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Autonomous Inductive Power Transfer System With
Quasi Constant Power Output Against Coupling
and Load Variations

Aoyang Laurence Li
Saidul Alam Chowdhury

Abstract—The output power of an inductive power transfer
(IPT) system may fluctuate with magnetic coupling and load vari-
ations. Traditional methods of achieving constant output power
require dedicated power regulation by complex feedback control
based on communication between the power transmitter (Tx)
and receiver (Rx). This article presents a communication free
autonomous voltage-fed inverter (AVFI) for a series—series com-
pensated IPT system to achieve a constant wireless power output
against magnetic coupling and load variations. A synchronized gate
control method is proposed by following the zero crossings of the
induced voltage of the Tx current. A thorough theoretical study
is conducted to analyze the steady-state operation of the system.
A 65 W prototype is built, and the experimental results show that
the proposed AVFI system can deliver quasi constant power with
a maximum 10 % fluctuation when the coupling coefficient and the
load are varied from 0.2 to 0.6 and 14 to 26 €2, respectively.

Index Terms—Autonomous inverter, constant power (CP),
inductive power transfer (IPT).

1. INTRODUCTION

NDUCTIVE power transfer (IPT) systems offer several ad-
I vantages over equivalent conventional direct electrical con-
tact systems [1], [2]. Due to the nature of IPT applications, a
battery inside the receiving device is usually the load. Tradi-
tionally, battery charging involves a constant current (CC) stage
followed by a constant voltage stage [3]. However, replacing the
CC stage with a constant power (CP) stage can improve charg-
ing speed and battery health [4], ultimately minimizing charge
time as it utilizes the maximum power transfer capacity of the
charger [5].

CP delivery is utilized in applications such as battery chargers
[6], [7], drones [8], [9]. However, it is very difficult to maintain
CP because the magnetic field coupling and load variations of
an IPT system have significant effects. Solutions have been pro-
posed to counter these challenges based on control algorithms,
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power estimation, and Tx—Rx communication to maintain CP.
From the literature, IPT systems that achieve CP are generally
categorized into the following three types:

1) both primary and secondary side control;

2) secondary side control;

3) primary side control.

Both primary and secondary side control work together to
achieve CP in [10]. Specifically, CP is achieved by controlling
the conduction angle of the inverter and active rectifier, coordi-
nated through RF wireless communication to adjust the phase
shift angle. While effective, this approach requires communica-
tion modules, which add components and pose risks in case of
communication failure. In [11], an LCC-LCC topology with a
switch-controlled capacitor (SCC) on both the primary and sec-
ondary achieves CP without wireless communication. However,
the work in [11] requires additional capacitors, switches and
complex control, increasing system size, cost and power loss.

Secondary side control involves adjusting parameters on the
receiver side, such as the load impedance, rectifier settings, or
additional reactive components to regulate the power drawn
from the primary side. The constant output power is achieved
in [12] and [13] by controlling an SCC and semi-active rectifier
to manipulate the impedance of the receiver side. In [14], an
LCC-S topology uses only a semi-active rectifier with pulse-
density-modulation control. However, the main drawback of
[12],[13], [14]is that they require additional circuit components,
increasing the size and weight of the receiving device. Moreover,
they need complex PI control to adjust the output power. In
addition, the method in [13], requires wireless communication
as the controller on the secondary side requires primary side
current information.

