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Abstract: In recent decade, an introduction of innovative technological development in power electronics sector is to perform significantly for compensation of power quality issues.
The sugar industry's widespread implementation of variable-frequency induction-motor drives cause the electrical distribution systems to become worse. Greater harmonics
produced by semiconductor current converters affects the sinusoidal voltage and increase reactive component of current by voltage. To overcome the aforementioned issues, the
research paper examines issues of power quality in an induction motor (IM) drive system attached to utility grid system. The addition of filters, which reduces the power quality,
issues in induction motor drives by providing lower THD. The IM drive system with an enhanced filter is employed to reduce harmonics produced by power semiconductor switches
to keep the three-phase power supply in good condition. So, the instantaneous imaginary controller-based shunt active power filter (I-Q active filter) is employed to lessen the
harmonic content that exists in the current at the point of source. To enhance the electrical network system's power quality, the proposed filter is injected parallel within the source
and the IM drive system. The outcomes of simulations are analysed and it is executed by MATLAB/Simulink.
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1 INTRODUCTION

The necessity for electronic systems and devices has
risen substantially over the past few decades, primarily as a
consequence of growth in the economy and population [1].
As a consequence, power electronics and AC machine drives
are making progress in a number of industries, such as
manufacturing, electronic goods, electric vehicles, non-
conventional energy and power generation plants [2, 3].
Because of the variable speed, high efficiency, and
affordability, three phase IM drives are frequently utilized in
manufacturing applications. The progress in solid-state
power conversion has opened up opportunities for the
flexible deployment of variable frequency induction motor
drives (VFIMDs) in various fields such as air conditioning,
blowers, rolling mills, and others. With increasing demand,
industries are now providing solutions with power ratings
reaching up to MW for purposes like electric propulsion,
rolling mills, traction systems, and hybrid electric vehicles,
highlighting the escalating significance of VFIMDs in
contemporary industrial and transportation sectors [32]. The
IM drive must function effectively on both the machine and
the drive section. A diode bridge rectifier is used by Voltage
Source Inverters (VSI) to supply the dc link voltage for three-
phase induction motor drives. Huge currents are drawn from
the supply line as a result of the power electronic switches'
nonlinear behavior that raises the power requirement and
machine rating [4]. This raises the total expense of operating
the system. Induction motor drives are examined in various
ways to monitor their efficacy in various scenarios.
Subsequently enhancing power quality reduces the price of
electricity, power quality assessment of induction motor
drive systems is a highly significant research field [5]. In
many recent applications, such as the drive of variable
frequency induction motors, AC-DC converters are now
widely used. Although certain applications, such as AC
drives, occasionally call for DC power during transitional
stages, they typically require DC power to operate. The

aforementioned AC-DC converters, commonly referred to as
rectifiers, are utilized in medium power applications and are
powered by a three phase AC supply with a 33 kV or 11 kV
voltage along with a step-down transformer [6]. The AC-DC
converters, however, possess low input power factor, raised
DC voltage ripple, increased THD, and poor input power
quality. Various approaches have been developed to
overcome these restrictions [7]. The filters are usually
employed to eliminate harmonics that can be either passive
or active. These filters raise losses and complexity of circuits
while being inefficient. Due to their remarkable efficiency,
higher reliability, and simple structure, multi pulse rectifiers
have become increasingly popular for enhancing the input
power quality and decreasing harmonics. In addition, multi-
pulse rectifiers do not need LC filters, removing the potential
for LC resonances. Additionally, the common mode voltage
generated by rectifiers is removed through the use of a phase-
shifting transformer [8]. The research investigation examined
difficulties with reliability of power in a distributed multi-
drive system linked to an uncontrolled rectifier. The primary
use of an uncontrolled rectifier is as a front-end converter to
supply direct current to inverters driving induction motors.
So, a shunt active power filter is used to lessen the harmonic
content that is present in the source current. To enhance the
grid system's power quality, an active filter is parallel
injected among the source and the multi-drive mechanism.
The primary limitation associated with an active filter is its
pricey, intricate control mechanism. Both back-to-back
converter actions are subject to an ongoing research into
predictive model control, which serves as an active power
filter to compensate for harmonics and supply sinusoidal grid
current. Power quality and harmonics removal are considered
in this optimization. The main disadvantage of model
predictive control is that it was designed to handle output
disturbances and may struggle with input issues [9]. The
study offers a technique for creating hybrid power filters that
minimize distortion caused by harmonics and thus enhance
power factor and lessen the harmonics issues. The primary
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drawback this kind of filter are high computational
expenditure [10]. By employing the harmonic injection
method, an induction motor's harmonics that are present in
its current, voltage, space, or time parameters have been
attempted to be reduced. In order to achieve harmonic
distortion levels up to or less than 3% THD, harmonics
injection method first cancels up to the 50th harmonic [11].
The installation of an active rectifier to a frequency converter
is one of the promising methods for enhancing power quality
while an AC VFIMD is operating. In mining equipment with
VFIMD, frequency converters with active rectifiers are an
efficient tool for improving power quality and reducing
consumption of energy [12]. The investigation examined the
reference value of the total harmonic factor, requiring an AR
filter and considering feed line length when configuring AR
current  controllers,  ensuring  compliance = with
recommendations for transient and steady state processes.
[13]. Numerous studies on PWM methodologies' impact on
VSI in Induction motor drives, however, only address
specific parameters like torque ripple and line current THD.
[14]. The research explores a selective harmonic reduction
approach in a three-level NPC inverter-fed induction motor
drive to minimize torque harmonics and mechanical and
electrical resonance. [15]. certain torque and current
harmonics which could cause disturbances as well as
mechanical and electrical resonance are avoidable because of
the different modes of operation. In a three-level NPC
inverter-fed induction motor drive, the research investigated
the selective harmonic reduction approach to minimize the
determined torque harmonics [16]. For [17] enabling the
drive to absorb or inject reactive power and deliver current
supply that has minimal harmonics, a field-oriented control
scheme has been established. The industries, which utilize
numerous induction motor drives concurrently, require
greater, less expensive approaches to enhancing the electrical
performance. Existing Research proposes a control method
for a dynamic voltage restorer (DVR) that protects an
adjustable speed drive (ASD) from harmonics, imbalance,
drop, and swell [18]. The sources of current harmonics are
the various non-linear loads. Waveform changes in current
and voltage are commonly caused by the harmonics in the
current. As a consequence of the various loading scenarios,
distorted current is injected from the point of common
coupling to supply [19]. The addition of filtering
circuit with enhances power quality with lower THD,
enhancing the converter's efficiency and the induction
motor's dynamic performance [20]. The IMD system with an
enriched filter is used to reduce harmonic produced by power
semiconductor switches. It also offers reactive power
compensation to keep the three-phase power supply's quality
significant that is necessary for preserving the functionality
of other devices linked to the converter circuit.

