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Abstract − This paper is focused on predicting the power 
transfer in Buck PWM AC regulators. The circuit 
simulation and results prediction were carried out using 
specific computational tools such MathCAD. The 
commutation process is studied and the article presents a 
method to establish the mathematically model of the 
power transfer. Comparative evaluations with 
experimentally determinations are presented.  

1. INTRODUCTION 

AC regulators (AC-AC converters) are used to obtain 
variable ac voltage from a fixed ac source. AC 
regulators with thyristor and transistors are commonly 
used in industrial practice. Thyristor phase control has 
major disadvantages like: generation of high 
harmonics in the source current, generation of sub 
harmonics at integral control and a displacement 
power at phase angle. One method to eliminate these 
unfavorable properties is a PWM or APWM AC line 
power control. The equivalent power circuits [1] of 
PWM Buck regulator in two operating modes are 
shown in fig.1. 
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Fig. 1. The equivalent power circuits of PWM Buck 

regulator 

2. CONTROL MODES OF LOAD CURRENT 
AND VOLTAGE 

When control signal is applied to the AC converter 
switches, a PWM output voltage appears. To 
determine the power transfer in AC-AC converters it is 
used the MathCAD functions. The calculus is based on 
frequency switching and duty factor functions. The 

switching frequency is 20kHz and 200 is number of 
turn on commands. 
The algorithm is presented in fig.2.  

 
Fig. 2. The calculus algorithm 

 
The power regulation can be made with phase angle 
control for one constant duty factor [2], fig. 3 or with 
duty factor variation for constant phase angle. 
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3. MATHEMATICAL DETERMINATION 

The circuit operating is not easy to characterize with 
mathematical expressions. It is necessary to 
determine the initial steady state values. The 
MathCAD function is “CondInit (M, Φ, ε)”. The 
MathCAD function in fig.6. is presented. “M” is the 
matrix that returns the turn on and turn off angles. 
“Φ” is the phase angles matrix. “ε” is the precision. 

 
Fig. 3. The load waveforms for duty factor γ= 0,4and 
different phase angles: 1) φ = 6o; 2) φ= 10o; 3) φ = 

16o; 4) φ = 40o. 
 

The experiments are realized to verify the 
mathematical determination. Fig. 5. and 6. presents the 
comparative evaluation between analytical determined 
and experimental capacitor and inductive waveforms. 
348V is the experimental peak-to-peak load voltage 
value and 356V is the peak-to-peak load voltage 
value determined with MathCAD function. 
The error, 2.24%, is admissible because the 
mathematical model circuit is ideal.  
The load voltage waveforms collation in fig. 7. is 
presented. 
Because the load current (fig.4, fig.5) and the load 
voltage are not sinusoidal, to estimate the power 
transfer it’s necessary to determine the load current 
and voltage Fourier coefficients for 100 harmonics. 
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Fig. 4. The capacitive current waveforms a) γ= 0,2; b) 

γ= 0,4; c) γ= 0,6and 1.experimental waveform; 
2.analitical determined waveform. 

 
 

 

a. c. b. 
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Fig. 5. The inductive current waveforms a) γ= 0,2; b) 

γ= 0,4; c) γ= 0,6and 1.experimental waveform; 
2.analitical determined waveform. 

 
 

 
Fig. 6. The MathCAD function 
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Fig. 7. Load voltage waveforms collation a. 

experimental waveform; b. analitical determined 
waveform. 

 
Fourier coefficients are: 
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MathCAD relationships for Fourier coefficients are:  

 

 
where Uc = M<c> are the turn on and turn off angles 
values. 
Function “fct1” can be the load current expression, the 
source current or load and source voltage expressions 
in turn on time. Function “fct2” is the turn off 
expression of current and voltage of different electrical 
quantities. The rehabilitated load waveforms, with (5), 

denotes the uprightness of Fourier coefficients 
calculus.  
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where “M” is coefficients Fourier matrix (table 1) and 
M0 is continuous component: 
 

 
 
The matrix has sub matrixes with: 
Column i = harmonics amplitudes corresponding to 
each signal; 
Column i+1 = phase angle corresponding to each 
signal; 
It wants to achieve the power balance. It must 
calculate the active power, P, reactive power, Q, 
apparent power, S. In fig.8. apparent power diagram is 
presented. 
To achieve the equivalent circuit, it is necessary to 
determine one function, being a polynomial regression 
like expression (6). 
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Γ is matrix of duty factor values; 
m, n are degree of polynomial regression; 
bj is coefficients of polynomial degree, like: 

 
The ratio (7)  

                  
powersource
powerload

=η                           (7) 

represents the power transfer. 
 

0          0 .1            0 .2         0 .3           0 .4         0 .5         0 .6         0 .7

    
200
 
 
 
 
 
 
100
 

D uty facto r 

Po
w

er
 v

al
ue

s [
V

A
] 

 
Fig. 8. Apparent power diagram: a. load resistance 

apparent power; b. source apparent power; 
             c. capacitor apparent power 
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Coefficients of load apparent power, m=5, n=5:   

 
 
Coefficients of source apparent power, m=4, n=5: 

 
 
In fig. 9., power transfer surface is presented. It 
perceives that the ratio η is nearly 1. In fig 10 power 
error approximation is shown. 

 
Fig. 9. Power surface for all duty factor and phase 

angles Φ=ct. 
 

 
Fig. 10. Error values between power approximation 
and analytical determined power. 
 
Fig. 11 shows the approximation of power transfer 
with the function deriving from (6). 
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Fig. 11. Power transfer values: (1) Φ= 6o; (2) Φ= 35o 
 
The errors between power from analytical determined 
and polynomial regression are smaller from 1%, like 
it sees in fig.12. 
 

 

Γ R 

 
Fig. 12. Error values between power transfer 
approximation and analytical determined power 
transfer. 

4. CONCLUSIONS 

%066.0%076.0 ≤≤− ε is the power error  
approximation and %4.0%3.0 ≤≤− ε  is the 
power transfer error  approximation.  
Power transfer polynomial regression is a function of 
phase angle and duty factor.  
The error values are small, so the approximation is 
useful in regulator modeling. 
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