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SIMULATION OF A HALF BRIDGE INVERTER 

FOR INDUCTION MELTING OF METALS

Abstract

Due to a recent rise in popularity of induction heating, research is being directed towards achieving 

higher power, frequency and efficiency. This paper presents the simulation of an induction heating 

system containing a half bridge resonant inverter with PWM controlled IGBT transistors. The model is 

set to operate at 5kHz and 15kW. 

Dušan Đurašković, Bracan Labudović, Petar Marković, 

Miša Stević, Zoran Stojiljković, Zoran Stević



• Induction heating is a process of heating electrically conductive materials without 
direct contact, by using the principle of electromagnetic induction. 

• An induction heater / furnace consists of an electromagnet (inductor, coil) and an 
electronic oscillator circuit.

• Operating principle: 

-A high frequency AC current obtained from the inverter's output passes through the 
inductor. 
-That current creates an electromagnetic field within the coil. 
-The magnetic field induces Foucault’s currents inside of a metal charge that has 
been placed within the inductor. 
-Foucault’s currents flow through the resistance of the metal, thus generating heat 
as a result.

1 INTRODUCTION
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1 INTRODUCTION

• The frequency of the electrical current used for induction heating depends on:

-The charge material type

-The size and shape of the workpiece

-The desired depth of heating (penetration depth)

• Metal workpieces can be heated quite rapidly.

• The lack of external contact is crucial in applications where contamination is an issue. 
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1 INTRODUCTION

• Induction heating is used in many industrial processes, for the purposes of:

-Surface hardening

-Melting

-Sealing of containers 

-Brazing 

• The demand for electrical power is increasing almost as fast as environmental 
concerns. That is why it is of great importance to design resonant inverters that meet 
the ever-increasing demand for power efficiency.
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2 SIMULATION SOFTWARE

• The simulation of an induction heating system with a single phase half-bridge 
resonant voltage inverter was created in TINA, a powerful software tool developed by 
Texas Instruments.

• TI-TINA is a SPICE based program, and is widely used for simulating analog and 
digital electrical circuits. It is free to use and it’s built to be intuitive and user friendly. 

It allows efficient conduction of all types of conventional electronic circuit analysis: 

-DC analysis

-AC analysis (for small-signal modeling)

-Determining the transient response of a circuit
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• TINA includes built in models for all types of diodes, thyristors, bipolar transistors, 
MOSFETs, J-FETs, timers and operational amplifiers.  

• Even though the components mentioned above could be used for more accurate 
calculations, ideal elements are used in this case. The reason for that is general 
simplicity and clearer drawing of conclusions.

• Before running the simulation, the circuit configuration needs to be specified.        
Within this paper, the simplest method for doing so was implemented, which is using 
the program for drawing electronic schematics.

2 SIMULATION SOFTWARE
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3 SCHEMATIC AND SIMULATION PARAMETERS

• The schematic in the simulation is based on a real electrical circuit. That circuit 
contains:

-A three phase autotransformer (for gradually adjusting the voltage)

-A three phase Gretz bridge; It half-wave rectifies the voltage from the 
autotransformer’s secondary winding, in order to provide DC voltage. 

-A set of four capacitors (60 μF each, 240 μF total) that stabilize the DC link 
voltage, which is then forwarded to the resonant inverter’s input

-A single phase half-bridge resonant voltage inverter consisted of:

-An inductor with a workpiece placed inside of it 

-A set of two resonant capacitors (2 μF each)

-A set of two IGBT transistors driven by a control subcircuit

-A control subcircuit with added special protection features
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• The frequency in the control subcircuit can be adjusted within a wide range. 
However, a narrow range of frequencies (between f=4 kHz and 5 kHz) was used in 
this paper. This is due to the fact that the resonant frequency of the specific inverter is 
located within that range. 

• The inductance of the main coil L (a purely inductive load) was determined by direct 
measurement to be around 260µH.

3 SCHEMATIC AND SIMULATION PARAMETERS
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Figure 1: Complete schematic of the single phase half—bridge resonant inverter

3 SCHEMATIC AND SIMULATION PARAMETERS
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• For the sake of simulation simplicity, the rectifier bridge and DC link in the schematic 
are replaced with an ideal voltage source, a battery. 

• The battery voltage (V1) depends on the rms value of the DC link voltage.

• Capacitors C3 and C4 are eliminated in this case, due to the fact that ideal switches 
are used instead of real IGBTs (the parasitic effects are neglected). 