The proposed research primary contribution consists
comprising the following:
e For the minimization of harmonics, the power supply

from the grid system, in sugar industry, an enriched I-Q

active filter has been implemented.

e To instantaneous active and reactive power theory
employed in the suggested design to extract the features

e The drive performance analysed in terms of power
quality such as THD analysis and voltage and current
maintenance.

The accompanying would be the format of this paper:
Section 1 provides an introduction of drives. Section 2
elaborate the drive system of sugar industry. Section 3
depicts generation of harmonics in varying load situation.
Section 4 describes the proposed methodology and system
modelling. Section 5 explain the proposed methodology
outcomes. The conclusions of this work are described in
Section 6, and the references are given in subsequent section.

2 DRIVEIN SUGAR INDUSTRY

In a sugar mill, there are many different driven
machineries, but generally, there are merely three main kinds
of drives:

e Constant speed
e Variable speed over a limited range
e Variable speed over an extensive range.

The adjustable speed drives (ASD) known as variable
frequency drives (VFDs) have been used in industrial settings
to regulate the machinery's two major operating parameters,
namely torque and speed. Fig. 1 depicts the block diagram
for a three-phase motor drive system. The ASD method is
used in industrial applications because distinct equipment in
various sectors operates at distinct speeds [21]. VFD
contributes a significant function in reducing the amount of
harmonics.

The selection of AC and DC drives depends on the needs
of the industrial application. While DC drives are employed
to have high starting torque and constant speed. The objective
for utilising AC drives is to have good control processes
and minimize energy consumption, for example, they are
used in boiler feed pumps and power generators. In the
present research, the induction motor's speed and torque are
controlled by an AC drives system. The impact of harmonics
is greater in VFD. The nonlinear behaviour of the load may
also be responsible for the VFD's poor power factor, which
decreases with a reduction in motor speed and results in a
significant quantity of induction harmonics being supplied
again to the electric power supply [22].

2.1 Induction Motor Drives

The three-phase induction motor is ideal for constant
speed drives in sugar factories, while the slip ring and squirrel
cage motors are suitable for high torque and long run-up
times, with easy-to-understand control gear. Approximately
400 electrical drives, varying in size about a few kW to a few
MW, are used in a typical contemporary sugar factory for
various operations. Solely three or four of these locations
use SRIMs, which account for about 30% of their overall
electrical usage. The aforementioned SRIMs are set up at pre-
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crushing equipment that essentially uses large rotating knives
to chop the cane, followed by heavy rotating hammers to
shred it, to prepare the cane for effective squeezing the
highest-performance motor in the industry, which uses nearly
15% of the installed power, is used for cutting operations.

Sugarcane industries commonly employ cogeneration
plants, with induction machines for braking functions.
Flywheels are fitted to mitigate load swings, particularly
during breaking. Switched reluctance induction motors.

(SRIMs) with high inertia are recommended for heavy
knife operations. However, SRIMs require external rheostats
for starting and maintain slip resistance to minimize current
fluctuations. Despite load stability benefits, significant
energy is wasted in slip resistance. [23].

A variable frequency drive (VFD) is an electrical system
that connects an electric motor to a supply system, supplying
it with a variable frequency alternating supply voltage,
allowing variable motor torque and speed. Modern VFDs
consist of a rectifier, DC-link, and inverter sections. [24].
Three phase induction motor drives as shown in Fig. 1

INDUCTION
MOTOR

3 HARMONIC ANALYSIS IN INDUCTION MOTOR DRIVE

‘THREE PHASE - FILTER CONSIST OF
poWER SUPPLY [—af o RECTIRIER 1 1" puctoranp |—o]

INVERTER
(FROM GRID) (ACTODCSUPPLY) CAPACITOR (DETO ACSUPPLY)

Figure 1 Three phase induction motor drive system

Power electronic converters are now frequently used to
regulate the flow of electricity for digitization and energy
conservation in both manufacturing and household usages.
These kinds of converters frequently consume harmonic
current as well as reactive power through the AC distribution,
which negatively affects power quality [25, 26]. Rapid
electricity rises in either a positive or negative direction,
creating harmonics. As a consequence, the wave form of an
electrical converter voltage supply's output is non-sinusoidal.
In this sort of wave form, square waves and pulse waves
create a swift and unexpected rise. Harmonic currents are
caused by unpredictable masses that are rigid and produce a
current wave that is completely distinct from the employed
voltage wave.

