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ABSTRACT

To damp the low-frequency oscillations which occurred due to the disturbances in the electrical
power system, the generators are equipped with Power System Stabilizer (PSS) that provide
supplementary feedback stabilizing signals. The low-frequency oscillations in power system are
classified as local mode oscillations, intra-area mode oscillation, and interarea mode oscillations.
Double input multiband Power system stabilizers (PSSs) were used to damp out low-frequency
oscillations in power system. Among dual-input PSSs, PSS4B offers superior transient performance.
Power system simulator for engineering (PSS/E) software was adopted to test and evaluate the
dynamic performance of PSS4B model on Iraqi national grid. The results showed that after
installing the PSS in a specific plant the oscillation of rotor angle, bus frequency, speed, power flow
is better than without PSS during the disturbances that occurred during the simulations. All the
PSS/E simulation and tests were done in the National dispatch center (NDC) laboratory, Ministry of
Electricity.

Key Words: PSS4B, PSS/E, frequency oscillation, multiband power system stabilizer.

Bl grall g aladiicdy 4380 ) dyih o) ASE) o Gakaall PSSAB iy giesal) ddnia il Cufia AUl

PSS/E sslall
308 Jaildia cia PP KPEN{PS =N JIAKVEN
BECSYETBER ke il
Sazy daala Al A0S 400 el drigll aud ks daals Auigl 48 4k HeSl) duaigll aud
Ladal)

Al lana 335 5 L Ame cilihlacal a2l AN 8 aad A daidial) cilaal @l bl Jal o
Alai 6 dmisiall gl QS o) . sk B ela i) LA L Lld (e Aasliiall a3 580 Cafia dagliie
MR Gl gy ) 5L Adals sl it AR Shliall LS dmdge il I adiad ¢Sy 5)
s Al gl 1aay Gmiaially Jawsially lall DN Ol ginall Amiiiall sl QS kel Ja) (e il gisall daiay

*Corresponding author

Peer review under the responsibility of University of Baghdad.

https://doi.org/10.31026/j.eng.2018.05.03

2520-3339 © 2017 University of Baghdad. Production and hosting by Journal of Engineering.

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
29


mailto:Ahmedalhamadani61@yahoo.com

Number 5 Volume 24 May 2018 Journal of Engineering

5l 2Usi 31Slaa galiny alaie) o Jall JGEY) 481l 5y Cufia Aakail (he gl 34 ey PSSAB anly Cajay oyl
any bl Capglal By Adhal) Al ASAEN (e e3a o oMol olual m5 (s gl 5yl e Ui ola) apl  etigl)
o Laa Jumil Aliiial) 538l e pual) el a3 lsall Ayl & il b claaall sl b 50 cufie aUai Cueal
leSl 83f55 ¢ oSaily Jiil) e b apmilall Jitedd) 3 olSlaall o3 el 5. 8yl cufie Ui Cueati s Alls
Al

.PSS4B, PSS/E ¢35l (ol el ginsall dania 5yail) ufia allas :dpndsl) cilalsl)

1. INTRODUCTION

Power system stability enables the power system to keep it in a state of operating equilibrium under
normal operating conditions and to regain an unacceptable state of equilibrium after being subjected
to a disturbance. Thus power system behavior is a measure of dynamic stability as the system
adjusts to small perturbations, Kundor, 1994. As the number of power plants with automatic
voltage regulators grew, it became apparent that the high performance of these voltage regulators
had a destabilizing effect on the power system. Power oscillations of small magnitude and low
frequency often persisted for long periods of time. In some cases, this presented a limitation on the
amount of power able to be transmitted within the system. For this purpose, power system
stabilizers (PSS) were developed to aid in damping of these power oscillations by modulating the
excitation supplied to the synchronous machine, Lokman and Haider, 20009.

For any input signal the transfer function of the stabilizer must compensate for the gain and
phase characteristics of the excitation system, the generator, and the power system, which
collectively determine the transfer function from the stabilizer output to the component of electrical
torque which can be modulated via excitation control, Michael and Richard, 2008

PSS/E is set of computational tools that are directed by the user in an interactive manner that
does not solve a specific problem. By applying these tools in the appropriate sequence, a wide range
of investigations can be handled for the planning and operation of electric power systems. Through
the software PSS/E interface, the following functions and analyses are available: WANGYong, et
al., 2014.

* Power flow and related network functions

* Optimal power flow and Open access

« Fault analysis and Network equivalency

* Dynamic simulation

* One-line diagrams and Program automation

Additionally, one of the most basic principles of PSS/E is that the greatest benefit can be derived
from computational tools by retaining intimate control over their application. PSS/E users
familiarized to such control by use of the IPLAN program language now have available the
additional capability to run Python programs within PSS/E for batch control and automation of the
simulation processes.

