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Abstract 

Pulse width Modulated (PWM) control technique for an a-c choppers using harmonic 

elimination method is proposed. The firing switching instants of a-c chopper for the 

proposed technique is derived theoretically. By using a microprocessor as a controller, 

makes it possible to store the firing switching instants time as a look-up table for different 

load voltage values. Two MOSFET's are used as an a-c chopper. Experimental results 

verifying the simulation analysis of the a-c chopper fed static (R-L) load and dynamic load 

(1-ph. induction motor). The proposed strategy is low cost, simplified, and control 

effective. 
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1. Introduction 

A-C choppers or ac voltage regulators have been widely used to obtain variable a-c voltage 

from a fixed a-c source [I]. A-C choppers are widely used in applications such as industrial 

heating, lighting control, soft starting of induction motors, speed controllers fans and 
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pumps. Many of these are conventional phase-controlled a-c controllers using thyristors, 

which have the advantages of simplicity of the control circuit and large power capability. 

However, these have the inherent drawbacks that power factor decreases when the firing 

angle increases and that, Since the content of the line current harmonics is relatively large. 

The size of the passive filter circuit becomes bulky. These drawbacks can be overcome by 

using PWM a-c chopper. 

This chopper offers several advantages such as sinusoidal input current with unity power 

factor, fast dynamics, and significant reduction in filter size. Some of PWM a-c chopper 

that has been used is symmetrical angle control, asymmetrical angle control and high- 

frequency time ratio control [2]. The developments achieved in the field of power 

electronics made it possible to improve the performance of electrical system utilities. 

Usually solid state power switching devices are employed in source conditioning by 

changing either its magnitude or hequency such as converter, inverters, choppers, regulators 

or cycloconverters. An a-c voltage regulator is used as one of the power electronics systems 

to control an output ac voltage for power ranges horn few watts up to fractions of mega- 

watts. Phase-angle microprocessor based hatmonic elirnination in chopper type ac voltage 

regulators is used [3]. In this type of regulator, output voltage is controlled by varying the 

ON/OFF time ratios of a series controlled switch using a microprocessor as a controller 

makes it possible to vary firing instants according to a predetermining firing instants such 

that selected dominant lower order harmonics can be eliminated. This in turn leads to 

improve system power factor and efficiency. 

In this paper, a PWM ac inverter harmonic elimination technique is used. For a half cycle 

of the a-c source, a PWM switching fimction composed of M pulses is assumed. Fourier 

coefficients of PWM output voltage are then obtained, which are expressed in terms of the 

M switching point variables. In addition, the constrains for required output fundamental 

voltage and elirnination of harmonics up to 2M-1 order, yield M equations. Solution of 

these equations enables the derivation of the required PWM switching paftern for the 

chopper [4]. Only two MOSFET's controlled by a microprocessor are used to achieve 

PWM technique for an a-c chopper. Different loads are used R-L load and dynamic load 

(1-ph. induction motor) in this system. Practical verification of the theoretical predictions is 

presented. 

2. Description of PWM a-c chopper 

The power circuit of a PWM a-c chopper is composed of two uncontrolled bridges and 

pair of MOSFET's,, connected one in series, and one in parallel (freewheeling) with the 



load as shown in Fig. 1. The series connected MOSFET regulates the power delivered to 

the load, and the parallel one provides the freewheeling path to discharge the stored energy 

when the series one is turn off . A power MOSFET is a voltage-controlled device and 

requires only a small input current. The switching speed is very high and the switching 

times are of the order of nanoseconds. Synchronization signal is transferred into carrier 

signal through synchoization circuit and input to microprocessor. An INTEL 8085 

microprocessor is used in this applications because it is available, low cost and sufficient. 

An assembly program stored in EPROM memory interfaced with microprocessor selects 

the required switching instants f ian  a look-up table that contains different switching 

instants corresponding to K value. Charging a timer for ON-time or OFF time and output 

two signals from output port of microprocessor delivers Two MOSFETs. A ~~nchonization 

circuit and driver circuit of MOSFET are shown in Figs. 2,3 respectively. 

Fig. 1 A proposed system of a PWM a-c chopper 

- - - 
Fig. 2 Synchronization circuit 
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Fig. 3 Driver circuit for MOSFET 

Consider the output voltage waveform shown in Fig. 4, with six offperiods embracing 

five voltages pulses per half cycle. Here, number of On and OFF periods per half cycle is 

eleven that is the dominant harmonic for PWM firing strategy. Assuming arbitrary 

switching angles > ** 6-. a?3 .. a4' aS per quarter of a cycle, wave is symmetric 

around nl2 and performing frequency harmonic analysis yields 

2 
A(n) = - 

71; 

&n(n-I)@ - sh(n + I)@ n12 
lo p.u. 

n - l  n + l  
B( I ), B(3), B(5) . . . . . . . . . B(m) = o (quarter-wave symmetry) 

It is clear that there exist five unknown which in turn requires 

five equations for its evaluation. This implies that there are five constraints ought to be 

fidfilled in selecting values of these angles. These constraints can be set in the following 

way: 



Where: K = ratio between peak value of fundamental load voltage component to peak value 

of input supply voltage. It could be then concluded that number of constraints equals 

number of switchings per quarter of a supply voltage cycle. This means that increasing 

number of switchings will in turn lead to eliminate more harmonics. [3]. 

