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FOREWORD

The modelling and simulation of elec-
trical machines and converters are top-
ics which seem of great interest today,
especially in view of the industrial
needs and also due to the ever increas-
ing potential of the digital computers.

The basic idea, however, is not new
since the first modelling methods are
the equations written at the beginning
of the century. The main purpose of
these equations was to describe various
types of machines in order to predict -
essentially their steady state behaviour.
Many refinements were added and, at the
beginning of the twenties reasonable
methods were available to calculate the
performance of the machines and to help
designers.

At that time a new trend began to
emerge, due to the ever increasing con-
straints existing in the power systems.
Transient, as well as subtransient re-
actances were defined, unbalanced oper-
ation was more deeply investigated. In
some -particular domains equivalent cir-
cuits were developed, matrix and tensor
analyses were used.

A.C. and D.C. network analysers were
expanded. In some cases mechanical dif-
ferential analysers were used.

New electronic analog computers, which
appeared essentially in the forties aud
fifties prompted many engineers to use
such calculating machines to study the
transient performance of various types
of electric machines used either in
power systems or in control applications.

With the advent of digital computers
continuous simulation programs were
evolved and a new trend appeared : the
use of very sophisticated programs, such
as E.M.T.P. to predict the transient
performance of power systems, or, to
analyse for example, the transient oper-
ation of large induction machines.

Some discrepancies between calculated
and measured performances now lead many
engineers to search for improvements of
the methods which are available today.

For example, new components were intro-
duced in Park's models. Similarly new
measuring techniques are needed to ob-
tain the values of all the necessary
parameters. .

These efforts result in methods which
could be named "third generation model-
Ting".

Thisxincludes élso advanced work in
two particular domains. '

~ The first is a direct result of the
ever increasing use of semi-conductor
devices associated with all types of
electrical machines. This trend leads to
the development of more and more simu-
lation programs which include the ma-
chines and their electronic drives. In
general these problems are very compli-
cated for two main reasons First, the
number of possible configurations is
high since it depends on the state of
all semi-conductors. Secondly, the cur-
rents and voltages contain rather large
harmgnic components and the models of
the machines should be designed to reop-
resent their effects.

The modelling of these systems is of-
ten believed to be the most practical
way of predicting their performance.
This, however, is not necessarily true,
since global methods have been developed
using the theory of electrical machines
with sliding contacts. These methods are.

«in fact, the generalization of the old

theories of D-C machines "seen from the
outside", in which all transient effects
in the rotor coils due to commutation
are ignored. The results obtained by
such approximations are very representa-
tive of the actual performance of the
machines.

The other domain which has become more
and more important is the study of elec-
tromagnetic fields in the machines.

Not too long ago the only practical_
way for calculating these fields was by .
using graphical methods and each calcu- *
lation involved many hours of tedious
work with a penc11 and, principally, an
eraser.



Rheographic devices were then used
and consisted mainly of electrolytic
tanks with automatically driven probes.:
They gave very interesting results but

necessitated a good deal of experimental

work. <

With the advent of digital computers
this domain of activity started to ex-
pand. Finite difference equations were
used and the theory of finite elements
was developed and we now have at our
disposal very sophisticated programs
which in seconds calculate all we need.

This 1s in fact very slow and for
transient problems we would like to ob-
tain solutions in miliiseconds rather
than in seconds.

And now, what is the future ? No
doubt the computer improvements will
help. Parallel processors will permit
higher computing speeds, but the prob-
lems of stability of the solutions are
to be mastered,

'Foreword

On the other hand one has always to
search for more efficient methods of
writing the equations and of solving
them.

The non-linear properties of iron
should also be more easily modelled.

The papers which are assembled in
this book represent good samples of the

efforts made in all the domains we have

mentioned above.

If we work on new modelling and sim-
ulation methods we can. with confidence
say : "The future : we are working on
that”.

" H. BUYSE J. ROBERT
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EXPERIMENTAL DETERMINATION OF LARGE TURBOGENERATOR PARAMETERS

Michel CRAPPE, Marc DELHAYE, Michel RENGLET (Faculté Polytechnique de Mons)
Moha NACIRI (Faculté Polytechnique de Mons and Ecole Mohammedia de Rabat)
Luc SOENEN (Laboratoire Belge de 1'Industrie Electrique)

Belgium

This paper is dealing with the experimental determination of large turbogenerator two

axis model parameters (PARK's models).

