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ABSTRACT

The aim of this project is to develop a model and control scheme for Distribution
STAtic COMpensator (DSTATCOM) using c++ program. DSTATCOM is an emerging
FACTS controller which is used to maintain a good voltage profile and for power factor
improvement in a power system network, This project develops a method to operate a
distribution static compensator (DSTATCOM) as a voltage regulator 1o maintain the
voltage of a specified bus and assumed that the source voltages and loads are balanced
and sinusoidal. The magnitude of the bus voltage is pre-specified while its phase angle is
generated from the de capacitor control loop. A hysteresis current controller for inverter
is used for voltage tracking using the DSTATCOM. The customers connected to that bus
would be supplied by a set of distorted voltages due to sudden load variation. Therefore,
a DSTATCOM can be used at this bus to maintain quality voltage profile. The proposed
structure is verified through detailed simulation and experimental results.
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CHAPTER -1
INTRODUCTION
1.1 GENERAL

In the last two decades, various schemes of load compensation have heen
proposed. These schemes can cancel the effect of unbalance and distortion in currents and
can also correct the power factor at the load bus. All of these schemes assume the source
voltages to be balanced and sinusoidal. The itive loads must be protected by a
compensator that can regulate the bus voltage to provide balanced sinusoidal voltage of

pre-specified magnitude.

In & distribution system, there may be several compensating devices. However, in

a radial distribution system, the voltage of a particular bus can be di d or
if the loads in any part of the system are i or I d. The
connected to that bus would be supplied by a set of unbalanced and distorted voltages,

even when their loads are not contributing to the bus voltage pollution.

Therefore, a DSTATCOM can be used at the distribution bus to reduce voltage
imbalance by absorbing or injecting reactive power.

1.2 PROBLEM STATEMENT

A five bus balanced system is used as the test system. A single phase inverter
circuit supplied by two neutral clamped DC storage capacitors realizes the DSTATCOM
which is connected at fifth bus of the distribution side. The itude of the ref
voltage is chosen as nominal value, while its phase angle is obtained through a feedback
loop that regulates the voltage at the point of common coupling. DSTATCOM is to be
designed for the balanced system using C++ programming.

CHAPTER -1
INTRODUCTION

1.3 OBJECTIVE
« A closed loop control scheme, consisting of an outer DC capacitor voliage loop
and an inner load angle control loop is to be designed.
« The control scheme is to maintain the power balance a1 the PCC (Point of
Common Coupling).
+ Finally, the DSTATCOM is to be designed for balanced system which will
regulate the voltage profile of the distribution bus to which it is connected.

1.4 ORGANIZATION OF THE REPORT
Chapter | explains the motivation for this project to be undertaken, the brief

description of the problem bjective, and the ization of the
report.

s Chapter 2 depicts what DSTATCOM is all about and its operations with the
help of sch jic and diagr ic rep i

Chapter 3 is “Types of Voltage Source lmverters (VSI)". This chapter
presents the various types and topologies of voltage source inverters, its
operation, switching dynamics along with design of various parameters of
VSI.

s Chapter 4 explains the “Hysteresis Current Controller” and how it works in
the DSTATCOM. This chapter also provides the switching scheme of the
controller.

« Chapter 5 provides a method to operate the distribution static compensator
(DSTATCOM) as a voltage regulator to maintain the voltage of a specified
bus.

»  Chapter 6 explains the overall project in the form of flowchart and algorithm.
Therefore, this chapter gives the complete sketch of the project.

+ Chapter 7 gives the test system description and its structure. The input data,

results and di ions scheme is also explained in this chapter.
& Chapter 8 concludes the works done so far. Extending, it also gives the future
of DSTATCOM.



CHAPTER -2
D-STATCOM — AN OVERVIEW

processing of the voltage and current waveforms in the voltage source converter {VSC).
A single-line STATCOM power circuit is shown in the Fig.1.1 where & VSC is connected

1o a utility bus through magnetic coupling.

Eeom
(Internal Voltage)

Fig.2.2.Shunt connected variable solid state voltage source.

