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Abstract: Power systems are considered highly non-linear
because the environment in which they operate keep changing
and hence require iterative mathematical techniques to analyse
them. Such changes have a resultant effect on the system's
stability. Fluctuations in parameters are experienced in loads
across the networks of the system, generator’s outputs, network
topology and other operating parameters. Practically, there is no
analytical solution exists for solving the problem of stability. On
the other hand, there are techniques available to obtain an
acceptable approximate solution of such a problem, known as
digital simulation. Runge-kutta method is one of these
techniques which has been used broadly as it calculates every
step in a sequence of sub-steps. The method relies on a complex
mathematical modelling of the synchronous generator with the
help of Park-Gorev's transformation, for the sake of simplicity
and intuitiveness the method is used to analyse and study the
complex equations of the three-phase synchronous generator.
Generally, the system is said to be stable if the opposing forces
within it are balanced and at a perfect equilibrium. The aims of
this research are to establish the effects of synchronous
generator’s design and transient conditions upon power system
stability with the help of Embedded Microsoft Excel Sheet based
on Power System Stability Analysis (EMES-PSS), using the
Runge-Kutta integration method. The study has proved that
EMES-PSS can find the limits of Salient and Non-Salient
machines stability when changing their essential parameters.
The optimisation solutions of the power system stability problem
can be achieved by using basic computational resources. The
software can also be used on a number of modern tablets e.g.,
Apple stablets.

Keywords— Synchronous Machine, Modelling, Stability,
Runge-Kutta, Visual Basic.

[ INTRODUCTION

The development of energy within developed and
developing countries is characterised by a steady increase in
electrical power generation due to the preferential
development of thermal and hydraulic power plants with
aggregates of large single capacities. The increase of the
nominal power of the generators is the main direction of the
development of turbo and hydro-generators. The most
advanced manufacturers of generators have reached single
capacity of turbo-generators of 1300 - 2000 MW and hydro
generators 700 - 800 MW.
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The main driving factors are the economy of
production, the reduction of capital costs for facilities
(building of therma power plants and high-pressure
processing facilities), as well as the economy of operation
[16]. There are some constraints on the power of the
interconnected network, which includes a powerful
generator or a power plant. It is generally considered that the
power of the largest generator should not exceed 0.5% of the
power of the system to which it is connected, as well as the
level of short-circuit currents.

The operation of a power system depends mostly on the
reliable service to the loads. Flawlessly and continuously,
the loads must be fed at a constant frequency and voltage
within permissible variations. According to the Electricity
Safety, Quality and Continuity Regulation (ESQCR) of
England [24], the permissible high voltage variation on
132kV and below is between +6%. However, the
permissible voltage variation is +10% for the voltages above
132kV. In regards to the frequency, the allowable frequency
variation is +1%.

To keep the reliability and continuity, the synchronous
generators should run in parallel and with adequate capacity
to meet the load demand. The reliable electrical service
maintains the integrity of the power network. Synchronous
machines are controlled by synchronising forces; therefore,
they do not easily fall out of step under normal conditions.
However, circumstances do arise, such as a fault on the
power network, failure in some parts of power network
equipment and sudden application or increase of loads.

Due to the fact that the high-voltage transmission
system links the generating power plants and the load
centres, disconnections in this network may hinder the flow
of power to the load.

Nevertheless, random changes could happen in demand
at al times, with subsequent adjustments of generating units
leading to change from one equilibrium state to another.
However, adjustment to the new operating condition is
called the transient period. During this period, synchronism
may frequently be lost, or growing fluctuations may occur
over atransmission line, eventually leading to its tripping.

Generally, a system is said to be stable if it can regain
its normal equilibrium state after an imposed disturbance is
removed. Power system stability is referenced from a
particular initial condition of operating.
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As such, a clear definition of the system stability states
that a system is said to be stable if the opposing forces
within it are balanced and at a perfect equilibrium.
Instability is caused by imbalance sustained when the
opposing forces are not equal. The resulting disturbance
causes instability within the power system [8].

