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This paper presents the application of distributistatic compensator
(DSTATCOM) for mitigating the frequently occurringgblems of voltage
dips in autonomous systems. Consumer loads areierpig proliferation

of induction motors. The starting of induction mwtalraws large current
causing voltage sag (dip). Autonomous Power systeaomparatively less
stiff than the grid connected system. Large stgrtiturrent, causing
objectionable voltage drop, is critical for an admous system.
DSTATCOM has been effectively used to redeem thisvguoquality

problem. An asynchronous generator with a motord ldaaving a
DSTATCOM connected in shunt is simulated on a MATLpRtform using

Simulink and Power System Block set. The simulatestablishes the
capability of DSTATCOM to mitigate the voltage digoplem for an

autonomous system.
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1. INTRODUCTION

Depletion of fossil fuel and its rising cost hascfed mankind to look for (1) efficient and propseu
of conventional fuel (2) alternative or nonconventl source of energy. Thus improving power quaitygl
use of nonconventional resources has become tbstthrea of modern electric power system. Soladwin
and hydro are some of the sources of energy whatemewed in nature and have not been fully etquoi
Focus has now shifted to these untapped sourcesesfy. Small hydro generation potential existguite
large number in the remote locations of the hilleese have the capability to feed local loads aitd w
improved quality of power at comparatively lessdstments. Further reaching the grid power to these
isolated areas using overhead conductors or cablaset feasible due to prohibitive cost of transiua
system. The small hydro generation calls for a geoe which is easy to install, cost less, easp&intain,
rugged and reliable. One generator which met alhefrequirements is the induction generator [Hus'
autonomous asynchronous generator (AAG) with itdtation requirement being met by a capacitor bank
connected across its terminals [2]-[7], has bectivaanmost suitable option.

Among the consumer loads induction motor loadsgaiite predominant. They draw large starting
current (5- 6 times of full load current) and prodwa sag in the power system voltage [8]. This nayse
the autonomous generator to be used at de-ratetlifewany induction loads are started simultangousn
effective solution can be the use of a DSTATCOMhwiite induction generator. This shall provide fast
control on the voltage variations & sags (dips) ahdll also provide adequate reactive power sufapthe
system [9]-[16]. Further the static excitation riggment of AAG provided by the capacitor bank can b
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reduced to no-load level and additional reactive/grorequirement of the AAG on load and that of lied
itself can be provided by the DSTATCOM. Thyristaskd reactive power compensation has been initially
provided for reduction of voltage flicker due ta@ dnrnace loads [9]-[10]. However, due to the drachs of
passive devices like large size, fixed & step comgpéion, possibility of resonance etc. and the faat
dynamic compensation is possible with DSTATCOMas become the state or art means for power quality
improvement. Use of STATCOM & DSTATCOM for power ality improvement has been reported by
many authors [11]-[16]. Akagi et al [17] proposedtantaneous reactive power compensator usingtsagtc
devices without energy storage components. Howthigmwas proposed for grid connected systems. Ghosh
and Joshi [18] proposed use of DSTATCOM for compéoa of distribution systems. Larsson et al,
Schauder, Blazic & Papic, and Zhang et al [12]-[pE}posed the use of STATCOM for the mitigation of
flickers produced by arc furnace and other loadSud, et al [16] proposed the use of DSTATCOMtfe
mitigation of flickers produced by arc furnace.

This paper presents the application of DSTATCOM dompensation of dynamic loads of an
autonomous asynchronous generator system. AutoreiPower system is comparatively less stiff than the
grid connected system and voltage sag produced lmeaynore severe. The DSTATCOM is used for
providing dynamic voltage regulation during shautation of induction motor starting and thereby idirag
large voltage dips. Further its use reduces the glizhe static capacitor bank, which is now usedrovide
only the no load excitation. B. Singh and J. Soldi®] presented a comparative study of the control
algorithms used with DSTATCOMSs for load compengati€Kazmierkowski and Malesani [20] made a
survey of the current control Techniques of PWMtagé source converters. Many of the reported use of
DSTATCOMSs with asynchronous generators in auton@mgeneration systems are based on hysteresis
control or carrier less control [21]. Hyteresis édswitching of the converters, depending on thaadyics
of load, may cause excessive switching losses. Mema linear control, SPWM, is used in this paper f
control of DSTATCOM. The switching is done at a€fik frequency, allowing the switching losses to be
limited within the rating of the converter. Thigoty of control is inherently linear & robust and si$8 or
PID controls, which are very easy to implementaal time and are less complex in hardware thamalloze
control.

