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Abstract— An effective power control technique for controlling 

the output power of a high-frequency full bridge series resonant 

inverter (HF-FBSRI) for induction heating applications has been 

developed in this study. This paper introduces a DC-link control 

technique for controlling the DC link voltage, which keeps the 

system in resonant mode. As a result, the system's performance is 

at its maximum. To manage the output power of the IH system, 

this controlled dc link voltage is applied to HF-FBSRI. This 

intended control mechanism ensures that the entire IH system 

runs smoothly. The ZVS condition has been obtained to limit 

switching losses across switches, resulting in regulated heating 

effects. Different output power is obtained with varied DC link 

voltage at different phase angles in this work, and it is validated 

with Matlab/Simulink environment for a 515W IH system. 
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I. INTRODUCTION  

In this era, it is seen that the usage of induction heating 
technology is increasing day by day in the fields of industrial as 
well as domestic applications [1]. There are numerous 
advantages to employing this technology, including great 
efficiency, controllability, speed, safety, and cleanliness. Many 
advancements have been made in this technology as a result of 
these benefits [2]. Induction heating is a method in which an 
object is heated using a foucault current created by the 
electromagnetic induction principle [3]. This Foucault current 
should be of high frequency in modern induction heating 
technologies. This high-frequency alternating current, known 
as eddy current, intrudes within the item, which is then heated 
according to the joules law of heating effect due to the 
resistance of the object to be heated. Nowadays, a high-
frequency resonant inverter is employed to generate this high-
frequency current [4]. For induction heating applications, a 
variety of topologies have been explored, including full bridge 
series resonant inverter (FB-SRI) [5], half bridge-SRI [6], 
single switch topology [7], class –D, Class-E, and so on. The 
only drawback of these converters is the high switching loss 
that occurs across the switches. Zero voltage switching (ZVS) 
and zero current switching (ZCS) [8] techniques are employed 
to eliminate this switching loss. It has been observed that full 
bridge topology is used for industrial applications and half 

bridge topology is used for household applications. To 
eliminate switching loss, a full bridge series resonant inverter 
with ZVS condition used in this study. 

Different power control strategies have been developed in 
tandem with the resonant converter design, depending on the 
application's requirements [2]. In the resonant inverter, there are 
two techniques to manage output power. Either by adjusting the 
time period of Pulse width modulation (PWM) that is delivered 
to the inverter's switches or by delivering a variable DC link 
input voltage to the resonant inverter. PWM approaches are 
used to control the output power of these two techniques in 
general. Frequency modulation technique [9], Phase shift [10], 
Pulse density modulation [11], and Square wave are some of 
the numerous ways to modify the PWM signal. However, none 
of these approaches can guarantee that the system is in resonant 
mode. As a result, the system's performance has suffered, and 
switching losses have increased. It may be seen in frequency 
modulation technology, where the current and power passing 
through the resonant tank decreases as the frequency is varied. 
In order to overcome the aforementioned drawbacks, this paper 
proposes a variable DC link voltage method that is developed 
utilizing the phase angle control methodology. The block 
diagram of the proposed high frequency induction heating 
system is shown in Figure 1. First, AC 230Vpp, 50Hz (as per 
Indian standard) is applied to the regulated rectifier, as shown 
in this block diagram. Between the AC supply and the rectifier, 
an EMC filter is employed to lessen the voltage or current 
transient effect. After the rectifier, a non smoothening filter is 
employed to remove the high-frequency component generated 
at the load side of the resonant converter (superimposed at the 
input side of the inverter) [4]. As previously noted, a separate 
controller is utilized to obtain variable output power.In this 
paper, to getting variable output power, phase control technique 
has been proposed which control the firing angle of controlled 
rectifier. Owing to this, variable dc link voltage is obtained 
which is given to HF-FBSRI (high frequency-full bridge series 
resonant inverter) to get variable output power. This proposed 
control technique can be used in both industrial as well as 
domestic induction heating applications. 

