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ABSTRACT

In a multiple load induction heating (IH) system, the effective voltage across particular load changes during different loading conditions. Thus, the quality of heating
across the IH load degrades. Furthermore, in any IH system, a high-frequency (HF) inverter with a high switching frequency makes HF components that flow back
toward the utility side and distort the waveform of the current. The constant input voltage to the IH loads with quality input current is an essential condition to generate
uniform heating. To accomplish this, a load adaptive proportional integral derivation (PID)-aided asymmetrical voltage cancellation control scheme is proposed to
maintain a constant voltage profile across the IH load under variable load conditions. A boost power factor correction converter has been used as a front-end converter
followed by a HF full-bridge series resonant inverter to improve the utility power factor. The proposed IH system ensures unity power factor operation along with a
constant voltage profile across the load, and it has been validated through the MATLAB/Simulink environment. Also, a prototype has been developed using embedded
control, and its dynamic behavior has been studied under multiple IH loads. The obtained simulation and experimental results confirm the effectiveness of the
proposed IH system under the aforesaid control scheme.

Index Terms—Asymmetrical voltage cancelation, boost PFC converter, embedded control, full-bridge series resonant inverter, multi-load IH system, zero voltage
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I. INTRODUCTION

In the past few years, induction heating (IH) technology is widely being applied in industrial,
medical, and domestic application due to its astonishing advantages in terms of its efficiency,
less heating time, and cleanness as compared to other approaches of heating method [1, 2].
High-frequency (HF) oscillating current is the imperative requirement in modern IH technology
to generate HF eddy current in IH loads [3]. Along with it, the heating effect in IH loads must be
appropriate as well as efficiently controlled to get the desired temperature level to the work-
piece. To do this, resonant inverters play a vital role in the IH system [4, 5]. Numerous resonant
inverters have traditionally used a variety of control techniques to regulate the output voltage
[6]. The most economical option is a series resonant inverter fed by a voltage source, but power
control requires a variable direct current (DC) input voltage. For the variation in DC voltage, a
bridge rectifier with a DC link capacitor has traditionally been used. This had issues with cost,
supply current, and size, with higher harmonic distortion [7-10]. Modern domestic IH is mostly
equipped with voltage-fed class D amplifier and half-bridge topology based on the series reso-
nant tank due to its good balance between performance and cost-effective solution [11, 12]. But
only low-power applications can use these converters, and they are unable to maintain zero volt-
age switching (ZVS) conditions properly. Different power control techniques have been devel-
oped to control the output power, which results in generating a regulated heating effect in an
IH load or workpiece, such as pulse width modulation (PWM), pulse frequency modulation, and
pulse density modulation (PDM) [13-15]. In the PWM technique, switching frequency and duty
cycle variation are used to control the output power of the resonant inverter. In the PDM tech-
nique, variations in conduction and non-conduction period of the switches are used to regu-
late the output power. But it gives discontinuous power to the IH load and can be applied only
for low-power ranges [16]. Commonly, varying switching frequency method is used to control
the output power in many resonant inverters. But this method has several demerits like more
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electromagnetic interference (EMI), complex design of filtering com-
ponents, and poor utilization of magnetic components [17]. These
drawbacks can be resolved by using a fixed-frequency control tech-
nique which has been classified as phase shift, asymmetrical duty
cycle, and asymmetrical voltage cancellation (AVC) techniques [18-
20]. However, these methods do not seem to maintain the ZVS/ZCS
condition under variable load or power requirement. These methods
enable to modify the output power, but for the dynamic nature of
the IH system or in multi-coil/load IH system, usually a closed-loop
output power control technique is needed. This technique obtains
a recurrent and precise output power for a specified reference irre-
spective of the difference in load or input voltage.

Currently, the multi-coil/load IH system has received a lot of atten-
tion, but it is still widely used even though it lacks a clear combi-
nation of inverters and power control methods [21, 22]. It has been
observed that the main barrier in the multi-coil/load IH system is that
effective impedance varies as variation in alignment between the
workpiece and IH coil, frequency, and temperature [23, 24]. Owing
to this, the applied effective voltage to the IH load decreases. The
applied effective voltage also decreases due to a change in exog-
enous parameters (that is load parameters). Enabling constant effec-
tive or output voltage across particular IH load plays a vital role in the
modern multi-coil/load IH system in order to increase its efficiency.
Currently, in the multi-coil/load IH system, the problem is not only
limited to design new resonant inverters topology but to improve
the power control strategies in which power must be separately
maintained constant or regulated [25-27].

