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ABSTRACT

This paper proposes a novel method for elimination of harmonics based on Non-lIterative Optimized Algorithm. The main
aim is to mitigate the harmonic content in the supply current, load current and load voltage. The main objective of the
algorithm is to obtain the optimization by mitigating the harmonics in one step calculation. This algorithm uses the
conductance factor to eliminate the harmonics in source and load. The conductance factors are obtained to maximize
source power factors and thus mitigating harmonics in the system. The Total Harmonic Distortion (THD) limits for the
source current and the total power and average power in the system is used as constraints to achieve maximum source

power factor. The algorithm has been implemented for DSTATCOM and DVR and the results has been compared.
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. INTRODUCTION

Power Quality is mainly a distribution side problem. The term power quality refers to maintaining a near sinusoidal voltage
at the distribution side at rated frequency and magnitude. The main cause of the power quality problems are due to
lightning, energisation of transformers and capacitors, sudden switching of heavy loads, failure of equipment and power
electronic loads. Harmonics is a type of distortion. The harmonics may be in voltage or current. It is mainly caused due to
power electronic converters and power electronic loads. The measure of voltage harmonics is known as THD and current
harmonics is TDD. The Power Quality problem, harmonics can be compensated by using filters. The STATCOM used in
the distribution system is known as D-STATCOM. The D-STATCOM has the property of high speed control of reactive
power to provide voltage stabilization, flicker suppression. In the D-STATCOM the voltage source converter is designed
by using GTO or IGBT. Protects the utility transmission or distribution system from voltage sags and/or flicker caused by
rapidly varying reactive current demand. Provides leading or lagging reactive power to achieve system stability during
transient conditions in utility. In industrial facilities to compensate for voltage sag and flicker caused by non-linear
dynamic loads, enabling such problem loads to co-exist on the same feeder as more sensitive loads. Instantaneously

exchanges reactive power with the distribution system without the use of bulky capacitors or reactors.

I1.D-STATCOM AND DVR

The Power Quality problem, harmonics can be compensated by using filters. The STATCOM used in the distribution

system is known as D-STATCOM. The D-STATCOM has the property of high speed control of reactive power to provide
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voltage stabilization, flicker suppression. In the D-STATCOM the voltage source converter is designed by using GTO or
IGBT. Protects the utility transmission or distribution system from voltage sags and/or flicker caused by rapidly varying
reactive current demand. Provides leading or lagging reactive power to achieve system stability during transient conditions
in utility. In industrial facilities to compensate for voltage sag and flicker caused by non-linear dynamic loads, enabling
such problem loads to co-exist on the same feeder as more sensitive loads. Instantaneously exchanges reactive power with
the distribution system without the use of bulky capacitors or reactors.

A static synchronous compensator (STATCOM), also known as a "static synchronous condenser" ("STATCON"), is a
regulating device used on alternating current electricity transmission networks. It is based on a power electronics voltage-
source converter and can act as either a source or sink of reactive AC power to an electricity network. If connected to a
source of power it can also provide active AC power. It is a member of the FACTS family of devices. The system with D-
STATCOM is represented in Fig. 1. as shown. The Power Quality problem, harmonics can be compensated by using
filters. A Dynamic Voltage Restorer (DVR) is a series connected solid state device that injects voltage into the system in
order to regulate the load side voltage. The basic structure of a DVR is shown in Fig.1. It is normally installed in a
distribution system between the supply and critical load feeder. The equivalent circuit of DVR is represented in Fig. 2. as

shown.
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Fig. 1. System with D-STATCOM
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Fig. 2. Equivalent Circuit of DVR