The rest of the section is as follows: - In Section II, a brief 
description of the full bridge series resonant inverter is given. 
Proposed control technique has been described in Section III.
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Fig. 1. Block diagram of High-Frequency Induction Heating System 

 
 

Simulation work and its results are given in section IV. And 
at last section V concludes all work that is presented in this 
paper. 

II. FULL BRIDGE SERIES RESONANT INVERTER 

A quick examination of FB-SRI with operating conditions 
is provided in this section. Four high-frequency power 
electronics switches and an anti-parallel diode make up a full 
bridge series resonant inverter (such as MOSFETs, IGBTs, 
GTO,). A quasi-square waveform is produced by 
simultaneously toggling two switches in one leg. MOSFETs are 
typically used where high power and high frequency are 
required, such as in a resonant converter for an IH application. 
The power circuit diagram for the FB-SRI is shown in Figure 2. 
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Fig. 2. Power circuit diagram of FB-SRI 

 

In this case, the induction heating load is modelled as a series 
of R and L. C is a resonant capacitor that is used to generate a 
resonant situation for the purpose of analysis. The resonant 
converter is known to function at the resonant frequency (fr). 
However, in order to achieve ZVS or ZCS conditions, the 
switching frequency should be greater or lower than the 
resonant frequency. In general, ZVS is preferable for IH 
applications. The full bridge series resonant inverter used in this 
study. 

 
The operating mode of this FB-SRI can be explained with 

the four modes of operation:- 

 

Mode 1: In this mode, the triggering pulses are used to turn 
on two switches (M1 and M2). Current flows from the source 
to Vdc, M1, IH load, M2, and back to the source. Vdc emerges 
from the load side in this mode. At the end of this mode, M1 
must be switched off. 

Mode2:- Due to the inductive load, the current cannot 
change direction instantly at the end of mode 1. When M1 
switches to the anti-parallel diode of M4, this mode is activated. 
The current now flows from the IH load to M2, then to the anti-
parallel diode of M4 and back to the IH load. Zero voltage is 
applied across the load in this mode. When the current flowing 
through the load reaches zero, this mode ceases. 

Mode3:- This mode is identical to mode 1, except that the 
direction of current changes as the switches are switched. 
Pulses are sent to the M3 and M4 in this mode. Current is now 
flowing in the direction of Vdc, M3, IH load, M4, and back to 
the sources. -Vdc appears on the load side during this mode. At 
the end of this mode, M4 must be turned off. 

Mode4:- Due to the inductive load, the direction of current 
cannot change instantly at the end of mode 3. The transition of 
M4 to the anti-parallel diode of M1 initiates this mode. The 
current now flows from the IH load to the anti-parallel diode of 
M1, M3, and back to the load. In this state, there is no voltage 
across the load. The current through the load is reduced to zero 
at the end of this mode. 

Fig. 3 shows the waveform of above-explained mode. 
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Fig. 3.  Output voltage waveform of FB-SRI 

Page 13

ISSN: 2583-2621



      

SHODH MANTHAN SBU JOURNAL OF APPLIED SCIENCE AND ENGINEERING, Vol. 1, Issue. 1 [January-2022]
    

 

230V

50Hz

Controlled 

rectifier

Ls

Cf VDC

High Frequency 

Inverter

Req
Leq

Ceq

Phase 

Controller

α

 
Fig. 4. Block diagram of proposed IH system 

 

III. PROPOSED CONTROL TECHNIQUE 

This section discusses a proposed phase control strategy for 
controlling the output power of an IH system when applied to a 
controlled rectifier. The suggested IH system with phase control 
approach is depicted in Fig. 4 as a block diagram. A single 
phase controlled rectifier is first fed with 230V, 50Hz, as shown 
in this block diagram. This controlled rectifier is linked to a 
phase controller, which is used to change the controlled 
rectifier's firing angle (α). Variable DC link voltage is obtained 
as a result of this. HF-FBSRI is provided with a changeable DC 
link voltage. This results in a high frequency oscillating 
alternating current, which is then applied to the IH load. The 
output power of the HF inverter can be adjusted by changing 
the DC link input voltage. The power variation in this IH system 
can be understood by following mathematical equation:- 

