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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 design and implementation of  an 

induction heating system containing a half bridge resonant inverter with PWM controlled IGBT 

transistors. Testing was done on a 5kHz prototype rated at 15kW. 
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Practical experimental tests and instruments for 
measurement

A peer reviewed presentation titled “Simulation of a half-

bridge inverter for induction melting of metals” contains the 

simulation of the exact system presented in this paper. The 

goal of simulating is to gain insight into how a given system 

works and what the expected results are. With the help of 

these obtained results, the experiment can be done with 

greater accuracy.

The difference between a simulation and an experiment is 

that the experiment implies the necessity to physically 

connect the actual components in such way that the 

connections correspond to the schematic. It is also necessary 

to connect the oscilloscope and the power supply from the 

inverter, which is powered by an autotransformer whose 

voltage ranges from zero to the nominal value of grid voltage. 

The layout and parts of the setting are shown on in the figure

on this slide.
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Practical experimental tests and instruments for 
measurement

In the top figure, a plastic cylinder can be spotted. A copper insulated 

conductor is wound up over it. The number of its turns is divided by 

two and a part of insulation was removed from the midpoint of the 

coil. The purpose of this is to place a measuring probe from the 

oscilloscope at that location to measure half the total voltage at the 

winding’s ends, for safety reasons. The inductance of the coil is 

proportional to the number of its turns.

The current drawn from the grid is measured behind the ends of the 

circuit breaker with analog ammeter. Each ammeter is connected in 

series with each phase. Ammeters with scales of 6A, 20A and 60A 

were used. In addition to these three ammeters for measuring grid 

quantities by phase (voltage, current, frequency, power factor, active 

and reactive power), a network analyzer was used. Its current probes 

are connected to circuits of individual phases by means of 

improvised current transformers with one primary turn and seven 

secondary turns. This means that the current measured by the 

network analyzer is 7 times greater than the actual one, and thus the 

power it measures is 7 times greater than the actual power. 

Therefore, the power displayed by the network analyzer must be 

divided by 7 in order to obtain the actual value. 3



Practical experimental tests and instruments for 
measurement

Digital amplifiers Voltcraft VC-605 (which can 
measure AC and DC currents up to 1000A) were 
used to measure the current of the DC bus, as 
well as resistances, AC and DC voltages, their 
frequency and continuity. 

A digital four-channel oscilloscope ROHDE & 
SCHWARZ RTB2004 was used to observe and 
record the waveforms of currents and voltages.
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In order to avoid a potentially dangerous and 
sudden connecting of the resonant inverter to the 
"full" value of grid voltage during experiments 
and testing, a three-phase autotransformer was 
used. Its primary three-phase winding is 
connected to the grid voltage. Its secondary 
voltage can be continuously adjusted from 0V to 
nominal grid voltage (231V), via a potentiometer. 

Furthermore, the voltage from the secondary of 
the autotransformer is connected to the three-
phase Graetz bridge where it is rectified, and a 
DC voltage is obtained, which is forwarded to the 
converter via DC link. 
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The LEM sensor LA 200-P with a transformation ratio of 
1:2000 and nominal primary and secondary currents IPN 
=200А and ISN =100mА, was used to measure the inductor 
current. The LEM sensor works based on the Hall effect. 
The range of measured resistance values for this sensor is 
from 0 to 60Ω. The value RM = 40Ω was used in the 
experiment.

The Hall effect is a phenomenon when a transverse voltage 
wave occurs in a solid state material through which current 
is passed, and which is placed in an external magnetic 
field. It occurs when the conductive material is placed in 
such a way that the magnetic field vector forms a right 
angle with the direction of flow of electric current through 
the conductor. The direction of the transverse voltage wave 
that occurs is perpendicular to both the direction of the 
magnetic field and the direction of current flow. 

Devices that operate based on the Hall effect, by nature 
produce a response signal that is of low intensity. It 
requires amplification, and the devices currently available 
on the market actually contain a Hall sensor, as well as an 
integrated circuit that is an amplifier with high gain. 
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Power converter control

The converter’s control system has the task to 
provide driving impulses to turn on (or turn off) 
switching elements, in accordance with the driving 
technique that is being used. It possesses certain 
security features such as over-current protection, 
system reset, measurements, driving signal 
parameter settings, and more.

The operating principle of the half-bridge inverter’s 
control subcircuit:

Constant DC voltage Ud is divided into two parts by 
using two identical series capacitors, of large 
capacitance, C. The inverter branch contains a 
cascade of two IGBT transistors with antiparallel 
diodes. The load is connected between the midpoints 
of the capacitor branch and the inverter branch. 

