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Abstract –The static converters are a vital component of 
modern drive systems, which in turn are indispensable in 
industrial equipment designed for small or large complexity, 
because the achievement of finished goods implies the ad-
justable mechanical energy available at the output of the 
system. The aim of this paper is the energetic analysis of two 
drive systems with the same static converter feeding two 
different motors which had been performed on an experi-
mental stand for different static operating points. It was 
considered feeding the both asynchronous motors from the 
static converter using the space vector modulation com-
mand strategy while the mechanical load was assured by a 
special braking machine and by a DC motor, respectively. It 
had been taken into consideration feeding the both motors 
at the same frequencies and with the same RMS voltages. 
The frequencies considered for the energetic analysis are 
20Hz, 30Hz, 40Hz and 50Hz, the mechanical load being ad-
justed from no load operation up to the nominal value. The 
power grid energetic parameters were recorded using a 
Fluke 41b harmonic analyzer, while the current and voltage 
waveforms at the motor input, were recorded using a Metrix 
Ox704 digital oscilloscope and later used in Matlab to calcu-
late the AC electric powers.  

Keywords: electric drive, static converter, induction motor, 
quality indicators, PWM modulation. 

I. INTRODUCTION 
Starting from the square-wave modulation the space 

vector modulation appeared and improved to minimize 
copper losses, torque ripple, etc. Space vector modulation 
techniques used today to control the modern static con-
verters as part of high–power machine drives, strongly 
depend on switching frequency of the power semiconduc-
tors. 

The electric drive is an essential component of technical 
equipments for industrial activities of high or low com-
plexity, because machining towards the final product re-
quires the mechanical energy available from the drive 
system. 

This paper is dedicated to the study of the influence of 
the motor power to the overall drive system energetic per-
formances. 

Though, in the first section, a brief description of the 
theoretical definitions is given regarding the inverter 
adopted modulation strategy and the power quality indica-
tors which were used in this study. In the next section, the 
experimental setup and protocol was described, followed 
by the experimental results, given in the last section.  

II. THEORETICAL ASPECTS 

A. Space Vector Modulation  
The space vector modulation working principle is 

based on the idea that for a system to provide sinusoidal 
output voltages, the associated voltage space vector 
must rotate continuously. If the sinusoidal voltage fre-
quency and amplitude are constant, the locus of peak 
vector is a circle. 

Because the operation of the inverter permits only eight 
possible configurations, due to the "on" and "off" function 
of semiconductor devices, the voltage vector can only 
have eight distinct positions, 6 non-zero (u1, u2, u3, u4, u5, 
u6) which correspond to vertexes of a regular hexagon and 
the other two (u7, u8) are null and corresponding to the 
center of the hexagon- [4], [8]. 

B. Power quality indicators 
Because the quality indicators that were used  required 

the active power absorbed by the motor in each static op-
erating point, for computing the active power the complex 
apparent power theory [1] (p-q theory) had been used. 

According to the p-q theory, the instantaneous complex 
apparent power is defined as the product of the voltage 
phasor (u) and the complex conjugate of the current 
phasor (i*) [2]: 
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Fig. 1.  The associated voltage space vector of the inverter output. 
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where the real power is: 
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Is widely accepted that the average value of the real 
power, p, over one period (T) gives the active power P: 

 ∫
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=
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It’s also widely accepted that that the average value of 
the imaginary part q, over one period of the voltages and 
currents (T) gives the reactive power Q: 
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Starting from the instantaneous complex aparent 
power, the aparent power can be defined [5], [7], keeping 
true Bucholtz’s formula [3]. Thus: 
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where U2 is the square RMS value of the voltage 
phasor modulus, 
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So, the aparent power is given by: 
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Considering the quadrature relationship between 
powers, the distorsion power is defined as [6]: 

   (8) 2222 QPSD ff −−=

Knowing the active power absorbed by the motor, the 
efficiency can be obtained, after the computation of the 
mechanical power: 

 
P

Pm=η  (9) 

