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Increase Power Grid Stability Using Dual-Excited
Synchronous Generator

Alireza Akram! and Hamid Yaghobi'*

Abstract— Transient stability in interconnected power systems
remains a pivotal concern for operators, particularly amidst the
ever-expanding and intricate nature of modern power grids. This
study delves into a novel approach to bolstering power grid
stability by proposing the implementation of dual-excited
synchronous generators (DESGs). Unlike conventional
synchronous generators, DESGs feature dual windings on the
rotor, strategically positioned to optimize performance and
stability. This paper presents a thorough assessment of
synchronous generators and DESGs under varying fault
conditions, including three-phase to ground, two-phase to ground,
and more. Leveraging advanced simulation techniques in
Matlab/Simulink, the dynamic behavior and stability of these
generators are meticulously analyzed. The results unveil a
paradigm shift: DESGs exhibit superior stability and dynamic
performance compared to their conventional counterparts across
diverse fault scenarios. By harnessing the advantages of DESGs,
including enhanced efficiency, the overall stability and reliability
of power grids can be significantly augmented. In summary, this
study not only sheds light on the critical importance of power grid
stability but also presents a promising solution in the form of
DESGs. By pushing the boundaries of traditional generator
technology, this research paves the way for a more resilient and
efficient electrical infrastructure.

Index Terms—Synchronous generator, dual excited

synchronous generator, rotor angle, stability.

NOMENCLATURE

T aamp friction-induced torque of the generator

Tnech Mechanical torque of the generator

P Number of poles

V. Vy Voltage on the g-axis and d-axis of the
synchronous generator, respectively.

Vo Voltage on the zero (0) axis of the
synchronous generator.

parent6,(t) The angle between the r-axis of the rotor and

the aa-axis of the stator, in radians.
w,(t) Rotor angular velocity.
Yg,ba Flux linkage on the g-axis and d-axis of the
synchronous generator, respectively.
Yo Flux linkage on the zero (0) axis of the
synchronous generator.
Flux linkage for damper windings k on the g-
axis and d-axes, respectively.
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Flux linkage for excitation windings f on the
g-axis and d-axis, respectively.

Flux linkage on the g-axis of the
synchronous generator for the g-axis.

Flux linkage on the d-axis of the
synchronous generator for the d-axis.
Current on the g-axis and d-axis of the
synchronous generator, respectively.

Curent for damper windings k on the g-axis
and d-axis, respectively.

Current for excitation windings f on the g-
axis and d-axis, respectively.

Current on the zero (0) axis of the
synchronous generator.

Phase currents of the synchronous generator
(Phase A, Phase B, Phase C).

Rotor angle of the synchronous generator.
Electromagnetic power developed.
Electromechanical torque

Resistance of damper windings k on the g-
axis and d-axis, respectively.

Leakage reactance of damper windings k on
the g-axis and d-axis, respectively.
Resistance of excitation windings f on the g-
axis and d-axis, respectively.

Leakage reactance of excitation windings f
on the g-axis and d-axis, respectively.
Mutual reactance on the g-axis and d-axis,
respectively.

Synchronous reactance.

Self-inductance of the g-axis and d-axis,
respectively.

Phase voltages of the synchronous generator
(Phase A, Phase B, Phase C).

Flux linkages for excitation windings f on
the g-axis and d-axis, respectively.
Excitation voltages for excitation windings f
on the g-axis and d-axis, respectively.
Stator resistance.

D-axis and g-axis stability coefficients,
respectively.

1. Faculty of Electrical & Computer Engineering, Semnan University, Semnan, Iran.

* Corresponding author Email: mailto:yaghobi@semnan.ac.ir


mailto:yaghobi@semnan.ac.ir

64

Volume 3, Number 4, February 2024

. INTRODUCTION

ynchronous generators are foundational components within

power grids, serving as vital contributors to both power
generation and grid stability. In the face of expanding and
increasingly intricate modern power networks, meeting
escalating energy demands underscores the paramount
importance of ensuring the stability and reliability of
synchronous generators [1]- [6]. Efforts aimed at augmenting
the efficiency and performance of these generators stand as
integral pillars in the progression of sustainable energy
technologies. By fostering heightened productivity and
bolstering system stability, advancements in these areas carry
profound implications for the overall performance of power
systems [7]- [10]. Consequently, the imperative arises for the
development of methodologies and techniques geared towards
fortifying generator stability.

