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Procedure of Assessing the Electrical Transients
with a View to Relative Extrema Localization

Lucian Lupsa-Tﬁtarul

Abstract

The assessment of transients in electrical systems requires numerical solving of
systems of ordinary differential equations with the main purpose of localizing the
relative extrema of state variables and of characteristic quantities in closely
correlation with the selected state variables. Searching for relative extrema is
traditionally performed immediately after the numerical integration is
accomplished by sequentially processing a large file containing the amount of data
recorded at all steps of numerical integration. Considering that, within the
available software environments, the state variables time-related derivatives are
usually discarded during numerical integration, finding approximations for the
relative maxima and minima of each characteristic quantity could become a
complex problem related to mathematical optimization. In this context, the present
paper advances a simple procedure for real-time localizing of relative extrema of

state variables and of the various characteristic quantities correlated with state

! Department of Electrical Engineering and Applied Physics, Faculty of Electrical
Engineering and Computer Science, Transilvania University, Bd. Eroilor No. 29,
Brasov, Romania. E-mails: lupsa@programmer.net, lucian.lupsa@unitbv.ro

Avrticle Info: Received : September 14, 2013. Revised : October 19, 2013.
Published online : December 1, 2013.


mailto:lucian.lupsa@unitbv.ro

264 Procedure of Assessing the Electrical Transients

variables by employing a high-order explicit linear multistep method. Computer
experiments will be carried out by considering the more elaborate case of a

synchronous generator subjected to sudden three-phase short circuit fault.
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1 Introduction

The accurate assessment of transient phenomena occurring in electrical
systems requires developing of comprehensive state-space models, which are
described by means of systems of ordinary differential equations [1-8]. Having in
view that, in the majority of cases, the set of characteristic quantities, describing in
an exhaustive manner an electrical transient, is not identical to the set of
state-space variables, the computations can be complex, thus requiring the system
analyst to operate with different software environments in order to solve a specific
problem. Since there is no commercial software environment designed to depict
the transient behaviour of each electrical system component, it remains the task of
software engineers to develop dedicated environments with a view to in silico
experimentation. Given that, in many cases, it is necessary to assess a large
number of contingency cases, the computational capabilities of the developed
software environment are of utmost significance.

The development of software environments for assessing transients in
electrical systems has to be in accordance with the user requirements, which are
customarily related to the computing rate and the visual representation of the

evolution curves of characteristic quantities [9-14]. Within the available
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environments, a fourth- or a fifth-order integrator is commonly employed to carry
out the numerical solving of the systems of differential equations, which describe
the state-space models, whilst the visualization of the time-related evolution
curves is practically the result of accessing a large file that stores the data received
at all steps of numerical integration. It has to be emphasized that in the case in
which the characteristic quantities, necessary to depict the system transient
behaviour, entirely differ from the selected state-space variables, the user
intervention could result in loss of performance due to the large volume of
computations requested both during the numerical integration and immediately
after the numerical integration process is completed.

To assess the transient phenomena in electrical systems, the analyst is
especially interested in the relative extrema of certain characteristic quantities
(currents, voltages) [15]. Hence, the system analyst requests access to the large
amount of data recorded during numerical integration with the purpose of
searching for relative maxima and minima of each characteristic quantity. Having
this in view, the present investigation suggests a simple and effective procedure
for localizing the relative extrema of state variables as well as of characteristic
quantities that are closely correlated with the state variables. The procedure
benefits from an eight-order explicit method, which is straightforwardly designed
in the present paper starting from the generalized Adams-Bashforth predictor
formula. It is common knowledge that unlike Runge-Kutta methods, at any given
step of integration, the explicit multistep methods do not call on intermediate
points in order to update the state variables. Instead of taking auxiliary points to
increase accuracy, the explicit multistep methods use the values of state variables
derivatives received at some previous steps during numerical integration. Hence,
having in view that the information required for a mutistep method to make a step
forward and update the state variables is precisely the one needed also for
localizing the relative extrema, it follows that the employment of an explicit

multistep method is entirely justified here. Furthermore, the computational
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capabilities can be improved both by increasing the size of the integration time
step, which is allowable because of the high-order of the integrator, and by
recording only the significant data received during numerical integration.
Considering the more elaborate case of a salient-pole synchronous generator, it
will be shown that the proposed procedure allows the localization of relative
extrema of the characteristic quantities just in the course of integration, without

further processing.

