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ABSTRAC I - Fower systerm narrmonics are & IMenace o electric
power system with disastrous consequences. The line current
harmonics causes increase in losses, instability, and also voltage
distortion. This paper presents the combination of passive
shunt filters with Thyristors-Controlled Reactor (TCR) and
Thyristor Switch Capacitor (TSC) using MATLAB /Simulink
are designed and analyzed to improve the power quality at AC
mains. Both passive and active filters have been used near
harmonic producing loads or at the point of Common coupling
to block current harmonics. Shunt filters still dominate the
harmonic compensation at medium/high voltage level, whereas
active filters have been proclaimed for low/medium voltage
ratings. With diverse applications involving reactive power
together with harmonic compensation, active filters are found
suitable. One of the way out to resolve the iss i
power would be using filters and TCR, TSC wi
in the power system
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The main emphasis of the
been on compactness of configurations, simplicity in
control, reduction in rating of components, thus finally
leading to saving in overall cost. Based on these
considerations, a wide range of configurations of power
quality mitigators are developed for providing a detailed
exposure to the design engineer in selection of a particular
configuration for a specific application under the given
constraints of economy and the desired performance.
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Fig (1) shows a classical shunt passive filter is connected
to the power system through common coupling point
(PCC). Bgcause of using non-linear load, the load current
is hig -linear in nature. The compensating current
i output of the shunt passive filter is injected in
is process the harmonic cancellation takes place
rrent between the sources is sinusoidal in nature.
assive filter is popular in cancellation of harmonic
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Fig (1) -The Classical Shunt Passive Filter

n overwhelming breadth of the literature,
overing different techniques for power quality
provement at ac mains of ac-dc converter is available.
he use of passive filters for three phase supply systems,
use of thyristor controlled reactor (TCR) and thyristor
switched capacitor (TSC) with combination has been the
significant developments. Mitigation of power quality
problems is synonymous with reduction of harmonic
currents or voltage distortion at ac mains. These problems
can also be mitigated by improving the immunity of the
equipment using better quality material along with proper
protection arrangements but it may not result in an
effective and economical solution. The design of the
passive shunt filter is carried out as per the reactive power
requirements. This filter is designed to compensate the
requirements of reactive power of the system. Therefore,
this passive filter helps in maintaining the dc link voltage
regulation within limits along with the power factor
improvement. It also sinks the harmonic voltages of
frequencies at which the active filters have been tuned.
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I1. CONTROL TECHNIQUES APPLIED TO PASSIVE
SHUNT FILTER

a) SYNCHRONOUS REFERENCE FRAME CONTRO-
LLER

The synchronous reference frame theory or d-q theory is
based on time-domain reference signal estimation
techniques. It performs the operation in steady-state or
transient state as well as for generic voltage and current
waveforms. It allows controlling the active power filters in
real time system. Another important characteristic of this
theory is the simplicity of the calculations, which involves
only algebraic calculation. The basic structure of SRF
controller consists of direct (d-g) and inverse (d-q)-1 park
transformations as shown in fig.(2). These can useful for
the evaluation of a specific harmonic component of the
input signals.
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Fig (2) - Sync

and quadratic axis (q) rotati
stationary axes are Separated

V¢ and ic are on the c-axis. The d-q tr
signals depend on the load current (
harmonic components) and the performance of the Phase
Locked Loop (PLL). The PLL circuit provides the
rotational speed (rad/sec) of the rotating reference frame,
where ot is set as fundamental frequency component. The
PLL circuit provides the vectorized 50 Hz frequency and
30° phase angle followed by sin@ and cos® for
synchronization. The id-iq current are sent through low
pass filter (LPF) for filtering the harmonic components of
the load current, which allows only the fundamental
frequency components. The P-l controller is used to
eliminate the steady-state error of the DC component of the
d-axis reference signals. Furthermore, it maintains the
capacitor voltage nearly constant. The DC side capacitor
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voltage of PWM-voltage source inverter is sensed and
compared with desired reference voltage for calculating the
error voltage. This error voltage is passed through a P-I
controller whose propagation gain (K,) and integral gain
(Kj) is 0.1 and 1 respectively.

g (3) - a-b-c to d-g-0 transformation

YRISTOR-CONTROLLED REACTOR (TCR)
ND THYRISTOR SWITCH CAPACITOR (TSC)

most important building blocks of
s. Although it can be used alone; it is
d in conjuction with fixed or thyristor-
rovide rapid, inuous control of

i ging-to-leading

with bidirectional thyristor
om a ac voltage source. The
nsients after closing the switch

e capacitor voltage is not equal to the supply voltage
he thyristors are not fired. Immediately after closing
itch, a current of infinite magnitude flows and
he capacitor to the supply voltage in an infinitely
ort time. The switch realized by the thyristor cannot
ithstand this stress and would fail.

2. The capacitor voltage is equal to the supply voltage
when the thyristors are fired. The current will jump
immediately to the value of the steady-state current.
Although the magnitude of the current does not exceed the
steady-state values, the thyristor have an upper limit of
di/dt that they can withstand during the firing process.
Here di/dt is infinite, and the thyristor switch will again
fail.