In Fig.1.2, a STATCOM is seen as an adjustable voltage source behind a
reactance i.e., the capacitor banks and shunt reactors are not needed for reactive power
generation and absorption, thereby giving the STATCOM a compact design, or small
footprint, as well as low noise and low magnitude impact.

The exchange of reactive power between the converter and the AC systems can be
controlled by varying the amplitude of the 3-phase output voltage Es, of the converter as
illustrated in the Fig .1.3. That is if the amplitude of the output voltage is increased
beyond that of the militybusvnlm;:.ﬁ,u-mﬂwammnmmmuynmcmw
from the converter to the AC system and the converter generales capacitive- reactive

CHAPTER -2
D-STATCOM — An Overview

2.1 INTRODUCTION

This chapter prescnts the operating p inciples and applicati of highly
versatile controller — the STATCOM. This FACTS controller is based on nonthyristor
devices such as gate tum-offs (GTOs) and insulated-gate bipolar transistors (IGBTs)

A STATCOM is analogous o an ideal synchronous machine, which
& a balanced set of three sinusoidal volages- at the fundamental frequency- with
controliable amplitude and phase angle. This ideal machine has no inertia, is practically

instantaneous, does not significantly alter the existing system impedance, and can
internally generate reactive (both capacitive and inductive) power.

2.2 DEFINITION
A distribution shunt-connected reactive power compensation device that is
capable of generating and/ or absorbing reactive power in which the output can be varied
1o control the specific parameters of an electrical power system.
In general a solid state switching converter capable of generating of

bing independent! Ilable real and reactive power at its output terminals when
it s fied from an energy source or energy- storage device at its input terminals.

A voltage- source CONVETIER that, from a given input of DC voltage,
produces a set of 3- phase AC output voltages, each in phase with and coupled to the
corresponding AC system voltage through a relati 1y small (which is provided
by either an interface reactor or the leakage ind of a coupli fi ). The
DC voltage is provided by an energy stormge capacitor.

2.3 PRINCIPLE OF OPERATION
A STATCOM is a controlled reactive power source. It provides the
desired reactive power generation and absorption entirely by means of electronic

Es>Ei

Eac
(Absorbs Q)

Fig 23 Reactive poes exchungy betenen
comverter and e AC syvhem.

power for the AC system. I the amplitude of the output voltage is decreased below the
utility bus voltage, then the current flows from the AC system to the converter and the
converter absorbs inductive- reactive power from the AC system. If the output voltage
equals the AC system voltage, the reactive power exchange becomes ze10, in which case
the STATCOM is said to be in floating state.

Adjusting the phase shift between the converter output voltage and the AC
input voltage can similarly control the real power exchange between the converter and
the AC system. In other words, the converter can supply real power to the AC system
from the DC energy storage if the converter output voltage is made to lead the AC system
voltage. On the other hand, it can absorb real power from the AC system for the DC
system if its voltage lags behind the AC system voltage.

A STATCOM provides the desired reactive power by exchanging the
instantaneous reactive power among the phases of the system. The mechanism by which
the converter internally generates and/ or ahsorbs the reactive power can be understood
by considering the relationship between the output and input powers of the converter. The
converter switches the DC input circuit directly to the AC output circuit Thus the net
im:mwspcwutheaComputwminalsmus:MsbeMwummt
instantaneous power at the DC input terminals (neglecting the losses).



I it is assumed that the converter is operated 1o supply only the reactive
power output, the real power provided by the DC source as the input to the converter
must be zcro. Furthermore, because the reactive power at zero [requency (DC) is by
definition zero, the DC source supplies no reactive power as the input to the converter
and thus clearly plays no part in generation of reactive output power by the converter. In
other words, the converter simply interconnects the three output terminals so that the
reactive output currents can freely flow among them. If the terminals of the AC systems

are regarded in this context, the blishes a circulating reactive power

exchange among the phases. However, the real power that the converter exchanges at its
AC terminals with the AC system must, of course, be supplied to absorbed from its DC
terminals by the DC capacitor.

