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K. P. Prasad Rao, P. Srinivasa Varma, RBR Prakash

Abstract: To attain good products from the industry, industry
required the quality of power and efficiency of the systems like
machines, lighting system and other equipments. This power
quality problems are going to mitigate by the FACTS devices or
controllers. The problems like voltage sag (Power Quality)
because of the load increases suddenly, voltage swell because of
load decreases suddenly may happened. In this paper, sag of
voltage as a quality problem in power system arises, since of
sudden amplified the load and it is going to mitigate with Static
Synchronous Compensator (STATCOM).

Index Terms: DSTATCOM, Ten Pulse VSC, Fuzzy Logic
Controller.

I. INTRODUCTION

The Indian economy has been growing at a fast, since the
beginning of this millennium. Foreign direct investments in
India by many leading multinational organizations,
especially in automobile manufacturing and information
technology, have resulted in an accelerated need for
additional power. Hence, there is a need for rapid growth of
the power generation sector. However, due to constraints in
the availability of fuel and environmental concerns, the
power generation sector has not kept speed with other
industrial sectors. One way of increasing the power
availability is by reducing the high losses in the existing
power transmission and distribution systems. In addition,
here is a demand for high quality power from customers for
custom power devices. Compensation for reactive power plus
unbalance into the power distribution system are key factors
in improving the power quality to the end user. Excessive
reactive power in the system increase feeder losses and
reduce the active power flow capability of the distribution
system but unbalance affect the action of generators plus
transformers in the system. DTATCOM is linked parallel to
load at the pcc as a custom power device injects the reactive
component based current to nullify the PQ problems.
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1. SYNCHORONOUS COMPENSATOR
(STATCOM)

In this, the principle of working of a DSTATCOM is
explained and its mathematical model is derived. Regulating
reactive power and regulating voltage at the bus is going to
supply with STATCOM by comparing with synchronous
condenser. The corresponding model circuit of a

synchronous condenser be exposed here figure. 1.
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Fig. 1: A Synchronous Condenser

Regulated AC source, which the voltage amplitude is
modified by varying the current in field. Loss will not taken
in to account, the phase angle difference can be assumed to be
zero, between the generator and the bus voltages.

By regulating the amplitude of AC source, the reactive
current injected with synchronous condenser can be
regulated.

E =V, the reactive current output is ‘0",

E >V, the SC acts as a capacitor.

E <V, the SC acts as an inductor.

0 = 0, the reactive current drawn (Ir) is given by

_-E)

X W
Similarly a STATCOM has corresponding circuit as of SC.
The voltage of AC is straightforwardly relative to the voltage
of DC voltage (Vdc) diagonally the capacitor. If an energy
source is in attendance on the DC part, the voltage Vdc
detained constant.

I1l. A SIMPLE ANALYSIS OF A 5-PH, TEN SWITCHES
STATCOM

The ten IGBT based STATCOM is shown in figure: 2.
Within ten steps the total circuit operation will be explained.
In step-1, ot is in between 0 and n/5, conducting the switches
1,7,8,9, 10. Every one of impedances are similar as well as
Z1, 74, 75 be similar having +ve signal and Z2, Z3 be similar
having —ve signal. There are in series each other explained as
two combinations in above.
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In steady state analysis which is a simple to understand the
operation of STATCOM, we assume that
(i) Infinite size of capacitor with that assumes the
constant DC voltage.
(i) Neglecting the losses.

The voltages Eans Eons Ecns E

obtain as of the equations below:
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Fig. 2: A Ten Pulse VSC Circuit
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If the circuit is symmetry
E,,+E,+E,+E4s+E, =0
from the above all equations
E.n +Eon +Eoy + Egy + Eoy +9V, =0
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The fundamental component frequency in terms of rms of

Ean Is
715 2715 7l2
Ealzi IV“° sin at + f Vo gin ot + j Ve gin ot (14)
72| 4 25 +51.665 25 2.5
Eal:0'45Vdc
The component of harmonic is obtain as

AR P

The rms of the primary element of current i.e., reactive
current, Ir be designed

| (v —0.45de)
' wlL (15)

The harmonic current in terms of rms be obtain when
- ((0.45 *VdC)j
h — 2% %
ih o*L ) (16)

The waveform of Ea, is shown in figure: 3.

