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ABSTRACT

This paper concentrates on investigating the
impacts of flywheel geometry on its vitaity
stockpiling or convey capacity per unit mass,
additionally characterized as most extreme particular
vitality. In this paper we have investigated different
profiles of flywheel and the put away active vitality
per unit mass is ascertained for the separate flywheel.
Different profiles are outlined and examination in
CAE instrument (CATIAVS5). investigation is done for
various states of the flywheels and von mises stresses
and aggregate misshapening are resolved. It
demonstrates that shrewd plan of flywheel geometry
significantly affect the Specific Energy stockpiling and
decrease the operational burdens applied on the pole
because of lessened mass at high rotational rates.
Proficient flywheel configuration used to boost the
latency of minute for least material utilized and
assurance high unwavering quality and long life.

The execution characteristics of flywheels, inspecting
two sorts of materials— steel and cast press

Keywords— Flywheel, specific energy, stored
kinetic energy.

1. INTRODUCTION OF FLYWHEEL

A flywheel is an inertia vitality stockpiling
gadget. It assimilates mechanical vitality and fillsin as
a repository, putting away vitality amid the period
when the supply of vitality is more than prerequisite
then it discharges amid the period when the necessity
of vitality is more than the supply.
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Fig 1 fly whedl

1.1 FUNCTION AND NEED OF OPERATION

The primary capacity of a flywheel is to
smoothen out varieties in the speed of a pole brought
on by torque changes. In the event that the wellspring
of the heap torque is fluctuating in nature. Many
machines have stack designs that cause the torque time
capacity to change over the cycle. For instance inner
burning motors with maybe a couple chambers, Piston
compressors, punch sgueezes, shake crushers and so
on are aternate frameworks that have fly whedl..
Flywheel retains mechanical vitality by expanding its
precise speed and conveys the put away vitality by
diminishing its speed. Flywheel goes about as a
repository by putting away vitality amid the period
when the supply of vitality is more than the
prerequisite and discharging it amid the period when
the necessity of the vitality is more than the supply.

Flywheel gives a compelling approach to smooth out
the variance of speed. The put away active vitality in
view of the mass snapshot of latency and rotational
speed. A flywheel is a mechanical gadget with a huge
snapshot of latency utilized as a capacity gadget for
rotational vitality. Flywheels oppose changes in their
rotational speed, which steadies the pivot of the pole.
Flywheels have turned into the subject of broad
research as power stockpiling gadgets for utilizations
in vehicles. Flywheel vitality stockpiling frameworks
are thought to be an appealing other option to
electrochemical batteries because of higher put away
vitality thickness, higher life time, and deterministic
condition of charge and naturally clean nature.

The execution of a flywheel can be ascribed to three
variables, i.e, material quality, geometry (cross-
segment) and rotational speed.
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Fig 1.1 factor s affecting flywheel performance
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1.1.1 Material quality

More grounded materials could embrace extensive
working burdens, subsequently could be keep running
at high rotational velocities permitting putting away
more vitality. Subsequently could be keep running at
high rotational rates enable wing to store more vitality.

1.1.2 Rotational speed

It straightforwardly controls the vitality put away,
higher velocities wanted for more vitality stockpiling,
yet high speeds attest inordinate loads on both
flywheel and direction amid the pole outline.

1.1.3 Geometry of flywheel

It controls the Specific Energy and motor vitality
stockpiling capacity of the flywheel. Any
advancement impact of flywheel cross-area may
contribute significant changes in dynamic vitality
stockpiling ability subsequently decreasing both
general shaft or bearing burdens and materia
disappointment  events.  Flywheel  productivity
incorporates the measure of active vitality put away
per unit mass and mechanical misfortunes.

To enhance the nature of the item and so as to have
protected and solid plan, it is important to explore the
burdens incited in the segment amid working
condition.

At the point when the flywheel turns, outward
strengths follows up on the flywheel because of which
elastic and twisting anxiety are actuated in a flywheel.
To counter the necessity of smoothing out the
expansive motions in speed amid a cycle of a
mechanical framework.

2. GEOMETRICAL DIMENTIONS OF FLYWHEEL
State of the flywheel is influenced on shaft stress and
vitality stockpiling for unit mass in flywheel, the
distinctive sort's flywheel is outlined and broke down
with consistent external and inward widths at speed
750 rpm.