Primary side control includes methods based on parameter
estimations using primary side information [15], [16], [17],
[18], [19] and parity-time (PT) [8], [9], [20], [21], [22], [23].
The methods in [15], [16], [17], [18], and [19] are capable of
estimating output power. However, achieving power regulation
often necessitates additional components, primarily a dc—dc
converter, which can impact system size and cost. In [15], a
complex estimation algorithm is required, while paper [16] em-
ploys offline estimation. In [17], mutual inductance and load are
determined using an adaptive differential evolution algorithm,
and in [18], a pulse density modulation inverter generates and
utilizes the inter-harmonics for estimation. However, for papers
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TABLE I
COMPARISON BETWEEN THE PROPOSED AND EXISTING METHODS
Reference Method Additional Power TX_BX . Control Requirement Increase Rx Size
Components Communication
[10] Yes Complex control algorithm
Active rectifier No
[14]
[11] 2 capacitors, 4 switches No Yes
[12] SCC + Active rectifier
1 capacitor, 2 switches
[13] Yes Complex PI
[15], [16], [17], o
Parameter estimation
[18], [19] 1 de-de converter
[22] No No
Parity-time
[23] Phase shift inverter
This article Proposed AVFI No No
[17] and [18], the computation time for each estimation is long. Lot
In [19], mutual inductance and load are estimated by adding
an SCC to the primary side. However, this method requires Si | & S2|re M Dig D>x
.. . . . . . ' [ G is Cs
switching the capacitors for each estimation, which disrupts y Py |
de ! *
power transfer. . L e Lp; E Ly v} Com Rl Vou
The methods proposed in [8], [9], [20], [21], [22], and [23] T = =
achieve CP based on PT symmetry-based systems. They utilize a Sl & Sty P * Dix Dik
negative resistance element on the primary side to self-adjust the
]

operating frequency. In [8], [9], [20], and [21], CP is achieved at
the output of the IPT system across a range of distances, but the
variation of load resistance is not considered. Although the load
resistance change is addressed in [22] and [23]. The drawback of
[22] is that it requires a front-end dc—dc converter and complex
PI control to regulate the output power. In [23], a phase-shifted
inverter is used to control the output power. However, switching
losses occur in a phase-shifted inverter as the load and coupling
change. Additionally, [23] relies on complex PI-based control
and uses a large receiver coil (520 pH), which is impractical
for certain applications. While the methods in [9], [10], [11],
[12], [13], [14], [15], [16], [17], [18], [19], [20], [21], [22], and
[23] present their own challenges, the self-oscillating inverters
proposed in the literature [24], [25], [26] also face limitations,
as they do not achieve CP against coupling and load variations.
Table I compares the existing works that deliver CP against both
coupling and load variations with the proposed.

This article proposes a simple SS compensated IPT system
with an autonomous voltage-fed inverter (AVFI) that delivers
quasi CP against coupling and load variations, by switching the
inverter at the zero-crossing of the induced voltage from the
transmitter (Tx) current, which aligns with the peak of the Tx
current. The advantages and contributions of the proposed AVFI
system in this article are summarized as follows.

1) The IPT system with the proposed AVFI achieves CP
against coupling and load variations at fixed dc input
voltage, thus de—dc converter or control algorithm is not
required, unlike [10], [12], [13], [14], [15], [16], [17], [18],
[19] and [22], [23].

2) The proposed AVFI method does not need additional
power components, unlike [11], [12], [13] and [15], [16],

VSI—SA >
' | YDriverl« Zero-crossing n,
Comparator
Fig. 1. Schematic of the proposed AVFI system.

[17], [18], [19], [20], [21], [22], [23]. Therefore, the IPT
system size, power loss and cost are kept low.

3) The proposed AVFI IPT system does not require commu-
nication between the primary and secondary sides, unlike
[10] and [13], thus improving robustness by avoiding
issues associated with communication.

II. PROPOSED SYSTEM MODELLING AND ANALYSIS

The proposed AVFI IPT system to achieve CP is shown in
Fig. 1. This work utilizes a full bridge inverter with switches
S1-S4 on the primary side, converting the input dc voltage
V4. into an ac square wave v,. On the secondary side, a full
bridge diode rectifier D;—D, produces the dc output voltage Vo4
with output current /. The primary and secondary coils have
self-inductances L, and L, with equivalent series resistance Ry,
and Ry, respectively. The mutual inductance between L, and
Ly is denoted as M. The coupling coefficient k is a function of
Mas k=M /\/L,Ls. The Cp, and C; are the compensation
capacitors for L, and Ls. The primary and secondary currents
flowing through L, and Ly are represented by i, and is. C, is
the output filter capacitor, and Ry, is the load resistance. The
equivalent circuit is shown in Fig. 2(a), where Req = 8Ry,/ w2
represents the equivalent load resistance.

