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1. Introduction
Modern Inductive Power Transfer (IPT)
systems are in existence since 1960’s where
they found applications in biomedical and
radio-frequency identification systems, mainly
supplying implanted devices and for remote
sensors.

In high purity industries such as pharmaceutical
and semiconductor industries, the manufac-
turing environment have very high purity
environment requirement. The manufacturing
units are often enclosed in Stainless Steel enclo-
sures to ensure high purity. To supply systems
inside a closed environment is usually achieved
by cable carriers. This may compromise the
purity of the environment. Also with time, the
cables loosens due to ageing which may also
cause contamination. Thus transmitting power
wirelessly is a promising solution. However, due
to presence of conductive material in between
the sending and receiving module, usually
stainless steel (SS), there are losses in SS. This
limits the maximum efficiency of the WPT
module.

Previously an MSc thesis [8] has been conducted

on this topic in which different wireless power
transfer methods through SS has been studied
and realized in hardware. The work included
modelling the differnt WPT modules (OFC
and PFC), analysing equivalent circuits and
realizing and testing it in hardware demon-
strator. The OFC-WPT module achieved 72%
of maximum efficiency at 50W output power
& 60V input voltage [6]. Figure 1 shows the
OFC-WPT model developed along with it’s
performance parameters. This thesis extends
the work to geometrically optimize the WPT
module to increase efficiency, taking base design
as in [6], and as shown in Figure 1b.

2. Fundamentals of Wireless
Power Transfer & OFC-
WPT

The main objective of ans IPT system is to
transfer power to a moveable component across
gapped magnetic structure. The complete
realization of Inductively Coupled WPT system
is an intricate amalgamation of magnetics and
power electronics . Due to the large air gap,
the magnetic coupling between primary and
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:
(a) Base Design Performance:: (i): Eff. vs Pout as
a function of Û1, shows constant trend of efficiency
over entire voltage range, (ii):SS Losses vs Pout as
a function of Û1, shows linear trend, (iii): Eff. vs
Pout as a function of RL, (iV): SS Losses vs Pout

as a function of RL.

(b) Base Design (All dimensions in mm)

Figure 1: Previous Work on OFC-WPT [6]

secondary is lower, which leads to low mutual
inductance and higher leakage inductance.
Because of this, the power conditioner along
with circuit tuning is required for efficient
operation of WPT system. [1]

The basic principle of operation of WPT is
governed by Amperé’s law and Faraday’s law.
The working of ICWPT can be modelled and
better understood by equivalent circuit of a
transformer [3]. The analysis of MF transform-
ers for Power Electronic applications can be
split in various categories, such as [5]: Magnetic,
Electric, Losses, Thermal.

The main element of a WPT system is the mag-
netics, as the energy transfer from primary side
to the secondary side is achieved via alternating
magnetic field, guided through a magnetic
core. An ideal transformer can be represented
by two mutually coupled coils, as shown in
Figure 2, the leakage field and mutual field can
be modelled by Leakage Inductance (Lσ) and
Mutual Inductance (Lµ or M) respectively.

The two main types of WPT methods employed
through SS are: (a): Parallel Field WPT

Figure 2: Equivalent circuit of an ideal trans-
former: (a): Ideal transformer with n = 1, (b):
Ideal transformer with n ̸= 1, (c): Ideal trans-
former with n = k

√
L1/L2; [3]

Concept (PFC-WPT), & (b): Orthogonal field
WPT concept (OFC-WPT), depending on the
way the magnetic field penetrates the SS. (ref.
Figure 3).

Figure 3: WPT Concepts through SS: (a): Or-
thogonal Field Concept (OFC) - B⃗ & SS sheets
are orthogonal, & (b): Parallel Field Concept
(PFC) - B⃗ & SS sheets are parallel

The main focus of thesis is on OFC-WPT. The
magnetic field lines cross SS sheets orthogonally.
The WPT module is realized on a ferrite E-core
srtucture, one for each: sending and receiving
end. The module is supplied to the sending end
winding via a DC-AC converter. This sets up
the alternating magnetic field in the core which
crosses the air gap, through the SS sheets,
and closes through the receiving end module.
This mutually coupled flux induces voltage in
the secondary winding. The secondary side is
connected to the load through a diode bridge.

