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The aim of this research is simulation of induction heating system using COMSOL Multiphysics. The induction 

heating model consists of induction coil and stainless steel bolt. The obtained results such as inductance and resistance 
of coil are then used to design the source of high frequency AC current that feeds the coil.  In this case the source of 
current is half-bridge resonant converter. The simulation results are compared with experimental measurements which 
were obtained on laboratory model of such system.  
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INTRODUCTION. The induction heating is non-
contact technique of heating electrically conductive 
materials. The induction heating system consists of 
source of high frequency AC current, induction coil and 
workpiece itself (Fig. 1).  
 

 
Figure 1 – Induction heating system 

 
As its name implies, this technique relies on currents 

that are internally induced in workpiece, called eddy 
currents. The flow of eddy currents in electrically con-
ductive material generates Joule’s heat and thus the 
workpiece is heated. This is primary mechanism of heat 
generation in every electrically conductive material 
even non-magnetic. The second mechanism of heat gen-
eration is present only in magnetic materials and it’s 
related with the hysteresis losses. The general character-
istic of induction heating applications are quick heating, 
direct heating, high power density, low maintenance 
requirements, quiet, safe and clean working condition. 

The design of induction heating includes knowing 
the processes ongoing in workpiece such us heat genera-
tion, heat transfer in material and heat transfer between 
the material and external environment which are related 
to physical properties of material to be heated. Next is 
the coupling between the workpiece and induction coil, 
the shape of coil, the distribution of magnetic flux den-
sity in workpiece which depends on frequency of AC 
current drawn from the inverter. The final step is to de-
sign the inverter and rectifier that both meet the previ-
ous considerations. In this research the design of induc-
tion heating using finite elements method of solution is 
introduced. This method allows to design and to observe 
the relations that are present in workpiece, induction 
coil and source of AC current in one program environ-
ment. The program used in design is called COMSOL 
Multiphysics.  

The induction heating system consists of a source of 
AC current, working coil and material to be heated. The 
high frequency inverters supply high frequency current to 
IH load. Load consists of working coil and eddy current 
based heating material. The coil is connected to the pow-
er supply. The flow of AC current through the coil gener-

ates the alternating magnetic field which cuts through the 
workpiece and thus generates the heat. Generation of heat 
increases with frequency and amplitude of AC current. 
The more frequency increases, the more are eddy currents 
located near the surface of workpiece [1]. 

The high frequency inverters have been applied in 
all branches of industry, military, domestic heating as a 
power supplies for heating and melting applications. 
There are numerous of manufacturing applications 
which involve bonding and changing the properties of 
metals or other electrically-conductive materials such as 
forging, metal melting, hot forming, metal – glass seal-
ing, cap sealing, plastic reflow or material testing. There 
are various high frequency inverter circuit topologies, 
such as: full bridge, half bridge, single-ended push-pull, 
center tap push-pull and boost half bridge. Most of the 
IH systems are constructed of resonant inverters operat-
ing at high frequencies. Of these, the voltage source 
type ZCS (zero current switching), ZVS (zero voltage 
switching), SEPP (Single-Ended Push Pull) resonant 
and quasi-resonant hybrid high frequency inverter has 
unique features; such as simple configuration, high effi-
ciency and wide soft commutation range. Increasing the 
switching frequencies improves the performance and 
power density of the inverter. However, with increasing 
the switching frequencies appear some disadvantages 
due to the high commutation losses in the switching and 
appearance of electromagnetic interference. These fac-
tors occur mainly in inverter topologies that use the full-
bridge inverter configuration. The use of resonant con-
verter offers us the interesting option for application 
requires previous specification. 