Once opened, the key elements of the user interface are the Tree View, Spreadsheet View, Diagram
View and the output bar, as pointed out in Fig.1.
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2. DUAL INPUT POWER SYSTEM STABILIZER MODEL (TYPE PSS4B)

In 2005 IEEE introduced a new standard model for Power System Stabilizers, the PSS4B. This is an
advanced multi-band stabilizer that may give a better performance than the regular PSS’s often used
today. The new stabilizer has three separate control structures, handling different frequency bands of
the low-frequency oscillations at the power system, Anders, 2011.

The PSS4B model represents a structure based on multiple working frequency bands as illustrated in
Fig. 2.a. Three separate bands, respectively dedicated to the low-, intermediate- and high-frequency
modes of oscillations, are used in this delta-omega (speed input) PSS. The low band is typically
associated with the power system global mode, the intermediate with the inter-area modes, and the
high with the local modes. Each of the three bands is composed of a differential filter, again, and a
limiter. Their outputs are summed and passed through a final limiter Vstmin/Vstmax resulting in
PSS output VST.

The PSS4B measures the rotor speed deviation in two different ways. Aw ., feeds the low and
intermediate bands, while AoH is dedicated to the high-frequency band. The equivalent model of
these two-speed transducers is illustrated in Fig. 2.b. Tunable notch filters Ni(s), optionally used for
turbo-generators torsional modes, are defined as illustrated in Equation (1).

N,(S) = _ Ston 1

S2+Bwl+w},
with wy,, the filter frequency, and Buw; its 3 dB bandwidth. Sample data sets are illustrated in Table
1, which also contains a brief description of the tuning philosophy used in the PSS4B model.

3. DYNAMIC SIMULATION

A standard Dynamics simulation is performed using the Perform Dynamics Simulation dialog found
under Dynamics>Simulation>Perform simulation (START/RUN). From this dialog, the Dynamics
simulation can be initialized and run to any point in time, Fig.3. The channel output file, used to
capture the output of the Dynamics simulation, is specified in the “Channel output file” field. The
channel output file can be selected by entering it directly in the field or by selecting the “browse”
button to the right of the field and using a standard file selector dialog to select the file. The "Run
to" field defines the value of simulated TIME at which the simulation activity is to be terminated.
When the dialog is brought up, this field contains the present value of simulated TIME.

4. DISTURBANCE MENU BAR ENTRIES
The following subsections describe the dialogs found in the Disturbance Menu Bar entry of PSS/E.
4.1 Apply a Bus Fault

A fault at a specified in-service bus (i.e., the bus type code must be one or two) can be applied using
the Apply a Bus Fault dialog found under Disturbance>Bus fault, Fig. 4.
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The bus to fault is specified in the “Apply fault bus” field. The bus can be specified by entering it
directly in the “Apply fault at bus” field or by selecting the Select button to the right of the field and
using the standard bus selector dialog to select the bus.

The "Base kV" field is set to the base voltage of the specified bus as contained in the current
network. The value of fault admittance is calculated based the settings of the "Units" radio button,
the impedance or admittance edit fields, and, except for faults specified in MVA, the "Base kV" edit
field. The "MHO's" and "OHM's" radio buttons are enabled only if the "Base KV" field contains a
positive value. When the dialog is opened, these fields are set such that a three-phase fault is
applied. The specification of these data items is identical to that used in the APPLY FAULT BUS
command of activity PSAS.

4.2 Apply a Line Fault

A fault at the "from™ bus end of a specified branch can be applied using the Apply a Line Fault
dialog found under Disturbance>Line fault, Fig.5. If the branch to be faulted is a non-transformer
branch or a two-winding transformer, it must be in-service; if the branch to be faulted is a three-
winding transformer, the winding connected to the first bus specified must be in-service.

The "Base kV" field is set to the base voltage of the specified "From" bus as contained in the
working case.

4.3 Clear Fault

The faults applied using the “Apply a Bus Fault”, “Apply a Line Fault”, "Calculate and Apply a Bus
Fault" and "Calculate and Apply Branch Unbalance™ dialogs can all be cleared using the Clear Fault
dialog found under Disturbance>Clear fault.

5. SIMULATION AND RESULTS OF PSS/E SOFTWARE ON IRAQI NATIONAL GRID

The plants which are chosen for studying the implementation of PSS/E of Iragi national grid due to
their generation values, that’s because the power system stabilizer installation and tuning costs are
high so there no suitable benefit to installing PSS into small generation units.

According to NDC input file, Iraqi national grid consists of about 237 generation units (steam, gas,
diesel and hydro) which are geographically distributed from Duhok to Basra, some of them are
connected to 132 KV grid and the other units are connected to 400 KV grid. The simulation will be
done by installing the power system stabilizer (PSS4B) in Dora power plant U3 and monitoring the
performance during the disturbances in two cases with and without PSS4B. Two tests will be done,
bus fault and line fault as per the types of the disturbances which are available in the PSS/E
software.

