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Abstract

Generally, induction motor is fed by Current supply Inverter (CSl). During this project, hybrid model during which CS area unit
accustomed feed the induction motor, are introduced. CS employed in this work is SCR primarily based device. the standard gate
turn-off thyristor (GTO) primarily based CS-fed induction motor drives suffer from draw- backs like low-frequency torsion pulsation,
harmonic heating and unstable operation at low-speed ranges. so as to beat these drawbacks, STATCOM is an efficient answer for
facing such power quality issues. This report deals with one in all the potential applications of Satic Synchronous Compensator
(STATCOM) to industrial systems for mitigation of voltage dip drawback. The dip in voltage is mostly encountered throughout the
beginning of Associate in nursing induction motor. The model of STATCOM connected in shunt configuration to a 3 part supply
feeding dynamic motor masses is devel oped exploitation Smulink of MATLAB software package. Smulated results demonstrate that
STATCOM may be thought-about as a viable answer for finding such voltage dip issues. This thesis work aims at developing a
STATCOM for induction machines with reduced voltage dip.
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2 STATCOM AND FUNCTIONS OF |ITS
CONTROLLER

1. INTRODUCTION

Now-a-days current supply electrical converter ising
employed to feed the induction motor. however thigpot of

the CSl is similar sg. wave output and it's hav@mgoutsized
quantity of low order harmonics. If it's directhed to the
induction motor, then stator coil windings can betated. So,
it ends up in decrease within the lifetime of thadings.

In order to filter that low order harmonics, at thetput aspect
of the CSI, an outsized rated condenser bank idcgmg for

the filtering purpose. However adding the condehsek can
turn out lots of drawbacks. They're as follows.

1) It combines with motor inductance and produces

resonance drawback.
2) And price of the condenser bank is high relyippn
the rating of the capacitors

To overcome these drawbacks, during this work, hridy
technique is utilized within which a current supply
principally feeding the induction motor as in tyglic

methodology and Static synchronous compensatorhat t

output of the CSI. The CSI used here is SCR basestly
with none external commutation circuit.

The main advantage of this hybrid sort is that omcgone of
the supply is didn't feed, then the induction matil be pass
victimization another one supply thereby continuopsration
will be obtained. And vector management of the wtidun
motor is utilized here to supply the gate pulsestie CSI.

The STATCOM could be a three-phase and shunt céethec
power electronic devices. it\'s connected clos¢h&oload at
the distribution systems. the key parts of a STAMC&uare
measure shown in Figure a pair of.1. It consistsaofic
capacitance, three-phase electrical converter (IGByristor)
module, ac filter, coupling electrical device and effect
technique. the essential electronic block of th@ RBCOM is
that the voltage-sourced electrical converter thahverts
Associate in Nursing input dc voltage into a thpbase
output voltage at fundamental.

STATCOM uses Associate in Nursing electrical cotsfeto
convert the DC link voltage Vdc on the capacitaticea
voltage supply of correctable magnitude and pauot.tlse
STATCOM is treated as a voltage-controlled suppife
STATCOM may be seen as a current controlled supply.
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Fig.1 Basic building blocks of the STATCOM
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STATCOM uses Associate in Nursing electrical cotefeto e _ - o
convert the DC link voltage Vdc on the capacitaticea G T /"‘ Eitreat
voltage supply of correctable magnitude and pauot.tlse s 5 L™
STATCOM is treated as a voltage-controlled suppife Ry sl
STATCOM may be seen as a current controlled supply. P e 2 o

e //
The inductance L and resistance R that represdms t P il

equivalent circuit parts of the transformer andréf@re the
electrical converter is that the main part of tHEASCOM.

The voltage Vi is that the effective output voltagé the
STATCOM ands is that the power angle. The reactive power
output of the STATCOM is either inductive or elézaf
phenomenon counting on the operation mode of the
STATCOM the controller of the STATCOM is employedl t
work the electrical converter in such the way tint point in

Vs iT*wL

time between the electrical converter voltage dredetfore the (b) Electrical phenomenon mode (Vi >Vs)
line voltage is dynamically adjusted so the STATCOM
generates or absorbs the specified power unitegptinpose of i vi
association. L .

