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Abstract

Flexible AC Transmission System (FACTS) is the name given to the
application of power electronics devices to control the power flow & other
quantities in the power system. In general, there are four types of the FACTS
controllers i.e. series, shunt, combined series-shunt & combined series-series
controllers. They are also categorized on the basis of converter technology like
Voltage Source Converter & Current Source Converter. The Experimental
model described in this paper is dependent on Voltage Source Converter based
FACTS controller. The experimental model consist of Voltage Source
Converter based FACTS devices. There are four general types of the VSC
based FACTS devices viz. STATCOM, SSSC, UPFC, & IPFC. VSC based
FACTS devices provides an efficient solution to the problem of, deteriorating
power quality & AC to DC bidirectional power transformation requirement in
the power system. The main objective of this paper is to study the STATCOM
theoretically.

Operation of STATCOM

A schematic representation of the one-phase STATCOM is shown in fig(1l) . It is
composed of a voltage source converter (VSC), and it’s associated with shunt
connected transformer. The transformer is used as a link between the VSC and the
system. The basic of the STATCOM operation is that the amplitude and phase angle
of the voltage drop , can be controlled, by defining the amount and direction of active
and reactive power flows through the reactance Under normal operation conditions, a
small amount of active power must flows into the VSC to compensate for the power
losses that exist in its interior. Basically the STATCOM is the VSC connected in the
shunt with the transmission line with the help of shunt transformer.
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Figure 1: schematic representation of single phase STATCOM.

Operation of VSC

Fig shows three phase VSC, it consist of three phase leg which are 120° apart from
each other. Consider the first leg, in which the T & T4 are 180° apart .when T is on
T, is off. & vice- versa. The diode D1 & D2 enables the conduction of current in
reverse direction. The voltage waveform across first leg is as shown in fig below
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Figure 2: Voltage Source Converter.
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Figure 3: voltage waveform across first leg.
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At the instant when T is on, the current (Ir) inductive current is flowing through
the circuit (which is negative), after the 90° the current through the T1 becomes zero.
It rises above zero & becomes positive. The diode D1 takes over the conduction.
Similarly it occurs when T4 is turns on & off. When the current (Ir) is capacitive, the
current Ir is positive at the instant of turning on T1 & flows through diode DI. after
90° the current reverses & its sign. & flows through T1.

At the time when T1 is switched off, the current through it is at peak value. Thus
we need the self commuted devices such as IGBT . the diode D1 & D4 turns off
automatically when the parallel device (T1 & T4) turns off . also the capacitors can
also charge from the source through diodes.

Advantages of STATCOM over SVC
1. The response is much faster to changing system conditions.
It does not contribute to short circuit current.
It has a symmetric lead-lag capability.
It has no moving parts and hence the maintenance is easier.
It has no problems of loss of synchronism under a major disturbance.

P

Following factors make VSC-based transmission attractive
1. Independent control of reactive and active power.
2. Reactive control independent of other terminal(s).
3. Simpler interface with ac system.
4. Compact filters.
5. Provides continuous ac voltage regulation.
6. No minimum power restriction.
7. Operation in extremely weak systems.
8. No commutation failures.

9. No restriction on multiple in feeds.

10. No polarity reversal needed to reverse power.

Control Aspect of STATCOM

Basically there are two types of controller[3],[4]:
1. Type II Controller
2. Type I controller

These controllers of STATCOM are based on the d-q controlled strategies.

Type Il Controller

In Type II controller [3] only the phase angle of injected voltage (a) is controlled. The
active current (Ip) is in phase with the source voltage & the reactive current (I,) lags
the source voltage by an angle 90°. The reactive current (Ir) is which is drawn by by
STATCOM is controlled by adjusting the firing angle a. The detailed three-phase
model of a STATCOM is developed by modeling the converter operation by
switching functions [3], [4]. The modeling of two- and three-level VSC is discussed
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in detail in [3]. The system equation for three phase STATCOM is describe as [5],

eq = Vdcgsin(w0 t+0+a) (1)
~ 2 . 21

eq = VdC;SIH(WOt-l-Q-l-(X—?) 2)

eq = Vdcisin(wot+9+a—%ﬂ) 3)

We can also derive the equation in D-Q variables such as[5],

di . .

d—: + Ri, + woLi, = V; — kVg.cosa 4)
LST 4+ Riy + woLi, = kVycsina (5)
C dZ‘t“ + GV = k(ipcosa + i sina) (6)

Where k is modulation index, which is given as

k =2V6/n

a is the angle by which the fundamental component of converter output voltage leads
the STATCOM bus voltage Vs. from the above analysis[5] we obtain the reactive
current control transfer function as,

AIT(S) — K[(S+JZ)2+WnZZ] (7)
Aa(s) a (S+P1)[(S+Up)2+wnp2)]

From the analysis it is conclude that as the value of Aa is changing there is change
in the value of Aa. The reactive current control can be achieved by varying a alone.
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Figure 4: Type II Controller.
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From above & [3], [4]. It is to be noted that the above condition will be satisfied
When iro < 0 (when the converter is in Capacitive mode) & When iro > 0 the problem
of instability arises. This type of situation is comes only When converter is operating
in inductive mode. This problem of instability during inductive mode can be
Overcome by using the nonlinear feedback controller. The block diagram is as shown
below. This nonlinear controller is activated only when

. C
Lo < WTVch (8)

& only during transient condition. In steady state (when Vdc is constant), the
output of multiplier (Aa) is zero.

