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Abstract: Induction cooking application with multiple loads powered by suitable power converters and appropriate control
technique needs attention. This study proposes dual frequency operated full-bridge inverter for multiple-load induction
cooking. This inverter simultaneously powers two series resonant circuits. Each series resonant circuit is for one
induction cooking load. This technique provides constant switching frequency operation for individual loads with
asymmetrical duty cycle control. Output power of each load is independently controlled. The proposed inverter
configuration and control technique is simulated and experimentally tested for two loads. Simulation and experimental
results are in good agreement. This technique can be extended to more than two loads.
1 Introduction

Induction cooking is one of the several applications of induction
heating. It is a better heating technique than conventional heating
techniques. In induction heating, heat is developed inside the load
by the generation of eddy currents at skin depth levels from the
surface. Skin depth (δ) is expressed as

d =
������
r

p fsm

√
(1)

where ρ is the electrical resistivity, μ is the magnetic permeability of
the load material and fs is the switching frequency of the inverter.

A high-frequency (HF) AC source is needed for induction
cooking. Series resonant inverters are commonly used for
generation of HF AC for this application. Quasi-resonant,
half-bridge and full-bridge resonant inverter configurations are
generally used [1–5]. Full-bridge resonant inverter is used for
high-power applications. Control of output power of these
resonant inverters can be achieved by certain methods such as
pulse-amplitude modulation, pulse-frequency modulation,
phase-shift control, asymmetric voltage cancellation (AVC),
asymmetric duty cycle (ADC) control and hybrid control
technique [6–13]. All these proposed methods have their
advantages and disadvantages.

In the recent past, certain inverter configurations have been
proposed for multiple-load induction cooking application. Main
objectives of multiple-load induction cooking application are
reduction in components count, simple and independent control of
each load, and high conversion efficiency. An inverter with two
loads is proposed and analysed in [14]. This method has one
master and one slave load. It uses several resonant capacitors
connected in parallel with electro-mechanical switches. Control of
load power is achieved by activating these electro-mechanical
switches. Large number of capacitors and use of electro-
mechanical switches are the disadvantages of this method. In [15],
an inverter configuration for two-loads is presented which has
three legs (six switching devices). One leg of the inverter is
common for both loads. It offers independent control of each load
with high efficiency. It also offers reduced components count and
better utilisation of the devices. AVC control technique is adopted
for power control. In [16], two-output induction cooking with
power factor correction is proposed. Power control of each load is
done by AVC control technique. In [17], a load-adaptive control
algorithm is used for variable load and large output power range.
Aspects like, efficiency, acoustic noise and flicker control are
considered in the design stage. For different ranges of output
power, different control techniques are adopted. Although certain
objectives are met, it makes the control structure more involved.
To improve light-load performance, discontinuous conduction
mode control is adopted in [18]. It uses variable frequency in the
range 20–150 kHz. It improves the light load efficiency to 95%
but the variable frequency operation is the limitation of this
technique. Digital implementation of induction heating load is
proposed in [19]. An AC–AC power conversion technique is
presented in [20] for multiple induction heating system. It has
higher efficiency, reduced components count and reduced
complexity. It uses a variable frequency control, which is the
limitation of this method.

In most of the above papers, power configurations are either with
larger components count or variable frequency control is adopted for
performance improvement. It appears that still there is enough scope
for improvement in multiple-load induction heating cooking
systems. In this paper, an attempt is made to propose an inverter
configuration, which can provide power to multiple-loads with
independent control, high efficiency, reduced components count
and fixed frequency control of each load.

