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The aim of this paper is to desribe and to summarize the principle of operation and features of  two newly developed 

topologies of the high frequency inverter for induction heating applications. The circuit topology, basic operating 
principle and some interesting features of the half-bridge ZVZCS series resonant and three-level ZVS PWM series 
resonant inverters are described.  
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Описано та узагальнено принципи роботи та властивості двох розроблених топологій високочастотних ін-

верторів для застосування в задачах індукційного нагрівання. Описано топологію кіл, базові принципи роботи 
та деякі особливі властивості резонансних перетворювачів типу «напівміст» серії ZVZCS та «трирівневий 
ШІМ» серії ZVS. 
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PROBLEM STATEMENT. The high frequency in-

verters have been applied in all branches of industry, mili-
tary, 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 mate-
rials such as forging, metal melting, hot forming,  metal - 
glass sealing, cap  sealing,  plastic  reflow  or  material  
testing. The general characteristic of induction heating 
applications are   quick heating, direct heating, high power 
density, low maintenance requirements, quiet, safe and 
clean working condition. This phenomenon relies on two 
mechanism of energy dissipation. These are losses due 
Joules heat and losses associated with magnetic hysteresis. 
First of these, are primary mechanism of heat generation in 
electrically conductive nonmagnetic materials (aluminum, 
copper, steels above Curie temperature). Electrical currents 
or eddy currents which are internally induced in material 
dissipate energy and bring about the heat. Second mecha-
nism is present in magnetic materials.  
The explanation of hysteresis losses states that heat genera-
tion is caused by friction of between molecules, or so 
called magnetic dipoles, when ferromagnetic metals are 
first magnetized in one direction and then in the other.  The 
energy needed to turn the dipoles is dissipated as a heat. An 
induction heating system consists of a source of AC cur-
rent, working coil and material to be heated. The high fre-
quency inverters supply high frequency current to IH load. 
Load consists of working coil and eddy current based heat-
ing material. The coil is connected to the power supply. 
The flow of AC current through the coil generates the al-
ternating 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]. 

There are various high frequency inverter circuit topol-
ogies, 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 operating 
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 fea-
tures; such as simple configuration, high efficiency 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 factors occur mainly 
in inverter topologies that use the full-bridge inverter con-
figuration. The use of resonant converter offers us the in-
teresting option for application requires previous specifica-
tion. 

This paper presents circuit topology and the basic oper-
ation principle of the half bridge ZVZCS series resonant 
and three-level ZVS series resonant inverter. 

EXPERIMENTAL PART AND RESULTS 
OBTAINED. Half bridge ZVZCS series resonant inverter. 

The half bridge topology is mostly used in induction 
cookers, because theirs robustness and simple circuit con-
figuration [2].  The proposed circuit topology is illustrated 
in Fig. 1. High frequency inverter consists of half bridge 
series resonant converter and bypass switch [3]. 

 
Figure 1 – Half-bridge inverter for induction heating [3] 
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This high frequency inverter circuit consists of two 
main switches Q1 and Q2 a single reverse blocking auxilia-
ry switch Q3. The resonant circuit consists of resonant in-
ductance L0 and resonant capacitance Cr. The capacitors, 
C1 and C2, are the lossless turn-off snubbers Q1 and Q2. 
This topology represents a half-bridge inverter, where the 
Q1 and Q2 are its main switches. The equivalent effective 
resistance R0 and inductance L0 is derived from the work-
ing coil side of a variety of IH loads [3]. The equivalent 
inductive component is used to store the current and is 
required to achieve the ZCS in main switches Q1 and Q2 
and ZVS in the high side subsidiary power switch Q3. The 
inductor makes resonance in accordance with the resonant 
capacitor Cr. The auxiliary power switch Q3 is in parallel 
with the resonant capacitor Cr that creates induction-heated 
load for the resonance.    

Operation of converter 
This circuit topology operates in six modes which are 

described below (Fig. 2):  
1: Mode starts with Q2 begin conducting, current flows 

through R0, L0 and Cr until D4 is forward biased (Fig. 2,a).  
2: Diode D4 begins to conduct, the current flows 

through R0, L0, D4, Q3, and Q2 until Q3 is turned off  
(Fig. 2,b).  

3: During this mode Q2 is still turned on, current pass-
ing through Cr, L0, R0, and Q2 until Q2 is turned off  
(Fig. 2,c).  

4: Switch Q2 is turned off and D2 starts to conduct due 
to energy stored in L0. (Fig. 2,d) 

5: In this mode main switch Q1 is turned on, the supply 
current flows through Q1, Cr, R0, and L0 (Fig. 2,e). 

6: Diode D1 beginns to conduct after the voltage across 
C2 reach its maximum value (Fig. 2,f). 