 Ω⋅= TPm  (10) 

where: T is the torque and Ω is the angular velocity, 
measured at the motor shaft. Because the experimental 
equipment allowed only the measurement of the motor 
RPM, n, the angular velocity was calculated with: 

  

30
n⋅

=Ω
π  (11)  

III. EXPERIMENTAL SETUP AND PROTOCOL 

A. The experimental setup 
To obtain the experimental data required to determine 

the energetic performances of each drive system, a Ley-
bold type experimental stand was used [9]. It contains 
(Fig. 2, Fig. 3): 

‐ single phase full wave bridge rectifier; 
‐ DC link; 
‐ three phase voltage inverter with IGBTs and its 

control module; 
‐ squirrel cage asynchronous motor; 
‐ mechanical load (asynchronous motor of special 

construction and its torque control module used 
with the first, lower power motor, and a DC motor 
for the second, higher power motor); 

‐ digital analysis equipment  (Fluke 41b analyzer, 
Metrix OX 7042 – M digital oscilloscope, etc). 

The power system components have the nominal oper-
ated data indicated below: 

‐ Motor1: PN=370W; UN = 230V; IN = 2.1A; cosφ 
= 0.76; nN = 1380 rot/min.  

‐ Motor2: PN=2.2kW; UN = 230V; IN = 10A; cosφ 
= 0.92; nN = 1500 rot/min. 

‐ Inverter: UN = 230V; IN = 10A. 
‐ Load1: PN=250W; UN =230V; TN=2Nm. 
‐ Load2: PN=2.7kW; UN =230V; TN=18Nm. 

To obtain the experimental data required to determine 
the energetic performances of induction motors powered 
by space vector modulation voltage inverters the meas-
urement of the DC-Link voltage and current was required 
to obtain the intermediary DC power. 

The power grid energetic indicators were computed by 
the Fluke 41b analyzer and the energetic parameters on 
the motor side were computed based on the voltage and 
current waveforms using a Matlab/Simulink model. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. The drive system block diagram. 
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B. The experimental protocol 
For the experimental protocol, two cases had been tak-

en into consideration [11]: 
‐ Feeding the motors with the same RMS voltages; 
‐ Feeding the motors in order to achieve the same 

static torque. 
The frequencies considered for the energetic analysis 

are 20Hz, 30Hz, 40Hz and 50Hz, for which the load was 
adjusted up to the nominal value. 

For the lower power motor (PN=370W) the mechanical 
load was a asynchronous motor of special construction 
and its torque control module. The mechanical load of the 
higher power motor (PN=2.2kW) was a DC motor 
(PN=2.7kW) used as generator feeding a high power vari-
able resistor. 

Through the experimental protocol, in order to compute 
the energetic performances of the two motors the line 
voltage and current waveforms were digitally recorded 
using a digital oscilloscope.  

Further, in Matlab / Simulink, the waveform of voltages 
and currents were reconstructed based on the sampled 
stored by the digital  oscilloscope and the following quan-
tities were computed: the active power, at the power grid 
side and on the motor side, the mechanical power at the 
motor shaft and the efficiency of the drive system for 
feeding the motor at constant frequency (20, 30,40 and 50 
Hz) and different values of the load torque (0; 0.1 ;0.2; 
0.3; 0.4;0.5;0.6;0.7;0.8;0.9; 1;1.1) TN. 

Taking into account the experimental protocol and start-
ing from measured data for each static operating point, the 
other quantities needed to determine the energetic per-
formances were calculated and the comparative analysis 
could be achieved.  

For each operating point besides the waveforms of volt-
age and current some quantities had been measured using 
classical equipment: the RMS values of voltage and cur-
rent, active power, rotor revolution count (RPM), and 
torque, respectively. 

 

 

Fig. 3. The experimental workbench. 

IV. EXPERIMENTAL SETUP 
The energetic performances were analyzed based on 

the measured quantities and on the quantities computed in 

Simulink from the motor side waveforms, at the same 
frequency (20, 30, 40 and 50 Hz) and for the same RMS 
voltage values. The graphical variation for the most sig-
nificant energetic quality indicators was illustrated using 
Matlab.  