A closed-loop load adaptive (LA) PID-aided AVC control scheme
described in this article can be used to solve the aforementioned
issues. This proposed scheme not only maintains the ZVS condition
but also improves input power factor as well as maintains constant
output voltage irrespective of variation in load parameters or input
variation.

The full-bridge series resonant inverter (FB-SRI) is chosen in this work
because it enables numerous control possibilities [26, 28-301, shown
in Fig. 1. This FB-SRI simultaneously powers multi-coil/loads, but in
this work, only two IH loads are being considered. Change in load
parameters is achieved by a step change in one load which causes
the dip in voltage to another load. Additionally, a boost power factor
correction (PFC) converter is used as a front-end converter which cor-
rects the input PF and improves the total harmonic distortion (THD)

along with the reduction in the HF component. The proposed multi-
coil/load IH system has been validated through a MATLAB/Simulink
environment. Additionally, the experimental setup has been imple-
mented where the control scheme is developed using a low-cost
Arduino 2560 embedded system. Good agreement has been found
between simulation and the experimental results. Consequently, the
performance and efficiency of the proposed closed-loop IH system
are significantly improved.

The remaining part of this work is divided into four sections. In
Section Il, a proposed closed-loop AVC-based IH system has been
discussed. Analysis of FB-SRI under the AVC technique has been
described in Section Ill. The performance of the proposed IH system
under variable load has been studied in different aspects which is
given in Section IV. Moreover, implementation of experimental setup
is given in Section V. Finally, conclusion is made in Section VI.

1I. PROPOSED CLOSED-LOOP PID-AIDED ASYMMETRICAL
VOLTAGE CANCELLATION-BASED INDUCTION HEATING
SYSTEM

The proposed IH system comprised of a diode bridge rectifier, a boost
PFC converter, an HF FB-SRI, and dual IH loads is shown in Fig. 2. Here,
the 1- AC supply (V,) is converted to DC supply (V) by means of a
full-bridge operation. Thereafter, the output DC voltage (V) is given
to the boost PFC converter to defend the HF harmonic component,
which comes from the HF operation of FB-SRI as well as to improve
the input power quality. Now, the output of the boost PFC converter
that is DC link voltage (V) is given to the FB-SRI which supplies HF
current to the IH coil, so that IH load/workpiece gets heated. Two
IH loads have been used, which is modeled as a series connection
of equivalent resistance (R,,) and inductance (L.). A common reso-
nating capacitor (C,) is used to achieve series resonant condition for
dual IH loads. In this work, two independent controllers have been
used, one for boost PFC converter and other for FB-SRI, respectively,
which is as follows.

A. Description of Control Strategy for a Boost Power Factor
Correction Converter

The controller for the boost PFC converter has been designed and
aimed to achieve unity power factor operation of the utility mains,
thus eliminating the HF component at the input side. The control
scheme for boost PFC is shown in Fig. 3. Firstly, the output voltage of
the boost PFC (V,,) is compared with the reference voltage (V.,), and
the generated error (e,) is applied to the proportional integral (PI)

Multiple IH load

/

Fig. 1. Full-bridge series resonant inverter for multiple induction heating (IH) loads.
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Fig. 2. Proposed induction heating (IH) power supply system. FB-SRI, full-bridge series resonant inverter.

controller, which is a voltage controller (G.). This V., is nothing but
the output voltage across the IH load. Thereafter, an input reference
current (i) is generated by multiplying the output of the voltage
controller (i.e., I,) with a rectified unitary template sine wave voltage
(V) which is as follows:

A

Vs(t):‘viz‘sin(l)t‘ (1)

m

where V; =V, sinot and V,, is the maximum voltage of the input
supply.

