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In this paper, a new type of piezoelectric harvester for vehicle suspension systems is designed and presented that addresses the
current problems of low energy density, vibration energy dissipation, and reduced energy harvesting efficiency in current
technologies. A new dual-mass, two degrees of freedom (2-DOF), suspension dynamic model for the harvester was developed for
the inertial mass and the force of the energy conversion component by combining with the piezoelectric power generation model,
the rotor dynamics model, and the traditional 2-DOF suspension model. -e influence of factors such as vehicle speed, the
parameters of the harvester, and road classification on the root mean square (RMS) of the generated electric power is discussed.
-e results show that the RMS increases with the increase of the speed of the vehicle, the thickness and length of piezoelectric
patches and magnetic slabs, and the residual flux density of magnets and road roughness coefficient and with the decrease of the
width of piezoelectric patches and magnetic slabs and the space between the stator ring and the rotator ring. In the present
research, a power of up to 332.4W was harvested. -e proposed model provides a powerful reference for future studies of energy
harvesting from vehicle suspension systems.

1. Introduction

Ongoing energy crises such as oil shortages and problems
such as environmental pollution have become great chal-
lenges to the automotive industry. As such, interest in re-
covering energy lost due to vibration during vehicle travel is
growing rapidly. -e current state of energy harvesting that
attempts to convert lost energy into an available form does
not focus on the vehicle but on components instead [1, 2].
Energy harvesting technology has significant potential for
the current automotive industry by improving vehicle en-
ergy efficiency and fuel economy. Similar technologies are
widely used in the collection of solar, wind, hydro, thermal,
and mechanical energies [3–5]. For vehicles, lost heat,
braking energy, and vibration energy are the main targets of
energy harvesting [6–8].

-e suspension system is an important part of the vehicle
chassis and plays a key role in supporting the body and
absorbing vibrations caused by rough road [9]. -e

suspension system energy harvester is the complement for
the onboard alternator, and the harvested vibration energy
can charge the vehicle battery and provide power for the
relevant load [10, 11]. Currently, researchers have conducted
numerous studies on energy harvesting based on vehicle
suspension systems. When a typical passenger car is driven
at a speed of 97 km/h on a good road surface, the potential
for harvested power can reach between 100 and 400W,
which is equivalent to a 3% increase in fuel efficiency
[12, 13]. -e power harvested by the vibration energy device
is closely related to the vibration intensity level of the
suspension system. Vehicles with large sprung mass, fast
driving velocity, and poor driving conditions have a high
level of vibration intensity. As a result, the energy harvesting
of the suspension system of such vehicles has broader
prospects, such as heavy trucks and off-road vehicles [14].
When an off-road vehicle travels on a road of class D at a
speed of 80 km/h, the generated electric power can reach as
high as 2048W [6].
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Among current energy harvesters, electromagnetic en-
ergy harvesters are widely used in vehicle suspension sys-
tems for vibration energy harvesting because of higher
energy conversion efficiency, compact structure, fast re-
sponse velocity, and strong controllability [15–17]. Elec-
tromagnetic energy harvesters can be primarily divided into
two types: linear electromagnetic energy harvesters and
rotary electromagnetic energy harvesters [18]. -e rotary
electromagnetic energy harvester is known to provide higher
energy conversion efficiency and a more compact structure
than the linear electromagnetic energy harvester [19] by
converting linear motion to rotary motion by mechanical or
hydraulic transmission [20, 21].

Piezoelectric materials are used in the vibration energy
harvesting field because of their associated improved elec-
tromechanical coupling effects and higher energy conver-
sion efficiency compared to other materials [22]. -e most
representative piezoelectric materials are piezoelectric ce-
ramics and piezoelectric polymers [23]. -e research re-
ported in the literature shows that piezoelectric materials
harvest three times as much energy as electromagnetic
materials [24]. Piezoelectric materials have been used to
harvest the vibration energy that a person transmits to the
ground while walking [25], the energy generated by the
differential force between the wearer and the backpack [26],
the vibration energy generated by high-rise buildings [27],
the energy generated by the longitudinal or transverse wave
motion of seawater [28], and the energy generated by the
wind [29].