Although the reactive power is g d i liy by the
switches action, a DC capacitor must still be connected across the input terminals of the
converter, The primary for the capacitor is to provide a circulating current path and acts
a5 a voltage source. The magnitude of the capacitor is chosen so that the DC voltage
across its terminals remains fairly constant to prevent it from contributing to the ripples in
the DC current. The VSC output voltage is in the form of a staircase wave into which
smooth sinusoidal current from the AC system is drawn, resulting in the slight

fluctuations in the output power of the converter.

Depending on the figurati ployed, it is possible to
Iculate the mini paci required to meet the system requirements, such as
ripple limits on the DC voltage and the rated reactive power suppert needed by the AC

system.

The VSC has the same rated current capability when it operates with the
capacitive or inductive reactive current. Therefore, a VSC having cerain MVA rating
gives the STATCOM twice the dynamic range in MVAR (this also contribute 10 a
compact design). A DC capacitor bank is used for the operation of the VSC.

CHAPTER - 3
TYPES OF VOLTAGE SOURCE INVERTERS

The reactive power of a STATCOM is produced by means of power
electronic equipment of the voltage source converter type. The VSC may be a 2-level or
3-level type, depending on the required power outpul and voltage. A number of VSCs are
combined in & multi-pulse connection to form a STATCOM, In the steady state, the

VSCs operate with i | frequency switching to inimi losses.
However, during transient conditions caused by the line faults, a pulse width modulated
(PWM) mode is used 1o prevent the fault current from entering the VSCs. In this way, the
STATCOM is able to withstand wransients on the AC side.

CHAPTER -3

TYPES OF VOLTAGE SOURCE INVERTRERS

3.1 GENERAL
The parameters and dynamic performance of the voltage source

inverter (VSI) in current tracking mode play an important role while compensating
unbalanced and non-linear loads. A VSI is generally operated in hysteresis band current
control mode to track the desired reference currents and to inject them at the point of

pling. The is band current ller has like si
in i ion and fast
Parameters,

is mostly independent of load

P Also, its op

3.2 VARIOUS VSI TOPOLOGIES
3.2.1 THREE-PHASE, THREE-LEG VSI TOPOLOGY

fw POC

2
1

e e monbiseis
Ioad

Fig 3.1 Three phase, three leg VST topalogy
The zero sequence currents in the load cannot be compensated and hence the zero
sequence currents flow in the neutral wire (N = n1) between the source and the load. The
zero sequence current thus retums to the power distribution system, thus degrading the
power quality. The generation of the three compensator currents is not independent.

Hence, this scheme is not suitable for three-phase, fe i ion system with load

currents ining zero




3.2.2 THREE-PHASE, FOUR-LEG VSI TOPOLOGY
Three of its legs are connected to three phases and the fourth leg is connected

to the load and supply neutral through an interface reactance. The reference current

for the fourth leg is the negative sum of three-phase load currents. This nullifies the
effiect of DC component in load current. To ‘maintain adequate charge in the DC storage
a Pl controller is used to regulate the flow of real power from the source 1o

capacitor, e
P ‘When the pensator is working, the zero sequence current containing
itchi q p and i T is routed through the path
n—n' . Using fourth leg of inverter, the negative of zero sequence current (0= i) is
racked.
v, be _POC b
i o S e
Cae:

Fig 3.2. Three phase four leg VST topology "
3.2.3 THREE-PHASE, H-BRIDGE VSI TOPOLOGY
mwposeofmmmfummiswpmide isolation between the inverter
revent the DC storage capacitor from being shorted by switches in

legs and 10 P :

dmmm.%t@mhmkw;@kfuwmdlm

currents ining DC comp due to the p of the isolation transformers.
12

3.2.5 THREE-PHASE, NEUTRAL CLAMPED CHOPPER-INVERTER
TOPOLOGY
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Fig.3.5. Three phase, neutral clamped chopper- inverter topology