The PI current controller (G.) now compares input current reference
(i) to inductor current (/) and generated error (e), resulting in V.
Finally, this V. is compared with the HF triangular signal (V,,) to
get the switching signal for the switch, S,. A state-space averaging
technique has been used to analyze and design this control scheme,

which is as follows:

I .
Lin d—L:Vm‘SInwt‘fﬂfD(t))V,ef )
dt
Vrﬂf
(4%
Gcev
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W Ger
» ABS ;><:> V.
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=
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m [E
Vs
Fig. 3. Controller for a boost power factor correction converter. HF,
high frequency.

where L,, and D(t) are the boosting inductor and duty cycle function
of the pulse width modulator, which can be expressed as:

Vcont
D(t)=-"" 3
() V. 3)
where V, is the maximum voltage of the HF triangular signal.

On putting the value of D(t) from (3) in (2), we can get

dl, _Vpsinot Vi . Ve Vi, @

dt - Lin L/’n Lithri
From Fig. 3, the Laplace form of V_ is as
Veont () ={lrer (s)—1.(5)} Gy (5) )

On solving (4) and (5), inductor current (/) in Laplace form can be
written as:

V| (5) Vier G(s)

I(s)= - I

8= hGe) sn+Ge) T1+6e) ©
where G(s) = Veer G ls) (7)
and Ggl(s)=K, +K;/s 8)

K, and K; are the proportional and integral gains, respectively.

According to (6), the control loop can be considered of as being dis-
turbed by the input voltage’s absolute value. V. can also be assumed
of as a continual disturbance. In the face of these disturbances, the
control’s goal is to ensure that the inductor current follows a sinu-
soidal reference current. A Pl controller G(s) is used in the design
and implementation of the traditional control method and is also
the one that is most frequently used in real-world applications. In
this way, the input reference current (/) is inherently synchronized
and is always proportional to the line voltage, which is the condition
to obtain unity PF. In this work, boost power factor correction (BPFC)
has been made to operate in continuous conduction mode (CCM).

B. Load Adaptive PID-Aided Asymmetrical Voltage Cancellation
Control Scheme

Now, to maintain a constant output voltage (or to improve dynamic
behavior) across IH load 1 of FB-SRI, LA PID-aided AVC control scheme
has been developed. Fig. 4(a) shows a complete block diagram of
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Fig. 4. PID-aided asymmetrical voltage cancellation (AVC) control scheme-based induction heating (IH) system. Block diagram, AVC control
scheme, and plant model. FB-SRI, full-bridge series resonant inverter.

PID-aided AVC control scheme. Firstly, the output voltage (V,,) across
load 1 has been sensed and compared with the reference voltage
(V). After that, the generated error (e(k)) between V,, and V., is cor-

rected through a PID controller. The generated error between V,, and
V¢ in discrete domain is as follows:

ref

e(k)=Vier (k) =V, (k) (©)

Ae(k)=e(k)—e(k —1) (10)

where A e(k), e(k), and e(k — 1) are the change in error, error at kth,
and error at (k - 7)th moments, respectively.

The output of a PID controller is given to the limiter which is used to
avoid shoot-through duty ratio from exceeding a predefined thresh-
old. Finally, AVC is employed to generate PWM pulses for FB-SRI as
shown in Fig. 4(b). The plant model for the proposed control scheme
is shown in Fig. 4(c). The complete transfer function of shown plant
model is evaluated in order to design the controller which is as
follows:

Voi(s)  (kp +k; /s +5kg)xsCe(Req +5Leq)/(szLech, +5ReqCer +1)
Vier(s) T+ (kp +k;i /5 +5kg)xSCer(Req +sLeq)/(52LeqCC, +5ReqCor +1)

(1

On solving (11),

(s°kg +5kp +k)XCr (Req +5Leg)

(12)
(8°LegCer +SReqCer + N+ (s°ky +5k, +ki)xCor (Reg +5Leq)

To perform the dynamic study, initially IH load 2 (modeled as R,,, and
L,,,) is assumed OFF, and after some instant of time, it is connected
parallel to IH load 1 (modeled as R,,, and L) through unit step
response. Whenever IH load 2 is connected (which is parallel to IH
load 1) to load 1, the effective voltage across load 1 gets decreased.
So the main objective of this controller is to keep constant effective
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voltage (within reasonable limit) across IH load 1 in order to get uni-
form heating effect.