• Rise, fall and dead time in the control signal are neglected. 

• The simplified schematic is displayed in Figure 2.

• Further results and conclusions are based on the simplified version.

3 SCHEMATIC AND SIMULATION PARAMETERS
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Figure 2: Simplified schematic of the single phase half-bridge inverter
(used in the simulation)

3 SCHEMATIC AND SIMULATION PARAMETERS
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4 EXPERIMENT VARIANTS

• Specific variants of the experiment were:

1) “Empty” inductor (without a copper charge), circuit operating at its resonant
frequency (DC link voltage: 50V);

2) Inductor with a charge consisted of two copper tubes, circuit operating at its
resonant frequency (DC link voltage: 50V);

3) Inductor with a charge consisted of two copper rods, circuit operating at its
resonant frequency (DC link voltage: 50V);
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4) Inductor with a charge consisted of two copper rods, circuit not operating at its
resonant frequency (fpwm < frez) and the secondary voltage of the autotransformer is
equal to the “full” value of grid voltage (DC link voltage: 271V);

5) Inductor with a charge consisted of two copper rods, secondary voltage of the
autotransformer is equal to the “full” value of grid voltage;
The control circuit manipulates the frequency to approach the inverter’s resonant
frequency, until peak current of the IGBT transistors is reached;
At this point the protection implemented within the control circuit cuts the power
supply to the inverter;

4 EXPERIMENT VARIANTS
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• In order to adequately simulate the experiments previously listed, the copper charge
(displayed as the series resistor in the load branch) needs to be represented by
specific resistance values.

• Due to a relatively high operating frequency, skin effect is significant and the depth of
Foucault’s currents penetrating into the copper charge is quite small (about a
millimeter).

The penetration depth can be calculated by using the formula: 

z[mm] = 2.2/√f[kHz]. (1)

5 PARAMETER CALCULATIONS
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• Because of shallow penetration depth, similar thermic behavior is expected from
copper rods and tubes in these experiments.

The charge’s resistance can be calculated by using the formula: 

Rc = ρCu*l/S.  (2)

The circumference of the charge is given by:

l = π*dC.  (3)

5 PARAMETER CALCULATIONS
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• The surface into which Foucault’s induced currents flow is labeled as S, and given by 
the equation: 

S = l*z.  (4)

• Due to the fact that the charge is placed inside of the inductor, the system inductor-
charge behaves as a transformer. The inductor is the primary, and the charge is the 
secondary coil. 

• The turns ratio is m=N:1, where N is the number of turns of the inductor, which is 
about 100 in this specific case.

• In order to model the charge correctly, the resistance as “seen” from the primary 
must be calculated. Therefore, the previously calculated resistance must be 
multiplied by m squared, which is 10 000, in order to acheive the desired result and 
justify the schematic. 

5 PARAMETER CALCULATIONS
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• Keeping in mind the described algorithm (considering ρCu to be 18 µΩ*mm), the
resistance of one copper rod equals 2.91 µΩ, and the same applies to one copper
tube.

• The adequate resistance value for the load branch series resistor in the schematic is
R=29.1 mΩ.

• The goal is to simulate the previously listed variants of the experiment, to compare
the graphic results with corresponding oscilloscope images, and to comment on the
potential discrepancies between simulated and real experiments.

• In order to capture waveforms of the inductor’s voltage and current, transient
analysis needs to be performed for each of the experiment variants.

5 PARAMETER CALCULATIONS
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• Before starting transient analysis, it is important to find the resonant frequency of
the oscillatory subcircuit, for all the listed charge combinations. That can be done by
finding the corresponding frequency responses (characteristics).

Figure 3: Schematic for “small signals” and AC analysis parameter settings

5 PARAMETER CALCULATIONS
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• By changing the value of R from 10nΩ (which practically corresponds to an absence
of a charge) to 58.2mΩ (which corresponds to a charge of two copper rods), it can be
concluded that the resonant frequency stays the same.

• The presence of a charge negligibly affects the resonant frequency of the
oscillatory subcircuit.

• It is only after setting the value of R to 1Ω and above that a change in resonant
frequency can be observed, and it is displayed in Figure 4.

• Changes in amplitude of the inductor’s current and voltage can be spotted if the value
of R exceeds about 100mΩ. Increasing the load results in a voltage drop at the
inverter’s output.