This paper is organised as follows. In Section 2, principle and
modes of operation of the proposed configuration are presented.
Section 3 describes simulation and experimental results. Section 4
presents characteristics showing independent control of loads.
Section 5 presents an extension of the proposed configuration to
more than two loads. Section 6 concludes the paper.
2 Proposed inverter configuration and control
technique

2.1 Operating principle

Induction cooking system consists of a vessel and a heating coil. The
coil and vessel are like primary and secondary of a transformer.
Based on this, induction cooking load referred to the coil is
modelled as a series Req–Lr circuit for constant switching
frequency operation [14, 21–25]. Req is the referred equivalent
resistance and Lr is the referred equivalent inductance to the coil,
respectively. The concept of series resonance is used with each
load. Resonant capacitor is connected in series with Req–Lr model
to form the series load-resonant circuit.
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Fig. 1 Proposed inverter configuration, admittance characteristic and waveforms

a Proposed dual frequency inverter configuration
b Admittance characteristic
c Inverter output voltage and both load currents with gate pulses at Dl = 1 and Dh = 1
d Inverter output voltages at Dl = 0.6 and Dh = 1 and Dl = 1 and Dh = 0.6
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The circuit diagram of proposed dual frequency full-bridge
resonant inverter configuration is shown in Fig. 1a. This figure
shows two load resonant circuits connected in parallel to output
terminals of the inverter. One leg of the inverter is switched at
592
low-frequency (LF) and the other leg is switched at HF. They are
marked as LF leg and HF leg, respectively. ADC control
technique is used with each leg. Load-1 consists of Cr1, Lr1 and
Req1, which are resonant capacitor, inductance of load-1 and
IET Power Electron., 2015, Vol. 8, Iss. 4, pp. 591–601
& The Institution of Engineering and Technology 2015

tive C
om

m
ons L

icense



Fig. 2 Equivalent circuits for load-1 and load-2

a Load equivalent circuit for LF component of vAB
b Load equivalent circuit for HF component of vAB
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equivalent load resistance, respectively. Similarly for load-2, Cr2, Lr2
and Req2 are resonant capacitor, inductance of load-2 and equivalent
load resistance, respectively.
Fig. 3 Equivalent circuit of the dual frequency inverter

a Equivalent circuit of dual frequency inverter
b Dual frequency inverter as two half-bridge inverters
c Waveforms under ADC control

Fig. 4 Equivalent circuits for modes of dual frequency resonant inverter

a Mode 1: Q1 and Q4 are ON
b Mode 2: Q1 and Q3 are ON
c Mode 3: Q2 and Q3 are ON
d Mode 4: Q2 and Q4 are ON
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Admittance characteristic of the two-load circuit is shown in
Fig. 1b. At resonant frequency of LF load frl = 1/2p

�������
Lr1Cr1

√( )
and resonant frequency of HF load frh = 1/2p

�������
Lr2Cr2

√( )
,

magnitudes of respective tank admittances reach peak and
corresponding phase angles are zero. In this figure, magnitude plot
indicates that the LF load circuit offers low admittance to the HF
current component. The HF load circuit offers low admittance to
the LF current component. Similarly, the phase angle plot
indicates that respective series resonant tank phase angles are
negative above their respective resonant frequencies.

Inverter output voltage (vAB) and both load currents are shown in
Fig. 1c. vAB is a combination of two voltage waveforms vLF and vHF
with LF and HF, respectively. These two voltages are independently
controlled with ADC techniques for LF and HF legs. Duty-ratios for
LF and HF legs are defined as Dl = Tl,on/(Tl/2) and Dh = Th,on/(Th/2),
respectively. Variation of Dl and Dh independently controls LF and
HF components of output voltage. Thus respective load current
magnitudes are also controlled. This gives power control in each
load. Although both loads are connected in parallel and supplied
from the same output terminals, negligible amounts of LF current
593
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flows in an HF load and vice-versa. Fig. 1d shows waveforms of vAB
under two different duty-ratio combinations of LF and HF legs.
aded from
 https://ietresearch.onlinelibra
2.2 Selection of switching frequencies