In [30], a piezoelectric energy harvester was used to
harvest the vibration energy inside the vehicle suspension
system and the tire, and the harvested energy was used to
power an embedded wireless sensor. In [31], a new dual-
mass piezoelectric energy harvester was designed to collect
effective and practical vibration energy from vehicle tires
with a maximum power of 42.08W. In [32], it was dem-
onstrated that the maximum power harvested by a vehicle
suspension system can reach 738W and is affected by road
roughness.

-e above research shows that vibration energy har-
vesters have been widely used to harvest vibration energy in
various environments. In vehicles, they are primarily used to
harvest vibration energy from suspension systems, where
hundreds of watts of electrical energy can be generated using
electromagnetic or piezoelectric energy harvesters. Both
types of harvester have their own associated challenges and
disadvantages. Electromagnetic harvesters have a disad-
vantage of low energy density. Piezoelectric harvesters suffer
from problems including vibration energy dissipation and
reduced energy harvesting efficiency due to friction between
the piezoelectric cantilever and the excitation object within
the structure.

In order to address the limitations of the current pie-
zoelectric energy harvesters, this paper designs a new type of
ring piezoelectric energy harvester with high energy har-
vesting efficiency by using magnetic forces. -e harvester is
composed of a motion conversion component and an energy
conversion component. -e motion conversion component
converts the linear motion between the vehicle body and

wheels to rotary motion, and the energy conversion com-
ponent converts the vibration energy to electric energy.
Because of the high frequencies of the magnetic excitation
forces applied to the piezoelectric patches and the low
friction between the stator and rotator ring, the new har-
vester proposed in this research has a high energy harvesting
efficiency.-e factors affecting the RMS of the electric power
generated by the piezoelectric energy harvesters are theo-
retically discussed. -e results of this work provide an
important reference for future research related to energy
harvesting from vehicle suspension.

2. Design and Methods

2.1. Structural Design of the Piezoelectric Harvester. A
schematic diagram of the piezoelectric energy harvester and
its geometry are shown in Figure 1. -e upper end of the
harvester is connected to the vehicle body, and the lower end
is connected to the wheels. -e harvester is connected in
parallel with the shock absorber of the original vehicle. -e
schematic diagram illustrates that the motion conversion
component is composed of a ball screw shaft and nut, and
the energy conversion component is composed of an outer
stator ring and an inner rotator ring. Rectangular magnetic
slabs of the same size are uniformly mounted in the cir-
cumferential direction on the inner circular surface of the
stator ring. -e piezoelectric patches are embedded between
the magnetic slabs and the stator ring and have the same
rectangular dimensions as the magnetic slabs. -e rotator
ring is connected to the ball screw through a spline structure
to achieve torque transmission. On the outer circumference
of the rotator ring, a set of magnetic slabs with the exact
same size of the piezoelectric patches are placed along the
circumferential direction. -rough this structure, when the
rotator rotates, a periodic magnetic force is generated be-
tween the stator ring and the rotator ring, and the magnetic
force acts on the piezoelectric patch along the polarization
direction, thereby harvesting electrical energy.

In Figure 1, d � r1 − r2 is the space between the rotator
ring and the stator ring, where r1 is the inner radius of the
stator ring and r2 is the outer radius of the rotator ring. -e
length of the magnetic slabs and the piezoelectric patches
along the axial direction is both given a length, l, and has the
same width, w. -e thickness of the magnetic slabs is tm, and
the thickness of the piezoelectric patches is tp. It should be
noted that since the width of the magnetic patches is the
same as the width of the teeth on the rotator ring, the
magnetic force acting on the piezoelectric patches changes
continuously and periodically.

2.2. Modelling of Power Generation. In order to analyze the
repelling force FM between two identical rectangular per-
manent magnets, according to [33], an empirical equation
can be expressed as

FM � lwt
n
mBr Bd


f(d), (1)

where the residual flux density of the magnet is Br. -e
relevant values can be obtained from the magnet data table.
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-e empirical corrective exponent n has a value of 1/3. For
the rectangular magnet, the magnitude of the magnetic flux
density field is Bd and the empirical function is f(d), which
can be used to describe the decay of the repelling force
between two magnets. Equations (2) and (3) can be used to
calculate Bd and f(d), respectively [34].

