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Abstract. Rotational systems exhibit fluctuations, which do not permit the correct operation in the presence
of underused power. The system is being modelled with flywheel that permit analysing its dynamic behaviour
and evaluating how flywheel improves stability and efficiency. The mathematical model studies the moment
of inertia, the resulting torque acting during motion, the flywheel’s impact on reducing angular velocity and
torque’s fluctuations, optimizing energy use, the dynamic behaviour by solving nonlinear differential equations
that describe angular acceleration. The objective is to understand how the inclusion of a flywheel helps smooth
out torque oscillations and improves the system’s energy efficiency. An inverse dynamic analysis of the system is
performed, solving differential equations of motion. Principles of energy conservation, kinematics, and rigid-body
dynamics are used to model. Simulations are presented to evaluate the variation in angular velocity and the effect
of the flywheel on system stability. The system without a flywheel exhibits fluctuations in angular velocity and
input torque; so, with the flywheel, the angular velocity is more stable and the torque is reduced. Finally, the
relationship between the system’s moment of inertia and the flywheel allows for the design of a more efficient

system, improving the system’s energy efficiency.
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1 Introduction

Fluctuations were observed along the rotational axis. Yes, fluctuations are present on the rota-
tional axis. The significance of this phenomenon is that spurious oscillations will generate very
large amounts of power that would be inefficient because, most of the time, it would be under-
utilized. Increasing the inertia of the flywheel can mitigate fluctuations in the external torque
(Lindner & Strauch, 2018). Flywheel devices are mechanical elements that store the rotational
kinetic energy accumulated during acceleration, and are released when a given load is applied.
To do this, it is necessary to analyze the torque experienced by the shaft or crankshaft T, so
that it is as similar as possible to the constant torque delivered by the engine T, then you must
remember and apply the law of conservation of matter of Mikhail Vasilievich Lomonosov and
Antoine Laurent Lavoisier (Zhang et al., 2025) and the law of conservation of energy of Rudolf
Clausius and William Thomson also known as Lord Kelvin (Lindner & Strauch, 2018) accord-
ing to which it is established that: energy is neither created nor destroyed, it only transforms.
Similarly, Sir Isaac Newton’s second law must be used (Coelho, 2018) which establishes that a
body subjected to a force other than zero has acceleration in the same direction as the force,
and its module is acceleration = force/mass, performing an analysis in its rotational form for
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the moment of inertia of the mechanism. In the crank-connecting rod system, a certain shape
was taken on by the torque during force analysis (Khudhair et al., 2024). The torque exhibited
a significant oscillation. Although there was an average torque value, the maximum torque was
higher than the average. A very large amount of inefficient power is mostly underutilized as
a consequence of the motor sizing for the maximum torque because the power is equal to the
torque multiplied by the angular velocity. The accumulation of kinetic energy and delivery of
kinetic energy when required are carried out through a mechanical device, which is a flywheel
that allows the motor to be sized for an average torque rather than a maximum torque.

Mathematical modeling does not consider the structure with translational movement (Zhao
et al., 2022), nor the mass reduction method (Reyes et al., 2017), almost with a simulation
approximation (Beckers et al., 2021), nor is the analysis in complex numbers reviewed (Drépal
& Novotny, 2017), nor only the horizontal displacement or the angular velocity in a vectorial
way (Lu et al., 2025), establishing a single axis for the system (Chmielowiec et al., 2025; Urbas
& Stadnicki, 2025) considering that what is sought is an analysis model of forces and moments
of inertia that act through the center of gravity of the moving elements.

In addition, a topological optimization of an internal combustion engine connecting rod has
been carried out with the aim of reducing its component material while maintaining its me-
chanical properties (Carrillo, 2022), who reported a 26.72% decrease in mass of a connecting
rod using the finite element method, with an improvement in the strength-weight ratio without
altering the fundamental dimensions of the component; as well as another multiphase optimiza-
tion on generative design of an Internal Combustion engine connecting rod through Inventor
Software (Beltran, 2022), whose implementation was given to redesign a Mazda BT-50 Diesel
engine connecting rod, which made it possible to reduce the weight of the connecting rod while
maintaining its mechanical properties. In addition, the application of composite materials in
the composition of flywheels is established to increase the energy storage capacity without sig-
nificantly increasing its weight (Premkumar et al., 2021). On the other hand, Equimake has
developed electric motors based on flywheel technology used in Formula 1, with high power
density and efficiency (Bayram & Samuel, 2025). Additionally, advanced flywheel systems have
been developed with low friction losses, employing magnetic or air bearings to reduce friction
and improve efficiency (Rasha & Machicao, 2023).