Fig. 4 Voltage waveform harmonic elimination 

3- Simulation and Experimental results 

A program was constructed for evaluating MOSFET switching angles with eleventh 

components eliminated. A flowchart is shown in Fig. 5 represents a program. Load 

current is calculated fiom the following equation: 

VL = VS at main MOSliET is turned ON but VL= 0 at main MOSFET 

is turned OFF 

So, the last equation is solved using 4 th order Rung-Kutta technique taking a step of 

calculation is 0.1 m. Sec., hence supply current is determined from load current . 

Theoretically, and in ideal case, supply current = load current in case of turning ON main 

MOSFET, but reaches to zero otherwise. 



The calculated and experimental results are presented for five switching instants per quarter 

cycle of supply voltage waveform and R-L load with R= 56 ohm and L= 50 m.H., supply 

voltage = 11 0 volt and supply ftequency = 50 Hz. In ideal case, during turn on of main 

MOSFET (in series) , load voltage equals to supply voltage (neglect drop voltage through 

uncontrolled bridge and MOSFET) but in other hand, at main MOSFET is turn off, load 

voltage equals to zero because of freewheeling MOSFET parallel path across load. The 

main, parallel MOSFETs and synchronization signal at different values of factor K where 

K = ratio between peak value of fundamental load voltage to peak value of input supply 

voltage is shown in Fig. 6, the result shows ,that a good accuracy of a zero crossing 

determined by a microprocessor program and hence an appropriate pulse to MOSFETS. 

Also, simulation studies of supply current, load current and terminal load voltage are 

represented at Figs. 7a,b - 10 a, b for different values of K. A good agreement 

between experimental and simulation results, load current is nearly sinusoidal as increased 

in factor K. Instead of R-L load, a single phase induction motor (116 HP, 220 volt, 0.5 

Amp.) is connected as a load. Supply current, motor current and terminal voltage for 

different values of K are shown in Figs. 1 1 - 14 . The a-c input current has discontinuities 

during every cycle even the load current becomes roughly sinusoidal. The speed of the 

motor against the variation of factor K is shown in Fig. 15 . To make the filtering burden 

less, it is required to increase the number of pulses per quarter cycle. Also this can improve 

the wavform of the load voltage close to the pure sine wave but it is necessary to use a 

suitable microcontroller or a fast microprocessor to generate a required pulse to MOSFETs. 

Fourier analysis of load voltage for different values of K factor is shown in Fig. 

16a,b,c,d 
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Fig. 5 A flowchart represents a simulation program. 



4. Conclusion 

In this paper, a real time control of load voltage is proposed based on an harmonic 

elimination of PWM ac chopper using microprocessor as a controller for selecting a 

required switchjng instants of chopper fiom a stored look-up table in EPROM memory 

interfaced with a microprocessor. Experimental result has been constructed using a 

microprocessor to verify the feasibility of the control system. A good agreement is obtained 

between the calculated and experimental results. 

Symbols 

D 1, S 1, G1: drain, source and gate of mosfet number 1. 

D2, S2, G2: drain, source and gate of mosfet number 2. 

K: ratio between peak value of fbndamental load voltage to beak value of input supply 

voltage. 

R-L : staric load consists of resistance and inductance. 

M: number of pulses per one cycle for driving mosfet. 

VL : Load voltage 

VS: Supply voltage 
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Fig. 6 Main MOSFET pulses, parallel MOSFET pulses and synchronization signal at 

(a) K= 0.2 (b) K= 0.4 (c)  K= 0.6 (d) K= 0.8 
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Fig. 7b Simulation results of R-L load for K= 
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Fig. 9 b Simulation results of R-L load for 
K= 0.6 
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Main MOSFET pulses and load voltage 
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Main MOSFET pulses and supply current (Is = div. / 20 ohm) 
Fig. 1 1 Motor performance for K=0.2 and motor speed =287 r.p.m. 
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Main MOSFET pulses and supply current (Is = div. 1 20 ohm) 
Fig. 12 Motor performance for K=0.4 and motor speed =2560 r.p.m. 
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Fig. 14 Motor performance for K=0.8 and motor speed =2910 r.p.m. 



Fig. 15 Motor speed against K factor 

LG. 1Ga Fourier spectrum of load voltage for K=O 

ig. 16c Fourier spectrum of load voltage for K=0.6 
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rig. 16b Fourier spectrum of load voltage for K=0.4 
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