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Abstract- The effective uses of a flywheel are limited at its 

maximum operational junction frequency. The study was 

conducted by using the finite element method. The flywheels 

are used with flow of with rotation such as power houses 

components and industrial applications. The major study was 

done on flywheel by using different materials. A natural 

frequency was analyzed and Campbell diagram analysis is 

performed for validation. In our analysis, ANSYS was used 

and the model was developed on CREO 5.0. In order to verify 

the present ANSYS model, the natural frequency with their 

modes by using six types of materials are compared with the 

available base paper results present in the literature and the 

design of flywheel with different materials of CFRP, 

T1000G, T300, EPOXY, POM, SNCM616. In this study, the 

simulations of flywheels and six types of materials were 

analyzed for natural frequency and the configurations of 

flywheel design are proposed. The results show that flywheel 

material like T1000G of flywheel the decrease in a critical 

speed number of modes simultaneously. The critical speed of 

the flywheel with different material is compared by using six 

types of materials and is predicted .Flywheel profile a 

T1000G gives higher frequencies and less critical speed in 

different modes. 

Key words: Flywheel, Shear Stress, Literature, Critical 

Speed, Natural Frequency 

I. INTRODUCTION 

Flywheel is a machine element which is used to increase a 

momentum of rotating element and to control fluctuations 

which are induced on rotating element like shafts turbines etc. 

It also conserves energy for continuous rotation; Flywheel 

also reduces vibration on rotating element. It also acts as a 

damper. 

A flywheel is a rotating mechanical gadget used to 

store kinetic energy. Flywheels have been in use for quite a 

lot of functions for the period of human historical past for 

enormous quantities of years. In the beginning they were used 

as a means to furnish stability, akin to a potter’s wheel. 

During the economic revolution, they were principally 

integrated in steam engines. However, it was once no longer 

unless the late sixties/early nineteen seventies, with the 

appearance of composite substances and an increased interest 

in renewable vigor sources that study into the skills for 

flywheels as a plausible substitute to chemical batteries used 

to be carried out. The construction of magnetic bearings 

within the nineteen eighties additionally exacerbated 

curiosity and research. Flywheels may also be separated into 

two classes: conventional and high-performance (super 

flywheels). Conventional flywheels are built from standard 

materials, most probably metal, while super flywheels are 

composed of composite substances. The reward work 

includes evaluation on both forms of flywheels, however with 

the primary center of attention placed on traditional 

flywheels. A usual flywheel is proven in Fig. 1-1. Flywheels 

had been proposed as an alternative or complement to average 

chemical batteries for the duration of various areas. These 

comprise mobile purposes, such because the automobile and 

aerospace enterprise, or vigor law in electrical energy 

producing plants. 

 
Fig. 1.1: Basic flywheel diagram 

II. MATERIALS USED 

 Most of Flywheel is formed from steel, either medium- 

or low-carbon. However, top Strength steel, typically 

heat treated, is additionally selected for powerful 

applications. 

 Metals, like brass, stainless steel or Al, are used where 

Corrosion may be a disadvantage or lightness is required. 

 • Small, light-duty   Flywheels, like in family 

appliances, are additionally injection shaped. 

 In a plastic material cherish CFRP or PolyPlastic. 

III. LITERATURE SURVEY  

Numerical and Experimental Investigation 

Jung et.al (2016) [1] - the investigation flywheel 

manufacturing blunders outcome in car-to-automobile 

variations within the measurements and have a terrible impact 

on the misfire detection efficiency. A misfire detection 

algorithm need to be in a position to make amends for this 

form of automobile-to-car variants if it is for use in creation 

cars to assure that legislations are fulfilled. It's shown that 

flywheel angular editions between autos within the 

magnitude of zero.05° have a colossal influence on the 

measured angular speed and ought to be compensated for to 

make the misfire detection algorithm effective. A misfire 

detection algorithm is proposed with flywheel error 

adaptation as a way to increase robustness and shrink the 

number of misclassifications. 

Lyu et.al (2016) [2]-this investigation to give a 

economic and powerful stage for the investigation of AMB 

bolstered vitality stockpiling flywheels, including research on 

the define of their criticism controllers, we propose in this 

paper to repeat the operation of such flywheels on a rotor-

AMB scan fix we as of late developed. In detailed, the two 
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AMBs founded at the two finishes of the rotor are utilized as 

aiding course, while the opposite two established on the rotor 

mid traverse and quarter traverse are utilized to copy the 

generator terrible firmness and gyroscopic impacts on the 

rotor flow brought on with the aid of the flywheel circle. Copy 

and scan outcome are introduced to illustrate the adequacy of 

the proposed copying approach. 