After a general review of our works in that field, we psrtxcularly deal with DC decay®
‘test at standstill (step response) for determxnlng d and q axis parameters.,

We especially present theoritical aspects, results and comments about the DC decay
test performed at the field side, for d-axis parameters determination.

Obtained values are used for reconstruction of experimental signals from tests
performed in the network and at the manufacturer's testing bench.

TERMINOLOGY - SYMBOLS '~ UNITS

We use IEC terminology and symbols for the
impedances and for the time constants [1]{2].
For the elements of d and q axis equivalent
circuits, we use inductances and resistances
suffixed as shown in figure 1.

Suffixes : a : armature winding
d,q : direct, quadrature axis
t : magnetising
£ : field winding
k : damper winding

All the impedances are expressed in per unit
and time constants in seconds.

a) direct axis

s s Ryql Rq2
Loq *aqt *q
Yeql g2

b) quadrature axis

Figure | : Equivalent circuit notations
(a) : direct axis
(b) : quadrature axis

'I. INTRODUCTION

This paper is dealing with the experimental
determination of large turbogenerator models,
in order to compute the dynamic behaviour of
large power systems.

In practice, lumped element linear PARK's
models are universally used with generally one
damper circuit on d-axis and two in q-axis.
These models are usually enhanced with CANAY's
mutual leakage inductance [ 3}[4}.

However, there is no consensus about the metho-
dology for parameters determination {3].
Numerous methods are propounded for the experi-
mental determination of these parameters [ 1]{2],
but, in practice, the analysis of the corres-
ponding signals and the interpretation of their
results are still setting problems.

" The application of IEC recommended methods can

give large discrepancies between the values
obtained by different methods [5].

For these reasons, we have entered upon a critic
and systematic study of these experimental
methods [6] - [10].

The purpose of this study is to optimize the
experimental conditions and the analysis pro-
cess, and to quantify the confidence which can
be attributed to the results.

Presently, we are working on the following
methods :

- sudden three-phase short circuit test;
~ DC decay test in armature winding at standstill;
- DC decay test in field winding at standstill;
- field extinguishing test with armature on
short or open circuit, machine running at
rated speed;
- frequency response at standstill,

For each method, we systematically analyse the
signals from both armature and field terminals.
The experimentation is carried out in two steps :
firstly, the tests are studied on three-phase

.
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micromachines (220 V, 2kVA, 1500 r.p.m.), and
after that, performed on large turbogenerators.
We use systematically a computer aided analysis
of the experimental data [7].

The experimental signals are identified to ana-
lytical expressions, where machine parameters
appear; these expressions are deduced from the
model.

We have performed and analysed DC decay test in
armature winding at standstill on several large

turbogenerators of the Belgian network (39.2 MVA,

337.5 MVA and 1330 MVA), and on the 1330 MVA
turbogenerator sudden three-phase short circuit

tests for five different initial voltages (0.1 -

0.2 - 0.3 -0.4-0.50)[8].

Besides, all the mentionned methods have been
performed on a 361.4 MVA turbogenerator at the
manufacturer's testing bench (February-March
1983).

A comparative study of these last test results
will be presented in a 1984 CIGRE report [10].

In the present paper, we are essentially dealing

with DC decay test at standstill (step response

method) for determining d and q axis parameters.

Application limits of these methods are put
forward. Discrepancies between obtained values
are explained by considering signal shape and
physical phenomena.

We show advantages to perform the DC decay test
at the field side for d-axis parameters deter-
mination, in comparison with the test performed
at the armature side.

Finally, we present a method for obtaining
“compromise values" which allowed us to compute
very satisfactory vestitution of experimental
signals.

2. DATA PROCESSING METHOD

For understanding purpose, we give hereafter the

principle of our general data processing method
(for more informations : cfr. [7]).

The experimental data processing is performed in

two steps : an automatic analysis is realised

following the usual methods (IEC recommandations).

The results from this analysis are then used as
initial conditions for the identification by

least square algorithm. We identify experimental

data with analytical expressions, which contain
machine parameters, by means of regression com-

puter programs. These programs, implementing the

LEVENBERG-MARQUARDT 's least square algorithm,
use iterations on the JACOBIEN matrix of the
function : sum of square deviations between

experimental data and values given by the analy-

tical expressions.

