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Abstract: This paper deals with digital simulation of Class
D and Class E inverter fed induction heater system. This
system has an advantage like reduced volume and switching
losses. The circuit operates under zero voltage switching.
The circuit models of Class D and Class E are devel oped and
they are used for simulation studies. The simulation results
are compared and results are presented
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I INTRODUCTION

INDUCTION HEATING was firstoted when
it was found that heat was produced in transforamel motor
windings. Accordingly, the theory of induction hiegt was
studied so that motors and transformers could bk fou
maximum efficiency by minimizing heating losses. eTh
development of high-frequency induction power sigpl
provided a means of using induction heating forfama
hardening. The early use of induction involvedItaiad error
with built-up personal knowledge of specific apptions,
but a lack of understanding of the basic principles
Throughout the years the understanding of the basic
principles has been expanded extending currenttp in
computer modeling of heating applications and psses.
Knowledge of these basic theories of induction ingabelps
to understand the application of induction heatisgapplied
to induction heat treating. Induction heating oscdue to
electromagnetic force fields producing an electricarent in
a part. The parts heat due to the resistance tficveof this
electric current.

A high-frequency class-D/Cldssinverter has
become very popular and is more and more widelyl uise
various applications. It must be effectively sedelcaccording

to the applications in order to meet the inveregquirements
under a high-frequency switching operation due dadl
specifications. In addition, one of the main adaget of the
class-D inverter is low voltage across the switghjch is
equal to the supply voltage. Thus, compared witheiot
topologies (class-E quasi-resonant inverter, efor) IH
applications [2], the class-D/Class-E inverter isted for
high-voltage applications [1], [4]. Generally, alstcall IH
applications use a variable-frequency scheme, pulse
frequency modulation (PFM), and pulse-amplitude
modulation (PAM) to control the output power [3B],[ [6].
Between them, frequency modulation control is tlasid
method that is applied against the variation ofdlaa line
frequency.. Additionally, in case of operation helo
resonance, filter components are large becausehhey to
be designed for the low-frequency range. In addijtibis apt
to audible noise when two or more inverters areratpd at
the same time with different switching frequenciBssides,
the soft-switching operating area of the zero-gwdta
switching (ZVS)-PFM high-frequency inverter is talaly
narrow under a PFM strategy [8],[9],[10]. Keepinbet
constant switching frequency and controlling thetpat
power by pulse width modulation (PWM) are obviouays
to solve the problems of variable-frequency control
Therefore, class-D-inverter topologies using a P\éhdpper
at the input, phase-shifted PWM control, PWM teghei,
pulse width modulation—frequency modulation (PWM-FM
technique, current-mode control, and a variableorrast
inductor or capacitor have been proposed [7]-[11]. The
constant-switching-frequency operation supposes ¢aah
inverter in the applications is operating at themsa
frequency, making it necessary to control powerhouit
frequency variations, and this is highly desired fbe
optimum design of the output smoothing and noiter§.
However, these control requirements and operating
characteristics have considerable complexity duthédfixed



switching frequency, which limits their performand®]. In
addition, if the system is operated with phasetstifPWM
control, the ZVS is not achieved at light load [1[34]. To
simplify output-power control, a full bridge zerarcent
switching (ZCS)—pulse-density modulation (PDM) eki>
inverter is proposed [15]. The output power of ®HE@S—
PDM class-D inverter can be controlled by adjustihg
pulse density of the square-wave voltage. Howenvben the
output is controlled by the pulse density, like ttha
[15],[16], the load current should be freewheeladd then,
the output voltage of the inverter becomes zeroaAssult,
the conduction losses of the inverter are causedthey
freewheeling current during the freewheeling mode.
Therefore, to solve these problems, this papersdeéh a
simple power-control scheme of constant frequeraryable
power (CFVP) for the class-D inverter in the IH-jar
application without additional devices. When tHass-D
inverter operates at a fixed switching frequenat th higher
than its resonant frequency, it can maintain ZV8ratfion in
the whole load range. Thus, the switching lossed an
electromagnetic interference (EMI) are decreased. |
addition, by adjusting the duty cycle of fixed Idsequency,
the output power is simply controlled in a widedaand line
range. The advantages of a new power-control schemme
simple configuration and wide power-regulation m@an{ is
easy to control the output power for wide load a@on. In
addition, the switches always guarantee ZVS froghtlito
full loads, and a filter is easy to design by usdiing constant
switching frequency. The proposed power-controlesoh
and principles of the class-D inverter are expldiimedetail.
The theoretical analysis, simulation, and experiaeresults
verify the validity of the class-D inverter withdlproposed
power-control scheme.