The OFC-WPT is modelled as a 3-winding
transformer [6] with SS sheet modelled as single
turn, short-circuited winding. The equivalent
circuit of the OFC-WPT is shown in Figure 4(b).
KVL can be applied and equations can be writ-
ten for the three windings, after simplification
these can be written as shown in Equation set 1.
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Figure 4: Equivalent circuit model of OFC-
WPT
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Based on the equation set 1, the equations can
be further simplified to reduce the equivalent
circuit of OFC-WPT similar to an equiv-
alent circuit of a real transformer having
components: Leakage and Mutual Inductances
(Ls = N2

t ·Ls0 &M = N2
t ·M0), loss components

(winding : Rw = N2
t ·R0, solid losses : Rss =

N2
t · R3). These parameters of OFC-WPT are

depicted in simplified equivalent circuit of OFC
WPT shown in Figure 5, and can be obtained
from Z-parameters as [6]:

R0 = ℜ(Z11 − Z12)

Ls0 = ℑ(Z11 − Z12)/ω,

M0 = 1/ℑ(1/Z∗
12) · 1/ω, &

R3 = 1/ℜ(1/Z∗
12).

(2)

Figure 5: Complete equivalent circuit of OFC-
WPT through SS

3. Model and Optimization
Methods

As explained in Section 2, in OFC-WPT the
magnetic flux passes from transmitter module
inside the core, through the air gap and crosses
the SS sheets and finally closing through the
receiving module core. It can be evaluated

using Amperé law that the induced EMF in
SS sheets will be maximum in the air gap
between the limbs of the core. Figure 6 shows
the distribution of induced EMF as a func-
tion of distance along the center line of SS sheet.

Figure 6: Induced EMF distribution for an E-
core type OFC WPT module

This will cause the eddy current to flow in
the SS sheets and thus, there will be losses
associated with the SS sheets. Figure 7 shows
the distribution of Eddy current density in
the SS sheet. This loss component is re-
flected as an equivalent resistance R3 in the
equivalent circuit of the winding model of SS
(see Figure 4). In the simplified equivalent
circuit, this equivalent SS resistance is repre-
sented by RSS (see Figure 5). The induced eddy
current density distribution is shown in Figure 7

Proposed Modifications
Since RSS contributes towards maximum reduc-
tion of losses in SS, increasing the value of RSS

would reduce loses in SS, and thus increasing
the overall efficiency of the module. As seen
in Figure 7, the current density is maximum
in the slit between the core limbs, and thus it
contributes maximum to RSS , since the current
spreads out in the SS sheet in the area outside
the slit, thus, reducing the width of this slit may
increase the RSS . Figure 8 shows the proposed
modifications.

To achieve this, Pole Shoes can be introduced
at the ends of the limbs to reduce the overall
width of the air-gap. This would in turn reduce
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Figure 7: Induced Eddy Current distribution for
an E-core type OFC WPT module along the cen-
ter line of SS sheets.

the cross sectional area of the eddy current path
and thus increasing RSS . Different Pole shoe
shapes were first analysed in the FEM environ-
ment to see which pole shoe placement is best
(see Figure 8). From the results, it was found
that Pole Shoes placed symmetrically inside the
air-gap gives best results with symmetric mag-
netic field distribution (as shown in Figure 8(b)).

(b)(a) (c)

Pole Shoes E-Core

Figure 8: Pole Shoe Types explored:: (a): Pole
Shoes placed at the center of each limb with
equal pole width on each side, (b): Pole shoes
placed symmetrically to get symmetric gap be-
tween the pole shoes, (c): Pole shoes placed on
central limb to increase distance between air-
gaps.

The details of geometrical dimensions are
shown in Figure 9. The description of various
geometrical dimensions involved is given in
Table 1

The main aim of this modification is to reduce
the losses in the SS sheets. However, there are
many other parameters which also affect the
efficiency, for e.g. Switching Frequency (fsw),

Table 1: Description of Geometrical Di-
mensions

lc : Core length hc : Core height
wc : Core width tc : Core limb thickness
ww : Winding width hw : Winding height
lw : Winding length gps : Pole shoe gap
hps : Pole shoe height Ac : Core Area (tc · lc)
Aw : Winding window area (hw · ww) xc : Core aspect ratio (lc/tc)
wps : Poles shoe width

wps

SS Sheets

Primary Core

Secondary Core

Primary Winding

Secodary Winding

Pole Shoes

lc

hw

ww tc

wc

lw

hc

hpsgps

Figure 9: Geometrical Dimensions of OFC-
WPT Module

No. of turns (Nt), Input Voltage (Ûin) etc.

