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1. INTRODUCTION

Nowadays,� the� harvesting� of� mechanical�
vibration� energy� from� the� environment� has�
been�initially�studied�and�applied�in�practice.�
On� the� other� hand,� in� daily� life,� all� devices�
require�electricity�to�operate.

Therefore,� the� exploitation� of� energy� from�
vibrating� sources� in� the� environment� is�
necessary.�In�fact,�these�vibrating�sources�always�
exist�around�us,�such�as�vibrations�in�towers,�
tra൶c� structures,� or� operating� machinery.�
These�vibration�sources�are�primarily�harmful.�

To� overcome� this� disadvantage,� vibrating�
energy� can� be� exploited� and� converted� into�
electricity.� Exploiting� vibration� energy� to�
generate� electricity� not� only� provides� power�
for� use� but� also� reduces� vibration-induced�
damage,� contributing� to� the� prolonged� life-
span�of�machinery�and�construction�structures�
during�operation.

Globally,�the�study�and�exploration�of�energy�
harvesting�models�from�vibrations�to�generate�
electricity� have� garnered� interest� and� are�
beginning� to�be�applied� in�practice.� In� [1,2],�
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Tóm tắt:
Bài báo trình bày các kết quả bước đầu đạt được trong nghiên cứu, tính toán và thiết lập mô hình khai
thác năng lượng từ rung động cơ học. Các tính toán chỉ ra vùng hoạt động ổn định và không ổn định,
phạm vi rung động của mô hình. Xác định mức công suất của mô hình thu được từ rung động cơ học của
môi trường. Chế tạo mô hình thiết bị và thử nghiệm sự hoạt động của thiết bị dưới tác động của rung
động cơ học do rotor chuyển động quay gây ra. Đo và đánh giá mức điện áp do thiết bị phát ra.

Từ khóa:
Năng lượng tái tạo, năng lượng rung động, chuyển đổi năng lượng và máy phát điện từ rung động.
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the� authors� propose� models� for� harvesting�
energy� from�vibrations�generated�by�humans�
and� moving� vehicles.� The� authors� use�
piezoelectric� materials� and� electric� motors�
to�generate� electricity�under� the� inÀuence� of�
vibration�forces.�In�[3],�the�authors�calculated�
and� developed� a� model� using� piezoelectric�
materials�to�determine�the�power�and�voltage�
levels� obtained� from� mechanical� vibration�
energy.� In� [4],� the� authors� proposed� a�
nonlinear� vibration� model� using� multilayer�
piezoelectric� materials,� examining� the�
received� electrical� energy� level� according�
to� the� damping� coe൶cient� and� the� received�
voltage� level� according� to� the� oscillation�
range�of�the�model.�In�[5],�the�authors�propose�
a�mechanical�model� for� a� vibrational� energy�
harvester.� The� authors� calculate� the� stable�
operating�range�of� the�model,�the�correlation�
between� force� amplitude� and� the� frequency�
of�the�applied�external�force,�and�the�received�
voltage� level� according� to� amplitude� and�
frequency� of� the� model.� In� [6],� the� model�
for� exploiting� vibration� energy� installed� on�
vehicles�is�proposed.�The�authors�calculate�the�
e൶ciency�of�using�the�the�linear�generator�and�
exploit�vibrations�in�the�resonance�region�of�the�
model�to�obtain�the�most�optimal�energy.�In�[7],�
the�authors�present�an�overview�of�the�energy�
harvesting� system� utilizing� air� environment�
vibrations�based�on�the�piezoelectric�e൵ect.�In�
[8],�the�authors�study�and�test�electromagnetic�
shunt� dampers� for� vibration� suppression� and�
energy� harvesting� from�mechanical� vibrating�
structures.�In�[9],�the�authors�propose�a�model�
structure�to�harness�vibration�energy�from�the�
environment,� establish� the� motion� equation,�

and� determine� the� optimal� control� of� the�
model� parameters� to� maximize� the� received�
energy.�In�[10],�the�authors�review�studies�on�
electromagnetic� vibrational� energy� harvesters�
and� demonstrate� their� full� potential.� Fig.� 1�
illustrates� various� representative� models� of�
vibration-based� energy� harvesting� that� are�
currently�being�studied,�fabricated,�and�tested�
worldwide.

