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ABSTRACT:

There are many ongoing researches in the field of harmonic compensation using active and
passive power filters or the combination of the two, which are known as hybrid power filters.
These filters can be implemented as series or shunt units. For shunt compensation, the voltage
rating of the components is usually higher, and the impedance of the filtering unit should be very
high to block the flow of the fundamental harmonic. For the series compensation, the impedance
for the fundamental components should be minimal. In order to improve the power quality, many
control algorithms have been proposed for automatic and selective harmonic compensation. In
this project to ensuring power quality both in the grid current and PCC by harmonic elimination
is presented. The proposed method is developed to take care of harmonics in grid-connected
(GC) mode, as well as in the islanded or standalone (SA) mode of operation, where the main
objective is to remove the harmonics from the grid current and the point of common coupling
(PCC) voltage. The suggested placement of the harmonic reduction unit dictates the use of a
special controller structure that uses the harmonics magnitude in the dq reference frame. In the
proposed control algorithm, the required amount of attenuation for harmonics is determined to
meet the total harmonic distortion. Fast and efficient algorithm for phase detection irrespective
of the presence of harmonics has been utilized for the system. The effectiveness of proposed

method is verified by using Matlab/simulink software.
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INTRODUCTION

In the modern world of advanced technology
there is an increasing demand for high
quality, reliable power. While the utility
industry is dedicated to  providing
undistorted and uninterrupted power to its
customers, there will inevitably be lapses in
the utilities” ability to maintain these
commitments. This may be undesirable or
unacceptable for certain commercial and
industrial users. Thus, there has been a
steady increase in the demand for reliable
electronic power processing equipment at
increasingly high power levels. The
following sections describe some of the
applications for high power Voltage. Source
Inverters (VSIs) in today’s world and
beyond. For the purposes of this thesis, it
will be assumed that all high power inverters
referred to herein will be three-phase
inverters, composed of either three or four
phase legs. Uninterruptible power supplies
(UPSs) are not a new technology. Static
(solid state) UPSs were first developed in
the 1960s [1-5] and have become a
significant market to date. Most UPSs
produced today are low-power backup
supplies for computers in the event of utility
outages. However, there are several

applications for high power UPS systems.

www.ijiemr.org

For example, large computer network
servers and telecommunications equipment
may require uninterrupted power in the tens
to hundreds of kilowatts range [6-7].

In addition, semiconductor fabrication and
other industrial processes require an
extremely high level of power quality,
because even short transients can disrupt the
processes, resulting in loss of product. In the
past, high power UPSs were generally fed
by diesel engine-driven rotary systems as a
backup [8-9]. However, these systems have
a finite response time that results from
switching the utility power line to the
backup source.

This may be an unacceptable transient for a
critical load. In order to achieve a truly
uninterrupted power source for critical
loads, an inverter preferred system, must be
employed [10]. In such a system, a rectifier
is used to charge a battery, which is in turn
the source for an inverter that is constantly
supplying AC power to the critical load. In
the case of an inverter preferred UPS system
for semiconductor.

In [I1], the compensation of harmonic
currents in three phase four-wire system has
been achieved wusing hysteresis hand
controller for both split-capacitor and Four-

leg inverter topologies. But hysteresis hand
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controller results in continuously varying information about zero crossing of supply
switching frequency and make high voltage is not needed. This control method is
frequency filtering difficult. Whereas in based on one-cycle control and uses an
constant switching frequency approach, the integrator with reset to control the pulse
filter current tends to ride either the upper or width of an ac-dc converter so that current
lower hand depending on the switch duty drawn by it, compensates the reactive and
cycle. Hence small amount of low order harmonic currents drawn by the non-linear
harmonics are present in the filter current loads.

and neutral wire current. Using the
II. PLACEMENT OF HARMONIC

COMPENSATION UNIT IN
MICROGRID SYSTEM
In conventional methods [13], [14], the

instantaneous reactive power theory [Z], it
has been shown that the reactive power
requirement of a three phase circuit can be

compensated instantaneously without the

series harmonics reduction units are placed
requirement of energy storage device. In o S

at the grid side, as shown in Fig.1 where the
modified form, instantaneous reactive power

objective is to make the line impedance at
theory [12-13] is also seen to compensate

the harmonic frequency as high as possible.
for reactive and harmonic components of