According to [12], when a system is exposed to intense
disturbance that could otherwise be described as transient,
its stability changes. The change is proportional to its initial
operating condition and the disturbance’s nature causing the
change in stability. In addition, the disturbance has a
magnitude that can either be small or large. Minor
modifications are experienced in the form of the differences
in the load’s size. Systems are capable of adapting to such
changes to ensure that they maintain optimal performance.
Such systems operate with the correct index under such
changes and conditions. They meet the load demand
successfully. They are aso capable of surviving severa
disturbances that might be severe in nature. Serious
disturbances include short-circuits on transmission lines or
the loss of large generators. Furthermore, the power-angle
relationships and the dynamics of the angles of the generator
rotors significantly affect the aspect of stability of the power
systems.

The stability of a power system can be established when
a transient disturbance is applied to it. If it is stable, it
reaches a new level and state of equilibrium, and the entire
system remains intact practically. The proper situation of the
system is restored by the use of human operators and the
application of automatic controls. A run-down situation or
run-away is experienced if the system is unstable. Instability
is caused by such occurrences as decreasing voltages in the
bus progressively or increasing the angular separation and
distance between the rotors of generators. If the unstable
condition is not rectified fast enough, it could result in
cascading outages. Persistent cascading outages may result
in the shutting down of a portion or entire system [12].

Much of the equipment is involved in the response to a
system disturbance. For instance, variations in the speed of
the rotor of the machine, power flows, and network bus
voltages are caused by a fault on a critical element of the
system. These parameters of the system occur when the key
component isisolated by protective relays. The regulators of
the transmission and generator voltages are actuated by the
variations in the voltage. The prime mover governors are
then actuated by the changes in the speed of the generator.
The individual characteristics of the frequencies and
voltages determine the extent to which the variations and
changes affect loads of the power system.

Protection devices are usually used to protect
equipment of the power systems from disturbances and
changesin their parameters to sustain the performance of the
power system network. These devices respond to changes
and variations in the variables of the system [18]. Modern
power systems are characterised by the incorporation of
high-order multivariable processes. As such, their
performances are affected by numerous devices that have
varied characteristics and response rates. Thus, variability
depends on the operating mode of the system, its topology,
and the nature of the disturbance.
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The primary challenge involved in power systems is
maintaining stability in the operation of synchronous
systems and machines. All power systems depend on
synchronous machines to generate electrical power. As a
result, the synchronous machine must always remain in a
state of synchronism. Synchronism only means that the
machine is ‘in step’ with the parameters and disturbances
affecting its performance. Loss of synchronism in the
machines leads to instability of the power systems[5].

System controls, protections, generator controls, and
prime mover controls are the driving parameters in case the
load/generation ratio becomes a significant mismatch. The
frequency of the system becomes unstable if the system is
not coordinated properly. A system blackout may result due
to the tripping of the generating units and loads. That shows
the system might become unstable despite the fact that the
synchronism of the machines is retained. The synchronism
remains until it is tripped by protections such as under-
frequency [24].

Stability problems are usually complex and involve
high dimensionality. As such, the right degree of detail and
parameters of the system should be used to make simplified
assumptions. Such assumptions are used to analyse the
particular causes of problems such as instability of the
systems. The information and results gathered could then be
used to establish possible ways of minimising instability in
systems.

. POWER SYSTEM STABILITY ANALYSIS

The equilibrium state of restoring and disturbance forces
is scientifically termed Stability. According to the severity
of the perturbing condition, the stability of the power system
is divided into four categories:

o Steady state stability happens when a small and slow
disturbance occurs between the generation and load,
leading to the establishment new steady-state
operating condition with a new adjustment of the
torque angles. There are several methods which
improve system stability by improving steady-state
stability. This can be achieved by using higher
voltage level, employing additiona parallel
transmission line to reduce the high reactance of the
transmission line, employing a series capacitive line
compensation or by using static var compensators and
flexible ac transmission systems (FACTYS).

e Transient stability happens when a power system is
subjected to a severe disturbance, short circuit, for a
short time not exceeding 5 seconds. The stability of
the system depends on both the severity of
disturbance and initial operating condition.

e Dynamic Stability usually happens when the transient
is maintained, therefore, it takes longer time, a few
minutes.