2 Design of the Numerical Integration Method

The relatively large number of state variables needed to comprehensively
depict the behaviour of an electrical system during transients as well as the
occurrence of time intervals over which the selected state variables have very fast
variations require the use of a highly accurate numerical integration method for
solving the systems of ordinary differential equations that describe the various
state-space models. Valuable numerical results can be obtained by employing
high-order multistep methods, which are recognized for the effectiveness acquired
through the use of the values of state variables derivatives received at some
previous steps of integration in the place of adding intermediate points at which
the state variables derivatives are to be computed [16-19]. In the present paper,
with the purpose of in silico experimentation, an eight-order linear multistep
method is applied, with the start-up being achieved by employing the original
fourth-order Runge-Kutta method to execute the first seven steps of integration. In
what follows right away, we present the development of the multistep method
based on the generalized Adams-Bashforth explicit formula. We consider the

initial value problem:

dy _ . _
T gt y); y(t)=y,. (1)
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Suppose that we have determined approximations {y,,se[1,n]} for the
solution of (1) at instants {t,=t,+s-h,se[1,n]}. Next, we have to find an
approximation for y(tml) where t ., =t +h. We will employ the symbol g,
to designate the expression g(t,y,). We consider p(t) as being the
interpolation polynomial in Lagrange form associated with data points (ts, gs)

where se[n-7,n]. We have:

. t-t
p(t)=> | ]I ﬁ -0 (2)
s=n-7| le[n-7,n] s I
l#s

and the Adams-Bashforth formula [18, 19]:

tn+1
yn+1=yn+ jp(t)dt (3)

tn
Relation (3) enables the computation of vy, that is the approximation of
y(tm), having at hand the values of function g at data points (t,y,) with

index se [n -7,n ] Based on relationships (2) and (3), we receive the expanded

formula:

equivalent to

=y. +h B.g.,
yn+1 yn S§7 sgs (4)

v~ y(t); 9,=9(t,y,); h=t,., -t

where we have to identify the coefficients:
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n+1

t—t,
=— [T dt
j le[n-7,n] ts _tl
I#s

for se [n -7,n ] For this purpose, we perform the following change of variable:

T=—-7", (5)

which leads to
t=t,+hz, dt=hdr, t—t=h-(r+n-1), t. -t =h-(s—1I)

and, eventually

1
:j II T:E;I dr; sG[n—Zn]
0 | le[n-7,n]

l#s

Hence, by means of the change of variable defined by (5), the coefficients in the

explicit formula (4) obtain a more convenient form:

B (- 7 z'+7
(s n+7)][ lf”‘ s
sel[n- 7n]

Performing the calculations, one receives:
B, ,=-36799/120960; B, ,=295767 /120960 ;

B, . =-1041723/120960; B, , = 2102243 /120960 ;
B, , =—2664477 /120960; B, , = 2183877 /120960
B, ,=-1152169 /120960; B, =434241/120960. (6)

Since the eight coefficients (6) have constant values, they can be employed within
(4) to carry out the integration for any initial value problem, regardless the size of
time step h.

Having in view (1), formula (4) emphasizes the state variable derivatives:
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_ y dy ). (dy) . dy _
Yorr = Yo +h D Bs(dtl’ [dthdt(tS)’Se[n 7,n].

s=n-7
Thus, at each step of numerical integration, in order to compute the state variable
value at the current point, the integrator has to evaluate and store the state variable
time-related derivative corresponding to the previous point, taking into account
that the other seven state variable derivatives are already stored as elements within
a reserved vector. In other words, to compute vy, ,,, the integrator evaluates:

& o)) o

It has to be emphasized that computing (7) at each step of numerical integration
appears here to be of crucial interest in the process of localizing the relative
extrema of state variable and of any other characteristic quantity in correlation

with the state variable y.

3 The System under Consideration

We consider the more complex case of a three-phase salient-pole
synchronous generator endowed with damping cage. As it is advanced in literature,
the generalized d-q (orthogonal) axis mathematical model of synchronous
generators is described by means of two distinctive sets of structural equations.
These are the voltage equations, put forward as a set of ordinary differential
equations, and the flux equations, depicted by a set of algebraic correlations
between winding flux linkages and winding currents [20-22].