Bd


 �
Br

π
tan− 1 lw

2d
�����������
4d2 + l2 + w2

√⎛⎜⎝ ⎞⎟⎠⎡⎢⎢⎢⎢⎢⎣

− tan− 1 lw

2 tm + d( 

�����������������

4 tm + d( 
2

+ l2 + w2
⎛⎜⎜⎜⎝ ⎞⎟⎟⎟⎠

⎤⎥⎥⎥⎥⎥⎥⎥⎦,

(2)

f(d) � 1.749 + 1.145e
− d/d0( )  × 106 NT− 2

· m(− 7/3)
, (3)

where d0 � 1mm.
At time t, the repelling force between the two magnet

slabs determines the periodic normal force applied along the
poling direction on the piezoelectric patches. Figure 2, a
schematic diagram of magnetic force decomposition, shows
a frozen instant of the energy conversion component. -e
magnetic force, FM, acting on the stator ring magnetic strip
can be decomposed into two components: FMx in the
transverse direction and FMy in the poling direction of the
piezoelectric material axial direction. -e rotational an-
gular velocity of the rotator ring is 2πn1.

When themagnet plates on the rotating ring are at points
A and D, the force acting on the piezoelectric ceramic in the

polarization direction is F � 0. -is is because the con-
nection line between theN pole centers of the twomagnets is
tangent to the rotating magnet, therefore FM � 0. When the
magnet plate on the rotating ring rotates to point B (point B
is located at any position between A and C),
F � FMy � FM sin β. When the rotating magnet is at point C,
F � FM. Figure 3 shows normal force versus time. It can be
assumed that the periodic normal force F applied to the
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Figure 1: Schematic diagram and geometries of the piezoelectric energy harvester.

o x

y

S

N

S

N

S
N

S
N

A

B C

D

N

S
P

p

2n1π

2π/n2

FMx

FMyFM

β

Figure 2: Magnetic force decomposition.
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piezoelectric patch changes sinusoidally as the rotator ring
rotates.

e period T and normal force F can be written as

T �
2 2π/n2( )
2πn1

�
2
n1n2

,

F � FM sin n1n2πt( )
∣∣∣∣

∣∣∣∣,

(4)

where n1 is the rotational speed of the rotator ring in cycles
per second and n2 � πr2/w is the number of magnetic slabs
embedded on the outer face of the rotator ring. e number
of piezoelectric patches mounted on the inner surface of the
stator ring is twice the number of magnetic slabs on the
rotator ring is therefore equal to 2n2. It can be seen that as
the width w of the magnetic slabs decreases, the value of
n2 � πr2/w increases, leading to an increase in the excitation
frequency on the piezoelectric patches.

e generated periodic charge and voltage on the ith
piezoelectric patch can be represented by

Q(t) � d33FM sin n1n2πt( )
∣∣∣∣

∣∣∣∣,

V(t) �
d33FM sin n1n2πt( )

∣∣∣∣
∣∣∣∣

Cv
.

(5)

e RMS of the generated power from time 0 to T is
given as

Prms
e �

������������
1
T
∫
t

0
Pe(t)[ ]2dt

√

, (6)

where Pe(t) is the total generated power of all the piezo-
electric patches on the stator ring at time t (0< t<T), which
is provided as

Pe(t) �∑
2n2

i�1

dQi(t)
dt

Vi(t)

�
∑2n2
i�1d

2
33n1n2πF

2
M sin n1n2πt( )cos n1n2πt( )
∣∣∣∣

∣∣∣∣
Cv

�
d233n1n2πF

2
M sin 2n1n2πt( )
∣∣∣∣

∣∣∣∣
Cv

.

(7)

To estimate the RMS of the generated electric power, the
period, T, can be divided into j time steps with a su�ciently
short time interval Δt. As a result, the expression in equation
(6) can be rewritten in a discrete form as follows:

Prms
e �

�������������������������������

Δt
2(T − Δt)

∑
j

i�2
Pe ti( )[ ]2 − Pe ti− 1( )[ ]2( )

√√

. (8)

2.3. Rotor Dynamics Model. e equations of rotary motion
can be used to express the output force of the piezoelectric
energy harvester. e rotary motion of the piezoelectric
energy harvester can be described in two parts. e �rst part
is the axial to rotary transformation of the ball screw, and the

second part is the rotor dynamics of the harvester. Figure 4
shows the rotor dynamics model. e ball screw transforms
the axial stroke input into a rotary motion, and then the
rotator ring and the ball screw rotate dynamically. In the
following derivation, it is assumed that both the rotator ring
and the ball screw are rigid and that the backlash, dynamic
friction, and torsion of the ball screw can be ignored.