6 SIMULATION RESULTS
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Figure 4: Effect of setting the value of R to 1Ω on fres and the Q factor of  the oscillatory 
subcircuit

• The result of seeking the resonant frequency for all values of R up to 1Ω is the same,
within the simulation with ideal parameters. The amplitude characteristic is
graphically displayed with a cursor pointing to the resonant frequency, in Figure 5.

6 SIMULATION RESULTS
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Figure 5: Amplitude characteristic and the corresponding resonant frequency of  the 
oscillatory subcircuit

• The resonant frequency of the LC oscillatory subcircuit can be calculated by using the
formula: fres=1/(2π*√(LC)), where C is the equivalent capacity of the resonant
capacitors connected in parallel. The result is fres = 4935 Hz, which is pretty close to
the result obtained by the simulation.

6 SIMULATION RESULTS
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• After setting the PWM frequency to fres, transient analysis is to be conducted.

• Parameter settings for transient analysis of the inverter circuit can be seen in Figure 6.

Figure 6: Setting the transient analysis parameters

6 SIMULATION RESULTS
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• While conducting transient analysis, the voltage and current of the inductor are being 
traced. 

• For variants 1), 2) and 3), the waveforms are practically identical. This is because of 
the ideal simulation conditions and the negligibly minor effect of the copper 
charge on the behavior of the circuit. 

• The current and voltage waveforms are displayed in Figure 7. It can be observed that 
the amplitude of the inductor voltage is around 1kV, while the amplitude of the 
inductor current is approximately 127A (in quasi-steady state). 

6 SIMULATION RESULTS
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Figure 7: Waveforms of the inductor’s current and voltage, for experiment variants            
1), 2) and 3)

6 SIMULATION RESULTS



25

• Experiment variants 4) and 5) imply setting the value of the autotransformer’s
secondary voltage to the “full” value of grid voltage.

• When this is the case, the PWM frequency would need to be lowered in order to keep
voltage and current amplitudes around the same levels as in previous variants.

• Approaching the resonant frequency would result in reaching the limits of particular
components, firstly IGBT transistors, which can endure a peak continuous current of
150А.

• In order for the circuit and its components not to be destroyed, an adequate
protection was implemented within the control circuit. It is the so called Shut Down,
which cuts off the inverter’s power supply after peak current of the transistors is
reached.

6 SIMULATION RESULTS
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• Because ideal elements (including switches) were used in this simulation, in the
previously mentioned case, the currents and voltages in the circuit could reach
astronomically high values if the frequency was set to its resonant value.

• Figure 8 displays current and voltage waveforms corresponding to variant 4). Figure 9
displays current and voltage waveforms with the frequency set to its resonant value,
with the DC link voltage value equal to 271V.

• Variant 5) cannot be simulated by using the displayed schematic, because ideal
components can withstand unlimited loads, as opposed to real components.

6 SIMULATION RESULTS
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Figure 8: Inductor current and voltage waveforms with DC link voltage of 271V and 
PWM frequency of 4400Hz < fres = 4935Hz

6 SIMULATION RESULTS
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Figure 9: Inductor current and voltage waveforms with DC link voltage of 271V and 
PWM frequency equal to frez = 4935Hz

6 SIMULATION RESULTS
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• The use of ideal circuit components while simulating the half wave resonant
inverter makes it easy to observe the operating principle of the converter without
introducing complicated calculations, but it neglects certain parasitic effects which can
significantly influence the results of real world experiments.

• The influence of the copper charge referred to the primary (inductor) side (or the
equivalent series resistance in the schematic) is (at calculated values) of very little
importance for determining the resonant frequency and the Q-factor of the circuit.
Also, its effect on the change in amplitude of the inductor’s current and voltage is
negligible.

• Therefore, a relatively small percentage of the power consumed from the grid by the 
inverter goes into heating or melting the copper charge. 

• This is a consequence of a poor choice of the ratio of diameters of the charge and 
the inductor. The ratio of currents flowing through the charge and the inductor is 
proportional to the square root of the ratio of their respective diameters. 

7 CONCLUSION
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• In order for heating to be more efficient and melting to be possible, the diameter of 
the charge must be around 70-80% of the inductor’s diameter. 

• This problem can be solved by wounding up the inductor of the same length layer by 
layer over a cylinder of a smaller diameter, but that solution implies additional 
technical difficulties. 

• However, solving this issue would certainly result in an increased value of the 
utilization factor.

7 CONCLUSION
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