Square wave Fundamental

i t
/ /—\/sme wave componen

3rd harmonic

\ 5th ha;monic

M

Figure 2 Electrical Waveforms Harmonic

Solid state power changers like diodes, thyristors, SCRs,
and transistors transform DC power, making up most
electronic gadgets. Harmonic frequencies in power systems
are created by non-linear electronic and electrical devices.

[27]. Fig. 4 illustrates the way the fundamental frequency
produces non-sinusoidal distorting wave forms when
combined with other order harmonics. The electric wave
form harmonics depicts in Fig. 2. Harmonic current arises
from rigid non-linear masses, causing a different current
wave shape than applied voltage. Solid state power change
devices, however, possess distinct voltage and current
shapes.

Harmonic current arises from rigid non-linear masses,
causing a different shape than the applied voltage wave.
Modern technological masses have distinct voltage and
current shapes, with electric potential appearing undulating
but current waves moving slowly. Harmonics can be
produced on the supply or load side depending on the load
type. Current harmonics [28] are usually produced by voltage
provides. The result could be the amount of distortion created
as the facility line's current flows.

4 PROPOSED METHODOLOGY AND SYSTEM MODELLING

Voltage and current waveform degradation is being
caused by the usage of power conversion devices and non-
linear loads in consumers' and industries' applications.
Increased distribution power losses, communication system
interference, and malfunctions in delicate electronic
equipment are all brought on by harmonics in electric lines.
International electrical power quality standards impose
limitations on supply voltage distortion and prohibit
machinery from producing harmonic contents above specific
thresholds. While they solve harmonic current problems,
passive filters have disadvantages. The latest initiatives have
focused on the creation of active filters to address these
drawbacks.

4.1 Active Filters

Active power filters (APF) can be divided into two basic
categories: shunt type and series type. It is possible to come
across active filters acting in concert with passive filters
and/or other active filters. The circuitry layout of a shunt
active filter, that can correct both the harmonics of current
and power factor in a three-phase generator with neutral wire,
is illustrated in Fig. 3. Additionally, it enables load
distribution, which cuts down on electricity in the neutral
wire. Since the active filter doesn't need an internal power
distribution, the power stage is essentially a voltage-source
inverter (VSI) which regulates itself to behave like a current
source. It has just one a capacitor on the DC side of the
circuit.

The controller determines the reference currents /ta, /1,
It needed through the inverter for generating the
compensation currents e, Icv, I.c based on the results of the
measurement of the phase voltages Ve, Vb, Vee as well as
currents at load [, Iy, I. There is no requirement for
compensation for the current in neutral wire for balanced
loads lacking third order current harmonics. The series active
filter operates as a high impedance to the current harmonics
generated by the power source side however does not
compensate for harmonics in the load current. It ensures that
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passive filters subsequently installed at the load input will
prevent harmonic currents from draining into the remaining
components of the power system. Utilizing a shunt active
filter to make sure that both the voltage at the load and the
supply currents have sinusoidal wave forms is another way
to address the load current harmonics. The basic structure of
shunt active filter shown in Fig. 3.

A non-linear load current that is divided into two distinct
elements can identify acurrent harmonic. They are the
fundamental nonlinear load current and the harmonic
nonlinear load current utilized for harmonic injection into the
utility grid system. Egs. (1) - (5) depicts the grid voltage
operation, non-linear current at the load, fundamental non-
linear load magnitude, and load current.

Is 1
Source Load Current
Current

Non-Linear
S
Lsystem Lioad Load
AC
Mains L coupling

Ie

Compensation
current

Shunt L L~N\
@ K| TN

]

Filter
-—
Ve

Figure 3 Basic scheme of shunt active power filter

The current harmonics can be determined using Eq. (6).

Vq(2) =V, cos(wt) )
1,() = Icos(wt + o)+ Z[khcos(a)t+ak) 2)
k=2
1 T
Liindm, ol =— J ({, cos(wt + ;) cos(wt)d ot 3)
T
—T
]fundm, nl = 11 cos (4)
[fundm, nl (t) = ]l Ccos oy COS([Ot) (5)
1y, (1) = 1,,(t)— 1, cos o cos(wt) (6)

Where Vy(f) denotes the voltage function at grid, In(?)
represents the nonlinear current at load, /nam, ni(f) indicates
the fundamental nonlinear current at load. Iw(f) specifies
current harmonic function and nonlinear current function
magnitude.

4.1.1 Mathematical Model of Active Power Filter

To investigate the DC-link potential response and
current monitoring ability, condensed analytical designs of
the APF was developed. When the suggested control
approach is employed, harmonics in the current are quickly
compensated for and variations in the voltage at the DC-link
during fluctuating and stable conditions are efficiently
reduced.

PWM
DBR Inverter

66 6 il
@ - L BLDC
T MOTOR

Lc

Active
Power
Filter

-
Figure 4 Active power filter in induction motor drive

The schematic diagram for the APF is shown in Fig. 4.
As shown in Fig. 5, one can obtain the equivalent circuit of
the APF. The switch status represented as ds in Eq. (7).