IV. Fuzzy LoGIC CONTROLLER

Tnput Fuzzy o Output
— Fuzzyfication  — N > Defuzzyfication |—>
- Inference ’

Membership Membershp
Cp RuleBase . -

Function of mput Function of ontput
fuzzy set fuzzy set

Fig. 4: Schematic diagram of Fuzzy controller

Fig. 4, shows the block diagram or processes flow diagram
of fuzzy controller. In fuzzyfication stage inputs are to be
analyzed and weights to be updated which are available in
between input layer to the hidden layer. Fuzzy inference
stage, the rules formation takes place based on and, or and
and-or based with different types of operators like mamdani,
centroid, etc as a member ship functions. Defuzzyfication
stage, the outputs from the fuzzy inference, converting into
crisp values to numerical values based on these controlling of
the system depends. The rules matrix which 5 X 5, illustrated
in Appendix.

V. MATLAB SIMULATION, RESULT AND DISCUSSION

Five Phase DSTATCOM which is going to be compensate
the power quality problem like sag of voltage in the 5-Ph
distribution is shown in fig. 5. In fig. 6, voltages at load
waveform when the sag is happen in the system with healthy
condition the voltage is equal to 400V and unhealthy
condition the voltage is equal to 320V. As per the IEEE
standard the sag is in between 10% to 90% of its rated
voltage.
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Fig. 3: Output waveform of Five Leg Inverter Phase — A.
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Fig. 5: MATLAB Simulink model (Five Phase DSTATCOM)
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Fig. 6. Voltages under power quality problem

Fig. 7, represents the voltage waveform after cleared the
sag in the load voltages and the value is equal to 400V in all
the phases after introduce the reactive current in to the
system.

400V
Phase - A Voltage

400V
% hase - B Voltage

PR A AMATAAAR
£ = AN
EIAAMAANAANARAAAAAL £ IAAAAAANAARAARAAAA
3 VVYVUVVVVVVVVUVIVY 5 iUV VYUY

0 005 01 015 02 025 03 035 o 005 01 015 02 025 03 035
Time in sec Time in sec

NN NNANNAN
IAWAN
IRVRY
ViV VV \VARY)

0 0.ps 0.1 0.15 0.2 0ps 0.3 0.35
e in sec

volt

Voltage in

Fig. 7. Voltages without power quality problem
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Fig. 8. Level of voltage with PQ problem
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Fig. 9. Level of voltage without PQ problem
Fig. 8, shows, magnitude of the voltage when the system is
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in power quality problem because of sudden change in the
load. Normally the load is supplied by the 400V and once sag
is occurred with sudden change in load, the voltage is equal to
320V. Fig.9, shows the magnitude of the voltage waveform
in term of 400V before the sag happened and after the sag
happened. It is possible with the help of DSTATCOM.

VI. CONCLUSION

Industry and domestic required the quality of power and
efficiency of the systems like machines, lighting system and
other equipments. The power quality problems are mitigate
by the FACTS devices or controllers. If the load is suddenly
increased or raised then sag of voltage appear and then finally
mitigate with the help of DSTATCOM. The controller is
Fuzzy logic controller used to mitigate the sag of voltage by
controlling the switching operation of the DSTATCOM.

APPENDIX

Table 1: System Data used in Simulation

Parameters Values
Svystem Frequency 50Hz
Carrier frequency 2000Hz
Voltage of the load 420V
Voltage at DC bus 50V
Inductance & Capacitance of the Filter | 2.25mH & 2.75pF
Load -1 I0KW & 100 VAR
Load -2 ISKW & 10 VAR

Table 2: Fuzzy Rule Matrix

Error in Load Voltage
Negative | Negative | Zero | Positive | Positive
Big(NB) Small(N5) | (Z) | Small () | Big (P B)
Negative Big
NB NB NB NS Z
(NB)
Derivative s:}:%’&";) NB | NB |Ns| zZ PS
Enotin 5 @ | NB NS | Z | PS B
Load |5 ive
Voltage Small @) N§ Z PS PS PB
Positive Big
Z PS PB PB PB
(PB)
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