Pout=Output power of controlled rectifier 

Pin=Input power of HF-FBSRI 

Output power of controlled rectifier can be calculated as:- 

( )outP 1 cosm
out

V
I


= +                                            (1) 

R.M.S power can be calculated as:- 

( )out(rms) ( )

1 sin 2
P

2
s out rmsV I


 



  
= − +      

      (2) 

From above these equations, if α will be varied, then output 
power of controlled rectifier will be varied. This power act as 
input power for the HF-FBSRI. So automatically output power 
of FB-SRI will be varied. 

Phase Controller:- The variable duty cycle of PWM is 
generated in this controller. Variable firing/phase angle is 
obtained as a result of this. It can be comprehended with the aid 
of a block diagram (Fig. 5). The comparator is fed a high-
frequency sawtooth waveform (reference signal) and an 
adjustable DC voltage, as shown in the block diagram. This 
comparator compares the two signals and generates a variable 
duty cycle of PWM based on the variable DC voltage variance. 
The frequency (fs) of generated PWM is determined by the 
reference signal's frequency (fr). In this work, the peak voltage 

of saw tooth waveform is taken as 1V and magnitude of variable 
DC voltage is taken as 1V. 

High 

Frequency 

Sawtooth 

waveform(1Vp)

Variable DC 

voltage(0-1)V

Comparator PWM of Variable Duty Cycle

1Vp

1V

  
Fig. 5. Block diagram of Phase Controller 

 

   Fig. 6 shows the variation in output voltage at different firing 
angle. 
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Fig. 6. Different output voltage at different firing angle (a) At α1 and (b) At α2 
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Fig. 7.  Simulation model of proposed IH system 

 

As a result of the above waveform, it can be inferred that output 
power may be adjusted by changing the duty cycle. The duty 
cycle changes when the DC voltage (0-1) V changes. 

IV. SIMULATION MODEL AND ITS RESULTS 

        Using the Matlab Simulink environment, the proposed 
control strategy is validated. Table 1 lists the design parameters 
and their specifications. Figure 7 depicts the circuit of the 
proposed IH system, which has been created in the 
Matlab/Simulink environment. The use of a scope to measure 
various voltages and current waveforms may be observed in this 
model. The phase controller is used to generate PWM with a 
changeable duty cycle that is sent to the thyristors' gate 
terminal. Variable DC-link voltage is obtained as a result of 
this. Then, before applying DC voltage to FB-SRI, Ls and Cf are 
employed to eliminate the high-frequency component at the DC 
link voltage. The switching frequency and duty cycle of FB-SRI 
are kept at 25 kHz and 50%. It is already mentioned that FB-
SRI works at the resonant frequency and it is calculated by 

using relation:-
r

1
f

2 eq eqL C
= . 

TABLE.I  DESIGN PARAMETERS AND ITS SPECIFICATION 

Designed Parameters Specifications 

Source Voltage (Vpp) 220V 

Switching Frequency (fs) 25KHz 

Resonating Capacitor (Cr) 0.8uF 

Equivalent Inductance (Leq) 52.7uH 

Equivalent Resistance (Req) 5Ω 

Maximum RMS output power (Pout) 515W 

 

 

Fig. 8(a) and 8(b) shows the simulated output of 1-ø controlled 
rectifier and full bridge series resonant inverter at zero degree 
firing/phase angle. At 00 firing angle, maximum power has been 
achieved. Fig. 9(a) and 9(b) are also shows the simulated result 
of controlled rectifier and full bridge series resonant inverter but 
at different firing/phase angle i.e. α=900. At this firing/phase 
angle output power is reduced. So it can be concluded that, as 
the firing/phase angle increases, output power of induction 
heating system reduces. 
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8(b) 
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Fig. 8. Simulated results of output voltage for controlled rectifier and FB-SRI 

at α=00 

9(a) 