The operating principle is - periodic signals fed to the 
gates control the state of the transistor as a static 
switch. Signals are mutually shifted by T/2 (half of the 
total period). In the first half of the period, a voltage 
signal is brought to gate G1. Transistor Q1 is switched 
on, and the voltage on the load is Ud/2. In this half of 
the period, transistor Q2 behaves as an open switch. 
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In the second half of the period, Q1 is switched off, because the 
voltage signal is then fed to G2 instead of G1. The voltage on 
the load in this half of the period is -Ud/2. This process is 
repeated periodically. The voltage on the consumer is 
alternating, and has a rectangular waveform.
Thus, new terms were introduced. The time it takes for the 
transistor to stop conducting current, after the “off” command 
is signaled to the gate is labeled as Tfall. The time it takes for 
the transistor to start conducting current after the “on” 
command is signaled to the gate is Trise. The time during which 
none of the transistors conduct current is the so-called dead 
time, Td. The time the transistor is in the on-state is labeled as 
Ton, while the time the transistor is in the off-state is labeled as 
Toff.



Realization of  power converter control

For the control circuit’s construction, regulated 
impulse-width modulator, SG3524 by Texas 
Instruments is used. Fast, high-voltage drivers 
(IR2213 International Rectifier) were used to drive 
IGBT transistors. Other components, such as 
bipolar transistors, diodes, potentiometers, 
capacitors were also used. An integral part of the 
control circuit is a set of resistors, with the help of 
which adequate voltage and current signals are 
brought to the corresponding logical inputs of the 
chips.

SG3524 is an oscillator circuit that combines all the 
features necessary to create a regulated power 
source, an inverter, or a switching regulator. It can 
also be utilized in applications where the output 
power is high. The chip contains complementary 
outputs. This allows both push-pull and sin-gle-
ended applications. Some of the other features that 
this component has (of which some were used in 
the implementation of this project) are: a regulator, 
an error amplifier, a programmable oscillator, a 
high-amplification comparator, a current limiter, and 
a protection circuit for cutting off the power supply, 
in case of a surge in current over the set limit. This 
circuit also protects from other possible unfortunate 
occurrences that may cause damage to the 
equipment, a malfunction, or any hazard to the user. 
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The figure on the right shows a block diagram of this 
component, its pins, as well as the input and output labels.

For application in this project, important pins are:

C LIM+ and C LIM – Inputs where the positive and negative 
current value limits are adjusted; If the load current 
surpasses those limits, overcurrent protection will be 
activated.

GND – Grounding, as a reference to which input values are 
determined;

CT and RT – Inputs through which the desired value of the 
oscillator frequency is set; They are connected to the R14 
trimmer-potentiometer, with which frequency can be 
manually adjusted. It can be brought closer to, or further 
away from the resonant frequency. RT establishes constant 
charging current for CT. This is realized by a feeding a 
voltage signal in the form of a "ramp" to CT. That signal is 
then forwarded to the comparator, thus providing linear 
control of the output impulse width.

REF OUT – Output signal reference;

VCC – Input to which the voltage value of +18V is brought, 
for powering the chip;

SD (Shut-Down) is a shutdown feature that is 
used to block transistors in case of excessive 
current, preventing them from switching on, until 
the device is reset;

EMIT1 and EMIT2 – Emitters of bipolar 
transistors that transmit control signals generated 
by the regulator to the inputs of drivers IR2213;

OSC OUT – Oscillator output that ensures that 
IGBT transistor drivers never send the “switch on” 
signal simultaneously to both transistors;
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IR2213 is a high-voltage, high-speed driver 
designed for IGBT and MOSFET transistors used in 
power electronics. It contains two independently 
referenced output channels (High side output and 
Low side output). It is suitable for applications at 
high frequencies and voltages up to 1200V. 

For our application, important pins are:

VDD – Logic circuit’s power supply;

VSS – Logic circuit’s grounding;

SD – (Shut-down) Input for shutting the logic circuit 
off;

HO – Output of the upper leg transistor’s gate 
driver;

LO – Output of the lower leg transistor’s gate driver;

VCC – Upper leg transistor’s power supply;

HIN –Driver logic input for the upper leg transistor’s 
driver signal;

LIN – Driver logic input for the lower leg transistor’s 
driver signal;

VS – Lower leg transistor’s power supply;
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In the control circuit schematic, which is displayed in Figure 7.4., in the upper-right corner there is a Graetz bridge, 
with the first harmonic filter, F1. The filter serves the purpose of getting a clean, sinusoidal current signal of the 
fundamental frequency on the transformer. After passing through the transformer’s secondary winding, the current is 
rectified by the Graetz bridge, from which it is directed to capacitors C1 and C2. The voltages across C1 and C2 are DC, 
and their respective values are 22V and -22V. From these voltages, with the help of three circuits (displayed in the 
upper left corner of Figure 7.4.), auxiliary power supplies for logic and control circuits are obtained. Their voltage 
values are 18V, -15V and 15V, which are further used in the control circuit schematic. The voltage of +18V is required 
to compensate for the voltage drop across the high voltage diode D5. The purpose of that diode is to minimize the 
number of auxiliary voltage sources and to provide a high enough control voltage on the gate of an IGBT transistor 
(which should be at least 15V in order for the transistor to function properly).