\\‘y//j?t‘ _nggi.ng
The part of the output voltage of the thyristordmhglectrical P - ““X_ . TR
converter, Vi, is controlled within the same methmetause i il B ‘»/
the distribution system voltage, Vs. Figure 2 shttves3 basic L \ o
operation modes of the STATCOM output current {Hat - N s

varies relying upon voltage Vi. If Vi is adequate gystem

voltage Vs, the reactive power is zero and theeefthire
STATCOM doesn\'t generate or absorb reactive poarce

Vi is larger than Vs, the STATCOM acts as Associate L
Nursing inductive electrical phenomenon connecteditsa

terminal. the present, |, flows through the eleetridevice

electrical phenomenon from the STATCOM to the astey,

and therefore the device generates electrical phenon N
reactive power. If Vs is larger than Vi, the STATRIGcts as

a electrical phenomenon electrical phenomenon aiadeo

its terminal. Then the present flows from the astam to the

STATCOM, leading to the device to soak up inductive (c) Inductive mode (Vi<Vs)
reactive power.

Vs
7

‘XJ“/ ¥ EI*WL

Fig 2 Operation modes of STATCOM

2.1 Main Options Of STATCOM

1. Power issue correction.
2. Current harmonics elimination.
3. Voltage regulation and compensate of reactive

- i power.
22STATCOM Controllers
1. PI Controller
2. physical phenomenon Controller
(a) No-Load mode (Vs=Vi) 2.2.1 Style of PI Controller

PI1 controller is shown in Figure 3. Pl controllsrdne among
the foremost wide needed controller within the ¢éradgcause it
is that the simplest to style. In projected systeme PI
controller is developed over the DC link voltage of
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STATCOM. The DC bus voltage is filtered then congobr
with the reference worth. so the ensuing erroraigve (n) =
Vdcr - Vdc(n) ) is obtained and therefore the outga(n) is
obtained as:

Vo (n) = Vo(n-1) + Kp (Ve(n)-Ve(n-1)) + Ki Ve(n)

Proportional Gain

u

Integral Gain Sum v

Integrator

Fig 3 PI controller

2.3 Style of Physical Phenomenon Controller

Physical phenomenon controller for the trailingreference
supply currents is shown in Figure 4. The erronalg of the
reference and therefore the actual (instantanesugpply
currents ar calculated and compared at intervalttla
physical phenomenon band that is usually one huhdrel
twenty fifth to5% of the present level. The managatrogic
used is given as isa < isa* - haemoglobin, then higher
switch of VSC is turned OFF and lower switch isneot ON.
The higher and therefore the lower shift deviceBIGn our
model) ar switched ON and OFF during a complemgntar
fashion. The physical phenomenon band haemoglasbirftén
varied. A slim physical phenomenon band ends uguiperb
and quick trailing of currents however shift freqag might
become too high. a good physical phenomenon baghtmot
offer effective trailing so resulting in the systeaurning into
unstable.
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Fig 4 Schematic illustration of PWM physical phenomenon
management

2.4 Management Theme
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Fig 5 Schematic diagram of STATCOM management theme

Figure 5 shows the management theme for voltageatgn

of the motor. Here we tend to use 2 PI controll@gse PI

controller theme is accomplished over the detecéed

reference values of dc bus voltage of the STATCOMe

second PI controller is accomplished over the deteand
reference values of ac voltage at PCC.The outputhef
primary Pl controller (Ispdr) is taken into accouat

amplitude of in-phase elements of reference proeigeents
and therefore the output of second Pl controllepdr) is

taken into account to be the amplitude of consiooct
elements of reference provide currents. a collactd in-

phase unit vectors (ua, ub and uc) ar calculatedivgling the

terminal voltages (vta, vtb and vtc) by their amyde (vtm).