a.�The�model�uses�piezoelectric�materials�[1]

b.�The�model�uses�a�linear�generator�[6]

Figure 1. Some models for harvesting energy 
from environmental vibrations

In� this� paper,� the� author� calculates� and�
analyzes� a� model� for� harvesting� energy�
from� mechanical� vibrations.� The� model� is�
developed� using� a� linear� generator,�which� is�
installed�to�capture�vibration�energy�produced�
by�the�rotating�rotor.�The�generator�part�is�set�
up� with� a� stationary� coil,� while� the� magnet�
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shaft�moves� back�and� forth� in� the� stationary�
coil�to�generate�electricity.�

Through� calculations,� the� author� establishes�
the�equations�of�motion,�examines�the�stable�
operation� of� the� model,� and� determines� the�
range�of�oscillation�as�well�as�the�power�level�
of� the� device� model� based� on� mechanical�
vibrations.�After�that,�the�device�is�fabricated�
and� tested� for� operational� e൶ciency,� with�
measurements� taken� to� evaluate� the� voltage�
level�generated.

2. ESTABLISHING THE EQUATIONS OF 
MOTION AND CALCULATING THE STABILITY 
OF THE MODEL

The� mechanical� vibration� energy� harvesting�
model� is� designed� to� utilize� the� permanent�
magnet�shaft�that�moves�back�and�forth�inside�
the�stationary�coil�to�generate�electricity.�The�
structure� of� the� model� is� shown� in� Fig.� 2,�
where�the�vibration�force�)�cosΩt�is�caused�by�
the�rotating�rotor�due�to�imbalance.�This�force�
is� transmitted� from� the�machine� base� to� the�
beam,�causing�both�the�beam�and�the�magnet�
to�oscillate.

)LJXUH����(QHUJ\�KDUYHVWLQJ�PRGHO�XVLQJ�D�OLQHDU�

JHQHUDWRU

Based�on�the�structure�of�the�model�(see�Fig.�
2),� the� mechanical� model� of� the� device� is�
shown�in�Fig.�3.

The� mechanical� model� of� the� energy-
harvesting�system�consists�of�the�magnet�shaft�
¿xed�on� the�beam,�which� is� simpli¿ed�as� an�
object�of�mass�P�vibrating�under�the�inÀuence�
of� the� vibration� force� transmitted� from� the�
machine�base.

)LJXUH����0HFKDQLFDO�PRGHO�RI�WKH�GHYLFH

The� governing� equation� of� the� model,� as�
illustrated�in�Fig.�3,�can�be�written�as�follows:

(1)

where�P� is� the� total�mass� of� the� beam� and�
the�permanent�magnet�shaft;�γ�is�the�damping�
coe൶cient;�N��is�the�linear�sti൵ness�coe൶cient;�
N�� is� the� nonlinear� sti൵ness� coe൶cient,�
inÀuenced� by� the� interaction� between� the�
current�and�the�magnetic�¿eld.�This�interaction�
results� in� a� magnetic� force� acting� on� the�
magnet� shaft�during� its�movement;�and�)�� LV�
the� amplitude,�and�Ω�is� the�frequency�of� the�
external�force.