1.1 Description of the Mathematical Model

The mathematical model considers the moment of inertia of the mechanism, the equations of
motion of the connecting rod and crank, and the flywheel equation. Second-order nonlinear
differential equations are included that describe the angular acceleration of the system. The
model is compared with results obtained without a flywheel, showing that the flywheel reduces
torque fluctuations.

2 Method

An inverse dynamic analysis of the system is performed, solving differential equations of motion.
Principles of energy conservation, kinematics, and rigid-body dynamics are used to model the
system. Simulations are also presented to evaluate the variation in angular velocity and the
effect of the steering wheel on system stability.

2.1 Inertia’s moment of crank-connecting rod mechanism

From Fig. 1 and 2 Y~ Myuass = > Minertial, considering (+) clockwise:
By.§.sina + By.g.cosa - Ay.5.cosa - Ag.5.sina+ T = Lé.

Additionally, there is Y Fumass = Y Fvinertiai- Considering (+) upward forces.

348



S.F.E. GUZMAN: DYNAMIC OPTIMIZATION OF A CRANK-CONNECTING ROD SYSTEM...

(a) External forces (b) Inertial forces, Trnertiar = I1.Cv

Figure 2: Free body diagram of crank a

Y Fy = mg:
B, + Ay —mi.g = my.g.
In addition, there is Y Fhpmass = Y Fhinertiai- Considering positive (+) left forces.
S F, = my.d:
—-B, — A, = m.%.
Building equations of motion:
S Moy = Ié:
By.§.sina + By.g.cosa - Ay.5.cosa - Ay.5.sina+ T = L.
Yo F, =my.4:
B, + Ay —mi.g = my.4.
S F, = my.d:
—-B, — A, = m.%.
According to Fig. 1 and 3, the damping forces always oppose motion.

B, and B, are external forces on AB, but in the opposite direction.

Displacement of the plunger from point C to point A: z. = acosa + L cos 3.

Velocity generated from point C to point A: dff — & = - aésina — LBsin f.

In this instance, Block C’s leftward-pointing velocity was assumed to be positive.
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N

Figure 3: Free body diagram of bar BC or connecting rod L

Figure 4: Positive direction of velocity . of the plunger C (piston or cylinder) to the left

As shown in Fig. 4, the friction force Fp (Liang et al., 2021) moves in the opposite direction.
If the damping type is assumed to be viscous, then it is proportional to the velocity @, of the

plunger at point C according to Fr = c.z.; where c is the coeflicient of friction or proportion
constant.

Then, equations of motion for the system are expressed by:
> Mey = 0:
Bm.%.sinﬁ - By.%.cosﬁ2 - N.é.cosﬂ + Fp.é.sinﬁ =0.
Y. Fx =0:
B, - Fr =0.
Y F,=0:
N —mg.g - B, =0.

The equations following the laws of motion for each rigid body are expressed by:

Bx.g.sina + By.%.cosa — Ay.g.cosa — Ax.%.sina +T —1,.6=0. (1)
a .9 . a ..

By—mlg+Ay—m1.(—§.a .szna+§.a.cosa) =0. (2)

—Bx—Az—ml(—%.o'zQ.cosa— g.d.sinoz) =0. (3)
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L L L L
—.By.sinff — —.By.cos f — N.~.cos + Fp.—.sinf = 0. (4)
2 2 2 2
B, — Fp = 0. (5)
N —my.g— B, =0. (6)

Being the unknowns A;, Ay, B, By, N, &

From (3):

2

A, = —ml(—%.d .cosa — %.d. sin ) — By. (7)

From (2):

Ay = ml(—g.QQ.sina + g.d. cosa) +mi.g — By,. (8)

From (4): By =0:

B,.sinf3 — N.cos 8+ Fr.sinf3
cos f3 '

B, =

From (4): Fr = 0:
_ By.cos 3+ N.cosf3

By
sin 8

(10)

(7), (8), (9), (10) in (1):

. 2(2T + 2Fp.a(cos a. tan B + sin &) — my.g.a. cos @) (11)
a= .
(4]1 + ml.a2)