External width of flywheel (do) =380mm,

Internal width of flywhedl (di) =50mm.

2.1 DESIGN APPROACH

There are two phases to the plan of a flywhesl.

1. To begin with, the measure of vitality required for
the coveted level of smoothening must be found and

the (mass) snapshot of idleness expected to assimilate
that vitality decided.

2. At that point flywheel geometry must be
characterized that caters the required snapshot of
idleness in a sensibly measured bundle and is
protected against disappointment at the outlined rates
of operation.

A flywheel is composed and dissected. By utilizing
advancement method different parameter like material,
cost of flywheel can be streamlined and by applying
an approach for change of different working parameter
like, geometry shape and vitality putting away limit
per unit mass, | can discovered greatest vitality
stockpiling in flywheels.

2.2 OTHER FLYWHEEL GEOMETRIES

Other flywheel geometries taken under review are
strong flywheel, edge flywheel, area cut flywhesdl,
spokes flywheel, funnel shaped flywheel and triangle
shape (leval) flywheel. Keeping outside breadth 380
mm, put away active vitality is figured for unit mass
for these profiles.

This paper obviously portrays the significance of
flywheel geometry plan and material choice and its
commitment in the vitality stockpiling. In spite of the
fact that this change is to be thought little, regardlessiit
could be pivotal for mission basic operations .different
profiles of flywheel given beneath are composed and
dissected

CASE-1 CASE-2

!

Fig 2.2.1 solid flywhed  Fig2.2.2rim
flywheel
CASE-3 CASE-4

Fig 2.2.3 section cut
flywheel
CASE-5 CASE-6

Fig 2.2.4 spokes flywheel

Fig 2.2.5 conical Fig 2.2.6 triangle
flywheel shape (Leval) flywheel

3. MATERIAL SELECTION OF FLYWHEEL
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Flywheels are vitality stockpiling gadgets and
consequently while considering their assembling
generally the accompanying variables are considered

1. Material cost

2. Material weight

3. Vitality stockpiling for unit mass
4. Material rigidity.

Since vitality put away is corresponding to the
elagticity of material and the mass. Remembering the
above focuses, stedl flywheel for low rpm, and carbon
fiber for higher rpm is ordinarily utilized. Flywheels
are produced using a wide range of materials; the
requests of the application decide the decision of
material. Solid metal flywheels are utilized as a part of
old steam motors, inward burning motors. Flywheels
utilized as a pat of autos to smooth power-
transmission might be made of solid metal or nodular
iron, steel or aluminum relying upon the execution
application, Flywheels produced using high-quality
steel or composites have been proposed for use in
vehicle control stockpiling and stopping mechanisms

Attributes of flywheel materials appeared in Table 3

Table no 3.1 calculated shape factors for used
geometries

Shape of Shapefactor | Shapefactor for
geometry for cast iron steel
Solid disc K=1 K=1
Rim K=0.666 K=0.666
Cut section K=0.666 K=0.666
Spokes K=0.333 K=0.333
Conical K=0.619 K=0.612
Triangle K=0.499 K=0.516
shape(pierced
disc)

Material | Density | Poisons | Modulus | Tensile
(kg/m® | ratio of strength
elasticity | (Mpa)
(Gpa)
STEEL,
ALSI,
SAE 7860 0.266 200 250
1020
CAST
IRON
45%C 7200 0.23 120 130
ASTM
A-48

Tableno 3. Materialsused for analysis

3.1 GEOMETRY SHAPE FACTOR

The highest possible value for the shape
factor of a flywheel rotor, K=1, which can only be
achieved by the  theoretical constant-stress
disc geometry A constant-thickness disc geometry has
a shape factor of K=0.606, while for arod of constant
thickness the value is K=0.333. A thin cylinder has a
shape factor of K=0.5

4. ANALY SIS OF FLYWHEEL
4.1 FEA ANALYSIS

In industry by and large two sorts of examination are
utilized: 2-D demonstrating, and3-D displaying. While
2-D demonstrating monitors effortlessness and enables
the examination to be keep running on a moderately
typical PC, it tends to yield less exact outcomes. 3-D
demonstrating, in any case, creates more precise
outcomes.