II. PRINCIPLE OF OPERATION
A. CLASS-D SERIESRESONANT INVERTER

A class-D inverteill be generally used
to energize the induction coil to generate higlyfiency
magnetic induction between the coil and the cookiegsel,
consequently, high-frequency eddy current, andllfinheat
in the vessel bottom area. The class-D inverteedathe
energy from the input source. The dc voltage isveded
again into a high-frequency ac voltage by the elass
inverter. Then, the inverter supplies a high-freggyecurrent
to the induction coil. Fig.1. shows the class-Dertgr system
of IH jar. The class-D inverter consists of two ®hiesSL
and & with antiparallel diode1 and D2, two resonant
capacitor<Cr/2, and an induction coil that consists of a series
combination of equivalent resistaniReq and inductandeeq.
The dc input voltage is directly supplied into arverter.
Then, (S1, D1), and (S2, D2) are alternately used t

administer a high-frequency current to the inductioil. In
particular, two switches are operated at squareewaith
suitable dead time between the two driving commantds
class-D inverter is operated above the resonawuuénecy,
which means that the switches are turned on wit ZV
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Fig.1. Class-D inverter system

B. PUSH PULL CLASS-E INVERTER

The basic schematic of the psaubpush—pull
Class-E series- parallel LCR resonant PA is shawhig. 2.
It contains two MOSFETS, two inductors, two capasit and
a load resistance.
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Fig.2.Basic push pull class- E power amplifier

Switches S1 and S2 are complementarily a@d/ab
drive periodically at the operating frequency ®£I1 as in a
push—pull switching PA[10],[11],[13], i.e., the duh
waveforms are identical, except that the phasésshétween
S1 and S2 ar#El with an “on” duty ratio D of less than 50%.
The simplest type of half-amplifier is a seriesgiiat
resonant circuit, which consists of an inductorrL series
with a paralleled capacitor C and resistor R. Tdémistor R
is the load to which the AC power is to be deliggraith
neither end connected to a ground. It is suitabteaf load



that is balanced to a ground, but most RF-powedddsave
one end connected to a ground. To accommodatmded
loads, the proposed topology needs to add one ef th
following: a balun that can be used to provide ititerface
with the amplifier [14][15]; or a two-winding trafemer
(that has V connected to a center-tap on the primary
winding), between the grounded load (on the grodnde
secondary winding) and the drains of S1 and S2ngcted
to the ends of the center-tapped primary windiig)reduce
the transistor turn-on power losses, the switchrerur i
increase gradually from zero after the switch zsell. The
proposed push—pull Class-E PA[16] uses a pair of LC Fig3.c. Output Voltage
resonant networks with an overlapped capacitoragelt

waveform; this offers additional degrees of freedom

I11. Simulation results

Class D/E inverter systems are simulated &edrésults L

are presented here. Class D inverter circuit ishasvn in Fig |
3.a.Scopes are connected to measure the voltaQess D
Inverter DC input voltage is shown in Fig.3.b. atsdoutput
voltage is as shown in Fig.3.c. Similarly Classnkerter : T T
circuit is shown in Fig 4.a. DC input voltage isosim in

Fig.4.b. Class E inverter output voltage is aswshadn

Fig.4.c. Comparisons of Input Voltage vs Outputtslgé &
Input Voltage vs Output Power are as shown in Fi&5
Fig.6. Fig4.a. Class E circuit Diagram
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Fig.4.b.DC input voltage

Fig.3.b. Dc Input voltage Fig.4.c. Output voltage




Input Voltage vs Output Voltage
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Fig.5. Input Voltage vs Output Voltage

Input Voltage vs Output Power
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Fig.6. Input Voltage vs Output power
IV. Experimental Results

Laboratory model for class D inverter abificated and
tested. Top view of the hardware is shown in fig.The
hardware consist of control board and power bodite
pulses are generated using microcontroller. Dctinpltage
is shown in fig 7b. Output of the inverter is shoimrfig 7c.
Output is not a pure sine wave due to the resistanesent in
the circuit.

The laboratory model for class E invertied
induction heater is fabricated and tested. Top vawhe
hardware is shown in Fig 8a. The hardware coneig®wer
circuit and control circuit. Dc input voltage isatn in fig
8b.Output voltage of the inverter is shown in Fid.The

output is not a pure sine wave due to the resistaricthe
coil.

Fig7.a. Top view of the hardware

Fig7.b. Dc input voltage
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Fig8.a. Top view of the hardware



Fig8.b. Dc input voltage

Fig8.c. Output voltage of the inverter

V. Conclusion

A Class D/Class E invertedd induction
heater is studied and simulated using Matlab SimRulThe
comparisons of simulation results are presented.isit
observed that

(i) The Class D inverter produces higher outputage than
Class E system.

(i) The Class D inverter produces higher outputveothan
Class E system.

Also this class D system operates at high iefiicy due to
soft switching. This system has advantages likeuced
volume, and faster response. Volume of L and Gikiced
due to high frequency operation. Hardware is redsiece it
uses only two switches. Faster response is obtdigading
Atmel micro controller. The simulation results areline
with predictions. This work deals with simulaticiidies and
Hardware implementation. The experimental resuits ia
line with the simulation results.
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