All the computer programs are implemented on a
DEC VAX-11/780 (2.5 Mbytes central memory).
These programs include several specific subrou-
tines in order to analyse experimental signals
automatically (starting time detection, offset

detection, local quadratic curve fitting, para-
site elimination, ...). From statistical infor-
mations, we also quantify the quality of the
signal analysis, and determine the statistical
confidence of the results [7].

3. DC DECAY TEST IN THE ARMATURE WINDING AT
STANDSTILL (IEC 34-4-A, clause 59)

This test is particularly easy to perform, even

- in the power station [7][8]. It gives the step

response in both axis and the recorded signals
are therefore a sum of exponentials.

The method used for analysing the signals is the
identification of the exponmential terms, from
which we determine the d and q axis parameters.
The number of exponential components is equal to
the number of required circuits for representing
the machine in the considered axis. This test
then allows to investigate the complexity of the
mathematical model to be retained.

We have performed numerous such tests on turbo-
generators and micromachines. They were analysed
and we conclude the following [9][10] :

- This test is very sensitive to the influence
of the magnetic phenomena. We have systemati-
cally obtained very low values of magnetising
inductances L ., and L, and also the open
circuit time @gnstantqu' and T'| . This is
explained by the low permgability values
during the test. These low values 4re charac-
teristic of magnetic recoil curves of very
low magnitude due to practical current limi-
tations.

- The identification of the exponential terms
is very sensitive to the signal shapg, and
besides the actual signals are unfortunately
distorted by non linearity effects. Therefore,
the recorded signals are not exactly a sum of
exponentials. Difficulties are especially met
for tests performed in the quadrature-axis
where the iron effect of the rotor steel body
is not masked by a field winding as for the
direct-axis. .

- The analysis of the sole field current leads
systematically to inconsistent results,
Simultaneous processing of both armature and
field currents recorded in a direct-axis test
is so sensitive to the weighting of these two
signals that the test is very difficult to be
applied.

- The magnetising inductances Lm and Lm must
be adapted to the magnetic level, anngy.

— The obtained values for the reactances X!, XS,
and XJ, and for the time constants T'!, Tgo,
T; an T;o are systematically excessive.

- In the g-axis, physically unexpected results
have been obtained, such as a leakage reac-
tance greater than magnetising reactance [7].
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4. DC DECAY TEST IN FIELD WINDING AT STANDSTILL
[9l

4.1, Introduction

To avoid problems met in the previous method

(DC decay test in armature winding), we propose
to carry out the DC decay test at the field side
for direct-axis parameters determination.

This test is performed in two sequences : arma-
ture on open circuit and on short circuit. It
brings more information than the previous test,
for which it is not realistie to open the field
winding.

The test applied at the field side brings seve-
ral other advantages in comparison with the test
performed at the armature side[ 9] :

- on a magnetic level standpoint, quasi normal
values are reached because a large variation
of the magnetic field can be imposed;

~ more simple equations in order to calculate
the machine parameters as showed hereafter;

- reduction of the requirement for the short-
circuit contactor resistance (cfr. figure 2).

4.2, Principle and wiring diagram

The principle of this test is analogous to the
previous one. It is also easy to perform in
practice. DC voltage is applied to the field
winding, machine at standstill. The rotor is
placed so that the magnetic field axis be in
quadrature with one armature phase-axis (phase
A on the figure 2). Only one quantity must
therefore be recorded at the armature side (a
voltage for the test with armature on opeir
circuit and a current for the test with armature
on short circuit).

Hereafter, we present the theoritical aspects
for the usual model, enhanced with the field-
damper leakage reactance 1 . All the expres-
sions can be generalised for models with more
damper circuits [9].

R field axis

K contactor

l B
N armature
A
windings ‘

] C
DC decay test in field winding,
machine at standstill - wiring diagram,

armature on open circuit and on
short circuit

Figure 2 :

4.2.1, Test with armature on open circuit

We record the whole process of field current
decay and the armature voltage, after fiela
winding has been short-circuited (K contactor
closed).

Theoritically, from the analysis of these two
signals, it must be possible to determine the
following parameters :

R ™

do ’ X

md > Tkdo *™ Tx =

Lea/ ia
From those parameters, we can compute directly
all the elements of the direct-axis equivalent
circuit for the model without the mutual keakage
inductance 1fkd (Ra and 1a must be known).

