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ABSTRACT: In this project I am going to improve Power Factor Of Three-Phase PWM AC Chopper supplied 

Induction Motor Drive System Employing HBCC Technique. The primary objective of the prospective control scheme 

is to gain input power factor improvement of the IM drive system under different operating conditions. PFI is obtained 

by frequently forcing the actual three-phase supply currents with the corresponding reference currents, which are 

developed in phase with the supply voltages, using hysteresis band current control (HBCC) technique. The planned ac 

chopper features a smaller number of active semiconductor switches, four IGBTs, with barely two PWM gate signals. 

As a result, the proposed system is easy, consistent, extremely proficient, and cost effective. 
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I. INTRODUCTION 

 

AC voltage regulators, too call as AC voltage controllers, are used in a range of applications that necessitate a 

regulated AC voltage. Lighting control using dimmer circuits, domestic as well as industrial heating, speed control 

and soft starters for the induction motors are examples of such applications [1], [2]. Different methodologies with 

different control strategies of these regulators in single phase applications and also in three phase applications are 

presented. The reason of AC voltage controller is to vary the root mean square (RMS) value of its output that applied 

to the load circuit. There are three control strategies are obtainable to gain this objective; ON/OFF method, phase 

angle (PA) method and pulse width modulation (PWM) method. All three control methods can be implemented in 

both single- phase and three-phase applications. 

 

II. LITERATURE SURVEY 

 

In order to minimize drawbacks such as harmonics present at output voltage, discontinuity of power flow 

present at both supply and load side even for a resistive load, some another issues in driving dynamic loads such as 

electric motors, etc. arising from the inherent characteristics of the controller AC controllers can be replaced by 

PWM 

AC choppers. In order to control the load current, HBCC among various PWM strategies is broadly used because of 

its inbuilt simplicity and fast dynamic response. Mohamed k. Metwaly , Haitham Z. Azazi , Said A. Deraz , 

Mohamed E. Dessouki and Mohamed s. Zaky “Power Factor Correction of Three-Phase PWM AC Chopper Fed 

Induction Motor 

Drive System Using HBCC Technique.” In this paper, an analysis and simulation of a Pwm ac Chopper fed induction 

motor drive system using HBCC technique is shown. Murat Kale, Murat Karabacak, Bilal Saracoglu “A Novel 

Hysteresis Band Current Controller Scheme For Three Phase AC Chopper.”  this paper presents the importance of 

using Hysteresis band current control scheme and their applications with model. 
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1.Problem Definition: 

In order to get regulated AC supply, AC choppers are generally used in the applications such as lightening control, 

industrial heating and soft starting of induction motors. The easiest way to control an AC chopper consisting of a pair 

of triacs is the phase angle control (PAC) because of its simplicity and the ability of controlling a large amount of 

power economically [33,34], which is termed as the conventional AC chopper. However, it has numerous limitations 

due to the inherent characteristics of the PAC. That is, a lagging power factor appears at the supply side even for a 

resistive load [35,36]. As a effect of PAC, the harmonic content of the output voltage and current of the AC chopper is 

huge, where requires a moderately large filtering stage [37]. Moreover, a discontinuity of power flow appears at both 

the supply and load sides of the AC chopper as well, which leads to another serious problem in driving dynamic loads 

such as electric motors [33]. In order to abolish these drawbacks arising from the inbuilt characteristics of these 

controllers, line commutated conventional AC controllers can be replaced by PWM AC choppers having superior 

overall performance such as sinusoidal supply current with unity power factor, fast dynamics and significant reduction 

in filter size [33]. By means of the high frequency switching devices such as IGBT and MOSFET, the supply voltage 

can be chopped by varying the duty ratio of the PWM modulation signal so as to normalize the load voltage [38]. 