The function of the chopper is to transfer energy between the two DC capacitors
0 as to make their voltages close to the reference value. The chopper circuit requires
an additional control hence i the control i

3.3 SWITCHING DYNAMICS OF THE VSI

The reference and actual currents marked with time instants are shown in this
fig.(9); an arbitrary reference filter current is shown by a discontinuous curve. The upper
and lower limits of the reference currents are created by adding and subtracting the
hysteresis band from the filter reference current. To track the positive lgerat any time b,
the switch | § is closed and 4 § is opened. This connects Vo to the inverter and the
actual filter current rises from (Iper -h) to (lies © +h) through les . Onee the current Iy
crosses the upper limit (I *+hJ, it has to be brought back within the pre-defined
band. To do this, switch 4 5 is closed and the switch | § is opened. However, if the
current f i remains positive, the switch 4 § will not conduct and conduction takes
place through diode 4 D . When 4 § or 4 D conduct, the control input Vaz is connected to
the VSI. Similarly for negative current and positive slope current, diode | D conducts
instead of switch 51

Fig33. Three phase, H-Bridge VS topelogy

3,2.4 THREE-PHASE, NEUTRAL CLAMPED VSI TOPOLOGY

'msmpomisue!l_.',,-‘:o mp DC comp elmcload,zlmduz
mmepmeoibcmmpomnmin\?ﬂs.lhuwnc capa:imurxmdwsadwéﬂfmm
voltages. The total voltage of DC capacitors however is maintained constant ‘f’ 'f"m a Pl
voltage control loop. 1t is not only the DC current in load which can make drift in the DC
capacitor voltages from the reference value, but also the unequal capacitance leakage
currents, unequal delays in the semiconductor devices

Yot n) U= )
e | e |
Fig.3.6.Switching dynamics of the VST

3.4 DESIGN OF VARIOUS PARAMETERS FOR VSI

3.4.1SELECTION OF DC LINK VOLTAGE

The total ic distortion (THD) of the d source current is taken
as the figure of merit. When the DC link voltage is approximately equal to 1.6 times the
peak AC supply voltage, the percentage THD in the compensated source current is
minimum. Due to the practical constraints, the DC link voltage should satisfy the

following condition.

Vm<Vde<Vdevice/2
Also,
1
(1 1 pyeenin / fowmax)
we should select fowmi in such a way that the variation in the switching frequency
{ s Afiw) is & minimum with a reasonable value of DC link voltage. Once the DC link
voltage is computed, the selection of DC itor value is imy It can be selected

based on the ability to regulate voltage under load transients.



3.4.2 SELECTION OF DC STORAGE CAPACITOR
Let us further assume that, the VSI compensator deals with half (ie. X/ 2) and
twice (i.e. 2X) kVA handling capacity under the transient conditions for n cycles with
period of the system voltage T . Then the change in energy to be dealt by the DC
capacitor is given as
AE=(2X-XI2)nT
Now this change in energy should be supported by the DC capacitor.

P2 S
“TER -04ry

3.4.3 SWITCHING FREQUENCY OF THE Vsi

Practically, the maximum switching frequency of the VSI depends on the type of
power switches used. To achieve higher switching frequency in the range of 100 kHz,
MOSFET switches should be used, but their voltage and current rating are smaller
compared to IGBT. The IGBT switches are generally preferred due to their higher power
handling capacity, good switching speed and low gating power. Typically, the switching
frequency of IGBT switches is around 20 kHz, but it is recommended to operate at 10
kHz range.

3.4.4 SELECTION OF HYSTERESIS BAND
If a low value of hysteresis band is chosen, the bandwidth (switching frequency)
quil of the inverter high. Similarly, when interface inductance is quite
large, for a given bandwidih of VSI, smaller hysteresis band is required to maintain the
product, hLf,as a constant when hysteresis band is high, the losses incurred due to the
Jatter will be large as compared to switching losses. Hence, a cost function is formulated

as given below.

