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Abstract/7This article deals with a research activity to
design and to build a vibration energy harvesting (VEH)
mechanism based on an electromagnetic method, where the
energy source is from trandational-harmonic vibration. In
the developed VEH mechanism, a magnetic mass moves
linearly back and forth within an electrical coil made from
conductive-wirewindings. In accordance to oscillating mass
motion of a particular amplitude and frequency, the voltage
which can be harvested isthen measured and analyzed. The
choice of an electromagnetic method stemmed from the
availability of materials to construct the VEH mechanism.
In the VEH mechanism, a mass size, a wire diameter and
material, a coil length, and a vibration amplitude and
frequency were considered constant, while the number of
wire turnswas varied. The constructed VEH was tested for
1,000, 1,500, 2,000, 2,500, and 3,000wire turns. The voltage
density being harvested was recorded as 0.2820, 0.3715,
0.5695, 0.7343 and 0.9300 volt/cm?®, respectively.

Keywordg7/vibration energy harvesting, electro-magnetic
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T

transportation, communication, and domestic affdire
utilization of technological development is intedd®
support or to ease human jobs, so that he/she pray ¢
plete his/her tasks in effective and efficient memn
Technological development itself requires a suppdrt
the availability of energy resources to drive equépnt,
where one of resources is the electrical energye T
required energy may come from another source wisich
converted into an electrical energy. One recogniz
macro electrical energy conversion (from sourceh s1s
water, wind, geothermal), which yields an electrica
energy of a big scale. Besides that, there is ricede
electrical energy conversion, which usually use
surroundings energy (such as vibration, temperatu
difference, light) to be converted into an eleetic
energy.

|. INTRODUCTION
here are many activities that are related to th

Among sources of micro-scale electrical energy"‘

conversion, vibration or motion is an interestimyise.

(whether with a high or a low velocity) will vibatand
yields oscillating motion that happens for a ratlwerg
period. Whilst, so far it is detected that vibratior

motion does not receive enough attention it deservx{“

when it comes to energy conversion. Due to theeafor
mentioned background the research to harvest ener
from vibration was conducted.
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advancement of technology; activities in industry,

In vibration, the energy comes from a relative
displacement between a mass and a system frame, be-
cause there is flexibility between them. The rekati
displacement is in the form of oscillated motiorhene
the incurred motion indicates that there is a vigjognd
an acceleration of motion which change both thelue
and direction. The vibration itself is associatethva
kinetic and a potential energy. And in turns, timation
energy can be converted into an electrical endngpugh
electrical field (electrostatic), magnetic fieldlgetro-
magnet), or piezoelectric material strain [1]. ltshbe
brought into attention that there is dissipatioreaérgy
due to damping within the system, because of the
existence of friction and a damper in the system.

Some researcher and or publications have reported
energy harvesting from a vibration source to aotatzal
energy, using a piezoelectric method. The method wa
applied to industrial equipment and to human aitisi
to harvest the intended energy [2, 3]. The varfinih
time) displacement was accomplished in the form of
cantilever beam deflection [4]. Beside piezoelectri

aterials, magnetostrictive materials were alsal use

arvest energy from vibration [5]. Implementatiom &
military vehicle, where the harvested energy wasnfr
vibration of a vehicle chassis and vibration due to
crankshaft rotation [6].

Design and manufacture of a micro generator based o
an electromagnetic method is discussed in [7], evlitsr
standard analysis is found in [8]. Harvesting epdrgm

H rotating wheel of varying speed was conductef®@]n

while scavenging low frequency of non-periodic

e\é’ibration was done in [10].A parametrical reseav€lan

electromagnetic micro generator is re-ported in],[11

where the number and the size of wire turns todbail

circular-shape coil (instead of a longitudinal-shajil)
re varied. Using computer simulation, a reseanch

e
igLZ] investigated the effect of a magnetic fielélscand

coil parameters on micro generator performances.

Based on the referred background, this article eorc
research activity to design and to build a vibrat
energy harvesting (VEH) mechanism according to an
glectromagnetic method, to investigate the enehgy t
can be harvested from a translational vibrationrsau
The electromagnetic method becomes a research focus
due to the fact that required materials to build/EH
echanism are relatively easy to find in the mafket
ndonesia). In the developed mechanism, a magnetic

gﬁg\ss moves linearly back and forth within an eieatr
i

| made from conductive-wire windings. Mass mnotio
represents oscillatory motion with a particular $itage
(stroke) and frequency. From vibration which hampen
the motion energy is then ‘captured’ by a coil and
therefore produces an electrical energy.



