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Damping of Power System Oscillations by
using coordinated tuning of POD and PSS with
STATCOM

A. S. P.Kanojia, and B. Dr.V.K.Chandrakar

Abstract—Static synchronous compensator (STATCOM) is a
shunt connected voltage source converter (VSC), which can affect
rapid control of reactive flow in the transmission line by
controlling the generated a.c. voltage. The main aim of the paper is
to design a power system installed with a Static synchronous
compensator (STATCOM) and demonstrates the application of the
linearised Phillips-heffron model in analyzing the damping effect
of the STATCOM to improve power system oscillation stability.
The proposed PI controller is designed to coordinate two control
inputs: Voltage of the injection bus and capacitor voltage of the
STATCOM, to improve the Dynamic stability of a SMIB system
.The power oscillations damping (POD) control and power system
stabilizer (PSS) and their coordinated action with proposed
controllers are tested. The simulation result shows that the
proposed damping controllers provide satisfactory performance in
terms of improvements of dynamic stability of the system.

Keywords—Damping oscillations, FACTS,
dynamic stability, PSS, POD, Coordination.

STATCOM,

I. INTRODUCTION

Fixed or mechanically switched capacitors and reactors
have long been employed to increase the steady-state power
transmission by controlling the voltage profile along the
line. The FACTS devices are known to improve both the
transient as well as dynamic performance of a power
system. The static synchronous compensators (STATCOM)
provide shunt compensation in a way similar to the static
var compensation (SVC), but utilize a voltage source
converter rather than shunt capacitors and reactors [1].
STATCOM can control voltage magnitude and to a small
extent, the phase angle in a very short time and therefore,
has the ability to improve the system damping as well as
voltage profile of the system. A schematic diagram of
System with STATCOM at sending end of Line is shown in
figure (1).

Two basic controls are implemented in a STATCOM. The
first is the a.c voltage regulation of the power system, which
is realized by controlling the reactive power interchange
between the STATCOM and the power system. The other is
the control of the d.c voltage across the capacitor, through
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which the active power injection from the STATCOM to the
power system is controlled. PI controllers have been found
to provide stabilizing controls when the a.c and d.c
regulators were designed independently. Some researcher
has reported the advantage of two input signals of
STATCOM for non linear SMIB system, however very few
have reported the advantage of two input signals of
STATCOM for linearised model of SMIB system with
coordinated action of power system stabilizer (PSS) and
power oscillations damping (POD) control.

The advantage of linear model in comparison with non
linear model is that the time required for Simulation is less.
This paper also presents the coordination of power
oscillation damping control (POD) and power system
stabilizer (PSS) with the proposed controllers for further
improvements in the dynamic performance of the system.

II. SYSTEM MODEL

The system depicted in Fig. 1 is used to validate the
implementation of the proposed controllers for STATCOM.
The detailed system data is given in Appendix. Basic
stability studies has been conducted on a single machine
infinite bus (SMIB) power system installed with
STATCOM .The STATCOM is assumed to be based on
Pulse Width Modulation (PWM ) Converters. The Phillips—
Heffron model is established for single machine infinite bus
(SMIB) power system installed with STATCOM shown in
Fig. 2. Applications of the model established are
demonstrated by an example single machine infinite bus
power system to investigate the effect of the STATCOM on
power system oscillation stability. The configuration
comprising transmission line permits the control of real and
reactive power flow through a line. The POD control and
PSS are described in section IV.For the SMIB system, the
STATCOM is located at the sending end of the line, chosen
as a typical case.
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Fig.1 System with STATCOM at sending end of Line

III. STATCOM MODEL

The main advantage of the power electronics based
FACTS controller over mechanical controller is its fast
operation. STATCOM is one of the key FACTS controllers
[1]. The static synchronous compensator (STATCOM) is
based on the principle that a voltage source converter
generates a controllable AC voltage source behind a
transformer leakage reactance so that the voltage difference
across the reactance produces active and reactive power
exchange between the STATCOM and the transmission
network. For the voltage sourced converter, its ac output
voltage is controlled such that it is just right for the required
reactive current flow for any ac bus voltage, dc capacitor
voltage is automatically adjusted as required to serve as a
voltage source for the converter.