. i
oty oy l “

i d
7 o @ v c o+
A > o A e —— Vg

Figure 5 Active power filter equivalent circuit

Lif 7,": on, T, : off
dg = (7
0if 7,": off, T, : on

Where 7," and 7, denotes the power switching transistor

and s represents phase terminal a, b, c. The switching voltage
for phase representation is denoted as Vi, Vori, Veni. The
voltage V. indicates the voltage at DC link and it can be
expressed in below equations.

Ve 2 -1 -114d,
Vor | = ; -1 2 -1||d, (8)
Ve -1 -1 2|4

The APF differential equations are expressed from the
Fig. 5, which is expressed below.
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Lq Eiaf =Vam ~talag —Var

d. .
Lq Elbf =Voim —Talpr =Vt 9

d. .
Lq Elcf =Voim —Haler —Ver

d . . .
Cdc Evdc = dalaf - dblbf - dclcf (10)

Induction motor phase voltage denotes as Vam, Voim,
Veim. Three phase power converter input voltage represent
as Vag, Vor, Ver. The filter resistance and inductance indicate
as rf1, L. The dc link capacitance is denoted as Cge.

4.2 Enriched Active Filters

Extensive use of power converters and dynamic loads
causes waveform degradation, resulting in harmonics and
voltage drops. This leads to efficiency losses, increased
power distribution losses, and equipment malfunctions. I-Q
Active Filter is proposed to mitigate these issues. It
transforms three-phase potential and current into orthogonal
coordinates for instantaneous power assessment, applicable
to various operations and waveforms.

|
slGelL G- |G el 5 -
SR

0 3 Va
V,|= E Vo (11)
Vﬁ _ \/g Ve

]a
2
Lo =3 I, (12)
I, I,

|

Instantaneous zero sequence electrical power, real power
derived, Instantaneous reactive power derived can be
expressed as

Po = Volo (13)
pi =Val'a +vﬁlﬂ (14)
qi = Vaia _vﬁlﬂ (15)

The electrical power representation p; and ¢; associated
with and f electric potential and current and it can be derived
as

A
q; Vs Ve ||ig

The reference compensating current equation for
orthogonal coordinates represented as

izz 1 Va vﬁ ﬁ i
{i }‘”ff“?f{_v ol a7

B Vo Vg s Va || i
To determine the compensation reference current in «
and f the power compensation is expressed as p; — p, and

qi.

ica _ 1 VIZ Vﬁ' ﬁl_}_yo (18)
i:ﬁ vi + vlzj. Ve Va 4

Where:
Ppo Denotes the mean value of instantaneous zero-

sequence power transmitted by means of zero-sequence
current and voltage components from the power source to
the load.

Do Represents  instantaneous zero-sequence power

alternate value. The three-phase systems with neutral wire
that have zero-sequence power are those.
p; Denotes alternate instantaneous real power value,

which is transmitted via the a-b-c coordinates among the
electrical power source as well as the load.
g; Represents instantaneous imaginary power. This

includes the electrical energy which is transferred across the
load phases.

In a system consisting of three phases with balanced
sinusoidal voltages, the supply currents must also be
sinusoidally balanced, in phase with the electrical
potential and compensated for any undesirable power
elements. Compensation of current based on coordinates
shown in Fig. 6.

The zero sequence current should be compensated. The
reference current compensation for zero coordinates is
denotes as 0 and it can have expressed as

i =1y (19)

a p Do b qi p
POWER\ - ) - - LOAD

SOURCE | B

Figure 6 Power component current compensation-based coordinates

The reference compensated current in orthogonal
coordinates a and f, the Eq. (20) in inverted and the
compensated power are utilized
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=%{V“ _vﬂ}{ﬂ 20)
g | VetV l¥s Ve ]9

Py =D —Ap; 21
Ap; = py (22)
q, =4; (23)
4 =q+q 24

The inverse of transformation is expressed to determine
the reference current for compensation

1

— 1 0
x V2 x
lca leo
* 21 1 -1 3 *
== = X |l 25
V32 2 2 || )
AT I )

72 2
icn :_(i:a+i:b+i:c) (26)

4.3 Proposed Methodology for Harmonic Mitigation

The selection of AC and DC drives depends upon the
needs of the application in the industry. While dc drives
are utilized to have higher starting torque and constant speed,
they are usually employed in motors. The reason for utilising
AC drives is to achieve excellent control over processes
and minimize consumption of energy. In the present
investigation, the induction motor speed and torque are
controlled by an AC drives mechanism [29].

Induction motor drive systems include a voltage source
inverter, diode bridge rectifier, and speed control circuit. The
intermittent power switching of electronic devices creates
harmonics, leading to power quality issues. The block
diagram of proposed investigation is illustrated in Fig. 7.

Three phase . Inverter
power supply ] Ee];gi;eur (?S \ (DCto AC
(from grid) PPy supply)

Induction
motor

A 4

Enriched
Active
Filter

Figure 7 Block diagram of proposed system

A typical shunt active filter comprises two main
components: a hysteresis current control section for
providing gate pulses to the inverter, and a shunt active power
filter controller unit. The hysteresis control processes power
signals and synthesizes compensation current from the
electrical grid, while the active filter controller continuously
provides compensating current references to the hysteresis
converter for real-time determination. This setup, illustrated
in Fig. 3, consists of a voltage-fed converter, an active filter
controller, and a hysteresis current controller, implementing
an almost instantaneous control technique. Closed-loop

operation is utilised by the shunt active filter controller used
to determine the instantanecous values of the current

. K . .
compensation reference i, for the hysteresis converter while

continually detecting the current of load /.

