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ABSTRACT

This paper introduces the facilities of a new graphical
user interface named SEATED for power quality
assessment in induction motor and static converter driving
systems. It is based on a Matlab/Simulink library created
to this end and allows an easy structure and parameters
setup. Power quantities and power quality indices are
evaluated from the instantaneous values of the voltage
and current signals after the system operation simulation
up to all imposed steady state operation points. The steady
state analysis can be carried out for each steady state
operation point both at the network side and at the motor
side. For the quantities for which there are more
computing possibilities according to the actual powers
teories under non sinusoidal conditions, several
definitions were taken into consideration such as Budeanu
definitions, Czarnecki definitions and phasorial theory. In
the display window, the appropriate option can be
selected from a popup menu. As an example, a case study
of the electrical drive with induction motor and harmonics
cancellation inverter fed by a three-phase rectifier is
presented. The simulations followed by power quality
assessment can be used as educational tools in order to
find both the system parameters influences and control
strategies influences on the power quality performances.

KEY WORDS
Power quality, simulation, electrical drive, and static
converter

1. Introduction

Like any other nonlinear load, variable-speed drives
(VSDs) are a source of harmonics in the electrical system.
Both current and voltage harmonics can cause potential
problems [1]. Running computer simulations provides an
ideal method of analysing power quality [2], [3], [4].

A new user-friendly tool called Simulation and Energetic
Analysis Tool for Electrical Drive (SEATED), based on
MATLAB/SIMULINK package, has been developed for
that purpose. Its realization is based on a library created to
this end. The electrical driving system with induction
motor fed by a voltage source static converter was
considered.
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The system structure and parameters, simulation, analysis
and displaying capabilities are carried out via pull-down
menus, push buttons, radio buttons, popup menus,
context-sensitive menus, check and dialogue boxes, etc
[4].

The attention in the paper is mainly drawn to the
description of the most important graphical tool
capabilities for power quality assessment.

2. SEATED — main features
When the SEATED tool is invoked, a start-up window

appears and allows the user information on the main
facilities of this tool as shown in Figure 1.

n Welcome SEATED - Simulation and Energetic Anal...

M=%

% n SEATED Features
SEATED main features include:

- configure driving system structure;,
- cthoaose inverter madulation strategy;
- choose induction motar model and control strategy,
4 - configure motor, DC link circuit and transformer [ line
reactar parameters;
5 - current driving system simulation for frequency and load
imposed ranges;
G - data saving, loading and clearing capabilities;
T - display simulatian waveforms,
8- data processing for all steady state operation points as
well at the network side as at the motor side:

-a) display one-cycle waveform of the current, valtage and
instantaneous power and their harmanic spectra;

-by display numerical infarmation and energetic analysis
{rms current and valtage, powers, power gquality indices,

harmaonic spectra),

9 - many display contral capahilities;

Back

L3 —

Mexd Cancel

Fig. 1 The start-up window

The main window has seven pull-down menus whose
names give information on the actions carried out (Fig.2).
The graphical interface allows users to configure the
structure of the driving system through many options.
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ER SEATED - Simulation and Energetic Analysis Tool for Electrical Drive

M=%

File | Parameters | - Rectifier | Freguency Range |

Modulation |

Load Range | Simulation | Data Processing

Fig.2 The main window of SEATED

A dialogue window associated with the Parameters menu
is used to configure the parameters of the motor, DC link
circuit and transformer/line reactor (Fig.3). The user is
also able to toggle between selection modes. Thus, the
supply voltage of the rectifier can be provided by a
transformer or by a line reactor. Moreover, in the
induction motor model it is possible to choose the
dynamic or the static consideration of the main flux
saturation [5], [6]. The neglecting of the saturation effect
is possible too.