For zero voltage switching operation, fl and fh are taken 5–10% higher
than frl and frh. Selection criteria for fl and fh should be to isolate the
operations of load-1 and load-2 from one another. Although load-1
and load-2 are in parallel across vAB, LF component of vAB should
power only load-1 and HF component of vAB should power only
Fig. 5 Switch turn-off currents against duty-ratio

a Switch turn-off currents for HF leg against Dh (positive half-cycle)
b Switch turn-off currents for HF leg against Dh (negative half-cycle)
c Switch turn-off currents for HF leg against Dl (positive half-cycle)
d Switch turn-off currents for HF leg against Dl (negative half-cycle)

Fig. 6 Resonant capacitor voltage against duty-ratio

a Peak capacitor voltage against Dh

b Peak capacitor voltage against Dl
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load-2. fl and fh should be selected such that impedance offered by a
LF load circuit should be as large as possible to an HF and
vice-versa. This ensures individual load currents to be dependent
only on the corresponding LF or HF components of vAB. For this, fh
should be as high as possible in comparison to fl. The range of
switching frequencies normally used with induction cooking is 20–
150 kHz. In the prototype of dual frequency inverter, fh/fl is taken as
five. For fl of 30 kHz, fh is taken as 150 kHz. In the prototype, both
the induction heating coils are identical with equal inductances (Lr1
= Lr2). For the selected values of fl and fh,Cr2 is much smaller thanCr1.

Figs. 2a and b represent equivalent load circuits for LF and HF
components of vAB. In Fig. 2a, Cr2 behaves as an open circuit
because of its large reactance at LF. Similarly, Cr1 has negligible
Table 1 Parameters of dual frequency full bridge resonant inverter

Item Symbol Value

source voltage VDC 35 V
equivalent resistance of load-1 Req1 1.95 Ω
equivalent inductance of load-1 Lr1 68 μH
parasitic series resistance of IH load-1 coil 0.14 Ω
resonant capacitor of load-1 (MKV type) (EPCOS
B25834-F6104-M001) [(3 × 0.1 μF) + (0.15 μF) =
0.45 μF]

Cr1 0.45 μF

ESR for 0.15 μF capacitor 24 mΩ
ESR for 0.1 μF capacitor 33 mΩ
low resonant frequency frl 28.77 kHz
low switching frequency fl 30 kHz
equivalent resistance of load-2 Req2 2.6 Ω
equivalent inductance of load-2 Lr2 68 μH
parasitic series resistance of IH load-2 coil 0.14 Ω
resonant capacitor of load-2 (MKV type) (EPCOS
B25834-F6104-M001) [five 0.1 μF are in series]

Cr2 0.02 μF

ESR for 0.1 μF capacitor 33 mΩ
high resonant frequency frh 136.47 kHz
high switching frequency fh 150 kHz
MOSFETs used IRFP4110 100 V, 180 A
RDS(on) 3.7 mΩ
control ICs UC3875
driver IC IR2110
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Fig. 7 Experimental setup for dual frequency full-bridge resonant inverter configuration

a Experimental setup
b Full-bridge inverter with control circuit
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reactance at HF. Impedance of load-1 at HF is mainly dominated by
reactance of Lr1, which behaves as an open circuit as shown in
Fig. 2b. This results in LF and HF currents mainly flowing in
load-1 and load-2, respectively. The impedance for the LF current
path is

Zeq1 = Req1 + j 2pflLr1 −
1

2pflCr1

( )
(2)

The impedance for the HF current path is

Zeq2 = Req2 + j 2pfhLr2 −
1

2p fhCr2

( )
(3)

2.3 Expression for output power

Dual frequency inverter output voltage vAB is the combination of vLF
and vHF as shown in Fig. 3a. vAB switches between ±VDC whereas
vLF and vHF can be considered to switch between ±VDC/2 with LF
and HF, respectively. vLF powers LF load and vHF powers HF load
only. This shows that dual frequency inverter can be represented
as the combination of two half-bridge inverters as shown in
Fig. 3b. Each half-bridge inverter operates at LF and HF. Here,
vLF and vHF are vAO and vBO, respectively. Waveforms related to
the half-bridge comprising of Q1, Q2, and so on, with ADC
control are shown in Fig. 3c. In Fig. 3b, as each half-bridge can be
independently controlled, the proposed dual frequency inverter can
also provide independent control of each load. Elimination of two
bulky capacitors (C) of Fig. 3b is the advantage of dual frequency
inverter. It also fulfils the requirement of independent control of
both loads.

