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A bstract-s- Induction hardenin g machine is to change the
st r ucture of chem ical lind physical properties of materials,
usuall y metals, in orde r to improve their properties in re lation to
1I particular appl icatlon. Thi s mnch inc is based on the high
freq uency induction heating, electr ical and elect ronic
techn ologies. The use of electronic controls in induction
hardening mach ine is 1I new area indu strial electronics. From the
electronic point of view, induction hardenin g mach ines lire
composed of rec tifier, inverter lind p rotection system. In this
project, SCRs are selected as elect ron ic switching devices for
inverter circuits. By controlling the SCR s, the desired high
frequency lind power to harden the materials can be obta ined.
Thi s paper concentrates on designing lind implemen ting of
medium frequ ency inverter circuit for induction hardening
machine aiming to be 1I good IOCll1 product considerably
comparable with foreign counter-parts in terms of cost. Design
hus been approached by surveying the induction hardening
ma chin es instal led at NoA Farm machinery indu stry, Kyaikkalo
in Yan gon lind theo reti cal concepts lire described in deta il in this
paper,
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1. INTRODUCTION

Induction hardening machines arc widely used in industria l
applica tions. They can harden the shafts. gears , bots and nuts,
engine cylinders etc. by using a very large amount of electrical
power at high frequency. The two main portions of induction
hardening machines are high frequency generation and load
coil. Only high frequency generation port ion wi ll be
emphasized in this article. The main frequency conversion
process uses motor generator sets, spark-gap converters.
elec tron-tube osci llators and thyr istoriscd power supplies.
Choosing the best strategy is the challenging matter and the
optimized design for this strategy is esse ntial to the success of
project implementation in an efficient and economical way.
The thyristoricd method , the latest technique, is applied to this
syste m. The solution to get the required frequency and power
arc the focuses of this article. The basic block diagram of an
induction hardening machine is shown in Fig. I.
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Firstly, the 50 Hz single-p hase AC power supply is rectified
by single -phase full-controlled rectifying circuit which
contains four diodes. The rectified output voltage contains
ripple. So, filter circuit (induction coil) is used to eliminate the
ripple. The filter coil has two functions: to eliminate the ripple
and to provide the constant DC output power. The output of
filter is nearly pure DC and is fed to the single-phase bridge
parallel connection inverting circuit which is composed of
four SCRs with triggering control. Using this inverter circu it,
the filter output power can be converted to single-phase 2 kHz,
IkW AC power.

This output power is sent to load coil by passing through
the step-down transformer and capacitor bank. The capacitor
bank has two functions. One is to provide force commutation
of SCRs. And anoth er is to compensate power factor of the
machine. The lagging effect of power factor due to the
inductor coil is compensa ted by means of a compensating
capacitor bank. The output frequency is tuned by capacito r
bank and load coil. Step-down transformer is used to increase
the output current passing through the load coil. Finally, the
output frequency with high curre nt is passed through the load
coil and makes the work-piece to harden the required depth .
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heating. Of rm or c, how ver, IS the fact at the sh 0

the part and the area to b heated should be suited to this
method of energy transfer. Basically, therefore. Induction
hardening is a s 1 ct d means of heat-treatmen t int nd d
pnmarily for the surface hardening of localized are as rather
than as a general-purpose means of treatment.

(2) Essentially, there ar two forms of hardening, A steel part
can be "through hardened", that is heat-treated in such a way
that the inside of the component is as hard as the outsid . Or it
can be "surface hardened", in this case, the core of the
component remains mall eable whil st the outside surf ce
attains the desired hardness value.

Where in uction har ening c be applied. it has efini te
advantages, These ar (1) r pi heating with large pro uction
possibilities. (2) umfonn control so that rejections are re uce
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n. THEORY OFINDUCTIONHEATING AND INDUCTION
HARDENIN

A. Pn apt ojL duction Heating

The principle of induction heating is explained with the
help of a set-up shown in Fig, 2. Th metal lic job called
charge is kept within the alternating magnetic field, When
alternating voltage e is supplied across the job coil, as shown
in Fig 2 and alternati ng current I starts flowing in the job coil.
This current produces an alternating magnetic field. The
metallic job pi ced in this field cuts the altern ting magneti c
flux an pro uces an induced emfgiven by

e-{- ..1.} ( 1)
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Fig.4 Startin g circuit for invert er triggering circuit
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C. Dual Tinter Circuit for Inverter Triggering Pulses

Design Requirement: Producing pulses to feed the SCR
gates
Based on NE556 dual timer operating in monostable Mode ,

RAand C can be calculated from this equa tion.
Delay Time, T = I. IRAC1 (7)

I
f = - (8)