 

 
9(b) 

Fig. 9. Simulated results of output voltage for controlled rectifier and FB-SRI 

at α=900 

 
10(a) 

 
10(b) 

Fig. 10. Simulated output power at different firing/phase angle 

(a) At α=00, Pout=515W 

(b) At α=900, Pout=243.2W 

 

V. CONCLUSION 

In this research, a phase control technique for current induction 
heating systems is designed and tested using Matlab/Simulink. 
This IH system's behaviour is based on a variable output power 
of 515W. As a result, whatever the users' power requirements 
are, they can be adjusted up to the rated power. Because it is 
resonant in nature, this FB-SRI can transfer the maximum 
amount of current. Both home and industrial induction 
applications can benefit from this phase control technology. 

REFERENCES 

[1] O. Lucía, P. Maussion, E. Dede, and J. M. Burdío, “Induction heating 
technology and its applications: Past Developments, current Technology, 
and future challenges,” IEEE Trans. Ind. Electron., vol. 61, no. 5, pp. 
2509–2520, 2014. 

[2] A. Kumar, M. Sadhu, N. Das, P. K. Sadhu, and D. R. Ankur, “A Survey on 
High-Frequency Inverter and Their Power Control Techniques for 
Induction Heating Applications,” J. Power Technol., no. X, 2011. 

[3] P. S. Lupi, “Survey on Induction Heating Development in Italy,” pp. 1–6, 
1915. 

[4] A. Dominguez, L. A. Barragan, J. I. Artigas, A. Otin, I. Urriza, and D. 
Navarro, “Reduced-Order Models of Series Resonant Inverters in 
Induction Heating Applications,” IEEE Trans. Power Electron., vol. 32, 
no. 3, pp. 2300–2311, 2017. 

[5] P. V. and K. M. N. Yongyuth*, “Analysis of a Full-Bridge Inverter for 
Induction Heating Using Asymmetrical Phase-Shift Control under ZVS 
and NON-ZVS Operation,” in 2007 7th International Conference on 
Power Electronics and Drive Systems, 2007, pp. 476–482. 

[6] K. Young-Sup, Y. Sang-Bong, and H. Dong-Seok, “Half-bridge series 
resonant inverter for induction heating applications with load-adaptive 
PFM control strategy,” IEEE Appl. Power Electron. Conf. Expo., vol. 1, 
pp. 575–581, 1999. 

[7] B. A. and Y. B. A. Shenkman, “Improved modification of the single-switch 
AC-AC converter for induction heating applications,” IIEE Proc.-Electr. 
Power Appl, vol. 151, no. 1, pp. 1–4, 2004. 

[8] H.-J. C. and D.-R. C. C.-M. Wang, “Novel zero-current-switching (ZCS) 
PWM converters,” IEE Proc.-Electr. Power Appl, vol. 152, no. 2, pp. 
407–415, 2005. 

[9] and D. M. S. Faucher, F. Forest, J.-Y. Gaspard, J.-J. Huselstein, C. Joubert, 
“Frequency-synchronized resonant converters for the supply of 
multiwinding coils in induction cooking appliances,” IEEE Trans. Ind. 
Electron., vol. 54, no. 1, pp. 441–452, 2007. 

[10] C. Carretero, O. Lucía, J. Acero, and J. M. Burdío, “Phase-shift control of 
dual half-bridge inverter feeding coupled loads for induction heating 
purposes,” Electron. Lett., vol. 47, no. 11, pp. 670–671, 2011. 

[11] V. Esteve et al., “Improving the efficiency of IGBT series-resonant 
inverters using pulse density modulation,” IEEE Trans. Ind. Electron., 
vol. 58, no. 3, pp. 979–987, 2011. 

 

 

 
 

 

 
 

 

 
 

 

 
 

Page 16

ISSN: 2583-2621


