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Abstract: This paper presents a cascaded full-bridge resonant inverter configuration for different material vessel induction
cooking. The proposed inverter configuration features simultaneous heating of three different material vessels, and independent
power control. In this proposed work, three different induction heating loads are simultaneously operated at their respective
resonant frequencies. Vessels of iron, steel, and aluminium materials are used. The output powers are independently controlled
by an asymmetric duty cycle control. The proposed inverter is designed and hardware prototype has been implemented.
Experimental results are validated with simulation results.

1௑Introduction
The induction heating (IH) technology is growing progressively
with domestic, medical, and industrial applications [1–3].
Induction heating technologies have many advantages over
resistive heating, microwave ovens, flame heating, or furnaces.
Some of the benefits are cleanliness, fast heating, safety, and
efficient control.

In induction heating, a high frequency magnetic field is
produced around the object to be heated. It produces high
frequency eddy current into the object. If the material is
ferromagnetic, then both hysteresis loss and eddy current loss are
causing the heat generation. If the material is non-ferromagnetic,
then heat generation is based on eddy current loss only. Most of the
IH converter topologies are based on high-frequency resonant
inverter configurations.

In the literature, different inverter topologies have been
proposed for IH, such as single switch [4], half-bridge [5], and full-
bridge resonant inverters [6, 7]. In these inverter topologies
different power regulation schemes like, pulse-width modulation
[8], pulse-frequency modulation [9], asymmetric voltage
cancellation [10], asymmetric duty cycle control (ADC) [11], phase
shift control [12], and pulse-density modulation [13] are used. All
these power regulation schemes have their own merits and
demerits.

Nowadays, multiple-load induction cooking (IC) systems are
becoming more popular. The main requirements of this system are
reduced component count, improved conversion efficiency, and
independent power regulation of loads. In the past, some inverter
topologies have been proposed for multiple load induction heating.
In [14], a multi-output inverter configuration with variable
frequency control is proposed. Electromechanical switches are
used. An inverter topology with three legs is proposed in [15] for
powering two loads with one leg is common for both loads. In [16],
a multi-output inverter with independent on–off control is
proposed. In [17], a multiple load inverter with dual-frequency
operation is proposed. The ADC control technique is used for
independent power control of each load. In [18], a boost resonant
ac–ac converter is proposed for multiple-output. In [19], a matrix
converter is proposed for multiple-load IH systems. It has more
component count and complex control. Most of the proposed
multi-output IH inverter topologies are suffering from one or many
of the following limitations: the use of electro-mechanical
switches, several combinations of resonant capacitors obtained
through electro-mechanical switches, lack of independent power

control, lack of accuracy in independent control, complex control,
etc.

Most of the available multi-load IH configurations are suitable
for ferromagnetic materials only. However, non-ferromagnetic
vessels such as aluminium and copper cannot be used with the IC,
though they are having good thermal properties and are commonly
used in cooking applications. In the recent past, some inverter
configurations suitable for vessels made from ferro and non-ferro
magnetic materials, have been proposed. In [20, 21], a time-sharing
high frequency resonant inverter is proposed for all metal induction
heating applications. In [22, 23], double induction coil-based
inverter topologies are proposed. In [24], a modified half-bridge
topology with selective harmonic operation is proposed. In [25], a
series resonant, load adaptive control-based converter is proposed.
In all these inverter configurations, electro-mechanical switches are
used to select the resonant capacitor combinations or induction
coil, which is their major limitation.

In the literature, cascaded multi-level inverter topologies [26–
32] are proposed for different applications like photovoltaic, AC
power distribution and industrial applications. In these
configurations, cascaded bridges are operated at single frequency
to supply single load. Different modulation control techniques are
used for load power control. In [33–36], cascaded multi-level
inverter configurations have been proposed for induction heating
applications. In [33, 34], dual-frequency multilevel inverter
topology has been proposed with equal and unequal voltage
sources. In [35], a cascaded multi-level inverter topology has been
proposed for high-power induction heating application. These
cascaded inverter configurations have been proposed for the single
ferro magnetic induction heating loads [36], the cascaded inverter
topology has been proposed for an induction hardening application.
These proposed multi-level inverter configurations have their own
merits and demerits.