Output power of proposed inverter configuration is the heat
dissipated in Req1 and Req2 of the two series resonant loads.
Output power of load-1 and load-2 can be computed as I1

2Req1 and
I2
2Req2, respectively.
Il and I2 are the rms values of the LF and HF currents in the two

loads, respectively. Since, the LF and HF currents are close to sine
waves, it can be assumed that other harmonics are negligibly small
and I1≅ I11 and I2≅ I21. I11 and I21 are fundamental components
of I1 and I2.

Total output power of the proposed inverter is equal to the output
powers of individual half-bridge inverters. Output power expressions
for ADC controlled inverter feeding series resonant load is presented
in [11]. The output power for a half-bridge inverter is expressed as

Po =
2V 2

DC cos
2 ∅1

p2Req
cos2

u

2
(4)
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The phase lag ∅1 between the voltage vA01 and the load current i0 can
be obtained as

∅1 = tan−1 vsLr − 1/vsCr

( )
Req

[ ]
= tan−1 Q vn −

1

vn

( )[ ]
(5)

Parameters mentioned in the above expression are shown in Fig. 3c
and θ is the control angle to vary duty-ratio. In (4) for constant
switching frequency, all parameters are constant except θ. By
varying θ, duty-ratio of the output voltage waveform can be
controlled which in turn controls output power. Po is proportional
to cos2(θ/2). For dual frequency inverter, Po1 and Po2 are output
powers of load-1 and load-2, respectively

Total output power = Po1 + Po2 = I21Req1 + I22Req2

= 2V 2
DC cos

2 ∅1l
p2Req1

cos2
ul
2

[ ]
+ 2V 2

DC cos
2 ∅1h

p2Req2
cos2

uh
2

[ ]
(6)

∅1l is the phase-lag between the fundamental component of vLF( =
vAO) and load current i1 and ∅1 h is the phase-lag between the
fundamental component of vHF( = vBO) and load current i2,
respectively. θl and θh are control angles for LF and HF loads,
respectively.
2.4 Analysis of the proposed inverter

The inverter output voltage VAB can have three voltage levels as
+Vdc, 0, −Vdc. Equivalent circuit of the inverter for different
modes of operation are shown in Fig. 4. In the proposed
configuration, LF leg switching frequency is 30 kHz and HF leg
switching frequency is 150 kHz. The switching frequencies are
above its respective resonant frequencies for ZVS operation.

Mode-1 operation: During this period, the switching devices Q1

and Q4 are turned-on. Inverter output voltage will be equals to
+VDC.

During mode-1, the loop equation for load-1 circuit can be written
as

Lr1
di1(t)

dt
+ 1

Cr1

∫
i1(t)dt + vCr1

(t = 0)+ Req1i1(t) = vAB (7)

with initial values of i1 = I10 and vCr1
= VCr10

. The solution of this
595

 C
om

m
ons L

icense



Fig. 8 vAB with LF and HF load currents and their FFTs for Dl = 0.95 and Dh = 0.95

a vAB with LF and HF load currents under simulation
b vAB with LF and HF load currents under experiment
c FFT for LF and HF load currents under simulation
d FFT for LF and HF load currents under experiment