I11. NON ITERATIVE OPTIMIZATION ALGORITHM

The optimization algorithm is used to achieve optimality conditions based on equality and inequality constraints.
The term optimization refers to the selection of a best element from some set of available alternatives. In the
simplest case, an optimization problem consists of maximizing or minimizing a real function by systematically
choosing input values from within an allowed set and computing the value of the function. The generalization of
optimization theory and techniques to other formulations comprises a large area of applied mathematics. More
generally, optimization includes finding "best available™ values of some objective function given a defined
domain, including a variety of different types of objective functions and different types of domains. The

optimization problem is represented in terms of a function that is to be solved depending on the constraints. In

367|Page




/*\_ International Journal of Electrical and Electronics Engineers

ISSN (0) 2321-2055

‘Eg Vol. No. 8, Issue No. 02, July-December 2016 ISSN (P) 2321-2045

e WK .

the solving of problem the feasibility has to be achieved to have the optimality achieved. There are many
methods and algorithms to obtain optimization.
In this paper the optimization is achieved by using the calculus of optimization technique. The technique is

Karush Kuhn Tucker (KKT) optimality conditions. The equations corresponding to the KKT conditions are
represented as shown

Objective Function : f(x)
Subject to Constraints  : (i) gi(x) <0
(if) hy(x) = 0
Constants used (i) W where (i=1,....... m)

(ii) A; where (j=1........ 1)
By using the above equations two possibilities achieved for optimization as
() Maximize f(x) : Af(x*)
(i)  Minimize f(x) : - Af(x¥)

Obtain the Load Voltage and Load Current

v

| Calculate RMS value and total average power demand |
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Fig. 3. Flowchart of Non-Iterative Optimization Algorithm for Harmonics

For the elimination of harmonics in the system voltage and current, three conductance factors is estimated using
single step calculation from which the reference signal for the pulse generation is obtained. For the single step

calculation we have the objective function to maximize the source power factor based on the equality constraint
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of constant power flow at load and inequality constraint having the limits for the THD in current. The process of
single step non iterative optimization algorithm is represented in flowchart as shown in Fig. 2. The objective is
to maximize the source power factor, which can be achieved by minimizing the square of the apparent power

calculated using the extracted balanced set of voltages and the desired source current of any phase.
h h

Objective Function: f= ZV o’ ZGnZV o’ (1)
n=1

n=1
For the desired source currents to be balanced, the three source currents should supply the demanded average

total power equally. Therefore, the equality constraint for any phase can be written as

P.o TP .
Equality Constraint: % — ZGnV o =0 2
n=1

As per IEEE Standard 519, the limit on the current distortion for individual even harmonics is 25% of the limit
for odd harmonics. To address this, different THD limits for the current distortion due to odd and even
harmonics are considered in this paper. The upper bounds on the source current harmonic distortion due to odd
and even harmonics are denoted as THDimax_o and THDi,max_e, respectively. The inequality constraints for odd

and even harmonics is given by

THD, ,? <THD, ., .’ 3  THD_’<THD,, .’ )

i,max_o i i,max_e
In which the values of THD are obtained as
i 2, 2
D> G,V s
0=3,5,.... e=2,4,....
GV« GV «

THDspec_o and THDspec_e pre specified THD limits on the source current harmonic distortion due to odd and

iejv'sez

THDI_o= 5)  THDi_e= ©6)

even harmonics, respectively. For the cases where the source voltage THDs due to odd and even harmonics
THDv_o and THDv_e are greater than THDspec_o and THDspec_e, respectively, the source current THDs should
be equal to the prespecified THD values to achieve maximum power factor. On the other cases for THDv_o and
THDv_e are less than THDspec_o and THDspec_e, respectively, the source current THDs should be equal to the
supply voltage THDs to maximize the source-side power factor. This can be mathematically represented as
shown in equations below
THDi,max_o = THDspec_o, if THDspec_ o< THDv_o THDi,max_e = THDspec_e, if THDspec_e < THDv_e
= THDv_o, otherwise (7 = THDv_e, otherwise 8)
By using equations (7) and (8) the inequality limits can be obtained as equality constraints as represented in
equation (9) and equation (10)
h

>'G, V'’ ~THD,

I,max_o
0=3,5,.... e=2,4,....