We�set� the�variables� P
))DQG

P
N

P
K

P
N 0212 ;;; ==== β

γ
µ ,�

then�substitute�them�into�Eq.�(1)�to�obtain:
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(2)

Consider� the� near-resonance� case,� with�
σµ +=Ω 22 .� By� transforming� Eq.� (2),� we�

obtain:

(3)

where�the�function� ),,( W[[I Ω �is�given�by�the�
following�expression:

Transform� Eq.� (3)� into� the� Lagrange-
Bogolyubov� standard� form� using�
transformation�[11]:

).cos( α+Ω= (4)

By� calculating� the� derivative� of� Eq.� (4),� we�
obtain:

With�the�constraint�equation�[11]:

(5)

Therefore,�we�obtain�the�following�result:

(6)

Taking�the�derivative�of�Eq.�(6)�with�respect�
to�W,�we�obtain:

(7)

Substituting�Eqs.�(4),�(6),�and�(7)�into�Eq.�(3),�
we�obtain:

( ) ( ) ( )W[[IW
GW
GDWD Ω=+ΩΩ−+ΩΩ− ,,cossin ααα (8)

From�Eqs.� (5)�and� (8),�we�obtain� the� system�
of� equations� that� determines� � and� � DV�
follows:

(9)

Performing� the� calculation,� we� obtain� the�
system�of�equations�that�de¿nes� �and� �DV�
follows:

(10)

To� determine� the� solution� of� Eq.� (10),� we�
perform� a� change� of� variables� by� setting

α+Ω=Ψ W ,�thereby�obtaining� α−Ψ=ΩW .�By�
carrying�out� the�calculation,�we�arrive� at� the�
following�result:

(11)

We�denote�the�expression�as�follows:

Applying� the� averaging�method� in� nonlinear�
mechanics,� Eq.� (11)� is� expressed� in� the�
following�form:
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(12)

By�performing�the�calculation�on�Eq.�(12),�we�
obtain:

(13)

In�the�case�where� dt
da 0= �and� dt

d 0a = ,�we�obtain�
the� expressions� to� determine� the� stationary�
solution:

(14)

By�solving� Eq.� (14),�we� obtain� the� equation�
that�de¿nes�the�relationship�between�amplitude�
and� frequency� of� the�model� in� the� following�
form:�

22
2

0

2
22

0
2

4
3

Ω−±+=Ω K
D
)D µβ (15)

Fig.� 4� shows� graphs� representing� the�
dependence� between� amplitude� D�� and�
frequency� Ω2,� with� the� parameters� set� as�
follows:�P�=�0.3�kg;�)��=�34�N;�N��=�110�N/m,�
and�N��=�190�N/m3,�in�cases�where�the�damping�
coe൶cient�γ�varies.

Figure 4. The resonance curve graph depicts 
amplitude versus frequency Ω2

From�Eq.�(15)�and�the�graphs�in�Fig.�4,�it�can�
be�observed�that�for�each�damping�coe൶cient�
γ,� the� amplitude� curve� of� the� system� varies�
as� a� function� of� frequency� Ω2� and� exhibits�
complexity.� Speci¿cally,� in� the� case� of� the�
amplitude-frequency� curve� with� a� damping�
coe൶cient�γ�=�1.0,�the�graph�shows�that�as�Ω2�
increases,� the�stationary�oscillation�amplitude�
D�� takes� values� along� the� branch� extending�
from�point�(I)�through�point�(II)�to�point�(III).�
At� point� (III),� instability� occurs,� causing� the�
oscillation�amplitude�to�drop�to�point�(V),�and�
then� take� values� along� the� branch� extending�
from�point�(V)�to�point�(VI).�As�Ω2�decreases,�
the� stationary� oscillation� amplitude� takes�
values�along�the�decreasing�branch�extending�
from�point�(VI)�through�point�(V)�to�point�(IV).