To facilitate the employment of mathematical concepts and language as well
as to allow the generalization of conclusions, the synchronous generators
representation is performed by adopting a per unit (p.u.) dimensionless system [21,

22]. The following base quantities will be considered:
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- for voltages, denoted by symbol u, we have: u,,, = V2 (U
- for currents, denoted by symbol i, we have: i, = V2 oo 3

- for flux linkages, denoted by symbol y , we have: ., = V2 U aed / Orateq

- for resistances, denoted by symbol R, we have: Ry, =Z 0 =Y aed/ Vratea ;

- for inductances, denoted by symbol L, we have: L., =Z .0/ @rateq ;

- for angular velocity, denoted by symbol ®, we have: w,,, = o,

rated ?

- for time variable we have: t,,. =1/

base rated °
The voltage equations of synchronous generators traditionally provide the
time-related derivatives of winding flux linkages in terms of all winding currents

and stator d-g axis flux linkages:

dd'/:d = oy, ~Ri, U, ®)
dd"’:q ——wy, —Ri,-u, , 9)
dd‘”tf — R, +u,, (10)
Vo — —Reiy (1)
%:-RQiq. (12)

The flux equations of synchronous generators are given by means of the

following algebraic correlations:

Wy = Loy + Log - (iy +; +ip ) = Ly + Loy - (i +ip) ;

13
Ly=L, +L,. (13)

,/,q:Lgiq+Lmq.(iq+iQ):Lqiq+Lmqu; 14)
L, =L, +Ly.
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Wi =Ll + Ly '(id +iy +iD):Lfif + Lig '(id +iD);

15
Lf:Lfo—+Lmd’ ( )
wp =Ly, ip + Ly .(id +iy +iD) = Lpip + Ly .(id +if); (16)
I-D = LDo-+Lmd )
'//Q:LQciQ+Lmq'(iq+iQ):LQiQ+Lmqiq; (17)
Lo = Loo + Lug -

Within (8)-(17), the subscripts are as follows: d - designates the “direct”

axis components; ¢ - designates the “quadrature” axis components; f -

associated with field winding; D - associated with “direct” axis damper circuit;

Q - associated with *“quadrature” axis damper circuit; m - associated with

magnetizing circuit; o - denotes leakage inductances.

The role of flux equations (13)-(17) is to enable the selection of state
variables (currents and/or flux linkages) in a manner suitable for the intended
purpose. Since the values of stator d-q axis winding currents are of significant
interest and, besides, taking into account that all parameters are considered here to
be constant, in order to get the most from the numerical integration routine, we
proceed to select all winding currents as state variables. Thus, the vector of state

variables is
- - - - - T
| :[ld [ PR ] .
Having in view (13)-(17), we have now to process the set of voltage
equations (8)-(12) in order to receive a state-space model, prepared for software

implementation. Employing correlations (13)-(17) to replace the flux linkage

variables within (8)-(12), one obtains the following differential-algebraic

structure:
di di di : .
L gt * oo g+ Lo g = ~Ris +ovlia o) -u,. (18)
di di N
= ds +Lqu_f=_a)‘//d(ld’ e 'D)_R'q_uq ’ (19)
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. di .

Lmd‘?j—':+|_fﬁ+|_md%—'t0=—Rfif+uf, (20)
di di di .

Lmdd—s+|_mdd—tf+LDd—tD=—RD|D, (21)
di di _

Lqu—:+ d—f:—RQlQ. (22)

With a view to transient assessment, structure (18)-(22) is routinely implemented
without change within various software environments. In this way, the
environments are forced to call an elimination procedure at the beginning of each
step of numerical integration in order to provide the values of state currents
time-related derivatives, which are requested by the integrator to update the state
currents values. To increase the computational efficiency, we will symbolically
manipulate structure (18)-(22) with the purpose of explicitly expressing the state
currents derivatives in the most convenient form. Thus, the next step in the course
of derivation here is represented by the processing of system (18)-(22) in order to
receive an explicit (normal) form. We observe that equations (18), (20), (21) can
be coupled to identify the set of expressions of the d-axis winding currents
derivatives i.e.

DER, ={(1|—': cjj—ltf c:j—'t[’}
whilst equations (19), (22) vyield the set of expressions of the time-related

derivatives of g-axis winding currents i.e.