Various conditions can lead to instability in synchronous
generators, including phase-to-phase faults, single-phase-to-
ground faults, two-phase-to-ground faults, three-phase-to-
ground faults, or phase-to-phase faults. Given the significant
financial implications of generator incidents and system
instability, there is strong motivation to find a solution to
enhance the stability of the power grid [11], [12].

Transient stability studies are essential to ensure a power grid
can withstand transient conditions following severe
disturbances. These studies help determine critical parameters
such as relay system characteristics, fault resolution timing,
system voltage level, and power transfer capability [13], [14].
Rotor angle instability, induced by load changes,
disconnections, and short circuits, is a prominent instability in
power grids, underscoring the need for strategies to address it
[15].

Efforts to enhance the stability of synchronous generators
directly contribute to the overall stability of power systems
[12], [16]. Therefore, if an alternative structure of a
synchronous generator could be utilized instead of the
conventional synchronous generator (CSG), offering greater
stability against various faults, the stability of the power system
would also increase. This alternative structure may be a Dual
Excited Synchronous Generator (DESG), which is the focus of
this paper. Comparative studies between CSGs and DESGs
under various fault conditions can play a significant role in
examining and evaluating the dynamic performance and
stability of the system.

To date, studies have been conducted to investigate the
dynamic behavior and stability of Dual Excited Synchronous
Generators (DESGs) [17]- [21]. Recent discussions have
focused on the control and stability of dual-excited machines
Studies have demonstrated that the stability of DESGs can be
enhanced by adjusting the angle of DESGs [14]. Dynamic
analyses of DESGs under various conditions with different
regulators have been conducted using criteria such as the Routh
criterion [22], [23]. Notably, the loss of torque or reactive
winding fields does not significantly affect system stability. By
maintaining similar losses in both field windings,
heterogeneous rotor heating can be mitigated, as each rotor
winding is controlled independently. Additionally, the angle
between field windings has been studied, revealing no
significant impact on stability [24]- [35].

This paper simulates conventional synchronous generators
and dual-excited synchronous generators using their
mathematical equations in MATLAB, applying various types
of faults such as single-phase to ground faults, two-phase to
ground faults, three-phase to ground faults, and phase-to-phase
faults at different time intervals to the terminals of both
generators. The stability of these two generators is examined
and compared under various fault conditions, with the results
indicating that DESGs exhibit better stability compared to
CSGs under different applied faults. Considering the direct
impact of synchronous generator stability on power system
stability, it can be concluded that employing dual-excited
synchronous generators instead of traditional synchronous
generators can enhance the overall stability of the power
system.

Il.  SYSTEM MODEL

The DESG construction, its dynamic model, and the
equations used in the simulation of this generator are discussed
in this section.

A. Dual-Excited Synchronous Generator Construction

The DESG has two windings in different directions. The
two windings are excited independently, and the direction and
magnitude of the resulting magnetic field can be controlled
arbitrarily. The schematic view of the DESG is illustrated in
Fig. 1, where the angle between the windings is less than 90°,
the windings have an equal number of turns, and none of the
windings are on the d and g axes.

DESG’s terminal voltage is generated by applying two
alternating voltages with different phases to each winding. This
creates a magnetic field in the generator air gap that is the sum
of the rotating magnetic field frequency and the rotational
frequency of the rotor.

q-Axis

Torque(T)
Winding Reactive(R)

" Winding

d-Axis

R-Axis

Fig. 1. Schematic view of the dual-excited synchronous generator [2]

B. Dual-Excited Synchronous Generator Dynamic Model and
Equations

DESGs have two excitation windings, f1 and f2, which are
moved with desired angles 81 and 62 from the mechanical axis
(axis d). Dual-excited generators can be replaced with two-axis
generators (d-q generators) if the interaction between the two
excitation windings is negligible. Both machines produce a



Journal of Modeling & Simulation in Electrical & Electronics Engineering (MSEEE)

65

magnetic field of the same magnitude and direction [30]. Fig. 2
illustrates the DESG equivalent to the d-g machine.

