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Graphical abstract Abstract

Today, the limit of wireless devices lays in the way they powered. There has been a renewed
focus on wireless power transmission technology due to its wide range of application in
charging electronic devices such as mobile, MP3 player and household robots without a cord.
Imagine a device that doesn't need a charger or even a battery, which instead gets power
wirelessly over the air. To make such a device possible the fransfer distance of currently known
system have to be increased. The wireless power transfer can be opfimized base on Friis
equation. The Friis transmission equation is developed from principle of optical radiometry and
scalar diffraction. Friis equation will gives the amount of power an antenna received under
ideal conditions from another antenna.
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Absirak
Hari ini, had peranti wayarles meletakkan dalam cara mereka berkuasa . Terdapat fokus yang
R . diperbaharui pada teknologi wayarles penghantaran kuasa kerana pelbagai luas
eceiver

permohonan dalam mengecas peranti elektronik seperti telefon bimbit , pemain MP3 dan
robot rumah tanpa tali . Bayangkan sebuah alat yang tidak memerlukan pengecas atau
bateri yang bukan mendapat kuasa secara wayarles melalui udara . Unfuk membuat apa-
apa peranti yang mungkin jarak pindah sistem kini dikenali perlu dipertingkatkan. Pemindahan
fenaga tanpa wayar boleh dioptimumkan berdasarkan persamaan Friis . Persamaan Friis
penghantaran dibangunkan daripada prinsip radiometry optik dan pembelauan skalar .
Persamaan Friis akan memberikan jumlah kuasa antena yang diterima di bawah keadaan
yang sesuai antena lain.

Kata kunci: Wireless power transfer, Friis equation
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1.0 INTRODUCTION

In 1987, Nikola Tesla discovered that he could fransmit up
to 20 MV or more power wirelessly. This was done by
sending a signal into upper stratosphere at a frequency
of 925 Hz to distances thousands of miles away from the
fransmitter. Wireless power transfer (WPT) receivers are
devices that can wirelessly transmit power to electrical
devices. It can be proof by the concept technology that
paves the way for charging cell phones, laptops, and
many other electronic devices wirelessly. Since then

interest in this fechnology have boomed and it is easy to
see why [2].

The Friis fransmission equation gives the amount of
power an antenna received under ideal conditions from
another antenna. So that the Friis equation is important
to optimized wireless power transfer. From textbook
derivation of this equation, we usually do not understand
the physical source of the wavelength-squared ferm
that expresses the effect of diffraction. We quickly learn
to use the equation with ease, but without a clear
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conceptual understanding of why the equation takes
the form that it does.

2.0 CONCEPT OPERATION

The concept of the wireless power device is designed in
at least two secfions which are the oscillator and
anfennae coils. These sections are outlined below in
Figure 1. The oscillator being used fo generate the
amount of frequency. An oscillating current is generated
at the transceiver circuit and an electromagnetic field is
created around the fransceiver coil. Due to mutual

inductance, a current started fo flow in the receiver side.
The mutual inductance can be changed when the
distance or angle between the coils change.
Transmitting signals over long distances requires that the
fransmission beam have a high degree of directionality
and a very large gain requiring a larger size anfenna. In
the near field there is still the need for directionality and
gain, but also the need for the beam not to be affected
by outside radiation as it is generally fransmitted at lower
power levels. For purposes of far field or long distance
WPT, wide angle dipole antennas are better. While for
near field or short range WPT, helical antennas provide
better gain and power transfer.
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Figure 1 Fundamental Interaction

3.0 FRIIS EQUATION

Despite the simplicity of the concept of antenna
equivalent area, the dipole derivation found in
several popular antenna texts loses some of the
important  physical meaning in concatenated
discussions of infinitesimal dipole radiation resistance,
directivity, and the relationship between directivity
and effective area. This derivation is reviewed here in
a manner reasonably consistent with the notation
and terminology in common texts.

By assuming a constant current on a lossless,
impedance matched infinitesimal dipole, a radiation
infegral can be solved to obtain the magnetic vector
potential, the curl of which gives the dipole magnetic
field. This field in turn produces a dipole electric field
through Ampere’s Law. These fields can be used to
compute the time-average power density:

e —_—  —

W=1EXH*=fW,+éW9 (1)
2

— —_—

where E is the electric field vector, H *is the
complex conjugate of the magnetic field vector, ' is

A

the radially directed unit vector, € is the azimuthally
directed unit vector, and Wr and W6 are the radial
and azimuthal components of complex power
density [W/m2]. The radial component of power
density is integrated over a closed sphere to obtain
the total power flowing in the radial direction, Prad,
which is equated to the power dissipated in the
radiation resistance Rr:

2
LIl 1, 2
P.y=n—"> ==|I.| R 2
rad — 17 32 2‘ o| r (2)
In eq. (1) nis the impedance of free space (= 1201),

lo is the dipole current amplitude, | is the dipole
length, and A is the wavelength. Eq. (2) is solved for Rr
to obtain:

Sl
N3\ P
the radiation resistance of a lossless, matched

infinitesimall
dipole (I<<A) in free space.
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The effective area of the antenna Ae is defined as
the area which mulliplied by the incident power
density Wi gives the power delivered at the terminals
of the antenna PT so that

A _klr
A =V7:=WTi A )

Assuming the conjugate-matching conditions of
maximum power fransfer intfo an antenna with
radiation resistance Rr and loss resistance RL, the
maximum effective area is shown to be

