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Abstract- In this study, a three-phase alternative current (AC) chopper circuit was designed and simulated using a hysteresis 

band current controller (HBCC) method. The HBCC method is often preferred in switching control of AC choppers. The AC 

chopper circuit, which is both simulated and designed in this study, was composed of six IGBTs. The control of the switches 

in the circuit was provided by the pulse width modulation (PWM) method and this control in the design was realized by a 

digital signal processor (DSP) microcontroller. The aim of both the simulation and the design was to examine the output 

harmonics by ensuring the high quality and efficient operation of the AC chopper circuit. Controlled by the PWM method, this 

simulation was performed using the MATLAB program. The importance of HBCC in the process of reducing the harmonics in 

the current was shown in real-time. 

 

Keywords: AC chopper, DSP, current controller, adaptive chopper, PWM, HBCC 

1. Introduction 

The transformation of a specific signal into the desired 

value is the primary matter of the area of power electronics. 

There are several ways to carry out such transformations by 

using inductors, capacitors and semiconductor devices such 
as diodes, thyristors, MOSFETs and IGBTs. The range of 

total conversion power can vary largely from mW to MW 

levels. The efficiency of transmitted or converted power is 

a key element for today's limited energy sources and the 

area of power electronics provides a way to increase 

efficiency with different types of circuit topology and 

methods. In this study, a novel method that provides an 

alternative current (AC) signal with low harmonics for AC 

chopper systems was used. Several methods for the design 

of AC chopper systems were found in the literature review. 

Deraz et al. suggested a novel method to minimize AC 
harmonics by using current limiting soft starter [1]. Lui et 

al. proposed a novel topology and control system to 

increase the efficiency of power electronic circuits [2]. 

Their novel pulse width modulation (PWM) based method 

decreased the switching losses in semiconductor devices. In 

their study, Derradji and Moussi put forward a system 
which used a fixed hysteresis band current controller 

system to increase the performance of AC choppers [3]. The 

claim of this proposed work is eliminated the negative parts 

of the PWM based system, for instance, delayed triggering 

angle, discontinuity and the harmonic which occurs in the 

load current.  Belhaoucheta and Rahmania suggested a 

novel approach to minimize the harmonics at the outputs of 

AC choppers [4]. They emphasized the suitability and 

simplicity of using a hysteresis band current controller for 

a high-speed driver system. They controlled the error on the 

current curve to obtain a fixed frequency.  
In the present study, two special circuits for the real-time 

implementation of a three-phase AC chopper system was 
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designed. The first circuit is the measurement circuit to 

obtain the value of load current and source voltage 
simultaneously and the second one is the power unit which 

includes power electronic components such as insulated-

gate bipolar transistors (IGBTs) and snubbers. In this study, 

hysteresis band current control (HBCC) was the control 

system applied together with PWM to get rid of the noises 

caused by some elements used at the output of AC choppers. 

The HBCC technique proposed for the three-phase AC 

chopper was simulated with MATLAB/Simulink.  

Detailed results were obtained for different operating 

points that contained various resource states. Since most of 

the potential faults can be eliminated, the load voltage and 
currents should be constantly kept stable in all these 

functional conditions [5]. It was seen that the results 

obtained in the simulations with the experimental designed 

circuit are were close to each other. The rest of the paper is 

structured as follows: in section 2, brief information is 

given about AC choppers, in section 3, the information 

about PWM is given, in section 4 the HBCC technique is 

explained briefly, in section 5 the design process of the 

three-phase AC chopper is given and in section 6 the 

detailed results of the HBCC based three-phase AC chopper 

are given. 

 

2. Alternative Current Chopper 

Alternative current (AC) choppers are power electronic 

circuits used to obtain an alternative signal of varying 

amplitude from a constant AC source. In these circuits, the 

effective value of the output voltage is changed by cutting 

both half periods of AC voltage at certain angles. Thus, the 

AC voltage is obtained at the desired value.  

As well as having positive characteristics these circuits 

have a significant negative feature: they bring harmonics to 

the load side. Such a result is undesirable in power 

electronic circuits. As the harmonic is a signal in which 
unwanted components, such as noise, are present this 

causes deviations from the desired or target frequency value. 

Because power electronic circuits are already widely used 

in industrial systems, this harmonic formation is also a 

serious problem.  