Shunt active filter control is accomplished in three
distinct phases.

e At initial stage, the respective current signals are sensed
which is utilized to rectify the harmonics.

e In next stage, the instantaneous imaginary controller
technique is implemented to derive compensating
demands in relation to current.

e At final stage of controlling function, the hysteresis
current control method is used to generate the gating
signals for the three-phase inverter.

e The imaginary controller examines reference current via
shunt active filter load current, employing frequency and
time-domain adjustments to generate compensation
commands. The imaginary power method transforms
electrical potential and current into a, f, 0 coordinates,
determining instantaneous power. The real and
imaginary portion of power is represented as p” as well

K * *

as ¢". The instantaneous reference current i, iy, i,

determined by the inverse transformation of a, £, 0 to a,
b, c. subsequently obtaining the reference values and
actual quantities based on the evaluations, hysteresis
control is implemented to create the transferring
instructions for the VSI switching circuits. Hysteresis
current control systems employ two-level comparators
within a feedback loop. Switching commands activate
when errors surpass designated tolerance bands.

e Total Harmonic Distortion (THD) is a metric utilized to
evaluate the fidelity of electrical systems by measuring
the discrepancy between an actual signal and an ideal
sinusoidal reference. It is computed by normalizing the
root mean square (rms) value of the signal's harmonic
content (V) to the total rms value of the signal (Viota).

kll’l
DN (%
THD == 27)

total

e The THD rate, known as the rms or effective THD, is
commonly employed in power system applications.

5 SIMULATION RESULT

The proposed work is modelled, along with the impact
of current and voltage at the load and source side is analysed
to demonstrate the current and voltage behaviour when drives
mechanisms are implemented. The induction motor drive
system is the three-phase non-linear system that is under
assessment for investigation of proposed research for
harmonic  analyzation and it is modelled in
MATLAB/Simulink, which is shown in Fig. 8.

The system parameter depicts in below Tab. 1.
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Figure 8 Proposed work MATLAB/Simulink model

Table 1 Simulation specifications
System Parameter Values
Source side 415V, f=50Hz, R,=0.89 Q, L;=0.165 mH

ad Side RL=0.73Q, L,=03 mH
Filter Side R.=0.8Q, L =0.6 mH, Cpc = 1000 pF
Diode Bridge Rectifier R=15Q,L=80mH

DC Side Capacitor
PI controller gains
VSI parameters
Induction Motor

1000 uF
K,=75,K=9
4700 UF, Voo = 560 V
10 HP, 400 V, 50 Hz, 1440 rpm

Simulation runs for 1 second pre-compensation, then
enriched I-Q active filter provides compensation current for
immediate waveform analysis, with compensating currents
and dc link capacitor voltage at zero before compensation.
The source voltage wave form shown in Fig. 9.

400 I I I I I I I I I |

300

200

100 j

1] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time (seconds)

Figure 9 Source voltage output wave form
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Figure 10 Source current

Since it can be observed, enriched filter compensation
leads to the current from the source to evolve into sinusoidal.
The source current output waveform depicts in Fig. 10. The
generation of compensation current from the filter controller
shown in Fig. 11 and the current delivered to the load current
is indicates in Fig. 12.
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Figure 11 Compensation current
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Figure 12 Load current

When an induction motor load is attached, the electrical
current is distorted because of the harmonics in the load.
Hysteresis control approach is subsequently utilized to
produce switching signals after reference currents for the
active filter have been generated through the instantaneous
imaginary power strategy. The capacitor voltage shown in
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Fig. 13. The induction motor stator current representation
waveform is denoted in Fig. 14.
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Figure 13 Capacitor voltage waveform
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Figure 14 Induction motor stator current waveform

A three-phase rotor speed, and electromagnetic torque
are illustrated as shown in Fig. 15 and Fig. 16. The rotor
current oscillates up to 0.35 seconds and it attains a stable
state and maintains steady after 0.35 seconds.

<Rotor speed (wm)>
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Figure 15 Rotor speed representation wave form

<Electromagnetic torque Te (N*m)>
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Figure 16 Electromagnetic torque wave form

The dynamic torque applied to the load, transitioning
from full load to zero at specific time intervals (7n = 49.7
Nm, Tr, =24.86 Nm, T4 =12.43 Nm, 75 =0 Nm) attr=0.2
s, 0.5 s, and 0.7 s, as depicted in Fig. 17, poses a challenge
for maintaining stable rotor speed. However, the proposed
model effectively compensates for these fluctuating load
torque conditions, ensuring a consistent speed of 150 rad/s

which is shown in Fig. 18. Our proposed model dynamically
responds to load torque fluctuations, stabilizing rotor speed
and enhancing system reliability, crucial for unpredictable
real-world conditions, ensuring consistent operation and
minimizing instability risks.
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Figure 17 Varying load torque

n | <Rotor Speed fwm)>

1
[—— Futor Spees

200 — —

150 —

NR (wmj)

tan —

N I I I I I 1 I 1
o 01 0z (%] 04 (2] 0B or (13 0 1
Time (seconds)

Figure 18 Rotor speed

When a single drive technique's THD is investigated, it
should be observed that the single drive system's THD
percentage is 25.68% without the presence of filter and it is
shown in Fig. 19. At these circumstances, the THD% does
not fall within the acceptable range as specified by the IEEE
requirement. In order to limit the THD an enriched shunt
active power filter is attached to the system in between the
electrical grid and drive systems.