This becomes a highly nonlinear second-order differential equation for the angular acceleration
provided by a crank-connecting rod system. From (3) obtaining A, and replacing (5):

Ay = ml.%.(dz. cosa — @. sinw) — Fr. (12)
From (2):
Ay = —m1.%.(d2.sina—dcosa)+m1.g—By. (13)
If: N
tan 8 = T (14)
Clearing N:
N = Fp.tan . (15)
From (6):
By =N —ma.g. (16)
(15), (16) in (13):
Ay = —ml.g.(écQ.sina — &.cosa) + (my1 + me).g — Fp.tan (. (17)
By law of sines:
L
. (18)

sina sin 3
Showing 5:
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B = arcsen(%.sina).

Deriving (18) in linear form with respect to time:

d(L.sin) _ d(a.sina)
dt - L :

From it is obtained:
L.B.cos B = a.cv.cos .

Clearing f: .
a.G. CoS

f= L.cosf3 ’
Being:

«: Angular displacement of crank a in rad.

&: Angular velocity of crank a in rad/s.

é&: Angular acceleration of crank a in rad/s®.

B: Angular displacement of connecting rod L in rad.
B: Angular velocity of connecting rod L in rad /s.

j: Angular acceleration of connecting rod L in rad/s?.
Z.: displacement of plunger from point C to point A.

T = % = - 5.&.sina: speed of the plunger from point C to point A.

I = % =- %.d2.cosa - §.a.sina: acceleration of the plunger from point C
to point A.

y = §.sina : displacement of mass center of crank a of mass mj.

Y= % = + 3.&.cosa: velocity of mass center of crank a of mass mj.

= % =- %.dZ.Sina + §.d.cosa: acceleration of mass center of crank a of
mass mj.

(19)

Author contribution: Using the kinematic conditions corresponding to & = 0 implies that if

In (1): )
I.aa=0.
In (2):
(2) .
+—.&.cosa = 0.
In (3):
) L8 0
2.a.sma— .
In (6):

ma.g = 0.

(22)

(23)

Subsequent to inverse dynamic analysis, it was determined that & remained constant, indi-
cating that & = 0. From the two-dimensional dynamic analysis, the system of equations

(1),(2),(3),(4),(5), and (6) results in

Bx.g. sin o + By.%. cos o — Ay.g. cos o — Ax.%. sina+T =0.

By —mi.g+ A, — ml(—g.c'JzZ.sina) =0.
a .,
—-B, — A, — ml(—§.a .cosa) = 0.
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L L L L

E.Bw.sinﬁ — §.By.cosﬁfN.§.COSB + FF.§.SiIl6 =0. (27)
By — Fp =0, (28)
N-B,=0. (29)

To satisfy the condition & as constant, the magnitude of the external load is sought to satisfy
the condition « as a constant. In this case, the input torque is shown as a crank angle function,
that is, as a function of the angular displacement « of the crank.

From (25), we obtain A, from (26), clearing A,, both of which are replaced by in (24).

7@[2.FF. sin(a + B) — my.g. cos a.cosf]

T —
2.cos 8

2.2 Building a flywheel

The flywheel has different shapes depending on its geometry, which corresponds to its size, to
satisfy design requirements (Nkomo & Alugongo, 2024; Hu et al., 2021). These four models
corresponded to the geometry of the flywheel for small discs. A constant-stress disk flywheel
corresponds to a model with internal mass, where the thickness varies as the radius increases.
The second model corresponds to a disk with an internal mass in the form of a variable-thickness
disk with a constant effort. The third cross-sectional model of the flywheel had an internal mass,
in which the thickness changed in a conical form. The fourth model is a section of the flywheel
that corresponds to a flywheel with an internal mass in the form of a disk with a previously
calculated radius and a constant thickness. The other four models have geometries with a large
amount of inertia. First, the structure of the flywheel corresponds to that of a flywheel without
an internal mass close to the axis of rotation, in the shape of a ring, where the thickness is
constant. The second is structured by a flywheel section, which corresponds to a model without
an internal mass in the form of a disc of variable thickness. The third section corresponds to a
model without an internal mass, where the thickness varies in the middle section and maintains
the greatest mass in the section closest to and furthest from the axis of rotation in the shape of
the wheel. The fourth model of this second classification is structured as a section of a flywheel,
which corresponds to a massless structure in the form of a disk with a previously calculated
radius of constant thickness without mass in a section very close to the axis of rotation.