The proposed AVFI operates the full bridge inverter using
a 50% duty cycle signal synchronized with the zero-crossing
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Fig. 2. Proposed AVFI IPT system. (a) Equivalent circuit. (b) Operating
waveforms showing inverter voltage v, and primary current ip,, at steady state.

of the induced voltage of the Tx current. This principle results
in autonomous adjustment of the operating frequency such that
quasi CP is achieved against coupling and load variations. Time
domain and Laplace domain methods are employed to analyze
the transient behavior of the system, while frequency domain
analysis focuses on its steady-state operation.

A. Analysis of Steady-State Operating Frequency for the
Proposed AVFI

The proposed AVFI operates by switching at the zero-crossing
of the induced voltage from the Tx current, which aligns with
the peak of the primary current i, as shown in Fig. 2(b). This
principle is used to determine the proposed system steady-state
operating frequency. The relationship arises from the fact that
the voltage across an inductor in the time domain acts as a
differentiator, which means the voltage becomes zero when the
current reaches its peak, as expressed

di(t)

The time it takes to reach the peak of the primary current
depends on the system parameters and initial conditions, which
inherently determines the steady-state operating frequency of
the proposed AVFI. A detailed analysis of the transient period
is required to determine the steady-state operating frequency,
with particular attention to the dynamic behavior of the inverter
during each switching cycle. Fig. 3 outlines the procedure to
identify the steady-state system operating frequency.

First, apply Kirchhoff’s voltage law to the equivalent circuit
in Fig. 2(a), and then take the time domain response

Bip(1) : ! / : dis (t)
t) =Ly == + Roip(t) + & t)dt+ M
vp(t) P pip (1) A ip(t) :
(2)
a0 : L[, di (t
L Zdi ) (Rt R int) + a/zs(t) Y Zgi ) _,
(3)

where (2) is the primary circuit and (3) is the secondary cir-
cuit in the time domain. Next, convert to the Laplace domain
considering the initial conditions and a step input

Ve
s

Vo () = (Lps + R, + 1) I,(s) + MsIy(s)

Cps

VCp,O
S

— Lyl — Mo+ 4)
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Given system parameters
and initial conditions

v
Determine /,(s) and /(s) by
(6) and (7)
v
Apply inverse Laplace
transform to Z,(s) and /(s) to
get 1,(t) and 1)

A 4

Alternate £V, for the next
switching cycle
7'}

Use /,(t) to identify the time
tpeak
v
Note the value of /,(¢) and
Update the values for initial 1) at teak
conditions of 1,9, Lo, Vep, v
Veeo in (6) and (7) At te 4 note the value of the
7} primary and secondary
capacitor voltage using (8)

Is t,. same as the last
switching cycle?

Find fusing f= 1/T
as tyea = 1/0.5T

End

Fig. 3. Steady-state system operating frequency fidentification procedure.

0 =g ®)

where (4) is the primary circuit and (5) is the secondary circuit in
the Laplace domain, I}, o and I o are the initial current through
the primary inductor L, and secondary inductor Lg, respectively,
and Vcp 0 and Vg o are the initial voltage across the primary
capacitor C}, and secondary capacitor Cs, respectively. The
output of an inverter is a square wave, and for a full-bridge
inverter, the magnitude is equal to the inverter input dc voltage
Ve A square wave in the Laplace domain can be analyzed
as a step input V(s) = £V4./s that cycles between positive and
negative magnitude.