III.PROPOSED METHODOLOGY 

 

Fig.1. Power Circuit of the proposed three-phase PWM AC chopper fed an IM drive system 

 
Fig.2. (a)Active stage, (b)Dead time stage, (c)freewheeling stage of the proposed PWM AC chopper fed IM 
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Fig. 2. represents a schematic diagram of the proposed three phase PWM AC chopper fed an IM. The chopper is 

composed of four power electronics switches (S1; S2; S3 and S4). The three power switches (S1; S2 and S3) are 

series- connected with the motor. The series-connected switches are utilized to continuously connect and disconnect 

the motor to and from the AC supply, respectively. Hence, they regulate the delivered power to the motor. While, the 

power switch (S4) is parallel-connected via a poly phase bridge rectifier with the motor which offers a freewheeling 

way for discharging the energy kept in the motor windings when the series-connected switches are turned OFF. As 

series and parallel devices operate in a complementary way, a dead time is introduced to avoid the commutation 

problems. There are three operating stages: active, freewheeling and dead time. In dead time period, all four devices 

are turned OFF. Snubber circuit is used to lessen high voltage spikes at IM terminals due to switching of the chopper 

as well as provide the current path of IM during the dead time period. The input filter is poised of three inductors 

.The LC input filter is used with the proposed PFC technique in order to diminish the harmonics of the supply current 

due to switching of the chopper. The proposed control circuit only generates two PWM complementary gate pulses 

(g1 and g2) which are used to drive the chopper IGBTs in order to make available the three main tasks of the 

proposed control plan. 

 1. Simulation Model: 

 

 

Fig.3. Simulation model of the proposed system 

2. Specification: 

 
1. Source Voltage: 300V 

2. Source Current: 20 to 25 A 

3. Load Current: 20 to 25 A 

4. Speed: 1500 RPM 
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3. Result and Discussion: 

 

Case Speed Source PF Load PF THD 

1 1500 RPM 0.97 0.0055 0.02% 

2 1200 RPM 0.97 0.4726 0.02% 

3 1000 RPM 0.97 0.0067 0.02% 

 
Fig.4. Switching signal obtained by minimum voltage algorithm 

 

 
 

 
               Fig.5.Variation of the motor speed, current and voltage with Input Current FFT Analysis  ` 
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IV. CONTROL TECHNIQUES 

The planned control approach has three main control objectives: soft starting, speed control, and input power factor 

correction. 

A. Soft Starting Mode 

The function of the soft starting mode is to create the mention value of the supply current in a manner that confines 

the starting current of the IM at a predetermined value. The actual current of IM (Im) is calculated and its RMS value 

is evaluated by RMS detector. The preset value of the motor current (Im) and its actual value (Im) are compared. The 

assessment of resulted fault is passed into a proportional integral (PI) controller to make the command motor current 

(Is). Restraining the starting current provides a soft rushing and reduces the torque pulsations of IM throughout soft 

starting period.’ 

 

B. Speed Control Mode 

There are numerous methods for calculating the speed of three-phase IMs. These methods can be divided into two main 

categories according to the control side of the IM: 

 

a) speed control methods through the stator side such as changing the applied frequency, changing the applied 

voltage, changing the number of the stator poles and voltage/frequency (v/f) control, and b) speed control methods 

through the rotor side such as rotor resistance control and rotor slip power recovery. Variable frequency drives 

(VFDs) are the commercial drives. Speed control by VFDs is based on varying both the stator voltage and frequency 

of the IM. VFDs are extensively used for wide-range variable-speed IM applications. However, they are very 

expensive and hence not convenient when they are used for limited-range variable-speed IM applications. The task of 

the speed control mode is to create the reference current value (Is) in a way that makes the measured speed of IM 

follows the command speed Command and measured speed are compared and the difference is used as an input 

signal to a PI speed controller to generate Is. 