2
;:k‘wm I
8hml,

To minimize the cost function J with respect to h, Eqn. (4.1T)is differentiated and

CHAPTER -4
HYSTERESYS CURRENT CONTROLER

cquated to Zero.

;,,[*‘_21’
k am

1

)

The constant k2 is solved by approximating ohmic losses due to hysteresis

Mo = k’i'mr )= (igy "")}:Rr

Considering variation in R f from 0,06 to 0.4 €1, the corresponding values of & are found

to be 10% and 4% respectively.

CHAPTER - 4

HYSTERESIS CURRENT CONTROLLER

Hysteresis current control is one of the PWM techniques used. Among the various
‘WM techniques, the hysteresis band current control PWM method is popularly used because of

s simplicity of impl Besides fast-resp current loop and inherent-peak current
imiting capability, the technigue does not need any infe ion about system p.

Sinusoidal command currents are compared with the respective machine phase
urrents and the resulting errors through b is-band current Il d the
-ansistor base drives, as is shown below. The hysteresis bands that are pormally fixed and the
ame for all phases in a conventional system are shown being updated from a microcomputer in
1e proposed adaptive band system. The band (HB) can be modulated at different points of the
indamental frequency cycle to control the PWM switching pattemn of the inverter.

{ence the contral method can be suitably denoted as follows and it is shown in Fig.4, 1which is
& control scheme of the hysteresis current controller.

Upper switches lower switches
la < 1,-hb OFF ON
I, < 1,#hb ON OFF

Here, Iy is phase current

Iy is reference current

hb is hysteresis band.

The same condition is repeated for other phase curvents also.



HB To Thyristors

Fig.4.1. Control Scheme of hysteresis current controller

Current and voliage waves with hysteresis-band current control is shown as in Fig4.2
)y Upper Switch
Qs Lower Switch

The current i, tends to cross the lower hysteresis band at point I, where the
ransistor Q1 is switched on. The lincarly rising current (i, +) then touches the upper band at paoint
+, where the transistor Q4 is switched on.

Hence in this method current is maintained within the limit and accordingly lower or
\pper switches are made ON or OFF.

CHAPTER - 5
PROPOSED CONTROLLER FOR DSTATCOM

0.5V

Fig.4.2. Current and voltage waves with hysteresis-band current control
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CHAPTER -5

PROPOSED CONTROLLER FOR DSTATCOM

In this project, a method is proposed 1o operate the Distribution STATic
COMpensator (DSTATCOM) as a voltage regulator to maintain the voltage of a specified
bus. The magnitude of the bus voltage is pre specified while its phase angle is generated
from the DC capacitor control loop. A deadbeat controller for inverter is used for voltage
tracking using the DSTATCOM.

The control method propesed in this method is a two loop control method. This
mmethod is explained in detail as follows

When two DC storage capacitors are supplying the DSTATCOM, the average of
real power entering the PCC (terminal) from source must equal the sum of average load
power and the losses in the DSTATCOM, Otherwise, the capaci will i 1
cither charge or discharge. The magnitude of the terminal voltage can be arbitrarily

chosen up to a cenain limit. The Jower limit of W, is decided by the maximum
permissible value of its angle & < x 72 with respect to the source voltage, while its upper
Timit set by the voltage rating of the inverter and the DC capacitors. The phase angle must
be adjusted in a closed loop for power balance. The nominal value of the terminal voltage

is chosen to be 1.0 p.u. and the phase angle is lled by a two-loop feedback control
shown
2Vt & (Output)

Vo= VatVa

Fig.5.1. Proposed controller for DSTATCOM

3



5.1 OUTER VOLTAGE LOOP

Assuming that the voliage across each capacitor is Yy, the total voltage across the
DC link is 2 Vi The deviation of this total voltage from its reference value (2Vee) is 2
good indication of losses in the inverter. Therefore, we add the two capacitor voltages
and compare the total with the reference value. It is to be noted that the DC capacitor
voltage usually contains the switchi Therefore, i

P its
instantaneous value with that of the reference will result in a large eror in control.
Instead, the average value of the DC capacitors can be regulated around the

value. Alternatively, the value of the total voltage across the capacitors at the end of a
cycle can be regulated around a reference value. This is done through a proportional
controller with a gain of Kpy The output of this controller is Poeer which is the amount of
power that must be drawn from the comp in order to maintain the DC

volage.