4,2,2. Test with armature on short circuit

1
Tdo

In this case, we record the whole process of the
field current decay and the armature current.
From the recorded signal, analysis, it is theori-
tically possible to determine the time constants
T'! and T".

d d

Finally, from both previous test results and
from the armature leakage inductance 1 , we are
able to compute all the d-axis parametérs of the
PARK's model, enhanced or not with the field-
damper mutual leakage inductance lfkd'

4.3. Theory of the DC decay test in the field
winding, machine at standstill

4.3.1. Test with armature on open circuit

From the general PARK's equations in Laplace
transforms, we obtain the following expression

- for the field current Laplace transform after

field winding has been short-circuited :

if
i) = =2+ i1
) ifﬁ o ‘ 1+ kado)
) fo " p(1 + pT&O)(I + pTgo)
-3 Téo * T;O B deo M pT&o . T;o m
fo * a + pTéo)(] + pT;O)
where ifo is the initial field current;

if. is the surimposed field current change.

The recorded field current has thus the following
form :

~t/Ti

. i . _ g

1f(t) ieo + 1f(t) 1fo R

or, in Laplace transform :

2 A .1y
iy =i, . o1 A1
£ fo =1 1+ pTi

ATy + AT,y + pT Ty (A + A)) ()

iglp) = dg, - a + pT])(l + pT;)

Consequently, the time constants T&o (ET,) and
T"O (= T,) are directly obtained from the field
current analysis which gives the A, and T, para-

meters. We also obtain the value o deo rom the
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following expression :

= T - " -
Tedo = Taol! = &) + Tg, (1 = A))

The following condition holds :

Al + A2 = ]

The armature voltage change is expressed by :
1+ pTx

u,(p) = i . L . T .
d fo md * (1 + pTdo)(l + pTdo?
where T = 1kd/tkd'

(3)

As the recorded voltage has the form :
2 —t/Ti
= t
ud(t) ii] Ai . e
(notice the same time constants for field cur-
rent and armature voltage), and
L] L \] " L} " 1] L]
Al’Tdo + AZ'Tdo + pTdo.Tg%:(A‘ + Az) “
]
(1 + pTd;)(l + pTd;)
from identification side to side of (3) and (4),
we obtain :

u,(p) =

' 1 ' "
AI . Tdo + A2 . Tdo

L -

md . i
o
) " A} 1
T o= Tdo * Tdo - (a) + 4
x AT LTI+ Al TY

1 do 2 do
From the armature voltage analysis which gives
the Ai and T, parameters, we obtain thus :
L} " -
Tio * Tdo * Mma 2 Ty = La/Tya
The d~axis parameters, 1_ , 1k s Rf and
can be obtained from the four gollowing equa-
tions for the model without mutual leakage induc-

tance 1fkd (1fkd =0) :
L ,+1 L ,+1
e T = 'md £, md kd
do do R Rk
£ d
e e s Tl U
do do . Rf . de
. . 1kd + Lmd
kdo de
S
x Rd

(cfr. analytical solution of those four equa-—
tions with four unknowns on appendix 1).

4.3.2. Test with armature on short circuit

In this case, from the PARK's equation system,
we obtain the following expression for the field
current :

-4 1 1] T T
i(p) = 6o _ . 1+ p(T,+Tg) + pTg. Ty
£'P P fo * pUI¥pT}) (1+pT) (1+pT})

(5)

Ti 4Ty 4T3 =T, ~Ti4p(T)T)+ T  TI4T 1) ~T T ) +p2T T T

-if L1 23745 172 7173 7372 '5 17273
° ' et 2¢mtptap'PleT'T? 3ptqprent
lfp(r|+rz+rs)+p (rlr2¢r213+r3rl)+p T, 1,7,

where T;,...,T' are depending of the equivalent

circuit elements (1f s Rf s vee)e

The recorded field current has thus the form :
3 ~t/T}
’ i
I B, . e
: i
i=],
Or, in Laplace transform :
3 Bi . Ti'
1) = 1gy P oTvpr
i=! i
By identification side to side of equations (5)
and (6), we obtain :

lf(t) R T

(6)

B +B,+By=1
3
[ [ ' -
T, +Ty= I T; (1 Bi) 7)
i=]
[ [ ' - - ' * - -
TS.T6 TI'TZ(I Bl Bz) + Tz.Ta(i 52 53)
1 mt - - :
+ T3.Tl(l B, 33) (8)

From (7), (8) and the identified time constants
T! , T! and T}, it is then possible to determine
five elements of the d-axis equivalent circuit

from the five equations given in appendix 2 {9}.