Both the transient as well as dynamic stability is
improved by short time fault clearing, fast reclosing
of circuit breaker, single pole switching, employing
large machine inertia, lower transient reactance, fast
valve system responding, high gain excitation system

and employing
braking resistors [20,
25]. 4,
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e Freguency stability occurs when the frequency
dramatically reduces, e.g. 47 Hz. This will lead to
damage of steam turbines. However, hydraulic and
therma power plants are more robust. Further
reduction in frequency will lead to worse scenarios
that will most likely lead to disconnection. Deviation
of the frequency has negative consequences. Firstly,
it will lead to overload power transformers. Secondly,
it negatively affects the performance of the AC motor
drives which provide the cooling services for the
entire system [6, 20].

11, MATHEMATICAL MODELLING

Gl

Load
Fanlt

Fig.1 Simplified power network

A simplified power network has been implemented
within this study consisting of a transformer and
transmission line as shown in fig.1. This section seeks to
establish whether or not a synchronous generator would still
maintain its stability in the event of a fault in the system.
Salient and non-salient synchronous rotors are taken into
consideration.

Generally, synchronous generator is divided into salient
and non-salient rotors [9]. It generates power and electricity
from the compression of a fluid such a liquid or a gas. The
stability, magnitude, and direction of the electric power
generated depend on the torque of the inputs. From
fundamental physics and first principles of calculus, torque
is the product of the mass of the object, perpendicular
distance of the application of force, and the force of gravity
acting on the object exerting the torque. Therefore, altering
the essential parameters of the turbine have a significant
impact on the synchronous generator’s stability.

Under the condition of maintaining the system's
frequency, increasing the mass of the turbine increases the
rotation of the generator. However, this may not bring about
any significant effect on the stability of the generator, dueto
the fundamental fact that the speed is kept constant by the
voltage in the grid and the current in the rotor and stator
windings [14].

However, changing the parameters of the generator
such as increasing the mass of the turbine, increases the
magnitude of torque and consequently the power generated.
It must be denoted that high increases in mass may
destabilise the system for some generators [9, 23]. The
stability of the system can thus be controlled by adjusting
the mass of the turbine in sadient and non-salient
synchronous machines accordingly to certain levels. The
software Embedded Microsoft Excel Sheet based on Power
System Stability Analysis (EMES-PSS) has been designed
to discover the limits of increment for the turbine’'s mass for
both salient and non-salient pole machines.

It should be pointed out that the dimensions of the
generators are limited. Therefore, an increase in the unit
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power of the generator is achieved mainly by increasing the
current densities in the stator and rotor windings, and this
can be accomplished only by improving the cooling systems
of the generators.

The simplified total power of the generator is
proportional to the product of the following quantities [13]:

S=k*D?*L¢* N* As* B

Where: k- constant depends on the number of
poles

D; -Diameter of the stator boring,

Li- Active length of the stator core,

N- Number of rotor revolutions, rpm

As— The current density aong the stator,

Ba- Average flux density over apole span, Tesla

The stability of power systemsisvery critical in the
engineering’s world. It assists with improving the
effectiveness and efficiency of the transmitted power in
transmission lines. As such, it is critically significant to
conduct advanced studies to establish better methods of
improving the control of power systems.

To ease the complexity and computational system
modeling, the following assumptions are made in studying
the stability:

1. The mechanical input power remains constant.

2. Damping power is negligible.

3. Each machine is represented by a constant
transient internal voltage in series with a transient reactance.

4, Loads are considered as shunt impedances to
ground with values determined immediately prior to the
transient conditions.

