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ABSTRACT: The STATCOM (Static Synchronous Compensator) is the shunt connected FACTS devices which are
connected to line via voltage source converter. Use of FACTS device is a best solution to mitigate the problem of reactive
power compensation without construction of new transmission lines. The STATCOM can be used to improve power
quality, power factor, system voltage profile, reactive power compensation. This paper develops the vector control
strategy for improvement of power factor of the system. The developed control strategy improves the power factor of the
system to almost unity.
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I INTRODUCTION

The increasing demand of electricity with high power quality along with more reliable and secure power
system is fulfilled by providing the electricity which operates more flexibly and with best utilization. This
increasing demand can be fulfilled either by installing new transmission lines or by increasing power transfer
capability of the transmission line. The effective and economical solution is to increase transfer capability of
transmission line giving attention to more utilization. To operate the power system in a flexible manner, controlling
action should be made fast by utilizing the advance research and development in power electronics technology. The
power transmission capacity has been enhanced without exceeding the thermal limit of transmission line and is
achieved by incorporating Flexible AC Transmission System (FACTS) technology [1][2].

With the use of FACTS technology, the parameters of the power system such as shunt impedance, series
impedance including current, voltage and phase angle are controlled. Previously capacitor banks are used to control
the voltage and reactive power. The main purpose of FACTS technology is to make system electronically
controllable by using devices on high voltage side. However, the FACTS technology consists of collection of
various types of controllers and these can be applied to the power system individually or in the combination to
control the parameters. Besides, the FACTS controller is chosen according to the applications to overcome the
defined problem [1][2]. The self controlled DC voltage with PWM control strategy is used to improve power factor
of the system along with 1 kVA prototype implementation [3]. PWM wave shaping technique is used to reduce the
harmonics and wave shapes are saved in EEPROM. The results are validated with 1 k\VVA prototype [4]. To simplify
the modeling of STATCOM each component is separately modeled and simulated in MATLAB environment the
results are tested for different DC bus voltage and the linear controller design is described [5][6][10]. Conventional
Pl control method is compared with (Linear Quadratic Regulator) LQR and pole placement method and
accordingly the controller is designed. The system is tested on IEEE 118 bus system and results shows that LQR
method is robust [7]. The vector control strategy is implemented for front end converter along with discussion of
unbalance voltages. The controlling of converter is done by space vector PWM. And results are validated with
experimental implementation [8]. The algorithm is developed with insertion of STATCOM and also the transformer
losses. The convergence characteristics are excellent during normal loading condition while for overloading more
iteration is required to converge. The results are tested with IEEE 30 and IEEE 57 bus system [11].
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The compensator has two effects which appeared immediately. The first one is it alters no load supply
point voltage and second is it modifies sensitivity of supply point voltage to load reactive power. There are two
types of compensators, active and passive compensators. Normally the passive compensators include the devices
which are permanently connected for step less variation of reactive power. Generally shunt devices are included in
active compensators. These compensators maintain constant voltage at the bus terminals to which they are
connected. The FACTS devices in the second generation are static compensators which consist of half controlled
devices i.e. of thyristor based and fully controlled devices such as STATCOM, SVC, SSSC, etc. [1]

Basically there are four types of FACTS controllers:

A] Shunt Controller

B] Series Controller

C] Shunt-Series Controller

D] Series-Series Controller

The series controller injects the voltage in series with the transmission line with any phase angle according to

driving voltage to control the line current. The shunt controller draws or injects the current into the power system. The
combination of shunt and series controller could inject the current via shunt controller of the system and injects the
voltage via series controller of the system. These are coordinately control. The combined Series-Series controller
provides independent reactive power compensation with the transmission of real power via DC link. In multiline
transmission system these types of controller are used which controlled coordinately. The list of all controllers is given
in Table I.

The STATCOM is shunt connected device which is used for compensation, either by injecting or absorbing
reactive power. Many researchers contributed their research on reactive power compensation. In this paper the
STATCOM is controlled by vector control method. The vector control strategy is mainly used for controlling three
phase induction motor. The fast response is achieved by controlling flux and torque producing components.

The paper is divided into five sections. Section | deals with introduction of FACTS devices whereas Section 11
discusses the operation and characteristics of STATCOM. Section Il describes the control strategy used for
STATCOM along with transformations. Results are discussed in Section IV. The conclusions of the work are
highlighted in Section V.

TABLE I. LIST OF FACTS CONTROLLER

Types of FACTS
Controllers

Sub-classes of FACTS Controllers

. Static Synchronous Compensator (STATCOM)
. Static Synchronous Generator (SSG)

. Battery Energy Storage System (BESS)

. Thyristor Controlled Reactor (TCR)

. Thyristor Switched Reactor (TSR)

. Thyristor Switched Capacitor (TSC)

Shunt Controller

ok WN P

. Static Synchronous Series Compensator (SSSC)
. Thyristor Controlled Series Capacitor (TCSC)

. Thyristor Switched Series Capacitor (TSSC)

. Thyristor Controlled Series Reactor (TCSR)

Series Controller

B WN PP

Combined Series-

Series Controller I. Interline Power Flow Controller (IPFC)

Combined Shunt- 1. Unified Power Flow Controller (UPFC)
Series Controller 2. Thyristor Controlled Phase Shifting Transformer (TCPST)

1. OPERATION AND CHARACTERISTICS OF STATCOM

The STATCOM concept is strongly related with the synchronous machine. STATCOM is made up of three
phase converter which uses either SCRs, IGBTs or, GTOs and DC capacitor. The DC capacitor provides DC voltage
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to inverter. When synchronous machine is over excited it provides positive VARS behaving as capacitor and when the
machine is under excited, it provide negative VARS and it behaves as inductor. STATCOM is a shunt connected
device which is a DC to AC converter. Fig.1 shows the shunt compensator where Vi, Vg and Vi are the terminal
voltages [1].