DER:%,%_
a dt dt

Accordingly, solving the set of equations (18), (20), (21) in relation to

winding currents time-related derivatives, we receive:

dy,
dt

=Cyrikla T Caz 1 lg T Cazuls +Cyailp T Cys i lg T Xgy Uy + Xy Ug s (23)

ke{l,2,3}; y, =iy, ¥, =i, ys=i,.
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The coefficients of currents and voltages interfering in (23) are the following:

Ca1,k :(_1)k Ré‘lk/Ad v Caox =(_1)k+la’|-q 51k/Ad 1

Cys :(_1)“1 Ry 52k/Ad v Caax :(_1)k Rp 53k/Ad ,

Cys,k = (_1)k+la)|‘mq 51k/Ad '
g1k :(_1)k§1k/Ad 1 Ogak :(_l)ké‘Zk/Ad
wherein
Ad = Lcr Lfa LDO‘ + (Lcr Lfa + Lo- LDa + Lfcr LDO‘) Lmd '
511 =L, Lo, + (Lfo + LDJ) L » 512 Los Ling » 513 =—Ly Lo

01 =01,, 0 =L, Ly, + ( L, + LDG) La» O3 = Ly Lina s

531 = 513, 532 = 523, 533 = I—O. I—fJ + (Lo' + Lf(r) Lmd

With a view to optimal software implementation, the coefficients of state currents
in (23) should be computed in the following manner:

aux <~ R /Ay; Cyyq = — 8y -AUX; Cyy , <= Oy, - AUX; Cyy 4 — — Oy - AUX;
auX <= @ L,/ Ay; Cypy <= Oy BUX; Cyp , <= — J, - AUX; Cyp 5 = g - AUX;
AUX <= R /Ay Cygq <= Oy - AUX; Cygp <= — Oy - AUX; Cyg 5 < Oy AUX;
auX <— Ry / Ay; Cyqq = — 8y -AUX; Cyy , < O3y - QUX; Cyy 5 <= — Ogg - AUX;
aux<—a)Lmq/Ad; Cys.1 €= Oy - AUX; Cyg , ¢ — Oy, - AUX; Cyg 5 ¢— Op5 - AUX.

Solving now the set of equations (19), (22) in relation to g-axis winding

currents derivatives, one obtains:

d| .

_dt qulld +ch1|q Coanls +Cq4’llD cq51|Q+a u, (24)
diQ .

_dt =Cyy. oy +Cyp, 2|q +cq3 Sl +cq4 21 + Cys. 51 Q +ag,U, (25)

wherein the coefficients are:

p=—olLy /A, Cy, =0l L /A,
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Ca2,1 :_RLQ/Aq’ Coz2,2 = RLmq/Aq’

Cq3,l = _a)Lmd LQ/Aq’ c:q3,2 = a)Lmd Lmq/Aq ' Cq4,1 = Cq3,1 ’ Cq4,2 = Cq3,2 '
Ces1= Ry Lmq/Aq’ Cs2 =~ Rg Lq/Aq’
%q =_LQ/Aq 1 Oq2 = LmQ/Aq ’
with
Ag=L, Lo, + (L, + Ly, ) Ly -
Equations (23), (24) and (25) describe a state-space model in explicit (normal)

form:

i|:C><I+D><U (26)
dt

where
- - - - - T
| = [ I O P P 1 ] ,

Cii Cq1 Car2 Cars  Cgr2

Cd2,l q2,1 Cd2,2 Cd2,3

C= CdS,l 93,1 Cda,z Cd3,3

Cd4,l q4,1 Cd4,2 Cd4,3

_Cd5,1 95,1 Cd5,2 Cd5,3

= T
Ay, 0 ay, ays O

D=| 0 « 0 0 «a

| 2,1 0 ap, aps O

represent the state currents vector and the matrices of coefficients whilst
U= [ud U, U ] '
is the voltages vector, selected here as input.
In the absence of the zero sequence component, a certain stator phase current
results from the well-known converse Park-Gorev transform in terms of stator d-q
axis winding currents [20, 21]:

i =14 COS( 7, — @t) +i sin(y, — wt)
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or, at synchronous angular velocity (@ =1p.u.)
i =14 cos(t—y,) —i,sin(t —y,) (27)
wherein y, isthe initial value of the rotor lag angle.