 17554543, 2015, 4, D
ow

nloaded from
 https://ietresearch.onlinelibrary.w

iley.com
/doi/10.1049/iet-pel.2014.0114 by N

ational Institute O
f, W

iley O
nline L

ibrary on [01/01/2025]. 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

reativ
equation is

i1(t)=
vAB −VCr10

vnLr1

[ ]
e−at sinvnt+ I10e

−at cosvnt−
a

vn
sinvnt

( )[ ]
(8)

and

vCr1
(t) = VCr10

+ (vAB − VCr10
) 1− e−at cosvnt +

a

vn

sinvnt

( )[ ]

+ I10
vnCr1

e−at( sinvnt)

(9)where α = Req1/2Lr1 and vn =
������������
1/Lr1Cr1

( )√
.
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e

During this mode, the loop equation for load-2 circuit can be
written as

Lr2
di2(t)

dt
+ 1

Cr2

∫
i2(t)dt + vCr2

(t = 0)+ Req2i2(t) = vAB (10)

with initial values of i2 = I20 and vCr2
= VCr20

. The solution of this
equation is

i2(t)=
vAB −VCr20

vnLr2

[ ]
e−at sinvnt+ I20e

−at cosvnt−
a

vn

sinvnt

( )[ ]
(11)
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Fig. 9 Inverter output voltage, total load current and FFT for total load current

a vAB and i0 and FFT for i0 under simulation at Dl = 0.95 and Dh = 0.95
b vAB and i0 and FFT for i0 under experiment at Dl = 0.95 and Dh = 0.95
c vAB and i0 and FFT for i0 under simulation at Dl = 0.6 and Dh = 0.95
d vAB and i0 and FFT for i0 under experiment at Dl = 0.6 and Dh = 0.95
e vAB and i0 and FFT for i0 under simulation at Dl = 0.95 and Dh = 0.6
f vAB and i0 and FFT for i0 under experiment at Dl = 0.95 and Dh = 0.6
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and

vCr2
(t) = VCr20

+ (vAB − VCr20
) 1− e−at cosvnt +

a

vn

sinvnt

( )[ ]

+ I20
vnCr2

e−at( sinvnt)

(12)

where α = Req2/2Lr2 and vn =
����������
1/Lr2Cr2

√
.
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Hence, the instantaneous value of inverter total output current can
be expressed as

i0(t) = i1(t)+ i2(t)
( )

(13)

Thus during each mode of operation, by substituting the
corresponding value of VAB and initial conditions, equations for
load-1 and load-2 resonant currents and respective resonant
capacitor voltages can be obtained by using the above equations.

Mode-2 operation: During this period, the switching devices Q1

and Q3 are turned-on. Inverter output voltage will be equals to ‘0’.
597
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Fig. 9 Continued

Table 2 Load currents and output powers for different combinations of
Dl and Dh

S. No. Dl Dh I1 (rms), A I2 (rms), A Po1, W Po2, W

1 0.95 0.95 6.79 2.99 90 23.24
2 0.6 0.95 5.4 2.99 56.8 23.24
3 0.95 0.6 6.79 2.25 90 13.21
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Mode-3 operation: During this period, the switching devices Q2

and Q3 are turned-on. Inverter output voltage will be equals to −Vdc.
Mode-4 operation: During this period, the switching devices Q2

and Q4 are turned-on. Inverter output voltage will be equals to ‘0’.
In this configuration, one leg is switched at 30 kHz (LF) and other

leg is switched at 150 kHz (HF). ZVS operation is required for high
efficiency. Out of the two legs, HF leg is important from ZVS point
of view. For ZVS, the switch turn-off currents should be positive
when the switch is turning-off. This also ensures ZVS for the
other switch in the same leg which is turning-on.