The armature current d-axis component has the
following expression :
3 -t/T;
ig(e)=. 1 B} .e V
. i=}
The saple’ identification method as for the field
current, leads to : ',

3 Lmd 3
* = . - - [) ]
.E Bi 0 H R 'Z 'Bi . Ti (9
i=} a i=})
1M L] 1 1 1] 1] LA ]
T - 1kd } Tsz(BI+BZ)+T5T3(BZ+B3)+T3T1(33#3;)
x 3
P $ B!.T
- i=1 1

(10)

From (9), (10) and the identified time constants
T! , T! and T}, we ¢an obtain five equations
similaf to thdose established for the field cur-
rent (appendix 2) from which we can determine
five elements of the direct~axis equivalent cir-
cuit.

In conclusion, from the analysis of the field
and armature current of the DC decay test in
field winding with short-circuited armature, it
is theoritically possible to determine seven
elements of the direct-axis equivalent model
(seven equations for eight unknowns values :

R Re s Ry n 100 1g s Lig s Igg and Loy
4.4. Practical use

4,4.1. Test with armature on open circuit

The field current analysis leads systewatically
to excessive values of the subtransient time
constants. This is due to the shape of thte signal

'
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conditionned principally by the large time cons-
tants. ’

The armature voltage, on the other hand, con-
tains much more information about the subtran-
sient phenomena [9]. The voltage is an induced
one, directly depending of the flux variation.
The subtransient time constants obtained from
this voltage analysis are much smaller.

The reconstruction of experimental signals from
tests performed in the network and at the manu-
facturer's testing bench showed us that these
smaller values are those which give the best
results [10].

The simultaneous identification of the field
current and the armature voltage in order to use
concurrently all the information, gives results
extremely depending on the weighting of the two
signals between each other.

“ 4.4,2. Test with armature on short circuit

From this test, the field current analysis leads
to acceptable results. Generally, the analysis
of the armature current gives unacceptable time
constants, as for the field current analysis
from test in the armature side (section 3). This
is due to the combination effect of the signal
shape and the identification process.

~4.4.3, Combination of the results of tests with
armature on open circuit and on short
circuit

In practice, to determine the direct-axis para-

meters, we propose to take account of both tests

with armature on open circuit and on short cir-
cuit. The combination of the results of these
two tests can be made as follows :

t "
Tdo ’ Tdo » L ’ Tx
from the armature voltage analysis, test with
armature on open circuit
T; , T Té
from the field current analysis, test with arma-
ture on short circuit

From these previous values, we determine Té . T;
and Ld/Ra solving the following equations @

Ld
- = ] ] v v "
R, Ty * Ty * T3~ (T * Tgo)
v ] ] [] ' T mt "
o T).Ty + Tp.T) + TL.T) = T) T3
d d : Ld/R
a
« 1 1 1]
. T].T).T)
d''d Ld7Ra
We can now determine 1, , 1 kd. 1kd » R, impo~
sing the value of armngure fegkage 1nduc€ance la’
by solving the equation system : '
L ..1

TieT = (1 41 +L————md.la)+1—(1 s 008 a);
EAEF T VALY SAF T AN U T Ml 6 s u

e =1 _1 1,401, +1)01 +Il“_‘§.'i‘1)
a-Tq R, kel Ceatle Caai_s1
T N 1

Tio*Tao = Bole*lera*lmd) * R, Qg eea*lnd’

£ d
RS I P :
TioTdo R K (ygle* (pgtle) Qg gtlyy)
a‘Be |
1
T _ lkd

x Rya

These equations have an analytical solution
without any approximation [9].
Nevertheless, there is a practical problem
because of the sensivity of the results with
respect to T'| value, which is not determined
with a good accuracy [9). In order to circumvent
this problem, we impose the value of the subtan-
sient reactance X, This one is determined with
a good accuracy fgom the standstill test at
rated frequency (IEC - 34~4, clause 44),