Rupp et.al. (2016) [3] - the investigation 

demonstrates the introduction of flywheel energy storage 

systems in a gentle rail transit teach is analyzed. 

Mathematical items of the teach, driving cycle and flywheel 

vigor storage procedure are developed. These models are 

used to be trained the vigour consumption and the operating 

rate of a mild rail transit coach with and without flywheel 

vigor storage.  

Caprioli et.al (2016) [4] - the investigation 

demonstrates Thermal cracking of railway wheel treads is 

investigated making use of a combined experimental and 

numerical strategy. Results from managed brake rig tests of 

repeated discontinue braking cycles for a railway wheel in 

rolling contact with also called rail wheel are presented. Scan 

conditions are then numerically analyzed using finite aspect 

(FE) simulations that account for the thermo-mechanical 

loading of the wheel tread. For the studied discontinue 

braking case, thermal cracks are observed in the wheel tread 

after few brake cycles. Results from thermal imaging expose 

a frictionally excited thermo-elastic instability phenomenon 

referred to as “banding” the place the contact between brake 

block and wheel happens only over a fraction of the block 

width. 

Ryabov et.al. (2015) [5] - this investigation 

demonstrates the article is getting to know the vibration 

isolation properties of a flywheel dynamical absorber of the 

automobile body oscillations. It's noted that the authors have 

beforehand proposed further flywheel dynamical absorbers 

with mechanical drives and it's proved that they have 

accelerated the vibration isolation houses of the suspension 

approach. However, such dynamical absorbers are heavy. For 

this reason there may be being developed a flywheel 

dynamical absorber with hydraulic force containing a 

hydraulic cylinder and a hydraulic laptop with a flywheel. 

IV. RESULTS & DISCUSSIONS 

A. Critical Speed and Frequency along the Flywheel with 

Different Diameter and Materials: 

A Structural and  Modal - analysis was carried out to analyze 

critical speed of Flywheel with different material and 

diameter by using Campbell diagram and relation between 

natural frequency and spin speed a Six types of materials of 

CFRP, T1000G, T300, EPOXY, POM, SNCM616 with 

flywheel to determine the frequency distribution along the 

Flywheel. Frequency distribution contours in case of 

flywheel are shown in Figure, and the effect of different 

materials on Flywheel profile on the frequency and modes 

distribution for various materials are represented in the 

Figure. 

B. Validation from previous research: 

Validation 

Shear stress (T300) 

Base paper results Simulation Results 

30.2 29.464 

Table 1.2: Base paper results and Simulation Results of 

shear stresses of flywheel. 

Materials Shear Stresses 

CFRP 34.68 

T300 29.464 

T1000G 16.741 

EPOXY 24.541 

POM 26.637 

SNCM616 126.35 

Table 1.3: Shear stresses on different materials of flywheel. 

Above table represents the validation of 

experimental results of flywheel and shear stresses of 

different material are also simulated for present analysis from 

above result we predict that simulation results shows 

convergence with experimental results, Hence our simulation 

is converged. 

 
Fig. 1.4: Graph of shear stresses of different material of 

flywheel. 

Above shown graph represents a comparison of 

shear stresses of different materials considered in this present 

analysis the graph shows SNCM616 shows higher shear 

stress near hub due to less stiffness and T1000G shows less 

shear stress due to high stiffness on hub circumference, 

Hence EPOXY and T1000G (Carbon Fiber American) shows 

less shear stresses on their hub thus these material could be 

considered for designing of flywheel.  

 
Fig. 1.5: Contour plot of shear stress made of CFRP 

material. 

Contour plot shows the shear stress effect on hub of 

flywheel made of CFRP (Carbon Fiber Rein forced Plastic) 

on rotational velocity of 35900 RPM, shear stress seems to be 

a moderate in nature and it shows its circumferential 

distribution on flywheel.   
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Fig. 1.6: Contour plot of shear stress made of EPOXY  

material. 

The shown contour plot shows the shear stress effect 

on hub of flywheel made of EPOXY on rotational velocity of 

35900 RPM, shear stress seems to be a minimum in nature 

and it shows its circumferential distribution on flywheel.   

 
Fig. 1.7: Contour plot of shear stress made of SNCM 616 

materials. 