In other words, the following equation should be true
during the transformation of the ball screw:

ω �
2π _z

ld
,

n1 �
_z

ld
,

(9)

where ω is the angular velocity, _z is the input stroke speed,
and ld is the lead of the ball screw.

e rotor dynamics equation can be described as follows:

T � Tp + Ti � Tp + Jp + Jb( ) _ω. (10)

Here, T is output torque of the harvester device, Ti � (Jp +
Jb) _ω is output inertia torque of the rotating component,Tp is
output torque of the energy conversion component, and Jb
and Jp are the moment of inertia of ball screw and rotor ring,
respectively.

According to the equilibrium of force, the output force in
the axial direction is found to be

T �
ldFz
2π

,

Fz �
2πT
ld
.

(11)

erefore, the axial output force Fz of the energy har-
vester can be obtained from the following formula:

Fz � Fp + Fi �
2π
ld

( )Tp +
2π
ld

( )
2

Jp + Jb( )€z, (12)

where Fp is the force of the energy conversion component
and Fi � (2π/ld)

2(Jp + Jb)€z is the inertial force generated by
the rotating component and is proportional to the accel-
eration. erefore, the inertial mass of the energy collection
device is de�ned as

FM

t
O

F

1/(n1n2) 1/(n1n2)

Figure 3: Normal force versus time.
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mi �
2π
ld

( )
2

Jp + Jb( ). (13)

When the input stroke speed _z is not changed and Fi � 0,
Fz � Fp. In the period of 0∼1/(n1n2), the work done by the
axial output force Fz of the energy harvester is W1 and the
generated electric energy is W2.

W1 � Fp _z
1
n1n2
( ). (14)

W2 is available from the following equation:

W2 � ∫
1/n1n2( )

0

d233n1n2πF
2
M sin 2n1n2πt( )
∣∣∣∣

∣∣∣∣
Cv

dt �
2d233n2F

2
M

Cv
.

(15)

Because W1 �W2, equations (14) and (15) can be
combined to yield

Fp �
2d233F

2
Mn

2
2

Cvld
. (16)

e above equation shows that Fp is not a�ected by the
input stroke speed _z and is inversely proportional to ld.

2.4. Dual-Mass 2-DOF Suspension Dynamic Model.
Figure 5 shows the dual-mass 2-DOF suspension dynamic
model, where mi is the inertial mass, Fp is the force of the
energy conversion component, mb is the body mass, mt is
the wheel mass, k is the sti�ness of the spring, kt is the tire
sti�ness, and c is the damping coe�cient of the shock
absorber. e coordinates of vertical displacement be-
tween the wheels and body are zt and zb, respectively.
When the origin of coordinates is selected at their re-
spective equilibrium positions, the equations of motion
are established below according to Newton’s second law:

mb €zb +mi €zb − €zt( ) + c _zb − _zt( )
+ k zb − zt( ) + Fpsgn _zb − _zt( ) � 0,

mt €zt +mi €zt − €zb( ) + c _zt − _zb( ) + k zt − zb( )
+ kt zt − q(t)( ) + Fpsgn _zt − _zb( ) � 0,




(17)

where q(t) is the uneven road surface which can be obtained
using the following equation:

_q(t) � − 2πn00vq(t) + 2πn0
�������
Gq n0( )v
√

W(t), (18)

where n00 � 0.011m− 1 is a minimal boundary frequency,
n0 � 0.1m− 1 is the reference spatial frequency, Gq(n0) is the
roughness coe�cient in m3, W(t) is the Gaussian white
noise with a mean of zero, and v is the vehicle speed in m/s.

3. Simulation Results and Discussions

In this section, the characteristics of the power generated by
the newly designed piezoelectric energy harvester are
studied. e analysis focuses on the impact of several key
parameters on the generated power. ese are the road
surface class, the driving speed of the vehicle, the space
between the stator ring and the rotator ring, the residual �ux
density of the magnet, and the geometrical dimensions
(length, width, and thickness) of the piezoelectric patches
and the magnetic slabs. Tables 1 and 2 list the relevant
material properties and dimensions of the piezoelectric
harvester and the parameters of the quarter-car model in the
simulations. ree classes of road roughness, namely, B, C,
and D, were selected and are given in Table 3.e stator ring
and the rotator ring, which are the main structures of the
harvester, are made of aluminum. e material of the pie-
zoelectric patches is PZT-4 (lead zirconate titanate). N5311
(neodymium iron boron) is the material for magnetic slabs.