To find the best performing parameters, we
must perform an optimization routine. The
output of this optimization should give the set
of all the parameters (geometrical as well as
operational) which would give us maximum
efficiency for the module. In order to start
optimization, the system needs to be modelled
based on the analysis type as discussed in
Section 2. There are various ways to obtain
the full-model of a system for optimization,
classified in three categories: Numerical, Semi-
Numerical, Analytical [4]:

For the purpose of this thesis, FEM model and
Fully - Analytical Models are used. Initially,
the FEM approach was used to get the model
parameters, and then optimization was run in
MATLAB program. This optimization method
was kept unconstrained and all the parameters
were varied. This resulted in getting most op-
timum designs at the extremes of the design
space. This approach was therefore not suitable,
hence analytical model was developed and opti-
mization was run with fully analytical model in
MATLAB. The analytical method is discussed
below.
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Analytical Modelling & geometry op-
timization
The different circuit elements of OFC-WPT,
namely Rw, Ls, M, & RSS (Figure 5) needs
to be modelled individually to analyse the per-
formance of the module. These parameters are
linked with geometrical as well as operational
parameters. Thus, the analytical closed form
equations needs to be developed which links the
operational & geometrical parameters with the
circuit parameters:

Magnetic Modelling of OFC-WPT mod-
ule

The magnetic modelling of the E-core is to be
done to determine the flux linkage of the trans-
mitter module with the receiver module. The
mutual flux linked with primary (transmitting
side) and secondary (receiving side) mainly
contributes to the power transfer. However, not
all the flux that is generated in the primary
module links with the secondary side. Some flux
lines closes through the air within the primary
( or secondary) modules, which is called the
Leakage Flux.

The two flux fields: Leakage & Mutual fluxes
can be modelled as Inductances, namely:
Leakage (Lσ) & Mutual (MorLµ) Inductance
respectively. Referring to the equivalent circuit
of the OFC-WPT (Figure 5), the primary and
secondary sides have their respective leakage
inductances (Lσ). The mutual inductance (M)
takes into account the flux linked with Primary
& Secondary and also the flux linked with SS
sheets.

The megnetic circuit modelling of the WPT is
analogous to modelling electric circuit. Just
like KVL for electric circuits, the Amperé’s Law
states that sum of magnetomotive force (MMF)
in a closed loop is zero and similar to KCL, the
Gauss’ law for magnetic circuit states that sum
of magnetic flux at a node is zero. Similar to
resistance in electric circuits, the resistance of
flow of magnetic flux in defined as Reluctance:
Rm = MMF/ϕ. Hence the magnetic model is
also simply called the Reluctance Model. [7]

Using the reluctance model, the inductance

of any inductive components having Nt turns
of winding and total reluctance Rm,tot can be
evaluated as:

L =
N2

t

Rm,tot
(3)

To get the indutance, we must first know the
reluctance of each section of the inductive
component. The OFC-WPT module thus can
be divided into different sections as shown in
Figure 10(a). For each section, the reluctance
can be calculated as:

Rm =
l

µ0µrAcm
(4)

where Rm is the reluctance of the path/section,
l is the length of the section, Acm is the cross
sectional area of the magnetic material section
and µ0µr is the permeability of the section
(µr = 1 for air). [7]
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Figure 10: Magnetic modelling of OFC-WPT
module:: (a): E-core split into different sections
and reluctances calculated for for each section,
(b): Reluctance model simplified along the cen-
tral symmetry axis.

Referring to Figure 10(a), the reluctances
R1, R2 & R4 are the reluctances of the mag-
netic material, while reluctances R3, R5 & R6

are reluctances in the air path. The reluctance
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R3 & R5 contributes to the leakage inductances.

F ind  R  param eters
N 1I1

R 1 R 1 R 1 R 1

R 2 / 2 R 2 / 2R 3 / 2 R 3 / 2R 5 / 2R 5 / 2

R 4 R 4R 6

R 1R 1 R 1 R 1R 4 R 4R 6

+

N 2I2

+

R

N 1I1
R 1 R S1 R S1 R 1

R 2 / 2 R 2 / 2R 12

R 1 1

+

N 2I2

+

1Φ

s1Φ muΦ

1I
s1Φ1N

=s1L
1I

muΦ1N
=muL

(a)

(b)

Figure 11: Reluctance network of OFC-WPT
module:: (a): Reluctance network of simpli-
fied magnetic network (Figure 10(b)). The net-
work in the shaded area is a typical ladder net-
work, (b): The ladder network is reduced to
T-network.