The CATIAV5 CAE (Computer-Aided Engineering)
programming project was utilized to plan strong
geometry and examination the conduct of mechanical
bodies under basic stacking conditions

4.2 STRUCTURAL ANALYSIS

Basic investigation is completed on six unique states
of flywheels and | have to lessen material of flywheel
and discover more vitality stockpiling for least
material and contrasted consequences of cast iron
flywheel and aftereffects of steel flywheel at same
rotational speed.

4.3 ELEMENT TYPE

The straight tetrahedron components are speedier
computationally however less precise. Then again, the
explanatory components require more computational
assets however prompt more precise outcomes.
Another imperative element of explanatory
components is that they can fit bended surfaces better.
All in al, the examination of massive items requires
the utilization of strong components. Hexahedral
components are likewise accessible on a restricted
premisein late arrivals of CATIA.
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linear parabolic
Fig 4.3 Tetrahedron elements

4.4 MESHING METHOD

The idea of component size is simple. A
littler component estimate prompts more precise
outcomes to the detriment of a bigger calculation time.
The "droop" phrasing is one of a kind to CATIA. In
FEA, the geometry of a section is approximated with
the components. The surface of the part and the FEA
estimation of a section don't correspond. The "droop"
parameter controls the deviation between the two. In
this manner, a littler "hang" esteem could prompt
better outcomes. There is a connection between these
parameters that one doesn't need to be worried with
now. The physical sizes of the agent "size" and "hang"
on the screen, which additionally restrain the
coarseness of the work, can be changed by the client.
There are two approaches to change these parameters:
The main strategy is to double tap on the delegate
symbols on the screen which constrains the OCTREE
Tetrahedron Mesh box and Change the default
gualities to coordinate the numbers in the container.

See that the kind of the components utilized
(straight/illustrative) is additionally set in this crate.
Select OK.

The second technique for achieving this container is
through the tree. By double tapping on the branch
named OCTREE Tetrahedron Mesh, a similar box
opens enabling the client to change the qualities.

With a specific end goal to see the created work, you
can indicate the curser the branch Nodes and
Elements, right snap and select Mesh Visualization.
This progression might be marginally unique in some
UNIX machines. After playing out this operation a
Warning box shows up which can be disregarded by
choosing OK. For the work parameters utilized, the
accompanying lattice is shown on the screen.

4.5 MESHED FLYWHEEL MODELS

Different Solid models are planned on the CATIA
programming. And afterward they are coincided in
generative auxiliary investigation work branch and
further examination is conveyed in that product. Fit

flywheel model of different sorts are appeared in
beneath

CASE-1 CASE-2

Fig4.5.1: meshed Fig4.5.2: meshed
solid flywheel rim flywheel
CASE-3 CASE-4

Fig4.5.3: meshed section
flywheel spokes flywheel
CASE-5 CASE-6

Fig4.5.4: meshed cut

Fig4.5.5: meshed conical  Fig4.5.6: meshed
flywheel triangle shape
flywheel

46 STRUCTURAL ANALYSES ON STEEL
FLYWHEELS

CASE-1

Fig 4.6.1(a) shows displacement of Solid Fly Whedl,
which has the deformed shape of the flywheel
analysis. The value of deformation is 0.000338 mm.

Fig 4.6.1(a): solid flywheel displacement

Fig 4.6.1(b) shows solid flywheel, which represents
the maximum stress developed in the flywheel The
von-mises stress of flywhed is 1.34 E+006 N/m2.

Fig 4.6.1(b): solid flywheel von-mises stress
CASE-2
Fig 4.6.2(a) shows displacement of rim flywheel
which has the deformed shape of the flywheel
analysis. the value of deformation is
0.00169 mm.
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Fig 4.6.2(a): rim flywheel displacement

Fig 4.6.2(b) shows rim flywheel ,which represents the
maximum stress developed in the flywheel. The von-
mises stress of flywheel is 1.98E+06N/m2

Fig 4.6.2(b): von-mises stress of rim flywheel
CASE-3

Fig 4.6.3(@) shows displacement of section cut
flywheel, which has the deformed shape of the
flywheel analysis the value of deformation is 0.00158
mm