2. POWER SYSTEM CONFIGURATION

Fig. 1 shows the schematic of the autonomous psey&em. A three phase squirrel cage induction
motor 4kW, 400V, 50Hz, 1430 rpm has been used dsciion generator and feeds power to an isolated
distribution system. A micro hydro turbine providesnstant power to the induction generator. The AAG
system feeds a load comprising of an induction mdtbe current and voltage of the asynchronous rgéoe
and the load are used as feedback to the constdrsyof the DSTATCOM.

ASYNCHRONOUS
MOTOR Jla GENERATOR
SQUIRREL CAGE
b ( SQUIRREL CAGE
lic
T PRIME
SHAFT LOAD MOVER
CONSTANT
POWER
dc BUS
Vdc

DSTATCOM
Fig. 1. Schematic of the autonomous power system.

The DSTATCOM is connected in shunt to the AAG aoadd system. It is made up of three phase
current controlled voltage sourced converter (CGZY.SThe VSC is made up of a three phase two level
IGBT bridge converter. A capacitor is connectedtsoDC bus to make it self-supporting. The AC otitpu
terminals of the DSTATCOM are connected to the pofrcommon connection (PCC) through a seriesrfilte
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(LR filter). It represents the resistance and #ectance of the connecting transformer of a pralcsigstem.
A SPWM control circuit, which gets feedback infotioa about the generator and load voltages and
currents, is used to provide triggering pulseh&IGBTs of the VSC.

3. DSTATCOM CONTROL SCHEME
Fig. 2 shows the schematic diagram of DSTATCOM aribr the voltage regulation. The

DSTATCOM regulates voltages at its terminal by colting the amount of reactive power injected ioto
absorbed from the power system. When PCC voltagéows the DSTATCOM generates reactive
(DSTATCOM capacitive). When the PCC voltage is high absorbs reactive power (DSTATCOM
inductive).

The VSC is an IGBT based PWM converter. It uses PY&bhnique to synthesize a sinusoidal
waveform from a DC source voltage with a typicabpgping frequency of a few kilohertz. Harmonics are
removed by connecting filters at the AC side of W&C. It uses a fixed DC voltage. The AC outputtagé
of the VSC is varied by changing the modulatiorexaf the PWM modulato’A phase- locked loop (PLL)
synchronizes on the positive sequence componethteathree phase supply voltage or voltage of PG@. T
output of the PLL is used to compute the direcsaamd the quadrature-axis components of the AGthre
phase voltage and currents (labled ac\W, or Iy, I on the diagram).

Via Vo Ve

Iabc
l —_— abe to dq

V,
I Calculation of Vt I PCC Bus’ | Converter

dc
Virer PI Controller |]q o la la Iy el PI Controller
For term volt for DC volt
(outer) (outer)

PI Controller PI Controller
For term volt for DC volt
(inner) (inner)

Vay Ve

PWM
pulse
generator

{b Pulses to IGBTs of VSC

Fig. 2. Schematic diagram for control of DSTATCOM

The control of the output voltage of VSC is cotitd by control of the firing pulses of the IGBTS,
which in turn is done by two regulation loops nayrible outer voltage regulation loop and the innerent
regulation loop.

The outer regulation loop consists of an AC vadtaggulator and a DC voltage regulator. The
output of the AC voltage is the reference currggtfor the current regulator. The output of the DCtageé
regulator is the reference curregtslfor the current regulator. The inner current ratjoh loop consists of
in-phase current regulator and quadrature curregulator. The output of in-phase current regulator
generates yand output of quadrature current regulator geaerdf which are then used by PWM converter
to generate the gate pulses of the IGBTS.

4. ALGORITHM FOR MODELLING OF CARRIER BASED CONTROL OF DSTATCOM

MATLAB platform [22] is used to design the modelaftonomous power system shown in Fig. 1.
The discrete mode using ode23tb is used for theem&dr the control of VSC, shown in Fig. 2, thealete-
time integrator block [23] is used to implement tRé controller. Forward Euler method is used for
integration. The discrete-time integrator block mpgmates 1/s by T/(Z-1), which results in the doling
expression for the output Y(n) at th® step .
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Y(n) = Y(n-1) + KT* U(n-1) 1)
Where U(n-1) is the input to the controller at ¢hel)" step. T is the discretization time interval.