() (b)
Fig. 2. The dynamic model of dual-excited synchronous generator. (a)
dual-excited machine. (b) d-q machine [36].

The following is a description of the equations of DESG [37].
The equations about DESG are written for the d-q generator.
These equations are used to simulate this generator.

2 21
Vg = —{V; c0s0,.(t) + V, cos (Hr(t) — —)

3 3
+ V. cos <9T(t) - 4;)}

2 21
V; = —{Va sin6,.(t) + V} sin (Gr(t) - —)
3 3 1)
41
+ V. sin (Br(t) - ?)}
1
Vo=§(VZz+Vb+Vc)
where
t
0.(t) = f w,(t)dt +6,(0) elec-rad (2)
0

In equation (1), 6,-(t) is the angle between the r-axis of the
rotor and the a-axis of the stator, and w,.(t) is the velocity of the
rotor angle. There are two excitation windings and two damping
windings on the d and q axes of the DESG. Here are the integral
equations for the flux linkages of the windings [37].

l/)q = wa{vq _Z))_:l/)d +xr_;(ll}mq _ll}q)}dt (3)
Vo= o [ a+Z0 + 2 Wma —vJdt (4)
Yo = wp f {Vo - xr_lssll’o} dt (5)

Equations (6) and (7) can also be used to calculate flux
linkages for damping windings [37].

wpt’

w kq = ;,lk:q f(lpmq - l/) kq) dt (6)
wpr’

l’b,kd = ;,lk:d f(lpmd - lp’kd) dt (7)

The following equations are used to calculate the flux
linkages of the generator excitation windings [37].

| {Efq + % Wmg — w'fq)} it (8

Yy =
fa xmq

, r' Xmd ,
1/) fd = X J_{Efd +m(¢md - l/) fd)} dt (9)
The variables used in the expressed equations are defined as
follows: The following is a description of the flux linkages of
the windings on the d and g axes [37].
Yimg = WpLlmg(ig +1'kqg +1'5q) (10)
Yma = WpLlma(iq + U'xa + i'ra) (11)
Also, excitation voltages in the two axes d and g can be
defined as follows [37]:

V’
Efq = Xmq o (12)
AL
Yma = Oplipa (g + kg + '5a) (13)

A stator winding flux linkage is also defined by Equations
(14)-(16).

wq = xlsiq + lpmq (14)
Ya = x5 + Pma (15)
Yo = x50 (16)

Excitation winding flux linkages can also be defined as
follows [37]:

V' 0 = X irql'rq + Wmg (7)

V' ey = Xipal'pa + Pima (18)

Damping winding flux linkages are expressed in Equations
(19) and (20) as follows:

L L (19)
V' ey = Xipal'pa + Pima (20)
In terms of the total winding flux linkages, the flux linkages
of the windings on the d and g axes are as follows [37] :

Vg Vg Vi
Ymg = Xy <_ +— +— (21)
1 ¢ Xis X'ikqg Xifq
l/)d lp,kd l'b,fd
Yima = Xup <— L (22)
Xis  X'ikd X Ifad
1 1 1 1 1
—=—t——+——+— (23)
xMQ xmq X lkq X lfq Xis
1 1 1 1 1
—_—=— —+—F—+— (24)
XMp  Xmd X'ikd Xifa Xis

The following are the equations for the generator winding
currents [37].

fo = Vo= Yma ;l:”’”q (25)
id — wd - lpmd (26)

Xis
In addition, through the following equations, the winding
currents of the damper located on the rotor in the d-g axis can
be calculated [37].

lplkq - l/)mq
i, = 27
l kq x’lkq ( )
Uga = —lll kd _ Yma (28)

X liea
Generator excitation currents can also be calculated as
follows [37]:

7 lp’fq B l/)mq

Vg = T, (29)
)

i = 15— (30)

!
X'1fd
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The following transformations can be performed for stator
winding currents [37].