Il. THEORETICAL BACKGROUND

A. Mechanical Vibration

Fig. 1 schematically shows a masswhich receives
excitation in the form of base motigtt). According to
the model, a motion equation of a mass respa(tyean
be expressed as:

MK+ o(x-y)+k(x-y)=0

ix(t)
1

c

1)

y(t)=Y Sin pt

Fig. 1. Mass motion due to base excitation

If y(t) is harmonic motion of an amplitudeand a
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Fig. 2. Magnet Motion in Cail
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Fig. 3. Flux density of point P located on axisofenoid

frequencyp, then steady-state motion of the mass can be

expressed as:

Yyk* +(ch)’

x(t) = sin-q@ -a) (2)
J(k-mpB?)* +(cB)’
where
oo B 3
q—tan (k—m,BZJ ( )
a = tari*-(ch/k) )

Equation (2) indicates that, if excitatiog(t) is
oscillatory-harmonic motion then a responsf) is

If L denotes a length ard denotes a number of wire
windings, thenN/L is the number of windings per unit
length. The number of wire windings fdR is (N/L)dR
And, flux density can be calculated as:

_HIN _ 1IN
B= oL Z|;1—smﬁ dg = oL (cosB, —cosp) ()

where
Lo: permeability of free space 4 107" H/m
I: electric current

harmonic vibration also. In this reported researchror the value of;=<z andf,~0, Equation (7) gives

harmonic excitatiory(t) comesfrom a disc which rotates

eccentrically.
B. Electromagnet

B:%Q ®8)

and for a point located at either end of the cik4/2

If the displacement (position) of a magnetic mas&ndp,~0, or Sy~ andf, ~z/2) Equation (8) becomes

changes with time and the mass moves within or, _ zIN
surrounded by a coil which is charged by electrical” — o

current, then magnetic field is excited or inductétkee
Fig. 2.)

According to Faraday'’s rule, for varied magneteldi
or flux, within a coil wil be excited anemf
(electromotive force) of:
o= NIZ- N d(B.A)

dt dt ®)

where

B =flux density (Wb/rf)

A =cross-section area which cut emf
N =number of windings in coil

@ =flux value (varies with time)

If flux density and cross-section area are constan

Equation (5) becomes:
e=-N.BAf (6)

(9)

D. Energy Harvesting from Vibration

Fig. 4 shows a basic design/process of energy
harvesting from vibration, where the main sectiom-c
sists of a mechanical system and an electricaésysDn
the mechanical section there is a magnetic masshwhi
periodically moves oscillatory, following/accordint
motion of a given amplitude and frequency. Whelieas
the electrical section there is a coil made of cmtiste-
wire windings which physically surround mass motion
Mass motion within a coil will excite electron mati in
conductor wire, and hence electrical current isuated
in the coil. In other words, vibration motion ofnaass
gan become a source for producing an electricalggne

The excited electrical current in the coil is ire tform
of alternating current, which is still pulsating.h&
current is then flowed through four diodes whicke ar

Equation (6) shows that the resulted energy depends arranged to form a bridge, aimed to make the ctirren
number of turns, magnitude of magnetic flux, crossunidirectional. Output of the diodes bridge is direur-
section area which cutmf and frequency of magnet rent, and hence may be stored in a battery. Thetim
motion. of a capacitor in an electrical part is to elimediuc-

C. Magnetic Field of Solenoid tuation of current or to smooth current, and tovsexs a

L . . temporary storage of current. In turns, the hapabst
A solenoid is a coil consists of several (many) porary g

coaxially circular loops of the same radius, and ieIectncaI energy which is stored in a battery rffrmass

charged with the same electrical flow. (See Fiy. 3. %nbraﬂon) can be used by or flowed to necessitiiads.