BEX]

DC link circuit

n Parameters

Induction motor
(rotor referred to stator)

= —
Rated active power ] 266 Capacitance [mF]: 3
Hominal voltage [V]: 3a0 Inductance [mH]: 07
Hominal stator current [A]: | 5 Resistance [Ohm]: 0oz
Mominal frequency [Hz]: 50
Marminal speed [Hmin]: | 144 Rectifier supply
Nominal torgue [Nm]: | 20 £ Byline reactor
Foles Pairs Mumber: 2 % Bytransformer
Stator resistance [Ohm]: | 1.61
Rotor resistance [Chm] | 152 Primary winding [iliE]
resistance [Ohm].
hagnetizing inductance 024 Secaondarny winding 0.09
. resistance [Qhml:
Stator leakage inductance | g.og Frimary leakage 0az
H: inductance [mHI:
Rotar leakage inductance | 0,01 Secaondary leakage ne2
HI: inductance [mH]:
otal inertia [kam2]: 002 mMagnetizing inductance 1.4
[mH]:

Induction motor main flux saturation

& Dynamic consideration iLmsdm),Lmddmyy ¢ MNeglecting (Lm = cf)
" Static consideration (Lmdgim) = Lnsgim))

[

Cancel |

Fig.3 The dialogue window associated with the
Parameters menu

The rectifier type can be selected from the Rectifier menu,
e.g. single-phase or three-phase scheme (Fig.4).

u Rectifier E]@

| Choose the rectifier type |

Kl Frequency range g@

Enter the frequency values [Hz):

|Three—phase j e.q. 2040
[Single-phase |
{Three-phasze % 1 | 10020 40 50
oK | Cancel | OK | Cancel |
Fig.4 Choosing the rectifier Fig.5 Specifying the
type frequency range
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The steady-state operation points to be analysed are
imposed through the similar specific dialogue windows
(Fig.5 and Fig.6) associated to the Frequency range and
Load Range pull-down menus. The induction motor load
torque can be selected to be either active or passive by a
pop-up menu in the Load Range dialog window (Fig.6).

=10l =]

n Load range

The naminal targue of the induction motor is 20Mm.
Enter the load tarques [Nm):
ag 24

| 2461014 16 20

| Choose the load torque type: |

IPassive

OK |

Cancel |

Fig.6 Specifying the load torque range

Using the Modulation menu, the simulation of the system
can be carried out using different modulation methods
such as sinusoidal (SM), pulse trains (PT) and harmonic
cancellation (HC). An adequate dialogue box allows the
user to define the modulation parameters and induction
motor strategy (Fig.7). A pop-up menu allows choosing
among the following modes: the classical constant volts
per hertz (U/f), the constant stator flux, the constant rotor
flux and the constant magnetizing flux.

2= %]
||7Specifv the voltage increase coefficient (ku) for each operation frequencm

Forf=10Hz ku= | 15 Forf=20Hz ku= [ 12
For f=40 Hz, ku= 1 For =50 Hz, ku= 1

u HC modulation and induction motor control strategy

| Specify the overmodulation frequency [Hzl: |2DDD

| Choose induction motor control strategy:

=]

Conztant valks per hertz

Constant volts per hertz "
Constant stator flus

Conztant rotar flux

Congtant magnetizing flux

0K

Cancel |

Fig.7 Configure HC modulation and choose control
strategy of the motor

The Simulation menu enables the simulation of the
electrical driving system till all the steady state operation
points are obtained. The user is also able to choose the



maximum order of the considered harmonic in the power
quality analysis (Fig.8).

H Simulation E]@

|Harmnnic maximum order: | a1

The simulation of the electrical drive with IM and FEC fed
by a three-phase rectifier will start for =10Hz and Ts=2Mm

Start_| Cancel|
Fig.8 Starting the simulation

The simulation data can be processed and the results can
be displayed and represented in graphic form by the Data
Processing pull-down menu (Fig.9). The user can analyse
either transient regime, or steady state operation. Only the
steady state data processing is detailed in this paper. The
steady state analysis can be carried out for each steady
state operation point both at the network side (by the
Network... sub-menu) and at the motor side (by the
Motor... sub-menu).

=%

| Data Processing

Transienk regime ... |

Steady state operation ¥ Makar, ..
Metwork. . [

Fig.9 The data processing pull-down menu

3. Power quality assessment possibilities

The power quality analysis can be done on the basis of
some synthetic indices. These factors depend on the
powers circulating in the system.