Paeer- Kpv (Ve 2Vrer)

V, . the summation of voltage across the two capacitors Since the loop maintains the
capacitor voltage, we call it the outer voltage loop.

5.2 INNER POWER LOOP

The power angle & (which is the phase angle between the terminal and the source
voltages in their respective phases) is computed in such a way that it ensures that the
shunt link draws an amount of power P that is equal to Pyee To achieve
this, a Pl controller is used, the output of which is power angle 5. This is given as

5= Kea (Pt = Patmer ) + Kis [ (Pt - Piser )t
where Ky and K These gains must be carefully chosen, as high gain may cause
unnecessary oscillations and may even cause instability.
It is to be noted that a positive value of P corresponds to a direction of power
flow from the compensator into the bus, which reduces the DC capacitor voltage. In the
steady state, the average value of Py, is negative due to the inverter losses. The

24

CHAPTER - 6
ALGORITHM AND FLOWCHART

instantancous value of Py, obtained from the above equation is averaged over a cycle.
This average value is denoted by and is used to implement the inner power loop o
compute, as shown in block diagram. The angle is defined with the source voltage as
reference. Thus, we require the zero crossing of the phase voltage of the source. This
information can be obtained through telemetry when bus to be controlled is remotely
located, The reference voltages for the PCC bus are given as

Vgetn™ Ve 8in {eat-5)

Vyen= Vi in (ot 2a/3-B)

Virete™= Vi sin {0k + 2n/3-8)
Where V., is the desired magnitude of the peak terminal voliage and @ is the fundamental
frequency of the system.

53 SYSTEM DATA

W'——_ [565V = 10%, Sinusoidal and may contain |
‘harmonics and exhibit swell, sag

Terminal bus voltage 565V (peak), Sinusoidal, balanced (R I
|

Feeder Impedance [ iwram ——____j

BC Copacitos ©1,CD) 2200uF cach |

m‘iimn—'____ﬁq
AC Capacitors (Ca, Ca Ci) T 50uF in each phase — 1

Wm K= 10 I
e

& Control loop gains Kps = de-6, Kiy= 8e-6

Reference voliage of total DC Capacitor Moy \

voltage -

Contral signals hysteresis band for each e ]

s |

: —

Table 5.1, System Data

CHAFPTER -6
ALGORITHM AND FLOWCHART

6.1 ALGORITHM

Stepl: Read all bus data, line data, tolerance, CORVergence, etc.

Step2: Run load flow for 1=0 sec to t=ml-1 sec.

Stepd: At t=m| sec, Create disturbance.

Stepd: Run load flow, calculate voltages of all buses.
Err =Vref-V{i], where, i = disturbance created at i bus.
If Err>0.0001, go to step 5.

Step 5: Calculate Qstat, power injection from D-STATCOM according to the change in

load.

Step 6: Q[il= Ort Qan
go to step 4.

Step T: R:peump-twéupwuquired time period.
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6.2 FLOWCHART

Run load flow for =0 sec
to t=m-1 sec

Create disturbance at
t=ml sec

Run load flow and
calculate voltages of all
buses

err=Vref-Vii]

Mo

CHAPTER -7
TEST SYSTEM, RESULTS AND DISCUSSIONS
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CHAPTER -7 DSTATCOM can be used at this bus to reduce harmonics and balance the bus voltages.
TEST SYSTEM, RESULTS AND DISCUSSIONS ) . . _
Consider the three-phase, four-wire radial system shown in fig (7.1) Let us assume that
7.1 TEST SYSTEM we would like to correct the voliage of bus 5. The single-phase Thevenin equivalent of
“The test system used in this project was a five bus system with the DSTATCOM the system is shown in Fig(7.2). Here, and constitute the Thevenin equivalent looking
mmmedlomeﬁﬁhbus.llmﬂwvﬂmol’mﬁn}lw.&usﬂlueﬂ " i the left into the network, while the eq ivalent load is the imped teoking