Therefore, the dependence of efficiency by the me-
chanical power is illustrated in Fig. 4 for the lower power 
motor, and in Fig. 5, for the higher power motor. It can be 
seen that the second motor gives a better efficiency, be-
cause of its higher nominal power, at all the working fre-
quencies, excepting for 30 Hz, where the first, lower pow-
er motor gives the best efficiency. Also, the bigger motor 
gives a flatter efficiency over the mechanical power varia-
tion while the smaller motor gives a curved, pointed de-
pendence (the maximum efficiency is reached at about 
280W, which is 75% of the nominal power, and drops 
steeply). 

The torques, generated by the motors of the two studied 
drive systems, are illustrated in Fig. 6 and Fig. 7. It can be 
seen that de torque dependence of the mechanical power 
at the motor shaft is almost linear for all frequencies. 
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Fig. 4.  Efficiency of the motor 1 as a function of mechanical power. 
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Fig. 5. Efficiency of the motor 2 as a function of mechanical power. 
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Fig. 6. Torque of the motor 1. 
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Fig. 7. Torque of the motor 2. 

It can be seen, although, that when the motor load is in-
creased up to the maximum value the generated torque 
dependence is becoming nonlinear, the torque being rela-
tively higher than for lower output power. This nonlinear-
ity is more emphasized for the higher power motor and is 
reflected in the dependence of the rotor speed as a func-
tion of mechanical power.  
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Fig. 8. Speed of the motor 1. 
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Fig. 9. Speed of the motor 2. 
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Fig. 10. Electrical power of the motor 1 as a function of   

  mechanical power. 

It appears that the graphical dependence of torque and 
rotor speed of the low power motor by the mechanical 
power is as to be expected, in the case of the high power 
motor the results are not as expected. 

It can be observed that the torque is increasing rapidly 
at high mechanical power while the rotor speed is decreas-
ing rapidly. 
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Fig. 11. Reactive power of the motor 1 as a function of                    

mechanical power. 
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Fig. 12. Apparent power of the motor 1 as a function of                   

mechanical power. 

The dependence of the angular velocity of the motor on 
the mechanical power is illustrated in Fig. 8 for the low 
power motor and in Fig. 9 for the high power motor. It 
results for the latter, that the rotor speed dependence of 
this motor is flatter and less dropping than for the low 
power motor. 
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Fig. 13. Slip of the motor 1 as a function of mechanical power. 
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Fig. 14. Electrical power of the motor 2 as a function of                   

mechanical power. 
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Fig. 15. Reactive power of the motor 2 as a function of                    

mechanical power. 
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Fig. 16. Apparent power of the motor 2 as a function of                   

mechanical power. 

At the same mechanical power, for high frequencies, 
the first motor reactive power is lower than the second 
motor (Fig. 11,Fig. 15). 

For the same frequency and mechanical power, the 
apparent power, at the first motor, is higher than the one at 
the second motor (Fig. 12,Fig. 16). This is because, the 
last motor has a higher rated electric power. 

For the same mechanical power, the first motor electric 
power is lower than the second motor corresponding 
power (Fig. 10, Fig. 14). It can be noticed that the electric 
power is higher at lower frequencies. The slip of the motor 
increases with the frequency decreasing (Fig. 13). 

V. CONCLUSIONS 
It results that the drive system performances are de-

pendent on the used induction motor, besides the obvious 
maximum mechanical power, but also regarding the shape 
of the dependences of efficiency, torque and rotor speed, 
by the shaft mechanical power. 

The determinations were conducted for the same static 
converter, with the same inverter modulation strategy, and 
for a generic mechanical load, giving a prescribed reverse 
torque, for a typical or generic variation. 

It seems that when using a lower power motor the effi-
ciency not only is lower, as expected, but also much 
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curved, pointed dependence on the shaft mechanical 
power.  

Also, the rotor speed variation is much biased for the 
low power motor, while the high power one is flatter, less 
biased, by with a steep drop a the upper limit of the rotor 
mechanical power. 
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