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Abstract 

This paper presents a power control scheme of a current source converter (CSC) which delivers a 

constant current to the load for induction melting applications. The proposed control scheme with 

SVPWM pattern regulates the power of a high Q- resonant load by controlling the DC current 

according to the defined target. The PI controller adjusts the manipulated variable by SVPWM in such 

a way that the error signal is reduced to a minimum value and a constant current is maintained 

uninterruptedly for the load.  In order to validate this constant current requirement to the load, the 

output power analysis of the resonant inverter is also carried out in this work. The proposed control 

scheme is described through simulation in Matlab and the results show its effectiveness in induction-

melting applications. 
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1. Introduction 

Induction melting is a type of heat-treatment 

process that works on the principle of 

electromagnetic induction. The induction heat 

treatments such as melting, tempering, forging and 

brazing etc. have evolved very rapidly grown in 

recent years [1]-[4]. The reason of this wide-spread 

use of induction heating compared to other heating 

practices is due to its rapid response, and clean and 

efficient way of heating [5]-[8].  

 

 

 

 

 

 

 

 

 

A topology for induction melting can be built up 

with the help of a current-source converter followed 

by a DC reactor which aids to feed a smooth current 

to the load as shown in Figure 1. This constant 

current is then supplied to a resonant inverter for 

energizing the resonant tank. The resonant tank itself 

comprises a parallel combination of capacitor and 

inductor’s coil, produce a self-oscillating behaviour 

in the circuit when is energized. This oscillating 

behaviour is called ‘resonant frequency’ and is used 

in induction melting.  

 

 

 

 

 

 

 

 

 

 

Fig 1:   PWM converter feeding a constant current. 
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Various strategies, for the control of power of 

resonant inverters have been established [2], [4], [5], 

and [9]. A brief overview of the previous work is 

given in the following paragraphs. 

Ngoc et al. in reference [2], presented a 

technique for the control of coil-current amplitude 

and phase angle to regulate the output power. The 

buck converter at the rectifier output adjusted the 

inverter’ input voltage and, in turn, the output power 

through converter’ duty cycle regulation generated by 

the amplitude controller. In reference [4], the authors 

used a PWM control scheme to regulate the buck 

converter connected at the rectifier output. The buck 

converter was employed for the variation of output 

voltage to control the load power through a PLL 

scheme. Fuentes et al. developed an induction 

furnace which consisted of a controlled rectifier 

followed by a boost converter to feed the inverter 

bridge: the scheme was employed to control the 

output power through DC voltage regulation [9]. 

References [2], [4] and [9] have proposed 

topologies for resonant inverters comprising of a 

front end rectifier with buck or boost converters for 

power regulation. These added switching devices (i.e. 

buck and boost converters) enhance the system size, 

cost and create control complications when linked 

with a conventional firing angle controlled rectifier.  

In reference [5], Chudjuarjeen et al. have 

addressed a current-fed inverter for forging 

applications. In this work, the PI control strategy has 

been used to generate firing pulses for the SCR-

bridge rectifier. Conventionally this method is known 

as firing angle control scheme. The DC current from 

rectifier output and high frequency voltage from 

resonant tank capacitor are sensed and used by this 

scheme for power adjustment. One flaw of this 

strategy is the utilization of high-frequency resonant-

tank voltage for control purpose so another converter 

is needed to convert this voltage into DC. This extra 

converter enhances the costs, losses and size of a 

system. Hence, a well-controlled system having 

minimum components, with optimum switching 

states modulation scheme, is needed to avoid these 

extra devices and control components.   

The presented work, in this paper, proposes a 

quite simple and active control scheme with reduced 

control components. A vital factor for the design and 

analysis of a proposed system is the availability of an 

extensive choice of design tools in both software and 

hardware. One best opportunity to design and 

simulate a system with bit and cycle accuracy is 

MATLAB Simulink which offers a good picture of 

system response [10], hence is used in presented 

work for the development of the proposed model.  

In this model, the control strategy measures the 

DC current and then compares it to the reference 

signal. The difference signal is fed to the PI 

controller which adjusts the manipulated variable by 

SVPWM in such a way that the error signal may 

approach to zero and a constant current is maintained 

continuously for the load.  The key objective of this 

constant current is to avoid the fluctuation of the 

output power as load varies in heating process. The 

power analysis at the output of the current fed 

inverter is also carried out in order to validate the 

effectiveness of the control scheme in melting 

applications. 

2. Proposed Control Architecture with 
Space Vector-PWM Pattern  

2.1 Control scheme 

PI controllers can give a better response and 

removes the control error when desired target is 

cnstant (i.e. DC value) in steady state. Hence, in this 

represented model, a PI controller is an effective 

solution with satisfactory outcomes. It can be 

expressed as: 











 

t

i
t de

T
teku

0
)(

1
)(   (1) 

Where, (t) r(t) y(t)e   , y(t) is the output DC 

current Idc and r(t) is the reference signal.   