Using symmetry, the reluctance network shown
in Figure 10(a) can be simpified to that shown
in Figure 10(b) & Figure 11(a). This is a typical
ladder network which can be reduced to an
equivalent-T network as shown in Figure 11(b).
From this, the total flux ϕ1 can be split into
the mutual flux ϕm and leakage flux ϕs1. Using
this, we can calculate the inductances as:

Ls1 =
N1ϕs1

I1
& Lmu =

N1ϕmu

I1
(5)

SS Resistance Calculation

As discussed in previously, the alternating
flux generated by exciting the primary wind-
ing, crosses the SS sheets orthogonally in
OFC-WPT. This alternating flux induces eddy
currents in the SS sheets and contributes to
solid losses. These losses can be modelled as
an equivalent resistance RSS as shown in the
equivalent circuit of OFC-WPT (Figure 5).
From the Equations 1, we can see that RSS can
be written as:

RSS = N2
t ·R3 (6)

where Nt is the number of winding turns and
R3 is the single turn SS resistance. Since Nt is
known quantity, we need to model R3 to get
the value of RSS .

We had already seen previously that the in-
duced eddy currents mainly flows in the slit
between the core limbs. This can be seen
clearly in Figure 12 that this portion of SS (R1)
contributes mainly towards the total resistance
in R3, as the eddy currents can spread in wider
area outside this region and thus the resistance
of this region (R2) in quite lower as compared
to the section of SS directly below the slit.
Moreover, it is quite difficult to estimate the
total resistance in the region outside the slit, so
empirical methods are used to correct for the
resistance value.

ww + tc

lc

(c)

R1

Top view

R1

R2

R2

wss

tc / 2tc / 2 wps / 2 wps / 2gps

Jss

x
(b)

Current density in SS

hps Poles ShoePoles Shoe

Winding Winding

Core

Poles ShoeSS
Sheets

tss

Cross-sectional view

(a)

gps

Figure 12: SS Resistance calculation

We had seen previously (Figure 7) that the
current density is maximum in the slit area
and has more of a trapezoidal distribution
(ref. Figure 12). Thus, for our analysis, we
can approximate a trapezoidal cross-section
of SS sheet directly below the slit region for
calculation of SS resistance in this region.
Figure 12(b) & 12(c) shows the current density
distribution approximation and the dimensions
involved.

The effective width of the SS sheet therefore
can be approximated as shown in Figure 12(b).
Therefore, for the region below the slit, the SS
resistance R1 can be approximated as given in
Equation 7:
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wss = gps + wps +
tc
2

l1 = lc

Ass = tss · wss

R1 =
l1

σss Ass

(7)

where σss is the conductivity of the SS, wss is
the effective cross-sectional SS width, tss is the
SS sheet thickness (0.5 mm thick SS sheets are
used) and Ass is the effective cross sectional
area of the SS sheets for RSS calculation.

For the region outside the slit, it is quite
difficult to accurately calculate the path length
taken by eddy currents. This path length can
be approximated by arc from one side to other
as shown in Figure 12. Moreover, the analytical
model was verified in FEM an iteratively, a
correction factor was used to match closely the
value of RSS from analytical calculations with
the FEM based results. A closed form em-
pirical result for R2 is obtained as in Equation 8:


l2 = 1.5 · (ww + tc)

R2 =
l2

σss Ass

(8)

Finally R3 & hence RSS can be calculated as in
Equation 9:

{
R3 = 2 · (R1 +R2)

RSS = N2
t ·R3

(9)

The analytic model developed to calculate SS
resistance however calculates the DC resistance
and frequency dependent effects are neglected.

Frequency dependent AC winding resis-
tance modeling

The conduction losses in the winding of OFC-
WPT are modelled as equivalent winding
resistance. The DC resistance of the windings
can be straightforward calculated from the
geometrical dimensions and winding material
properties (Cu) as:

Rw0,DC =
lCu

σCu Aw
(10)

where Rw0,DC is the single turn DC winding re-
sistance, σCu is the conductivity of the copper,
lCu = 2(2ww + 2lc + tc) is the effective copper
turn length, and Aw is the winding window area.