 

C. PFC Control 

In view of the fact that PWM AC/AC choppers can only alter the enormity of the applied voltage, they are normally  

negatively viewed; when they are used in IM drive systems, for their slight PF. As a result, the main role of the 

proposed control policy is to gain high PF in the region of unity as in case of resistive loads. The proposed PFC plan 

was implemented through starting and speed control operating modes of IM drive while using AC chopper. The 

principle of harmonic minimization of the planned control plan depends on using PWM technique. Whereas, 

the principle of reactive power management is to attain PFC depends on the projected current control technique; in 

which the actual supply currents are obligatory to follow their reference currents that are in phase with supply 

voltages. The function of PFC block is to incessantly correct the input PF during IM operation. 
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V. CONCLUSION 

 

The main control objective is to accurate the input PF with different operating conditions of the induction motor drive 

system. Input PFC is gain by forcing the actual currents of the chopper to track their reference currents that are in 

phase with the input voltages using HBCC technique. The future control strategy uses only two PWM signals for 

driving the active switches of the AC chopper. The proposed system is simple, reliable and low cost as it has only four 

IGBT switches. As a result it is obvious a very precise control performance is achieved. Above simulation results 

prove the corroboration and applicability of the proposed HBCC technique. 

REFERENCES 

 

[1] T. Mishima, Y. Nakagawa, and M. Nakaoka, ``A bridgeless BHB ZVS-PWM AC_AC converter for high 

frequency induction heating applications,'' IEEE Trans. Ind. Appl., vol. 51, no. 4, pp. 3304_3315, Jul./Aug. 2015. 

doi: 10.1109/TIA.2015.2409177. 

[2] S. Mahendran, I. Gnanambal, and A. Maheswari, ``FPGA-based genetic algorithm implementation for AC 

chopper fed induction motor,'' Int. J. Electron., vol. 103, no. 12, pp. 2029_2041, Apr. 2016. doi: 

10.1080/00207217.2016.1175034. 

[3] F.Luo, H. Ye, and M. H. Rashid, Digital Power Electronics and Applications. Amsterdam, The Netherlands: 

Elsevier, 2005. 

[4] L. Rajaji, C. Kumar, and M. Vasudevan, ``Fuzzy and ANFIS based soft starter fed induction motor drive for 

high performance applications,'' ARPN J. Eng. Appl. Sci., vol. 3, no. 4, pp. 12_24, Aug. 2008. 

[5] A. Gastli and M. M. Ahmed, ``ANN-based soft starting of voltage controlled- fed IM drive system,'' IEEE 

Trans. Energy Convers., vol. 20, no. 3, pp. 497_503, Sep. 2005. doi: 10.1109/TEC.2004.841522. 

[6] M. Muchlas and H. Soetedjo, ``Use of the maximum torque sensor to reduce the starting current in the 

induction motor,'' Sensors Transducers, vol. 114, no. 3, pp. 161_169, Mar. 2010. 

[7] G. Zenginobuz, I. Cadirci, M. Ermis, and C. Barlak, ``Performance optimization of induction motors during 

voltage-controlled soft starting,'' IEEE Trans. Energy Convers., vol. 19, no. 2, pp. 278_288, Jun. 2004. doi: 

10.1109/TEC.2003.822292. 

[8] K. Sundareswaran and P. S. Nayak, ``Ant colony-based feedback controller design for soft-starter fed induction 

motor drive,'' Appl. Soft Comput., vol. 12, no. 5, pp. 1566_1573,May 2012. doi: 10.1016/j.asoc.2011.12.012. 

[9] K. Sundareswaran, N. Rajasekar, and V. T. Sreedevi, ``Performance comparison of capacitor-run induction 

motors supplied from AC voltage regulator and SPWM AC chopper,'' IEEE Trans. Ind. Electron., vol. 53, no. 3, pp. 

990_993, Jun. 2006. doi: 10.1109/TIE.2006.874256. 

[10] S. Jothibasu and M. K. Mishra, “An improved direct AC-AC converter for voltage sag mitigation,'' IEEE 

Trans. Ind. Electron., vol. 62, no. 1, pp. 21_29, Jan. 2015. doi: 10.1109/TIE.2014.2334668. 

[11] Z. Chen, C. Mao, D. Wang, J. Lu, and Y. Zhou, “Design and implementation of voltage source converter 

excitation system to improve power system stability,'' IEEE Trans. Ind. Appl., vol. 52, no. 4, pp. 2778_2788, 

Jul./Aug. 2016. doi: 10.1109/TIA.2016.2543685. 