i5q =1igc080,.(t) +iysin6,.(t) (31)

i%q = —i,sin6,(t) + iy cos 6,(t) (32)

iq = % + i (33)

. 1 Iy 1 iS

lbz_zlq_ﬁld-l- (34)
ot L4 35
.= 21 q \/§l d Ly ( )

In the case of a p-pole machine, the expanded
electromagnetic power can be calculated without accounting for
ohmic losses and the rate of change of magnetic energy [37]:

3p . .
Pem = Eiwrm(/‘{dlq - Aqld) w (36)

By dividing (36) by the mechanical speed of the rotor, the
electromechanical torque can be calculated as follows [37]:

Pem

3P ) ]
=575 (Aaig = Aqgia)
= Em(wdiq ~Pgla) N-m

T.., has a positive value for engine performance of the
machine and a negative value for its generator performance.
The motor contract defines net acceleration torque as T,,, +
Trmech — Taamp along the rotor rotation. Tem is positive in the
motor mode, and negative in the generator mode. If the machine
is rotated in the generator mode by an initial actuator, Tmech Will
be negative, while Tgamp, the friction-induced torque, will act in
the opposite direction of the rotor rotation. This pure accelerator
torque will have the following relationship with the inertial
torque [37]:

Tem =

dw,,, (t)
Tem + Trmech — Tdamp = % 38
_ Ydom® 9
TP dt

In addition, the rotor angle and reactive and active power of
the generator are calculated as follows [37]:

5(1) = 6,() = 6.(1) = [y[w, (1) — we (O]t + 9
0‘)"(0) - 99( 0)
Ya = oy [ {va+ 2+ 2 Wma — vt (40)

T
Yo = wp f {Vo - flpo}dt (41)
Il.  SYMULATION

This section investigates and contrasts the stability of
Conventional Synchronous Generators (CSGs) and Dual-
Excited Synchronous Generators (DESGs) under diverse fault
scenarios, encompassing three-phase to ground, two-phase to
ground, single-phase to ground, and phase-to-phase faults. Fig.
3 provides a comprehensive overview of the dual-excited
synchronous generator model within the Matlab/Simulink
software. This section focuses on simulating the d-q generator
model. The windings of the generators in this simulation are
connected in a star (wye) configuration.

ul2Peesiu1)
[uiz1 cos (G112 p¥3))
21 cos(l 11+12'01)3)

Fig. 3. Full view of the dual-excited synchronous machine model in the
Simulink

A. Simulation Condition

During the simulation of the CSG and DESG in this paper, the
standard parameters of both generators were the same, and the
fundamental electrical parameters of the generators were
determined based on these values. In addition to the different
number of excitation windings, the two generators have different
weights. However, it appears that the weight does not have a
considerable impact on stability. This issue can be addressed in
future research. Tablel shows the identical parameters of the
two simulated synchronous generators.

TABLE |
Identical Parameters of the Two Simulated Synchronous

Generators Standard Parameters of Generators

d-axis

g-axis

xq = 1.0495 pu

xq = 0.6313 pu

x'yg =0-3320 pu

x'q=0-394 pu

x";=0-1963 pu

x"q=0-2496 pu

T4 =3.7729 s

T'4o =018 s

T" 4 = 0.0238 s

T" 40 = 0.0334 s

Parameters of stator

7, =0-00636 pu

xs=0-1235 pu

The fundamental electrical parameters for the CSG and DESG

are given in Table I1..

Fundamental Electrical Parameters for the Two Simulated
Synchronous Generators

Conventional Synchronous Generator

d-axis

g-axis

Xma = 0.926 pu

Xmq = 0.5078 pu

x'1pq = 02691 pu

x'ig = 0-1678 pu

X' 1gg = 0-1119 pu

T'kq = 0-053 pu

r'a = 0-03578 pu

r'sq = 0-0084 pu

Dual-excited synchronous generator

d-axis

g-axis

Xma = 0.926 pu

Xmq = 0.5078 pu

x';pq = 02691 pu

x'ypq = 0578 pu

X' 1kg = 0-1119 pu

X' ;g = 02363 pu

r'a = 0-03578 pu

7'kg = 00574 pu

r'sq = 0-0084 pu

7'rq = 000076 pu
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According to Table I, the standard parameters of the
generators can be used to calculate the fundamental electrical
parameters of the generators [36] - [38].