The negative effects of harmonics effects both technical 

and commercial aspects. Harmonics are technically 

accompanied by disadvantages such as the increased 

neutral current, faulty operation of microprocessors, 

overloading of the compensation systems, overheating of 

the transformers and excessive audible operation, distortion 
of the waveform of the source voltage and increased losses.  

Harmonic filters are used to eliminate these drawbacks. 

These filters get rid of such problems by eliminating the 

noise in the systems. In AC chopper systems, it may also be 

effective to trigger the switches on the switch with different 

control systems as well as use filters to eliminate the 

harmonics.  

AC choppers have the disadvantages of causing high-

value harmonics on both the grid and the load side and 

being unable to provide precise control. Commonly used 

power electric devices such as the motor driver system draw 

harmonics from the grid. However, it is possible to 
eliminate such problems by developing semiconductor 

technology and control methods such as PWM control. 

 

3. Pulse Width Modulation and Power Electronic  

 

The PWM is a technique used to dampen the effects of 
noises on the input signal. The PWM technique is applied 

according to the switching states of the semiconductor 

elements. This technique is used to provide power control 

and support high-frequency power electronics circuits as 

well as convert the signal information into a transmittable 

signal. It generally reduces power loss and is easy to control. 

PWM is the control of the widths of the pulse voltages 

produced to obtain the desired analogue electrical value or 

the signal obtained at the output.  

PWM is used in many fields of electricity and electronics 

for various purposes such as motor drives, power circuits, 

coding and decoding techniques. PWM is a technique that 
contributes to the development of semiconductor devices 

[4].  

The most common PWM acquisition method is the 

comparison of a sinusoidal wave with a triangular wave. As 

a result of this comparison, the square wave PWM signal is 

obtained. The positive signal obtained from this 

comparison is applied to the switches in the positive group 

in the range of 0- π, and in the negative group in the range 

of π-2π. The frequency of the triangular signal, which is 

considered to be the carrier, is usually kept constant and the 

frequency of this signal determines the switching frequency.  

The amplitude and frequency of the sinusoidal signal can 

be changed to control the output voltage and frequency. It 

was determined that the most common way to create a 

PWM signal in the literature was to compare the sine wave 

and sawtooth (Fig.1). 

 
Fig. 1. Acquisition of driving signals by sampling PWM 

In PWM control, the aim is to change the width of the 

pulses and the basic component of the output wave [6, 7]. 

PWM also contributes to the development of 

semiconductor devices [8]. Using PWMs with high-order 

switching frequencies in the development of 

semiconductors and microprocessors, it has become 
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possible to design large and cost-effective filter-free 

circuits. [9].Besides, PWM can be used to improve product 

quality and provide more precise control. Since the PWM 

signal is a high-frequency signal, it is necessary to select a 

semiconductor switch that can respond to this frequency 

[10]. 

 

4. Hysteresis Band Current Controller (HBCC) 

The control system that will be applied to get rid of the 

noise caused by some elements used in the output of 

alternating current choppers is the Hysteresis Band Current 

Controller (HBCC).The HBCC technique is a closed-loop 

controlled with instant feedback. The controllers created by 

the HBCC technique in most power electronics applications 

pay special attention to provide PWM signal control for the 

switch drivers [5]. This technique regulates interphase 

interaction when the natural load (continuous load) of the 

motor changes between the phases by creating a variable 

hysteresis band [11, 12]. As a result of this technique was 

shown a significant improvement in the quality of load 

current at the system simulation. This technique is 

practically important because it is created by factors that 

define the ease, cost and reliability of the industrial order. 

Moreover, with the current technological developments, the 

ease of this new technique has been proven by MATLAB / 

Simulink.  

In this study, the design of the circuit was performed 

based on the simulation made with MATLAB, which is 

presented in Fig. 2 [11]. In the simulation, IGBT was used 

as a semiconductor switch and R-L load was connected as 

delta. 

 
Fig. 1. Simulink model of the three-phase AC chopper 

In the subsystem sub-block, the detailed state of the 

HBCC used was established. The reference current, the 

load angle, the minimum voltage algorithm, the triggering 

status of the switches, the generated hysteresis controller 

were performed in this sub-block. 

Load synchronization was also performed when creating 

the minimum voltage algorithm. For load synchronization, 

abc-dq0 (Park and Clark transform) conversion was applied 

between the load current, the reference current and the 

phase angle, and the sizes of the three phases were carried 

to two dimensions on the reference axis system. By this way, 

the two-dimensional signal was filtered in the circuit 

simulation and the result was created by using an arctangent 

to obtain the angle value. This angle value was then 

compared with another angle value. The pulse voltage was 

obtained by comparing the reference current value with the 

load current and combining them with the relay block. This 

pulse voltage was then applied to the IGBTs. The 3-phase 

AC Chopper system is shown in Fig. 3 [13]. 