Fig4.6.3 (a): displacement of section cut flywheel

Fig 4.6.3(b) shows section cut flywheel, which
represents the maximum stress developed in the
flywheel. The von- mises stress of flywheel is
5.07E+006 N/m2

Fig 4.6.3(b): von-mises stress of section cut flywheel

CASE-4
Fig 4.6.4(a) shows displacement of spokes flywheel,
which has represents the deformed shape of the

Fig 4.6.4 (a): displacement of sbokesflywheel

4.6.4(b) shows spokes flywheel, which Shows the
maximum stress developed in the flywheel analysis.
The von-mises stress of flywheel is 3.3E+006 N/m2

®

Fig 4.6.4(b): von-mises stress of spokes  flywheel

CASE-5
Fig 4.6.5(a) shows displacement of conical flywheel,
which has the deformed shape of the flywheel analysis

Fig 4.6.5(a): displacement of éonical flywheel

Fig 4.6.5(b) shows conical flywheel, which represents
the maximum stress developed in the flywheel. The
von- mises stress of flywheel is 1.26E+006N/m2

Fig 4.6.5(b): von-mises stress of conical flywheel
CASE-6
Fig 4.6.6(a) shows displacement of triangle shape
flywheel, which has the deformed shape of the
flywheel analysis the value of deformation is 0.000149
mm

Fig 4.6.6 (a): displacement of triaﬁgle shape (leval)
flywheel

Fig 4.6.6(b) shows triangle shape flywheel, which
represents the maximum stress developed in the
flywheel. The von-mises stress of flywheel is
8.07e+005N/m2
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Fig 4.6.6(b): von-mises stress of triangle (leval)
shape flywheel

4.7 ANALYSIS RESULTS OF CAST IRON
FLYWHEELS
CASE-1
Fig 4.7.1(a) shows displacement of Solid Fly Wheel
which has the deformed shape of the flywheel analysis
the value of deformation is 0.000463mm.

-3

Fig 4.7.1(a): solid flywheel displacement
Fig 4.7.1(b) shows solid flywheel, which represents
the maximum stress developed in the flywheel. The
von-mises stress of flywheedl is 1.24 E+006 N/m2.

Fig 4.7.1(b): solid flywheel von-mises stress
CASE-2
Fig 4.7.2(a) shows displacement of rim flywheel
which has the deformed shape of the flywheel analysis
the value of deformation is0.000219mm

o

Wheel displacement

Fig4.7.2(a): rim %Iy

Fig 6.2.2(b) shows rim flywheel, which represents the
maximum stress developed in the flywheel. The von-
mises stress of flywheel is 1.81E+06N/m2

Fig 4.7.2(b): von-mises stress of rim flywheel

CASE-3

Fig 4.7.3(@) shows displacement of section cut
flywheel, which has the deformed shape of the
flywheel analysis the vaue of deformation is
0.00206mm

/4

Fig 4.7.3(a): displacement of section cut flywheel

Fig 4.7.3(b) shows section cut flywheel, which
represents the maximum stress developed in the
flywheel. The von-mises stress of flywheel is

4,6E+006 N/m2

Fig4.7.3 (b): von-mises stress of section cut flywheel
CASE-4

Fig 4.7.4(a) shows displacement of spokes flywheel,
which has deformed shape of the flywheel analysis.
The value of deformation is0.0018 mm

Fig 4.7.4 (a): displacement of spokes flywheel
Fig 4.7.4(b) shows spokes flywheel, which represents

the maximum stress developed in the flywheel. The
von-mises stress of flywhee! is 3.08E+006 N/m?

Fig 4.7.4(b): von-mises stress of spokes flywheel

CASE-5

Fig 6.2.5(a) shows displacement of conica flywheel,
which has the deformed shape of the flywheel analysis
the value of deformation is 0.000286 mm

e

Fig 4.7.5(a): displacement of conical flywheel
Fig 4.7.5(b) shows conical flywheel, which represents
the maximum stress developed in the flywheel. The
von-mises stress of flywheel is 1.11E+006N/m2

Fig 4.7.5(b): von-mises stress of conical flywheel
CASE-6
Fig 6.2.6(a) shows displacement of triangle shape
flywheel, which has the deformed shape of the
flywheel analysis the vaue of deformation is
0.000205mm
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s
Fig 4.7.6 (a): displacement of triangle shape (leval)
flywheel
Fig 4.7.6(b) shows triangle shape flywheel, which
represents the maximum  stress  developed
in the flywheel. The von-mises stress of flywhed is
7.12e+005N/m2

