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I. INTRODUCTION

A
well-known SCR-based converter has being used in such 
applications as industrial power control, heating and AC 

important nowadays due to the increasing stress of widely 

of intrinsic phase lag, the converter increases reactive power 

Aforementioned problems of the SCR-based converter 
have a tremendous effect on its application in the induction 
motor drives. In drives the main functions of a voltage 

optimization during underloaded drive’s operation. The 

motor. Moreover, the Power Factor (PF) drops because of 
a phase lag. As the result, the SCR-based soft-starters are 

they are usually bypassed after a start is completed.
There are mechanisms, where the SCR-based soft-starters 

might be effective «Energy-Savers», but the harmonic-

manufacturers rarely highlight them.
Since the power transistors become available, much 

attention has been paid to the AC Buck converter as an 
alternative to the SCR-based converter. The AC Buck 
converter, or AC Chopper, is a class of direct power 
electronic voltage converters, based on a well-known 
power circuit (Fig.1) in various implementations (see [2]). 

block of the converter can operate with no phase shifting of 
the output voltage. These two properties lead to important 

These problems of the SCR-based converter and the 
advantages of the AC Buck converter are considered in 

performance at a stator voltage control of induction motor 

soft-start mode [17], or when the AC Buck converter operates 

the AC Buck converter is rarely taken into account and its 

Thus it often leads to the misconception, that the PF of these 
two converters is almost the same [18].

diminished and the detailed comparative study is necessary.

block), b) a waveform of the output voltage

II. PROBLEM DEFINITION

the AC Buck converter in comparison with the SCR-based 
converter in the induction drive’s energy-saving application. 
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The particular Pnom
nr.nom

• analyze harmonic distortions and phase-shift 
properties of the AC Buck converter in the drive-oriented 

• develop computer simulation model of the SCR-based 

• 

III. T

A. AC Buck Converter

In the induction motor drive application the power circuit 
of the AC Buck converter consists of the switching block 

switching block operates in pulse-width regulation mode 

fS f(1)

inductive load.

Fig. 2. AC Buck converter in motor drive application

In order to analyze converter’s operation in the motor’s 

The preceding research proved, that at the steady-state the 
harmonic distortions of this converter can be calculated 

i(t) currents (THDi) and the output i2(t) 
currents (THDi2
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0 is the control ratio (duty cycle).
The normalized integral ratio is the characteristic of the 

switching block with the particular control algorithm. For 
the pulse-width regulation mode
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where 
rs, rr are the resistance of stator and rotor windings, 
correspondingly; 
ls, lr 
windings, correspondingly;
lm 

xs, xs are the synchronous reactive impedance of stator and 
rotor windings, correspondingly;
xm (1);
sr.norm is the relative slip, normalized to the nominal slip; 
sr r; 
rr.nom 
slip snom;

nomrnomr srr . , .r nom r noms s s , 11 rrs .

NF.S 
for input distortion and NS for output distortion. This form 
makes it possible to analyze the distortions in general form 

0
NF.S THDi NF.S
the THDi

Power Factor (DPF) of the converter is approximated by the 
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where 2 2cosiPF  is the motor’s power factor. 

PFi DPFi.
The motor’s power factor

2

2 1 11 1i ekv ekvPF x r

the magnetic curve of the motor is not linear.

B. SCR-based Converter

simulated in Matlab. The power circuit of the converter is 

load correspond to the steady-state model of the motor 

At the steady-state operation the currents and voltages 

the number n th harmonics is of the 
highest magnitude and it increases when the output voltage 
U2(1)
on the motor, while its attenuation is very problematic due to 

st harmonic.
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Fig. 7. Variation of the current harmonic’s magnitudes (magnitudes are 
relative to the 1st harmonic’s magnitude) of the SCR-based converter

IV. DISCUSSION OF RESULTS

NS fS
at the f(1) 0

NF.S
the control range 0

By contrast, the currents of the SCR-based converter 

th

and the 7th th 

Buck converter.
The very important feature of the AC Buck converter with 

the converter’s DPF is always higher, than the motor’s DPF 
(Fig.8). Even at the light load the converter’s DPF reaches 
its maximum value DPF

Fig. 8. Variation of the DPF of different converters

By contrast, the DPF of the SCR-based converter is always 
lower than the load’s DPF (Fig.8). At the output voltage 
U2(1)

V. CONCLUSION

Both converters can be used as the induction motor’s 
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drop. Moreover, the currents’ harmonic distortion might 

optimization of the motor and leads to the motor’s extra 
power losses.

The AC Buck converter has no one of the aforementioned 

motor’s currents distortion is almost negligible. The input 
currents’ harmonics are attenuated by the high-crossover-

considered in this study. Nevertheless, it is the well-known 

Thus, the very important task is to improve the AC Buck 

not discussed in this paper. Anyway, much attention is given 
today, by the utilities, to the PF [12] and EMI, which are 

Another important task for the future research is to 

drive application (3, 6 and 10 kV).
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