From Fig.1,
load currents in balanced and unbalanced

e

< Controller |
[T1 |
Inverter |
|
|
|

system. But the drawbacks of these schemes

[
[
are expanded architecture, complex circuitry :
|

‘I[)l‘(‘

and need for real time calculations. Smedley

and Qiao have proposed an approach based

Nonlinear
> / Load

on Unified Constant-frequency Integration

(UCI) control 141. This scheme gives

satisfactory results to compensate reactive Fig.1.Conventional harmonic compensation
and harmonic currents in a three-phase method.

system [14]. This scheme is not computation The mesh equations for the overall system
intensive and hence, there is no need for for harmonic components can be written as
high performance processors. Also there is follows:

no need to sense utility voltages. Hence the Iﬂl chl i Vnmj — Vnmc

ey
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2)

WhereVnpc Vi i In, Zn,, represents the nth

¢’ "MNinj’
harmonic PCC voltage, injected voltage,

grid current, and coupling

impedance, respectively. The grid current

can be expressed as

N
tg=dh = Z Ay, sin(nwt + 6n)

n=1

3)
The injected harmonic voltage in series with
the grid is proportional to the grid current

such as

— 'I':ra-lrnl

rlinj

“4)
Where gain of k,is related to the coupling
impedance and the transformer turns ratio.

Based on (1) and (4), I, can be determined

as

. Npec
Lrll o chl + kn

®)
The compensation unit pushes voltage
harmonics to make the grid current
harmonics free; however, this voltage
harmonics distort the PCC voltage.
Moreover, during the SA mode of operation,

the grid branch is disconnected making the

compensation unit idle.
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The proposed placement for the harmonics
injection unit in this research is the
distributed generation side, as shown in
Fig.2. In this case, the objective of the
harmonic compensation unit is to make the
impedance in the sources of the micro grid
side as small as possible to divert all the

current harmonics far from the grid side.
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Fig.2. Proposed harmonic compensation
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~ Vs2

method.
This way, if the grid voltage is harmonics
free, the PCC voltage will become
harmonics free. Moreover, when the grid is
disconnected the harmonics reduction unit
can continue to operate. The unit makes the
PCC voltage harmonic free by providing
harmonic voltage at its output that
counteracts the harmonics results from the
voltage drop at the coupling impedances
away SA operation. For the harmonic
components, the equation for mesh current

I; and I, can be written as follows:

I”l Z”rcl == .'E'J”]:-{:c
(6)
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- 4+ 7. =z — major blocks—harmonics estimation block
Ttinj TL T2 T,

and harmonics injection block. Efficient and

(7

L. i i effective harmonics estimation and the

From (6) it is clear that if I, is close zero
harmonics elimination methods, suggested
then V, _will be close to zero also. In
P and illustrated in Fig. 4, are used for phase

literature, the inverters in the microgrid are . .
detection and harmonics  component

controlled to share the current harmonics ) ) .
estimation. As the existence of the

such that theharmonics in the PCC can be harmonics affect the PLL accuracy, the first

reduced. This approach can help in . . .
PP P stage is used to eliminate the harmonics

distributing the harmonics production across . . .
from the sampled grid signal ensuring

the sources, but it cannot insure that the total
accuracy of the PLL. The second stage

harmonic distortion (THD) at the grid . .
provides fast and accurate harmonics

current or at the PCC voltage is below the o
estimation as the PLL produces an accurate

required limit. Having the compensation unit C .
q £ P phase. The harmonics injection block, which

close to the PCC allows an easy access to . D
dictates the amount of harmonics injection

the PCC voltage and the grid current, by the harmonics compensator.

whereas the accessibility could be

ig+a g i Harmonics 7]
: : —e—>»(5)—>»| Elimination PLL )-—
impractical for other sources due to the = Bioti
geographical spread of the micro grid. Then, d* v
]  E——
the compensation unit can secure the Hoonenice:, [ ——— - iyg

3 Estimation
Block —>» ign

harmonics free grid current and PCC voltage

I
by diverting the harmonics to the side of the . . )
) & Fig.3. Overall, harmonic compensation
other sources, which can share the
block.

