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AhJf/.a(,,-this technical prper pmpGcd thc snrlysis
end design the wirclcss power lntrsfcr by using
inductive couplirg cotrccpt to trsrlmlt tbc elcctric
powcr. To trrnsEit thc pow.r in AC, . ful-bridgc AC-
I)C rc.or.nt convc cr is rpplicd to crDvcrl r IIC aupply
to AC. ThG cttrcicncy of the sysacn is idcrtifying by
comporcd with 2 typ.J of ncelver which ir bctween
trirngle rtrd Equ.re shrpc. B6idc lhrt is oricDirtiotr
betwcctr the tnmmittcr ead rccrivcr coll Wh.n bott of
coils sherc e single exiq thc trrtr3fcr cfficiency is
mrxidrl but othcrriE tt! cfiicictrcy bccomcs lowcr.
l,r3tly, thc diit trct of thc eir grpr botwccn tnniDitacr
rtrd rrccivcr coil rlfcct ttc efiiciGncy of thc power
tfr!3mitting. MoIt clo.cly ttc diltrtrc]r bctwcGr both of
the coll, thc powcr trrtrtmitting wi[ be Eorr clfidcDt
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I. INTRoDUCTIoN

knsgine lhd we can charg€ l@op, mobile phone or o0rer
electsonic gadgct with the charger without wire. This dream
can be realize by using wireless power transmission. The
concept of wirelcs power transfer has been bandid about
for a dccade and now it is closcr becoming advancc. Since
Nikola Tesla Canied out his execdmants on wireless power
transf€i (WPT) before the c€nhry, many renearcher sudied
and do research about it constantly. Recently, afrertio{ to
WPT using magn€tic r€sonar are increased dramatically.
Lot of rcs€arches is going on the inductive corpling which is
the basic core of WPT. Basically, concept of WPT is same
like an ideal transform€r but the solid magneic core in the
transformer was rcplaced by air oore. This means thd therp
have a high flux leakage and only a portion of the flux
gencate induc€s ernf across the secondary coil.

Nowadays eleclronic gadget industri€s arE incr€as€d
dramatically. For example Apple and San$mg Compony
have plpduced a lot of eleclronic gadgd such as smart
phone, mp3 player, digit8l €am€ra and many more. The most
conrmon way to charge this gadg€t is by using a
conventional charger which is plugged in the charger to
power supply. However this charging way tns nuny
disadvantsg€s such as the used plug in hug€ qu.ntity can

causc the interconnecting wfu€s. The inlerconnecting wir€s
arc inconveriient and hazardous. Beside thd the common
problem with the oonvemional chuger is we cflnot identiry
if copFr inside the wirc was broken.

The mosl dnllenges that the r€searcher have to 6ced
during develop this technolog is to rnaximize 8nd msintain
the efficiency of the charger. Due to the conflicl betwe€n
efficiency and the distance, WPT using magnetic resonant is
not us€d v€ry wide range.[ ] If lhe efficiency arc not
maintain and at maximum level, it will affecr the charging
time. However there have many factors thal can affect the
effciency. In this pap€r 3 tcchniques is pmposed to identifr
the hctor that will affect the efficiency during rransmit the
6nerg/. First t€chnique is orientdion between transmiter and
rccpiver coils. The factor was simulaed by rotates the
receiving ooils at c€rtain angle. The second t€chnique is
adjusting the distance bctw€En transmitler and receiver ooils.
[:sly is baween triangle and square mil. All this t€chniques
is confirmed by do tcsting at laboratory.