Combing and rearranging (4) and (5) an expression for current
I,,(s) and I(s) can be obtained

Ip(s) =
Vi Vo Cy M s (Is,0 L s—Veso+Ipo M s)
B C§0 +lp,0 Lp+1s0 M — CSL .92()+CSS(RSC+OReq)ps(ji-1 :
1 C.M? 53
By +Lps+ g5 — ool 6o (RoA Ry o1
(6)
Veso
€20 JooLs— IyoM + I,(s)Ms
IS(S) _ s 5,048 p,0 P( ) ) (7)

(Rs + Req) + Lss + &

Next, the inverse Laplace transform is applied to (6) and (7)
to obtain the time domain expressions. Mathematical tools such
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Fig. 4.
switching cycle. (e) Fourth switching cycle. (f) Fifth switching cycle.

as MATLAB or Mathematica can be used to find a solution. Due
to the length and complexity of the time domain expression, a
general expression for i, (¢) and is(7) are given in the Appendix.

With the time domain equation for current i,,(f), identify and
record the time #,c,x When the first peak current occurs relative
to the instant when the inverter output voltage v, transitions
between positive and negative magnitudes. Next, note the value
of the current through the inductors L, and Lg at #,c,x Which
correspond to I}, o and I o as well as the corresponding voltage
across capacitors Cp, and Cs which correspond to V¢, 0 and
Ves,0- Below is the general Laplace domain equation for the
voltage across a capacitor

I(s) W
Vel(s) = < S 8
where I(s) is the current through the capacitor and Vj is the
initial voltage across the capacitor.

After analyzing the circuit response to a positive step input
and determining the voltage across the capacitors C}, and Cs and
the current through the inductors L, and L, update the initial
conditions in (6) and (7) for the next inverter switching cycle (a
negative step input) and reanalyze up to (7).

Fig. 4 illustrates individual switching cycle waveforms of
the proposed AVFI inverter. By analyzing each switching cycle
individually, where the step input alternates between positive
and negative magnitude, the steady-state operating frequency
is deduced by monitoring the time #cax. As the system enters
steady-state operation, the time #,.,x becomes constant. The

IEEE TRANSACTIONS ON POWER ELECTRONICS, VOL. 40, NO. 9, SEPTEMBER 2025

v,
Si R L

Individual switching cycle waveforms of the proposed AVFI inverter. (a) Prior to startup. (b) First switching cycle. (c) Second switching cycle. (d) Third

number of switching cycles the system requires before entering
steady-state depends on the circuit parameters. At steady-state,
the time the #;,c.x Occurs represents half a period 7. = 0.57.
Therefore, given the f,c.k, the operating frequency f = 1/T is
then calculated.

Using the parameters in Table II and the theoretical method
presented in this section, Fig. 5(a) shows the theoretical and
simulation results for the steady-state operating frequency, with
the simulations conducted using PSIM software. The results in-
dicate that the operating frequency varies with coupling and load
variations due to switching at peak primary current. The method
presented in this section effectively determines the steady-state
operating frequency of the proposed system.

B. Analysis of Steady-State Output Power

Using the method presented in Section II-A to find the steady-
state operating frequency, commonly used frequency domain
analysis for an SS IPT system is then employed to find the dc
output voltage, current, and output power at steady-state. Using
the equivalent circuit shown in Fig. 2(a), the dc output current I
and voltage V; is derived as follows

Ioul =
22w MV, )
7/ [Ro (Ret Reg)~ Xp Xat (M) "+ [Xo Ry X (Rt Reg))?
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Vous- (¢) Output power and efficiency.