The proposed generator to be controlled as studied
in this work, is shown in Fig. 2. The synchronous machine
equations are described in terms of Park-Gorev'sin d-q axis.
The Park-Gorev’s equations express the synchronous
machines under transient conditions in both rotor and stator
windings. These equations are described as follows [1, 19
and 23]:

Stator terminal voltage equations on d and g axis:

Vg = _Rsid — (l)).q + /‘ld

)
Vg = —Rsig — wly + A4
&) ,
v=-Ri-"P= Ri-1Zte
3 ,
la
where: i = [ib
e
e=[e,e,e.]" isback electromotive force (emf)
v =[v, v, v.]T isphaseterminal voltage
Direct and quadrature axis flux linkages:
Aa = —Lgig + Lipg (g + ixa)
(4) , ,
Ag = —Lgig + Lipgixg
©)
Field terminal voltage:
- i a%r
Vf = _Rflf — ?
(6)
£
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Fig. 2 Inductances of the Synchronous Machine
[14].
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Fig.3 Synchronous Inductances with Flux [10]
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Excitation control input on direct axis:
Vrq = Rslfq — Linaly + Lalya + Linalia

(7)

Damper winding equations where no voltage exists:

0 = Ryalka = Linaly + Lmalfa + Lralia (8)
0 = Ryalka = Linaly + Lmalfa + Lralia 9)

Table 1: synchronous machine essential parameters

id, ig Direct and quadrature axis stator current components, respectively.
ifd The field winding current

kd, ikg Direct and quadrature axis damper winding current components,
Rs, Ls The stator resistance and inductance

R The field resistance

Riag, Rig The damper winding resistances

La Ly The direct and quadrature self-inductances

L The rotor self-inductance.

Lid, Lig Direct and quadrature damper winding self-inductances.

Lnd, Lmg Direct and quadrature magnetizing inductances, respectively.

V. DYNAMIC MODELLING OF
SYNCHRONOUS MACHINE

When a synchronous machine is running, it produces an
electromagnetic torque Te running at a synchronous
speedws,,,. Under steady state operation, the mechanical
torque Tm = Te In case of disturbance occurrence, the
resultant between two torques will develop. This can be
expressed by the law of rotation into [23]:

d2
]% =Tj=Tn—T,
(10)
Where: J is the moment of inertia of the combined turbine
and generator
fm is the angular displacement of rotor w.r.t. stationary
stator
Such that:
O = Wt + 0y
Where: ws,, isthe constant angular velocity
By taking the second derivative of 6, , substituting it in the
law of rotation eg. (11) and multiplying with w,,:

d%8m d%8m
]wm?= 4z —wpTe =Py —F

(12)

(11)

= Wy Ty
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Where: M is the inertia constant, Py and Pe are mechanical
and electromechanical power.
Equation 13 is termed a swing equation. The later can be
converted into per unit system:

2H d?§ _ dzs

oy m—F= Moz =F—F
(13)

Where.Mzi—H 6= "0 ="

p = number of poles, w,, = synchronous speed in
mechanical radian/sec.

H = Machine Kinetic Energy / Rated MVA Capacity
(another inertia constant)

However, it must be noted that the value of M is directly
connected to the size of the machine. The larger the machine
size, the extrawill be inertia constant M.

As the power P is invariant, therefore, the same power
expression can be used in both the Odqg and abc. It iseasy to
show that,

P = Vaiq + Vo + Vele = 2 Vaia +2Vyiq + 3Vyio

(14)

By substituting equation 1& 2 in 17, the result can be
expressed as follows:

3 . . 3 (dAq . diq . dAg .
P = w;(/ldlq — Aqia) +E(d_tdld ——qlq) +3=24,
(15)

If the stator phase currentsiia, ib, and ic are projected along

the d and q axes of the rotor, the following relationships are
obtained if the aaxisis chosen as reference,

ig = /(2/3) X [igsing + iy sin (9 - %ﬂ)
+ i, sin (9 + 2—”)]
3
iq = —/(2/3) X [igsind + i, sin (9 - %ﬂ)
+ i, sin (9 + 2—”)]
3
i, =/(1/3) X (ig + ip + i)
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c-axis
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Fig.4 Park-Gorev Transformation of synchronous
generator [14].

The total torque can be expressed by:
3d . .