Figure 5: Flywheel with internal mass and constant thickness

Although there are many three-dimensional geometric shapes of flywheels, a dimensioning fly-
wheel with a constant thickness was considered, as shown in Fig. 5.
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Where:

r; = internal radius of flywheel through which shaft passes.

ro = external radius of the flywheel covering the entire mass.

e = thickness of the flywheel with internal mass, which is constant.

Parameters e and rg are typically employed because 7; is typically recognized. It is necessary
to analyze how e and rg vary to satisfy the amount of inertia that must be assigned to the
mechanical system, while keeping the cost as low as possible. Because they are manufactured
with bars, the larger the diameter of the bar, the higher is the cost. Normally, cost is always
associated with mass as a measure. In general, the value is affected by the type of material,
availability, weight, and ease of manufacturing. However, mass significantly influences the costs.
The aim was to make the mass as small as possible and to satisfy the design requirements. When
designing a flywheel, it is important to consider whether the moment of inertia is appropriate,
and whether the mass is as small as possible. The final shape of the flywheel depends on aspects
such as material availability and manufacturing cost. In general, the goal is to satisfy all the
engineering requirements and achieve the lowest possible cost.

1o =0E
r; = 0]
r=0A
Avc AD = d6

Segmento AB = dr
0A . Arc AD = rdf

Figure 6: Differential elements in a flywheel of mass m

According to Fig. 6, in this case the moment of inertia is:

I= /r2.dm. (31)

In mass segment ABCD, the area differential is:

dA = r.df.dr. (32)
The volume differential is:
dV = e.dA = e.r.df.dr. (33)
The mass differential is:
dm = p.dV = p.e.r.df.dr. (34)

(34) in (31):

I= 02” fT:O r2.p.e.r.df.dr.
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Performing the angular integral:
I=2mpe [ ridr
Performing the linear integral:

I= %.W.p.e.(ré — 7). (35)
From (34):
m = 027r f;;o p.e.r.df.dr.
Performing the angular integral:
m=2.m.p.e fr:() r.dr.
Performing the linear integral:
m = m.p.e(rs —r?). (36)

The mass of the flywheel, which depends on p, e, r, and, cannot be considered.
From (35):

+ 7. (37)

2.3 Finding kinetic energy

To determine the kinetic energy, the area under the curved line of the graph corresponding to
the input torque of the system with and without the flywheel must be considered by using the
following relationship (Akan & Chaparro, 2024):

E = Asin(a), lowerlimit, upperlimit. (38)

Where:

A: Amplitude of the curved line.

a: crank angle at which angular velocity occurs.
lower limit: Initial point for area analysis.
upper limit: Final point for area analysis.

Next, the variation in kinetic energy is:

AEqc = Egmaxr — Egmin. (39)

2.4 Finding the coefficient of fluctuation of the angular velocity

Consider the coefficient of fluctuation of the angular velocity with respect to the average value,
calculated by
k— Oléma‘a: - dmin ) (40)
Qprom
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2.5 Finding the inertial components

The inertia of the system is:

|AE|
Lsystem = g (41)
sysitem ]{;,agrom
The inertia of the crank is determined by:
1 2
Ivank = 3m1a’. (42)
Then the inertia of the flywheel becomes:
Iflywheel = Isystem - Icrank- (43)

(43) is considered for calculating the relationship between the moment of inertia of the system
and the moment of inertia of the crank expressed in kg.m?.

The inertia of the flywheel is the actual inertia to be considered in which the participation of the
inertia of the system acts as a minuend and that of the crank acts as a subtrahend. This allows
the inertia distribution to be determined, such that the movement is smoothed. The analysis
of the crank-connecting rod system to be performed will be using a crank of length 0.2 meters
and mass m; = 1.6 kg, a connecting rod L of length 0.6 meters, considering a viscous friction
constant ¢ = 0.00001, acceleration of gravity g = 9.81 m/s?, a material density of mass m plain
carbon steel p = 7850 kg/m3 (Steau et al., 2020), an internal radius 7, of the flywheel = 0.01
meters.