At�point� (IV),� there� is�a� phenomenon�where�
the� oscillation� amplitude� jumps� from� point�
(IV)�to�point�(II),�then�takes�values�along�the�
branch�extending�from�point�(II)� to�point�(I).�
At�point� (IV),� there� is�a� phenomenon�where�
the� oscillation� amplitude� jumps� from� point�
(IV)�to�point�(II),�then�takes�values�along�the�
branch�extending�from�point�(II)�to�point�(I).�
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Therefore,� in� general,� the� stable� oscillation�
region� corresponds� to� the� branch� where� the�
oscillation�amplitude�lies�within�the�frequency�
range� from� point� (I)� to� point� (II)� and� from�
point�(V)�to�point�(VI).�In�the�frequency�region�
increasing� from� point� (II)� to� point� (III)� and�
decreasing� from� point� (V)� to� point� (IV),� the�
oscillation�of�the�system�undergoes�a�level�jump,�
resulting� in�an� unstable�oscillation�amplitude.�
This�is�the�critical�region�that�should�be�avoided�
when�designing�an�operational�device

On� the� other� hand,� if� su൶cient� data� on�
environmental�vibration�is�available,�a�model�
can�be�fabricated�to�operate�within�the�stable�
frequency� region�near�point� (II),�maximizing�
the� oscillation� amplitude� and� the� energy�
harvested� from� environmental� vibrations.�
Therefore,�the�energy�harvesting�device�model�
should� be� designed� to� function� in� the� stable�
frequency�region�near�point�(II),�ensuring�that�
the� system� receives� the�maximum� and�most�
consistent�amount�of�energy.

In�addition,�in�practice,�to�ensure�the�long-term�
operation�of�the�device�model�in�ever-changing�
environmental� conditions,� the� device� should�
be�designed� to� function�e൵ectively�within� the�
frequency�range�from�point�(I)� to�point�(II)�or�
from� point� (V)� to� point� (VI).� Therefore,� the�
device�will�operate�stably,�safely,�and�e൶ciently.�

3. INVESTIGATING THE OPERATION OF 
THE MODEL

When�calculating�the�mechanical�power�level�
3,� the� power� of� the� model� obtained� from�
mechanical� vibration� is� determined� by� the�
expression�[12,13]:

(16)

where�τ�is�the�time�interval.

Eq.� (1)� can� be� solved� numerically� to� obtain�
the� response�[� �[�W��and� )(W[[  = .�Using�the�
Runge-Kutta� algorithm� implemented� in� the�
Matlab�programming�language,�we�obtain�the�
time�evolution�of�the�response,�as�presented�in�
Fig.�5�and�Fig.�6.

In�the�calculation,�the�parameters�are�de¿ned�
as�follows:�P�=�0.3�kg;�γ�=�2�Ns/m;�)��=�34�
N;� N�� =� 110� N/m;� N�� =� 190� N/m3;� and� the�
frequency� I�=� 10�Hz� is� chosen�based�on� the�
stability�calculation� results�of� the�model� and�
the�steel�material�used�to�fabricate�the�beam.

Figure 5. The oscillation of the model versus time

Figure 6. The oscillatory velocity of the 
model versus time
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From�the�obtained�graph�results�(see�Fig.�5�and�Fig.�
6),�we�can�determine�the�oscillation�range�of�the�
system�and�the�oscillatory�velocity�of�the�magnet�
shaft�when�designing�the�experimental�model.

To�determine�the�mechanical�power�level�3�of�the�
model,�Eqs.�(1)�and�(16)�are�solved�numerically�
using�the�Runge-Kutta�and�Simpson�methods,�
with� the� external� force� of� the� rotating� rotor,�
which� is� set� at� a� frequency�of� 10�Hz,� acting�
on� the�model.�Calculations� are�performed� for�
di൵erent�cases�where�the�damping�coe൶cient�γ�
changes.�Fig.�7�shows�the�graph�of�mechanical�
power�received�by�the�model�as�a�function�of�
the�amplitude�of�the�applied�external�force.

Figure 7. The graph of mechanical power 
versus the amplitude of the applied external 

force

From�the�obtained�results,�it�is�evident�that�at�
small�external�force�amplitudes,�the�di൵erence�
in� mechanical� power� received� between� the�
cases� is� small.� However,� at� larger� external�
force�amplitudes,�the�power�levels�received�in�
di൵erent�cases�exhibit�signi¿cant�di൵erences.