The nominal values of the generators are given in Table Il
[38]. Additionally, in both generators, the coefficient of
damping related to the friction-induced torque is equal to zero.
(D, =0), And the constant inertia value is equal to 7.11
seconds (H = 7.11s). The generator outputs in this article
have been expressed per unit (p.u.) based on their nominal
values, as presented in Table I1I.

TABLE Il
Nominal Values of the Simulated Generators
Type of Appare
enerato nt Voltage( | Current | Speed( | Frequen
g power V) 0] N) cy (F)
s
O]
6250 867.41 360
CSG | pua | 460V A oo | 60Hz
8800 1.221 360
DESG | ya | 4160V A mem | B0Hz

In the simulation conducted in this paper, single-phase to
ground, two-phase to ground, three-phase to ground, and phase-
to-phase faults were applied to both generators for various
durations, and their stability was investigated. Subsequently,
explanations regarding these faults are provided.

All of these faults were applied to the terminal of the
generators in the simulation. The fault resistances were
considered to be 0.001 ohms, and the ground resistance was
assumed to be 0.01 ohms. The three-phase terminal voltages of
both generators can be observed in Fig. 4.

Phase A

Phase B

Voltages(P.u) —— Phase C
x10™

a\Bla\RIa\lI2

-1.7
1.7 (D) 1
1
-1
-1.7 -1
10.06 10.08 10.1
10 10.05 10.1 10.15
Time(s)

Fig. 4. The three-phase terminal voltages of CSG and DESG under different
short-circuit fault conditions. Faults were applied at 10 seconds and cleared at
10.15 seconds. The figures on the right show enlarged views of the time
interval of the phases affected by the fault. A) Single-phase-to-ground fault
B) Two-phase-to-ground fault C) Three-phase-to-ground fault D) Phase-to-
phase fault

As depicted in Fig. 4, different faults were applied to the
generator terminals at second 10, and they were cleared at
second 10.15. The variations in the three-phase terminal
voltages of the generators can be observed during this time
interval.

B. Simulation Results

In this section, first, the simulation results of the simulated
generators in nominal and stable conditions are examined, and
then, by applying different faults to generators’ terminals, the
simulation results of the generators under different faults are
examined.

B. I. Simulation Results of the Generators in Nominal and Stable
Conditions

In this section, the simulation outputs of CSGs and DESGs
under nominal conditions are examined. Fig. 5 shows the
instantaneous stator voltage for CSGs and DESGs under rated
conditions. Both generators have an instantaneous stator voltage
of 1 pu, as can be seen. Also, Fig. 6 illustrates the instantaneous
stator current for CSGs and DESGs under rated conditions. In
CSGs, the stator current is equal to 1 pu, and in DESGs, it is
equal to 1.491 pu. The reason for the higher stator instantaneous
current in DESGs is that they have one more excitation winding;
thus, they produce greater flux than CSGs with the same
standard parameter values.

2 T T

= CSG
DESG

[Vt|(p.u)

0 1 L 1
0 1 2 3 4

Time(s)

Fig. 5. The instantaneous voltage of conventional and dual-excited
synchronous generators under rated conditions.

16

(S
<

|t] (p-u)

=

1
N

0 1 2 3 4
Time(s)

Fig. 6. The instantaneous current of conventional and dual-excited

synchronous generators under rated conditions.

Also, as shown in Fig. 7, CSG and DESG have different rotor
angles under rated conditions. In Fig. 6, the final rotor angle in
the CSG is 64.64 degrees, while it is 57.05 degrees in the DESG.
The reason is that the rotor angle swings are different between
the two generators (), from when the generator is started up until
it reaches the synchronous speed; this explains why the rotor
angles of the two generators differ.
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Fig.7. The rotor angle of conventional and dual-excited synchronous
generators under rated conditions.