L

For a lossless antenna (RL = 0) in free space and an
incident uniform plane wave with electric field E and
power density Wi,= E2/2n, we can use eq. (3) in (5) to
write

___
Aem—s 7\ 807" (6)
2n ya

This can be algebraically reduced, using n=120tt, to

2
A. =:;i7[:0.119/12 (7)

The important wavelength-squared dependence
of the Friis fransmission equation becomes apparent
at this point in this derivation, but the physical
meaning is offen lost for students trying to follow the
lengthy process. Having the wavelength squared
term come from the radiation resistance equation
into the effective area equation does not necessarily
provide an intfuitive insight into itfs meaning. Af this
point we take a short detour to find the directivity of
the infinitesimal dipole [3]. The previously derived
dipole fields are used, along with knowledge that the
product of a power density and range squared gives
the radiation intensity U [W/sr], to write

|2 Ll sin’@ (s
2 2/1

The maximum radiation intensity Umax occurs at
6=1/2:

LI
U 9
e 2(2/1) 7

U=riw_ =

av

277

from which the maximum directivity is found as

3z
D, = Ymax _ g7 Yme g, 2\20) 3 5
|l 2

3|2

rad

(10)

The derivation continues with the development of an
equation that relates the maximum effective area to
the maximum directivity of the infinitesimal dipole.
This begins by noting that a directive transmitting
antenna radiates a power density at range R equal
to the isotropic power density multiplied by the
antenna directivity:

W, =W,D, =Lt (1)

The received power is therefore

PDA

P =W, A, ==

(12)

where A is the effective area of the receiving

antenna.lf we add subscripts to indicate maximum
values of D and A, this equation can be rearranged
to the form [4].

Dy A= (47sz) (13)

t

which by reciprocity can also be written as

D, A, = (4;sz) (14)

t
By equating (13) and (14), we arrive at

&:& (15)

An A

which says that increasing the directivity of an
antenna results in a proportional increase of effective
area. An isofropic transmitting antenna would have

D, =1.soits maximum effective areais

A, 01197 2

An D 15 4 (el

or
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Therefore, the maximum effective area of an
infinitesimal dipole used as a receiving antennais

4z

AszorAm=Dor( 2/ ) (’7)

Once the applicability of eq. (17) to all antennas
has been accepted, this equation can be used in
eq. (12) to write an expression for the power received
by a nonisofropic receiving antenna (with

multiplicative efficiency terms €, and €, ):

XY PD
P =AW.=eeD | — | - 18
r A\'t r-t r(47Z'J(47ZR2j ( )

From eq. (18) we can write the Friis fransmission
equation in terms of a ratio of received to fransmitted
power, using either antenna directivity or gain G:

2 2
ﬂzeret(ij DrDt:(ij GG (19
P 4R 4R

Thus we arrive at the desired equation, having seen
along the way several important antenna terms and
relationships, but having also perhaps lost sight of
some of the physical significance of the free-space
spreading term in parentheses.

Since wavelength and frequency f are related by
the speed of light c, we have the Friis Transmission
Formula in tferms of frequency [5]. The equation that
relates frequency, wavelength and the speed of light

c=fA (20)

By equating (19) and (20), therefore the Friis
Transmission in term of frequency [6]

_RGGc’

= 21
" (47Rf)? 21

Equation (21) shows that more power is lost at higher
frequencies. This is a fundamental result of the Friis
Transmission Equation. This means that for antennas
with specified gains, the energy fransfer will be
highest at lower frequencies. The difference between
the power received and the power fransmitted is
known aspath loss. Said in a different way, Friis
Transmission Equation says that the path loss is higher
for higher frequencies.

4.0 RESULTS AND DISCUSSION

Based on the data collected from the experiment [1],
we obtain the wireless power fransmission efficiency

by applying the Friis equation. Table 1 and Figure 2
below shows the result. We use to find the constant
value based on the experiment and simulation to
make the optimization. The constant value is added
on small scalar experiment

k_47zRf\/Fr

c/PRGG,
From the calculation, the average constant is

6.3746 X107

(22)

Table 1 Varied Frequency Data vs Power Receive
Experiment and Simulation

f Power Experiment  Power Simulation
(MHz) (Watt) (Watt)
0.2 0.002401 0.106
0.4 0.038423 0.466
0.6 0.318263 1.346
0.8 1.955571 3.3414
1.0 4.905156 5.2844
1.2 5.714286 5.7154
1.4 6.021156 5.9454
1.6 5.974321 5.84168
1.8 5.737166 5.71546
2.0 5.488 5.59434

From the table data above, the higher frequency
will give higher power receive. The optimum
frequency for highest power could be transmitted is
1.5MHz.
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Figure 2 Graph of Frequency(MHz) vs Power Receive(Watt)

Figure 2 above shows the graph that has been
created from the data of Table 1.The power receive
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gefting higher as the frequency is higher. The graph
also prove that the value obtain from the simulation
and the experiment is almost the same.

5.0 CONCLUSION

The Friis fransmission equation is a sufficiently simple
and practical tool to use. In this work, we can
conclude that the experimental and the wireless
power fransfer algorithm calculation prove that the
optimum frequency for receiver power is 1.5MHz. In
calculation, constants are freated in several different
ways depending on the operation. The reason
constant is use in this work is because the data value
we obtain is stil not same and too big when
compare to the experiment value. The constant is
help to make the calculation value almost same
when compare to the experimental value result.
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