I1l. STEADY-STATE ANALYSIS OF CONVERTERS

The steady-state analysis of boost PFC converter and FB-SRI has been
done by assuming the normal operation of these converters which
is as follows.

A. Boost Power Factor Correction Converter

The primary function of this converter is to improve the power fac-
tor of utility mains as well as to protect from HF EMI effect. In order
to ensure minimum current ripple and to protect from HF current,
CCM is assumed for the operation of this converter. The key wave-
form for a BPFC converter in CCM mode is shown in Fig. 5 in which
D is the duty cycle, T, is the switching time period of switch S,, /,
is the average inductor current, and V,, is the average dc link volt-
age.The average voltage across the inductor can be assumed zero.
Thus,

VocDTgp +(VDC —VDCI)(1—D)st =0 (13)
where V. is the DC voltage after rectification and V,, is the DC link
voltage or boost voltage after boost operation.

Now, on solving (13), voltage conversion ratio is obtained which is
same as boost converter which is as follows.

Vog 1

= 14
VDC 1-D ( )

Change in the inductor current can be written as follows:

VLCDst
L

in

(15)

AIL :ILmax _lein
where /. and |/, . are the values of maximum and minimum induc-
tor current, respectively, while switching operation. As a result of
this, the temporal inductor current can be written as
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Fig. 5. Waveform of a BPFC converter in the continuous conduction
mode mode.
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2 DTy,

To satisfy CCM condition by assuming unity PF operation,

CCM =1,,>0
(17)
=/ >&C>PD—C>V'¥CDTS,,
2 Voo 2

where P, is the DC input power for boost PFC converter.

Thus,

Poc >ﬁDT5b (18)
2L

in

Consequently, the DC input power (P,.) can be exchanged between
Vyo L,y and modulating parameters D and T, to ensure CCM condi-
tion for a given supply voltage level.

B. Analysis of Full-Bridge Series Resonant Inverter Under
Asymmetrical Voltage Cancellation Scheme

Considering a FB-SRI topology as shown in Fig. 1, Fig. 6(a) shows a
generalized quasi-square wave output voltage. To control the volt-
age of this waveform, four control parameters (T, a,, a_, and p) are
generally utilized. To enable AVC control scheme, a_ must be zero,
and the obtained waveform is shown in Fig. 6(b). The average output
power (P,) of IH load 1 and load 2 can be controlled by controlling
the angle a. Alternatively, with the consideration of an open-loop
IH system, Fig. 6(c) shows the variation of output power across IH
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Fig. 6. Quasi-square voltage waveform. Output voltage waveforms
using asymmetrical voltage cancellation scheme. Variation of output
power (P) w.rt. a,.

load with the variation of controlling angle (a). In Fig. 6(b), V,, and
V,, are the output voltage across IH load 1 and 2, respectively. The
steady-state voltage across IH load 1 (V,,) and IH load 2 (V,,) can be
determined as follows:

©

Vo,:vo,+Z{An cosnat +B, sinat | (19)
n=1
where
1 Voo — 1V, v,
Vor :fJ‘Vm(t)d(Dst _ (=04 )Vpg —nVpg _ ~%Vpq (20)
T 21 21
0
Since a,=0
T
Voa

B, :%J.Vm(t)sinnmstdms =

w
1 .
&l E —[—cos(n—a,)—cosnr [sinnat
n
0 n=1

T

(21)

Therefore,
—alpa Voo N1 .
Vyy=———"+—"- Y —|—cos(n—a,)—cosnx [sinnwgt (22)
= Vo2 costnm)—comneli
Let V. is the maximum voltage across IH load 1 at the nth
harmonic.
Vimoin :@il[—cos(n—a,)—cosnn] (23)
' T 4=in

On considering lower order harmonics (i.e, n=1),

V
Vimor1 = DTC’D—cos(n—an] (24)
Fundamental load current (i ;) across IH load 1,

io1 =Imisin(ost — @) (25)
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Let, |, =I

~ 'mo1,1

Vpe| 1—cos(m—
Im01,1 _ Vmo1,1 _ DCI[ (m 011):' (26)

z. 2
Zea an\/HjQz(co,, —1]
®p

Now, the average output power across IH load 1 can be derived as
follows:

VDZCl |:1 - COS(T[ — 0 ):IZ

2
anqu[H jQz[wn —1) 1
o,

By manipulating (27) using boost DC voltage (V,.) expression (14),

Po1 :lrszeq] = (27)

the average output power for proposed IH system (P,, )) results as
follows:
v 2
[1 DB) ><[1—cos(rc—oc1)JZ
Po1,p = (28)

2
TEZRemI:'I-FjQZ((D,, —1j }
Wy

Similarly, power equations for IH load 2 can be written as follows:

VL)ZC,I:T—COS(E—QZ)]Z
2
aneq{H jQZ(o),, 1) 1
®p
V 2
i [1—DCDJ ><[1—cos(1r—ozz)]2

o2p — 1 P
TCZReQZ |»1+j02[0~)n _] ‘|
©y

However, in the proposed IH system, the average output power is
the combination of boost PFC circuit operation and the HF FB-SRI
operation. So, if the duty cycle of boost PFC increases, the DC link
voltage (V,) also increases. This results in the increment of the out-
put average power across the loads.

PoZ :I;ZRqu =

(29)

But, if the boost PFC converter will not apply, then only V. (output of
bridge rectifier) will act as input for FB-SRI. In this case, the conven-
tional average output power across IH load 1 (P,; ) can be written as
follows:

Ve[ 1-cos(n—ay )]z

2
TReq {H jQz((x),, —1j }
oy

At duty cycle, D=0.5, the average output power (P,, ) in the pro-
posed IH system becomes four times than the average output power
(P,, in the conventional IH system (i.e., without a boost PFC con-

verter). This is as follows:

P01,C =

Voc Y
Paw ['I—Dj XI:T—COS(TC—OH):IZ VDZC X[1—COS(TE—(7,1):|2

> == = (32)
Po‘I,C 5 o 1 2 5 . 1 2
TCReq 1+/Q W, —— TEReq 1+]Q W, ——
©p (%

Therefore,
e 1 (33)
Po1,C (1_D)
AtD=0.5,
Po1,p :4P01,C (34)

So, (34) concludes that the proposed IH system yields more power as
compared to the conventional IH system.

IV. PERFORMANCE EVALUATION OF THE PROPOSED
INDUCTION HEATING SYSTEM USING SIMULATION RESULTS

To evaluate the performance of the proposed IH system for two
loads, simulation is carried out using MATLAB/Simulink environ-
ment. As aforesaid, a boost PFC converter has been used as front-
end converter, and then an FB-SRI is employed in order to ensure
unity PF operation and generate HF AC, respectively. The designed
parameters for the simulation are divided into two sides, that is
the boost PFC converter side and the FB-SRI side, which is given in
Table I. The utility supply voltage (V)) is kept at 230 V and 50 Hz. The

TABLE I. PARAMETERS USED FOR SIMULATION

Boost PFC Converter Side

High-Frequency FB-SRI Side

Simulation Parameters Symbol Value Simulation Parameters Symbol Value
Input voltage Vi 230V, ., 50Hz Common resonating capacitor C, 0.8 uF
Average rectified voltage Vpe 207V IHload 1 Equivalent resistance Regr 50
Equivalent inductance Legr 52.7 uH
Boost PFC inductor L, 001 H [H load 2 Equivalent resistance Reg2 40Q)
Equivalent inductance Leg 52.7 uH
DC link capacitor C 0.02 F Switching frequency f, 25 kHz
DClink voltage Vg 330V Output power P, 1.2 kW

FB-SRI, full-bridge series resonant inverter; PFC, power factor correction.
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Fig. 7. Simulation results.

applied input average voltage for boost PFC converter is 207 V (0.9 x
V__ ., output of diode bridge rectifier) which gives the DC link voltage

rm.s’

(Voe) Of 330 V.