 

 
Figure 2 – Operating modes of inverter [3] 

 
The output high-frequency AC effective power of 

the high frequency inverter circuit can be continuously 
regulated by a constant frequency dual duty cycle PWM 
control scheme under a condition of zero voltage-
current transition soft switching principle. The control 
of this inverter uses constant frequency asymmetrical 
PWM control scheme. This control is based on varying 
the time ratio of total conduction times Ton of Q1, Q2 and 
Q3 to the operating switching period T of high-
frequency. The conduction time Ton1 of Q1 and the con-
duction time Ton3 of Q3 can be varied. As a control vari-
able in the proposed dual duty cycle PWM schemes, 
selective duty cycle is defined as: 

1
1

onTD
T

 ;                              (1) 

3
2

onTD
T

 .                             (2) 

Features of the inverter. 
The advantages of this circuit topology are stable 

switching, low cost and streamlined design. Other inter-
esting features of proposed inverter are: 

the DC component of the current through the work-
ing coil is zero because the series capacitor compen-
sated resonant tank; 

the ZVS soft switching commutation range be-
comes much wider because dual mode duty cycle; 

the effective efficiency of this high frequency in-
verter is much higher over wider power regulation range 
from high power settings to low power settings because 
selective dual duty cycle mode PWM control scheme; 

сonstant frequency operation can be implemented. 
 Three Level ZVS PWM Inverter. 
Fig. 3 shows a equivalent circuit configuration of an 

induction heating system developed for the induction 
hardening [4]. 

 

 
 

Figure 3 – Three-level ZVS PWM inverter 
for induction heating [4] 

 
The power circuit of high frequency inverter consists 

of a voltage-source inverter using four switches Q1–Q4. 
The lossless snubbing circuit consisting of only a turn-
on parasitic capacitor is connected between drain and 
source of each switch. The equivalent effective 
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resistance R0 and inductance L0 is again derived from 
load using the transformer principle [4]. 

 
Operation of the inverter. 
The operating principle of the three-level ZVS PWM 

inverter is shown in Fig. 4 and it is divided into ten modes 
described below. 

1:  During this stage, Q1 and Q2 conduct and the input 
power transfers to the load that is the series equivalent cir-
cuit (C0, R0, and L0). The magnitude of the primary voltage 
or output voltage is equal to Vs /2 that is a half of the dc 
input voltage (Fig. 4,a). 

2:  Switch Q1 is turned off. The primary current charges 
C1 and discharges C4 through the flying capacitor Css. At 
the end of this stage, when the voltage across the capacitor 
C1 reaches Vs /2, anti-parallel diode D1 will start to con-
duct. Simultaneously, the voltage across the capacitor C4 
reaches zero and the anti-parallel diode D4 starts to conduct 
(Fig. 4,b). 

3: In this mode C1 and C4 are completely charged    and   
discharged,   respectively.  The primary current freewheels 
through diode D5 and Q2. At this time, Q4 begins to con-
duct (Fig. 4,c).         

4: During this mode Q2 is turned off. The voltage 

across the capacitor C2 rises up to the half of the input volt-
age Vs, and voltage across C3 decreases to zero. Diode D4 
also conducts (Fig. 4,d). 

5: The primary current freewheels through diode D3 
and D4. Therefore, Q3 and Q4 can be turned on under ZVS 
conditions (Fig. 4,e). 

6: In this stage the primary current reverses its polarity 
and begins to flow through Q3 and Q4 respectively. During 
this stage, the primary current reaches the output load cur-
rent (Fig. 4,f). 

7: Q4 is turned off, but Q3 still conducts. The primary 
current charges C4 and discharges C1 through flying capac-
itor Css (Fig. 4,g). 

8: Capacitors C4 and C1 are completely charged and 
discharged, respectively. The primary current freewheels 
through diode D6 and Q3. At this time, Q1 begins to con-
duct (Fig. 4,h). 

9: Switch Q3 is turned off. The voltage across the ca-
pacitor C4 rises up to the half of the input voltage Vs, and 
voltage across C2 decreases to zero. Diode D1 also con-
ducts (Fig. 4,i). 

10: The primary current freewheels through diode D1 
and D2. Therefore, Q1 and Q2 can be turned on under 
ZVS conditions (Fig. 4,j). 

 

 
Figure 4 – Operation principle of three-level ZVS PWM iverter  

 
CONCLUSION. In this paper, the summary of the 

newly developed resonant converters for induction heat-
ing were proposed. Half-bridge series resonant inverter 
has some advantages as a simple configuration, stable 
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switching and low cost. Proposed ZVZCS inverter with 
dual duty control scheme offers wider control possibili-
ties over wider power regulation range and higher effi-
ciency.  The full-bridge PWM converter is one of the 
high power converter topologies that posses the basic 
desirable characteristics of both the hard switching 
PWM converters and the soft-switching ones, avoiding 
their drawbacks such as commutations losses and high 
conduction losses. However, the power switches of the 
full - bridge converter are subjected to the maximum 
input voltage level. In the case of high input voltage, it 
may not be possible to get adequate switches.  The 
three-level PWN converter avoids this drawback and 
reduces switches stresses. 
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Описаны и обобщены принципы работы и свойства двух разработанных топологий высокочастотных инвер-

торов для применения в задачах индукционного нагрева. Описана топология цепей, базовые принципы работы 
и некоторые особые свойства резонансных преобразователей типа «полумост» серии ZVZCS и «трехуровневый 
ШИМ» серии ZVS. 
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