The objective if this project is ro design and constsuct
wireless power transfer using ac soulpe. B€6ide that is to
study about the frctors thd aff€cl the efficiency of the
systern. In this proj€ct $e type to transmit lhe power is by
using resonsnt induaive ooupling mghod. In th€ r€sonsnt
inductive coupting metho4 it consist ofa tansmittq coil Ll
and a rpceiver coil 12. Basic principle of the inductive
coupling is wtren altemding current in tlrc transmitter coil
g€oerd€s a magnetic field which induced 8 voltsge st dre
receiver coil. Rcsonant inductive coupling is the combinalion
hween rcsonant frequencl and inductive coupling
Functiur of the rcsonant fiequansy is to makes both coils
interact sEongly. So it was very importart to deteflninc the
value of r€sonant frequency. The rcsonar firequeocy is
varies with the change of tlre distance d if the inductance of
the coils and the value of tfte c4acitor remain ssme.[2]
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Wher€ f.is r€sonant frequerry, L is inductance value and C
is capocitance value.



Q=BAcoso (s)

Mrere $ is megnetic flux. B is nragnitude of the magnetic
field- and A is area ofthe coil surface. Belbre transmit the
energy to the receiver. the cunent n]ust be conven into AC
mode. Beside that. the switching fiequency also must be
determine because the r.alue of srvitchirg fiequency is

retated $,ith resonant fi'equency. Therefore. resonant

convetler have been used in this proiect as a power
converter that converted from DC to AC source and control
it switching frequency. Tlpe of the resonant converter that
proposed in this project is full-bridge voltage-fed inverer.
Basically. the full bridge topology of the switching network
has four switches. The fiequency. magnitude or phase ofthe
output ofa voltage-fed switching convener can be oontrolled
with power swithes at their gate.

Figure l: Typical arrangement ofan inductive
coupled power fansfer system.

Figure below shows the concept ofan inductive power
link and it equivalent circuit. The load at receiver is modeled
as a resistor R1 in the secondary resonator.li is the
transformer coupling coe{ficient and Lr and L2 are self,
inductance in the transmitter and receiver coils respectively.
Rr and & is a model of the losses in the coils.Cl and C2 are
capacitor that represent as apansitic and extemal capacitance
to create a resonant at the transmitter and receiver side.[3]
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Figure 2: Equivalent circuit ofWPT
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Where M is Mutual inductance. Lr is irductance of primary
coil L2 is inductance secondary coil and k is Coupling
coefficient For the mutual inductance (M), it is the current
flowing in one coil and induces current an emf in the othet'
coil. Factor that effGct the value ofthe mutual inductance is

distance between receiver and transmitter coil. Beside that
the angle between both coils also affect the value of mutual
inductance.
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\\ftere go is the pemeability of fi'ee space (4.7r.10 7). [, is

the relative permeability of the core: N is the number ofcoil
tums. A is ihe closs-sectional area in ml and f is the coils
length in meters

Figure 3:Full bridge voltage-fed inverter

Since dis proJect are using AC source. it must be convert
into DC first before give a supply to the resonant converter.
To conven it the full bridge rectifiel was applied in this
project. Full bridge rectifier is rectifier that consist 4

s*'itches that convert both the positive and negative cycle of
AC voltage to DC voltage. The operational ofthis rectifier is

during positive half cycle, the current will flow through the
red diodes and during the negative half cycle. the current
flow is through the blue diodes.
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Where $ megnetic flux, N is the number of coil tums. f is

the coils length in meters

Figure4: circuit of full bridge rectifier
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h general. WPT system is dir ided into sonle pan. At the
tBnsnritter side. first the AC supply nrust be conr ening into
DC by using full bridge lectifier before supply to the
rcloranl con\efler. AfteI that. at the irrrcner pan. it $as
functiorr to cor'rtrol the switching frequency and convert DC
to AC. In this project the value of srvitching frequency rvas

set to 100 kHz. At the receiver side. since it the eneryy that
receives from the trarsmitter is in AC. it must conven first to
DC before supply to the load.

To conved ac to dc at rcceivef. flll wave voltage doubler
has been used. It is because voltage ouput of the voltage
doubler is 2 times to voltage input. The operating of this
circuit is on the negative half cycle of the input voltage.
capacitor C2 is charged thrcugh rectifier D2 to a voltage V;,.
On the positive halfcycle, capacitor Cl is also charged to a

voltage of V;,, through Dl . The series voltage ofcapacitor Cl
and C2is equalto 2Vi,,.