harmonics  effectively  through  the

—'>—>-—| 0
techniques provided in. I 1
3 1, iy 31 1 Zinfe sp—
III. CONTROLLER STRUCTURE > tarmonics [ | rarmonies | 7| 2
istimation FEg njection T 353
T “ 3B :
The overall block diagram of the controller : :
structure is shown in Fig.3. The block Y T Vi ;
—»{ Harmonics Harmonics cxd
. . . . . istimation »| Injection > an B
diagram for the harmonics elimination unit e L
is  shown in Fig4. The harmonics Fig.4. Harmonics elimination block diagram

elimination unit mainly consists of two
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The grid current and/or the PCC voltage are
fed to the phase locked look (PLL) block.
The PLL lock extracts the phase of the
fundamental component. Then, using the
PLL output, the 3rd, 5% . »n™ harmonics of
these signals are estimated. The d,
components of the estimated harmonics are
sent to the harmonics injection block to
determine how much voltage at the specified
harmonic frequency should be injected into

the line based on the error between the

actual and reference.

0
Bne
i*

i { [¢ [ P
L‘_t\_>©_1 6 Ydn est
A -

Fig.5. Harmonics estimation block.
The harmonics estimation block is used to
estimate the amount of harmonics needed to
be injected from the compensator. The block
diagram for harmonics estimator is shown in
Fig.5. The harmonics estimation is
performed based on the phase provided by
the PLL block. The closed-loop system
provides the estimated voltage in both af
and d, rotating reference frame for
fundamental, as well as harmonics

components. The transfer function for the

www.ijiemr.org

harmonics estimation block can be written

as

i;:*f.n(«';} L 0.5G<n
V;I.n(f";) 5+ U'E"G:;n '

)
According to IEEE 519, the individual
harmonic components should be less than
3% and the THD should be less than 5% to
ensure power quality. The reference value of
THD in the THD control block, as shown in
Fig.4, should be set according to this
requirements. When the overall harmonics is
reduced below the recommended THD, the
amount of the injection for individual
harmonics component is kept constant. This
also ensures the system to operate in stable
condition.
In the presence of non-integer harmonics or
any other disturbances the measured current

signal shown in Fig.3, can be expressed as

Where i, is the grid current and d is the
disturbance. The estimated disturbance can

be expressed as

d=igpg=ig=1g+d-ij=err+d
(10)
Where, ig is the estimated value of the

current and err is the estimation error. The

estimation error is expected to be much
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smaller than the disturbance (err << d). The
error err reflects the effect of d on the
estimation of 1; which is attenuated
significantly by the filters of the estimators

(see Fig.5). Thus, ican be described as

{=ti~G=tgtd-er=d=1;- T 11y
Since err will go to zero after a couple

iterations, ig will become error free. Thus,

PLL will not be affected by the presence of
non-integer harmonics.

IV.CONTROLLER OPERATION

Iq nref ——pl * Vq n

PI
A . ’
/J " Controller

Iq nest —_— .

THDw ——3  THD
THD,, —{ Control

lr/ nref +

V,
PI dn
P —>
Controller

Fig.6. Harmonics injection unit.

/ dnest -

Fig.5 illustrates the block diagram of the
harmonics injection unit, where the desired
amounts of harmonics are commanded in d,
reference frame. Desired THD level is also
provided as a reference into the controller
block. The THD control block receives the
commanded THD and actual THD of the
grid current or voltage at PCC. The THD

www.ijiemr.org

reference is usually set according to the
required power quality. The d and ¢
component of the harmonic current or
voltage should be reduced to eliminate
harmonics from the system.

This scheme ensures that in the absence of
any particular harmonics, the compensation
unit will not inject any extra harmonics to
the system (see Fig.6). The PI controller is
responsible for reducing the harmonics
components below the specified limit. After
the THD level reaches below the allowable
limit, the PI controller output stabilizes and
continues to inject the particular amount of
harmonics. The flow diagram of the overall
harmonics elimination process of grid
current and PCC voltage is provided in

Fig.7.