Fig 4.7.6(b): von-mises stress of triangle shape
(leval) flywhesel

5. ANALYSISRESULTSAND DISCUSSIONS

Results of cast iron flywheel at speed 750 rpm
Tableno 5.1 results of cast iron flywheels

: 2 cut 2 2
CASEND salid rim sy spoles conical triarzle
matarial castiron | czstiron | castiron | castiron | castiron | castron
maz(ke) 6.06E-01 | 3.17E+01 | 2B0E+D1 | 2. 13E01 | 3.02E+01 | 2 30E+01
Angular
valosity T8.57 7857 7857 T8.57 1857 7857
(radis2)
mas: moment
ofinerfia(lz- | 1.16E+00 | T41E1 | 6.99E-01 | 594E-01 | 5350E01 | 2.61E-01
ml)
i 3580432 | 287187 | 2157549 | 1833433 | 1697642 | 805608
| enerey ()
(’}‘)’m““’g’ 9MEB | LI4E02 | 138E02 | L6ZE42 | 311E03 | LOME-B
Enargy storaga
per unit 5.91E+01 | 733E+01 | 7.71E+01 | 3.61E+01 | 4.36E+01 | 3.51E+01
/.
specific energy
accord ing to 2 2 s g 2 X
ceometry shape | 17252 | 157425 | 4255 14245 9435 | 49622
factor (j/l=)
specific energy 5 5 5 - -
i Gl 1240000 | 1205460 | 3063600 | 1025640 | 679320 | 357284
‘(’:::;“"“"" 0.000453 | 0021Z | 000206 | 00018 | 0.000286 | 0.00M205
o i 1.24E+06 | 131E+06 | 4 60E+06 | 3.08E+06 | L11E+06 | 7.16E+03
stress(N/mm2) 2

Results of steel flywheel at speed 750 rpm
Tableno 5.2: results of steel flywheel

X E et 2 3 - i

CASENO 20l = section | o= | comical | ihange
‘material STESL | STEEL | SIEEL | STEEL | SIEEL | SIEEL
manss (1) 6.62E+01 | 3.412+01 | 3.06E+01 | 2.33E+01 | 4.06E+01 | 251E+01
Angular
wvelocity 7857 78.57 .57 78.57 78.57 78.57
(rad/2)
‘st mona cnd
ofinertia (ke | 127E+00 | 8.09E-01 | 763E-01 | 648E01 | 6.00E-C1 | 285E01
)
@'“"“i“ emere | 30000105 | 2497077 | 23%.092 | 2000131 | 1851973 | 879687
z.‘;"’i“ Enerer | 7s2E03 | 929803 | 114E-02 | 135E021 | 248E3 | 829E04
Energy storage
par umit 58 W/ 733140 TINRGT Re N 45 A1% 3ISNRS

| mass(jle)
mpocific snargy
o "“F_:“l"‘“ 170483 | 1677709 | 420595 | 129808 | e730: | s2978
factor (jl=)
;P .. :"“"E!' 1340700 1313680 | 3376620 1098900 TE4820 416412
| density [jil=)

'(!WI;M t LS 3E L iey vwias UULSE | Uouls | ouolsy

wnn nmises strens

| (N/mm2)

134E+05 | 1.982+06 | 5.0TE+06 | 3.30E+06 | 1.26E+06 | BOTE+DS
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rim
spokes
conical
triangle

cutse ction

Fig 5.1; mass of flywheels

The above figure shows mass of flywhedls, in this
spokes type and triangle shape flywheels shows
minimum mass as compared to remaining

0.0025
0.002
0.0015 W CAST IRON
0.001 - DISPLACEMENT
0.0005 - (mm)
0 - m STEEL
2 ES$8w DISPLACEMENT
” B 28§ S (mm)
nw v O 5
3

Fig 5.2: displacements of flywheel

From the above figure, maximum deflection is
developed in rim type flywheel when using cast iron
or steel. This will be minimized in spokes type
flywheel and triangle shape flywheel shows minimum
deflection in both materials