Fundamental (60Hz) = 40.76 , THD= 25.68%
T T T T

80

@
3
T

&
&

Mag (% of Fundamental)

I
8

— i pu. L _

Harmonic order

Figure 19 Percentage of THD without considering filter

The filter gets used for harmonics in the current based on
variations on the load side. The most effective approach for
driving motors with the fewest harmonics present, which
subsequently enhances effectiveness and generation, is to add
filters that minimize THD by nearly 1.75% for single drive
systems, respectively. When the voltage at as well as the
current from the source are in phase during compensation,
the harmonics are removed from the source current, that
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improves the power quality of entire grid connected drive
system. The percentage of THD shown in Fig. 20.

Fundamental (60Hz) = 18.84 , THD= 1.75%
T T T

Mag (% of Fundamental)

0 02 04 06 08 1 12 14 16
Harmonic order

Figure 20 Percentage of THD with filter

The percentage of THD analysed for induction motor
drive system in both without filter and with filter scenario and
the respective percentage is shown in Tab. 2.

Table 2 Proposed filter THD percentage
Percentage of THD for | Percentage of THD for
load current without load current with filter
filter (%) (%)

THD analysis

Steady state
condition at load 25.68 1.75
current

The performance of proposed filter is analysed with the
existing shunt active filter [30, 31] for single drive induction
motor system. The percentage of THD is illustrated in below
Tab. 3 and the comparative analysis shown in Fig. 21.

Table 3 THD analysis comparison

FLC- Proposed
THD analysis SAF | PI-SAF | PID-SAF enriched
SAF
SAF
Percentage of
THD forsingle | o 47 | 2020 | 1651 | 7.52 25.68
drive system
without filter (%)
Percentage of
THD forsingle | 5 /s | 1360 | 3.86 2.66 1.75
drive system
with filter (%)

Percentage THD

50

40
30
20
10
o [ |
SAF

| Percentage of THD for single drive system without filter (%)

PI-SAF PID-SAF FLC-SAF Proposed SAF

B Percentage of THD for single drive system with filter (%)
Figure 21 Comparative THD analysis of various filter

When the absence of shunt active filter with induction
motor drive system, the occurrence of harmonics is about
46.47%. While implementation of filter with the drive circuit
it will reduced as 5.45%. The absence of PI based SAF with

motor drive system produce 20.29% THD. While
implementing filter, it reduces the THD value to 13.60%. The
percentage of THD while absence of PID-SAF is about
16.51%. Then the presence of PID-SAF eliminate the
harmonics and decrease the THD to 3.86%. Without FLC-
SAF the drive circuit produces the THD value of 7.52%.
FLC-SAF with drive circuit rectifies the harmonics and its
THD value is about 2.66%. The proposed filter initially not
connected with the drive circuit and it induces the harmonics.
The percentage of THD without filter is about 25.68%. Then
the filter is connected with the drive circuit and its percentage
THD is decreased to 1.75%. The comparison analysis of
THD of different filter conclude that the proposed filter
performs outstanding in terms of elimination of harmonics.

6 CONCLUSION

Maintaining the quality of power in the electrical
distribution network is vital, particularly when irregular loads
are linked into three phase AC lines. When nonlinear loads
are connected through the three-phase distribution system
from the utility grid, it is feasible that the critical loads are
going to be impacted. Poor power quality conditions on the
load side of the sugar processing plant create vulnerable
condition in performance of induction motor drive when
it serving as load. The proposed investigation provides an
efficient way to enhance the power quality of the three-
phase supply which is delivered into induction motor drive
using the improved shunt active power filter. The
phenomenon of hysteresis control technique as well as an
enriched instantaneous imaginary controller based shunt
active power filter (I-Q active filter) is implemented for
obtaining the compensation current. The present research
simulates a VSI fed induction motor drive and analyses
output voltage and current waveforms. The variable
frequency drive system normally employs an induction
motor. In this instance, the harmonics caused by the variable
frequency system are eliminated through a shunt active
power filter with an improvised controller. The proposed
work employed a single drive system and generation of
harmonics are eliminated by proposed filter. The percentage
of THD in single drive system without an implementation of
filter obtained as 25.68%. While implementing the proposed
filter, the percentage THD is reduced significantly and it is
reduced as 1.75%. The proposed improvised filter
performance is compared with existing shunt active filter.
From the investigation it is concluded that the proposed
enhanced controller based filter provide excellent outcomes
in terms of harmonic reduction in induction motor used in
sugar industry that adhere to harmonic control norms set by
IEEE-519. The presented approach has been examined by the
simulations result obtained from MATLAB/Simulink and the
power quality criteria comply with the necessary standards.

