R20 software. 

PROCEDURE FOR ANALYSIS  OF  

FLYWHEEL: 

 Start Analysis and simulationgenerative 

structural Analysis 

 Fileopen model clamp(fix the inner 

hub)ok 

 Click on distributed loadapply load on 

rimclick on computeclick on analysis 

report (generate report). 

FEM can be broadly classified in to:  

1. Pre-processing.  

2. Processing (Solution).  

3. Post-processing  

Pre-processing:Model generation is conducted 

in this pre-processor, which involves material 

definition, creation of a solid model, and, finally, 

meshing. Important tasks within this pre-

processing are:   

• Specify element type.   

• Define real constants (if required by the 

element type).   

• Define material properties.   

• Create the model geometry.   

• Generate the mesh.   
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 The finite element mesh subdivides the 

geometry into elements, upon which are found 

nodes. For a two-dimensional (2D) analysis, or a 

three-dimensional (3D) thin shell analysis .the 

elements are essentially 2D, but may be 

"warped" slightly to conform to a 3D surface .An 

example is the thin shell linear quadrilateral; thin 

shell implies essentially classical shell theory, 

linear defines the interpolation of mathematical 

quantities across the element , and quadrilateral 

describes the geometry. For a 3D solid analysis, 

the elements have physical thickness in all three 

dimensions. Common examples include solid 

linear brick and solid parabolic tetrahedral 

elements. In addition, there are many special 

elements, such as axis symmetric elements for 

situations in which the geometry, material and 

boundary conditions are all symmetric about an 

axis.Material properties required vary with the 

type of solution. A linear statics analysis, for 

example, will require an elastic modulus, 

Poisson's ratio and perhaps a density for each 

material. Thermal properties are required for a 

thermal analysis.  

Free mesh : 

Free-meshing automatically subdivides meshing 

regions into elements, with the advantages of fast 

meshing, easy mesh-size transitioning (for a 

denser mesh in regions of large gradient), and 

adaptive capabilities.  Loads include forces, 

pressures and heat flux. It is preferable to apply 

boundary Conditions  to the CAD geometry, with 

the FEA package transferring them to the 

underlyig model, to allow for simpler application 

of adaptive and optimization algorithms .  

Processing (Solution):Solution is often a batch 

process, and is demanding of computer resource. 

The governing equations are assembled into matrix 

form and are solved numerically. The assembly 

process depends not only on the type of analysis 

(e.g. static or dynamic), but also on the model's 

element types and properties, material properties 

and boundary conditions.  

Post processing :After a finite element model 

has been prepared and checked, boundary 

conditions have been          applied, and the model 

has been solved, it is time to investigate the results 

of the analysis. This activity is known as the post-

processing phase of the finite element method.  

ANALYSIS OF ALUMINIUM FLYWHEEL

     

 Meshing:The next step after modeling is 

meshing of FLYWHEEL model. The mesh model 

of present   FLYWHEEL is as shown in figure 1. 

Meshing is the initial step in the analysis of finite 

element method. CATIA creates the proper mesh 

of the total object for further analysis. Thus after 

meshing of FLYWHEEL in the CATIA V5R20 

load and boundary conditions are applied.  

 

Fig 9.Meshing 

 

RESULTS AND CONCLUSIONS 

Introduction : 

This chapter discusses the results of static 

analysis of both aluminum and steel flywheel 

models.Static analysis of flywheel is 

performed using CATIA V5 R20 Software ,by 

considering the predetermined conditions 

(necessary boundary conditions and loads to 

achieve the results within allowable limits) 

Static analysis of aluminum and steel 

flywheel is performed using CATIA V5 R20 

software, by considering angular acceleration 

(∝)= 32200rad/sec2 and angular 

velocity(ω)=730 rad/sec. 

From the results of static analysis of 

flywheel the displacements of the aluminum 

0.00218mm, 0.000218mm and corresponding 

von-misses stress values are 6.04e+006N/m2, 

2.7e+004N/m2. The results are shown from the 

following figures. 

 

 

 

 

 

 Fig 10.equivalent stress developed in flywheel 

(Aluminum) 
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Fig11.Deformation of connecting rod ( 

Aluminum) 

 

Fig 12.Applying boundary conditions (steel) 

 

 

 

 

 

 

 

Fig 13.Equivalent stress developed in flywheel 

(steel).         

 

s  

       Fig 14.Deformation of flywheel (steel) 

ANALYTICAL RESULTS: 

           Analytical results obtained for aluminum 

and steel flywheel using CATIA V5 R20 software. 

Results are shown in Table no 5,6. 

 

Table 5. Analytical results of non –misses stress 

(N/m2) 

Name of metal                  Von –

Misses stress             

(N/m2) 

 

           Max             Min 

    Aluminum       6.04e+006 

 

        2.7e+004 

    Steel         1.11e+007          2.57e+004 

 

Table 6. Analytical results of deformation (mm) 

   Name of metal                    

Deformation 

(mm) 

 

         Max     Min 

   Aluminum    0.00218 0.000218 

   Steel     0.00101  0.000101 

Graphs: 

     From the graphs,  The displacements and 

stresses of flywheel are compared. Graph.1 indicate 

non-misses stresses for two materials, Graph 2 

indicates Displacement for two materials.   

 

 

 

 

 

 

CONCLUSIONS: 

The stress Developed in both aluminum and steel 

are almost equal, so we suggest that it is better to 
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use aluminum rather than steel in HONDA 

HDOO1 GL125 model. Since aluminum flywheel 

has light weight tendency so, the weight of the 

component can be reduced .it also helps in fuel 

economy. 
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