. METHOD The main parts of the mechanism are the magnetic

The main objective of the research is to createEsly Mass and the coil. The reported research uses s ohas
mechanism that can function properly. After theited ~ 0-013 kg (15 mm diameter, 12 mm long), with 3500

mechanism is built, the mechanism is tested inrorde G2uss flux density. The coil (where the number of
create a ‘workable’ VEH from which the electrical Windings is varied) consists of many layers, is enad
energy is generated. from 0.1 mm wire diameter, has the length of 25 and

The objective of the research is realized througf'® inside diameter of 18 mm. The stroke of a mubis
several steps: 20 mm, and the frequency of mass motion is 14.5883
1. comprehensive literature study For the VEH mechanism, from which data are collgcte

2. design, manufacture and test of a VEH mechanism the length of the coil is designed to cover up to

3. experimental study of a VEH mechanism of different@PProximately) 0.7 of the mass length, where tizessn
number of wire turns, and moves back and forth. In other words, due to bauk-a

4. analyses of experiment results. forth motion, the mass is displaced up to aboutr3rb
Schematically, the design of a prototype of a VEHOf its length ‘protrudes’ outside the coil. _
mechanism based on an electromagnetic method for a "€ manufactured VEH mechanism is then tested in

translational-harmonic vibration source is as shdwyn ©rder to build a VEH prototype which functions
Fig. 5. properly, i.e. from the operation of the mechanism

In short description, the primary works of a VEH electrical energy can be harvested. The energgsepts

mechanism is designated as follows: TranslationgfN€rdy harvesting from a source of translational-
oscillation comes from a pushrod connected to aff@'menic vibration. For each mechanism setting
eccentric disc, where a DC motor serves as a priml@Peration), the resulted voltages and amperes are
mover to rotate the disc. The other end of a poshis meas_ured, and hence the amount of the harvested
connected to a mass. According to the mechanisen, ti¢l€ctrical energy can be known. _

mass moves back and forth harmonically. The spgng On the ‘workable’ VEH the experiment is con-ducted
intended to make sure that the wheel of a pushsod }Vith the number of turns of 1000, 1500, 2000, 2%0@

always in contact with the outer surface of theeatgc 000, t0 study the influence of the number of viires
disc. The magnetic mass oscillates within an etedtr  ON the harvested/generated energy. To make theotoil

coil made from conductive-wire windings. The linear(tN® Same) 25-mm long, wire turns are wound in many

motion of the mass emulates vibration from whick th aYers. For each variation of the windings, resglien
energy is harvested. Due to the harmonic motior of PY the VEH mechanism are shown as graphics of the

magnetic mass, electrical current is inducted endbil.  iInduced voltages and amperes.
Then, the electrical current flow is stored by arergy

storage device (a storage battery). Within thistexin IV. RESULT AND ANALYSIS
the electrical energy represents the ensuing erifx@y  The recorded data come from the VEH proto-type
can be harvested from the vibration. which is developed in the reported research. The

The prototype of a VEH mechanism is as shown byleveloped prototype has been tested, and the misghan
Fig.6. The prototype consists of light componentsfunctions properly.
materials, but is stable under given vibration.

| .
| Frame !
1
: | Rext
| |
| i | Llnd
| | Ds Di
AL ]| 0. o,
| : Rint J_ i
| Cq | c q\ * Battery
| K
| [
| |
_______ |
Mechanical system Electrical system
Fig. 4. Diagram of mechanical and electrical system Fig. 6. Photograph of VEH mechanism based on elegnetic
method
Spring > = H
> > Bm& Magnetic mass Col
Mass > Coil = ) g /|
‘ \g ﬂ Conversion '\ T 1\ 111
circuit \
Pushrod\ Guide \\\ \ \\\
Wheel ;4177 5 % 1 1 1}
Eccentric "4 m‘ Motor
disc

20 3.5

25

&

Fig. 5. Diagram of VEH mechanism based on electgpraic method Fig. 7. Coil length and mass motion
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Fig. 8. Voltage generated by VEH mechanism Fig. 9. Ampere generated by VEH mechanism