(if) TCR-TSC COMBINATION

The TCR-TSC comprises usually n-series of TSC and
single TCR that are connected in parallel. The capacitor
can be switched in discrete steps, whereas continuous
control within the reactive power span of each step is
providedby TCR
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Fig (4) - Circuit diagram of TCR-TSC Combination

As the size of TCR is small the harmonic generation is
substantially reduced. The TSC branches are tuned with
series reactor to different dominant harmonic frequencies.
The main motivations in developing TCR-TSC were for
enhancing the operational flexibility of the compensator
during large disturbances and for reducing the steady-state
losses. What particularly aggravate the problem in which
several voltage swings are experienced and followed by
the load rejection. But TCR-TSC can quickly operate to
disconnect all the capacitor from the compensator,
producing  resonant  oscillations.  The  proposed
configuration for passive shunt filter with TCR i
shown in fig. (5).

6 pulse Rectifier

WITHTCR-TSC COMB

L

Rer
Lpr

. .

Fig (6) - Circuit diagram of TCR-TSC Combination
Kirchhoff’s law equation in Stationary reference frame
di 1
— ) ;
= -2 4+ =
Ve =Lpp 27 + - Jipdt oy
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For k=1, 2, 3

Differentiating equation (1) once result in
W o L dip | 1y
de = Lpr dt2 + Rpp dt + Cpr (2)

d) MODELING AND DESIGN OF P-I CONTROLLER

The usefulness of Pl control lies in their general
applicability to most control systems. When the
mathematical model of the plant is not known and
therefore analytical design methods cannot be used, Pl
controls prove to be most useful. The standard approach to
design is this: a mathematical model is built making
ssumptions about various uncertain quantities
ics of the system. If the objectives are well
precise mathematical terms, then control
can be derived mathematically.

di
= Z(A)Lpp f + a)RpFiq + % - (UVq (5)

di , dv,
a)LpF d_td + prF g+ d_tq - (UVd (6)

he input transformation given in the (5) & (6), the
oupled dynamics of the tracking problem have been
transformed into decoupled dynamics. Thus the system
equation (5) & (6) becomes linear ones.
The corresponding transfer functions are:

g 1

_ = 2 1 2 (7)

Uqg Lpr s“+RpF S+E—LPF0)

u, 1

S 1 L 5
LPF SZ + RPFS + C_PF - LPF(UZ

—> 1 —>
LPF SZ + RPFS + C_PF - LPF(UZ

Fig (7) - Block diagram of the closed loop system.
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By using error signals iz =iy — iy and ig =i, — i, then
The simulation results are obtained through Power System

Specifications toolboxes in SIMULINK by taking system parameter as
Components given below.
AC Source V=415 v, freq-50Hz i. SYSTEM PARAMETERS

The system parameters considered for the study of Passive
shunt filter with TCR and TSC combination is given below

i Three phase thyri ifi ;
Non linear load ree phase thyristor rectifier in Table (1)
Passive filter Ler=16(mH), RPF=0.83(Q) Cpr=25(uF) TABLE() Specification for Test System
applying P-1 compensation ug and ug are chosen such that
(b) M B BASED MODELING OF PASSIVE

u, = kyig +k [ i7dt (8) T trate the performance of these passive filters
a three-phase converter with R-L load, these
e filters are modeled in MATLAB environment
with SIMULI and power system block set
i onents of these converters such
as i h R-L load are simulated in

The transfer function of the P-1 controllers is given as

_Uq(s) _ Uq(s) _ ke
CO= T =T o T ©)
and the closed-loop transfer function of the current loop is

s+p OF PASSIVE

Ig(s) _ 1a(s) _ kp ke
LGs)  Ta(s) Lpr g3 I}Z§£SZ+(CPF1LPF —w24 e passive filters
ase converter with
ATLAB environment

P

Lys'+2,s5+ C]——L,n’
”

R-L load are simulated in

AB/SIMULIN

Passive Shunt Filter Based Converter with R-L Load
4 shows the MATLAB model of a passive series filter

Fig (8) - Block diagram o‘ed loop system in g-axis.
a 5ix pulse ac-dc converters with R-L load. Depending

— 1 —

¥ s - 5 7B - harmonic spectrum of the supply current, the
g MR T filters designed are low pass filter tuned for 5th
rder harmonic frequency. The subsystem named shunt
ilter consists of 5th harmonic frequency. Based on the
design carried out the filter component values are
) ) L=16mH, C=25pF, R=0.83Q.
Fig (9) - Block diagram ed loop system
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Fig (10) - P-1 Controller diagram ’!.,_’!.*

povea
Fig (11) - MATLAB based model of a six pulse ac-dc converter R-L load
I11. RESULTS passive filter with TCR and TSC combination.

(@ SIMULATION RESULTS
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Fig (12) - Inductance and alpha response in star delta connections
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Fig (15) - Voltage and current response of the ac-dc converter with
passive filter, TCR and TSC combination.

TABLE (2) Comparisons THD with Different Schemes

Matlab Voltage Current Q
Simulik THD% THD% KVAR
Model
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Without 29.83 7.49 5
Filter
With Filter 21.55 142 0
Filter and 7.19 0.7466 0
TCR-TSC

IV. CONCLUSION
e The effect of multiple harmonic sources can be
investigated by applying the superposition
inciple.

SVC harmonic generation modeled by
Sitive-, negative-, and zero-sequence harmonic
sources.

The system represented by linear models at each
harmonic frequency.
The preci luation of harmonic distortion
ate load modeling.

CR-TSC combination is better in
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