5.1 Faults at Dora power station

In order to evaluate the performance of the grid under transient conditions (faults), a series of
simulations were carried out on different stations for both cases with and without PSS to evaluate
the performance of the system under these conditions, and to investigate the effect of adding PSS
type (PSS4B) to the system oscillations resulting from these conditions. For this case, a bus fault is
assumed to take place at the generation bus bar (16806) (132KYV side) Fig.6.

32



Number 5 Volume 24 May 2018 Journal of Engineering

The time duration of the fault is assumed to be 150 msec. The simulation was executed suggesting
that the disturbance (bus fault) is utilized at time =1sec, earlier the system is running in normal
steady state situations. The system behavior is studied for10 seconds (The time frame of interest in
small- disturbance stability studies is of the order of 10 to 20 seconds following a disturbance).

The major concern, the effect of bus fault on the one generator is to observe the oscillations of the
torque angle (generator angle, load angle, (3)), speed, bus frequency and the active power flow
oscillation for the transmission lines linking power plants each other.

5.2 Bus Fault at Dora U3

Dora Power Station consists of four thermal units which are U3, U4, U5, and U6. U3 and U4 are
Italian manufactures (Ansaldo) while U5 and U6 are Germany manufacture (Siemens).

Power system stabilizer (PSS4B) will be installed in U3 and the bus fault test will be done on the
generation bus (16806) as per the coding in the input file of NDC. The major concern when bus
occurred on the generation is to observe the oscillations of the 1oad angle (9), speed, frequency and
oscillations in active power flow in the transmissions lines linking power plants to each other. Fig.
7.a shows the oscillations in generator’s 1oad angle with and WOPSS. The behavior is improved
when settling the PSS: P.O.SH WOPSS= 94.610 degree, P.O.SH WPSS= 53.275 degree and
overshoot alteration = 41.335 degree.

The enhancement in variation in power flow will be illustrated in Fig. 7b.

P.O0.SH WOPSS= 302 MW, P.0.SH WPSS= 130 MW, and over shoot difference = 172 MW.
The speed variation enhancement is illustrated in Fig. 7c.

P.O.SH.WOPSS= 0.27287E-1 degree, P.O.SH WPSS= 0.37346E-2 degree, and over shoot
difference = 0.7234 degree. Also for the frequency deviation, the enhancement is explained as
illustrated in Fig. 7d P.O.SH WOPSS= 0.009 degree, P.O.SH WPSS= 0.0048 degree, and over
shoot difference =0.0042 p.u.

A bus fault is applied to bus 16806 which is the generation bus of U3 in Dora power plant at t=1 sec
and after 0.15 sec the fault cleared the Figs.7 (a, b, ¢, and d) shows that the PSS4B damps
oscillation with smaller overshoot than WOPSS.

5.3 Effect of Bus Fault at Dora on Zubaidiya

In this section, the behavior of Zubaidiya power plant due to the bus faults in the Dora power plant
U3as illustrated in Fig.8a. The speed, frequency, and power flow deviation due to the bus fault in
two cases with and WOPSS as illustrated in the Figs. 8 (b, ¢ and d):

The speed fluctuation is illustrated in Fig.8.b with and WOPSS. The behavior is enhanced because
of PSS performance:

P.0.SH WOPSS= 0.3268E-3 degree, P.O.SH WPSS= 0.19436E-3 degree and overshoot difference
=0.00013244 pu.

For the variation in active power flow, the enhancement is explained as illustrated in Fig. 8 c.
P.O0.SH WOPSS=574.7 MW, P.O.SH WPSS= 568.8 MW, and over shoot difference = 5.9 MW.
And for the frequency variation, the enhancement is explained as illustrated in Fig.8 d.

P.O.SH WOPSS= 0.2925E-3 degree, P.O.SH WPSS= 0.19436E-3 degree, and over shoot difference
=0.09814E-3 p.u.
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5.4 Line Fault at Dora U3

The second disturbance that will be studied in this section is the line fault as one of the disturbances
that available in the PSS/E software. The line fault will be implemented on Dora U3 (16806-16317)
and the PSS4B will be installed in the same unit.

For this case, a line fault is assumed to take place at the generation bus bar (132KV side).

The time duration of the fault is assumed to be 150 msec.

The line fault disturbance is suggested to be applied at time =1sec, earlier the system is at steady
state. The behavior of the system is observed for 10 sec.

The major concern, the effect of bus fault on the one generator is to observe the oscillations of the
generator angle (8), speed, bus frequency and the oscillations in active power flow in the T.L linking
power plant to other power plants and the speed and bus frequency.