Therefore, the capability of STATCOM needs to be
exploited not only for voltage control but also to improve
damping of the system. STATCOM can be controlled by the
voltage magnitude and the phase angle control. Basic
stability studies will be conducted on a single machine
connected to infinite bus (SMIB) power system. The
linearised Phillips- Heffron model which is used for
oscillation stability analysis.

A. Non- linear dynamic model

A non-linear dynamic model of the system is derived by
disregarding the resistances of all the components of the
system (generator, transformer, transmission line, shunt
converter transformer) and the transients of transformer and
transformer of STATCOM and dc capacitor. Fig. 1 is a
single machine infinite bus power system installed with a
STATCOM which consist of a step-down transformer
(SDT) with a leakage reactance Xgspr, a three phase GTO-
based voltage source converter (VSC) and a DC capacitor.
The VSC generates a controllable AC-voltage source behind
a leakage reactance which is given by [2],

V,(1) =V ,sin(ot —y) (1
— : 2)
IL(;:IL0d+JIL0q
\TO:CVDC(cosw+jsinl//):cVDCLt// 3)
dVpe | C .
d[;C = CDC =c (I Loa COSW+1 g s1nl//) 4)
DC DC

The voltage difference between the STATCOM-bus
AC voltage v (t) and v, (t)produces active and reactive
power exchange between the STATCOM and the power
system, which can be controlled by adjusting the magnitude
Vo and the phase .

Where, for the PWM inverter, ¢ = mk and K is the ratio
between AC and DC voltage, depending on the inverter
structure; M is the modulation ratio defined by the PWM;
and the phase y is defined by the PWM.

From Fig. 1,
T T I T ©)

T T T T L

- \/_1_thL|tL_\/_

T , (6)
* I X sor

Substituting equation (5) into equation (6) it is possible
to obtain,

VBsin5+&CVDccosy/

leo = X;DT 2 7
Xe t Xt Xo o+ A+ X,
SDT SDT
f X .
E.,-V €08 0 — SB-c\/ siny
lo = 2T (8)
X+ Koo Xo b8+ (14 Xz y
XSDT SDT

The non-linear dynamic model of the system using
STATCOM of Fig. 1 is given below:

S=@, )
o=(P,-P.-Do)/M (10)
E.=CE+E /T, (11)

. 1 \
Efd:__Efd+K_(Vto_Vt) (12)

Where,
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PE:E'thLq-'_(Xq_XId)IILdItLq (13)
. . (14)

Eq: Eq+(Xd_Xd)IILd
(15)

V- JE - Xl )+ (ol )

B.Linear dynamic model (modified phillips — heffron model
of an SMIB system including STATCOM):

A linear dynamic model is obtained by linearising the
non-linecar model around an operating point [2]. The
linearised model is given below, By linearising above non
linear equations,

S =@ ro (16)
Aw = (-AP,-DAw)/M (17)

. (18)
AE .= AE.,+AE /T ',

! = — 1_ K A (19)
A E fd - A E w t AV t

Where, T T

APe - K‘M+ KZAE1+ KpDCAVDC+ Kpcm+ Kp‘l/AlI’ (20)
AE, = KA+ K AE, KipoAVoc Ko A0+ K, A 1)
AVt = K5M+ KsAE1+ K/DCAVDC+ chm"' anAlP 22)

The linearised model of the power system installed

with the STATCOM as,

0 w, 0 0 0
A ]|k Db K As ]| Koe
Ad '\}2 . K'vI 1 aw KM V,
. |= A
. LS 0 —_= . | AE' | Rape DC
AFQ T w To T AEQ T'a
Ml | KK KK, ol KK
L Ta Ta T L Ta |
~ o ,
Kpe _KW
M M
H_Ke o _Ke
T T
_KAch _KAKW
L TA TA J
(23)
By Denoting,

Af¥=|AVpe Ac Ayl
—KpDC— _KqDC_ KaKioe
M T'do TA
K = Kpc K = ch K = KAKVC
PTI ™ R E T,
Kp'/’ KCIV/ KAKvy/
L M B _Tldo | L TA i
(24)

Where Af *=u

The linearised model is shown in Fig. (2).