Phase Lock Loop: This provides the basic synchronization signal which is phase
angle of line voltage 0. the line. Voltage is compared with the reference voltage &
voltage regulator provides the required reactive Current of STATCOM. The
STATCOM reactive current Iq is compared with the Iqref & PI controllers provide
the required phase displacement Aa.

Type | Controller

In type I controller the two quantities are varied, first one is the firing angle o & k it is
the factor [4] , which is used to control the magnitude of AC voltage which is injected
by converter through modulation. In this type of converter [3],[4] both the a & k
varied for control purposes. The below fig shows the block diagram of type I
controller[4].
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Figure 5: Block diagram of Type I controller.
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The values of k & o are calculated as,

/ 2 2
. eq*c+ eq*

- [

Vac
a* = tan~1(2L)
€q
= a+6
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the detailed modeling & analysis of Type I controller is explained in [3] & [4].

Experimental Panel

Figure 4: Block Diagram of Experimental Panel.

Specification of Experimental panel

This set up is designed to study the following power system component in three phase
transmission line. STATCOM , SSSC, UPFC & IPFC .This set up consist of the
following component to test/simulate the above power system.

1. Transmission line simulator module

2. Voltage source Converter
3. Transformer with LC filter
4. Digital meters & loads Setup.
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1. Transmission Line Simulator Module: - Suitable L&C provided for
simulating three phase transmission line
Input voltage: - 3ph, 115
Power: - 1 A per phase.

2. Voltage Source Converter: -It Consist of two no’s ofIGBT based Three
phase Inverter for STATCOM, SSSC, application.
It consists of the Following:
IGBT based power module - 2 no,
TMS20F2407 based DSP
Controller — 1 no

3. Transformer with LC Filter: - a) 1 KVA transformer act as shunt
transformer with capacitor filter provided for STATCOM applications. b) 1
KVA transformer act as series transformer with capacitor filter provided for
SSSC applications.

Digital meters & Load setup
a. Digital meters provided to indicate sending end, receiving end parameters feed
back to DSP controllers
b. Sending end/ Receiving end Parameters such as Voltage, Current, Power
factor, Active power, Reactive Power.
c. Three-phase RLC load provided.

Working of the Experimental Panel

As mentioned above, the Experimental panel of VSC based FACTS devices will be
used. This panel consists of various elements such as Voltage Source Converter,
Transmission line set up, 3ph Shunt Transformer, 3ph series Transformer, Switches,
inductor, Capacitor etc. The above scheme represents the panel diagram of the
Experimental Model. Voltage Source Converter based devices provide an Efficient
solution to the problem of deteriorating power quality & AC to Dc bidirectional
power transformation requirement in the system. Improvement in power quality
obtained by employing suitable controller to the VSC, like STATCOM, SSSC, UPFC,
& IPFC. By using the appropriate switches on the Model, we can easily make the use
of these VSC based FACTS devices. By connecting the VSC in shunt with the
transmission line, it work as a STATCOM & in series it act as SSSC. By making the
use of appropriate, switches we can use this devices according to the requirement.
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Experimental Results
Sample Readings from the Panel without & with STATCOM

Sr.No Vs Vr (V) Is (A) 6° Vde
(V)

1 115 105 0.7 0° 0
2 115 105 0.7 2°LD 105
3 115 104 0.8 10°LD 90
4 115 101 0.9 14°1LD 45
5 115 a8 1.2 20°LD 15
G 115 109 0.9 28°LG 165
7 115 112 1.2 33°LG 195
8 115 114 1.6 40°LG 240
9 115 114 1.7 42°LG 255
10 115 115 22 50°LG 300

PWM Converter

In general the PWM converter is not used in the power system, But in this
experimental panel PWM converter is used. In two level or three level converter turn
on and turn off is possible only one’s in a cycle, but in case of PWM it happens no. of
times in one cycle. It leads to higher switching losses in the system. That’s why it is
used for the low power application only.
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Figure 4: Configuration of 6-pulse VSC.
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Figure 5: pulse width modulation.

Conclusion

Hence the STATCOM were studied theoretically & Control Aspects were studied.
Experiments was carried out. The System used is Open loop system. The PWM is
used for above Panel. The effect of STATCOM controllers in enhancing power
system performance has been examined.The Experimental Panel of VSC based
FACTS Devices Consisting of Transmission module, voltage source converter and
transformer with LC filter has been studied. And the Operation of STATCOM has
been studied. Pulses are given as per the PWM technique. The voltage and the phase
angle of the line at the connection point is improved by using STATCOM.
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