%ut =
TwMV}, Reg

2V2\/[ Ry (Rot Reg) =X X (M) P+ Xo By + Xp (Rot-Reg)*
(10

From (9) and (10), the output power Py, can be deduced

Pout —
(WM)?*Vi2Req
2
[Rp (RotReg) —XpXSnL(wM)Z} X Ry + X (Rot-Reg))?
(11)
where
_ 1 _ 1
Xp = wly — o Xy = wly — oo (12)
M = LoLs
w = 2nf

Additionally, ac—ac efficiency of the equivalent circuit shown
in Fig. 2(a), it is expressed as follows [27]

(wWM)?Req
R, [(RS + Reg)” + X 2| + (wWM)? (Rs + Reg)

n= . (13)

From (11), the output power expression includes the load
resistance, mutual inductance and angular frequency. However,
as analyzed in Section II-A, the operating frequency varies
with magnetic coupling and load variations, so (11) is not a
full closed form expression. Using the parameters in Table II
and the steady-state operating frequency results from Fig. 5(a),
the output current I, and voltage V4, are calculated using (9)
and (10) presented in Fig. 5(b), and the output power P,; and
efficiency, calculated using (11) and (13) are shown in Fig. 5(c).
The results show that the output current of the proposed system
decreases with the increase of the output voltage, leading to a
quasi constant output power.

Theoretical and simulation results at different coupling coefficient and load. (a) Steady-state operating frequency. (b) Output current /o, and voltage

k=0.2 k=0.4 k=0.6
Theory
Simulation [m] o A
10 0.8
<8r L 06}
~
~5 6 )
] % 0.4
) o 4o S
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Load Ry, (Q) Load Ry, (Q)
(a) (b)
120
§100 -
< 80
< =g
g 60°F
2
£ 40t
20 1 1 1 1 1
14 16 18 20 22 24 26
Load Ry (QO)
()
Fig. 6. Theoretical and simulation results of the system at different coupling

coefficient and load. (a) Current I},. (b) Cosine of phase. (c) Power Pjy,.

C. Alternative Analysis of Steady-State Output Power

To explain why the system output power is kept approximately
constant against the load and coupling variations, the following
input power equation is used to analyze the general power flow:

Py =V, I, cos () (14)

where V, and I, are the fundamental RMS voltage and current
at the input of Tx, and 6 is the phase angle between them. The
fundamental input voltage V,, is constant with a given dc input
voltage to the proposed system. The phase angle 6 is derived
from the input impedance, and for the equivalent circuit in
Fig. 2(a), it is expressed as follows [28]

X‘
f =tan ' =2
an (Rin)

15)
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where
(wM)?
Rin =R, + R;+R (16)
p<&+&ﬁ+&“3 o
wM)?
Xin=X, — ( ) (Xs) . (17)

(Rs + Req)” + X,

Additionally, the primary side RMS current [}, can be found
using

|8

ILy=———. 18
P |Rin+inn| ( )

The changes in I, and cos(¢) are examined from theoreti-
cal and simulation results shown in Fig. 6(a) and (b), which
demonstrate the compensating effect against the coupling and
load variations for maintaining approximate power in Fig. 6(c).

Based on the analysis of the dynamic behavior of the system,
a brief qualitative explanation is as follows. When the coupling
coefficient increases, it results in reduced I}, and 6 as the inverter
switches at lower peak current instants because the reflected
impedance Zo¢ = (wM)?/(Z) increases. The switching fre-
quency also increases due to earlier switching. As a result, the
increase in the coupling coefficient causes /,, to decrease and
cos(0) to increase, generating a compensating effect. It can be
shown that a change in load has a similar effect to maintain the
input power to be approximately constant. As shown in Fig. 5(c),
efficiency variation range of the proposed system is relatively
small, so an approximate constant input power indicates an
approximate CP flow to the load.