From the equations described above, switch turn-off currents are
calculated in the powering mode of positive and negative
half-cycles. In the free-wheeling mode, ZVS is not possible. These
are shown in Fig. 5. Based on the duty-ratio of LF and HF legs,
there can be equal or unequal number of HF pulses in positive and
negative half-cycles of the output voltage waveform. As Dl

increases from low to high value, number of voltage pulses in the
positive half-cycle increased and number of voltage pulses in the
negative half-cycle decreased. Hence for different duty-ratios of
HF and LF legs, switch turn-off currents are plotted for every
pulse during positive and negative half-cycles of the output
voltage waveform. In positive half-cycle, positive total load current
ensures ZVS for both switches of HF leg and in negative
half-cycle, negative total load current ensures ZVS.

Figs. 5a and b show switch turn-off currents of HF leg for positive
and negative half-cycles of output voltage, respectively. In this, Dl =
0.95 and Dh varies. Figs. 5c and d show switch turn-off currents of
HF leg for positive and negative half-cycles of output voltage,
respectively. In this, Dh = 0.95 and Dl varies. Pulses of both
positive and negative half-cycles are numbered as pulse 1, 2 and 3
from left to right in the output voltage waveform.

In Figs. 5a and b, switch turn-off currents for all pulses are
positive ensuring ZVS for HF leg. In both these figures, the
middle pulse has a larger switch turn-off current because of the
symmetric location of total load current waveform with the output
voltage waveform. In Figs. 5c, as Dl varies from low to high
value, the number of pulses is increased from one to three in the
positive half-cycle. Switch turn-off currents for all the pulses are
positive. In Fig. 5d, for low values of Dl, there are five pulses in
the negative half-cycle. As Dl increases, the number of pulses
decreased to three. Here pulse 5 has negative switch turn-off
current for certain range of Dl where ZVS is not ensured.
598
Peak capacitor voltages are obtained from the above analytical
equations and plotted in Figs. 6a and b. Fig. 6a shows these
voltages when Dl = 0.95 and Dh varies. Fig. 6b shows these
voltages when Dh = 0.95 and Dl varies. This information is useful
in selecting resonant capacitor voltage ratings. As Q of the load
circuits is high, resonant capacitor voltages of both loads are high.
These voltages vary with duty-ratio.
3 Results of proposed dual frequency inverter

3.1 Simulation and experimental results

The proposed inverter configuration for individual output power
control with ADC control technique is simulated and
experimentally verified using the parameters shown in Table 1.
Equivalent resistance and inductance of load-1 and load-2 are
taken as the combination of induction heating coil and vessel. An
induction heating coil is made with Litz wire.

A dual frequency full-bridge series resonant inverter is designed
with the parameters shown in Table 1. Open circuit behaviour of
load-1 for HF and load-2 for LF are presented in Section 2.2. This
property of load circuits responding to the relevant switching
frequency and rejecting other frequency is based on the selection
of resonant components and switching frequencies. This helps in
isolating the operation of load-1 from load-2 and vice-versa.
Proposed dual frequency full-bridge resonant inverter configuration
of experimental set-up is shown in Fig. 7. Fig. 7a shows the
induction heating loads and resonant series capacitors with a
single full-bridge inverter circuit. Fig. 7b shows the single
full-bridge inverter circuit with pulse generator and driver circuit.
In control circuit two UC3875 ICs are used for four control pulses.
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AND/OR logic gates are used for implementation of ADC technique
and IR2110 ICs are used as drivers.

The simulation and experimental results are shown in Fig. 8 for
Dl = 0.95 and Dh = 0.95. Fig. 8a shows vAB, i1 and i2 waveforms
under simulation. Fig. 8b shows these waveforms under
experimental conditions. Fig. 8c shows FFT of i1 and i2 under
simulation. Fig. 8d shows them for experimental condition. It has
I1(rms) = 6.79 A and I2(rms) = 2.99 A.

Fig. 9 shows the simulation and experimental results for different
combinations of Dl and Dh. Fig. 9a shows vAB and i0 ( = i1 + i2) with
its FFT under simulation for Dl = 0.95 and Dh = 0.95. Fig. 9b shows
these waveforms under experimental conditions. Figs. 9c and d are
for Dl = 0.6 and Dh = 0.95. Similarly, Figs. 9e and f are for Dl =
0.95 and Dh = 0.6. The above results are tabulated in Table 2.