toward the right into the network, at bus 5. Since the DSTATCOM is connected at this
bus, it is called the point of common caupling. We now have to use the DSTATCOM in
the voltage control mode at bus 5. However, since the Thevenin equivalents can change

s Preryey
any time depending on the load, it is desirable that these parameters are not used in the
nazasd voliage controller design. Below, we present @ voltage control technique that only
requires the timing information from the source for synchronization
[Tt
i DETATCOM

) Fig 7). Test Sytam ~ 4

7.2 INPUT DATA

The input data for the above system is as follows

Bus No.
PCC
1
3 Equivalent load iy
3 " . . -
o Fig.7.2. Thevenin's equivalent circuit
5
The DSTATCOM is realized by a two-level neutral-clamped voltage source
converter (YSC). A filter capacitor is used in parallel with the VSC circuit to provide a
path for the high-frequency components. The PCC is referred to as the terminal in this
In a distribution system, there may be several compensating devices. However, in thesie.
a radial distribution system, the voltage of a particular bus can be distorted or unbalanced
if the loads in any part of the system are i or unbalanced. The

connected to that bus would be supplied by a set of unbalanced and distorted voltages,
even when their loads are not contributing 1o the bus voltage pollution. Therefore, a

30
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7.3 SWITCHING CONTROL

Fig.7.3. DSTATCOM inverter circuit
As joned earlier, the switching variable is ¢ ined to be £1. One leg of
the neutral clamped inverter is chosen 1o realize DSTATCOM. Here, there are two DC

storage capacitors, namely, C1 and C2 and the voltage across each capacitor is
maintained at V.. The status of the top and the bottom switch is complementary which is
shown in Fig.7.3. This means for, the top switch is closed (open), while the bottom
switch is open (closed) connecting the output of the inverter leg to . Therefore, through
switching the inverter supplies a voltage. The variable controls the status of the inverter
switches through gate drive circuits. The swilching variable is obtained from the
continuous signal by a hysteresis action around zero, i.c.
1If Ue(k) = hthen u=1
Else if Uc(k)<-h then u=-1
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7.5 DISCUSSIONS:

With respect to the graphs obtained from the simulation results, the following
statements are made,

+  For 0 to 50sec, no disturbance, the normal voltage is 0.975208V

«  At51st second, a load increase causes voltage to drop to 0.972988V

+  When DSTATCOM is introduced at S1st second, the voltage improves and attains
steady value of 0.978605V at 92nd second.

« At 200th second, the load is brought back to its normal load. Therefore, the
voltage attains its original value of 0.975208V

+ At 251st second, again load change is introduced. But DSTATCOM compensates
w 0976719 at 286sec
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7.4 RESULTS:
The results obained from the simulation is plotted and the resulted graph is

shown below,

ry

Capacitor Voltage(V}

0 100 200 Time(ms} 300 400

Fig.7.4.Total DC Capacitor Voltage

0.984

0.982 +
0.98 |
0978

=
9
@

Voltage at PCC in PU

0974 |

0972 + — - S R = -
0 100 200 Timelms) 300 400

Fig.7.5. Voltage at PCC
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CHAPTER - 8
CONCLUSION




CONCLUSION

In the present work, an algorithm has been proposed 1o balance the sudden
voltage fluctuation that arises due to load variations in a balanced radial distribution
system.

+  Thus, a single phase inverter circuit supplied by two neutral clamped DC storage
capacitors realized the DSTATCOM.

« A closed loop control scheme, consisting of an outer DC capacitor voltage loop
and an inner load angle control loop is used.

+ [tis shown that the DSTATCOM can regulate the voltage of the terminal bus at a
nominal value against any distortion in the load side.

In future,
+  DSTATCOM can be implemented to unbalanced systems

+ This could be made use for Power factor Comection and Neutral cument
elimination.
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