T = EE(/‘{dlq - Aqld)

(16)

V. THE EMBEDDED MICROSOFT EXCEL SHEET
BASED ON POWER SYSTEM STABILITY
ANALYSIS

Power systems are regarded as being non-linear systems
that should operate between specified conditions to ensure
reliability and stability of electricity supplies. If unstable
conditions of a power system are not rectified rapidly,
cascading outages and major disruptions to power supplies
may occur. Packages such as Matlab can be used as a
different application; Microsoft spreadsheet provides
another aternative, non-tedious and sustainable solution
with no need for additional software to be installed. A
thorough mathematica modelling of both types of
synchronous machines (Salient and Cylindrical) has been
carried out before establishing the program. This software is
a new educational and research desktop tool. Five different
algorithms have been implemented to provide wider choice
so the stability problem can be studied in details. The
problem identifies when one out of four different kinds of
faults is being applied to a particular generator to observe
the response of the system. The limits of changing the
parameters of the synchronous generator after having been
subjected to a short circuit in order to optimise the stability
level and the efficiency is one of the software’s tasks.

Excel worksheet is incorporated with Visual Basic
Software Environment (VBSE), an Integrated Development
Environment "IDE". Due to the fact that VBSE is owned by
Microsoft, everyone is able to use it freely by clicking on
the keyboard's buttons “Alt” and “F11” simultaneously.
Since VBSE isan essential software for all computers thus it
will not slow down the computer in comparison to other
software e.g. Matlab. Furthermore, programming with
visua basic has become popular since 1993 as well as
Matlab. Lastly but most importantly, with the Mobiles and
Tablets revolution, Excel can work properly on most of
them. Without a doubt modern Apple's tablets have
demonstrated their capability of handling complicated
spreadsheet management. In spite of the fact that the
absence a mouse and keyboard interface, Excel for iPad is
approximately the same of its desktop counterpart.
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The designed program uses the Runge-kutta method for
automatically calculating the dynamic stability limit at the
first angle’s swing. The method is designed to compare the
levels of dynamic stability of generators when their
parameters change, the duration of a short circuit, the
application of measures to increase dynamic stability and
the limits of changing the generator’s parameters e.g. Xg,
Xd, Xg, Tm and T,. This approach has alowed analyse of the
effect of changing the various parameters of synchronous
machines.

In connection with the above, the study of the effect of
the parameters of powerful hydro and turbo-generators on
the parameters of dynamic stability is highly relevant. The
main attention is paid to the study of the influence of
parameters on the level of dynamic stability. The effect of
changing each one of the generator's parameters has been
analysed under four types of fault calculations. The software
provides the results in figures as well as in graphs which
makes things easy to analyse.

The EMES-PSS tool calculates the system stability
level by alowing parameters of cylindrical and salient rotor
generators to be atered and the power output studied for
different control circuit arrangements with amplification
factor (Ky) that regulates rotor excitation V; in respect with
different fault types. Equation (17) describes the transient
voltage (E,) related to these arrangements.

!
ABq _ (KfVy=Eq)
dt Ty

(17)

L o
Where: T, = Rf—d “field winding time constant”.
fd

Determining the excitation voltage, taking into account
the type of Automatic Voltage Regulations (AVRS), was
part of the mathematical model of the synchronous
generator within this literature [10]. The equation to
determine the voltage of the generator with a system of self-
excitation with respect to the field forcing is represented as:
Vy = ky x nomt (18)

nom
Where: Vinom— Nominal value of the excitation voltage,
Vrom - NOMinal voltage of the stator
Kt = the multiplicity of field forcing

The value of the dynamic stability limit of power
transmission is calculated for severa (usualy three) values
of the multiplicity of the forced excitation ke. The
mathematical description of P = f (kg) allows comparison of
the levels of dynamic stability of generators by changing
their parameters. The limits of dynamic stability are
estimated from the first variation of the angle &. It is
assumed that the generators are equipped with a high-speed
excitation system that provides effective excitation from the
moment of the onset of a short circuit to the moment when
the angle 6 reaches its first maximum. The stability of the
transient process is determined in the program on the basis
of the investigation of the signs of dip "S" and its derivative
(pS) on a short circuit. However, the term “slip” is
commonly related to Induction Machines. The synchronous
machine during the transient process behaves in relation to
speed in the same way as an Asynchronous Machine that
has two different speeds: the rotational speed of the
electromagnetic field and the

speed of the rotor.
Where: %,
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Published By: &