The total winding resistance for a Nt turn
winding can be obtained as:

Rw,DC = N2
t ·Rw0,DC (11)

However, for accurate calculation of Cu-losses,
the high frequency effects needs to be consid-
ered. The two main HF effects namely: Skin &
Proximity effects needs to be modelled to get
the total AC losses. Thus, the AC resistance of
the winding can be split into two components:
Rw,AC−skin & Rw,AC−proximity. The calculation
method of these are well established in the
literature and in this thesis, one such method is
used as described in [2] is used:


Rw,AC−skin = Rw,DC · 2FR

Rw,AC−prox = Rw,DC · 2GR ·
(
Hext,RMS

IRMS

)2

Rw,AC = Rw,AC−skin +Rw,AC−prox

(12)

The constants FR & GR depends mainly on ge-
ometrical parameters of winding and frequency
and can be evaluated easily from the closed
form expressions. The main issue in calculating
proximity effect comes to calculate the H-field
distribution in the winding. The contribution
of skin and proximity effect for each winding
turn needs to be calculated individually and all
the contributions needs to be added finally to
get the final AC resistance. For this, the H-
field at each winding turn needs to be evaluated.

In FEM method, the H-field inside the volume
of winding can be exported and interpolated at
the centers of wires to calculate contribution
towards proximity effect for each turn.
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In analytical method, the winding turns are
assumed to be arranged in a rectangular fash-
ion as shown in Figure 13 and 1A current is
assumed to be flowing. Amperé’s Law can be
used to calculate the H-field. Since the primary
and secondary windings are not on the same
core, the Amperé’s law is used in two directions
and H-field is calculated for each layer. The
individual contribution of the H-field for each
turn is vectorially added so we can evaluate the
AC proximity resistance.

.

.

.

(Nz,Ny)(Nz,1)

(1,Ny)..

Core

Windings

z

y

Amperian
 Loops

Ny layers

Nz layers

Hy

Hz

ww

hw

x

(1,1)

Figure 13: Analytical method of calculating H-
field

For each layer in z and y direction, we can
apply Apmperé’s law. The H-field inside the
magnetic material is zero and thus H-field exists
only in the region of winding. Thus, H-filed in
as z and y can be calculated as:


(Hy)ny =

Nt · Irms

ww
· ny

Ny

(Hz)nz =
Nt · Irms

hw
· nz

Nz

(13)

where nz is the layer number in z-direction, and
it takes the values from {1 to Nz}, ny is the
layer number in y-direction, and it takes the
values from {1 to Ny}. For each conductor at
position (nz, ny), the H-filed can be calculated
as:

Hzy =
√
H2

z +H2
y (14)

Geometrical Optimization
The main aim for optimization is to find the
best parameters which would give the most op-

timum performance. This thesis mainly focuses
on the geometry optimization of OFC-WPT
to achieve best efficiencies. However, as we
have seen previously that there are two many
parameters involved, it is very difficult to in-
terpret the pareto results. Thus, boxed volume
optimization approach is used. Figure 14 shows
the concept of boxed volume optimization.

l box

w
box

hbox

Vbox = hbox 
. lbox

. wbox

Vbox =

l' box

w'box

h'box

V'box= h'box 
. l'box

. w'box

V'box

Figure 14: Box Optimization: The boxed vol-
ume of inductor is constant, while other geomet-
rical parameters are varied.

The overall boxed volume of the inductor (in-
cluding core and winding) is kept constant and
the other geometrical parameters are varied. In
addition to keeping the box volume constant,
the output power and input voltage is also
kept constant. Thus the module is optimized
for constant 50W output power at fixed 60V
input voltage. The optimization variables are
therefore:

• Operational parameters: fsw, RLoad

• Constructional parameters: Nt

• Geometrical Parameters
(lc, wc, tc, hc, gps, . . .)

For the purpose of optimization, the analytical
approach is used. To keep the power constant at
50W, the load resistance needs to be calculated
according to the circuit parameters. Once
model parameters are calculated, the network
is simplified to a Thevenin’s Equivalent and for
a constant 50W, the load resistance RLoad is
calculated. Some optimization contraints are
kept to filter out the invalid design. These are:

• Peak Flux density inside the core ≤ 0.3 T
(typical value for ferrite cores)

• Wire diameter ≤ 1 mm (for easy winding
on coil former)

Since the volume and output power are kept
constant, the power density is therfore constant.
Therefore, the η − ρ pareto plot would be just

8



Executive summary Devpriy Yadav

a straight line. Therefore, it is not a very
convinient way to interpret the optimization
results. Thus, the optimization results are
plotted on a parallel-coordinate plot as shown
in Figure 15 & 16. The base design is added
along with all the other valid design in Figure 15
for comparison with the base design. Figure 16
shows all the valid design without the base
designs.

Figure 15: Parallel coordinate plot with base
design included. The base design is highlighted
in black, while chosen design is highlighted in
orange. Designs not meeting filtering criteria are
greyed out

Figure 16: Parallel coordinate plot without base
design included. The chosen design is high-
lighted in Blue. The invalid designs are greyed
out.