The study is then conducted on the VEH mechanismWith regard to the VEH mechanism size, the
for different number of wire turns with the excitat of  (approximate) generated voltage densities and gnerg
translational-harmonic vibration. The data are take densities as results of the experiment are tahillate
times for every experiment setting (for every numbke Table 1. The density is calculated by dividing the
wire turns). The vibration comes from a mass whicltgenerated voltage and energy by the effective velom
moves back and forth due to the 875 rpm rotatiom of the prototype. The aforementioned effective voluime
DC motor. The frequency and amplitude (of 10 mm) othe volume of the coil cartridge, which is equatte vo-
vibration are used throughout the experiment. Bsalts |lume of a cylinder of 32 mm long and 18 mm diameter
of the experiment are represented by voltages andrt Fig.10 shows the influence of a number of wire surn
generated by the VEH mechanism, which are recordesh the voltage density produced by the VEH meclmanis
by an oscilloscope. It can be seen from Fig.10 that the volt-age dgnsit

Fig. 8 typically shows voltages which can be pratlic increases with the addition of wire turns. Thist fagrees
by the VEH mechanism, for the wire turns of 1000t F with a research reported in [9], using a different
1000 wire windings the generated voltage rms i$ 2.5mechanism design. The increase in wire wind-ings
volts. Accompanied by a relatively same graph,ME#1  means that the conductive wire is longer. Where, th
mechanism with 1500 turns generates voltage rms aonductive wire contains electrons that change aro
3.36 volts; for 2000 turns the generated voltags 1sn electrical current under the influence of magnéitéd.
5.15 volts; for 2500 turns the generated voltage in This fact agrees with Equation 6, which indicates the
6.64 volts; and for 3000 turns the generated veltags emfproduced by a VEH mechanism will increase with
is 8.41 volts. Recorded voltages indicate that, dor the increase of the number of wire windings in . d¢b
particular coil length, a higher number of wirensir also agrees with a research (using a different-dasign
generate a higher voltage and a wider voltage range  mechanism) reported in [9], where higher number of

The electric current is measured by adding a 106:Ohwire turns yielded higher voltages. The correspogdi
resistance to the oscilloscope. Fig.9 typicallyveha@ur- generated energy/power density is shown in FigofLl
rent produced by the VEH mechanism, for the wiragu this article.
of 1000. For 1000 wire windings the current rm§.51 The fluctuation in the recorded voltage and cugrant
milli-amperes. Accompanied by a relatively sameppra part, is due to the use of the spring to ensure tthex
the VEH mechanism with 1500 turns generates rms qfushrod wheel and the outer surface of the eccedisc
1.12 milli-amperes; for 2000 turns the rms is 1n&iBi- are always in contact. When the mass motion isth,
amperes; for 2500 turns the rms is 2.31 milliamgere VEH mechanism is against the stiffness of the gprin
and for 3000 turns the rms is 2.25 milliamperes.Th&Vhen the motion is down, the spring acts as a pushe
generated energy/power by the developed VEH mecha-For the record, the aim of the research in [13{ois
nism can be then calculated from the re-cordedagelt study the influence of the amplitude and frequewitthe
and ampere data.They are 1.3005 mVA, 3.7632 mVAexcitation on the harvested energy. The reseagubrtex
7.8795 mVA, 15.3384 mVA, 18.9225 mVA for 1000, that an increase of the amplitude and frequencldefie
1500, 2000, 2500, 3000 wire turns, respectively. bigger harvested energy.
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Fig. 10. Voltage density vs. number of wireturns
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Fig. 11. Energy density vs. number of wire turns

TABLE 1.

GENERATEDVOLTAGE DENSITY (10° X V/CM®)AND ENERGY DENSITY (10° X MVA/cM®)
Number of Wire Turns 1000 1500 2000 2500 3000
Voltage Density 0.3133 0.4128 0.6328 0.8158 1.0333
Energy Density 0.1598 0.4624 0.9681 1.8846 2.3250

V. CONCLUSION [5]

The research activity has created a prototype adfi VE
mechanism. The study has been conducted on the
mechanism using coils consist of different numbér ol6l
wire turns, while other parameters of the mechanism
remain the same. The reported experiment attests tfy
influence of the number of wire windings to be used
build a coil in the VEH mechanism, where (for a
particular coil length) a higher number of wire dimgs (8]
generate a higher energy. Fig. 10 and 11 shows the
relation between the number of wire turns and the
generated voltage and energy is close to linear.

The reported research is an example of a realigctos (9]
contribute to the effort of harvesting energy fram
vibration source. The research is intended to tragger
to the development of a VEH mechanism for a microlt0l
generator (in Indonesia), including the mechanism

applicable implementation.
(11]
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