&

g

/eu-fﬂor jeuo®
WWW.IJEAT.ORG,

Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation


https://www.openaccess.nl/en/open-publications
http://www.ijeat.org/

A Feasibility Solution of a Synchronous Generator for Optimisation of the System Power Stability using an
Integrated Development Environment of Visual Basic-Excel

ds 1
s=% 51 (19)

dt wg
pS = (T _/‘ldlq +/‘lqld)/] (20)

TABLEI. SALIENT POLE GENERATOR TABLE Il. NONSALIENT POLE GENERATOR

PARAMETERS PARAMETERS
Generator parameters in PU 185 MW, 720 MW, 1000 MW, Generator parameters in PU 500 MW, 2 pole | 200 MW, 2 pole
64-pole 80-pole 4-pole
Power 0.85 0.98 0.85 Power 085 0.85
Power Factor 0.85 0.98 0.85 < =
Direct axis reactance (X) 1.66 1594 235 Powwer Factor 08 085
- - Direct axis reactance (Xz) 2356 1.869

g-axis Sub-transient reactance (X,) 1.03 1.019 224 _ _ —
Synchronous reactance (Xs) 0.22 0.233 0.32 graxds Sub-transient reactance (¥,) 256 1.869
Stray rotor reactance (X,,) 025 Synchronous reactance (Xs) 024 0.154
Direct axis transient reactance (X;) 0.512 0.4536 Stray rotor reactance (X
Direct axis stray rotor reactance (X.,4) 0.196 Direct axis transient reactance (X) 03541 03016
Direct axis sub-transient reactance (X ;) 0.366 0.4016 Direct axis stray Totor reactance (Xgrq)
q@(?s stray rotor reactance (X, q,” 0.147 — Direct axis sub-ransient reactance (X ) 02921 0.2337
iamsfsubvtranslem reac;(ance (X7g) — gi? 7 ﬁ-::l s stray rotor reactance (Xorg)

LEAs S OUST L2 (e 1) - o — s sub-{ransient reactance (X) 03634 02485
Turbine torque (T}) 8.42 23 6.5 =
Time constant (T.) = Transformer reactance (X;) 0.12 0.12

- == i . 5 7
Stray rotor resistance (Ry) 0.0033 0.00132 T@me torque (T;) °
Direct axis time constant rotor excitation 051 Time constant ()
(Trq) Stray rotor resistance (Ry) 0.000844 0.000904
Direct axis rotor resistance (R,4) 0.0469 0.0173 Direct axis time constant rotor excitation (Tq)
q-axis time constant rotor excitation (T,,) 0.36 Direct axis rotor resistance (Rr4) 0.0484 0.003688
g-axis rotor resistance (R,) 0.0359 0.0231 g-axis time constant rotor excitation (T;,;)
Armature resistance (R,) 0 0 0 g-axis rofor resistance (Ry5) 0.061 0.00108
Transformer resistance (R,) 0 0 0 Armature resistance (R,) 0 0
Circuit breaker operating time (T) 0.12 0.12 0.12 Transformer resistance (R,) 0 0

Circuit breaker operating time (T;) 0.12 0.12

According to Asymptotic stability (Lyapunov Stability)
proves that solutions which begin near the stability not only
remain close enough but also eventualy converge to the
equilibrium. The characteristic dependences of 8, S and
pSon time are shown in Fig.4. If, a some instant t > Ty
(time to clear the fault), the dip S > 0, and its derivative pS
< 0, then, as can be seen from Fig. 4(a), the angle & has not
yet reached its maximum. From the condition S < 0 and pS
< 0 it follows that the angle 6 has adready passed its
maximum and will decrease in the future. This shows that
the system is stable. On the other hand, for S> 0 and pS> 0,
the angle & grows indefinitely with the time, therefore, this
system isinstable, as seenin Fig.4 (b).

psh | ps t
Tk ‘ .t T >
.————_——_____r I t
(a) Stable system (b) Unstable system

Fig.4 Relationship of rotor angle, dip and itsderivative
pS.