Fig. 2 Phillips- Heffron model of a single machine infinite-
bus power system installed with a
STATCOM

Hence by linearising the above equations,we can
obtain,

AVDC = K7M + KsAE q "‘KgAVDC"'chm+ Kiv/Al//

(25)

The full state system model can be obtained as follows,

0 @, 0 0 0
A8 1|k Db K K | Tas
) M M M « M Ao
AE |=| - K 0o -5 Lo Bee 1 ag,
. Tw T T 6 T aw
A KK KK 1 KK AE4
AV _Rahs _hahe 1 RaPce AV
dc Ta T, T, T, d
| K, 0 K, 0 K,
o . }
KDC KPW
M M
Tw Tw Ay
_ KaKie KA vy
T T (26)
ch de
The modified Phillips —Heffron model has 18
constants .These constants are functions of system

parameters and the initial operating condition [4].

u=[AC,Ag]

Where,

@7
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AC = Deviation impulse width modulation index ‘m’ of
the shunt inverter. By controlling m, the output voltage of
the shunt converter is controlled.

A¢ =Deviation in phase angle of the shunt converter
voltage.

C.Dynamic model in state space form

The dynamic model of the system in state space form is
obtained from the transfer-function

X = AX +Bu (28)
Here the state vector X is
X =|AS,A0,AE,  AE 4, AV, | 29)

and the control vector u is
u=[AC,Ag]

The introduction of STATCOM controllers at an
appropriate location does not provide adequate damping, as
the primary task of controllers is to control voltage. Hence
in order to increase the system damping it is necessary to
add an additional control blocks with an appropriate input
signals. Thus, following additional control signals are
introduced with the main system.i.e.,

1) POD (Power oscillation Damping)

2) PSS (Power System Stabilizers)

3) Coordinated action of POD &PSS.

The control strategy considered for the STATCOM is

designed by using locally available measurable components
of the system under abnormal system conditions.

IV. POWER SYSTEM OSCILLATION DAMPING CONTROLLER

A damping controller is provided to improve the
damping of power system oscillations. The damping
controller be considered as comprising two cascade
connected blocks. The speed deviation signal is derived
from the difference of measured power at

Pe
sTw 14sT1 U
1
™ + us | (PLKdd ¥ esTw ¥ T2 [®
block 1 block 2

Fig. 3 Transfer function block diagram of the POD

STATCOM location and the set mechanical input power
and the error signal is integrated and multiplied by 1/M,
where M is inertia constant of the machine. The second
block comprises a lead lag compensator. Figure (4) shows
the block diagram of power oscillation damping controller
(POD). We can achieve the desired damping ratio of the
electromechanical mode and compensate for the phase shift
between the control signal and the resulting electrical power
deviation.

The Fig. 5 shows the block diagram of power system
stabilizer (PSS). The basic function of a power system

stabilizer (PSS) is to add damping to the generator rotor
oscillations by controlling its excitation using auxiliary
stabilizing signals.

Vmax
o ol ] JERL[E] [
deviion ) Kpss [ 14sTw [ T#sTd 14sT6

Vmin

Fig. 4 Transfer function block diagram of the PSS

V.COORDINATED TUNING OF POD CONTROLLER
AND STATCOM CONTROLLER

In large power systems ,damping of power oscillation
between interconnected areas is important for the system
secure operation .However ,using only one controller may
not provide sufficient damping for the inter -—area
oscillations. Hence the introduction of STATCOM
controllers does not provide adequate damping, as the
primary task of controllers is to control voltage

The STATCOM is installed at sending end of the

line of the SMIB system. The STATCOM control system
comprises of two controllers:

1) STATCOM with dc voltage regulator, i.e.
phase angle “y’ which is defined by PWM
converter.