In this paper, a cascaded full-bridge resonant inverter
configuration, which is suitable for three different material vessels,
has been proposed. It can power multiple-loads of iron, steel, and
aluminium vessels. These three IH loads are simultaneously
operated at their respective resonant frequencies. The output power
of multiple loads is independently controlled by an asymmetric
duty cycle control. This configuration provides advantages of a
reduced component count, high efficiency, and independent
control. The block diagram of the proposed inverter configuration
is shown in (Fig. 1). The outputs of two full-bridge inverters are
cascaded and connected to three IH resonant loads. The first
inverter is operated at low and medium frequencies suitable for
iron and steel loads. The second inverter is operated at high
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frequency suitable for aluminium loads. The ADC control is used
for an output power control. Circuit operation, design,
implementation, and result analysis are presented in the following
sections.

This paper is organised as follows. In Section 2, proposed
circuit configuration and principle of operation are described.
Section 3 presents different modes of operation. Section 4
describes prototype implementation, simulation, and experimental
results. Analysis of results is presented in Section 5. Section 6
summarises this paper and concludes.

2௑Proposed cascaded converter configuration
2.1 Circuit configuration

The circuit diagram of the proposed multi-load inverter topology is
shown in (Fig. 2). This configuration consists of two full-bridge
inverters connected in a cascade. S1 to S4 are the four MOSFET
switches of the first inverter with body diodes D1 to D4 and snubber
capacitors CS1 to CS4, respectively. The first leg devices S1 and S2

are switched at low frequency, f l. The second leg devices S3 andS4

are switched at medium frequency, f m. S5 to S8 are the four

MOSFET switches of the second inverter with body diodes D5 to
D8 and snubber capacitors CS5 to CS8, respectively. These inverter
devices are switched at high frequency, f h. Lossless snubber
capacitors CS1–CS8 are connected across the switching devices S1–
S8, respectively, to provide ZVS operation. Vdc1 and Vdc2 are supply
voltages of the first and second inverters, respectively. Three
different IH resonant loads are connected across the output
terminals of cascaded inverters. The output voltage of cascaded
inverters is vo = v01+v02, where v01 and v02 are the output voltages of
the first and second inverters, respectively, io is the output current
of the cascaded inverter.

This induction cooking system consists of three burners, each
one suitable for iron, steel, and aluminium vessels, respectively.
L1l f  and R1l f  are, respectively, the equivalent inductance and
resistance of iron load at low frequency, f l. An external capacitor
C1r is connected in series to resonate this load at low resonant
frequency, f rl. L2m f  and R2m f  are, respectively, the equivalent
inductance and resistance of steel load at medium frequency, f m.
C2r is the external capacitor connected in series to resonate this
load at medium resonant frequency, f rm. L3h f , and R3h f  are,
respectively, the equivalent inductance and resistance of aluminium
load at high frequency, f h. An external capacitor C3r is connected
in series to resonate this load at high resonant frequency, f rh. il f ,
im f , and ih f  are the currents through iron, steel, and aluminium
resonant loads, respectively. The low, medium, and high switching
frequencies are selected as f l = 20 kHz, f m = 100 kHz, and
f h = 400 kHz, respectively. Switching pulses of the inverter
devices, corresponding output voltage vo and load currents il f , im f ,
and ih f  are shown in Fig. 3. io is the sum of low, medium, and high
frequency current components. 

2.2 Selection of switching frequencies

The induction cooking system needs a higher frequency AC supply
(≥20 kHz). Low frequency utility supply voltage (50 Hz) is
converted into higher frequency voltage and applied to a induction
cooker. This conversion stage consists of a bridge rectifier, filter
circuit and a high-frequency inverter. The heat generated in the
vessel concentrates in a peripheral layer at a skin depth (δ) of

Fig. 1௒ Block diagram of cascaded multi-load inverter for induction cooking
 

Fig. 2௒ Proposed cascaded multi-load inverter configuration
 

Fig. 3௒ Switching pulses, output voltage, and load currents
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δ =
ρ

πμ f s
(1)

where ρ is the electrical resistivity and μ is the magnetic
permeability of the vessel material, and f s is the switching
frequency of the inverter. Ferromagnetic materials have higher
values of permeability and resistivity. The equivalent circuit of
induction heating load may be considered as a series combination
of Leq and Req, where Leq is the equivalent inductance and Req is the
equivalent resistance, as referred to the IH coil side when the
vessel is kept on the cooker. These values depend on the material
of the vessel used are varying with a switching frequency.