B. Il. Simulation Results of the Generators Under Three-Phase
to Ground Fault

Fig. 8 shows that by applying a three-phase to ground fault
to the terminals of both generators for 0.1 seconds, from 10 to
10.1 seconds, both generators swing slightly and return to
stability. Increasing the fault time in Fig. 8 to 0.136 seconds
shows that the CSG completely swings and loses its stability, but
the DESG reaches its steady-state value after its swings and
becomes stable. As soon as the fault time reaches 0.15 seconds,
both generators become unstable. Therefore, the CSG was able
to withstand the three-phase to ground fault for 0.136 seconds
and did not lose its stability, while this time was 0.15 seconds
for the DESG. This indicates the greater stability of the DESG
compared to the CSG under three-phase to ground fault.

Rotor angle(Degree
150 gle(Deg II)
!

100 ! .

50

3-phase fault \I!
T=10s

T=10.1s

150

100

50

3-phase fault

. 'Fault clearing _

Ny |
>

I
|
0 T=10s I T=10.136s
I
150 i
Il = = =CSG
| DESG

100

50

i
3-phase fault \Ii Fault clearing

0 ‘ T=10s ;. T=10.138s

0 Time(s) 10 15

Fig. 8. The rotor angle of conventional and dual-excited synchronous
generators under a three-phase to ground fault that occurs in the 10th
second with a fault duration ranging from 0.1 to 0.15 seconds.

B. Ill. Simulation Results of the Generators Under Two-Phase
to Ground Fault

Fig. 9 shows that by applying a two-phase to ground fault to
the terminals of both generators for 0.1 seconds, from 10 to 10.1
seconds, both generators swing slightly and return to stability.
By increasing the fault time in Fig. 9 to 0.14 seconds, it is clear
that the CSG completely swings and loses stability, but the
DESG reaches its steady-state value after its swings and remains
stable. Both generators become unstable as soon as the fault time
reaches 0.17 seconds. Thus, the CSG was able to withstand the
two-phase to ground fault for 0.14 seconds without losing
stability, while the DESG became unstable after 0.17 seconds.
Accordingly, the DESG is more stable than the CSG under two-
phase to ground fault conditions.

Rotor angle(Degree)

150

100

50 .
- - | i
2-phase-GND fault\!_ Fault clearing

— 2
T=10s s T=10.1s

150
= = =CSG

—DESG

el

100

f .
I i
2-phase-GND fault ¥ Fault clearing

SOLWV
- >
0 T=10s I:

i:  T=10.14s
i
150 i
4 |- --csG
i |——DESG
100 ! 7
!
50 -2 b I
2-phase-GND fault I. Fault clearing
0 ‘ T=10s ! T=10.17s
0 5 10 15
Time(s)

Fig. 9. The rotor angle of conventional and dual-excited synchronous
generators under a two-phase to ground fault occurs in the 10th second
with a fault duration ranging from 0.1 to 0.17 seconds.

B. IV. Simulation Results of the Generators Under a Single-
Phase to Ground Fault

Fig. 10 shows that by applying a single-phase ground fault
to the terminals of both generators for 0.1 seconds, from 10 to
10.1 seconds, both generators swing slightly and then return to
stability. As the fault time in Fig. 10 increases to 0.22 seconds,
it becomes clear that the CSG completely swings and loses
stability, while the DESG reaches its steady-state value after its
swings and remains stable. As soon as the fault time reaches 0.78
seconds, both generators become unstable. As a result, the CSG
was able to tolerate the single-phase to ground fault for 0.22
seconds without losing stability, whereas the DESG became
unstable after 0.78 seconds. Therefore, the DESG is more stable
than the CSG under single-phase to ground fault conditions.
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Fig. 10. The rotor angle of conventional and dual-excited synchronous
generators under a single-phase to ground fault occurs in the 10th second
with a fault duration ranging from 0.1 to 0.78 seconds.

B. V. Simulation Results of the Generators Under a Phase-to-

Phase Fault

Fig. 11 illustrates the results of the two generators under

phase-to-phase fault conditions.