From (27) we obtain the time-related derivative of stator phase current in
terms of stator d-q axis winding currents, selected here as state variables, and their
time-related derivatives:

%z(%—'{’—iq}os(t—%)—(Z—Itqﬂd]sin(t—yo). (28)

Extending formula (4) to solve system (26), we get the vector of state
variables at step (n+1) of numerical integration based on the values of state and

input variables at the previous eight steps:

I..=1,+h 3 B,(Cx1,+DxU,) (29)

s=n-7

{Isz[id,s iq,s if,s iD,s iQ,s ]T; SE[H—?,H],
. ~i i )’ if,szif(ts)’ iD,sziD(ts)’ iQ,sziQ(ts);
U, =[u(t) ut) u ()]s seln-7n],
More specifically, in order to update the values of state currents at step (n +1) of

integration, it is necessary to evaluate the expressions of state currents time-related
derivatives (26) at step n of integration, having in view that, at the other
previous seven steps, the values of state currents derivatives are already stored as

array elements.

4 Computer Experiments

The transient selected in order to emphasize the benefits of the suggested
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assessment procedure is represented by the sudden three-phase short-circuit fault
at the terminals of a salient-pole synchronous generator with the following per unit
(dimensionless) parameters [22]:

R=0.0256, R;=0.0032, R,=0.088, R,=0.036,

L,=0088, L, =0258, L, =033, L, =0.066,

L, =131, L, =0.705.

The selection of this transient for performing numerical experiments is justified by
the fact that dynamic simulation has been extensively employed as the benchmark
approach in order to evaluate the accuracy of the results received from various
standardized semi-rigorous procedures designed for short circuit fault analysis in
electrical systems [23-28]. In silico experimentation has been carried out for the
widely accepted initial circumstance of generator no-load operation, with rated
phase voltage. We have also assumed that the generator operates at synchronous
velocity.
The outlined assumptions correspond to the following initial condition (in per
unit):
ig0=0, igo=0, i;,=1/Ly, Ip,=0, Iy,=0. (30)
Besides, the restrictive conditions characteristic of three-phase short circuit are:
ug(t)=u,(t)=0. (31)
Hence, state-space model (26), wherein we have (31) and u; =R, i; , = const.,

together with (30) provide here the initial value problem.

Figure 1 and Figure 2 indicate the evolution curves of stator d-g axis currents,
along with their time-related derivatives, recorded in real-time i.e. during
numerical integration. The evolution of stator phase current (27), which is of
major practical interest, is presented in Figure 3 together with its time-related
derivative, computed in real-time with (28). Both stator phase current curve and
stator phase current derivative, wholly depicted in Figure 3, correspond to the

initial lag angle of the rotor y, =y, ., = — 7/4.
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A —i,  —di,/dt
0 /’\\v

WA A
\/\/

0 10 20 o, 30 40 rad 50

Figure 1: Evolution curves of stator d-axis current together with its time-related

derivative, recorded during numerical integration

6 . g

, [\[\ —1, o dfq;!df
AV N

RITAVY

o

<9 10 20 . 1 30 40 rad 50

Figure 2:  Evolution curves of stator g-axis current together with its time-related

derivative, recorded during numerical integration

As aforementioned, the base quantity for time variable is t,,. =1/ ®eq »

where w4 represents the rated angular velocity. Having this in view, the

integration has been carried out with a step size of 0.001 rad. over the interval [0
rad., 50 rad.]. It has to be emphasized that by adopting a 10-bytes extended data
representation (1.9E-4932...1.1E+4932), no changes have been observed in the
results at step size reduction below 0.001 rad. To develop the dedicated software
environment, we have employed Free Pascal IDE [29] on Ubuntu OS.
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—di, [di

ph ph

:}(\\ YA A
L \/?&\/?Q/X\/X\/X\m
NAV/ANUANVANY

V

_6 1 1 1 1
0 10 20 o, 30 40 rad 50

Figure 3:  Evolution curves of stator phase current (27) together with its

time-related derivative (28), recorded during numerical integration

The currents curves plotted in Figure 1, Figure 2 and Figure 3 highlight the
traditional manner of assessing an electrical transient. More precisely, the
evolution curves of currents in Figure 1 up to Figure 3 are the result of accessing
the huge file that stores the data corresponding to all steps of numerical integration
i.e. time variable values, currents values. Thus, although merely the relative
maxima and minima of stator phase current (27), which is the main characteristic
quantity of the process, are of practical interest to assess the selected short circuit
scenario, the currents values have been traditionally recorded at each step of
numerical integration. It has to be pointed out that in this case, the access time to
the storage media is extremely high, having in view that data have been computed
and recorded at all steps during the integration. This observation comes to be very
significant in the situation in which a set of contingency cases is to be solved in
online mode.