From simulation and experimental results, it is observed that both
results are in good agreement with each other. FFTs of individual
load currents show that they have mainly fundamental component
of currents and other harmonics are negligible. Also, individual
load currents and powers are independently controllable. LF
and HF output powers are dependent on corresponding load
currents. These are controlled by varying duty-ratios of their
respective legs.
Fig. 10 LF and HF load currents and output powers against duty-ratio

a LF current against Dl with Dh = 0.95
b HF current against Dh with Dl = 0.95
c Load-1 power against Dl with Dh = 0.95
d Load-2 power against Dh with Dl = 0.95
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3.2 Comparison with other control techniques

Commonly used control techniques for induction heating are PDM
control, square wave control, AVC and ADC control techniques.
Every technique has its own merits and demerits, range of output
power with high efficiency and ZVS range. PDM control has
several control variables like, switching frequency, duty-ratio, time
period of PDM and on-time of PDM. Generally, switching
frequency is kept constant and on-time is varied. For constant
switching frequency operation, PDM provides linear output
variation with on-time and also offers ZVS over a wide range. It
has certain limitations like lower utilisation, flicker emission and
so on. Square wave control uses variable frequency control which
offers high efficiency in medium and high power ranges but
efficiency decreases for low output power. It is because of the
higher switching frequency and increased switching losses.
Similarly, AVC and ADC are suitable for medium and high power
range with high efficiency. At a reduced output efficiency
decreases because of the limitation on ZVS range. In addition
ADC has asymmetrical device losses. It has a lower ZVS range
than AVC. In addition, hybrid control techniques are also reported
where more than one of the above control techniques are
combined for improved performance. However, these are more
involved.

In this paper, an ADC control technique is used with each leg of
the inverter. ZVS is not a serious problem with LF leg as switching
frequency is small. HF leg switches several times in one cycle of LF.
ZVS is not guaranteed for every switching specially under low
duty-ratios as shown in Section 2.4. This may result in reduction
in efficiency under light load condition as can be observed in
efficiency characteristics in Section 4, Fig. 11. Proposed dual
frequency inverter offers good performance for medium and high
power range. The proposed method is better in certain aspects in
comparison with other multiple load configurations explained in
introduction. The number of devices/loads is least in dual
frequency inverter. Since a dual frequency inverter is a
combination of two half-bridge inverters, split capacitors of
half-bridge configuration are avoided. Overall efficiency is
comparable in medium and high power range with other
configurations proposed in the literature. The constant switching
frequency operation is an advantage. The proposed method is
simple to implement and cost effective. The added advantage of
dual frequency inverter is that the LF heating coil can be used for
vessels with magnetic material and HF heating coil can be used
for vessels with non-magnetic materials. This avoids use of
electro-mechanical switches as presented in the literature for all
metal applications.
IET Power Electron., 2015, Vol. 8, Iss. 4, pp. 591–601
& The Institution of Engineering and Technology 2015
4 Control of load power

Load power control is achieved using ADC control technique. LF
and HF load powers are dependent on corresponding load
currents. The simulation and experimental results of LF and HF
load currents and output power variation are shown in Figs. 10
and 11, for different duty-ratio combinations of LF and HF legs.
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Fig. 12 Extension of dual frequency series resonant inverter to multiple loads

a Extension to 3-load configuration with two LF legs
b Extension to 3-load configuration with two HF legs
c Extension to 4-load configuration
d Extension to 4-load configuration with two dual frequency inverters

Fig. 11 Overall efficiencies against duty-ratio

a Overall efficiency against Dl with Dh = 0.95
b Overall efficiency against Dh with Dl = 0.95
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Variation of LF load current with a variation of Dl from 0.1 to 0.95
is shown in Fig. 10a. For this, Dh is kept constant at 0.95. Under this
condition, only LF current varies from 1.1 to 6.72 A whereas HF
current remains constant at 2.99 A. Similarly, variation of HF load
current with a variation of Dh from 0.1 to 0.95 is shown in
Fig. 10b. For this, Dl is kept constant at 0.95. Under this
condition, only HF current varies from 0.6 to 2.99 A whereas LF
current remains constant at 6.79 A. This shows that for a given
value of Dl and varying Dh, HF current and power varies and
vice-versa. This indicates independent control of each load current
and power.