In the two equations for determining T! and TV
values, we eliminate the product T! .TH wusi
the expression of the subtransient inductance :
T& . T;
= (L .+ 1)
d md a Tdo - T4
It follows :
L L L
T ™ - Tl . Tz . T3
©7d L./R
R
1°T5e
' 1 ] [] ] v _
T).Tj + T.T3 + T§.T] I
T' + T" - "
d d Ld/Ra

o -

. Ra

4.5. Results and comments about DC decay tests
in the field winding of a 361.4 MVA turbo-
generator (3000 RPM - 20 kV) .

Hereafter, we present results from DC decay tests
performed in the field winding of a 361.4 MVA
turbogenerator at the manufacturer's testing
bench. Two initial field currents have been impo-
sed, 0.1 p.u. and 0.3 p.u. For each one, the
tests with armatyre on open and short circuit
have been realised two times.

: 1 1] t 1] L]
Test *fo Tdo Tdo Tx Tl T2 T3 xmd

(=) {(pu)| (8)](ms)|(ms)| (s)|(ms)|(ms)|(pu)
1 0.1]6.51] 24 | 2.5/8.19] 264{15.2]2.43
' 0.1]6.40| 46 | - |8.12| 262]15.5] -
1t | o.1]6.44| 12 | 2.6|8.18] 258|14.0{2.43
' | 0.1/6.35| 36 | - |9.02| 262[14.5] -
mr | 0.3[7.45( 19 | 2,5/9.26( 266[16.7(2.46
1t | 0.3]7.41] 48 | - |9.20| 260]16.3| -
v | 0.3(7.46] 22 | 2.6]9.01] 275]15.7|2.46
v' | 0.3(7.35) 34| - [9.02| 262[14.5] -

Table I
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Table 1

I', 11', III*and IV':

results deduced from the analysis of the sole
fle1d current

., 1, IIT and IV

results deduced from the simultaneous analysis
of the signals from both armature and field
terminals

"= : means unacceptable identified value

1 " 1 " 1] "
Test | Ta | Ta | Tdof Tdo| T X | %31 %

X
(~) (s)|(ms)} (s)|(ms)|(ms)| (pu)|(pu)|(pu)

br 1.09[15.416.51| 24 | 2.5/2.69 |0.46(0.29
t 1 lo.98]17.2[6.40] 46 | - |2.69%|0.42]0.15
b1l (1.06013.9|6.44] 12 | 2.6]2.69 |0.45{0.49
| 11' |0.99]18.0]6.35| 38 | - [2.69%(0.42|0.20
' III |1.18[16.3|7.45{ 19 | 2.5[2.72 |0.43]0.37
' |1.07{18.0{7.41| 48 | - |2.72*{0.39]0.15
w [1.23]16.07.44| 22 | 2.5]|2.72 {0.49]0.35
! |1.7|r2.4]7.35) 36 | - |2.72%]0.43]0.16

» Imposed values
Table 2

¢
This table 2 presents the turbogenerator para-
meters deduced from the table ! values.

This last table shows the inconsistency of the
results particularly for the subtransient reac-
tance X'|.

To circumvent thid problem, we impose the value
of the subtransient reactance X' as mentionned
before, and we obtain the resulgs of table 3.

1] " 1 " T Tt
Test | d | Td | Tdo| Tdo| Tx | Xa | %a | Xa

) | (s) [ms)| (s)| (ms)|(ms)|(pu)]| (pu) | (pu)
(1) 1.06]15.9|6.40] 23 |2.5 {2.69]0.45]0.31
(I1)y [1.02}14.316.35| 20 (2.6 |2.69{0.4310.31
{ILTY|Y.15116.617.41| 23 |2.5 }2.7210.42|0.31
LYY 11.15]14.8]7.35] 20 12.5 {2.72|0.43(0.31

Table 3

¢ results from tests at 0.1 p.u.
: results from tests at 0.3 p.u.

(1) and (1II)
(I11) and (IV)

These last results show a very good consistency
for all the parameters. They allow good recons-
truction of experimental signals as showed below
{section 4.6).

The results of the previous table 3 are uncorrec-
ted ones, directly deduced from the amalysis
process. '

In order to compare the obtained values with the
manufacturer’s data, they have been adapted to
the rating conditions of those last ones (tempe-
rature, resistance of armature and field cir-
cuits, magnetic level).

The corrected values are given on next table 4.

