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Abstract

In this paper, a FACTS based dynamic switch&gheC filter (DSCTF) compensator scheme

distribution systems is presented with different load characteristics and control strategiesdénto

suppress power quality problems and increase overall energy utilization efficiency; design and
realization of the DSCTF consisting of dynamic control strategies are studied. Matlab/Si
Software Environment is employed to validate thiéectiveness of FACTS DSCTF device. It has
shown that the proposed FAGDSCTF is effective to mitigate power quality and energy utiliza
problems as well as in compensating voltage disturbances and current harmonics.
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1. Introduction Davidson and Preville 2009; Wang er al. 2013;

Bindra, 2016)

Consumers and generation unit profiles have
caused more power quality problems nowadays
than befae (Latran et al. 2015) Increasing
switched load applications and interfacing low
power generating stations to the distribution
systems has made power quality problems bigger
to solve. Consumers can be named as lpadsch
can be classified as lineatoads (notors,
incandescent lamps, ejc.and nonlinear loads
(power electronic devicesuninterrupted power
supplies, computer, etc.). So harmonics, which can
cause voltage distortion, failure of sensitive
electronic equipment, equipment overheating, etc,
occur on power systenMazumdar et al. 2007)

Every year world energy consumption has
increased since the world population has grown
and diversity of electrical devices has become
bigger than befordEIA, 2016)While requirement

of electrical energy have been provided by the
different kinds of energy sources such as
conventional (coal, petroleum, natural gas, etc.)
and renewable (wind, solar, wave, etc.),
importance of power electronic converters which
are bridge between the electrical source and
consumer has become crucial to provide k&g

reliable and secure power transmission and
distribution system structuregHingorani, 1995;
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The filters such as passive, active and hybrid typepower quality problems such as voltage and
can be employed to minimize the effects of current disturbances and harmonics break out.
harmonics in the power systen{Peng et al. 1990; Hybrid load is modeled to analyze power system
Lee et al. 2015; Li et al. 201By reason of the fact performance under various conditions. The hybrid
that the consumer and power distribution system load comprises three types of loads such as
profiles are more variable, nonstationary and nonlinear, ACihear and motor loads shown in

dynamic, the filter structure should operate Figure 2.
coordinately for variable system operating

ABC
conditions. Passive filterscan be designed for Ao— rite
specific harmonic component so that changing B CaZRy g‘}RL RLi_ERL
system operating conditions decrease effectivenes: T L T .2
. . : ot
of passive filtersand cause resonance#ctive (a)Nonlinear converter type (b) AC linear type

filters are either more appropriate or preferable to

be employed in the power syste(Busarello et al. g‘ @ +o @ +
2016; Ozkopet al. 2011) N -\ R

In this paper, a distribution system consisting of acc)Ac motor type (d)DC motor type  (e)DC resistor type
hybrid and dc loads controlled by single and multi Figure 2.The system loads types.

loop based controllers with FACTS based dynami

switched @ype filter (DSCTF) compensator In Fig.2.(a), there is a controlled DC converter type
scheme is discussed. Matlab simulation modeof ~ l0ad with variable’y resistor. The variableY

a sample power system with the FACTS DSCTF w "eSistor equation is given in Equation (1).

proposed controllers is developed andts ' .
effectiveness is well verified by simulation results. Y YORI o (1)
The thyristor converter firing angle| is

represented in Equation (2).
The proposed system is shown in Figure 1 with the

FACTS basedlynamic switched ®&pe filter | | OEN o )
(DSCTF) compensator scheme. The system consists

of power electronic converters (eic boost and |n nonlinear load, the thyristor converter generates
buck  converter, dc/ac inverter), voltage harmonics and currentdistortions In order to
compensator filter (DSCTF) and loads (uncontrolleimitigate these undesirable effects, a dynamic
and controlled dc loads and linearcénonlinear ac  switched @ype filter (DSCTF) compensator
loads). The system parameters are given irscheme is adapted into the distribution line. The

2. FACTS System Description and Modelling

Appendix. DSCTHRs a combination of series and shunt filter
bCB S structures toenhance power quality of the system.
_ Load-I Load
[0] _
9 52 =5 o) Vac—erc = ’Lineaﬂ 2.1. Configuration of the Dynamic Switched -C
7o O . [
8a§ Inverter J—____J Load) Type Filter (DSCTF)
z N Motor . . . .
(Coroler) (Cortroliery) - The proposed circuit of the DSCTF shown in Figure

Cortroller-| \\—( DC-DC

Vase b, PC 3 is composed of shunt compensation subsystem.