4. TESTING AND DISCUSSION

Based� on� the� numerical� simulation� results,�
the� device� model� was� fabricated� and� tested�
to�evaluate�the�voltage�level�generated�by�the�
mechanical�vibrations�of�the�rotating�rotor.�The�

parameters�of�the�model�are�set�up�as�follows:�
the� beam� receives� vibration� energy� from� the�
rotating�rotor,�with�the�following�speci¿cations�
-�length:�750�mm,�width:�20�mm,�thickness:�2�
mm,�mass:�0.3�kg,�and�material:�SKD�11�steel.�
The� permanent�magnet� shaft� on� the� beam� is�
positioned� 450� mm� from� the� machine� base.�
The� NdFeB� N52� cylindrical� magnet� has� a�
remanence�of�1.4�T,�a�diameter�of�30�mm,�and�
a�length�of�32�mm.�The�coil�is�25�mm�in�length�
with�a�diameter�of�42�mm�and�consists�of�500�
turns�using�copper�wire�with�a�diameter�of�0.64�
mm.� It�operates�with�a� load�of�up� to�1.54�A,�
with�a�maximum�temporary�increase�to�2�A.�

a.�Experimental�model�on�rotating�rotor

b.�LED�load�output�voltage
Figure 8. Fabrication and testing of the 

device prototype
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In� the� experiment,� the� author� used� the�
Picoscope�USB�oscilloscope�2204A�and�signal�
processing� software� to� analyze� the� output�
voltage� obtained� from� the� device�model.� In�
Fig.�9,�the�output�voltage�waveform�on�the�load�
is�observed�in�both�the�time�domain�(see�Fig.�
9a)�and�the�frequency�domain�(see�Fig.�9b).�

a.�Output�load�voltage�versus�time

b.�Spectrum�of�the�output�load�voltage
Figure 9. Output voltage waveform on the 

load of the device model

From�the�obtained�results,�it�can�be�seen�that�
the�received�voltage�level�is�stable�over�time�
and�contains�multiple�frequency�components.�
Speci¿cally,� the� voltage� level� is� primarily�
concentrated�at�a�frequency�of�9.7�Hz,�with�
the� largest� frequency� spectrum� amplitude�
reaching� 1.47� V� and� a� current� of� 0.5� A.�
Additionally,� there� are� also� other� voltage�
components� at� frequencies� of� 4.9� Hz,� 14.6�

Hz,� and� 19.1� Hz,� with� very� small� voltage�
amplitudes.

Based� on� the�experimental� results�obtained,�
the� author� found� that� the� device�model� can�
harness� the� vibration� energy� of� operating�
devices,� particularly� high-speed� rotating�
rotors.� Additionally,� the� device� model� can�
be� installed� on� high-rise� buildings� and� air�
tra൶c� towers� to� generate� electricity� from�
mechanical�vibrations.�The�harvested�power�
will�serve�as�an�energy�source�for�operating�
signal�lights.

5. CONCLUSIONS

In�this�paper,�the�author�presents�the�structure�of�
a�model� for� energy� harvesting� from�mechanical�
vibrations.�This�energy�harvesting�model�not�only�
generates� electricity� for� practical� use� but� also�
mitigates� harmful� vibrations,� contributing� to� the�
protection�and�longevity�of�machine�operating�life.�

The� calculation� results� have� identi¿ed� the�
stable� and� unstable� operating� regions,� the�
oscillation� range,� and� the� power� level�of� the�
device� model,� which� harnesses� mechanical�
vibrations�from�the�environment.�

Based� on� the� obtained� calculation� results,�
the� author� fabricated� the� device� model� and�
tested� its� operation� under� the� inÀuence� of�
vibrations� caused� by� the� rotating� rotor.� The�
device� generated� electricity� with� a� received�
voltage�spectrum�amplitude�of�1.47�V�and�a�
current�of�0.5�A.�The�study�results�presented�
in�this�paper�will�serve�as�the�scienti¿c�basis�
for� calculating,� designing,� and� fabricating�
energy-harvesting� devices� for� practical�
applications.�
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