2) STATCOM with ac voltage regulator, i.e.
modulation index ‘m’ and it also defined by

PWM converter.
Vbe
KDC';% > 1+15TC —
+
VDCref v
PI DC voltage regulator converter dynamics

Fig. 5 STATCOM dynamic model of DC —Voltage
regulator with the PWM Converter

Pl AC voltage

conterter
VL regulator

dynamics 1

1
1+sT,

Fig. 6 STATCOM dynamic model of AC Voltage
regulator and stabilizer (with PWM
converter)

VI. SIMULATION RESULTS

Digital simulation is carried out by the MATLAB
software. For the simulation, different loading conditions
with different fault locations in the SMIB system are
considered.
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The results of the proposed controllers with POD and
PSS and the dynamic response for Am of the system at
sending end of the line are shown in Figure (7). The results
demonstrate that the satisfactory performance of controllers
under different loading conditions and fault locations The
coordinated effect of POD and PSS further improves the
dynamic performance of the system than conventional PI
controller. The results clearly shows that the dynamic
performance of the system using additional power
oscillation damping controller is superior to that obtained
without STATCOM. Peak of speed deviation in the case
STATCOM with additional power oscillation damping
controller (POD) alone is 0.00094 and oscillations are
settled in 1.25 seconds. Peak of speed deviation in the case
without STATCOM is 0.00338 and oscillations are settled
in 1.4 seconds. This shows that the STATCOM with
additional damping controller gives better dynamic stability
performance and is very much effective in damping
oscillations. No. of oscillations are less and the settling time
is also less.

0.01

0.005

o

-0.005

Change in speed

-0.01

-0.015
0

Fig. 7 Dynamic response for A®
a) without STATCOM
b) with STATCOM dc voltage regulator
¢) with STATCOM ac voltage regulator
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Fig. 8 Dynamic response for A®
a) STATCOM with PSS controller
b) STATCOM with POD controller
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Fig. 9 Dynamic response for A®

a) without STATCOM
b) STATCOM with PSS controller
¢) STATCOM with POD controller
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1.
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Fig. 10 Dynamic response for Aw for different values
of
a) Pe=0.5, b)Pe=1.0 c) Pe=1.5

Change in speed

Time
Fig. 11 Dynamic response of Ao for STATCOM with
additional power oscillation damping
controller for different values of Xe

a) Xe=0.3 b) Xe=0.65

VII. CONCLUSION

This paper presents a design of PI based STATCOM
controller in a single machine infinite bus system for the
dynamic stability improvements. The results indicate that
the coordinated action of POD and PSS with proposed
controller provides further improvement in dynamic
performance under different loading conditions. At
STATCOM location, damping signal (POD) prove to be
more feasible solution than PSS.

VIII. APPENDIX

SMIB system data (in p. u.):

G: M=2H=0.6, D=4.0, Tdo’ =5.044, Vo= 1 p.u.
Exc.System: Ka= 10.0, Ta= 0.01s
STATCOM:Kpd=-0.1931,Kqd=-0.5388, Kvd=0.2730, Kpy
= 0.0321, Kqy= 0.106819, Kvy= 273, Kpu= 0.0633,
Kqu=-0.215265, Kvu=-548.6

POD: Ks=10.0, Tw=10.0s, T;=0.9s,
T4:0.2S

PSS: Kpss= 12.0, Tw=10.0s, T,=2.5s, T,=0.75s, T5=2.2s,
T4:0.9S
Constants:K;=0.9849,K,=9.0896,K5=2.442 K,=0.1792, Ks=

-0.0476, Ke= 0.3514, K;=-0.2697, Ks= 0.2061, Ko= 0.0397

T,=0.1s, T5=0.7s,
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