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Abstract −−−− This paper is focused on predicting the 
power transfer in direct AC-AC converter with SCR 
and resistive-inductive load. The circuit simulation and 
results prediction were carried out using specific 
computational tools such MathCAD. The ac switching 
mode 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. For this 
must be study power flow on resistive-inductive load 
from AC-AC converter for different firing and phase 
shifting angles of SCR from converter structure. 

Keywords: firing angles, phase shifting angles, SCR’s 
turn off angles 

1. INTRODUCTION 

The AC-AC converters are circuits from electronic 
circuits family, which allow the power control in AC 
circuits.  
The AC-AC converters have the control function of 
transfer power in different application: control of 
illumination, heat control, in electrochemistry and 
electric drive. The power control is made with control 
of firing angle of SCRs, triacs or power transistors. 
The general schematic diagram of AC-AC converters 
is showed in Fig.1. The waveforms of load voltage to 
an AC-AC converter with SCRs are presented in 
Fig.2. 

 

Figure 1:  Schematic of ac-ac converter with resistive-
inductive load 

 

Figure 2: Waveform of voltage and current load for ac-
ac converter 

2. THE MATHCAD MODEL OF POWER 
TRANSFER  

In this paper it is followed to determine the apparent 
power (volt amps) as a function of firing angles α and 
phase shifting angles φ (the values of resistance, R and 
inductance, L). The study is based on the following 
algorithm: 
1.The calculus of the turn off angles for SCR and its 
approximations with a mathematical expression. 
2.Because the waveforms are not sinusoidal, is 
necessary the calculus of Fourier coefficients of the 
voltage and current. 
3.The schematic diagrams of the load voltage and 
current.  
4.The calculus of the volt amps, active and reactive 
powers. 
5.The determination of an approximation for all types 
of power. 
6.The errors calculus between theoretical and 
experimental results. 
The schematic diagram is presented in the Fig. 3. 
In the phase angle control, the load voltage and current 
are not sinusoidal, they are followed by a number of 
harmonics, and so the mathematical determination of 
load power will be made with MathCAD functions [1] 
for an imposed number of harmonics. 
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Figure 3 : The algorithm of the power transfer 
calculus. 

To calculate the power transfer in direct AC-AC 
converters with SCRs it’s need a database with SCRs 
firing angle, α and phase shifting angle values, ϕ. To 
obtain a good control of power transfer, the SCRs 
operate in interrupting mode. This means the angles 
of AC-AC converters perform the condition: α ≥ ϕ.
The phase shifting angles are in matrix Φ and the 
firing angles in Α0. 
For the MathCAD calculus, it are utilized the next 
values: 
U 220 2⋅:= , R 10:= ,

Α0

0

15

20

25

30

35

45

65

75

80

90

95


































deg⋅:= L

0.0005

0.0010

0.0025

0.0035

0.0045

0.0060

0.0065

0.007

0.01

0.020

0.3





















:=

For phase shifting angles: 

 
R
La ωΦ tan= (1) 

For the power calculus is necessary to know the time 
period when the power transfer to the load is realized. 
This means the determination of the turn off moment, 
β, of the SCRs on each pulse.  
With the database the turn off angle approximation 
is: 
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where A is coefficients matrix and n=3, m=7. 
 

The expression (2) allows to determine the turn off 
angle without classically approach. To verify the 
exactitude of the calculus, it presents the waveforms 
for the load voltage and current in two cases: calculus 
and experimentally waveforms.  
The examples of schematic diagrams is shown in the 
next figures. 

 

Figure 4: The load current waveform α = 65o.
______ The calculus waveform 

 ______ The experimentally waveform 

 

Figure 5: The load voltage waveform α = 65o.
______ The calculus waveform 

 ______ The experimentally waveform 
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In Fig. 6 is presented the errors of turn off angle 
approximation with MathCAD functions. 

 

Figure 6: The errors of turn off angle approximation 
with MathCAD functions

 
Because the errors are under ±0.15%, in the next 
calculus, for Fourier coefficients is utilized the 
expression (2). 
The current and voltage Fourier coefficients are 
calculated for 45 harmonics, which rehabilitate the 
initial signals. Part of the determined load power 
transferred matrix is shown in Table 1. 
 

Table 1: The determined load power values 

In the table 1 the columns represent: 
column 0: the values of the phase shifting angles (in 
radians);  
column 1: the values of the firing angle (in radians);  
column 2: the values of the load volt amps;  
column 3: the values of the load active power;  
column 4: the values of the load reactive power;  

column 5: the values of the load deformed power. 
In Fig.7 and Fig.8 are presented the waveforms of the 
calculus and rehabilitated signal with Fourier 
coefficients for load current or rehabilitated signal 
with Fourier coefficients and experimentally signal 
for load voltage. 
 

Figure 7: The load current waveform α = 65o.
______ The rehabilitated current waveform 

 ______ The calculus waveform 
 

Figure 8: The load voltage waveform α = 65o.
______ The rehabilitated current waveform 

 ______ The experimentally waveform 
 
The waveforms are quite identical. So, for the 
calculus of power transfer will be used the 
rehabilitated signals with Fourier coefficients.        
In the same way like turn off angle polynomial 
regression we obtain the polynomial regression for all 
types of load power. The expression of polynomial 
regression of load volt amps is (n- number of rows, m-
number of column): 
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“CoefS” is coefficients matrix with n =5 and m =10.
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The expression (3) is valid for all types of power. In 
fig. 9 is presented the MathCAD modeling of volt 
amps. 
 

Figure 9: Voltamps for α = ct and different φ
______Power with polynomial regression 

approximation; 
 ……Direct calculus of power 

In matrix “ErS” the error between effective 
calculated power and calculated polynomial 
regression power is indicated. 
 

column 0: the values of the phase shifting angles (in 
radians);  
column 1: the values of the firing angle (in radians);  
column 2: the calculated values of the load volt 
amps;  
column 3: the values of the load volt amps with 
polynomial regression;  
column 4: the error between column 3 and column 4. 
The errors are under ±2%. 
The calculus and the curves like that presented for 
the volt amps, it is possible to realize for all types of 
power, like active and reactive power, but the degrees 
of the polynomial regression are different.   

3. CONCLUSIONS  

Power transfer can be controlled with variable phase 
angle or phase shifting angle values. The 
approximation of power transfer with polynomial 
regression is a function of phase angle and phase 
shifting angle. The algorithm, which was presented, 
helps us to determine more easily the power in the 
designing of the AC converter circuit with resistive 
inductive load. For one asked value of load power, 
the firing angles and phase shifting angles (the values 
of resistance, R and inductance, L) of SCRs are 
determined with the expression (3), without retrace 
all steps of the algorithm from fig.3.  
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