>
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errorag
error,
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|

Fig.7. System Flow Diagram.
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The harmonic resonance condition
may occur due to the capacitors connected
to a micro grid. The control of harmonic
resonance can be achieved through tuning
the virtual impedance in the micro grid
controller. Increasing the virtual impedance
will result in limiting the harmonic current
flow.

To design a PI controller for
harmonic compensation, an approximate
model for the equivalent system is derived
in d, rotating reference frame, as shown
graphically in Fig.8. The differential

equations for the systems can be written as

(Ii-".’.'-d

LE = —Riq + vy, +wLiy, — vap
(12)
di, _ _

LT; = —Rig + vy, +wLig — vgn.
(13)
In the Laplace domain (12) and (13) can be

written as

sLI; = —RI;+ Vc;h bl =V
(14)
sLIy = —RI, + I/;_’h LW 1 Py
(15)

The transfer function can be
expressed in terms of the PI controller
(kp,ki) and harmonics estimation gain, G, as
shown in Fig.5, as

Vo kps+ki G ;
=h s s+G° (16)

www.ijiemr.org

(b)
Fig.8. Equivalent (a) ¢ component (b) d

component circuit for PI controller design.

V. VOLTAGE SOURCE INVERTER
In order to demonstrate the control
techniques described in this thesis, it is
useful to show simulation results based on a
specific example. For this purpose, a single
inverter model is developed and used
throughout this document. The switching
and average models described below are
based on a three-phase, four-leg inverter
rated at 90 kVA with a 115 Vrms, 400 Hz
output.

A. Inverter Switching Model

The switching model of the inverter is
developed in order to be as close to a truth
model as possible. This model should give
accurate time domain waveforms for the

inverter under various loading conditions

Volume 07, Issue 04, April 2018.

ISSN: 2456 - 5083

Page 178



International Journal for Innovative

€ngineering and Management Research
A Peer Revieved Open Access International Journal

and transients. Figure 9 shows a schematic
of the inverter switching model. The fourth
leg enables control of the neutral current. In
three-phase, three-leg inverters, if the load
requires a neutral connection, this point is
usually connected to the neutral point of the
filter capacitors or to the midpoint of the DC
link. When this is the case, unbalanced loads
or single phase non-linear loads will cause
neutral currents to flow and zero sequence
distortion. When a fourth leg is employed,
the neutral point is controlled, and zero

sequence distortion can be reduced through

i

control strategies.

¥ q{ Ff

}

e

oN
Figure .9.Schematic of the switching model
of a four-leg inverter.

VIL.MATLAB/SIMULATION RESULTS

Fig 10 Matlab/simulation circuit of
Conventional harmonic compensation

method.
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Fig 11 simulation wave form of current
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Fig 12 simulation wave form of Total
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Fig 13 FFT analysis of the critical load

current before the compensation is applied
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Fig 14 FFT analysis of the critical load
current after the conventional

compensation method is applied.
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VII.CONCLUSION
The research reported in this thesis has
focused on the interesting challenges

presented to inverter-fed, high power

systems by specific loading conditions. No-

load,unbalanced loading, and non-linear

loading each have unique characteristics that
negatively influence the performance of the

VSI. Ideal, infinitely stiff systems are

uninfluenced by loading conditions;

however, realistic systems, with finite output

impedances, encounter stability issues,

00

I|‘|||H|||M.|||‘|.‘||||||I|‘||||||||l||n||||.‘||||.l.|||i|‘||||||”||
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unbalanced phase voltage, and harmonic
distortion. The research reported in this
thesis has taken a control approach to solve
these problems. The traditional solution to
lightly loaded or unloaded conditions is
simply to design low controller bandwidths,
such that stable operation of the VSI is
ensured. While this approach effectively
addresses the problem, the result will be
very poor transient performance of the
system. The use of an inner current control
loop has been shown, through theory and
simulation, to provide increased damping of
the filter poles at light load, enabling the
voltage control bandwidth to be increased.
For the system example in this paper, the
control bandwidth was improved by and
order of magnitude, significantly enhancing
transient performance. The proposed injects
a voltage to counteract the harmonics in the
system and reduce the THD to desired
levels.An  improved based harmonic
elimination technique has been applied in
this paper for control of inducti on motors
and the various simulations has been
performed on Simulink.
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