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ABSTRACT 
In AC chopper circuits, the improvement of the input power factor is the 

Asymmetrical Pulse Width Modulation (APWM). The modulation signal of APWM has two 
conventional operation driving modes for ac chopper circuit. This paper presents the 
improvement of the APWM switching function with a positive saw-tooth waveform for AC 
choppers. Where the reference signal can be increased or decreased at  and fixed at 

. The developed method can also improve the carrier signal from the triangle signal 
to a positive saw-tooth signal and keep the trigger switching angle ( ) constant throughout. 
The , , and  results are performed by the Scilab and the Pspice computer 
simulation program. The comparisons to PWM and conventional APWM are also included. 
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Introduction 
Now a day, the most connected load of the distribution power system is non-linear 

electricity loads. Also, these loads require different input voltage levels. Therefore, the 
waveform of the power system is an undesirable sinusoidal signal. The voltage and current 
harmonics occur in the power system. These harmonics cause voltage and current 
distortion, resulting in low power component values and loss of energy. Consequently, it is 
most necessary to use a converter circuit such as PWM controlled AC-AC converter in the 
distribution power system. 

Typically, the power transfer using a PWM controlled AC-AC converter directly affects 
the input power element, thus it consists of the load power component and the AC-AC 
converter power component.  Especially, the input of an AC-AC converter with PWM 
control, there are two methods: (1) designing the optimal parameters by analyzing the 
phase angle of the output voltage, output current and input current and (2) improving the 
PWM signal by considering the input power component, output voltage and total harmonic 
output voltage distortion [1-3]. Consequently, the improving power factor can be done by 
improving the PWM signals. Normally, there are two types of improvements in power 
components by improving the PWM signals as reported in previous studies such as the 
reference signal improvements and the carrier signal improvements. This modulates the 
PWM signal to shift the phase angle of the output voltage as an asymmetrical PWM (APWM) 
with zero voltage switching (ZVS) [4–8]. 

The APWM ideal switching function has two conventional operation modes with 
asymmetrical sawtooth waveform considered during an interval ( ) such as constant 
slope mode and various slope modes [1-6]. Recently, a new alternative APWM using the 
slope reference is presented [7] whose amplitude is adjusted according to load 
requirements with the end of the signal fixed at . In this modulation, the signal 
remains positive. However, the input power component affects the efficiency of power 
transfer from the supply to the load and the timing of switching at an angle of 0 - 90 
degrees, which makes the switching pattern. Therefore, in this research, a technique for 
improving the APWM signal is proposed. Also, the appropriate period in switching is 
determined taking into account the input power component, output voltage and the 
distortion of the total harmonic output voltage. To find a suitable answer, the input power 
factor of the converter circuit must approach one. 

This paper presents the developed operation mode where the reference signal can 
be increased or decreased at  and fixed at . The carrier signal is also 
improved from the triangle signal to a positive saw-tooth signal to keep the trigger switching 
angle ( ) constant throughout. A comparison of the , , and  values is made 
between the conventional PWM, APWM and the proposed APWM. The circuit results are 
performed by the Scilab and the Pspice computer simulation program.  
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Research and Methodology 
The simple AC-AC converter or AC Chopper circuit controlled by pulse width 

modulation is shown in Figure 1. It employs switch S1 to regulate and transfer electricity 
from the AC power source to the load. Consequently, switch S2 is the free-wheeling path 
used to transfer the stored energy to the output load. 

As shown in Figure 1, for the conventional APWM, the ideal switching function of the 
conventional APWM has two operation modes with a sawtooth waveform considered during 
the interval. The first mode is constant slope as shown in Figure 2(a) where the slope is 
fixed while the signal elevation is adjusted resulting in the average of Xo. On the other hand, 
the second mode is the various slope as shown in Figure 2(b) where the pivot point at 
position  is fixed by adjusting the signal level up or down, causing the slope to change. 

D1 D3

D2 D4

D5 D7

D6 D8

AC Load

S1

S2

 
Figure 1 A single-phase AC chopper circuit. 

As shown in Figure 2, the conventional ideal switching function operation modes can 
be expressed by Equation (1). 