 

 
Fig.3. Power Circuit of 3 phase AC Chopper 

 

The simulation result of the HBCC system has been 

worked in several works in the literature [11-13]. In this 

paper, the real-time implementation of HBCC based three-

phase AC Chopper has been designed. There are eight states 

on the switching process of HBCC methodology. The states 

are shown in Table 1 [13]. 

 

Table 1. Switching State of Three Phase AC Chopper 

States S1 S2 S3 S1* S2
* S3

* 

1 0 0 0 1 1 1 

2 0 0 1 1 1 0 

3 0 1 0 1 0 1 

4 0 1 1 1 0 0 

5 1 0 0 0 1 1 

6 1 0 1 0 1 0 

7 1 1 0 0 0 1 

8 1 1 1 0 0 0 

 

5. Design of Three-Phase AC Chopper 

In this section, the design of the three-phase AC chopper 

was described. The Eagle program was used as a printed 

circuit program in the design process. 
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The circuits in the design of the three-phase AC chopper 

consisted of power and control circuits. The power circuit 

was formed of a three-phase grid, a three-phase AC chopper 

and a load. Triangular R-L loads were used as loads. The 

control circuit of the design consisted of a dead time circuit, 

current-voltage measurements and a digital signal 

processor (DSP). A block diagram of these circuits is shown 

in Fig. 4. 

 

 
Fig. 4. Block diagram of the three-phase AC chopper 

 

 

As can be seen from Fig. 4, the three-phase AC grid 

voltage was used as an AC source in the experimental stage. 

This grid voltage was connected to three single-phase 

transformers and converted to a lower voltage for safe 

operation. An IGBT (1200 V, 20 A) was used as a 

semiconductor element for both circuit simulation and 

circuit design. 

The IGBT driver circuit used in this study is shown in 

Fig. 5. Each IGBT in the AC chopper circuit required a 

separate drive circuit. It was necessary to use a driver circuit 

that could provide a positive and negative voltage between 

the gate and the emitter of the IGBT. However, to make this 

more useful, M57962L was used as a driver integration with 

the same function. As six IGBTs were used in this study, 

six-driver circuit models, which are given in Fig. 5, were 

used. 

 
Fig. 5. Circuit diagram of IGBT driver used in circuit  

 

Fig. 6 shows the printed circuit board of the IGBT driver 

circuit. The regulators were used to supply the DC-DC 

converters in this circuit. The converters required 

approximately 24 V. The capacities were used to filter the 

noise that may occur in the DC voltage in the circuit. Figure 

5 shows the two regulators that were used. One was used 

for DC-DC converters and the other for dead time circuit. 

 
Fig. 6. IGBT drive print circuit used in the design 

 

The dead-time circuit is a circuit that prevents the 

switches connected to the same phase to remain 

simultaneously transmitted and short-circuited. The dead-

time circuit consists of two controllable delay circuits [14]. 

The schema and design of this circuit are given in Fig. 7. 

 

 
Fig. 7. Dead time circuit (a) design (b) circuit 
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The duration of dead time is extremely important. If the 

dead time is kept short, the switches and other components 

in the AC chopper circuit may be damaged. Keeping the 

time short may cause the switches in the same phase to 

remain at the same time [15]. When the switches were 

analyzed it was found that the dead time duration for the 

circuit used in this study was between 700 ns-1 µs. The 

comparison of the dead time values and the resistance 

values are given in Table 2. As shown in the table, the 

desired value of dead time can be obtained by changing the 

value of resistance. For the process of dead time estimation, 

the value of capacitance was determined at a fixed value of 

1 nF. According to this table, the optimal value of dead-

time circuit can be obtained. The optimal time of dead-time 

can be changed according to several parameters. The 

parameters are types of switches,  

Table 2. The change in dead time according to the 

resistance value 

Resistance Value  Dead Time 

1 kΩ 7 µs 

500 Ω 3 µs 

180 Ω 1,4 µs 

90,9 Ω 1,14 µs 

69 Ω 900 ns 

 

The dead-time circuit given in Fig. 8 was measured using 

an oscilloscope. 