In this paper, three vessels made of iron, steel, and aluminium
are considered. Iron is ferromagnetic material. Steel and aluminium
are non-ferromagnetic materials. The variation of Leq and Req of
these three different IH loads with an inverter switching frequency
is shown in Fig. 4. Fig. 4a shows the Leq and Req variation of iron
load with a frequency and Figs. 4b and c show the same for steel
and aluminium vessels. It is observed that iron load has higher
values of Leq and Req at around 20 kHz. Hence, the switching
frequency, f l of iron IH load is selected as 20 kHz. Steel and
aluminium loads are having less value of Leq and Req at this
frequency. Beyond 80 kHz, the equivalent resistance of steel load
increases above 2 Ω and similarly beyond 300 kHz equivalent
resistance of aluminium increases above 2 Ω. Hence by increasing
switching frequency, the equivalent resistance and thereby output
power may be increased. The switching frequency of steel IH load
is selected at a medium frequency of 100 kHz and that of
aluminium is selected at a high frequency of 400 kHz. External
capacitors are connected to IH loads to resonate the load at the
resonant frequency f r. To facilitate ZVS operation, f sdiv f r ratio
has to be selected closer to 1.1. Hence f rl, f rm, and f rh are selected

as 18.4, 98, and 395 kHz, respectively. The resonant capacitors are
selected based on the expressions for f rl, f rm and f rh, where

f rl =
1

2π L1l f C1r

, f rm =
1

2π L2m f C2r

and

f rh =
1

2π L3h f C3r

,

(2)

respectively.
The admittance characteristics of the three IH loads are shown

in Fig. 5. It shows that the iron, steel, and aluminium resonant
loads offer maximum admittance to low, medium, and high-
frequency currents, respectively.

2.3 Operating principle

The output voltage of the proposed cascaded inverter vo is the sum
of first and second inverter output voltages v01 and v02, respectively.
The first inverter is operated at low and medium frequencies. The
second inverter is operated at high frequency. Hence the cascaded
inverter output voltage vo is the combination of low, medium, and
high frequency voltage components, vol f , vom f , and voh f , as shown
in Fig. 3.

v0 = v01 + v02 = vol f + vom f + voh f (3)

Fig. 6a shows the equivalent circuit of inverter loads. Inverter
output current waveform and its FFT are also shown. It depicts io
as a combination of low, medium, and high frequency currents. The
behaviour of loads for the low frequency component of an output
voltage vol f  is shown in Fig. 6b. At low-frequency f l, the resonant
capacitors C2r and C3r offer very high reactance and act like an

Fig. 4௒ Variation of Req and Leq with frequency
(a) Iron load, (b) Steel load, (c) Aluminium load
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open circuit and hence the low frequency current component i1l f

does not flow through medium and high frequency loads. Now the
impedance of iron vessel resonant load can be expressed as

Z1l f = R1l f + j(XL1l f − XC1l f ) (4)

where XL1l f = 2π f lL1l f , Xc1l f =1/(2π f lC1r).
However, XL1l f ≃ XC1l f  and hence Z1l f ≃ R1l f . Thus, the iron

resonant load provides least resistance path for i1l f  and it flows
through the iron load. At medium frequency f m, the inductive
reactance of L1m f  and capacitive reactance of C3r are very high and
hence they behave like open circuits. At medium frequency, the
steel vessel resonant load impedance can be expressed as

Z2m f = R2m f + j(XL2m f − XC2m f ) (5)

where XL2m f =2π f mL2m f , and Xc2m f =1/(2π f mC2r)
However, XL2m f ≃ XC2r and hence Z2m f ≃ R2m f . Thus, the steel

resonant load provides least resistance path for im f  and it flows
through the steel load. At high frequency f h, the inductive
reactance of L1h f  and capacitive reactance of L2h f  are very high and
hence they behave like an open circuit. At high frequency, an
aluminium vessel resonant load impedance can be expressed as

Z3h f = R3h f + j(XL3h f − XC3h f ) (6)

where XL3h f =2π f hL3h f , and XC3h f =1/(2π f hC2r)
However, XL3h f ≃ XC3r and hence Z3h f ≃ R3h f . Thus, the

aluminium resonant load provides least resistance path for the high
frequency current component ih f . Hence high frequency current
flows through the aluminium load.

