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Abstract - This paper proposes a novel frequency fixed
multiple complex coefficient filter-phase locked loop
(FFMCCF-PLL) based approach of load compensation for
distribution static compensator (DSTATCOM). The non-
linear and unbalanced load make the source current distorted.
The proposed FFMCCF-PLL control approach provide
switching pulses in a way to make source current balanced &
sinusoidal and also improve power quality of system. Here
FFMCCF is act as a pre-filter for the PLL and improve
performance under distorted grid conditions. The proposed
FFMCCEF-PLL control approach is simulated in MATLAB/
Simulink environment for different operating conditions. The
ability of the proposed approach has been related to the
instantaneous PQ theory based control technique.

Index Terms - Point of Common Coupling (PCC), Power
Quality (PQ), Total Harmonic distortion (THD)

1. INTRODUCTION

In electric power system stability of power supply is
important for proper operation of all the equipment connected
in the system. The quality of power supply is important in all
the levels of power system in distribution and transmission
area [1-4]. The non-linear loads at the consumer end pollute
the supply by consuming non-sinusoidal current at the
distribution level which may leads to malfunction of
equipment at consumer side. Due to this nonlinear load the
PQ issues like harmonics, unbalance & poor power factor
arises in distribution system [5-8]. To improve the power
quality where is active power filter were developed to operate
at the distribution system. The DSTATCOM is one of the
custom power device to improve PQ at the distribution level.
Various control algorithms were developed for DSTATCOM
to improve the PQ [9-16]. In this paper FFMCCF-PLL based
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control approach is implemented for PQ improvement
distribution system.

2. PROPOSED SYSTEM

The figure 1 shows the structure of FFMCCF-PLL based
DSTATCOM with unbalanced load is connected to the three
phase supply. The DSTATCOM is connected to PCC & ripple
filter which is used to reduce switching ripple and supplies the
compensating current which improves PQ at PCC. The
various components in DSTATCOM such as the DC bus
capacitor and interface inductor can be designed using the
following expressions
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The Interface inductor,
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The Weight adaptation:

w(n+1) = pu(n)* E(n) +w(n)(4)
Filter output:
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¥(n) = u(n) =w(n) (5)
Error signal:

(n) = d(n) —¥(n) (6)
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Figure 1:

Structure of FFMCCF-PLL based DSTATCOM of
distribution system
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Figure 2:
FFMCCF-PLL based control approach

The proposed FFMCCF-PLL based control technique to
compensate the non-linear load & improves PQ of the
distribution system is shown in figure 2. Here the switching
pulses for the switches in VSI are developed by the proposed
approach which is given to VSI switches.

The unit templates,

u =E-U =E u =E(6]
pa Vr ' = phb Vr ' Spe Vr
The DC voltage,
Vi (1) = Vicres (t) — V(1) (7)
The reference currents are i;ﬂbcp and i;ﬂbcrr,
tsa = lsap Tlsaq 3
iy = i;bp + i;bq:
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Figure 3

Simulation of FFMCCF-PLL DSTATCOM system

3. RESULTS AND DISCUSSION

The  MATLAB/Simulink  model of FFMCCF-PLL
DSTATCOM system is shown in figure 3. Here the grid
supplies 3 phase non-linear load. The voltage, current at load
and source ends were measured then supplied to the
FFMCCEF-PLL control approach to generate pulses for VSI.

Figure 4
Source voltage
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Figure 5

Source current
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Figure 6
Load voltage

Figure 7
Load current

The figures 4,5,6 & 7 show the source & load voltage &
current waveforms before compensation of system.
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Figure 8
THD - Load current
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Figure 9

Source current — THD without compensator
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The figures 8,9 & 10 show the THD for load & source
current and source voltage waveforms before and after
compensation of system with FFMCCF-PLL based
DSTATCOM.

FFT analyss-

Fundamental (50Hz) = 14.3, THD= 0.98%
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Figure 10
Source current — THD with compensator

Figure 11
DC link voltage

4. CONCLUSION

The proposed novel frequency fixed multiple complex
coefficient filter-phase locked loop (FFMCCF-PLL) based
load compensation approach for distribution static
compensator (DSTATCOM) has been  successfully
implemented in distribution system with unbalanced and non-
linear loads. The proposed FFMCCF-PLL based control
approach effectively compensate the loads by generating
switching pulses for VSI even under polluted grid conditions.
The proposed FFMCCF-PLL control approach is simulated in
MATLAB/ Simulink environment for different operating
conditions. The ability of the proposed approach has been
related to the conventional control. The THD of source
current without compensator is about 14.48%. The proposed
FFMCCF-PLL based DSTATCOM compensates and reduce
source current THD to 0.98% which describes the activeness
of the proposed controller in load compensation.
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