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ABSRACT: The single resonant inverter is widely
employed in typical inductive power transfer (IPT)
systems to generate a high-frequency current in the
primary side. However, the power capacity of a single
resonant inverter is limited by the constraints of power
electronic devices and the relevant cost. Consequently,
IPT systems fail to meet high-power application
requirements, such as those in rail applications. Total
harmonic distortion (THD) may also violate the standard
electromagnetic interference requirements with phase
shift control under light load conditions. A power
regulation approach with selective harmonic elimination
is proposed on the basis of a parallel multi-inverter to
upgrade the power levels of IPT systems and suppress
THD under light load conditions by changing the output
voltage pulse width and phase shift angle among parallel
multi-inverters. The validity of the proposed control
approach is verified by using a 1,412.3 W prototype
system, which achieves a maximum transfer efficiency of
90.602%. Output power levels can be dramatically
improved with the same semiconductor capacity, and
distortion can be effectively suppressed under various
load conditions.
Key words: Inductive power transfer (IPT), Parallel
multi-inverter, Power regulation, Selective harmonic
elimination

I. INTRODUCTION
Inductive power transfer (IPT) systems are employed
in many ultra-clean, ultra-dirty environments as a
power provider to transfer power from the primary
side to the secondary load side over a moderate airgap distance through magnetic coupling [1]-[9] on
the basis of specific application requirements. The
potential advantages of IPT systems include
immunity to ice, water, and other chemicals;
environmental friendliness; and zero maintenance
requirement. In addition, IPT systems have been
adopted in a number of applications, including in the
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wireless charging of biomedical implants [10],
mining applications [11], underwater power supply
[12], electric vehicles [13]-[20], and railway
applications [21],because of their ease of use,
environmental sustainability, and low lifecycle cost.
An IPT system is composed of a high-frequency AC
power supply, a resonance tank, magnetic structures
for inductive coupling, a pickup in the secondary
side, and a rectifier load.
The power supply produces an alternating electric
current in the primary coil, which in turn produces a
time-changing magnetic field. This variable magnetic
field induces an electric current (which produces a
magnetic field) in the secondary solenoid windings.
The induced AC and voltage are then rectified to a
direct current (DC) to recharge the battery and/or the
load.
Unlike consumer electronic devices, applications
such as electric vehicles and rail transit systems
require a large amount of power. The transferred
power capacity of single inverter-based IPT systems
[22]-[23] is restricted by the constraints of power
electronic devices, which may be unavailable in the
market or too expensive to pursue. To enhance the
capacity of the resonant inverter source, the use of
multiple inverters connected in parallel is proposed in
[24]-[27]. A parallel connected system for induction
heating based on a high-frequency inductorcapacitor-inductor (LCL) resonant inverter is
described in [24]. This system requires no additional
device for connecting inverters in parallel, and
flexible power levels can be achieved by choosing
the number of parallel inverters. A phase shift control
power regulation approach for multiple LLC resonant
inverters for induction heating is presented in [25] to
regulate the output power of paralleled inverters by
controlling the phases among them. A novel softswitching
high-frequency
resonant
inverter
comprising two half-bridges connected in parallel is
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controller of the IPT system to achieve control and
protection functions among others.
The two H-bridge inverters are separately powered
by two isolated DC supplies, and their AC outputs
are connected in parallel to provide transmitting
current in the primary coil compensated by a series
capacitor. An electronic load is employed as the
secondary load connected to the rectifier.
The experimental waveforms are measured and
displayed by using an Agilent MSO-X 4034A scope,
which allows built-in harmonic analysis. The
efficiency of the system is analyzed with a
YOKOGAW WT1800 power analyzer.

B. Experimental Results
To provide a clear comparison of different operating
conditions, we show in Fig. 11 the experimental
values of the output power, load consumption, and
transmission efficiency of the IPT system against the
output power.
The wide-ranging output power regulation can
evidently be achieved by changing the phase shift
angle and pulse width of the proposed approach and
by changing the pulse width of the single inverter
approach (Fig. 11). The output powers of the two
inverters are approximately the same (about half of
that of the single inverter approach) despite their
difference resulting from the presence of a phase shift
between them.
Consequently, a circulating current exists between
the two inverters and results in the occurrence of a
loss and a decrease in efficiency, as shown in Zones 1
and 2.

blue line (THD1) represents the THD value of the
single inverter approach, and the red line (THD2)
represents the THD value of the proposed algorithm.
The third-, fifth-, and seventh-order harmonics are
suppressed by the proposed algorithm in Zones 1 and
2 but not in Zone 3, as shown in Fig. 12(b) and (c).
Unlike the single inverter approach, the proposed
algorithm can dramatically suppress the third-order
harmonic of the experiment even with different DC
bus voltages, as shown in Fig. 13. The output power
of the experiment measured with the prototype is
provided in Fig. 14. The output power can be
continuously regulated from almost 0 W to 1,400 W
by changing the value of d L . The comparison of the
waveforms of the two approaches indicates that the
proposed approach dramatically suppresses the
harmonic and nearly eliminates the third-order
harmonic. The same result is obtained in the
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theoretical analysis. The overall efficiency of the
proposed approach is about 82.9%, as shown in
Fig. 15.
The waveforms of the current and voltage of the IPT
system, as well as the overall efficiency (90.602%),
under the maximum output power point (1,412.3 W)
are shown in Fig. 16. Other working points are shown
in Fig. 11.

power requirements. Moreover, the output of the
proposed approach involves a lower harmonic
distortion under light load conditions in comparison
with that of the single inverter approach. A protection
scheme is provided to improve the reliability of the
proposed system. The test results also show that the
output voltage can be maintained to the desired value
even in cases of faults, which are removed by the
protection device.
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