Figure 5: Full wave voltage doubler circuit

For voltage-fed DC-AC invener, it has 2 basics topology
which is full bridge and half bridge. In this project. the full
bridge voltage fed inverter was proposed in the invener pan.
The full bridge topology has 4 switches and for the half
bridge topology, 2 of the switches are replacing with a

capacitor. For the full bridge inverter, the maximum voltage
output is +Vd and for the half bridge inverter maximum
voltage output is +Vd/2.

Before consh'uct the cilcuit. circuit u,as simulating by
using PSIM softuare. After the simulation was success. the
harduare rras constructing. Tlre hardu,are ha\e been tested
by using LED to identify either it lirnction or not. In tlris
project. to identify the fbctors that affect Ge efficiency. three
techniques have been proposed. First technique is distance
test llet\\,een transmittel and rcceir.er coil. Second technique
is angle orientation between transmittei and receiver coil.
For this technique, distance between transmitter and receiver
coils is fixed which is 7cm. Then receiver coil was adjust
from 0'to 90".The last technique is test etlciency of tu,o
different shapes of coils which is between triangle and

square coil. After do the experiment analyzed all the data.
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Irigure 7: P,!ject flow chart
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Figure 6: Block diagram ofthe wireless power transfer

To control the slitching frequency of full bridge
invefter. the IRS2I53 lC driver was used. To activate this lC.
it needs 15V6" supply. This lC was used to provide the Pulse
Width Modulation (PWM). PWM switching generates less
low frequency hamronic component. This IC can genemte
the switching Aequency up to 100 kHz. The switching
device that used in this project is MOSFET that also need
l5V6 supply. The connection of the resonant tank for
voltage fed nomally it was used matches series tuned or
selies parallel. It is because 2 voltage sources cannot be
connected in parallel due to possibility of shorting the
sources. For tlris project. series tuned has been proposed as a
resonant tank
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Source 240 V". 50Hz
Switching fi'equency. fs 100kHz
Resonance fi'eq uency. fi' 99,9kHz
Inductance. L 42.3prH

Capacitance. C 60nF
Self-inductance of
transmitter square coil. Ll

5.29H

Self-inductance of receiver
square coil, L2

5.1pH

Self- inductance of receiver
triangle coil, L3

4.2yH

Area of square coil 18cm x lScm
Area of triangle coil %xl8cnrxl8cm

Table I : Hardware fication

III. RESULT AND DISCUSSION

A. Simulation result

Figure 8 : Schematic diagram

Figure 9: Output voltage at transmitter

Figure I l: Ouput voltage at receiver

B. Erperinent result

Figure l2: waveform of PWM switching

Figure I 3: Voltage and Culrent output at transnritter,l
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Figure 1 0: Output Current at transmitter
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Figure l4: Dead tirrre of switching

Table 2: Ou ut for coils distance test

Table 3 for le coils distance test

Figure l6: Distance Ocm for squarc coil

Figure l7: Distance Ocm for e coil

a
Figure l8: Distance 7cm for square coil
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Figure l5: Graph Efficiency vs Distance

Distance
(cm)

Vo (no
load)

V" (with R:
l0o)

I"(A) n(%)

0 19.29 3.00 0.30 19.66

2 I 1.40 2.00 0.20 8.74

4 t.5 I 1.40 0.14 4.28

6 5.06 I .00 0.10 2.18

8 3.3 l 0.60 0.06

l0 1.97 0.00 0.00 0.00

12 t.45 0.00 0.00 0.00

t4 0.83 0.00 0.00 0.00

rl(%)V. (with R:
100)

I"(A)Distance
(cm)

V" (No
load)

8.740.200 r0.09
0.12 3.152 6.42
0.06 0;794.35 0.604
0.04 0.35294 0406
0.00 0.000.008 1.83