Each inverter output is computed as I2R. ‘I’ is the r.m.s value of
respective LF or HF inverter current. ‘R’ is the equivalent load
resistance of LF or HF load, that is, 1.95 Ω for LF load and 2.6 Ω
for HF load. Similarly, output power of LF load varies with the
variation of Dl. This is shown in Fig. 10c. Output power of HF
load varies with the variation of Dh. This is shown in Fig. 10d.
The simulation and experimental results are in good agreement
with each other.

In Fig. 11a, LF load power is controlled while HF load power is
kept constant at its maximum. In Fig. 11b, HF load power is
controlled while LF load power is kept constant at its maximum.
Under both conditions, overall efficiency is high. Total output
power is measured by the addition of individual inverter outputs.
Input power is obtained by multiplication of DC input voltage and
average input current of the inverter.

In general, efficiency close to 90% and above is desirable.
Efficiency characteristics show that when Dl is varying, fall in
overall efficiency is more drastic than for Dh variation. It is
because of the larger rated LF output power than HF output power
and higher switching losses in HF leg. If both rated output powers
are equal, an efficiency of about 90% and above can be achieved
IET Power Electron., 2015, Vol. 8, Iss. 4, pp. 591–601
& The Institution of Engineering and Technology 2015
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for duty-ratios as low as 0.5. A duty-ratio of 0.5 corresponds to 50%
of rated power. It may be concluded that proposed configuration can
be used for medium and high power applications effectively.
 from
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5 Extension of proposed configuration to multiple
loads

The proposed configuration requires two switching devices/load or
one leg/load. It is achieved without split-capacitor power supply.
This configuration is extended for multiple loads as follows.
Extension of proposed configuration to multiple loads is shown in
Fig. 12.

In Fig. 12a, proposed configuration is extended for three loads by
adding an additional leg to the right of existing HF leg. This is to be
of LF. This LF is same as the existing LF leg. By controlling this leg
with ADC control technique, load connected between HF leg and
this additional LF leg can be independently controlled. Here also,
the number of legs/load is one. For three loads, it is also possible
to add one additional leg to the left of existing LF leg. However, it
has to be of HF. It is shown in Fig. 12b. Again, independent
control of this third load is possible with ADC control technique.
Hence this method can be extended to four loads also as shown in
Fig. 12c. An alternate converter configuration of Fig. 10c is shown
in Fig. 12d. In all these configurations, number of legs/load is one.
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6 Conclusions

In this paper, dual frequency full-bridge inverter configuration for
two load induction cooking application has been proposed. Both
loads are independently controlled. It can be extended for more
than two loads also. Number of switching devices per load is two
(i.e. one leg per load). Two switching frequencies are used for
powering the loads. Each load is operated at different switching
frequency, that is, 30 and 150 kHz. It is possible to operate more
than two loads with two switching frequencies only. Asymmetric
duty cycle control technique is used for power control of
individual loads. FFT analysis of individual load current shows
that harmonic currents in a particular load are negligible. The
design and control of the proposed topology are simple. The
added advantage of dual frequency inverter is that the LF heating
coil can be used for vessels with magnetic material and HF
heating coil can be used for vessels with non-magnetic materials.
This avoids use of electro-mechanical switches for all metal
applications. Simulation and experimental results of the proposed
configuration are in good agreement.
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