 
Where   is the magnitude at  

  is the magnitude of S at  

 
 
 
 
 
 
 

                         

                                         
 

(a) The constant slope mode                            (b) The various slope mode 
Figure 2 The conventional ideal switching function operation modes. 
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The concept of the switching function in previous publications [1-6] is to employ the 
slope reference that can be adjusted by increasing or decreasing the amplitude leading to 
an adjustment in the slope and the average signal level for load requirements with the end 
of the signal at  as shown in Figure 3. From equation 1, C is set only to zero at . 
The ideal switching function of S can be expressed by Equation (3). 

 
    

 

 
 

 
 
 
 
 and   

Figure 3 The operation modes of the ideal switching function.  
 

The slope S and the constant B in the paper [7] method is varied to control the 
phase shift angles. Then, the average  is changed for magnitude control of the 
output voltage and the slope SL for the phase shifting angle control. 

From the articles mentioned above, the use of a negative saw-tooth slope reference 
signal with a triangular carrier signal is used. When the reference signal changes the level, 
the pulse signal S1 with the start angle and the stop angle changes as shown in Figure 4. For 
ease of operation and calculations, the carrier signal has been modified to a positive saw-
tooth signal so that the trigger angle can be determined based on the number of pulses in 
the range . The pulse signal  is determined, resulting in a trigger angle of 

, as shown in Figure 5. 
From Equation (3), it can be converted to the slope equation as follows: 

 
where    is a function of the slope. 

    is the coordinate in the x-axis. 
  is the amplitude of the slope at the y-axis. 

               is the number of carrier pulses in the interval . 
 ;      
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Where   is the order of the sawtooth signal. 

                  
 

 
 

               
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

a) APWM mode 1 and 2                               b) APWM mode 3 
Figure 4 The waveforms of the switching function, output voltage,                                            

                                input current and output current. 
 

Given that the sawtooth signal has an angle of 45, the equation of the sawtooth 
signal is 

 
Therefore, the intersection of the curves from Equations (4) and (9) determines the 

value of . 
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Where  is the turned-off angle of the pulse signal at the order position of the 
sawtooth signal. The objective of the function is to keep the size of THD to a minimum, 
which can be obtained from the equation (12). 

                                                  

Where   is the fundamental coefficient of the output voltage. 
 is the reference output voltage. 

 
 

 
 

 

 

 

 

 

 

 

 

 

Figure 5 The proposed operation modes of the ideal switching function with a positive  
                  sawtooth carrier wave. 
 

When the number of pulses in the range  is six ( ), the boundary of the 
switch angle is 
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An appropriate pulse signal form, as in equation (14), is used to design a converter 
circuit to reduce the THD, which requires a suitable operator to solve the problem. 

 

 

 
 

The output of the equation is written in the Fourier equation. 

 
Where 

 

 
Therefore, the load current output equation can be obtained by Equation (20). 

 

 
Given that  and  are the RMS values of the  harmonics of the output 

current and the output voltage, respectively, the THD equations of the output current and 
voltage are possible. 

 

 
Where n = 3,5,7,... Therefore, the input power factor equation can be obtained by. 

 
 

Results and Discussion  
The proposed APWM switching function for AC choppers is designed and simulated 

by computer simulation. The simulation results for the single-phase AC chopper by 
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determining the R-L load with a fixed value at   are shown in Figure 6. The 
number of carrier pulses in the interval  is six ( ). The voltage supply to the 
circuit is 220  at 50 Hz. 

From Figure 6, the initial amplitude of the reference signal was set to 4.5 volts, the 
carrier amplitude was 5 volts, and the output voltage was approximately 150 . 

The operation to determine the tune-on angle ( ) and the tune-off angle ( ) is 
simulated by setting the output voltage in the range of every 20 V from 20 to 200 V by 
comparing the conventional APWM and the proposed APWM, shown in Table 1 and Table 2. 