Figure 6 has three curves to depict the relationship
between the RMS of the generated power and the road
roughness class and the speed of the vehicle. e dimensions
of the harvester in these simulations were set to tm � 0.01m,
tp � 0.01m, l� 0.1m,w� 0.002m, d� 0.0005m, r2 � 0.05m,
and Br � 1.5 T. is �gure shows that RMS power genera-
tion is related to the road roughness class when the vehicle is
traveling at the same speed on di�erent road roughness
classes. On a road of class D, the RMS has the maximum
value, followed by the value on a road of class C, and the

Jp
Jb, ld

Rotator ring
Ball screw Nut

Tp Ti

Fz

z, Ż

θ, ω, ω
θ, ω, ω .

.

Figure 4: Rotor dynamics model of the piezoelectric energy
harvester.
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Figure 5: Dual-mass 2-DOF suspension dynamic model.
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minimum is on a road of class B. On the road of class D,
when the vehicle speed was increased from 10 km/h to
120 km/h, the corresponding RMS of the generated electric
power increased from 61.6 to 332.4W. However, the relative
increase in the amplitude of RMS decreases as the speed
increases. Based on these results, it can be concluded that a
faster driving speed and worse road roughness class lead to a
larger excitation frequency of the magnetic force applied to
the piezoelectric patches which subsequently leads to a
corresponding increase in the RMS electric power
generation.

Figure 7 shows the effect of the changes in space between
the stator ring and the rotator ring, d, on the RMS of the
generated electric power. -e parameters of the energy har-
vester during the simulations were set to tm � tp � 0.01m,
l� 0.1m, w � 0.002m, r2 � 0.05m, Br � 1.5 T, and v � 80 km/
h, and the road of class D was used. From the simulation
results, it can be found that the RMS decreases nonlinearly with

an increase in the space between the stator ring and the rotator
ring. When the space between the stator ring and the rotator
ring was decreased from 0.005 to 0.0005m, the RMS increased
significantly from 2.7 to 261.1W. It is clear that the magnetic
force acting on the piezoelectric patches is larger due to the
narrower space between the stator ring and the rotor ring,
causing the generated power to increase.

When the residual flux density of the magnet was
changed from 0.5 to 1.5 T, the RMS of the generated electric
power variation of the generated power is shown in Figure 8.
-e geometric parameters of the harvester in the simulation
were set to tm � tp � 0.01m, l� 0.1m, w � 0.002m,
r2 � 0.05m, d� 0.001m, and v � 80 km/h, and the road of
class D was used. It can be seen from the trend of the curve in
the figure that the RMS is exponentially proportional to the
residual flux density of the magnet. When the residual flux
density was increased from 0.5 to 1.5T, the RMS increased
sharply from 1.4 to 109.1W.-erefore, it is clear that a slight

Table 1: Material properties and dimensions of the piezoelectric ring generator.

r2(m) d(m) Br(T) tm(m) tp(m) w(m) l(m) d33(CN− 1)

0.05 0.0005∼0.005 0.5∼1.5 0.001∼0.01 0.001∼0.01 0.002∼0.02 0.01∼0.1 6.4 e–10
Cv(nF) 0.375 for the piezoelectric patch with the geometry of w � 0.01m, l � 0.01m, and tp � 0.0001m

Table 2: Parameters of the quarter-vehicle model.

mt(kg) mb(kg) mi(kg) c(kN · s/m) k(kN/m) kt(kN/m) ld(m)

30 362 5.3 1.4 20.1 182.1 0.01

Table 3: Road roughness coefficient Gq(n0)(m3) classified by ISO/TC108/SC2N67.

Road class A B C D E F G H
Gq(n0)(×10− 6) 16 64 256 1024 4096 16,384 66,536 262,144
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Figure 6: RMS of the electric power versus the driving speed of the vehicle.
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increase in the residual flux density of the magnet can result
in a significant increase in the RMS power generation.