Buck C onve rter = Load-I| )
(Coreie) ldoe o Generally, the shunt compensation can be
- \omolecl employedto minimize power losses and provide
Figure 1.Block diagram of the sample study system i
with the FACTS DSCTF. desired voltage levelsThe selected parameters of

While the power system supplies a hybrid load the Proposed DSCTF are listed in Appendix.
(residential, commercial and indusiti loads),
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An inductance {{) in series with capacitors 5.a. The controller uses the mutual AC bus voltage
(6 ,6 ) is used to limit the inrush current and (® ), changes in the mutual AC bus curreri@® (
active compensators, which comprise shunt O ) and changes in the filter currentq to
capacitors ¢ ,0 ), inductance ) and constitute an error signal for controlling of AC
resistances 'Y ,'Y ) supply the needed reactive ~ Voltage. The scheme does not require reactive

powerto attenuateharmonics. power measurement. A lowpass filter with time
RSftFre op xav Aa SYLX2eSR
it \/ Im2 spikes in voltage and current waveforms.
= Ym —
cflI1IF 77777777777777777777777777777777777777777777777
[Voltage Tracking Loop
L 1 1
c !
0 o ! Vi Vm(base)
L¢ :: Ry CoIIIITIITIIIIIIIIIIIIILT
1
Rfo IF_) IF(base)

= 1
Figure3. Acircuitdiagram of the DSCTF. 1 T -

._)-,_/O
1027 Toyoase | | 2-e 20 % RMS e Iz

Dynamic Current Loops

In this paper, the dynamic switchedtype damped === oo
power filter (SCTDPF) compensator scheme
proposed in (Ozkop et al. 2011) is also used tc 1
determine and compare the performance of the
proposed filter topology effectively. The circuit
SCTDPF is shown in Figure 4.

1
Id%
Csi |, Vi, Iﬁ.z Cs2 laase)

Ll |—o (b) Controllesl
Figure5. The power system muitbop controlschemes.
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c:fO
L, 2Ra The error in mutual AC bus voltag® () is a

difference between the reference and real values
of voltage, but in the meantime error representing
sJ changes in mutual AC bus and filter currers ,(

Q ,'Q ) are based on differences between the
real and delay input values.

. ) _ The related weighting factors ( ,7 ,[ ,[ )
As distinct from the DSCTFthe series capacitors ,
are used to help user tdefine control goalslearly

(Gsy, G» are added in the lineniorder to increase ,
o . such as mutual AC bus voltage or currenfitber
the power transmission capacity of the system by _
current controls orybrid control. Depends on the

reducirg the effective line reactance . .

control goal, the weight factors are increased or
decreased. The related weigh factors and errors
are multiplied and each multiplication result
The power system consists of four conteol summated andsystemcommon error(Q) comes
schemes based on multop and singldoop  out. Thusthe controller block use the error signal
structuresas shown in Figuss and6. to generate an appropriate duty cycle farpulse

The block diagram of the proposed controller has ewidth modulation (PWM) block. Switching signal,

more than one loop structure as shown in Figure
(]
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Figure4. A circuit diagram of the SCTDPF.

2.2. Controller Structure
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“Y (Y ) is modulated for ON and OFF actions byet al. 2005) The trial and error tuning technique is
the PWM blockThere are loops based on dc bus applied in this paper.

voltage (b ) and current 0) and d/namic voltage

current @ O) in the Controlled. The control 3. Digital Simulation and Results

strategies can be modified depending on objectives

“The proposed FACTS DSCTF topology with
such as to control dc bus voltage, current Or Jistribution system is performed in the

mstantanequs de power flow. The para.mete.rs of Matlab/Simulink Software Environmenwhich is
the dynamic error driven controllers amgiven in one of the most effective simulation tool§he

