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Abstract: Induction heating is low or high frequency fast heating process. The realization of
this type of heating is very difficult without practical implementation. By making small
prototype this process is realized and presented in this paper. Mandatory design,
simulation, considerations and assumptions are done for practical implementation. With
compare to conventional heating method, induction heating is very fast and energy saving
method since the heat is actually generated inside the work piece. Over different topologies
of Induction heating, coreless high frequency eddy current induction heating is selected.
This can be contrasted with other heating methods where heat is generated in a flame or
heating element, which is then applied to the work piece or heating object hence induction
heating can also attract to researcher of energy conservation area. For these reasons
Induction heating lends itself to some unique applications in industry.

The main objective is to realize eddy current induction heating phenomenon and
also to compare the same with conventional heating. Based on this work feasibility of this
heating can verify for different heating applications like surface-hardening, Annealing,
soldering, welding, melting of precious metals, sterilization of surgical instruments and
forging of bolt-heads and rivet heads. Small prototype of this topology can also help to
understand high frequency eddy current, skin effect, resonance in electrical circuit and
also high frequency inverter. In this paper, design and realization of small but complex
prototype is shown with practical result.
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INTRODUCTION
The Comparing to nonelectric heating methods conventional electric heating has
many advantages liken cleanliness, absence of flue gases, ease of control, automatic
protection etc. Though good performance of conventional electric heating, some
commercial and industrial requirements like upper limit of temperature, fast heating,
special heating requirements, utilization of heat are not satisfied. To fulfill these types of
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requirement nonconventional heating methods can be select. For heating or melting of
metal objects induction heating is preferable. Induction heating process is non contact
and clean process for any conductive work piece. Induction heating is comprised of
three basic factors: electromagnetic induction, eddy current lose and the skin effect
inside the object. If high frequency source connected to the winding called work coil the
magnetically coupled work piece gets heated. When metallic piece is placed inside the
coil then magnetic field produced by coil, produces eddy current in the metallic piece,
this eddy current is responsible for the production of heat inside the metallic piece.
Because of electromagnetic induction eddy current losses occur and work piece gets
heated.

A. Block diagram
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Figure-1: Block diagram representation of proposed topology
Block diagram shows Mains connected to rectifier and further dc supply is converted in
high frequency AC supply. Again high frequency ac is given to the work coil and it will heat
up work piece. Work piece and work coil are electrically isolated and magnetically coupled.
B. Working principle and circuit diagram
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Figure-2: Tansformer equivalent circuit of induction heating
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Figure-3: Circuit with limiting inductor connected to center point of work coil
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Eddy current induction heating works on the faraday’s law of electromagnetic induction
principle. It is very similar to electrical transformer which consist secondary short circuit or
only one turn and source faded with high frequency ac source.When high frequency source
applied to primary with secondary short circuited, high eddy current or short circuit current
will flow through secondary. This eddy current is the main cause of heat loss in the form of

I? R loss.All the other conventional heating processes has problem of heat lost while

transferring to the work piece.As all the processes work on the bases of heat transfer to the
object to be heated via any medium or by direct contact to the object. While Induction
heating has advantage over other processes because it does not transfer heat to the object but
it generates heat in the object by generating eddy current in object by magnetic
induction.Hence heat loss in atmosphere can save by this concept. The work done for metallic
work piece heating with eddy current and hysteresis loss generation inside it by high
frequency supply. Another main thing is skin effect because of high frequency applied to
work coil. Here skin effect is phenomenon which useful to select depth of Penetration in
work piece forheating, which will discuss in further section.

DESIGN CONSIDERATION
An easy way to comply with the conference paper formatting requirements is to use
this document as a template and simply type your text into it.
A. Work coil design
1) Number of turns of coil N

Lw

N= Dec+Cp
Where,
N = number of turns of work coil
Lw = length of work piece to be hardened, m

Dc = Diameter of conductor
Cp = Coil Pitch
0.05
N=——""" _ 6.25
0.002+0.006
Practically N=6

2) Inner diameter of work coil is

Din=Dw+ 2Cp
Dw=Diameter work piece
Din=0.0255 m

3) Outer diameter of work coil is
Dout = Din + 2Dc¢
Dout = 0.0255 +2(0.002)
Dout =0.0295 m
Where,
Dc = diameter of conductor, m
4) The total length of conductor for work coil is
Iwe =2 (llead) + N [(2r Rm )2 + (1.5 dc)2]1/2
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Where,
Iwc = length of conductor, m
llead = length of work coil lead, m
Rm = inner radius of work coil, m
Iwec =2(0.03) + 5 [{2m (0.0335) }2 + {1.5(0.002)}2 ]1/2
Iwe=1.11374219 m
B. The depth of current penetration in work piece
The depth of eddy current can be decided by the inverter frequency. Some typical
applications required precise heating on its surface or inside at that time depth of penetration
calculated and from given equation.
8c = 1/ mfpy0, M,
Where,
uc = permeability of conductor, H/m
po = permeability of free space, H/m
oc = electric conductivity of conductor, mho/m
f = applied frequency, Hz
8¢=2.6790 * 10" * m
C. The minimum thickness of work piece
Therefore, the minimum thickness of work piece is
tc =2*dc¢
Where,
tc = minimum thickness of conductor, m
dc = depth of current penetration in conductor, m
tc =5.358 * 10-4 m
D. Inductance of the work coil
It can be calculated using Wheeler’s formula

L.=Rg, XN?/[0.0254(9x0.01275+ 10 x 1.1137)]
L. = 09uH
1) Total equivalent inductance of work coil
Leq: Lw+ Lw
Lw= work coil inductance
Leq=0.9uH+ 0.9uH
Leq: 18]J,H

2) Total equivalent Resistance of work coil
Req=10.07 Q (measured from the work coil)

3) Tank Capacitor value

Self resonant scheme is applied for high frequency switching of mosfet hence inverter gives
about 140-175 kHz frequency across the work coil or capacitor. So the value of tank
capacitor is decided by the following formula.
Resonance frequency for negligible resistance

f=1/2m/LC
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L=Leq= 18MH
C= CT= Tank capacitor
So, Tank capacitor value is obtained from the above equation is
CT =0.48 pF at =170 kHz

Figure-4: Work coil

SIMULATION RESULTS OF PROPOSED CIRCUIT
Simulation of proposed circuit is done in PSIM simulation software. Two complementary
pulses are generated with simple spwm technique for simulation and given to the mosfets.
Simulation circuit and waveforms are given below.
E. Simulation circuit with PSIM software
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Figure-5: Simulation circuit and voltage wave form across capacitor
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HARDWARE IMPLEMENTATION WITH RESULTS

Figure-6: Experimental setup

Figure-8: temperature of work piece Figure-9: Voltage across capacitor
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CONCLUSION

The main objective for proposed project is that realization of eddy current induction
heating is done with Simulation and hardware results. Temperature sensor shows 80-100°C
within very short time near about 1 to 1.5 minute which is very fast with comparing to
conventional heating methods. Practical result shows eddy current effect in the form of heat
is induced inside work piece. Operating power is very low and heating is very fast with
compare to conventional heating method hence it can be conclude that this method is
applicable for typical applications where fast, precise and energy saving operation is required.
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