III. PRACTICAL DESIGN

This article implements the proposed AVFI system with con-
stant power (CP) as an alternative to the conventional constant
current (CC) stage, which covers most of the charging process in
terms of the state of charge of a battery. CP can enhance charging
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TABLE II
KEY EXPERIMENTAL SETUP PARAMETERS

Symbol Parameter Value
Ve DC source voltage 60V
f Inverter frequency 100~200 kHz
k Coupling coefficient 0.2-0.6
R, Load resistance 14-26 Q
L, Primary coil inductance 4133 uH
L, Secondary coil inductance 41.32 uH
C, Primary resonant capacitor 61.54 nF
Cy Secondary resonant capacitor 61.63 nF
R, Primary coil ESR 0.11Q
Ry Secondary coil ESR 0.11Q
Vaom Nominal output voltage 36V
Poom Nominal output power 65 W
Knom Nominal coupling coefficient 0.4
Ruom Nominal load resistance 20Q

speed and battery health [4] by maximizing the power transfer
capability of the charger, thus reducing the overall charging
duration [5]. The proposed AVFI IPT system is designed for
a nominal 65 W output to charge a 36 V lithium-ion battery.

The system parameters in Table II fall within the <200 W
power class and the 90-205 kHz frequency band, complying
with the European Telecommunications Standards Institute stan-
dard [29], whose applications include robots and drones. The
coil inductance values align with those reported in the literature
for similar applications [15], [30], [31].

A. Nominal Operating Point

The implemented system is designed to deliver 65 Wtoa36 V
nominal lithium-ion battery. Lithium-ion batteries can exhibit a
voltage variation of +15% around the nominal value due to fac-
tors such as state of charge, temperature, and charge/discharge
rate, resulting in a voltage range of approximately 30 to 42 V
[32]. At 65 W, this corresponds to an equivalent resistive load
of about 14 to 26 €. For a battery at 36 V nominal delivering 65
W, the equivalent resistive load is 20 €2, which has been selected
as the nominal load. A nominal coupling coefficient of 0.4 is
chosen as it represents the midpoint of the 0.2 to 0.6 range, which
aligns with the Qi standard [33]. Practically, the coupling and
load variations may exceed the intended design specifications.
Therefore, a robustness assessment of the proposed AVFI is
provided in the Appendix.

B. Sensing Circuit

As discussed in Section II, the proposed AVFI operates by
switching at the zero-crossing of the induced voltage from the Tx
current, which aligns with the peak of the primary current i;,. The
specific implementation of the detection hardware is shown in
Fig. 7, along with the relevant waveforms. A ferrite toroid (Fair-
Rite 61) is used, with the primary coil passing through the center
of the toroid, while the sensing coil consists of four turns wound
on the toroid. The induced voltage across the sensing coil is then
fed into a zero-crossing comparator (TLV3501) whose output
signal is connected to a gate driver (SI82394) to generate the gate
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Fig. 8. Experimental setup of the proposed system.
== /=0.2 (prop) = W= £=0.2 (conv)
w=@===0.4 (prop) = @ = k=0.4 (conv)
e =0.6 (prop) == o = £=0.6 (conv)
250
< 200
2
g 150
o
~
s 100
&
=
© 50
Load Ry, (Q)
(@)
100
=~ 95
<
Y
5 %
2
=
M85
80 1 1 1 1 1
14 16 18 20 22 24 26
Load Ry, (Q)
(b)
Fig. 9. Comparison of proposed against conventional system across a range

of load Ry, and k. (a) Output power. (b) System efficiency.

signals Vg1 > for the inverter. Due to the nature of inductors, in the
time domain, the voltage across the sensing coil is proportional
to the derivative of the primary current (vi, = Lxdi/dt). This
relationship ensures that the voltage becomes zero when the
primary current i, reaches its peak, thereby ensuring the inverter
switches at peak primary current.

IV. EXPERIMENTAL RESULTS

An experimental prototype has been built to verify the
proposed AVFI system, as shown in Fig. 8. The system

0'4 0. 1 W
(7%) (2%)
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(Pout =65 W, Ry, =20 Q, k= 0.4).