Another set of three-phase construction unit curresttors
(wa, magnetic flux unit and wc) ar calculated vigdation in-

phase unit current vectors (ua, ub and uc)

The multiplication of in-phase amplitude with ingge unit
current vectors ends up in part elements (isalddyiand iscdr)
of three-phase reference provide currents and lkqual
multiplication of construction amplitude with consgttion unit
current vectors ends up in the construction eleméistqr,
isbgr and iscqr) of three-phase reference provioliesats.

Algebraical total of those in-phase and constructtements
leads to the three-phase reference provide curfesas isbr,
and iscr). These three-phase reference provideertgrrar
calculated exploitation three-phase provide voltaged dc
bus voltage of the STATCOM.

2.4.1 Computation of I n-Phase Elements of Reference

Provide Currents

The amplitude of in-phase part of reference provddeents
(Ispdr) are often calculated exploitation initial ntroller
over the typical price of dc bus voltage of the STDOM and
its reference counterpart.
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Ispdr(n) = Ispdr(n-1) + Kpd+ child vde(n) (1)

wherever vde(n) = vdcr- vdca(n) denotes the errowdlc
calculated over reference vdcr andaverage pricedofand
Kpd and child ar proportional and integral gaindha dc bus
voltage PI controller.

The output of this Pl controller provides the aryale of in-
phase part of the reference provide currents. Jiosec
elements of the reference provide currents ar coedpu
exploitation their amplitude and in-phase unit eatrvectors
ar derived from the availability voltages. The aityole of the
availability voltage is calculated as following:

vtm2 = 2/3(vta2 + vth2 + Vtc2) (2)

The unit vectors (ua, ub, uc) ar calculated as:

ua = vta/ vtm
ub = vtb/ vtm
uc = American statec/ vt 3)

The in-phase magnitudes of reference currents r(issldr,
iscdr) ar calculated as:

isadr = Ispdr ua
isbdr = Ispdr ub
iscdr= Ispdruc 4)

2.4.2 Computation of construction eements of
Reference provide Currents

The amplitude of construction part of reference vigle
currents (Ispgr) is computed exploitation seconadtitroller
over the typical values of the amplitude of providdtage and
its reference counterpart.

Ispgr(n) =Ispgr(n-l) + Kpq + Kiq vae(n) (5)

where vae(n)= vtmr- vtm(n) denotes the error in vtm
calculated over reference vtmr and average pricétof and
Kpg and Kig ar the proportional and integral gawofsthe
second PI controller. The construction unit currgattors
(wa, wb, wc) ar derived from in-phase unit curresttors (ua,
ub, uc) as:

wa=l/ (3)1/2
wb=/ 2(3)1/2

we=/2(3)1/2 (6)

243 Computation of Total Reference Provide

Currents

The overall reference currents ar calculated byatidition of
various in-phase and construction current elemasits

isar = isadr + isaqr
isbr = isbdr + ishqr
iscr = iscdr + iscqr (7

A PWM physical phenomenon controller is applied rotre
perceived (isa, isb and isc) and therefore thereatee values
of provide currents (isar, isbr and iscr) to getgating pulses
for the six IGBT switches utilized in the STATCOM.

3 LOAD COMMUTATED CURRENT SUPPLY
ELECTRICAL CONVERTER

In  Auto-Sequential Current supply electrical coneer
(ASCSI), 2 commutating capacitors, beside four dmdare
used for commutation from one combine of thyristtrghe
second combine. So, during this projected work load
commutated electrical converter is employed. Load
commutation means the thyristors change by revdrgahe
influence of the load elicited e.m.f. unremarkallyad
commutated electrical converter for the inductiooton is
employed for the aim of power reversal i.e for regation
method. during this work, SCR based mostly load roomated
current supply electrical converter is employechgh section
load commutated electrical converter CSl is shawhigure .