Rotor angle(Degree
150 gle(Degree)
100

—————————— \‘kV S = em = e
50 iy
Phase-phase fault\!! Fault clearing -
0 T=10s

150

100

50
Phase-phase fault

T=10s

i
0 3
150 i
if
it
100 [
i
50 = 4
Phase-phase fault\ : Fault clearing
0 ) T=10s
0 .
Time(s)

Fig. 11. The rotor angle of conventional and dual-excited synchronous
generators under a phase-to-phase fault that occurs in the 10th second with

a fault duration ranging from 0.1 to 0.2 seconds.

Phase-to-phase faults are applied to both generators from
10 to 10.1 seconds, causing both generators to swing slightly
and then return to stability. The fault time in Fig. 11 increases
to 0.15 seconds, and it becomes clear that the CSG completely
swings and loses stability, whereas the DESG reaches its
steady-state value after its swings and remains stable. Once
the fault time reaches 0.2 seconds, both generators become
unstable. Therefore, the CSG was able to withstand the phase-
to-phase fault for 0.15 seconds without losing stability,
whereas the DESG became unstable after 0.2 seconds. Under
phase-to-phase fault conditions, the DESG is, therefore, more
stable than the CSG.

Furthermore, in this section, a comparison of the active
and reactive power of two generators under phase-to-phase
fault has also been conducted, the results of which can be
observed in Fig. 12 and 13.

DESG
Active Power (P) (p.u) |- - - .csG

5 = :
Whe
0 ‘
Phase-phase fault
5 T=10s > moas > |
5
1 “‘ k
Ao N
Vv
0 ‘l []
Phase-phase fault N1 | '
ase-phase a“t)l Faut clearthg ')
-5 T=10s T=10.15 i

;
I s
LA
1

5 T
WA
0
Phase-phase fault ¥ i
P )F Faut clearing >
-5 ) T=10s 'H T=10.22 i
0

N

5 10 15
Time (s)
Fig. 12. . The active power of conventional and dual-excited

synchronous generators under a phase-to-phase fault that occurs in the 10th
second with a fault duration ranging from 0.1 to 0.2 seconds.
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Fig. 13. The reactive power of conventional and dual-excited synchronous
generators under a phase-to-phase fault that occurs in the 10th second with a
fault duration ranging from 0.1 to 0.2 seconds.

As evident, both generators remain stable in terms of both
active and reactive power during the fault application time of
1 second from 10 seconds to 10.1 seconds. With an increase
in fault application time to 0.15 seconds, the active and
reactive power of the conventional synchronous generator
deviate from their stable state and do not return to their
nominal value, while the dual-excited synchronous generator
remains stable. Upon further increase in fault application time
to 0.22 seconds, the powers of both generators deviate from
their stable state.

IV. DISCUSSION

Table IV shows how long the CSG and DESG can maintain
their stability when facing a variety of faults. According to
TablelV, the stability time of the DESG in all four types of faults
examined is greater than that of the CSG, indicating that DESGs
are more stable than CSGs. Compared to the four types of faults
studied, CSG and DESG have the lowest stability under three-
phase to ground faults, while, under single-phase to ground
faults, they have the highest stability.

Table IV.
Duration of Maintaining the Stability of Two Types of
Generators After Clearing the Various Faults

Generator type
Fault CsG DESG
Single-phase to ground Up to 220 ms Up to 780 ms
Two-phase to ground Up to 140 ms Upto 170 ms
Phase to phase Up to 150 ms Up to 200 ms
Three-phase to ground Up to 136 ms Up to 150 ms

V. CONCLUSION

. As a result of a synchronous generator's instability, other
synchronous generators in the power system are also affected.
There is a possibility of this situation affecting the power
system's stability, even resulting in a shutdown of the power
system. Consequently, synchronous generators are important for
the stability of the power grid, and increasing their stability
increases the grid's stability. The stability of CSG and DESG
was assessed in this paper with different fault conditions,
including three-phase-to-ground, two-phase-to-ground, single-
phase-to-ground, and phase-to-phase faults. According to the
results, DESG had better dynamic performance and more
stability than CSG. The power grid can therefore be made more
reliable and stable under different fault conditions by replacing
the CSG with the DESG.
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