The LEM module measures the current flowing through the inductor coil. The process itself is described in the 
chapter about experiments and the apparatus used in them. The LEM module is powered by a DC voltage source of 
+15V and -15V. It can detect direct alternating currents of frequency values ranging from zero to several hundred kHz. 
It transmits the measured current signal value directly to its secondary winding. The signal is then forwarded it to the 
measuring resistor R16 which has the resistance of 40Ω. 

Since the transformation ratio is 1:2000, for the inductor’s current of effective value 200A, the value obtained at the 
output of the LEM sensor is 0.1A. Thus, the voltage across the resistor is 4V.

Therefore, the voltage value of 1V across the measuring resistor corresponds to the inductor’s current value of 50A.

This transformed current is forwarded via diode D8 to the subcircuit, where its approximate value is shown on a 
digital display, not too accurately. It is possible to visually monitor how close its value is to the set tripping point of 
over-current protection, while "seeking" the resonant frequency. Diodes D6 and D7 are responsible for transmitting 
that current signal to the comparator circuit (which determines whether the overcurrent protection will cut off the 
power supply). 

The circuit containing bipolar transistors and the RESET block is monostable. It keeps blocking the control signals of 
IGBT transistors even after the over-current protection cuts off the power supply. It does so until the control circuit is 
reset, by manually pressing the RESET button. "Seeking" the resonant frequency is done by using the POT 5K block 
and the trimer-potentiometer labeled as FREQ R14 10K (which in reality is a small "wheel", similar to the ones used 
for control-ling the volume on amplifiers). 11

Driver control circuit schematic



The trimmer-potentiometer labeled as DEAD TIME R18 5K is used for adjusting dead time (Td) 
between switching off one and switching on the other IGBT transistor. In the case of this specific resonant 
inverter, its value ranges up to 7µs.

The trimmer-potentiometer labeled as I MAX R22 10K is used for adjusting the value of the tripping 
point current for the protection subcircuit.

Zenner diodes DZ1 and DZ2 are connected to blocks TB2 and TB3. Those blocks represent IGBT 
transistors Q1 and Q2 (GG, EG, ED and GD symbolize the gate of the upper leg transistor, emitter of the 
upper leg transistor, emitter of the lower leg transistor, and gate of the lower leg transistor, respectively). 
DZ1 and DZ2 are used to limit control voltage signals on the gates, so that their values do not exceed the 
maximum allowed voltage and damage the transistors.

The branches that contain resistors R4 and R7 help transmit the signals from the oscillator to the 
inputs of the drivers responsible for controlling the switching of the IGBT transistors.

Capacitors C22+C5 and C23+C10 at the drivers’ outputs accumulate the energy needed to keep the 
transistors switched on. C5 and C10 are electrolytic capacitors and are characterized by slow charging, 
while C22 and C23 are classical ceramic capacitors, that are characterized by fast charging. They quickly 
accumulate energy from the appropriate auxiliary voltage sources.
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• The top figure displays the printed circuit board 
simulated in Altium, with all the control circuit 
components (described in the previous text) 
integrated into it. 

• The bottom figure shows the actual printed 
circuit board that was designed based on the 
simulation from the top figure. It is embedded 
into a robust metal compartment, along with all 
the other components of the induction heating 
device. 
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Results of experiments with different forms of charges within the inductor

Types of charges used in the experiment and 
their dimensions:

Cylindrical copper (Cu) rod 

(F = 36mm, l = 700mm)

Cylindrical copper (Cu) tube

(F= 35mm, l = 1000mm, δ =1mm)

14



1. Inductor without a charge ("empty")

-Circuit brought into resonance

• InDC = 50 V 

• Idisplay = 125 A 

• Igrid = 12 A 

• fres = 4.41 kHz 
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2. Inductor with a charge consisting of two 
copper tubes

- Circuit brought into resonance

• InDC = 50 V 

• Idisplay = 90 A 

• Igrid = 9 A 

• fres = 4.60 kHz 
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3. An inductor with a charge consisting of 
two copper rods

- Circuit brought into resonance

• InDC = 50 V 

• Idisplay = 106 A 

• Igrid = 10.5 A 

• fres = 4.59 kHz 
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4. An inductor with a charge consisting of 
two copper rods

-Circuit is not in resonance (f < fres)

• InDC = 271 V 

• In"TR PH = 240 V (voltage on the 
autotransformer’s secondary winding) 

• Idisplay > 140 A 

• Igrid =18 A 
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5. An inductor with a charge consisting of 
two copper rods

• -Approaching resonance until the maximum 
current can be conducted by IGBTs without 
tripping the protection 

• InDC = 260 V 

• IDC = 5.5 A 

• Idisplay = 130 A 

• Igrid = 18 A 

• cos(φ) = 0.41 
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