Above represented contour plot shows the shear 

stress effect on hub of flywheel made of SNCM 616 on 

rotational velocity of 35900 RPM, shear stress seems to be a 

maximum in nature and it shows its circumferential 

distribution on flywheel.   

 
Fig. 1.8: Contour plot of shear stress made of T300 

materials. 

Above shown contour plot shows the shear stress 

effect on hub of flywheel made of T300 on rotational velocity 

of 35900 RPM, shear stress seems to be a negligible in nature 

and it shows its circumferential distribution on flywheel.   

 
Fig. 1.9: Contour plot of shear stress made of T1000G 

materials. 

Above shown contour plot shows the shear stress 

effect on hub of flywheel made of T1000G on rotational 

velocity of 35900 RPM, shear stress seems to be a negligible 

in nature and it shows its circumferential distribution on 

flywheel.  

C. Critical Speed Results of Flywheel with different 

Material by Campbell Diagram approach: 

 
Fig. 1.10: Result of Campbell diagram of Frequency and 

rotational velocity Distributions along the CFRP made 

flywheel 

Above the Campbell diagram represents the critical 

speed effect on CFRP material the lines parallel to each other 

are backward whirling and forward whirling lines occurred 

due to mass imbalance during rotation, the rotational speed is 

in form of synchronous speed that intersects forward whirling 

and backward whirling lines shows the critical speed effects 

at variable frequencies and rotation per minute the above 

material Carbon Fiber rein Forced Plastic shows four values 

of critical speed. 

 
Fig. 1.11: Result of Campbell diagram of Frequency and 

rotational velocity Distributions along the EPOXY made 

flywheel 
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Above the Campbell diagram represents the critical 

speed effect on EPOXY material the lines parallel to each 

other are backward whirling and forward whirling lines 

occurred due to mass imbalance during rotation, the rotational 

speed is in form of synchronous speed that intersects forward 

whirling and backward whirling lines shows the critical speed 

effects at variable frequencies and rotation per minute the 

above material EPOXY shows no critical speed at 35900 

RPM. 

 
Fig. 1.12: Result of Campbell diagram of Frequency and 

rotational velocity Distributions along the POM made 

flywheel. 

Above the Campbell diagram represents the critical 

speed effect on POM (Poly Plastic) material the lines parallel 

to each other are backward whirling and forward whirling 

lines occurred due to mass imbalance during rotation, the 

rotational speed is in form of synchronous speed that 

intersects forward whirling and backward whirling lines 

shows the critical speed effects at variable frequencies and 

rotation per minute the above material POM (Poly Plastic) 

shows eight values of critical speed at 35900 RPM. 

 
Fig. 1.13: Result of Campbell diagram of Frequency and 

rotational velocity Distributions along the SNCM616 made 

flywheel. 

Above the Campbell diagram represents the critical 

speed effect on SNCM616 material the lines parallel to each 

other are backward whirling and forward whirling lines 

occurred due to mass imbalance during rotation, the rotational 

speed is in form of synchronous speed that intersects forward 

whirling and backward whirling lines shows the critical speed 

effects at variable frequencies and rotation per minute the 

above material SNCM616 shows seven values of critical 

speed at 35900 RPM. 

 
Fig. 1.14: Result of Campbell diagram of Frequency and 

rotational velocity Distributions along the T300 made 

flywheel. 

Above the Campbell diagram represents the critical 

speed effect on T300 (Carbon Fiber) material the lines 

parallel to each other are backward whirling and forward 

whirling lines occurred due to mass imbalance during 

rotation, the rotational speed is in form of synchronous speed 

that intersects forward whirling and backward whirling lines 

shows the critical speed effects at variable frequencies and 

rotation per minute the above material T300 (Carbon Fiber) 

shows one value of critical speed at 35900 RPM. 

 
Fig. 1.15: Result of Campbell diagram of Frequency and 

rotational velocity Distributions along the T1000G made 

flywheel. 

Above Campbell diagrams shows critical speed 

prediction of flywheel with different material from above 

results of Campbell diagram we determine that material 

T1000G made flywheel have negligible critical speed at 

35900 RPM and also have less shear stresses values this 

material could also be used for multi rim flywheel. 

V. NATURAL FREQUENCY ANALYSIS OF FLYWHEEL WITH 

DIFFERENT MATERIAL 

Natural Frequency 
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5 
1000

.5 
1249 

1873.

4 

1815.

3 

462.

45 
561.46 

6 
1254

.3 

1584

.5 

2376.

7 

2263.

7 

581.