All specialists agree with the fact that, under
nonsinusoidal conditions, the active (P), reactive (Q) and
apparent (S) powers are not in the same relation as under
sinusoidal conditions, respectively

S*#Pr+0%. (D

The active power is defined as the average value of the
instantaneous power over one cycle T of the voltage and
current signals, namely

P JuleY(0ar @

In the frequency-domain, the definitions of P and S were
accepted since 1927, when Professor C. Budeanu
introduced [7]:

P=3>"U I, cos g, , 3)
k=1

S:3U1=3\/[iUﬁJ[§IﬁJ, @

k=1

where k is the harmonic order, Uy and I are rms values of
phase voltages and currents and ¢, is the phase
displacement between them.

But, the reactive power defined by Budeanu,

05 =3) Uil singy, )
k=1

was disputed.

Professor L.S. Czarnecki is one of the specialists who
emphasised the imperfection of the Qp and proposed a
new definition for the reactive power [8]:

QO =3U /g(lk sin(pk)2 . (6)

Another efficient instrument is the phasorial theory of the
powers introduced by Professor V. Nedelcu [9] and
developed by Akagi and Nabae [10] and then by other
specialists [11], [12].

Considering that ug, uq and iq, i are the components of the
representative voltage and current phasors, the active and
the reactive powers are:

T
Pf:%v([%(udid +uqiq)dt, 7

T
oy =%J.%(uqid —udiq)dt. ®)

0

The distortion power (also termed "deformation power")
is obtained depending on the definitions of the other

powers:
D:,/Sz-ip2 +Q2i. )

Thus, the energetic analysis can be performed on the basis
of the next power quality indices.
1. The total harmonic distortion factor of the current:

THD,; =1 (1, /1) , (10)

or THD; =/(I/1,) -1 , (11)

where I; and I are the fundamental component and the
rms value of the current.

2. The global power factor,
PF=P/S . (12)

3. The displacement power factor
DPF:cosgol; (13)

4. The distortion power factor



DF =DJS . (14)

4. Power quality assessment examples

To illustrate the graphical user interface facilities for
power quality assessment, a case study of the electrical
drive with induction motor and harmonics cancellation
inverter fed by a three-phase rectifier is presented.

In this example, the simulation was carried out for twenty
four steady state operation points corresponding to four
frequencies and six load torques.

The following examples are some of the results of data
processing both at the network side and at the motor side.
These correspond to steady state operation of the power
system at inverter fundamental frequency of 20Hz and
load torque of 10Nm.

a Steady state operation - network side
DS A/ 820

[ SELECT FREQUENCY: |
I~ 10Hz v 20 Hz
[~ 40Hz [~ BOHz

M=%

ila [A]

[SELECT LOAD TORQUE:]
I~ 2HNm [~ BN
M 10Nm [~ 14Nm
7 16Nm [ 20Nm

Current

Yoltage

Fower
Mumetrical values

CANCEL

Fig.10 The network current and its harmonics spectra
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4.1. Network side

In Data Processing menu, the selection of Network item
of Steady state operation » sub-menu (Fig.9) displays its
own window labeled “Steady state operation — network
side” (Fig.10). A set of four buttons are provided for user
input. Thus, the user is able to obtain information on the
currents, voltages, powers and the indices of power
quality.

So, if the user selects a frequency and load torque and
then he clicks on the Current button, a one-cycle current
waveform and its harmonics spectra are displayed
(Fig.10). As it can be seen, the current waveform is much
distorted and the harmonics are higher, because the drive
rectifies the incoming supply.

In the same manner, by clicking on the Power button, the
user is able to display the waveforms of the instantaneous
power and its spectra of harmonics (Fig.11).
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a Steady state operation - network side
DedES X A2 220

[ SELECT FREQUENCY: |
™ 10Hz ¥ 20Hz
[~ 40Hz I~ G0Hz

[SELECT LOAD TORQUE:
[~ 2Mm [T BNm
M 10Hm [~ 14Nm

208 [ 16Hm [ 20Mm

204 2.045

1 T T ,t L T T T Current

I Voltage
%' Power
Mumerical values

CANCEL

1] 2 10 15 20 25 30 35
k

Fig.11 The network instantaneous power and its
harmonics spectra

The Numerical Values button is used to display the
information for the selected steady state operation point
(Fig. 12).

The summary information (inverter frequency, load
torque, rms voltage, rms current) is included. For the
quantities for which there are more computing
possibilities in accordance with the actual teories, it is
possible to select the appropriate option from a popup
menu. In the adjoining text field the new result will be
displayed. There are more displaying possibilities as
follow.