7 REFERENCES

[1] Carpintero-Renteria, M., Santos-Martin, D. & Guerrero, J. M.
(2019). Microgrids literature review through a layers structure.
Energies, 12(22), 4381. hitps://doi.org/10.3390/en12224381

TEHNICKI GLASNIK 19, 2(2025), 181-191

189



Samsher Kadir Sheikh et al.: Enriched |-Q Active Filter Based Harmonics Mitigation in Rectifier-Inverter Fed Induction Motor Drive

[2] Volosencu, C. (2021). Reducing energy consumption and
increasing the performances of AC motor drives using fuzzy pi
speed controllers. Energies, 14(8), p. 2083.
https://doi.org/10.3390/en14082083

[3] Huh, N., Park, H. S., Lee, M. H. & Kim, J. M. (2019). Hybrid
PWM control for regulating the high-speed operation of BLDC
motors and expanding the current sensing range of DC-link
single-shunt. Energies, 12(22), 4347.
https://doi.org/10.3390/en12224347

[4] Nabhin, N. L., Nafis, M., Biswas, S. P., Hosain, M. K., Das, P. &
Hagq, S. (2022). Investigating the input power quality of multi-
pulse AC-DC power converter fed induction motor drives.
Heliyon, 8(12), e11733.
https://doi.org/10.1016/j.heliyon.2022.e11733

[5] Biswas, S. P., Anower, M. S., Sheikh, M. R. L., Islam, M. R. &
Muttaqi, K. M. (2020). Investigation of the impact of different
PWM techniques on rectifier-inverter fed induction motor
drive. Australasian Universities IEEE Power Engineering
Conference (AUPEC), 1-6.

[6] Kant, P. & Singh, B. (2020). Multiwinding transformer fed
CHB inverter with on-line switching angle calculation based
SHE technique for vector-controlled induction motor drive.
IEEE Transactions on Industry Applications, 56(3), 2807-
2815. https://doi.org/10.1109/TIA.2020.2980131

[7] Biswas, S. P., Haq, S., Islam, M. R., Hosain, M. K. & Shaw, R.
N. (2021). Advanced Level Shifted Carrier Based Bus
Clamping PWM Technique for a 54 Pulse AC to DC Converter
Fed MLI Based Induction Motor Drive. The IEEE 6"
International Conference on Computing, Communication and
Automation (ICCCA2021), 587-592.
https://doi.org/10.1109/ICCCA52192.2021.9666334

[8] Biswas, S. P., Anower, M. S., Haq, S., Islam, M. R., Rahman,
M. A. & Muttaqi, K. M. (2021). A new level shifted carrier
based PWM technique for a 5-level multilevel inverter used in
induction motor drives. [EEE Industry Applications Society
Annual Meeting (1452021), 1-6.
https://doi.org/10.1109/I1AS48185.2021.9677179

[9] Ammar, A. (2019). Power Quality Improvement of PWM
Rectifier-Inverter System Using Model Predictive Control for
an AC Electric Drive Application. International Conference on
Electrical Engineering and Control Applications, 427-439.
Singapore: Springer Nature Singapore.
https://doi.org/10.1007/978-981-15-6403-1_29

[10] Ahmed, G. E., Mohamed, F. N. & Nosier, M. A. (2019). Power
quality improvement of sugar factories dc motor drive using
hybrid filter. Egyptian Sugar Journal, 12, 112-129.
https://doi.org/10.21608/esugj.2019.223913

[11]Ranga, P. & Miittal, M. (2020). Harmonic reduction in
induction motor using harmonic injection method and passive
filter: A comparison. The First IEEE International Conference
on Measurement, Instrumentation, Control and Automation
(ICMICA2020), 1-5.
https://doi.org/10.1109/ICMICA48462.2020.9242750

[12] Munoz-Guijosa, J. M., Kryltcov, S. B. & Solovev, S. V. (2019).
Application of an active rectifier used to mitigate currents
distortion in 6-10 kV distribution grids. Journal of Mining
Institute, 236, 229-238. hitps://doi.org/10.31897/pmi.2019.2.229

[13] Shevyreva, N. Y. (2021). Effects of active rectifiers on power
quality in supply systems in mineral mining industry. Furasian
mining, 1, 70-74. https://doi.org/10.17580/em.2021.01.14

[14] Wang, Y., Hu, C., Ding, R., Xu, L., Fu, C. & Yang, E. (2018).
A nearest level PWM method for the MMC in DC distribution
grids. IEEE Transactions on Power Electronics, 33(11), 9209-
9218. https://doi.org/10.1109/TPEL.2018.2792148

[15] Allal, A. & Khechekhouche, A. (2022). Diagnosis of induction
motor faults using the motor current normalized residual
harmonic analysis method. International Journal of Electrical
Power & Energy Systems, 141, 108219.
https://doi.org/10.1016/j.ijlepes.2022.108219

[16] Selvarasu, R., Kannan, C., Priyadharsini, S. & Shiferaw, D. A.
(2022). Modeling and Control of Cascaded Multilevel Inverter
for Harmonics Mitigation of Induction Motor Drive.
Proceedings of International Conference on Power Electronics
and Renewable Energy Systems (ICPERES2021),39-48.
Springer Singapore. https://doi.org/10.1007/978-981-16-4943-1_5

[17] Mansour, A. S. (2017). Three-phase induction motor drive with
reactive power injection to supply. The Nineteenth IEEE
International Middle East Power Systems Conference
(MEPCON2017), 421-429.
https://doi.org/10.1109/MEPCON.2017.8301215

[18] Khergade, A., Satputaley, R. J., Borghate, V. B. & Raghava, B.
V. S. (2020, January). Harmonics reduction of adjustable speed
drive using multi-objective dynamic voltage restorer. The IEEE
International Conference on Power Electronics, Smart Grid
and Renewable Energy (PESGRE2020), 1-6.
https://doi.org/10.1109/PESGRE45664.2020.9070589