A " 1] 11 1 "‘
Test | Ta | Yd | Taol Tao| Tx | Xa | %a | %a

) (s)|(ms)| (s)|(ms)|(ms)|(pu)]|(pu)|(pu)

(1) 1.36[15.918.31] 23 | 2.5(2.74|0.45]0.3)
(II) (1.31({14,3}8,28f 20 | 2.6|2.74(0.43]0.31
(111)[1.28{16.6/8.29| 23 | 2.5|2.74{0.43]0.31
(IV) [1.29{14.8{8.25) 21 2.5(2.7410.43(0.31

(@D 1.34|57 |7.27| 84 - 12.74]0.50{0.34
(2) 1.21{50 16.83} 57 ~ 12.74]0.48]0.42
(3) {1.04]35.0(7.98| 43 - 12.74(0.40(0.32

(4) 1.43|11,019.52| 15 | 2.7|2.74]0.41{0.29

Table 4

(1) : results from armature current analysis -
DC decay test in armature winding at stand-
still

(2) : results from simultaneous analysis of field
and armature current -~ DC decay test in
armature winding at standstill

(3) : manufacturer's data - old method

(4) : manufacturer's data - new method

4.6. Reconstruction of experimental signals

The obtained values have been used for the
reconstruction of experimental signals from
sudden three-phase short-circuit tests performed
at the manufacturer's testing bench and in the
Belgium network.

All computations have been done by numerical
integration of PARK's equations, with the use

of EMIP program (Electromagnetic Tramsient Pro-
gram).

A detailled comparative study of results from
different methods will be presented in a 1984
CIGRE report [10].

In the present paper, short of space, we are only
giving reconstruction obtained with the results
from the DC decay test in field winding.

4.6.1. Sudden three-phase short-circuit test at
the manufacturer's testing bench (0.1 ini-
tial voltage)

3

VIV, i
VIV ViV

S [ 5 150 75...500 525 550 575...925 950 975 (me)

Figure 3 : Armature current (the computed Current
has been voluntary shifted from the
measured one)
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‘.

These last results are very acceptable; they
are similar to those obtained with parameters

4 from other reliable methods of experimental
w determination [ 10] .
4 ’
. 5. CONCLUSIONS

3004

i The analysis of any experimental signal, sum of
200§ - . exponential terms, is a critical problem, and a

I I great care must be taken in interpreting the

ol -
5 * | | I results anyway.
400 300 600 700 800 900 (me) For the synchronous machine test signals, non

linear effects complicate this problem. A this
standpoint, we have presented the results of a

Figure 4 : Field current critic of the DC decay test in the armature
) winding which leads to excessive values for the
These results are much beter than those obtained subtransient parameters. Besides, this test is
from the DC decay test in the armature winding, characterized by small incremental magnetic
especially for the field current [10]. permeability, and requires consequently impor-

tant magnetic corrections of the results.
4,6.2., Three-phase short-circuit on the Belgian .
150 kV network DC decay test performed in the field winding
permits to circumvent these problems :
We have computed the behaviour of an identical .

turbogenerator of the Rodenhuize power station - it works at quasi normal magnetic permeabi-

during a voluntary effected short-circuit (metal- lity and so requires only small magnetic

lic three~phase short-circuit on a tower 15 km corrections; .

from the turbogenerator; duration : 122 ms; gene-

rator at rated P and Q [11]. ~ it may be effected in two configurations,
with armature on open and on short circuit;

The comparison between computed and measured that increases the available information;

signals shown on the next figures 5 and 6, con~

cerns the armature current and the mechanical - the test with armature on open circuit brings

torque between the generator and the low pres- an armature voltage signal very representa-

sure turbine. tive of the subtransient phenomena. The ana-

For all the computations, we have used q-axis " lysis of this voltage leads to better results

parameters deduced from a DC decay test, except of the subtransient parameters, quasi inde-

for X" deduced from a test at rated frequency. pendent of the identification conditionms. -*

at stdndstill.

Finally, very satisfactory parameter values

have been obtained by imposing a reliable wvalue
of X! (obtained from a stand$till test at rated
frequency) and, by an adequate ¢ombination. These
parameters allowed good reconstructions of
experimental signals from different tests per-—

j 2 T A x
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l formed at the manufacturer's testxng bench and
-2 V VvV - in the Belgian network. o
-3 -
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