- For the active power: instantaneous power average (2),
harmonics theory (3) or phasorial theory (7).

- For the reactive and distortion powers: Budeanu’s theory
(5), Czarnecki’s theory (6) or phasorial theory (8).

- For the global power factor: either harmonics theory or
phasorial theory according to the active power computing.
- For the total harmonic distortion factor: referred either
to the total rms value (10) or to the rms value of the
fundamental component (11).

A detailed tabular display is also given for the voltage,
current and power harmonic spectra.

4.2. Motor side

In Data Processing menu, if the user clicks on Motor item
of Steady state operation P sub-menu (Fig.9), the
window named “Steady state operation — motor side” will
be displayed.

The harmonics cancellation modulation strategy chosen
for the voltage inverter makes all harmonics of an order
less than 19 to be practically eliminated from the voltage
waveform (Fig.13).

In accordance with the harmonics cancellation principle,
by reversing the phase potentials a number of times
during each half-cycle, the spectra of harmonics can be
changed in such a way that some low order harmonics,
which can be troublesome to the load, are cancelled,
whereas some high order harmonics, which are less
harmful, increase in amplitudine [13], [14].



4 | Steady state operation - network side E]@.%
Apparert poveer [KyYA]: 1.2582 Netweork frequency [Hz]: 0 | SELECT FREQUENCY: |
Active poveer [kii]: T 076876 Imwerter frequency [Hz]: 20

n -*
Feactive power [K¥AR]: 014277 Load targque [Nm]: 10 [~ 10Hz | 20Hz
g Budeanu's theons -| Y g :
Distortion povwer [kYaD]: Budeanu's theary - | 005065 RMS phase woltage [V]: Z20 I~ 40Hz [~ B0Hz
Globsl poveser factor: Harmanics theany - | BE1095 RME current [A]: 1.9064
Displacement power factar: 09394 | SELECT LOAD TORQUE' |
Oi startion povwer factor: Budeanu's theory - | 0.75655
Current THO: Fundamental referrad 12718 I~ 2Nm [ BHm
¥ 10Nm [~ 14Nm
[T 1EMm [ 20KWm
Harmaonics Frequency Uk [] %l Ik [A] %al1 fik Fk Gk Current
[Hz] [degrees] [kh] [k AR]

1 50 220.00 100.00 1.18 100.00 £8.34403 0.769 0.113 FS Yoltage

2 4100 0.0000 0.0000 0.0 0.5166 300.601 0.000 -0.000

3 150 0.0000 0.0000 0.0 0.0398 250033 0.000 0.000 Power

4 200 0.0000 0.0000 000 0.2690 -103.320 0.000 -0.000

5 250 0.0000 0.0000 101 86040 745143 0000 -0.000 Numerical values
=) 200 0.0000 0.0000 0. 0.5522 202727 0.000 0.000

7T 350 0.0000 0.0000 0.87 T3T16 832433 0.000 0.000

=) 400 0.0000 0.0000 0.1 0.5363 -175.853 0.000 0.000

=] 450 0.0000 0.0000 0.00 0. 1644 637162 0.000 0.000

10 S00 0.0000 0.0000 0.00 02113 548657 0.000 0.000 hd

< N CANCEL

Fig.12 The Numerical values window — the network side at 20Hz and 10Nm.
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n Steady state operation - motor side

DedE YA A2/ 2

Joi

[ SELECT FREQUENCY: |

[~ 10Hz [+ 20 Hz
[~ 40Hz [~ S0Hz

[SELECT LOAD TORQUE:]

[~ 2Mm I~ EMNm
W 10Nm [~ q4nm

[ 1ENm [~ 20Nm

Current

Voltage

P ower
Mumerical values

CANCEL

Fig.13 The output phase voltage and its harmonics spectra
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As a high frequency overmodulation signal must be
superposed on the precalculed waveform in order to
adjust the output rms voltage, the low order harmonics are
insignificant but non zero (Fig.13).

The load current of the asynchronous motor and its
harmonic content are reported to the user by clicking on
the Current button, in order to illustrate the effect of
canceling harmonics (Fig.14).

The instantaneous power at the motor side is displayed by
a click on the Power button (Fig.15).