Power loss of the proposed system at the nominal operating point
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Fig. 1.
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Measured waveforms at nominal k of 0.4, when the load Ry, changes
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Fig. 12. Measured waveforms at nominal 20 €2 load, when the coupling

coefficient k changes from: (a) 0.4 to 0.2 and (b) 0.4 to 0.6.

parameters are presented in Table II. The primary and secondary
coils each have 26 turns, with an inner diameter of 25 mm
and an outer diameter of 121.5 mm. The Litz-wire used has
a total diameter of 1.5 mm and consists of 330 strands of
AWGH41. The full bridge inverter uses the gate driver (SI82394)
to drive the MOSFET (IPBO73N15N5ATMA1). Schottky diode
(MBR12UI100L) is used to form the full bridge rectifier. A
programmable dc electronic load (BK Precision 8602) is em-
ployed as an adjustable equivalent load Ry,. The battery pack
consists of ten lithium-ion cells (Samsung INR18650-25R) con-
nected in series, providing a nominal voltage of 36 V. Signal
waveforms and system performance are analyzed using an os-
cilloscope (Keysight MSOX3034T) with a differential voltage
probe (Keysight N2790A), a current probe (HIOKI 3276) and a
multimeter (Keysight 34465A).

A. Output Power and Efficiency

Fig. 9 compares the output power and dc—dc efficiency of
the proposed and conventional systems, with the latter included
to highlight the performance of the proposed system. The only
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Fig. 13.  Measured steady-state waveforms of the proposed AVFI with a resistive load at various coupling coefficient k and load Ry, conditions.

differences between the two systems are the operating frequency
and the dc input voltage. In the conventional system, an external
function generator supplies a fixed 100 kHz gate signal to the
inverter, as both systems are tuned to a 100 kHz resonance
frequency, which falls under the Qi standard [33]. Because the
proposed system achieves CP at a fixed input dc voltage (Vq.),
both systems are operated at a fixed V. for fair comparison,
chosen to achieve a nominal operating point of 36 V and 65 W
output power, with a coupling coefficient of 0.4 at aload of 20 €2.
This results in Vg4, values of 60 V for the proposed system and
24 V for the conventional system. All other parameters follow
Table II.

Fig. 9(a) shows that the output power of the proposed AVFI
is near constant even when Ry, and k change, which matches the
theoretical explanation in Section II. The output power of the
proposed AVFI system at a nominal 20 €2 is 71, 65, and 64 W
for coupling coefficients of 0.2, 0.4, and 0.6, respectively. The
proposed AVFI system achieves quasi CP at the nominal 65 W,
with a 10.8% deviation at most. In contrast, the conventional
system shows output power values of 195, 65, and 32 W at
the same nominal load and coupling coefficients, revealing that
it does not achieve quasi CP and exhibits deviations of up to
267.7%.

Fig. 9(b) shows the efficiency comparison. The proposed
AVFI system exhibits efficiency comparable to that of the con-
ventional system. At a nominal 20 {2 load, the proposed system
achieves efficiencies of 88%, 92%, and 94% for coupling coef-
ficients of 0.2, 0.4, and 0.6, respectively, maintaining an overall
efficiency range of 87% to 95%. In comparison, the conventional
system achieves efficiencies of 87%, 91%, and 92% under the
same conditions, with an overall range of 85% to 93%. Fig. 10
depicts the power loss distribution of the proposed system at the
nominal operating point. (Poys = 65 W, R, =20 Q, k = 0.4).

B. Dynamic Response

Fig. 11 shows the dynamic response to a step load change at
a nominal coupling coefficient k of 0.4. In Fig. 11(a), the load
steps from 14 to 26 €2 causing voltage V,, to increase from 30.8
to 40.2 V, and the current I, to decrease from 2.2 to 1.5 A, with
aresponse time of 6 ms. Fig. 11(b) shows the load stepping from
26 to 14 (2, reversing these changes, again taking 6 ms.