4.1. PCC Voltage Control
The amplitude of the three phase sinusoidal supglbage (¢.Vvspand \.) can be computed as:
V= ol {2/ 3) (sta"' stb"' stc)} (2
Comparing the desired terminal voltaggeV with the amplitude Ycomputed above gives the ac voltage
error Ve at thenth sampling instant
Ver(n) = (Vtref - Vt(n)) (3)
Where \,is the amplitude of the sensed three phase acgeoitathe PCC terminal at thth instant.
The outer PI controller, using discrete time inétign, generate thgd; using the error Yy fed to
its input.
Iqref (n) = Iqref (n-1)+ K a p{V er(n) ~ Ver(n-l)} + KaiVer(n) (4)
Where the proportional and integral gain constafitshe outer Pl controller for the ac terminal agé
control at the PCC are fand K; respectively.
An ‘abc to dqg convertor using parks transformatimer the load current generate the actyal he
Igerand fare compared and the error is fed to an inner Réoticontroller to generate,V
Iqer(n) = (Iqref (n) ~ Iq(n)) (5)
Vam = Vo) *+ Kop{l germ) = lgertn-1} *+ Ko lgerny (6)

Where the proportional and integral gain constahtse inner PI controller for the ac terminal agje at the
PCC are §,and K, respectively.

4.2 DC bus Voltage Control of the VFC
The desired dc bus voltageVes is compared with the sensed dc voltagg,yat thenth sampling
instant to arrive at the dc voltage errag¥)

Vdcer(n) = (Vdcfref - Vdc(n)) (7)
The outer PI controller uses the dc voltage errp.yto generate thel:.
Idref (n) = Idref (n-1)+ K a p{V decer(n)~ Vdcer(n—l)} + Kaivdcer(n) (8)

Where the proportional and integral gain constahtie outer Pl controller of the dc bus voltage kg,and
K, respectively.
An ‘abc to dg convertor using parks transformatimer the load current generate the actyalllhe
laref @and lare compared and the error is fed to an inner Pénticontroller to generateyV
ldern) = (laref ) = la(n) 9)
Viam = V1) + Kop{l dery = lgern-1} + Koi lder(n) (10)

Where the proportional and integral gain constaftse inner Pl controller of the dc bus voltage Kr,,and
Ky respectively.

4.3. PWM Controller

Modulation index ‘m’ and phaseD’ are then generated using the ahd \, signals generated
above, which are then used by the standard PWM atmdiblock of power system library for producirpt
required pulses for firing the IGBTs of the VSC.iF bauses the VSC to maintain the terminal voliafghe
generator by generating / absorbing the requiredtinee current and supplying / absorbing active @ow
from the generator to charge the battery and miaitii@ dc side voltage of the converter.

5. MATLAB BASED MODELING OF THE SYSTEM

Fig. 3 shows the MATLAB based simulation model loé tAAG along with DSTATCOM and the
motor load. A 4kWw, 400V, 50Hz, 4-pole, Y-connectaslynchronous machine is used for autonomous
generation. Data for characteristics of the machare obtained by simulation of saturation. Theygven
in the Appendix and are used in the model. A 4k®Q\, 50Hz induction motor is connected as loachto t
generator. An IGBT based PWM voltage sourced cdaverms DSTATCOM, is implemented using
Universal Bridge Block from the Power Electroniesset of Power System Block-set. It is connected in
shunt to the main system through the transformguegance L, R.. The simulation is performed on
MATLAB platform (version 7.1) in discrete mode at0usec step size with ode 23tb (stiff TR-BDF-2)
solver.
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Fig. 3. MATLAB based model of the autonomous posystem.

6. RESULTS AND DISCUSSIONS

The performance of the proposed DSTATCOM for anoaoinous asynchronous generator is
observed when subjected to dynamic induction métad. Simulated and transient waveforms of the
generator voltage (¥ s, controller bus voltage (¥ g3, generator currentsfl g), controller current
(labc_ B2, consumer motor load currentyl g9, amplitude of PCC voltage (), asynchronous generator
rpm(Ng), consumer motor load rpm (N total harmonic distortion of PCC voltage (THDQ, ¥), DC bus
voltage (M), at different dynamic conditions are shown in.Higand Fig. 5 for dynamic motor load without
and with the DSTATCOM connected to the PCC respelti The simulation demonstrates the dynamic
voltage control aspect and the harmonic eliminadepect of the DSTATCOM at the instant an induction
motor is switched on and is drawing 5-7 times thleldad motor current. Parameters of the asynubug
generator considered, is presented in Appendix. Fignd Fig. 9 demonstrate the harmonic spectrum of
source voltage and current at the instant of switcbn the motor load and at the instant full Ieadpplied.

6.1. Performance of AAG with motor load without DSTATCOM

Fig. 4 shows the response of the AAG system witlty@amic induction motor load without the
DSTATCOM connected to the PCC. The autonomous systarts with the DSTATCOM connected to the
PCC and without the motor load being connected.Bisec the DSTATCOM is disconnected from the PCC.
The asynchronous generator now runs with excitgtimvided by only static capacitor bank and no l@ad
connected on its terminal as shown Ry d4 As there is no voltage regulation aspect aftérs@c the voltage
shoots up. At 0.7 sec the Induction motor loadppliad on the asynchronous generator terminal. More
reactive power is now needed by the asynchrononsrgtor to sustain its terminal voltage and alsate
induction motor load. The asynchronous generatomitel voltage collapses as the additional reagtiveer
requirement is not met.