100
80
60 - m CAST IRON
40 SPECIFIC
28 ] ENERGY (J/Kg)
T E S g w® L mSTEEL
© T g x 2 W
3 £ 8 %c g SPECIFIC
30 0 E ENERGY (J/Kg)
=}
(8]

Fig 5.3: specific energies of flywheels on basis of
geometry at speed 750 rpm
From above figure specific energy storage in
flywheels is an approximately same in both materials
of flywheel and more energy delivering capacity
consist in spokes type flywheel
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388 m CAST IRON
300 SPECIFIC
%88 ENERGY
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T E S é T Y ESTEEL
8 "8 9 ¢ < SPECIFIC
Q 2 o0 .©
A= ENERGY
3 (J/Kg)

Fig 5.4 specific energies of flywheels on basis of
geometry shape factor at speed 750 rpm

From above figure specific energy storage in
flywheels is an approximately same in both material of
flywheel and more energy delivering capacity consist
in cut section type flywheel and then spokes type
flywheel have more energy delivering capacity as
compared to remained per minimum material.

6.00E+06 -
C 0006 - m CAST IRON
g.ggagg . VON MISES
.00E+06 -
2.00E+06 - STRESS
1.00E+06 - (N/m2)
0.00E+00 -
N N B STEEL VON
N &é‘ & MISES
NS STRESS
Sy (N/m2)

Fig 5.5: von mises stress

From the above figure, maximum stress is developed
in steel flywheel as compared to cast iron flywheels
and maximum stress observed in cut section flywheel
as compared to remained flywheels

Table no 5.3 shows maximum speeds of flywheel
with factor of safety

CASEND sold | entsechon  sooke ool driugk
material STEEL LN, SIER SIE-L FIRE. STEEL
mass (kg SEEAN | BB | BOGEAD LB 4OEEM ZSIEHL
narmm speed {rpm) 0] ] g 83 1650 13800
mass mowet of ivertia {kg-nl) LI | BEDD | TSR R4EED GWEN 2ESE
fartor of safery TOS A | LI ] LT LHEME  LAEIN Lo
kinetic enerzy () f o2 Y e O O R R T R

Eergy slorage per unil mass(jky) 1053150532 [ 345,128 il H6LIEERG 9307 T
vou wises siress (N'mm?) LR | 13 | JIEHIR Z4EEHE W LHEHE
CASEND sl fmo | eatsechon  swaber el vk
materiol CASTIRON|CAST IRON|CAST IRON CAST IRON CAST RON CAST 0¥
mass (kg GORE | BAEA | IMEAN  LUEW ATEW] LN
matimum speed {pm] 500 200 i | s fia 1080
mass mameat of inertia (ke-m2) IS0 | TAIEDL | RSORA SWEADL RMIRA ZRIRA
Tacwor of safery LOE- | LOEW | LU LMEHD  LMERN  LEEHD
Kiuelie eaeryy ) } 15650058 | SEMTSS TR

Energy storage per uuit wassfj'kg) it S0 2850 188730 5183470

N MHiSCS SiTess (Nmm?) TR | LHE-IE | LAE-IE LIAEHE LW LUTEHE

From above table shows maximum speeds of
flywheels with factor of safety and maximum energy
storage per unit mass and it is more in triangle (leval)
shape flywhed at higher speeds as compared to
remains.

CONCLUSION:

Different type of flywheels are designed and
analyzed for getting high reliability and long life.
Smart design of flywheel geometry has significant
effect on its specific energy performance. Amount of
kinetic energy stored by spokes flywheel is greater
than any other flywheel at 750 rpm from anaysis
results, the material induced in the spokes 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. And according to the shape factor cut section
flywheel shows maximum energy storage for unit
mass at 750 rpm but stresses induced in flywheel is
more than other flywheels.

Results shows that efficient flywheel design
maximize the inertia of moment for minimum material
used and guarantee high reliability and long life. And
then | found maximum speed of flywheels with factor
of safety at which it is operate the results shows
triangle shape (leval) flywheel operates at maximum
speed and stores maximum energy per unit mass is
more as remain flywheels and mass of flywheel isless
as compared to solid, rim, cut section and conical
flywheels and 1 or 2 kg’s more than spokes flywheel.
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