[12] D. Yildirim and M. Bilgic, ``PWM AC chopper control of single-phase induction motor for variable-speed fan 

application,'' in Proc. IEEE IECON, Orlando, FL, USA, Nov. 2008, pp. 1337_1342. 

[13] J. M. Flores-Arias, A. M. MuÃ±oz, F. D. Perez, V. Pallares-Lopez, and D. Gutierrez, ``Voltage regulator 

system based on a PWM AC chopper converter,'' in Proc. IEEE ISIE, Gdansk, Poland, Jun. 2011, pp. 468_473. 

[14] K. Sundareswaran and A. P. Kumar, ``Voltage harmonic elimination in PWM AC chopper using genetic 

algorithm,'' IEE Proc. - Electric Power Appl., vol. 151, no. 1, pp. 26_31, Jan. 2004. doi: 10.1049/ip-epa:20040061. 

[15] K. Georgakas and A. Safacas, ``Modi_ed sinusoidal pulse-width modulation operation technique of an 

AC_AC single-phase converter to optimise the power factor,'' IET Power Electron., vol. 3, no. 3, pp. 454_464, May 

2010. doi: 10.1049/iet-pel.2009.0092. 

[16] D.-H. Jang and G.-H. Choe, ``Improvement of input power factor in AC choppers using asymmetrical PWM 

technique,'' IEEE Trans. Ind. Electron., vol. 42, no. 2, pp. 179_185, Apr. 1995. doi: 10.1109/41.370384. 

[17] P. Sanjit and A. Aurasopon, ``AsymmetricalPWMfor harmonics reduction and power factor improvement in 

PWM AC choppers using bee colony optimization,'' J. Power Electron., vol. 15, no. 1, pp. 227_234, Jan. 2015. doi: 

10.6113/JPE.2015.15.1.227. 

[18] A. Aurasopon, A. Aurasopon, and W. Khamsen, ``Improvement of input power factor in PWM AC chopper 

by selecting the optimal parameters,'' Przegl¡d Elektrotechniczny, vol. 89, no. 10, pp. 210_216, 2013. 

[19] N. A. Ahmed and E. H. El-Zohri, ``Power factor improvement of single-phase AC voltage controller 

employing extinction angle control technique,'' in Proc. 46th Midwest Symp. Circuits Syst., Cairo, Egypt, Dec. 2003, 

pp. 1075_1080. 

http://www.ijareeie.com/


International Journal of Advanced Research in Electrical, Electronics and Instrumentation Engineering (IJAREEIE)  

                | e-ISSN: 2278 – 8875, p-ISSN: 2320 – 3765| www.ijareeie.com | Impact Factor: 7.122|  

 || Volume 9, Issue 7, June 2020 ||  

 

IJAREEIE © 2020                                                    |    An ISO 9001:2008 Certified Journal |                                                     1984 

 

[20] B. H. Kwon, B. D. Min, and J. H. Kim, ``Novel topologies of AC choppers,'' IEE Proc.-Electr. Power Appl., 

vol. 143, no. 4, pp. 323_330, Jul. 1996. doi: 10.1049/ip epa:19960374. 

[21] P. Li, Y.Wang, G. P. Adam, D. Holliday, and B.W.Williams, ``Three-phase AC_AC hexagonal chopper 

system with heterodyne modulation for power flow control enhancement,'' IEEE Trans. Power Electron., vol. 30, no. 

10, pp. 5508_5521, Oct. 2015. doi: 10.1109/TPEL.2014.2378018. 

[22] F. Zhang, X. Fang, F. Z. Peng, and Z. Qian, ``A new three-phase AC_AC Z-source converter,'' in Proc. IEEE 

APEC, Dallas, TX, USA, Mar. 2006, pp. 19_23. 

[23] S. A. Deraz, H. Z. Azazi, M. S. Zaky, M. K. Metwaly, and M. E. Dessouki, ``Performance investigation of 

three-phase three-switch direct PWM AC/AC voltage converters,'' IEEE Access, vol. 7, pp. 11485_11501, 2019. doi: 

10.1109/ACCESS.2019.2892523. 