6.2 Performance of DSTATCOM with AAG feeding motor load

Fig.5 shows the response of DSTATCOM connectechimsconfiguration at PCC to the AAG
system feeding a dynamic motor load. The autonorsgsiem starts with the DSTATCOM connected to the
PCC and without the motor load being connected. dfachronous generator now runs with excitation
provided by static capacitor bank and DSTATCOM andoad are connected on its terminal as shown by
lanc B3 At 0.5 sec the induction motor (with no Loadr@nnected on the load bus. A starting current 065
times of rated current is drawn by the inductiortandoad as is shown by thgdgsand Ly goplots. However
the DSTATCOM dynamically regulates voltage at P@@ =ery little change is observed og,\Mz.and Vapc
g4 plots. The induction motor acquires the rated speebout 0.05 sec as shown by the plot gf Rurther
the amplitude of the PCC voltage\shows a very small dip of about 30 Volts as isvahdy the plot of
V. The DSTATCOM dynamically provides the additiomahctive power requirement and prevents the
collapse of the AAG terminal voltag@his establishes the dynamic voltage regulationeetspf the
DSTATCOM.

IJPEDS, Vol. 2, No. 2, June 2012 : 232 - 240



IJPEDS ISSN: 2088-8694 a 237

Vabc
B4
(volt)

oo DY

R .
=

-100
= 2000+ J R
400=

1500

I

labc labc labc Vabc
Ng Vim B3 B2 B4 B2

(rpm)  (volt

(@amp) (amp) (amp) (volt)

=
abD

p———

[y
o o

(%) (rpm)

o
N
QD

-]

[

Vdc THD
(volt) Va B4 Nm

980 ! ! ! ! ! !
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Seconds
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Fig. 5 Performance of AAG system feeding inductiootor load with DSTATCOM connected to PCC.

At 0.7 sec rated load is applied on the inductiarian As the induction motor is already connected
to the asynchronous generator terminal and is ngadarge change in load current is not observetitha
autonomous system continues to run with the additiaeactive power requirement being provided
dynamically by the DSTATCOM.
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Fig. 6 and Fig. 7 present the harmonic spectrurthefsource voltage . ssand source current
lanceaat the instant of starting the induction motor Igae. 0.5 sec). This shows that the DSTATCOM takes
care of the harmonic and excess current requireatettitis instant and does not allow these currentse
drawn from the asynchronous generator. Fig. 9 agd1® present the harmonic spectrum of sourceagelt
Vabcgsand source currengyl gqat the instant of loading the induction motor with load (i.e. at 0.7 sec).
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7. CONCLUSIONS

The dynamic regulation of the terminal voltage af autonomous asynchronous generator
connected to an induction motor load is presemidtlis paper. The simulation Fig. 4 shows that eutithe
DSTATCOM the terminal voltage of AAG shoots up leimregulated and then collapses on the application
of motor load. The simulations of AAG with DSTATCO&bnnected, show that on application of the motor
load, the DSTATCOM is able to regulate the AAG tarah voltage, allowing only a small dip and prevent
the AAG terminal voltage collapse. Further on th@pleation of full load on the motor there is no
disturbance of the voltage at PCC as the motoumsning at full speed and the dynamic requirement of
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reactive power is met by the DSTATCOM. This estli#is the dynamic voltage regulation aspect of the
DSTATCOM. Further, the control method used in théper limits the switching losses to that withie th
rating of the switches and is robust & easy to anmnt. Thus DSTATCOM, with the control scheme
proposed in this paper, can be used to prevenag®ltlips and flickers for an autonomous asynch®nou
generation AAG system.

APPENDIX

ASYNCHRONOUS GENERATOR

4 kW 400V 50Hz 4 poles 1430 rpm, Rs=0.435Ls = 4mH, Rr= 0.81&, Lr = 2mH, Lm= 69.31 mH, J=
0.089 kg-m. Prime Mover Characteristics= K- Koo, K= 3100, K=2. Wheren, = Ny

INDUCTION MOTOR

4 kW 400V 50Hz 4 poles 1430 rpm, Rs=0.435Ls = 4mH, Rr= 0.81&, Lr = 2mH, Lm= 69.31 mH, J=
0.089 kg-m.

DSTATCOM

VSC 3 arm 6 IGBT with anti parallel diode bridges C500uF 15 kHz SPWM control, Kap= 0.01, Kai = 3,
Kbp= 0.05, Kbi= 2. Rc=0.00£, Lc= 800uH
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