-e effect of the thicknesses of the piezoelectric patches
tp and the magnetic slabs tm on the RMS of the generated
electric power are demonstrated in Figure 9. Before the
simulation, the relevant parameters of the harvester were set
to l� 0.1m,w � 0.002m, d� 0.001m, r2 � 0.05m, Br � 1.5 T,
and v � 80 km/h, and the road of class D was used. By ex-
amining the curves in the figure, it can be found that the
RMS increases linearly with the thickness of the piezoelectric
patches and the thickness of the magnetic slabs. When the
thickness was increased from 0.001m to 0.01m, the RMS
increases significantly from 0.53 to 109.1W. -us, it can be
concluded that increasing the thicknesses of the piezoelectric
patches and the magnetic slabs has a positive effect on the
efficiency of the harvester.

Figure 10 shows the effect of the width, w, and the length, l,
of the piezoelectric patches and the magnetic slabs on the RMS
of the generated electric power. For this simulation the geo-
metric parameters were set to l� 0.01∼0.1m, w � 0.002∼0.02m,
tm � tp � 0.01m, r2 � 0.05m, Br � 1.5 T, and v � 80km/h,

and the road of class D was used. By analyzing the simulation
results, the following conclusions can be made. First, the re-
lationship between the RMS and the width of the magnetic slab
w is discussed. Equations (6) and (7) show a nonlinear increase
of the RMS with a decrease in the width of the magnetic slab w.
-is is primarily because decreasing the width subsequently
increases the number of magnetic slabs n2 � πr2/w embedded
on the rotator ring which causes the excitation frequency of the
magnetic force ω � n1n2π acting on the piezoelectric patches to
increase. Eventually, this increase in frequency promotes a rapid
increase in the RMS of the generated electric power. Secondly,
the RMS value increases approximately linearly with an increase
in the length of the magnetic slab l. When the width was set to
w � 0.002m and the length of the magnetic slab l was increased
from 0.01m to 0.1m, the RMS of the generated power increased
from 12.7 to 109.1W.

Due to the limitations of the installation space of the
energy harvester in the vehicle, its external dimensions
are fixed. -e present work can be used to provide
guidance for selecting the appropriate width and thick-
ness of the piezoelectric patches and magnetic slabs to

Space between the stator ring and rotator ring (m)

tm = 0.01m, tp = 0.01m, l = 0.1m, w = 0.002m,

Br = 1.5T, class D, v = 80km/h

RM
S 

of
 el

ec
tr

ic
 p

ow
er

 (W
)

0

50

100

150

200

250

300

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
×10–3

Figure 7: RMS of the electric power versus the space between the stator ring and the rotator ring.
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achieve maximum power generation. When the length
was fixed at l � 0.1 m and the width of the magnetic slab w

was increased from 0.002 m to 0.02 m, the RMS of the
generated electric power decreased from 109.1W to
13.5W. In summary, the RMS is proportional to the
length of the magnetic slab, l, and inversely proportional
to its width w. It should be noted that the outer radius of
the rotator ring was set to 0.05 m during all of the
simulation calculations of the RMS of the generated
electric power. -rough examining the present simula-
tion results, it is found that the novel piezoelectric energy
harvester design in this paper can generate hundreds of
watts (W) of electric power which can be used to power
automotive electrical equipment such as lamps and air-
conditioning systems. It is also possible to store this
energy in a battery or supercapacitor for use as needed.

4. Conclusions

A new piezoelectric harvester device with high efficiency was
designed for harvesting vibration energy from the suspen-
sion system during vehicle travel. A corresponding math-
ematical model was developed to calculate the output charge
and voltage from the magnetically excited piezoelectric
piece. -is dual-mass 2-DOF suspension dynamics model
was established by introducing inertial mass and an applied
force to the energy conversion components. Numerical
simulation results from the present piezoelectric harvester
model show that the RMS of the generated electric power
increases with an increase in the length and thicknesses of
the piezoelectric patch and the magnetic slab, the driving
speed of the vehicle, the residual flux density of the magnet,
and the road roughness. In addition, the RMS increased with
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Figure 9: RMS of the electric power versus the thicknesses of the magnetic slab and the piezoelectric patch.
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a decrease in the space between the stator ring and the
rotator ring and the width of the piezoelectric patch and the
magnetic slab. It was found that a practical configuration of
the present design was shown to provide a power up to
332.4W.-e research presented in this work provides a new
method of efficient and practical energy harvesting from
suspension systems, thereby improving the energy efficiency
of the vehicle.
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