 
Fig.8. Dead time circuit signal 

 

The signal specified as Channel 1 in Fig. 8 was the PWM 

signal applied to the input of the dead time circuit, while the 

signal specified as Channel 2 is the signal applied to the 

switch. As shown in Fig. 7, the value of dead time is 

approximately 900 ns. The value of capacitance was 1 nF 

and the resistance value was approximately 69 Ω.  

This value was suitable for the switching times of the 

switches used in the AC chopper circuit. Figure 9 shows the 

laboratory environment in which the AC chopper circuit 

test was conducted. 

Fig. 9. Laboratory environment for AC chopper circuit 

testing (1) Transformer group 2) Power circuit 3) R-L load 

banks 4) Measuring circuit 5) DSP 6) DC power supply 7) 

Oscilloscope) 

 

The signal to the IGBT drive circuit was provided by the 

DSP shown in Fig. 10, which can communicate with 

MATLAB [16]. The signal from the DSP was the PWM 

signal applied to the switches [17]. By means of this signal, 

the switches enabled them to operate in transmission or be 

interrupted with a certain algorithm. 

 

 
Fig.10. DSP (TMS320F28335) 

 

The switching signals applied to the switches in the 

circuit are given in Fig.11. 

 

 
Fig. 11. Switching signals applied to the IGBTs 
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A total of six IGBTs were used as switches in the AC 

chopper circuit. Snubber circuits were used separately for 

each IGBT. The snubber circuits ensured the safe operation 

of the AC chopper circuit. Figure 12 shows the snubber 

circuit diagram [18]. 

 
Fig. 12. Snubber circuit diagram 

 

6. Results 

The three single-phase transformers, which were 

connected to the grid voltage of the primary windings, had 

a voltage of 50 Hz and approximately 17 V from the 

secondary windings. The switching frequency was 1 kHz. 

Delta connected R-L loads (8, 1 Ω and 375 mH) were used 

as the loads. Load voltage, current and required harmonic 

analysis were measured. 

Figure 13 shows the line voltage waveform obtained 

from the delta connected R-L load. The phase and line 

voltages were equal to each other. 

 

 
 

Fig. 13. Line voltage 

Figure 14 shows the waveforms of the line and phase 

currents of the delta connected R-L load. To obtain the 

current waveform, 1 Ω and 1 W stone resistance were 

connected to the load and the voltage on the stone resistance 

was measured. The line current was measured to be 

approximately √3 times the load current. 

 

 
(a) 

 

 
(b) 

Fig. 14. (a) Line current (b) Phase current 

 

The voltage measurement result of the three-phase AC 

chopper system is shown in Fig. 15. 

 
Fig. 15. The voltage result of the AC chopper 

 

The graphs are given in Fig. 16 and 17 are the line 

voltage, the harmonic spectra of the line and phase currents 

of the delta connected R-L load [19]. Total harmonic 

distortion was determined as 42,2514% for the graph in Fig. 

16, 20,853% for the graph in Fig. 16 and 17,603% for the 

graph in Fig. 18. 
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Fig. 16. Harmonic spectra of line voltage 

 

 
Fig. 17. Harmonic spectra of line current 

 

 

Fig. 18. Harmonic spectra of phase current 

As shown in real-time experiment results, HBCC based 

three-phase AC Chopper system can be decreased 

percentage of THD about the proposed system. The three-

phase Chopper system has several usage areas in literature. 

The speed control of motor, temperature, and industrial 

applications. In this paper, the result of different types of 

connection has been investigated. The variation according 

to different values of resistance for dead-time circuit output 

has been analyzed.  

 

7. Conclusion 

 

In this study, a real-time application of a three-phase AC 

chopper has been performed.  The proposed PWM AC 

chopper circuit designed to convert a voltage of constant 

frequency and amplitude to a voltage with varying 

amplitude was designed with different voltage values 

obtained from a three-phase source. The control process of 

the AC chopper system has been provided via the HBCC 

algorithm. The voltage and current measurement signals 

which are used on the switching states have been 

determined via circuits that are specially designed for this 

study. HBCC algorithm based switching state 

determination are realized on DSP. The delay time on the 

dead-time circuit has examined according to the different 

resistance values. 

In light of these results, it was determined that the control 

structure applied in the experimental can be successfully 

decreased the percentage of total harmonic distortion. With 

the designed three-phase AC chopper circuit, it is thought 

that the harmonics generated in the grid can be reduced to 

a more acceptable level with more extensive studies 

regarding output voltage and output current. 
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