2.3.1 Output power control: The total output power of this multi-
load induction heating inverter configuration is expressed as

P0 = Pol + Pom + Poh (7)

where Pol = iron load output power =Il f
2

Rl f , Pom = steel load output
power =Im f

2
Rm f , and Poh = alluminium load output power =Ih f

2
Rh f ,

Il f , Im f  and Ih f  are RMS values of iron, steel, and aluminium load
currents. These output powers delivered to different vessel loads
are controlled independently using asymmetric duty cycle control.

Pol is controlled through ADC control in the first inverter low-
frequency leg devices. Pol can be expressed as

Pol =
2Vdc

2
cos

2
ϕl

π
2
R1l f

cos
2 αl

2
(8)

where ϕl = tan
−1

((XL1l f − XC1l f )/R1l f ), αl = control angle,
ϕl = phase angle.

At a fixed frequency, all parameters are constant except the
control angle αl. By varying this control angle, the low frequency
duty cycle and output power Pol are controlled. Similarly, the first
inverter medium-frequency leg (leg-2) devices are operated with
ADC. The output power Pom can be controlled by varying the
medium-frequency control angle αm. This output power Pom is
expressed as

Pom =
2Vdc

2
cos

2
ϕm

π
2
R2m f

cos
2 αm

2
(9)

where ϕm = tan
−1

((XL2m f − XC2m f )/R2m f ).
Switching pulses of the second inverter devices S5 and S8 are

always in phase and S6 and S7 are in phase. This inverter output is
also controlled by αh is the control angle. ϕh is the phase angle
between the fundamental components of vh f  and ih f . Poh can be
expressed as

Poh =
2Vdc

2
cos

2
ϕh

π
2
R3h f

cos
2 αh

2
(10)

where ϕh = tan
−1

((XL3h f − XC3h f )/R3h f ), Poh can be controlled by
varying the high frequency control angle αh. Thus, independent
control of the individual load currents and load powers is achieved
through ADC control.

3௑Modes of operation
With the equal source voltages, Vdc1 = Vdc2 = Vdc, the inverter
operation can be explained through eight different modes. When
low-frequency device S1 is ON, four operating modes are possible
depending on the switching states of medium and high frequency
devices. These modes are explained as below: 

Fig. 5௒ Admittance curves of different IH resonant loads
 

Fig. 6௒ Load equivalent circuit, load currents and FFT
(a) Operation with l f , m f , and h f  components, (b) Low frequency load equivalent circuit
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Mode-1: In this mode, switches S1, S4, S5, and S8 are in on-state. The
corresponding equivalent circuit is shown in Fig. 7a. Output
voltages of the first and second inverters are, respectively, V01 = Vdc

and V02 = Vdc. The output voltage across the loads (vo) is the sum of
V01 and V02.

vo = v01 + v02 = 2Vdc (11)

the instantaneous value of inverter load current

io(t) = il f (t) + im f (t) + ih f (t) (12)
Mode-2: In this mode, switches S1, S4, S6, and S7 are in on-state. The
corresponding equivalent circuit is shown in Fig. 7b. Output
voltages of the first and second inverters are, respectively, V01 = Vdc

and V02 = − Vdc. Output voltage across the loads is expressed as

vo = v01 + v02 = 0 (13)
Mode-3: In this mode, switches S1, S3, S5 and S8 are in on-state. The
corresponding equivalent circuit is shown in Fig. 7c. Output
voltages of the first and second inverters are, respectively, V01 = 0
and V02= Vdc. The output voltage across the loads is expressed as

vo = v01 + v02 = Vdc (14)
Mode-4: In this mode, switches S1, S3, S6 and S7 are in on-state. The
corresponding equivalent circuit is shown in Fig. 7d. Output
voltages of the first and second inverters are, respectively, V01 = 0
and V02 = − Vdc. The output voltage across the loads is expressed
as

vo = v01 + v02 = − Vdc (15)