Fig 6 single phase LCI

3.1 Load Commutated CSI

Current supply electrical converter utilized instipirojected is
load commutated current supply electrical convetiat is of
SCR primarily based sort. ordinarily self commutgti
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switches like GTO, IGBT square measure utilizeddsl.
however in load commutated CSI electrical converter
thyristors square measure used with none extermelitc
during this project. Load commutation is outlinezthuse the
commutation or turning off of the thyristors by the#luence

of iatrogenic voltage within the load. The load couatation is
clearly shown in figure 7 . that this through theitshes
attains zero before the voltage attains.

v e
N :
e

Nl

commutatsd by
load

A

Fig. 7 Undulation Of Load Commutation

In this projected hybrid technique, this load conteited SCR
based mostly current supply electrical convertevigles the
important power demand of the induction motor. BERs
utilized in this LCI square measure commutated pgrative
this CSl in leading power issue. that's done aitable to the
injection of reactive current into the circuit byptoitation 3

level diode clamped electrical converter that istiomed on
top of. LCI utilized in this technique is shown figure 8.

These square measure principally utilized in indaist
applications for feeding the ac motor drives.
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Fig 8 LCI used in hybrid technique

4. PROPOSED HYBRID TECHNIQUE

Normally, the output of CSI could be a similar a@gve output
with a coffee order harmonics. It can’t be dirediy to the
Induction Motor. If it's directly fed thereto, thétil turn out
heat in stator coil Windings and its life time aeeluced. so as
to avoid this downside, in typical technique, aremsized
rating condenser bank is connected at the outpaca®f CSI
that filters the low order harmonics and therefreonverts
the similar sq. wave into part curving wave shdhd, there's
plenty of downside during this technique (i.e)

1. The price of condenser bank is high,
2. That condenser combines with the motor inductance
and creates resonance issues.

To beat the drawbacks of typical technique, thisriay
technique [4], [5], [6] during which a STATCOM isrnected
at the output of the CSI, is enforced here. OngvAdilter
used here.

4.1 Hybrid Technique

Figure 9 diagram of the planned hybrid technique that,
current supply electrical converter and STACOM squa
measure used. CSI is connected on to the inductiotor.
And STATCOM is connected to the input of the indact
motor. By victimisation this method, the inductiomotor is
operated within the leading power issue. STATCOM
connected as shunt compensator. It consists ofeg-fphase,
current controlled voltage supply device (CC-VS€3axiated
an electrolytic DC condenser. The DC bus condedseng
this case is employed to produce a self suppoB@dous AC
output terminals of the STATCOM square measure ectaul
through filter electrical phenomenon or electrigaénomenon
of the connecting electrical device STATCOM therefo
provides quick and economical reactive power coragion.
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Three phase soorce | AA Mator Load
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Fig. 9 Block diagram of the planned system

STATCOMs area unit usually applied in long distance
transmission systems, power substations and <ignitfi
industries wherever voltage stability is that theémary
concern.

Additionally, static synchronous compensators ar@aput in
choose points within the facility to perform thdldaving:
Voltage support and management

Voltage fluctuation and flicker mitigation
Unsymmetrical load equalization

Power issue correction

Active harmonics cancellation

Improve transient stability of the facility system

ok whE
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4.2 Description of Load Commutated CSI Fed

Induction Motor Drive

A current supply electrical converter accepts infrotm an

influence provide that acts as a current supplyeas of a
voltage supply. among some limits, a DC currentpbup
delivers a group current to a load while not resgecthe

resistance of the load or the voltage needed. @&sipower

sources, like generators and batteries, area ahliége sources
that deliver a group voltage to the load despie phesent
drawn by the load with in some limits where as &age

supply electrical converter produces associate Alfage by
switch the input voltage to supply positive and ateg

voltage pulses, a current supply electrical comreproduces
associate AC current by switch or steering the tirgourent to

divide the present into positive and negative milse

Current supply electrical converters are used lmaine
inverter section of AC to AC adjustable frequenaywer
conversion units like those used for AC motor speed
management. an oversized inductance between theolted
rectifier and electrical converter sections permitse
controlled rectifier to act as a current supply.eTieedback
circuit contains associate inner loop current ratul
associated an outer loop voltage or speed regulator

Some of the benefits of the planned system arda uni

1. The gate drive circuits for the thyristors areatuni
easy com- pared to those of the GTOs.

2. because the thyristors area unit employed in ptdce
GTOs, in the CSI, the drive will directly feed
medium-voltage dynamical motors [8].