The converter can control the magnitude and angle of the corresponding AC voltages. The reactive power flow
is depends on the magnitude of voltage and the real power flow is depend on the angle whether it is lagging or
leading. When current flowing through STATCOM is leads by 90° of other side, then it behaves as inductor whereas,
when current lags by 90° of other side, then it acts as capacitor. The value of the capacitor should be properly chosen
so that it can provide sufficient reactive power. Fig.2 shows the V-I characteristics of STATCOM [1][ 5][ 6].

Transient Rating
Wta, WVib., Witc (t=1 sec:}

Vit :
Transient Rating A

NIA
w wa, Vb, Ve

Syvnchronous voltage
source comverter

wd
Ic Ic max TLmax L
Inductive

Capacitive

Fig.1 Shunt Compensator [1] Fig.2 V-1 characteristics of STATCOM [1]

The V-I characteristics of STATCOM depends on the source voltage. STATCOM can also operate at the low
voltage maintaining the maximum current independent of the voltage and also provide better reactive support even at
the reduced voltage [7]. The desired controlled response of the STATCOM can be obtained by either changing the
modulation index or by changing the DC bus voltage.

1. CONTROL STRATEGY
Three phase voltage, current, and STATCOM current are converted to two phase equivalent system which is

known as stationary reference frame and further it transforms to rotating reference frame with the use of Phase Locked
Loop circuit (PLL).

From Fig. 3 it is seen that vector V; is aligned on g-axis which describes the active power component and d-
axis describes for reactive power component. The three phase voltageV,,,V;,,V,. are converted into two phase V,, V,
with the help of (4) and (5). Simplified block diagram of the STATCOM is shown in Fig.4
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Fig.4. Simplified diagram of stationary and rotating reference frame

Vi1 = V2V, coswt (1)

V,, = V2V, cos(wt — 120) (2)

Vi, = V2V, cos(wt — 240) (3)
3

Vaa = Evsl (4)
V3

Vsb = 7 (Vsl - VS3) (5)

Further these two phase quantities are transferred to rotating reference frame i.e. d-q transformation. The d- axis leads
a- axis by angle 6 and q axis leads d-axis by 90°. Similarly line currents, converter current are transformed in d-q
reference frame using (6) and (7). The outer voltage loop sets the reference for inner current loop. As the current loop is
faster it is inside the voltage loop. By applying same control strategy STATCOM controller is simulated.

STATCOM Current ASC-DQ \’:I.‘

VoRage and angle genersr

i

TATE PULSE GENERATION CXT

Acthe Power And Reacthe Power Fandied by STATCOM

Fig. 5 Simulation of STATCOM

Vsq = —Viq sin + Vg, cosf (6)

Vyq = =V, sin8 + V,,cos6 @)

The complete simulation diagram of STATCOM and control block diagram of STATCOM is shown in Fig.5
and Fig. 6 respectively. The simulation is executed for the constant DC bus voltage with variable modulation index.
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Fig. 6 Control block diagram for STATCOM [8]

A] Voltage Controller design:

The design of voltage controller is done by pole zero cancellation method. The transfer function for the Pl
controller is given by,

(Kp +7 ®)
By solving the equations we get,
}]{(—}: = RoCo ©)
The transfer function for voltage control is given below,
= (10)
Ve« 1<1_Ro+1

The voltage control loop is shown in Fig.7

Fig.7 Voltage Controller

B] Design of Current Controller:
Current control loop is shown in Fig 8.

* 7, Y ;
Iy k150 R!S£+l' o
R )

Fig. 8 Current Controller

Current Controller designed with pole zero cancelation as,
Kp Ls

KR, (1)

Close loop transfer function is given by,
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o= — (12)

.Accordingly the values of K, and K; are selected.
V. RESULTS AND DISCUSSION

The load is assumed as inductive load having power factor 0.69. The objective is to improve the power factor
of system using developed control strategy. The DC bus voltage is maintained at 300V which is shown in Fig 9

Fig. 9 DC bus voltage
As the load is inductive the current lags the voltage by some angle. Fig 10 shows the system voltage and current before

connection of the STATCOM.

Fig. 10 Phase a voltage and current before STATCOM connection

When the STATCOM is connected the system power factor improves to unity which is shown in Fig. 11. The

result shows that when the STATCOM is not connected the current lags and after operation of circuit breaker t

current and voltage of the source are appears in phase.

he

AL

A

Fig. 11 System voltage and current after STATCOM injection
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V. CONCLUSIONS

The STATCOM is used to improve the power factor of the system. The developed vector control strategy gives
better results and fast response for power factor improvement. This simulation is done for fixed DC bus voltage and
variable modulation index one can make for variable DC bus voltage and fixed modulation index depending on the
application.
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