01 
713.97 

Table 1.16: Natural Frequency of Variable Materials with 

their different modes 

 
Fig. 1.17: Graph shows modes and frequency of a Flywheel 

with different material. 

Contour Figure shows a Natural frequency value of 

variable materials used in Flywheel profile these contour 

Figure values conclude a solution that a T1000G has a higher 

frequency at Flywheel. 

 
Fig. 1.18: First mode Frequency of T1000G Flywheel 

Above deformation contour plot shown represents 

the variation occurs on modulus of rigidity and its inertial 

forces due to applied rotation at first mode of T1000G 

material on circumference of flywheel the frequency seems 

to be 1792.2 Hz on first mode. 

 
Fig. 1.19: second mode Frequency of T1000G Flywheel 

Above deformation contour plot shown represents 

the variation occurs on modulus of rigidity and its inertial 

forces due to applied rotation at second mode of T1000G 

material on circumference of flywheel the frequency seems 

to be 1792.4 Hz on second mode. 

 
Fig. 1.20: third mode Frequency of T1000G Flywheel 

Above deformation contour plot shown represents 

the variation occurs on modulus of rigidity and its inertial 

forces due to applied rotation at third mode of T1000G 

material on circumference of flywheel the frequency seems 

to be 1824.3 Hz on third mode. 

 
Fig. 1.21: forth mode Frequency of T1000G Flywheel 

Above deformation contour plot shown represents 

the variation occurs on modulus of rigidity and its inertial 

forces due to applied rotation at forth mode of T1000G 

material on circumference of flywheel the frequency seems 

to be 1872.8 Hz on forth mode. 

 
Fig. 1.21: fifth mode Frequency of T1000G Flywheel 

Above deformation contour plot shown represents 

the variation occurs on modulus of rigidity and its inertial 

forces due to applied rotation at fifth mode of T1000G 

material on circumference of flywheel the frequency seems 

to be 1873.4 Hz on fifth mode. 



Finite Element Analysis of Flywheel to determine Shear Stresses and Critical Speed with different Materials 

 (IJSRD/Vol. 5/Issue 01/2017/223) 

 

 All rights reserved by www.ijsrd.com 823 

 
Fig.1.22: sixth mode Frequency of T1000G Flywheel 

Above deformation contour plot shown represents 

the variation occurs on modulus of rigidity and its inertial 

forces due to applied rotation at sixth mode of T1000G 

material on circumference of flywheel the frequency seems 

to be 2376.7 Hz on sixth mode. 

VI. CONCLUSION 

The current analysis has presented a study of natural 

frequency characteristics of a Flywheel of different materials. 

Modal analysis was carried out on CFRP, T1000G, T300, 

EPOXY, POM, SNCM616 system. The effect of critical 

speed of the Flywheel on the natural frequency and modes of 

different materials and critical speed effects were analyzed 

profile and materials the distribution along the Flywheel was 

studied. From the analysis of the results, following 

conclusions can be drawn. 

Influence of different Flywheel profiles 

 The natural frequency along the Flywheel profile is 

found to be maximum of the T1000G material profile 

with Flywheel diameter 238 mm and varies along the 

circumference up to the Flywheel profile. The critical 

speed distribution along the Flywheel is maximum for 

SNCM616 and minimum for T1000G of a Flywheel 

profile. 

 The magnitude of frequency is minimum in the case of 

POM material profile. The nature of the natural 

frequency is maximum near its end in 3rd and 4th,6th 

mode. 

 The nature of the critical speed is maximum near its 

masses and hub of the Flywheel where masses are high 

of Flywheel and changes with respect to Flywheel 

material profile towards the end and between masses of 

the Flywheel for the same RPM and different modes of 

natural frequency. 

 In a comparison with the CFRP, T1000G, T300, 

EPOXY, POM, SNCM616 material resulted in higher 

frequency characteristics close to the end of the Flywheel 

for a different material Flywheel profile. The critical 

speeds are maximum for SNCM616 at low frequency 

and negligible for T1000G at high frequency on same 

RPM.  

VII. FUTURE SCOPE 

 Solid Flywheel and thicker Flywheel could be used to 

analyze critical speed for different dimensions. 

 Different materials can be used for analyzing frequency 

and critical speed for different types of Flywheel. 

 Different masses could be also analyzed for different 

RPM to predict critical speed for Flywheel for save 

design. 

 Stiffness of bearing should be changed and also with 

damping coefficient for study of Flywheel system on 

Campbell diagram. 
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