Fig. 9a shows the oscillations in generator’s load angle with and WOPSS. The behavior is enhanced
due to PSS operation:

P.O.SH WOPSS=97 degree, P.0O.SH WPSS=58 degree and overshoot difference =39 degree.

While the variation in power flow, the enhancement is explained as illustrated in Fig. 9b.

P.0.SH WOPSS= 255MW, P.0.SH WPSS=152 MW, and over shoot difference =103 MW.

While the speed deviation, the enhancement is explained as illustrated in Fig. 9c.

P.0.SH WOPSS= 255MW, P.0.SH WPSS=152 MW, and over shoot difference =103 MW.

Also for the frequency deviation, the enhancement is explained as illustrated in Fig. 9d.

P.0.SH WOPSS= 0.0015degree, P.O.SH WPSS= 0.0006 degree, and over shoot difference =0.0004

p.u.

5.5 Effect of Line fault at Dora on Zubaidiya

In this section the behavior of Zubaidiya Power Plant due to the line faults in the Dora Power Plant
U3. The speed, frequency, and power flow deviation due to the bus fault in two cases with and
WOPSS as illustrated in the Figs. 10 (a, b and c).

Fig. 10a shows the oscillations in speed with and WOPSS. The behavior is enhanced due to PSS
operation:

P.0.SH WOPSS= 0.3268E-3 degree, P.O.SH WPSS= 0.19436E-3 degree and overshoot difference
= 3.6 degree.

While the variation in power flow, the enhancement is explained as illustrated in Fig. 10b.

P.O0.SH WOPSS=574.7 MW, P.O.SH WPSS= 568.8 MW, and over shoot difference = 5.9 MW.
Also for the frequency deviation, the enhancement is explained as illustrated in Fig. 10 c.

P.O.SH WOPSS= 0.2925E-3 degree, P.O.SH WPSS= 0.19436E-3 degree, and over shoot difference
=0.1E-3 p.u.

6. CONCLUSIONS

Suppressing low-frequency oscillation of the power system and improving power system dynamic
stability are WPSS. The PSS is working in parallel with the exciter and governor which means that
during installing power system stabilizer in a specific power plant there is some tuning should be
done to the exciter and governor system parameters in order to match with the power system
stabilizer type that is chosen for that plant. In view of the growing complexity of power system
itself and the computational tasks required, the computational efficiency of specialty software used
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for such reason has become a main concern for the power manufacturing. PSS/E is one of the main
simulation tools for the power industry across the world used for system analysis. Traditionally,
PSS/E has been mainly used in a single computing station. From the results obtained for Iraqgi super
grid 400kv and 132kv based on PSS/E simulation, it is clear that the effect of the PSS is almost clear
near the place of the disturbances and its effect is reduced gradually for the far stations.
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8. LIST OF SYMBOLS

PSS: power System Stabilizer.

PSS/E: power system simulation for engineering.
NDC: national dispatch center.

d: rotor angle, generator angle, load angle
P.O.SH: peak overshot

WOPSS: without PSS

WPSS: with PSS
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T.L: transmission line
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Table 1. Type PSS4B—MB-PSS sample data.
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Figure.7. a Oscillations in the angle at Dora Power Station U3 for bus fault.
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Figure 7.c Oscillations in speed at Dora Power Station U3 for bus fault.

40



Number 5 Volume 24 May 2018 Journal of Engineering

FREQUNCY DEV DORA BUS FLT
PSS4B INSTALLED AT DDRAUY

5.8 T.90600 T.8000 =. 7000 S.6060 T, s000
6. 45000 1. 3500 2 2500 3 1s00 u. oS00

TIME (SECONDS)

Figure 7.d Oscillations in frequency at Dora Power Station U3 for bus fault.
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Figure 8.a Single line diagram of Zubaidiya Power Plant with 400 KV grid.
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Figure 8.b Oscillations in speed at Zubaidiya Power Station for bus fault at Dora U3.
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Figure 8.c Oscillations in power at Zubaidiya Power Station for bus fault at Dora U3.
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Figure 8.d Oscillations in frequency at Zubaidiya Power Station for bus fault at Dora U3.
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Figure 9.a Oscillations in load angle at Dora bus bar for a line fault in Dora U3.
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Figure 9.b Oscillations in power flow at Dora bus bar for a line fault in Dora U3.
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Figure 9.c Oscillations in speed at Dora bus bar for a line fault in Dora U3.
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Figurel0.a Oscillations in speed at Zubaidiya power station for line fault at Dora U3.
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Figure 10.b Oscillations in power at Zubaidiya Power Station for line fault at Dora U3.
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Figure 10.c Oscillations in frequency at Zubaidiya Power Station for line fault at Dora U3.
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