h
‘GVW=0 @ Y.GVs -THD ., . GVa'=0 (10

i,max_e

The Lagrangian function is used to obtain the optimality and is represented as
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h h
L=>Va'Y Gn'V'an u{M—iGN ZJ

n=1 n=1 3 n=1
h h
+ﬂ?[ > G,V s’ —THDi,maX_OZGfV'SfJ +ﬁ,{ 3GV’ —THDi,maX_ijv'sfj (11)
0=3,5,.... e=2,4,....
The Conductance factors that are obtained using the single step calculation is shown as
TADimar o 12 G TADimce (13)
"-°" THD,, "¢ THD,,
P.w +P
Gl — — Lavg Loss ( 1 4)
3V a (1+THDi’rmx_0THD\,_0 +THDi'max_eTHDv_e)

The Reference Current generated by the control algorithm is represented as

h h
i*sx(t)=lelsx1+GH_o ZVsto +GH_e Zvlsxe ,X=a,b,c (15)

0=3,5,..... e=2,4,.....

V. SIMULATION AND RESULTS

In this paper, to verify the performance of the Non Iterative Optimized Algorithm operation the analysis of the
system in mitigation of harmonics is done in three conditions. The simulation is done by using the
MATLAB/SIMULINK environment. The simulation results are given as discussed. In this case the simulation
for the system is done without use of D-STATCOM for mitigation of harmonics in the system. Thus there will
be harmonics present in the system and this harmonics present in the system is analysed. The waveforms of
source voltage, source current, load voltage and load current are given in Fig. 4(a), 4(b), 4(c) and 4(d). The
Table | shows the FFT analysis about the harmonics content present in the system. The FFT analysis is done for
source voltage, source current, load voltage and load current. The harmonic content is separately analysed for

even and odd harmonics.

(b) (d)
Fig. 4. Simulation results of System without using D-STATCOM. (a) Source Voltage. (b) Source Current. (c)
Load Voltage. (d) Load Current.
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In this case the simulation for the system is done with D-STATCOM for mitigation of harmonics in the system. The D-

STATCOM is designed using the IGBT based inverter and the pulses for the IGBT switches are given by using the Non
Iterative Optimization Algorithm based controller. In this case the D-STATCOM is operated using the controller, it is
operated to mitigate the harmonics by using the feedback signal from the system. The waveforms of source voltage, source
current, load voltage and load current are shown in Fig. 5(a), 5(b), 5(c) and 5(d). The Table Il shows the FFT analysis
about the harmonics content present in the system. The FFT analysis is done for source voltage, source current, load

voltage and load current. The harmonic content is separately analysed for even and odd harmonics.

(b) (d)
Fig. 5. Simulation results of System using D-STATCOM with controller. (a) Source Voltage. (b) Source Current. (c)
Load Voltage. (d) Load Current.

Load Voltage

600

Fig. 6. Simulation results of System using DVR with controller. (a) Load Voltage. (b) Load Current.
The Total Harmonic Distortion (THD) in the system is represented in the Table I.

TABLE |. THD IN SYSTEM TABLE Il. THD IN SYSTEM
Total Harmonic Distortion Total Harmonic Distortion
Before Compensation After Compensation Before Compensation After Compensation
Source Voltage 0.79 % 0.17 % Load Voltage 21.95% 3.16 %
Source Current 26.57 % 0.56 % Load Current 15.38 % 2.92%
Load Voltage 242 % 1.08 %
Load Current 26.57 % 4.59 %
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V. CONCLUSION

A single step non-iterative optimization algorithm is being developed for D-STATCOM and DVR for mitigation of
harmonics in the system and this is being designed for three phase three wire system. The proposed algorithm uses the
calculus technique of optimization and hence there is only single step calculation and so the time taken for computation is
reduced from other optimization algorithm which takes many iterations to achieve optimization. The Comparison results
are shown in the table.
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