Appendix. study system is not tested experimentally in

T.he Controlledl and Controlledll ar.e b_ased on a hardware.A conventional PI controller is applied in
singleloop control scheme shown in FiguéeThe all controllers (Controllet, II, Ill, and V). While

objective of the controllers tracks the reference

I _ i mini n Controllerll and Il are based on voltage,
voltage  trajectory _W't minimum error.. The Controllerl and IV consists of both current and
parameters of the singkoop controllers aregiven
: ) voltage.
in Appendix. As the constant voltage references are employed

v for Controllerl, Il and IV, the variable references
dc-&(gef) . .
—>+| 9|Contro|ler| 9|PWM|9 s, gpplled through the DC loaldl for Controllerl.l in
Ve gT 2 @ Controller time remains voltage constant (100 V) during the
Vac-aref first 400 ms, and then transiently decreases,
3 j—)cOntroner PWMP s, remains 75 V during 300 ms. At 700th the
Vac—é - -
(b) Controllelll reference voltage increases instantly the 125 V and
Figure6. The power system singleop control schemes. remains this voltage at the end of 1000th
millisecond.
Demands on controllers are to ensure fast
response, less or zero overshoot, zeteadystate 600 __ DCbus voltage, V(dc-)

error, high stability margin, robustness and provide _
an increase in productivity by improving quality,
and reducing maintenance requiremer{sng et al.
2015) PI controllers preferred in the most of I R R R R R A
process control applications since it works 0 0T 02 08 0 e O 08 e T
efficiently in various areas of industry so that a 1= e loatllvoltage, Yidel)
classicalPIl controller is employed in all control
schemesn this study

Triakand-error tuning is a technique, which is used
widespread in industrial practice to determine the T e e 0 o o o o

PI controller parametersia observing the dynamic Time (s)

behavior of the system output. The effects of the Figure7. Dy_namic responses ohé common dc bus and
control parameters on system behavior should be de loadll (with DSCTE

considerably comprehended to perform effective

trial-and-error tuning (Wang et al. 2008) After

initial guess of the control paramets are

assigned, they are modified until a desired system

output is observed. The chance of success on

determination the controller parameters depend

2y dza S Netpa, sKill ikl @xperience (Johnson

400

100 - = !
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DC bus voltage, V(ded) In this paper, performances indexes, which are

integral of squared error (ISE), integral of the
absolute error (IAE) and integral of time multiplied
by absolute error (ITAE), are employed to make
comparison between the controllers and get
feedback about the transient and steadtate
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Figure8. Dynamic responses of the common dc bus and

DC load-ll voltage, V(dc-II)
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characteristics

in Table2.

of

a

control

system.The
performances measurement of controllers with
different system topology are given in Table 1. The
meter readings of the system pameters at the AC
load side for different filter schemes are tabulated

Table 1. The performances measurement of controllers

Controller Controller Performance Indexes
Gtype
Number Type ISE IAE ITAE
Controllerl PI 0.8424 0.3870 0.1434
Controllerll PI 231.7 5.201 1.570
DSCTF
Controlleklll PI 0.1246 0.3384 0.1646
ControllerlV PI 0.1576 0.3424 0.1647
Controllerl PI 0.7968 0.3615 0.1418
Controllerll PI 274.6 6.035 1.602
SCTDP
Controlleklll PI 0.1425 0.3644 0.1781
ControllerlV PI 0.1749 0.3683 0.1782
Controllerl PI 1.9810 0.5390 0.1490
OFF Controllerll PI 272.60 5.970 1.5840
Controllerlll PI 0.3155 0.5563 0.2779
Figure9. Dynamic responses of the ac lo@dth DSCTEF ControllerlV Pl

Table 2. Meter

readings (mean)

of the system

parameters at the ac load

Gtype System Parameter (in p.u)
Controller VPorI]tisgee Current  Real Power

DSCTF Pl 0.6616 0.7949 1.164

SCTDP PI 0.6359  0.5168 0.7059

OFF Without 0.4436  0.7624 0.7366

From the results given in Tableg]lit is clear that
the voltage, current, power improvements are
considerably enhanced at thaC load siddested
under different filter strategies in the power
system.

The performance of the system under different The proposed FACTSSCTF is more effective than

control stre.lteg.leswas evaluated and the results the SCTDPF to mitigate power quality amergy
are shown in Figures 10. utilization problems

Figure 10. Dynamic responses of the ac loadith
SCTDRF
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