3. The commutation method of the thyristors within the
CSl doesn't rely on the load.

4. The motor experiences curving voltage and current
that overcomes the drawbacks of the PWM voltage
fed adjustable speed drive like insulation failarel
heating of the stator coil windings attributable to
overvoltage.

5. Low frequency torsion pulsation is completely small
even supposing the CSI operational is working} in
six step operating mode.

6. The motor doesn't need an oversized rating elettric
device bank that was needed just in case of stdndar
methodology (i.e) in GTO primarily based CSI.

4.3 Details of System of the Planned Hybrid Scheme:

The management theme for LCI-fed induction motawedr
with curving voltage and curving current is accoistpdd
through harmonic and reactive current injectiontlog active
filter (VSI) in an exceedingly desired manner. FiyulO
shows the careful diagram of the system of thengdrdrive
theme. The active current needed by the motorrigraited by
dominant the dc link current of the LCI. so as tylessuch a
controller, field-oriented management is utilizéRotor flux

orientation may be a natural selection for decagpthe flux
and torsion manufacturing currents of the inductiootor.
Contrary to the sphere orientating management &AMV
VSI-fed induction motor drive, flux and torsion mdacturing
currents of the induction motor don't seem to beeatly
controlled. Instead, the torsion manufacturing entr is
controlled, by dominant the dc link current of th@l; the flux
manufacturing current of the motor is controlleddpminant
the reactive current injection by the active filteonnected at
the motor terminal. Broadly, the system of the €flrive has 2
main objectives.

a) Speed and torsion management of the inductiotonmo
keeping the motor flux constant, i.e., freelancenaggement of
motor flux and torsion.

b) Management of reactive current and harmonic ectirr
injection by the active filter.

The main aim of this system details is to explaire t
subsequent.

1) Vector management or field orientating managedmugn
CSl-fed induction motor drive

2) Reactive current compensation by the activeerfilfor
eminent load commutation of the SCRs within the.LCI

3) Harmonic current compensation by the activeffi{VSl) to
realize curving motor current and voltage wave form

From then on top of statements, we are able totlsay the
$64000 power is provided by the CSI and reactivegrois
provided by the VSI. and also the reactive powgecition
helps in load commutation of thyristors employeCial.

bt pereson arild et

Fig 10 Block diagram of the control structure of the @riv
scheme
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5. EXPERIMENTAL RESULTS

The STATCOM controller is shown in the graph. Theed is
rating is reach 1500rpm.And also controls the THDthe
input voltage and current.

Fig 11 Output waveform of vector control of load commatht
CSl fed induction motor drive

CONCLUSIONS

A model of three phase source feeding motor loadsteen
developed using PSB and Simulink of standard MATLAB
software. The size of the capacitor used is verglisand
operation without capacitor is also possible. Beeaaf the
presence of current loops, vector control is imgetad and it

is ensured that active power is always sourcedhgyGSI
Sudden application of an induction motor load rssinl large
starting currents which results in sudden dip intexeninal
voltage at PCC The extent of voltage dip with antheut
STATCOM controller is compared This voltage dipoisthe
order of 563% without any controller. This dip isry large
and it may affect the functioning of other sensitequipment
connected at PCC Model of STATCOM system applied in
shunt configuration has been developed The STATCOM
control utilizes two PI controllers for regulatingC link
voltage and also the ac terminal voltage at PCCSihmilated
results have shown that STATCOM application redutbes
momentary dip to from 563% to 407% only The voltalie
can be reduced by proper tuning of Pl controllerd ase of
fixed value of AC capacitor.

The future scope in the control method used hereettor
control of induction motor. Instead of this contmolethod,
sensor less vector control can be used to imprdwe t
performance factors of inverters as well as theudtion
motor. And the rating of capacitor bank can be ceduby
using three level current source inverter therebycan reduce
switching losses, THD and the output can be imptove
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