3 Results

=

o

[N ]

il

-

i
[§]

Angular Velocity $\dot[\alpha]$ (rad/s)
o . =]

S

10 15 20 25 30
Time (s)

o
3.}

Figure 7: & Angular velocity of crank a in rad/s

According to Fig. 7, for the crank a of mass m; = 1.6 Kg, of length 0.2 meters, working with
a connecting rod L of length 0.6 meters, considering the friction coefficient ¢ = 0.00001 and an
acceleration of gravity g = 9.81m/s%, we have & # 0, with which the system moves steadily and
does not stop, preventing under-damped motion (Kaveh & Ghazaan, 2017; Campanelli et al.,
2020) which implies that the torque T' = 1.20 Newton.meter does have enough force to move
the system in a permanent regime (Zhang et al., 2024) as an accumulation of self-sustained
oscillations.

According to Fig. 8, for the crank working with a connecting rod L, under the same condi-
tions, we have & # 0, stable motion is obtained so the torque T' = 1.20 Newton.meter does have
enough force to move the system in a permanent regime (Zhang et al., 2024) as an accumulation
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Figure 8: ¢ Angular acceleration of the crank a in rad/s?

of self-sustained oscillations. Note that the behavior of the angular acceleration & corresponding
to the angular displacement carried out on the crank is opposite to the behavior of the angular
velocity of the moving piece; that is, as the angular velocity increases, the angular acceleration
decreases, and vice versa.

N
LA NRL

Time (s)

Figure 9: Resulting reaction on the z axis on the system

According to Fig. 9, for crank a with the same characteristics described and under the same
conditions, a resulting reaction on the z axis different from zero is obtained, denoted by R, #
0, with a maximum value of 3.8 Newtons and a minimum value R,min of zero, the behavior it
presents is similar to that of the angular acceleration ¢ corresponding to crank a, which leads to
a moving system that does not stop, so the torque T' = 1.20 Newton.meter does have enough
force to move the system in permanent regime.

According to Fig. 10, for crank a with the same characteristics described and under the
same conditions, a resulting reaction on the y axis different from zero is obtained, denoted by
R, # 0, with a maximum value R,ymax of 17.8 Newtons and a minimum value R,min of 14.8
Newtons, the behavior is similar to that of the angular acceleration & corresponding to crank a
with the difference of double cycle with respect the resultant component R, ; this is because the
route taken on the ordinate axis is double the route taken on the abscissa axis, which leads to
a moving system that does not stop, so the torque T' = 1.20 Newton.meter does have enough
force to move the system in permanent regime.

According to Fig. 11, the resulting reaction is different from zero, denoted by Rp # 0, which
results in the crank-connecting rod system not stopping; that is, a cyclic movement is presented,
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Figure 11: Magnitude Resulting reaction Rr on the system

which implies that the torque T' = 1.20 Newton.meter does have enough force to move the
system in a permanent regime, without reaching an underdamped behavior. The resultant
reaction is structured by the square root of R2 + Rf/ being R, is the resultant component along
x axis and R, is the resultant component along y axis.

According to Fig. 12 the input torque is the result of the action of a crank a of length 0.2
meters, mass mi; = 1.6 kg, connecting rod L of length 0.6 meters, considering a coefficient of
fluctuation of the angular velocity with respect to the average value k = 0.02985, viscous friction
constant ¢ = 0.00001, acceleration of gravity g = 9.81 m/s%, and maximum angular velocity
& = 3.4 rad/s as shown in Fig. 7. The dashed curved line represents the input torque to the
mechanism without flywheel with a maximum value of 1.6 Newton.meter; that is, the required
torque is equivalent to 1.6 Joules of energy to move the system under the given conditions.
The continuous curved line represents the input torque to the mechanism with flywheel with a
value of 0.1 Newton.meter; which means the torque required is 0.1 Joules of energy to move
the system under the stated conditions.

According to Fig. 13, a relationship between the three parameters is obtained: mass m of
the flywheel in kilograms, thickness and internal mass of the flywheel in meters, and external
radius 7, of the flywheel in meters. It can be observed that by varying the value of thickness e,
both the external radius of the flywheel and mass m of the same will vary.