Fig. 12 shows the dynamic response to changes in coupling k
at anominal load of 20 2. In Fig. 12(a), the coupling k decreases
from 0.4 to 0.2, causing the voltage Vo, to change from 36.5
to 37.7 V, and the current I, changes from 1.82 to 1.88 A,
with a dynamic response of 60 ms. In Fig. 12(b), the coupling k
increases from 0.4 to 0.6. The voltage V,; changes from 36.5
to 36.2 V, and the current /,,,+ changes from 1.82 to 1.80 A, with
a dynamic response of 60 ms.

C. Steady-State Waveforms and Zero Voltage Switching

Fig. 13 illustrates the inverter output voltage v,,, the primary
current i, of the proposed AVFI, and the output power Pgy¢
and voltage V,, of the resistive load under various coupling
coefficients and load conditions. As shown in Fig. 13, the AVFI
automatically adjusts its operating frequency, which also results
in varying current i;, magnitude and phase between the inverter
voltage v, and current i, to achieve quasi constant output power.
This behavior matches the theoretical analysis in Section II,
confirming the self-regulating mechanism of the AVFI.

Furthermore, Fig. 13 shows that the voltage v}, leads the pri-
mary current i;,, demonstrating that the impedance of the inverter
is inductive. This inductive behavior causes the current through
the switch to initially flow negatively, discharging the parasitic
output capacitance and enabling zero-voltage switching in the
full-bridge inverter [34].

D. Performance With a Battery Load

To evaluate the performance of the proposed AVFI on charg-
ing a battery directly, the dc electronic load is replaced with
a nominal 36 V lithium-ion battery pack. Fig. 14 shows the
steady-state waveforms of the inverter output voltage v, and
primary current i,,, along with the output power and battery volt-
age under different coupling coefficients and load conditions.
At the nominal output of 65 W, the equivalent resistive load
corresponds to about 14, 20, and 26 €2 for battery voltages of 30,
36, and 42 V, respectively. These operating points demonstrate
consistency between the waveforms in Figs. 13 and 14.

Fig. 15 presents the battery charging power and voltage over
time under different coupling coefficients. In this experiment,
charging starts at 30 V and ends when the battery voltage reaches
42 V. The proposed AVFI system achieving quasi CP serves as
an alternative to the conventional CC stage.
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Fig. 14. Measured steady-state waveforms of the proposed AVFI with a battery load at various coupling coefficient k and voltage V¢ conditions.
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.g 50
This article proposed a communication free autonomous = 40
voltage-fed inverter (AVFI) IPT system capable of achieving = 30
quasi constant output power against magnetic coupling and 20
load variations. The proposed method eliminates the need for 10
additional dc—dc converters and complex control. Theoretical
analysis and experimental validation have been conducted to
validate the proposed system. Experimental results show that (b)
the proposed system delivers quasi constant output power when
Fig. 16. Characteristics of the proposed system against coupling coefficient k

the coupling coefficient varies from 0.2 to 0.6 and the load is
changed from 14 to 26 (). Furthermore, the proposed AVFI
achieves zero voltage switching operation.

APPENDIX

A. Derivation of Primary and Secondary Current
Time-Domain Expressions

The time domain expression under a step response for primary
current i, (f) and secondary current is(f) are obtained using math-
ematical tools such as MATLAB and Mathematica to perform
the inverse Laplace transform on (6) and (7), leading to expres-
sions (A1) and (A2) shown at the top of the next page. These
equations were used to analyze the steady-state operation of
the system, including the operating frequency, using the method
proposed in Section II-A. To simplify these expressions, a root

and load Ry,. (a) Output power. (b) Transfer efficiency.

term A; and a denominator term D (1) (A3) shown at the top
of the next page is defined consistently across all terms.

B. Output Power and Efficiency Under Extreme Conditions

Applying the method presented in Section II, the proposed
AVFI system is analyzed across a wider range of coupling and
load variations, as shown in Fig. 16. The system achieves quasi
CP within a centralized region. However, as the coupling and
load vary significantly, the output power deviates from being
quasi constant.
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