When S2 is ON, more four operating modes are possible as
explained below:
Mode-5: In this mode, switches S2, S3, S6, and S7 are in on-state.
Output voltages of the first and second inverters are, respectively,
V01 = − Vdc and V02 = − Vdc. The output voltage across the loads
is expressed as

vo = v01 + v02 = − 2Vdc (16)
Mode-6: In this mode, switches S2, S3, S5 and S8 are in on-state.
Output voltages of the first and second inverters are, respectively,
V01 = − Vdc and V02 = Vdc. The output voltage across the loads is
expressed as

vo = v01 + v02 = 0 (17)
Mode-7: In this mode switches S2, S4, S6, and S7 are in on state.
Output voltages of the first and second inverters are, respectively,
V01 = 0 and V02 = − Vdc. The output voltage across the loads is
expressed as

vo = v01 + v02 = − Vdc (18)
Mode-8: In this mode switches S2, S4, S5, and S8 are in on state.
Output voltages of the first and second inverters are, respectively,
V01 = 0 and V02 = Vdc. Output voltage across the loads is expressed
as

vo = v01 + v02 = Vdc (19)

4௑Simulation and experimental results
A 150 W prototype of the cascaded resonant inverter has been
implemented for three different material vessel induction-cooking
applications. The circuit parameters are presented in Table 1. Two
isolated, equal DC voltage sources of Vdc1 = 30 V and Vdc2 = 30 V
are used. The IH load parameters are measured from the coil side
with the different material vessels of iron, steel, and aluminium are
kept over respective IH coils. Iron, steel, and aluminium vessels,
which are most commonly used in cooking applications, are
selected for experimentation. These different vessel loads are
resonated at frequencies of 18.4, 98, and 395 kHz, respectively,
with corresponding switching frequencies of 20, 100, and 400 kHz,
respectively. The ADC control is used for independent control of
each load power.

Fig. 8 shows the simulation and experimental waveforms
corresponding to equal duty cycles of Dl=0.95, Dm=0.95, and Dh

=0.95. Fig. 8a shows the simulation waveforms of load voltage,

Fig. 7௒ Inverter equivalent circuits for different modes of operation with S1 is ON
(a) Mode-1: S1, S4, S5 and S8 are ON, (b) Mode-2: S1, S4, S6 and S7 are ON, (c) Mode-3: S1, S3, S5 and S8 are ON, (d) Mode-4: S1, S3, S6 and S7 are ON
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inverter output current, and low-frequency current. Fig. 8b shows
the simulation waveforms of medium and high-frequency load
currents. Figs. 8c and d show the corresponding experimental
waveforms. Figs. 9a and b show, respectively, FFTs of simulated
and experimental inverter output current at Dl=0.95, Dm=0.95, and
Dh=0.95. It is observed that this current contains only the low,
medium, and high frequency components with RMS values of Il f

=3 A, Im f =3.2 A, and Ih f =4.72 A. It is also observed that the
experimental and simulation results are in good agreement with
each other. (Fig. 10) shows the simulation and experimental
waveforms corresponding to duty cycles of Dl=0.2, Dm=0.95 and
Dh=0.95. Fig. 10a shows the simulation waveforms of load voltage,

inverter output current, and low-frequency current, Fig. 10b shows
the simulation waveforms of medium and high-frequency load
currents. Figs. 10c and d show the corresponding experimental
waveforms. Figs. 11a and b show, respectively, FFTs of simulated
and experimental inverter output current at Dl=0.2, Dm=0.95 and
Dh=0.95. It is observed that the low-frequency load current is
reduced to Il f =1.7 A, whereas medium and high frequency load
currents remain at the same values of Im f =3.2 A and Ih f =4.72 A.
This indicates independent load control, as the reduction in low-
frequency duty cycle, decreases only low-frequency load current,
whereas the other load currents remain unaffected. It is also
observed that the experimental and simulation results are in good