[24] J. Thankachan and S. George, ``A novel switching scheme for Three phase PWM AC Chopper fed induction 

motor,'' in Proc. IEEE IICPE, Delhi, India, Dec. 2012, pp. 1_4. 

[25] V. Thanyaphirak, V. Kinnares, and A. Kunakorn, ``Soft starting control scheme for three-phase induction 

motor fed by PWM AC chopper,'' In Proc. IEEE ICEMS, Hangzhou, China, Oct. 2014, pp. 92_95. 

[26] S. A. Deraz and H. Z. Azazi, ``Current limiting soft starter for threephase induction motor drive system using 

PWM AC chopper,'' IET Power Electron., vol.10, no. 11, 

pp. 1298_1306, Sep. 2017. doi: 10.1049/ietpel. 2016.0762. 

[27] A. Ukil, R. Bloch, and A. Andenna, ``Estimation of induction motor operating power factor from measured 

current and manufacturer data,''IEEE Trans. Energy Convers., vol. 26, no. 2, pp. 699_706, Jun. 2011. 

[28] A. M. A. Amin, ``Power factor improvement of AC chopper-based induction motor drive,'' in Proc. IEEE 

IECON, San Jose, CA, USA, Nov./Dec. 1999, pp. 915_920. 

[29] M. Kale, M. Karabacak, and B. Saracoglu, ``A novel hysteresis band current controller scheme for three phase 

AC chopper,'' Int. J. Elect. Power Energy Syst., vol. 44, no. 1, pp. 219_226, Jan. 2013. doi: 10.1016/j. 

ijepes.2012.07.013. 

[30] H. Z. Azazi, S. M. Ahmed, and A. E. Lashine, ``Single-stage three-phase boost power factor correction circuit 

for AC_DC converter,'' Int. J. Electron., vol. 105, no. 1, pp. 30_41, Jan. 2018. doi: 10.1080/ 

00207217.2017.1335800. 

[31] M. K. Metwaly, H. Z. Azazi, M. S. Zaky, and S. A. Deraz, ``Power factor correction of four-switch three-

phase inverter-fed sensorless induction motor drives with partial electrical free measurement,'' Electric Power 

Compon. Syst., vol. 46, no. 7, pp. 837_851, 2018. doi: 10.1080/ 15325008.2018.1509912. 

[32] P. A. Dahono, D. Amirudin, A. Rizqiawan, and D. Deni, ``Analysis of input and output ripples of PWM AC 

choppers,'' ITB J. Eng. Sci., vol. 40, no. 2, pp. 91_109, Nov. 2008. doi: 10.5614/itbj.eng.sci.2008.40.2.2. 

[33] Ahmed NA, Amei K, Sakui M. A new configuration of single-phase symmetrical PWMAC chopper voltage 

controller. IEEE Trans Ind Electron 1999;46(5):942–52. 

[34] Jang DH, Choe GH. Step-up/down AC voltage regulator using transformer with tap changer and PWM AC 

chopper. IEEE Trans Ind Electron 1998;45(6):905–11. 

[35] Mozdzer A, Bose BK. Three-phase AC power control using power transistors. IEEE Trans Ind Appl 1976;IA-

12(5):499–505. 

[36] Ahmed NA, El Enezi FQ, Al-Othman AK. Comprehensive analysis and transient modelling of symmetrical 

single phase PWM AC–AC voltage converters. Electr Power Syst Res 2011;81:57–65. 

[37] Campos A, Joós G, Ziogas PD, Lindsay JF. Analysis and design of a series connected PWM voltage regulator 

for single-phase AC sources. IEEE Trans Ind Appl 1996;32(6):1285–92. 

[38] Nan J, Hou-jun T, Wei L, Peng-sheng Y. Analysis and control of buck-boost chopper type AC voltage 

regulator. In: IEEE 6th international power electronics and motion control conference, Wuhan, China; 2009. p. 

1019–23. 

 

 

 

 

 

http://www.ijareeie.com/