T

B. Osci llator (Starting Circuit fo r Inverter Triggering
Circuits)

Design Requirement: 2 kHz oscillation signa l
Based on NE555 IC spec ifications operating in astable

mode,
t ll = 0.693 (RA + RB) C (4)
Where ,
t~F on time
tL = 0.693 RBC (5)
Where ,
tL= off time

f = 1.44 (6)
(R A + 2R B )c

Where,
f = freque ncy

In the above circuit, the inductance Ldc is so large that the
input curre nt remains consta nt and a square -wave current is
impressed on the resonant-load circuit. The load voltage is
nearly sinuso ida l. The SCRs are turned off by the reactive
power supplied by the load itself, provided the inverter
opera ting frequency is equal to the resonance frequency of the
load. In this circ uit, no separa te turn-off arrangement is
required .
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Fig. 3 Current-fed bridge inve rter with parallel resonan t load

III. D ESIGN CONSID ERATION FOR INVERT ER AN D TR IGG ERING

CIRCUITS

Inverters are static circuits (that is. they have no moving
parts) that convert DC power into AC power at a desi red
output voltage or current and frequency. The output vo ltage of
an inverter has a periodic waveform that is not sinusoidal but
can be made to closely approximate this desi red wavefo rm.
These are many types of inverters, and they are classified
according to number of phases, use of power semiconductor
dev ices, commutation principles. and output waveforms.

or eliminated , and, as a rule, (3) economical heat ing costs,
especia lly w here only localized areas are treated.

The speed at which a metal part is heated depends on
seve ral facto rs. the most important being the relation of the
availa ble power to the area being heated referred to as
kilowa tts per square inch. the type of work coil used and its
location in respect to the work's surface , and the resistively of
the metal be ing heated . Since the resistively of most stee ls is
fairly equal, power output and coil charac teristics the basic
considera tions for induction hardening. There must be eno ugh
electrical energy flowi ng through the coil to generate the
desired amount of heat in the surface of the work. For case ­
hardening steel parts , where a fast heat rise is necessary so
that heating is restricte d almost entirely to the surface , a value
of from 5 to 10 kW per sq- in of surface may be needed. In
some instances, where a restricted case hardness is desire d,
higher concentratio ns may be satis factorily heated for
hardening at about 2 to 3 kW per sq-in. At this value, however,
unless the part is sma ll a greater amount of thermal heat
conduction below the surface will results, and the overa ll
heat ing time will be increase d somew hat proport ionately.

A. Current Source Inverter (CSI) with Parallel Resonant
Load

High-frequency powe r is requ ired for induction heating and
melt ing. The load in this case can be regarded as a variable
inductance compensated by a capacitor. A current-fed bridge
inverter as shown in Fig. 3 with a parallel-resonant load is
take n for analysis.
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Fig. 6 Block d iagram ofimplemented project

In this circuit, NE555 timer operated in astable mode is
used as oscillator. And LM339 op-amp IC is used as zero­
crossing detector. NE556 IC is used in monostable mode to
produce the 2011S triggering pulse, The two MOSFET (lRF
830) comprises a driver for SCRs. And pulse transfonncrs
serve as electrical isolation between SCRs and drive circuits.
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Fig. 5 Dual timer circuit for inverter triggerin g pulses
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IV. CONFIGURATION OF TilE 11I t pLE/o. IENTED CIRCUITS

The implemented circuit can be classified into sub-circuits
and can bc represented with the block diagram shown in Fig. 6.
Schematic overall circuit diagram is shown in Fig. 8. It uses
linear ICs and these ICs arc NE555, LM339 and NE556.
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Fig. 8 Schematic circuit diagram of overa ll circuit
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V. EXPERIMENTAL TEsTING

Prior to assembling the fmal product, testing has been done
to make sure that required output signal waveforms are in the
reasonable range. The final stage's output waveform, input to
the SCRs , is shown in Fig. 9. This signal has been measured at
the output terminals of the pulse transformer and it is the
required triggering pulse for the current source inverter circuit
According to the adjusted settings of the oscilloscope, the
reading shows that the measured signal is the 2 kHz pulse
train which is the expected output

Fig. 9 Test result ofSCR input waveform

VI. CONCLUSIONS

In this project, the implemented circuit has been designed
based on surveying and theoretical approaching. It is mainly
composed of rectifier, inverter and other circuits . Inverter
portion is the main topic of this article, and it can generate the
high frequency AC output for induction hardening and gives
satisfactory result. In this paper, single-phase full-wave
bridge rectifier is used to get constant DC power and single­
phase full-wave parallel inverter is used to obtain the desired
AC power. For inverter portion, current source inverter is
selected to produc e high frequency output and it can provide
constant current to load coil. In this inverter, SCRs are
selected as the switching devices because they can operate
with the highest power among other switching devices. And
so, this inverter is designed as a thyristorised inverter.
Thyristors are triggered with pulse gating and triggering
circuit is designed to generate the gate pulses at 2 kHz
frequency. Three are two flexiblilites in designing triggering
circuit. First is that it can easily change the operation
frequency according to the load and the second preferable fact
is that it is suitable for any types of SCR by adjusting the
triggering pulse width. The pulse width transformer is used to
isolate the SCRs and triggering circuit. In conclusion, this
project has been designed with the locally available
components to get the optimum performance.
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