The simulation results of input voltage (V,), input current (/), and THD
are shown in Fig. 7, having the values of 225V, 7.07 A, and 1.30%,
respectively. Also, the PF (between V, and /) of “/.” using a BPFC con-
verter was found to be unity. This less value of PF and THD shows the
uniqueness of the proposed IH system using a boost PFC converter.
Also, it can be concluded that there is no HF component in the input
current (), which generally comes from the HF inverter side. Owing
to this good PF and low THD, IH load can extract more power from
the utility mains. The DC link voltage (V) which has been gener-
ated through boost PFC is shown in Fig. 8, and it has been fed to the
FB-SRI. The magnitude of V, was found to be 330 V which is boost
in nature.

Now, to evaluate the dynamic performance of proposed LA PID-
aided AVC control-based IH system, two loads have been assumed,
IH load 1 and 2. Initially, IH load 2 has been kept OFF, but when this
load is connected to load 1, the effective voltage across the load 1
decreased. The output across IH load 1 of the proposed IH system is
being regulated through a proposed control algorithm, and it can

be represented by putting the parameters of R, L., and C (as in
Table l) in (12), which is as follows:
%kg +sk, +k;)x0.8x107° 2.7x10°°
Vir(s) = (s 2d + sk, + ,)xq1§zx 07°(5+s5 76>< 0 )va(s)
(s252.7x0.8x107"* +55x0.8x107° + 1)+ (35)
(s’ky + 5k, +k;)x50.8x10°(5+552.7x10°°)
0.05 0.1 0.15 0.2
Time(s)

where k, k, and k, are the proportional, integral, and derivative
constants, respectively. The design of these constants has been
done through Ziegler and Nichols technique [31]. This approach
starts by setting the integral and differential gains to zero before
increasing the proportional gain until the system becomes unstable.
Consequently, k,, k, and k, are calculated as 0.6k, 2.0f,and 0.125/f,
respectively. Here, k__, is the value of k, at the point of instability, and
f, is the frequency of the oscillation. For the simulation study, IH load
2is aided to load 1 at 0.4 s by using a unit step response as shown in
Fig. 2. As a result of this, the output voltage across load 1 suddenly
decreased to 85 V from its reference voltage of 100 V at 0.4 s, but
due to proposed controller, the IH system again restores the voltage
across load 1 to its normal voltage of 99.7 V (i.e., close to the refer-
ence voltage) at 0.48 s. Along with this, the output current through
IH load 1 is also decreased by 0.98 A at 0.4 s and again achieved to its
normal value at 0.48 s. At the same time, the total HF current (I, eac)
increased between the time period of 0.4 s and 0.48 s to satisfy the
load demand, as shown in Fig. 9. Thus, it can be concluded that the
time taken by the proposed controller to achieve normal value is
0.08 s. Voltage and current are in same phase because of the reso-
nating operation of FB-SRI. This dynamic behavior of output voltage
and current is shown in Fig. 10. The encircled part in Fig. 10(a)shows
the zoom view of waveform.

The switching frequency () for HF FB-SRI is kept at 25 kHz, and it is
calculated by using series resonance condition which is as follows:

1

fi=——oueou-—
2n Leq1(orLeq2)Ccr

(36)

15 T T T T T T T T T

1 1 1 1

0.6 07 08 09 1
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Fig. 8. DC link voltage (V).

Fig. 9. Total high-frequency current (I, exc)-
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Fig. 10. Dynamic response of output voltage (V. ) and current (/) across induction heating load 1.
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Fig. 11. Pulse width modulation pulses.

As per (36), the calculated resonant frequency (f) was found to be
24.5 kHz, but to enable ZVS condition, the switching frequency (f))
is kept at 25 kHz. The HF pulses for HF FB-SRI and boost PFC switch
(S,) generated from the proposed controller are shown in Fig. 11(a)
and (b).

As from the simulation results obtained, it can be concluded that the
proposed controller maintains constant voltage profile in one load
due to effect of another IH load. Also, during dynamic operation, the
proposed IH system for dual load maintains the unity PF with low
THD. As a consequence, this controller can be extended to multi-
load IH systems.