The selection m, r, and e of the flywheel will serve to determine the optimal construction
of the flywheel according to the established parameters, considerations, and relationships, as
shown in Table 1.
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Input torque to the mechanism
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Figure 12: Input torque to the system with and without flywheel

Relationship between m, e & r0 of the flywheel

20 0.2

datal
data2

10.16

Flywheel mass m (Kg)
=
External radius of the flywheel rO (meters)

0 . ) N . ' . . 0.1
0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.0
Thickness e imeters)

Figure 13: Relationship between mass m, thickness e and external radius rq of the flywheel

From (39) and table 2: AEc = Egmax — Egmin = +1.6 J-0.1J =4+ 151J
. J— ‘mazf'min _ 34-33 _

From (40): k = Smas=tuin — 34233 — 02085

From (41): Lsystem = Aopd = —ELNmL__ 6 716585 kg.m?

k-&3rom — 0.02985.(3.357%%)2
From (42): Ipank = 3.m1.a> = 1.(1.6kg).(0.2m)? = 0.021333 kg.m?
Replacing in (43) we obtain:

The difference between the first two moments corresponded to the moment of inertia of the
flywheel, as listed in Table 3.

It can be seen that with the analysis of the mass, density in a crank-connecting rod mecha-
nism with respect to (Beltran, 2022; Carrillo, 2022) and parameters such as mass, density, outer
radius, thickness of a flywheel in the case of composite materials (Premkumar et al., 2021), in
the case of electric motors (Lamichhane et al., 2025) and green technologies (Zhang & Fujii,
2025) the system can be optimized in what corresponds to the moment of inertia without ne-
glecting the coefficient of fluctuation of the angular velocity k, the viscous friction constant ¢, the
acceleration of gravity g, with the consideration of the corresponding kinematic conditions by
using a highly nonlinear second-order differential equation for the angular acceleration provided
by a crank-connecting rod system, through an inverse dynamic analysis as well as the moment

Table 1: Proportionality relationship between m, e, r, of the flywheel

mass proportionality thickness proportionality External radius
m direct e inverse 70
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Table 2: Energy analysis in the behavior of Torque vs. crank angle «

Segment Amplitude Interval Kinetic energy Energy Accumulated
AB 16-0 0-2 (1.6N.m),0,2F  +1.6 Joules  +1.6 Joules
BC 0-(-1.65) 7-3T (1.656N.m),3,%T  -3.3 Joules  -1.7 Joules
CD 0-16 227 (1.6N.m),2r 2r  +1.6 Joules  -0.1 Joules

Table 3: Moment of inertia resulting from the flywheel in kg.m?

Isystem Icrank Iflywheel

6.716585 0.021333  6.695251

of inertia of the mechanism, the equations of motion of the connecting rod and the crank, and
the flywheel equation.

In summary, the results obtained were:
e It is shown that the system without a flywheel exhibits fluctuations in angular velocity and
input torque.
e With the flywheel, the angular velocity is more stable and the required torque is reduced.
e The kinetic energy varies by 1.5 Joules without the flywheel, while with it, it remains more
constant.
e The relationship between the system’s moment of inertia and the flywheel allows for the design
of a more efficient system.

There are no conflicts of interest, but on the contrary, they contribute to the development
and progress of the use of materials for the construction of flywheels. All funding was provided
by the researcher.

4 Conclusions

According to Fig. 10, for a mass mq; = 1.6 kg with a crank of length a = 0.2 meters, a torque
of 1.2 Newton.meter, with a connecting rod of length L = 0.6 meters, acceleration of gravity
g = 9.81 m/s%, with a coefficient of friction or constant proportion ¢ = 0.00001 dimensionless
A maximum angular velocity of 3.4 rad/sec is obtained, a maximum angular acceleration of
24 rad/s?, a maximum resultant reaction Rx of 3.7 Newtons, a maximum resultant reaction
Ry of 17.8 Newtons, a resultant reaction Rpr of 18 Newtons, which establishes the constant
movement of the mobile (Jia et al., 2025) using a crank-connecting rod system for an external
torque in point A of T" = 1.2 Newtons. The mass mo of the BC part or the connecting rod
L can be ignored. Obtaining a significantly smoother torque using a flywheel (Akhtar, 2024)
avoids the extreme values (Kumar, 2023).

In summary, the conclusions were:
e The use of a properly sized flywheel improves the system’s energy efficiency.
e Motor oversizing is avoided, reducing energy waste.
e Future studies are proposed to optimize material selection and flywheel design for applications
in vehicles and other rotational systems considering equilibrium between mass thickness and
external radius of the flywheel.
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