Table 1 Experimental prototype parameters
Parameter Value
DC voltage source-1 (Vdc1) 30 V
DC voltage source-2 (Vdc2) 30 V
iron vessel equivalent inductance at low frequency (L1l f ) 88.6 μH
iron vessel equivalent resistance at low frequency (R1l f ) 2.87 Ω
resonant capacitor at low frequency (C1r) 0.96 μF
steel vessel equivalent inductance at medium frequency (L2m f ) 62.45 μH
steel vessel equivalent resistance at medium frequency (R2m f ) 2.9 Ω
resonant capacitor at medium frequency (C2r) 0.044 μF
aluminium vessel equivalent inductance at high frequency (L3h f ) 50.7 μH
aluminium vessel equivalent resistance at high frequency (R3h f ) 3.6 Ω
high frequency vessel resonant capacitor (C3r) 0.321 nF
low switching frequency ( f l) 20 kHz
iron load resonant frequency ( f rl) 18.5 kHz
medium switching frequency ( f m) 100 kHz
steel load resonant frequency ( f rm) 98 kHz
high switching frequency ( f h) 400 kHz
aluminium load resonant frequency ( f rh) 398 kHz
MOSFETs used IRFB4227pbf
RDS(on) 19 mΩ

DSP controller TMS320F28379D
 

Fig. 8௒ Load voltage (vo), inverter output current (io) and load currents at Dl=0.95, Dm=0.95 and Dh=0.95
(a) Simulated waveforms of vo, io and il f , (b) Simulated waveforms of im f  and ih f , (c) Experimental waveforms of vo, io and il f , (d) Experimental waveforms of im f  and ih f
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agreement with each other. Fig. 12 shows the simulation and
experimental waveforms corresponding to duty cycles of Dl=0.95,
Dm=0.2, and Dh=0.95. Fig. 12a shows the simulation waveforms of
load voltage, inverter output current, and low-frequency current.
Fig. 12b shows the simulation waveforms of medium and high

frequency load currents. Figs. 12c and d show the corresponding
experimental waveforms. Figs. 13a and b show, respectively, FFTs
of simulated and experimental inverter output currents at Dl=0.95,
Dm=0.2, and Dh=0.95. It is observed that the medium frequency
load current is reduced to Im f =1.8 A, whereas low and high-

Fig. 9௒ Inverter output current io and its FFT at Dl=0.95, Dm=0.95 and Dh=0.95
(a) Simulated waveforms, (b) experimental waveforms

 

Fig. 10௒ Load voltage (vo), inverter output current (io) and load currents at Dl=0.2, Dm=0.95, and Dh=0.95
(a) Simulated waveforms of vo, io, and il f , (b) Simulated waveforms of im f  and ih f , (c) Experimental waveforms of vo, io, and il f , (d) Experimental waveforms of im f  and ih f

 

Fig. 11௒ Inverter output current io and its FFT at Dl=0.2, Dm=0.95, and Dh=0.95
(a) Simulated waveforms, (b) Experimental waveforms

 

4434 IET Power Electron., 2020, Vol. 13 Iss. 19, pp. 4428-4438
© The Institution of Engineering and Technology 2020

 17554543, 2020, 19, D
ow

nloaded from
 https://ietresearch.onlinelibrary.w

iley.com
/doi/10.1049/iet-pel.2020.0728 by N

ational Institute O
f, W

iley O
nline L

ibrary on [28/11/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



frequency load currents remain at the same values of Il f =3A and
Ih f =4.72 A. This indicates independent load control and it is also
observed that the experimental and simulation results are in good
agreement with each other. Fig. 14 shows the simulation and
experimental waveforms corresponding to duty cycles of Dl=0.95,
Dm=0.95, and Dh=0.2. Fig. 14a shows simulation waveforms of
load voltage, inverter output current, and low-frequency current. 
Fig. 14b shows simulation waveforms of medium and high
frequency load currents. Figs. 14c and d show the corresponding
experimental waveforms. Figs. 15a and b show, respectively, FFTs
of simulated and experimental inverter output currents at Dl=0.95,
Dm=0.95, and Dh=0.2. It is observed that the high-frequency load
current is reduced to Ih f =2 A, whereas low and medium-frequency
load currents remain at the same values of Il f =3 A and Im f =3.2 A.
This indicates independent load control and it is observed that the
experimental and simulation results are in good agreement with
each other.