V. EXPERIMENTAL PROTOTYPE AND ITS RESULTS

An experimental 1.2 kW system prototype has been developed,
as shown in Fig. 12, to test the real-time operation and assess the

performance of the proposed IH system. The supply system for
IH loads comprised of a bridge rectifier, a boost converter, and an
FB-SRI. A bridge rectifier has been developed using four diodes hav-
ing a currentrating of 10 A. After that, a boost PFC converter has been
made using the switch IRF640, a diode, an inductor of 0.01 H, and a
capacitor of 0.02 F. Finally, to generate HF AC, an FB-SRI has been
deployed which has been built using the switch IRF640. Induction
heating load has been developed using Litz wire having a diameter
of 14 cm. A resistive load was connected in parallel to the IH load
using a single-pole double-throw switch in order to change the load
for the dynamic study of the proposed controller. The parameters for
the design of the experimental setup are approximately the same as
simulation parameters. Fig. 13 shows the experimental results for the
input voltage, input current, and steady-state DC link voltage (gener-
ated from the boost PFC converter) having a magnitude of 220V, 50
Hz, 7 A, and 330V, respectively. This indicates the approximately

o =
ver Circuit

Simulated
Model

Fig. 12. Experimental setup of a power supply system for the induction heating system.
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Fig. 14. Experimental results of pulse width modulation pulses and output voltage and current.

unity PF (that is 0.985) operation and less HF component in the input
current waveform of the proposed IH system using a boost PFC con-
verter. The proposed control algorithm for a boost PFC converter and
FB-SRIfor dual IH loads is implemented using MATLAB/Simulink envi-
ronment, and the code for these algorithms has been downloaded
into Arduino Atmega328.The TLP250 opto-isolator circuit, which iso-
lates between high-power and low-power control circuits, is used to
drive the pulses generated by the Arduino atmega326. The amplified
pulses generated from the driver circuit are given to boost switch (S,)
and FB-SRI switches (5,-S,). The experimental validation of pulses is
shown in Fig. 14(a) where the encircled part shows the expandable
view of this HF pulses. The experimental waveforms of the HF output

voltage (V) and current (/) across IH load 1 are shown in Fig. 14(b),
which validates the dynamic response of the proposed IH system for
dual loads as obtained in the simulation result. It can be observed
from the experimental results that the proposed control algorithm
maintains the reference voltage across IH load 1 (V=100 V) accord-
ing to the IH load 2. This voltage and current have been recorded
using Infiniivison DSO-X 2022 A digital storage oscilloscope of 200
MHz.The load current has been measured using the TEKTRONIX A622
AC/DC current probe. The expanded view of HF output voltage (V, ),
i.e.,, AVC waveform, is shown in Fig. 15(a). Also, efficiency has been
measured at different output power levels, as shown in Fig. 15(b).
From this graph, the obtained efficiency was approximately 81%.
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HNOLOGIES

BW Limit Invert
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920

60

Efficiency, I (%)

0 200 400 600 800
Output Power, Po(W)

1000 1200

Fig. 15. Experimental results of the output voltage in expanded form and efficiency.
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As a result of this, the simulation and experimental results confirm
that a boost PFC converter-based IH system using the proposed con-
trol algorithm for dual IH loads guarantees improvement in the PF,
ensures protection from HF component in the line current, improves
dynamic response, and maintains constant output voltage across
IH load. Furthermore, the proposed control strategy for a boost PFC
converter and an HF FB-SRI is simple and robust.

VI. CONCLUSION

In this paper, a LA PID-aided AVC control scheme has been devel-
oped for the HF FB-SRI for the dual loads, followed by a boost PFC
converter. This controller maintains the constant output voltage
profile across IH load 1 when IH load 2 is suddenly connected to IH
load 1. In addition to this, a boost PFC converter has been used as
a front-end converter to enable the unity PF operation of the pro-
posed IH system. Also, mathematical analysis for the output power
has been established, which proves that the proposed IH system
can yield more power as compared to the conventional IH system.
Proposed controllers have been designed using a digital control-
ler (Arduino Atmega 3280). The switching frequency for an FB-SRI
is kept at higher than calculated resonant frequency to enable the
ZVS condition which reduces the power losses across the switches.
The simulation results were tested using the experimental setup of
1.2 kW HF FB-SRI, which proves the uniqueness and feasibility of this
proposed IH system for dual loads. This controller can be extended
to multi-load IH systems, and also intelligent controllers like model
predictive controllers can be used in future for better improvement
in dynamic response.
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