The control strategy is shown in Figure 2 where 

DC current signal is compared with the reference 

signal and their difference gives an error signal. The 

error signal is then fed to the PI controller. The PI 

controller with SVPWM generates the gate drive 

pulses for rectifier and produces such a value of 

manipulated variable that the output current may 

track the reference value accurately. As in current 

source converter, a DC current is desired to feed the 

load circuit, so the control scheme supplies the DC 

current to the load. 
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Fig. 2:  Proposed control scheme with SVPWM. 

The power control of the converter is realized 

through the DC current adjustment, hence a rated 

controlled power i.e. dc dcP V    can be achieved 

at the rectifier output. 

2.2 Space vector PWM 

Space vector-PWM is an advanced digital 

modulation scheme which works with vector-time 

averaging approach and generates desired pulses for 

converter’s switches [11], [12], [13], [14] and [15]. 

SVPWM modulation has some dominant features 

over other modulation techniques such as optimized 

state selection, lower harmonics and easy 

implementation through a microprocessor [16]; hence 

is selected for study in this research. 

Space vector pulse width modulation is 

frequently used both for voltage source and current 

source topology. For current source converter, there 

is a slight modification of the conventional SVPWM 

used in voltage source configuration. Like a voltage 

source converter, there are six active vectors in 

current source converter, but three zero vectors are 

formed to freewheel the DC current through the 

bridge. In the voltage source topology, at any instant 

three phases are utilized by the space vector PWM, 

whereas in current source topology only two phases 

are used [12], [13], and [15]. 

During this current source operation, one switch 

in the upper legs (S1, S2, and S3) and one switch in the 

lower legs (S4, S5, and S6) of the converter must be 

switched-on at any instant of time to ensure source 

connection to the load and obey: 

1321  SSS  and 1654  SSS  (2) 

These constraints give nine possible switching 

states for the current source configuration as shown 

in Table 1. Based on this possible on/off combination 

of the power devices, the switching states diagram of 

the CSC can be drawn as shown in Figure 3. 

Table 1: Switching States 

 

One could notice that at any instant no two 

switches of upper or lower leg of the converter can 

never  be ‘ON’ to avoid the short circuiting of input 

phases. 

The line current can be written in a balanced 

three phase system as: 
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Current space vector is then defined as: 

  jIIIsv  (6) 

Where; 
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The converter states with respective line 

currents given in Table 1 can be used in equations 

(5), (6) and (7) to express the αβ- components, which 

produce possible current vectors as follows: 
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The remaining current vectors 543 I,I,I and 6I  

can be found in the same way. The zero current 

vectors are 0III 987  . 

These current vectors can be described in a 

general expression as follows: 
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Six active vectors generates hexagon in αβ-

reference frame. This hexagon can be divided into six 

sectors, as shown in Figure. 

The on time of vectors can be calculated in each 

sector. From the Figure 4, assuming Iref is lying in a 

sector ‘i’, the adjacent active vectors Ii, Ii+1, and zero  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

vector Iz with their respective on times Ti , Ti+1 and 

T0, are used to evaluate the reference current vector. 

 

Fig. 4:  Switched vectors and sectors for CSC. 

 

Fig. 3: The switching states diagram of the CSC. 
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Fig. 5:  Reference vector Iref in sector i. 

A general relation for the desired vector on 

times can be established by using equation (10), (11) 

and (12) as follows [12]: 
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where, Iα_ref and   Iβ_ref are the horizontal and vertical 

components of the reference current vector Iref. 

3. Model Configuration 

The structure of the system mainly consists of a 

front end controlled rectifier, dc reactor, inverter 

bridge and parallel resonant tank at the output. 

Conventionally, an SCR based rectifier is used for the 

AC-DC conversion due to its low cost but it 

deteriorates the system power quality significantly. 

The recent trend, to meet the criteria of power 

quality, is to replace the SCR based rectifier with a 

PWM converter so an IGBT based rectifier bridge is 

used in this study as shown in Figure  1[17]. The SV-

PWM switching pattern has been used with proposed 

control scheme to supply a constant current to the 

inverter bridge.  

The inverter bridge is followed by the 

combination of a capacitor and coil configured in 

parallel commonly known as tank circuit as shown in 

Figure 6 [18].  This tank circuit forms a ‘resonant 

frequency’ when is energized. This ‘resonant 

frequency’ can be expressed as: 

LC
fr

2

1
  (15) 

The resonant capacitor and coil are fixed in this 

combination; however, the load parameters i.e. 

conductivity, permeability and geometry tend to 

change during the heat treatment process resulting in 

the change in equivalent load and fluctuation in 

power. The system parameters are also given in Table 

2. 

 

Fig. 6  Current source feeding resonant tank. 