The turn-on and turn-off switching angles at various output voltage levels for 
controlling the PWM AC Chopper are simulated by the Scilab computer program. The 
simulation results are carried out in the Pspice program environment for the single-phase 
AC chopper by determining the fixed R-L load . The voltage source to the 
circuit is 220  at 50 Hz. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6 Simulation results. 
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Table 1 The turn-on and turn-off switching angles of the Proposed APWM at various output 
voltage levels  

Output Voltage   
(V) 

The switching angle (degree) 

            

20 0 0.47 30 30.59 60 60.31 90 90.23 120 120.15 150 150.07 

40 0 1.78 30 31.48 60 61.18 90 90.89 120 120.59 150 150.29 

60 0 4.10 30 33.42 60 62.73 90 92.05 120 121.36 150 150.68 

80 0 7.47 30 36.23 60 64.98 90 93.73 120 122.49 150 151.24 

100 0 11.25 30 39.37 60 67.50 90 95.62 120 123.75 150 151.87 

120 0 16.36 30 43.63 60 70.90 90 98.18 120 125.45 150 152.72 

140 0 21.17 30 47.64 60 74.11 90 100.58 120 127.05 150 153.52 

160 0 27.88 30 53.23 60 78.59 90 103.94 120 129.29 150 154.64 

180 0 34.05 30 58.37 60 82.70 90 107.02 120 131.35 150 155.67 

200 0 43.97 30 66.64 60 89.31 90 111.98 120 134.65 150 157.32 

 
Table 2 The performance of the APWM at various output voltage levels  

Output Voltage 
(V) 

Conventional PWM  APWM Proposed APWM 

         

20 0.3467 0.2682 2.4110 0.8925 0.0493 0.3151 0.8949 0.0546 1.6716 

40 0.3755 0.2496 1.9635 0.6447 0.0952 0.7953 0.7747 0.0628 1.0978 

60 0.4270 0.2296 1.5297 0.8879 0.0971 0.3399 0.5233 0.0804 1.0398 

80 0.4816 0.2104 1.2324 0.8871 0.0992 0.3202 0.8894 0.0897 0.2271 

100 0.5485 0.1933 1.0345 0.8661 0.1025 0.1310 0.8795 0.0929 0.3124 

120 0.6000 0.1779 0.8625 0.8787 0.0972 0.1204 0.8686 0.0892 0.1926 

140 0.6827 0.1630 0.6901 0.8741 0.0962 0.1734 0.8771 0.0904 0.1373 

160 0.7290 0.1515 0.5637 0.8596 0.0933 0.1488 0.8604 0.0942 0.1435 

180 0.7594 0.1422 0.4156 0.8608 0.1347 0.1865 0.8546 0.0904 0.2198 

200 0.7866 0.1363 0.2054 0.8546 0.0949 0.1767 0.8668 0.0962 0.1272 
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(a) Input power factor                   

                                  

 

 

 

 

 
 

 

 

(b) Total harmonic distortion of output current 

 

 

 

 
 
 
 
 

 
 

(c) Total harmonic distortion of output voltage 

Figure 7  , ,  versus various output voltages. 
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Table 1 shows the turn-on and turn-off switching angles of the APWM method 
presented at different output voltages from 20–200 V. The proposed method has a 
constant turn-on angle and the turn-off angle increases linearly as the output voltage 
increases, which can be used to find the input power factor, total harmonic distortion of 
output current and total harmonic distortion of output voltage as shown in Table 2. 

Table 2 compares , ,  for the three methods of conventional pulse 
with modulation, asymmetrical pulse with modulation and proposed asymmetrical pulse 
with modulation. 

The simulation results of the proposed APWM method can be compared to the 
two standard methods and APWM in the paper [7]. In figures 7(b) and 7(c), the  and 

 are significantly lower when compared with the other techniques for different output 
voltage levels. Figure 7(b), the  of the proposed APWM technique is similar to that of the 
other APWM but higher than the conventional PWM technique. 
 

Conclusion 
This paper presents the application of the Asymmetrical Pulse Width Modulation 

(APWM) method for improving the input power factor in ac chopper circuits. The developed 
operation mode whose reference signal can be increased or decreased at  and fixed 
at . The developed method can also improve the carrier signal from the triangle 
signal to a positive saw-tooth signal keeping the trigger switching angle ( ) constant 
throughout. The performance of , , and  of the proposed APWM is compared 
with those of the conventional PWM and APWM. The performance of the proposed APWM 
technique is considered at the fixed R-L load . The voltage supply to the 
circuit is 220  at 50 Hz. The circuit results are performed by the Scilab and Pspice 
program.   
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