5௑Analysis of results
In the proposed multi-IH load cascaded inverter, power control is
realised through ADC control. The experimental setup is shown in
Fig. 16. Based on the thermal measurement, the temperature

variations in different vessels are shown in Fig. 17. From the
simulation and experimental results, the output powers of
individual loads have been calculated as described in Section 2.3.1.
The load power variation with the ADC control is shown in Fig.
18. Fig. 18a shows the variation of load powers Pol, Pom, and Poh

with low-frequency duty cycle (Dl) when Dm and Dh are kept
constant at 0.95. Now it can be observed that only iron vessel load
power (Pol) is varying while other load powers remain constant.
Simulation and experimental results are in good agreement with
each other. Fig. 18b shows the variation of load powers with
medium-frequency duty cycle (Dm) when Dl and Dh are kept
constant at 0.95. It can be observed that only steel vessel load
power (Pom) is varying while other load powers remain constant.
Simulation and experimental results are in good agreement with
each other. Fig. 18c shows the variation of load powers with a
high-frequency duty cycle (Dh) when Dl and Dm are kept constant
at 0.95. It is observed that only aluminium vessel load power (Poh)
is varying while other load powers remain constant. Simulation and
experimental results are in good agreement with each other. Hence,
independent control of power in iron vessel, steel vessel, and
aluminium vessel loads is verified. The total output power (Po) of
the cascaded inverter is the sum of different load powers as

Fig. 12௒ Load voltage (vo), inverter output current (io) and load currents at Dl=0.95, Dm=0.2, and Dh=0.95
(a) Simulated waveforms of vo, io, and il f , (b) Simulated waveforms of im f , and ih f , (c) Experimental waveforms of vo, io, and il f , (d) Experimental waveforms of im f  and ih f

 

Fig. 13௒ Inverter output current io and its FFT at Dl=0.95, Dm=0.2, and Dh=0.95
(a) Simulated waveforms, (b) Experimental waveforms
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explained. The input power of the cascaded inverter is calculated as
below:

Pin = Vdc1Idc1 + Vdc2Idc2 (20)

where Idc1 and Idc2 are the input currents of inverter-1 and
inverter-2, respectively.

The overall efficiency of the cascaded inverter is calculated as

η =
Po

Pin
(21)

The efficiency curves are shown in Fig. 19. Fig. 19a shows the
graph of overall efficiency versus low-frequency duty cycle (Dl)

Fig. 14௒ Load voltage (vo), inverter output current (io) and load currents at Dl=0.95, Dm=0.95, and Dh=0.2
(a) Simulated waveforms of vo, io and il f , (b) Simulation waveforms of im f  and ih f , (c) Experimental waveforms of vo, io and il f , (d) Experimental waveforms of im f  and ih f

 

Fig. 15௒ Inverter output current io and its FFT at Dl=0.95, Dm=0.95, and Dh=0.2
(a) Simulated waveforms, (b) Experimental waveforms

 

Fig. 16௒ Experimental prototype
 

Fig. 17௒ Temperature variation in different vessels
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when Dm and Dh are kept constant at 0.95. Fig. 19b shows the
graph of overall efficiency versus medium-frequency duty cycle
(Dm) when Dl and Dh are kept constant at 0.95. Fig. 19c shows the
graph of overall efficiency versus high-frequency duty cycle (Dh)
when Dl and Dm are kept constant at 0.95. From these plots, it can
be observed that the overall efficiency increases with the duty cycle
of the loads and vary from 85 to about 92%.

6௑Conclusions
In this paper, a multi-load cascaded full-bridge resonant inverter
topology is proposed for different material vessel IH loads. The
first inverter legs are operated at low and medium frequencies
suitable for iron and steel vessels. The second inverter is operated
at high frequency suitable for aluminium vessel. Frequencies of 20,
100, and 400 kHz are used. Independent power control is achieved
using asymmetric duty cycle control. The proposed inverter
topology is designed, simulated and hardware prototypes are
implemented.

Efficiency ≥92% is achieved at full load. This topology
provides advantages of compatibility with ferromagnetic and non-
ferromagnetic material vessels, independent load power control
and high efficiency.
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