EXPERIMENTAL PART AND RESULTS 
OBTAINED. The induction heating model was created 
in program COMSOL Multiphysics. This model allows 
estimating the necessary parameters needed to design of 
induction heating system which is frequency and ampli-
tude of AC current [2–5]. These parameters are calcu-
lated from desired temperature of the heated material. In 
this case the workpiece is bolt M12x65 made from 
stainless steel A2. The desired temperature is 700 °C.  
The induction heating model is depicted in  
Fig. 2. First,  the frequency – stationary model was cre-
ated to obtain maximum temperature and then the fre-
quency – transient, to obtain time – dependent results 
used in experimental measurements. 
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Figure 2 – Induction heating model in COMSOL 

 

The amplitude and frequency of current needed to 
heat the bolt to 700 °C is 50 A and 100 kHz. The induct-
ance of the coil is L = 1.15 µH and the effective re-
sistance of the coil at 100 kHz is RL = 0.099 . The volt-
age of the coil is ULmax = 52 V. The result of stationary 
simulation of such model is depicted in Fig. 3. 

 

 
Figure 3 – Stationary simulation results of induction 

heating model 
 

The results of time - dependent simulation is shown 
in  Fig.  4.  The  time needed to  heat  the  bolt  to  approxi-
mately 600 °C for this model is 300 s.  

 

 
Figure 4 – Simulation results of time-dependent 

 simulation 

Half-bridge series resonant inverter 
Next step is to design the inverter that feeds the coil 

with high frequency AC current. For our purpose the 
half-bridge parallel resonant converter is used. The to-
pology of converter is depicted in Fig. 3 [3]. 

 
Figure 5 – Half-bridge converter 

 

Induction coil is connected in parallel with capacitor, 
creating the parallel resonant tank. This arrangement 
incorporates the work coil into a parallel resonant circuit 
and uses the L-match network between the tank circuit 
and the inverter. The matching network is used to make 
the tank circuit appear as a more suitable load to the 
inverter. The resonant frequency of such tank has to be 
set to f0=100 kHz because the simulation model of coil 
in  COMSOL  was  driven  with  sine  AC  current  of  the  
same frequency. Due to high resonant frequency and 
high amplitude of current that flows through the switch-
es,  the converter switching frequency need to be  set to 
fs=100kHz or slightly above to achieve zero-voltage 
switching and thus reduce the switching losses on the 
transistors. The simulation model of this converter in 
PSPICE is depicted in Fig. 4.  

The parameters calculated in COMSOL slightly differ 
from parameters used in simulation because simulation 
uses real induction coil (Fig. 5,a) which inductance at 
100 kHz is Lreal = 1.28 µH and resistance 
is Rreal = 0.042  (without the heated core). The reso-
nant  capacitor  tank  is  made  of  7  capacitors  each  with  
capacity of 0.33 µF to lower the current flowing through 
them. The overall value of resonant capacitor tank is 
Creal = 2.6 µF. Input DC voltage of converter was set to 
30 V.  

 

 
Figure 6 – PSpice model of converter  

 

 
Figure 7 – Simulation results in PSpice  

 

Workpiece: 
Bolt M12x65 

Induction coil: 
8 turns, tube 
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It can be seen that the amplitude of the current that 
flows through the coil is ILmax = 58 A. That can be 
caused by different parameters of real coil. The voltage 
of capacitor or coil is ULCmax = 47 V and the current 
drawn from the converter is Imax = 20 A.  

Experimental results. Laboratory model of converter is 
shown in Fig. 8. The workpiece was stainless steel bolt 
M12x65mm. The waveforms are depicted in Fig. 9. 

 

 
Figure 8 – Laboratory model of induction coil  

and inverter  
 

The switching frequency of inverter was set to 
 fs=101 kHz and the amplitude of current is 50 A. The time 
of heating was 300 s and the temperature of bolt reached 
546 °C.  

 

 
Figure 9 – Waveforms of laboratory measurements  

(total current through coil equals 2iL) 
 

The difference between simulation and experimental 
measurements was 54 °C. This can be caused by changing 
the material properties of bolt with temperature, difference 
between electrical, magnetic and temperature parameters 
of real coil and simulation coil. 

   CONCLUSIONS. The aim of the paper was to create 
simulation model of induction heating system. This 

model allows estimating desired parameters of induction 
system such as parameters of the coil and amplitude and 
frequency of AC current to heat the workpiece to de-
sired temperature. This parameters help to design the 

inverter which is connected 
to induction coil. 
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