Table 1  System Parameters 

Input voltage (3-phase) 380 V 
Frequency 50 Hz 

Input  filter inductance 6.05µH 

Input resistance 20 mΩ 
Input capacitance 50 µF 
DC smoothing reactor 25 mH 
DC load resistance   0.8 Ω 
PI controller gain term 1.3 

PI controller integral term 56 

Coil inductance 452 µH 

Equivalent load resistance 0.02 Ω 

Capacitance bank 8.95 µH 

Switching frequency 10 kHz 

Modulation index 0.93 

Resonant frequency 2.5 kHz 

Sample time 2e-6 s 
 

4. Power Analysis 

As the purpose of the proposed control strategy 

is to supply a constant current to the load, hence in 

this section the output power of the parallel resonant 

load is also presented to examine the usefulness of 

the proposed control scheme. 
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Conventionally in the induction heating or 

melting, the load circuit has a small resistance which 

is characterized by its quality factor. The quality 

factor of a resonant circuit illustrates the maximum 

energy stored to the energy dissipated in a circuit 

during one oscillation period. It is a dimensionless 

quantity and lies in the range 5-20 [19]. 

Mathematically, it can be represented as: 

r

L
Q f   (16) 

where ‘L’ is inductance, ‘r’ is resistance and ‘ ’ is 

oscillation period. Selection of these parameters gives 

a value of quality factor and in this presented work its 

value is 7.03 that exists in acceptable range. 

The quality factor is considered a key parameter 

in the induction heating and is very helpful to 

examine the electrical quantities i.e.  Voltage, current 

and power etc.  

The output voltage, active and reactive 

component of the voltage can be related using Q- 

factor as: 
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Then, the output power can be found as follows: 
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Similarly, the current flowing through the coil 

or load can also be used to find the output power as: 

r
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The inverter instantaneous current, voltage and 

power can be represented in the following relation 

[20]: 
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Conversely, inverter input side power i.e. DC 

power can be measured easily and in industry, it is 

considered approximately equal to the output power 

by ignoring electrical and thermal losses. The reason 

of this approximation is easy measuring and control 

of the DC parameters. This DC power is represented 

with this simple relation: 

dcdcdc IVP   (25) 

5. Results and Discussion 

The development of the proposed work is 

achieved thanks to the availability of electric power 

system design tools such as MATLAB Simulink. 

MATLAB Simulink was opted due to its bit and 

cycle accuracy to perform the simulation of the 

system; the results of which are shown in Figs. 7–11. 

Figure 7 shows the DC voltage ( dcV ) and 

current )( dcI  at the rectifier output. The DC current 

was set at 320 A that reaches its steady state value 

within a short time and the respective rectified DC 

voltage i.e. 256 V also attains steady state value; 

hence, power can be obtained simply by the 

multiplication of the voltage and current. At this 

reference, three phase line current and voltage are 

shown in Figure 8. 

Figure 9 shows the reference current and the 

actual current: this illustrates the effectiveness of the 

control scheme for the target’ tracking.  

Similarly, it can be seen clearly in Figure 10, 

with the change in reference value of the DC current, 

respective DC voltage is altered, hence power i.e. 

dcdcdc IVP  is also changed. Therefore, this figure 

demonstrates power control based on DC current 

setting through a reference value. 
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Fig. 7: Rectifier output (a) DC current and  

(b) DC voltage. 

 

Fig. 8: At constant reference: Three phase line (a) 

current and (b) voltage. 

At begin t- 0 sec, reference current was set at 

320 Amp, then at 0.5 sec, it was reduced to 50 % i.e. 

160 A. one could notice that power control is 

achieved by current adjustment. 

 

Fig. 9: DC current and reference. 

 

Fig. 10: Rectified output with change in reference  
(a) DC current and (b) DC voltage. 



Pak. J. Engg. & Appl. Sci. Vol.18, Jan., 2016 

 18 

Figure 11 illustrates the output quantities of the 

inverter which are helpful for the validation of 

parameters analysis given in equations (16) - (20). In 

the analysis, peak values are considered due to the 

simulation work, however, in a practical system 

effective values of these quantities are preferred. In 

Figure 11 (a) the square waveform represents the 

current flowing through the inverter and sinusoidal 

waveform expresses the output voltage which is 405 

V. In Figure 11 (b) & (c) voltage across active and 

reactive components can be seen as 57 V and 401 V 

respectively. Putting respective quantities in 

equations (16) and (17) same results are found as in 

figures.  Similarly, looking at Figure (d), inductor 

current has been seen 2855 A. The output power i.e. 

81kW can be determined by using the power 

relations presented in equations (18), (19) and (20). 

 

 

 

 

Fig. 11: Current fed resonant inverter (a) output 

voltage and current, (b) active component of 

output voltage (c) reactive component of 

output voltage (d) resonant current flowing 

through the coil or load. 

6. Conclusion 

A power-control strategy with space vector 

pulse width modulation of current source converter 

has been presented for a parallel resonant inverter in 

induction melting applications. The system was 

modelled with proposed control strategy and 

simulated in MATLAB Simulink. The analysis of the 

model has proved that the presented approach is an 

effective solution for the control of power in 

induction melting. The constant current is maintained 

through this strategy and is desired for parallel 

resonant inverter to avoid the power fluctuation. 

Moreover, the output power of the resonant inverter 
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is also confirmed by giving a constant current to the 

load. 
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