If the user needs the numerical values describing the
steady state operation point, the Numerical values button
must be pressed and than an appropriate window appears
(Fig.16).

Next to the quantities which appears in the similar
window for the network side (Fig.12) there is the
information on the angular speed, electromagnetic torque
and motor efficiency.
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n Steady state operation - motor side

DSk AA/ P20

[ SELECT FREQUENCY: |
[~ 10Hz ¥ 20 Hz
[~ 40Hz [~ 80Hz

/o

10 : H : :

i [A]

[SELECT LOAD TORQUE: |
[~ 2Nm [~ ENm

. H H H V¥ 10Nm [~ 14Nm
2 201 202 203 204 205 [ 16Mm [ 20Hm
t[sg]

4 : : : : : : Current
i i i i i Woltage

Power
Mumerical values

K CANCEL

Ikm [A]

Fig.14 The load current and its harmonics spectra
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n Steady state operation - motor side

DeaHE|MA A/ 22D

[ SELECT FREQUENCY: |

[ 10Hz W 20Hz
[~ 40Hz [ 50Hz
[SELECT LOAD TORQUE:
[ 2Mm [ BMm
W 10Nm [ 14Nm
™ 1BNm [ 20Nm

Current

Voltage

Power
Mumerical values

30

25

K CANCEL

15 20 35

Fig.15 The load instantaneous power and its harmonics
spectra




|+ | Steady state operation - motor side E]@.ﬁ
Apparent poveer [KWA]: 1.8853 Inverter frequency [Hz]: 20 | SELECT FREQUENCY: |
Active poweer [kin]: Harmarics theam - | 075455 Load torque [MNr]:
Reactive power [KVAR]: e — | 07005 RMS vaoltage [¥]: 155.2001 [T 10Hz |» 20Hz
Distortion power [kvWAD]: Budeanu's theory e 1537 RIS currert [4]: 40493 [~ 40Hz [~ 50Hz
Global poswer factor Har monics theary w | 040023 Average sngular speed [radi=]: 532655
Displacement power factor: 073748 Awverage torque [Mm]: 9.99 | SELECT LOAD TORQUE: |
Distortion power factor: | Budesnu's theary - | 021527 Mctor efficiency: 084276 -
Currert THO: |Fundamental referrad J57 ] 019133 Harmonics theary ¥ [ 2Nm [ ENm
¥ 10Hm [~ 14 Hm
Woltage THD: Furndarmental referred - | 053589
| = [ 16Nm [ 20Nm
Harmonics Frequency Uk [ %l Ik [A] wal1 fik Fk Gk Current
[Hz] [degrees]  [kW] [kWAR]
1 20 2646 100,00 392 100.00 42,4820 0.750 0.626 A Woltage
2 40 0.00e 0.0070 0.04 1.1085 107.292 -0.000 0.000
3 EO 0.007 0.0086 0.01 0.2282 -73.16822 0.000 -0.00 Power
4 20 0.008 0.0066 0.00 0.1133 -151.873 -0.000 -0.00
g 100 0332 0.3237 0.0z 0.7705 TE.2152 0.000 0.000 o
& 120 0004 0.0050 0.00 0.0489 -89 4706 -0.000 000 Numerical values |
T 140 1872 2.2803 .11 2.83965 -273.647 0.000 0.001
o 1e0 0.003 0.0102 0.00 0.0292 24 2252 0.000 0.000
g 120 0.005 0.0032 0.00 0.0252 -142.458 -0.000 -0.00
10 200 0.013 0.0148 0.00 0.0148 -49.7958 0.000 -0.00
11 220 0.637 0.7367 0.0z 0.5655 25.0335 0.000 0,000 o
< > CANCEL

Fig.16 The Numerical values window — the motor side at 20Hz and 10Nm.

5. Conclusion

The new friendly graphical user interface is a useful tool
for power quality assessment in induction motor and static
converter driving systems.

This interface allows users to simply configure the system
structure and parameters as well as the control strategy of
the system.

The simulations followed by power quality analysis can
be used as educational tools in finding both the system
parameters influences and the control strategies influences
on the power quality performances in the power system.

It can be noticed that it is possible to simply add other
extensions concerning the modulation strategies of the
voltage inverter and the induction motor control. Further
options in power term definitions can easily be added too.
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