0.000.00 0.0010 l.l6
0.000.00 0.00t2 0.73

0.00 0.00t4 0.42 0.00
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Figure l9: Distance Scm for triangle coil

Table 4: O for coils an test

Table 5:O for coils test

Figure 2l: Square receiver coil at 45"

Figwe 22: Triangle receiver coil at 45

C. Discussion

From the figwe 15, the result show that relationship

between distance and the effrciency is prove that distance

between transmitter coil and receiver coil is affect the

efficiency of the system. In the inductive coupling, the

magnetic field was creates when elecfiic currents flowing
through a transmitter coil. With the magnetic field, it will
produce a voltage at receiver. Coupling must be tight in

order to get the maximum efTiciency. The mutual inductance

varies inversely proportional to distance. That means when

the distance is increased. mutual inductance will decrease.

So, the output voltage also will decrease.

Second factor that have been test in this project is

identify either angle of the receiver are affected the

efficiency of the WPT system. In this case, the coils spacing

is kept fixed while the angle is varied liom 0oto 90o. From

the figure 20. result show that when receiver coil at 0o

which receiver coil at the same axis with transmitter coil the

efficiency are maximum. After that. the angles of the

receiver are increased to 30o. 45o, 60'and 90o. The results

show that the efficiency of the system was decreased. It is

observe that when the angle is increased. ouput voltage will

+Til.n8l. coil

4l 6a 3C

hdc (dcsccl

Figure 20: Graph Efficiencyvs Angle

2l

I"(A) \(%)V. (No load) V. (with R = l0O )Angle
0.08 1.404.23 0.800

1 .070.70 0.07300 3.75
0.60 0.06 0.79450 3.06
0.00 0.00 0.0060" 2.67

0.00 0.00900 0.00 0.00

I.(A) n(%)Angle V. (No load) V"(withR: l0O)
0.04 0.352.63 04000
0.03 0.200.3030" 2.36
0.00 0.002.01 0.00450

0.000.00 0.0060' 1.t7
0.00 0.00900 0.00 0.00
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drcp because the reduction in nrutual inductance rvhich is

inr,ersely proponional to the angle. Mren tlre receir er coil
angle is 90". there is no mutual inductance behreen coils.
That wh) the output r oltage is zero.

Lastly In $is experinrent. the dillbrent shapes of the

receivel coils also take into account to test the emciency.
Both coils have the same width and length. Ftom the figure
I 5 and figure 20 show that the efficiency of the square coil
is highel than triangle coil. lt is because the efficiency is

dilectly proportional to area ofthe coil. Since the area of the

square coil is bigger than triangle coil. that why the
efliciency ofthe square coils is higher than triangle coil.

For the dead time of the swirching frequency. the

IRS2l53 tC driver was control the switching frequency with
dead about 1.1 prs. Dead time detemlined by the on and off
delays of the switching devices. A dead time between the

tum on and tum off of the srvitches is to avoid the shoning
ofthe voltage source fiat wills failule the switching devices.
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A wireless power transEr system using inductive
coupling was ptoposed. After finish this project, the

conclusion is the distance between transmifter coil and

receiver coil affect the efficiency ofthe system was confimr
by the measurement. From the result we can see that when

the distances between receiver and transmitter coils are

minimum. the efficiency of the system is maximum. Beside

that another factor that proposed is orientation the angle of
the receivfl qoil. Wlten two coils share a single axis, the

transfer efficiency is maximal but otherwise $e efficiency
becomes lower. In this proJect, the different shape of the

coils also been tested to determine the efficiency. The

efficiency is directly proportional to the area of the coil.
Since the area of the square coil larger than triangle coils. so

the efliciency ofthe square coil is higher than triangle coil.
For the future to get the result more accurate. malbe the

receiver and tmnsmitter coil can be consbuct in printed
circuit board (PCB). Beside drat &e different material of the

coil also can be test in order to know which material have

high efficiency.
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