Thus, it is obvious that all the above system’s equations
must be solved until either S changes its sign from positive
to negative for pS < 0, or pS does not become positive
during the time when S > 0. These conditions hold for t >Tx.
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Fig.5 illustrates a sequential change in the powers of an
equivalent generator during the search for the limit of
dynamic stability. The computational process terminates
when the two successive values of the limiting powers differ
less than the predetermined accuracy €. In the program, €
was assumed as 0.001. The symbol N in the graph below
represents the iteration of the process until the change of
power has reached to a specific value after a period of time
equals to T > Tk +0.02, where Tk is the time of the
operation of the circuit breaker which was assumed to be
0.12 second.
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Fig.5. Power changing of Hydro-Generator (1690/185-
64) during the search for the magnitude of the dynamic
stability limit.

It should be noted that the value of the limit of dynamic
stability was found by the method described above (Xpase =
Xin = 1.0, Srom. = var.) Thus, the found value of the limit of
dynamic stability can be related to the specific operating
conditions of the power plant

connected to the power
system.
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After applying the derived modelling equations, four
types of fault were implemented to study the stability level
of each generator. These faults are: three phase to ground,
phase to phase, phase to phase to ground and single phase to
ground faults. The modelling has alowed the effects of
dynamic stability, power output, transient EMFs, rotor time
constant, turbine’s torque and sub-transient reactances to be
analysed thoroughly. Figure 6 shows how non salient pole
generator's power output and torque vary under a phase to
phase to ground fault for a 500 MW, 2-pole turbo generator
with the help of K.
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Figure 6. Stability level of aturbo generator asa
function of the developed torque for different speed
control settings Kr.

In Fig. 7, the results of calculating the limits of dynamic
stability for phase to phase to ground fault are presented for
aduration of 0.12 s. Asindicated previoudly, the limit value
is calculated as a function of the multiplicity of the Kr
excitation boost. Forcing the excitation is assumed to be
without adding inertia, and the duration of the boost is
determined by the duration of the process. This means the
predetermined ceiling value of the excitation voltage is kept
to the maximum of its angle.
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Fig.7. Dynamic Stability limit of Hydro-Generator SVF.

Based on the datain Fig. 7, it can be concluded that the
hydro-generator, despite the increased values of inductive
reactances, has a sufficiently high level of dynamic stability.
The use of forced excitation with Kg = 2 leads to an increase
in the magnitude of the limit by 13.6%, with Kg = 3
increasing the limit by 23%. The program enables the
influence of other significant electromechanical parameters
on the value of the limit of dynamic stability to be
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considered. The results of other generators' parameters will
be analysed in more detail and published in future research.

VI.  CONCLUSION

The EMES-PSS provides a unique approach to
generator fault conditions, as two generator design
parameters can be altered simultaneously, thus enhancing
stability analysis for salient and cylindrical generator types.
Results show that alteration of generator design parameters
allows stability problems to be considered in terms of
efficiency and reliability. The primary challenge involved in
power systems is maintaining stability in the operation of
synchronous systems and machines. Not only the optimum
stability of the system has been studied, but the cost, a deep
analysis and comparison between the stabilities of the two
different types of generators in addition to methods of
reducing the losses will be considered in a future research.

In the Integrated Development Environment of Visual
Basic and Excel software, a technique for automaticaly
calculating the dynamic stability limit at the first angle
swing is implemented. The method has been designed to
compare the levels of dynamic stability of salient and
cylindrical synchronous generators when changes are made
to their parameters, the duration of a short circuit, the mass
of a turbine and so on. The software has effectively and
efficiently affirmed the optimisation solutions of the power
system stability problem by using the essentia
computational resources.

A method for calculating transient processes in the
electric power system based on the calculation of the
instantaneous val ues of variables has also been implemented
within this study. The determination of the voltages at the
node points of the network is carried out with the help of
expressions corresponding to the balance of the derived
currents, which makes it possible to perform the calculation
of transients in asymmetric short circuits and their phase
disconnection.
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