Since the main characteristic quantity here is the stator phase current,
provided by (27), the next set of experiments will refer specifically to this quantity.
To highlight the domains of interest in the evolution of stator phase current and to
increase the computational capabilities of the dedicated software environment, we
have proceeded to evaluate and record the selected stator phase current only if the
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following condition:

iy
dt

QWFQ_
dt

qucos(t—yo) -

279

<&

di
d—ltq+idjsin(t—]/o) <& (32)

has been met. More precisely, at each step of numerical integration, we have

computed the absolute value of stator phase current derivative (28) to decide

whether the value of stator phase current

is within the area of practical interest,

determined here by means of extremum & in (32). The efficiency of this

assessing procedure to localize the relative maxima and minima is suggestively

revealed by the data of Figure 4, plotted for &< {3,2.5,2,1.5,1,0.5}.

8 —iy, di,, [dt

6 -

4 \

2 | [ (\“ /}{\ JAA JAYA) FAYAY FAYAY FaVa)
RAEARNEAVIAWIAVIAWIAWIA

SRNAY/RV/AV/RVVAVVAVVAV!

0 10 20 o, 1 30 40 rad 50
Figure 4(a): Values received for & =3 in criterion (32)
8 N — i, di,, /di
1A

P Fh/\ :{\\ f\[\1L r\f\\ JAYANEENAYAY AN
AR AN AW R\ IANIAWIN

NAWRWRFART/ATAU/AVIAV

PN i\ A\ U )Y f\j’ VAL \ WAV AvAv)
0 10 20 @, 30 40 rad 50

Figure 4(b):

Values received for ¢ =2.5 in criterion (32)
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z/\ —i, —di,/d
4 A

AN AN AW ANVANVANTAN
HAVAVEVAVAVAVAVAY

Figure 4(c): Values received for =2 in criterion (32)

8 ;
N —i —di,, /dt
4 ™ ~

AW IWAWAWAWAN
_2\I\f\/\/\/\{j\£\{j
—40 1I0 2I0 O, ol 3I0 4I0 rad 50

Figure 4(d): Values received for ¢ =1.5 in criterion (32)

8 : :
slLa —i, = d:ph/dr
4 .
2 A . S S—
o AN
-2 - » ” S v v
-4 1 1 1 |

0 10 20 ot 30 40 rad 50

Figure 4(e): Values received for & =1 in criterion (32)
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8
—i, —di,/dt
6 L=
4 -~
2 - - -~
0 1
-2 - - — -
-4 1 1 1 I
0 10 20 @, 30 40 rad 50

Figure 4(f): Values received for &£ =0.5 in criterion (32)

Figure 4:  Values of selected stator phase current and its time-related derivative,
received for ¢ e {3, 25,2,15,1, 0.5} in criterion (32) of data  recording:

@ €=3;() 6=25;(c) e6=2;(d) ¢=15;(€) ¢=1;(f) ¢=05

Applying of criterion (32) of data recording calls for the values of stator d-q
axis currents and their time-related derivatives at each step of numerical
integration. However, no further processing is needed since, in contrast to stator
phase current, the stator d-q axis currents, depicted in Figure 1 and Figure 2, are
precisely state variables and, implicitly, along with their time-related derivatives,

they are to be updated at each step of numerical integration.

5 Conclusion

The present paper puts forward a new procedure of assessing the transients in
electrical systems with a view to relative extrema localizing and computing rate
increasing. The suggested procedure involves an eight-order explicit multistep
method, which is straightforwardly designed in the paper based on the generalized

Adams-Bashforth formula. The employment of an explicit multistep method is



282 Procedure of Assessing the Electrical Transients

justified having in view that the information required in order to update the state
variables is exactly the one needed also to localize the relative extrema of state
variables and of any characteristic quantity correlated with the selected state
variables. To facilitate the understanding, the complex case of a synchronous
generator subjected to sudden three-phase short circuit fault is depicted in detail
by plotting various novel and suggestive characteristic curves. To highlight the
areas of interest, encompassing the relative maxima and minima, as well as to
optimize the size of the file that stores the significant values received during
numerical integration, we have advanced a criterion of data recording, which

requires a test that involves the state variables and their time-related derivatives.
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