[19] Sanatkar-Chayjani, M. & Monfared, M. (2017). High-order
filter design for high-power voltage-source converters. /[EEE
Transactions on Industrial Electronics, 65(1), 49-58.
https://doi.org/10.1109/TIE.2017.2714136

[20] Aciego, J. J., Duran, M. J., Gonzalez-Prieto, I. & Barrero, F.
(2017). Analysis of the Power Quality in Six-phase Induction
Motor Drives with Arbitrary Winding Spatial Shifting.
Renewable Energy and Power Quality Journal, 479-484.
https://doi.org/10.24084/repqj15.359

[21] Ullah, A., Sheikh, I. U. H., Arshad, S. & Saleem, F. (2019).
Digital active power filter controller design for current
harmonics in power system. The 16" International Bhurban
Conference on  Applied  Sciences and  Technology
(IBCAST2019), 384-388.
https://doi.org/10.1109/IBCAST.2019.8667169

[22] Holmukhe, R. M., Gandhar, A., Chauhan, S. R. & Patil, M. N.
(2022). Power quality analysis of a mechanical industry—A4 case
study. Journal of Information and Optimization Sciences,
43(3), 615-627. https://doi.org/10.1080/02522667.2022.2083315

[23] Kumar, V. & Kumar, S. (2019). A 3-level Inverter based
Induction Motor Drive for Cane Preparation in Sugar Industry.
The 2nd IEEE International Conference on Power Energy,
Environment and Intelligent Control (PEEIC2019), 190-195.
https://doi.org/10.1109/PEEIC47157.2019.8976857

[24] Scheuer, G., Schmage, T. & Krishnan, L. C. (2007). Medium
voltage drives in the sugar industry. International sugar
journal, 1301, 303.

[25] Fuchs, E. F. & Masoum, M. A. (2011). Power quality in power
systems and electrical machines. Academic press.

[26] Zijiang, W. A. N. G., Qionglin, L. I., Yuzheng, T. A. N. G,
Shuming, L. I. U. & Shuangyin, D. A. 1. (2019). Comparison
of harmonic limits and evaluation of the international
standards. In MATEC Web of Conferences, 277, 03009. EDP
Sciences. https://doi.org/10.1051/matecconf/201927703009

[27] Krishnasamy, B. & Ashok, K. (2022). Assessment of harmonic
mitigation in v/f drive of induction motor using an ANN-based
hybrid power filter for a wheat flour mill. Processes, 10(6),
1191. https://doi.org/10.3390/pr10061191

[28] Agrawal, S., Palwalia, D. K. & Kumar, M. (2022).
Performance analysis of ANN based three-phase four-wire
shunt active power filter for harmonic mitigation under
distorted supply voltage conditions. IETE Journal of Research,
68(1), 566-574. https://doi.org/10.1080/03772063.2019.1617198

190

TECHNICAL JOURNAL 19, 2(2025), 181-191



Samsher Kadir Sheikh et al.: Enriched |-Q Active Filter Based Harmonics Mitigation in Rectifier-Inverter Fed Induction Motor Drive

[29] Lee, K., Carnovale, D., Young, D., Ouellette, D. & Zhou, J.
(2016). System harmonic interaction between DC and AC
adjustable speed drives and cost effective mitigation. IEEE
Transactions on Industry Applications, 52(5), 3939-3948.
https://doi.org/10.1109/TIA.2016.2562006

[30] Thentral, T., Rathakrishnan, R., Anbalagan, V., Dhandapani,
K., Sengamalai, U. & Ramasamy, P. (2022). Mitigation of
current harmonics in multi-drive system. International Journal
of Power Electronics and Drive Systems, 13(1), 113.
https://doi.org/10.11591/ijpeds.v13.i1.pp113-121

[31] Sivakumar, A., Thiyagarajan, M. & Kanagarathinam, K.
(2023). Mitigation of supply current harmonics in fuzzy-logic
based 3-phase induction motor. International Journal of Power
Electronics and Drive Systems, 14(1), 266.
https://doi.org/10.11591/ijpeds.v14.i1.pp266-274

[32] Arumalla, R. T., Figarado, S. & Harischandrappa, N. (2020).
Dodecagonal voltage space vector based PWM techniques for
switching loss reduction in a dual inverter fed induction motor
drive. IEEE Journal of Emerging and Selected Topics in
Industrial Electronics, 1(2), 182-191.
https://doi.org/10.1109/JESTIE.2020.2999583

[33] Arranz-Gimon, A., Zorita-Lamadrid, A., Morinigo-Sotelo, D.
& Duque-Perez, O. (2021). A review of total harmonic
distortion factors for the measurement of harmonic and
interharmonic pollution in modern power systems. Energies,
14(20), 6467. https://doi.org/10.3390/en14206467

Authors’ contacts:

Samsher Kadir Sheikh, PhD Scholar

Department of Electrical and Electronics Engineering, Mandsaur University,
Mandsaur, (M.P.), 458001, India

sheikhsam115@gmail.com

Dr. Manish Jain, Associate Professor

Department of Electrical and Electronics Engineering, Mandsaur University,
Mandsaur, (M.P.), 458001, India

manish.jain@meu.edu.in

Dr. Pawan Chandrakant Tapre, HoD in Department of Electrical Engineering
SND College of Engineering & Research Center,

Yeola Dist Nasik, (M.S.), 423401, India

pawan.tapre73@gmail.com

TEHNICKI GLASNIK 19, 2(2025), 181-191

191




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