4. Hardware Implementation
and Results

Based on optimization results, we chose the
highest efficiency design. The optimized design
geometry with optimized geometrical dimen-
sions is shown in Figure 17. The module is
expected to operate of 78.9% efficiency. The
analytical calculations of the module are verified
by modelling it in FEM environment.

To realize the optimized design module, a cus-
tom made ferrite E-core was required. However,
it was quite expensive to manufacture, hence

56
.7
0

33.80

8.60

(a)

14.80 4.20

6.30

(b)

Figure 17: Physical dimensions of the optimized
design:: (b): 3D view, (b): Cross-sectional
view. (All dimensions are in mm).

the model was realized with small ferrite I-cores
as building blocks.

The main E-core is assembled on a 3D-printed
structure and the I-core are glued together to
make the main E-core structure except the
central limb. The central limb is inserted in the
coild former and the winding and coil former
is inserted in E-core structure to complete the
E-core module.

The pole shoes are glued to the bottom of coil
former to complete the assembly.

8.70
12.

84
1.1

5

PLT13/9/1-3C95 Core

61.5
0

33.90

2.3
E-core outer stuctureSupport

Structure

8.80
Coil Former

Middle Limb 
of E-core

(a) (b)

(c) (d)

Figure 18: Actual assembly of OFC-WPT:: (a):
I-core, (b): Outer structure of E-core glued on
a 3D printed support structure, (c): Winding
wound on a 3D printed coil former and middle
limb of E-core inserted in the slot, (d): Coil
shown in (c) is inserted in the E-structure shown
in (b). Finally pole shoes are glued to the bot-
tom of coil former to complete the assembly. (All
dimensions are in mm)

The WPT module is to be supplied by a Power
Electronic converter system. Most common
topology used for IPT applications is isolated
DC-DC converters [3], Figure 19 shows the
topology of a typical isolated DC-DC converter
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system applied to IPT systems. The primary
side is supplied through a 1 − ϕ inverter while
the receiving side is a diode bridge.

The Primary side converter was realized using
two Half bridges in H-bridge configurations.
Existing MALTA board was used to realize
the converter system. TI F28069M board was
utilized to generate the PWM signals. Figure 20
shows the realized converter on PCB.

Figure 19: PE-converter topology for WPT ap-
plications [3]

Auxiliary
Supply
(5V)

GaN MOSFETS

with integrated gate

drivers used in 

H-bridge configuration

Input capacitors

DC
Input

AC
Output

PWM 
Control signals

Ti F28069M for PWM
generation

Figure 20: PE-converter for OFC-WPT

The WPT module realized is tested to ob-
serve the performance. Figure 21 shows the
Impedance data obtained from a SC and
OC measurement made on the realized WPT
module:

Figure 21: SC and OC measurement from
Impedance Analyzer

Based on the Obtained SC and OC data,
we can calculate the parameters. The plots

of calculated parameters are shown in Figure 22:

Figure 22: Circuit parameters of OFC-WPT
module calculated from Impedance Analyzer
measurement.

Based on the circuit parameters calculated from
Impedance measurements, the performance of
the OFC-WPT was evaluated. The performance
trend can be sen in Figure 23. It can be seen
that the efficiency of the module has increased
from 72 % upto 84%.

Figure 23: Efficiency and Loss plots for the
OFC-WPT measurement data. The model has
achieved an efficiency of ≈ 84 % while reducing
the losses in SS as well as copper.

5. Conclusions
The effect of different geometrical parameter was
observed on the circuit parameters, such as on
SS resistance (RSS), winding resistance (Rw),
Leakage and Mutual inductances (Lσ & M),
and on performance parameters such as Nt, fsw,
power losses, coupling factors etc. These obser-
vations were used to further refine the course of
optimization.
The optimization resulted in a OFC-WPT
module giving us ≈ 84% efficiency for same
volume and input voltage. The optimized
geometrical parameters allowed us to increase
the RSS from 155 Ω in base design to 635 Ω
and hence reducing PSS to 3W, reduce Rw

from 2 Ω to 1.6 Ω hence reducing PCu to 6W
and reducing total losses to 9W. The optimized
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desgin is also operated at higher frequencies
and with lower core cross sectional area, hence
operating it near the knee on magnetic curve,
thus utilizing the magnetic material better.

Finally the optimized design was developed in
hardware and the results were verified by testing
and measurements.
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