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ABSTRACT

To solve the problems associated with damping the electromechanicat oscillation in clectric
power systems as well as to support the static stability there are many methods: one of them is
the optimimum cxcitation for automatic control of alternaters {(EACA). Improvement of
EACA requires up-dating methods to operate the efcctric power stations at high efficicncy.
This paper presents a technique o achieve this improvement aim, In this technique; the
clectromechanical formulation of EACA is determined and it consequently depends on the
followiog points:-

(i) electromechanical oscillation parameters;

(i) senmsitivity cocfficients for changing the real parts of the system equations roots
corresponding to the variation of stability coefficients;

(iti) construction of an independent area for static stabilitics which determines the EACA
parameters.
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The, suggested technique is applied f0 a system containing six power units feeding a ring
power system. The ring system is composed of 220 kV transmissien lines with different
tapping leads.

The obtained results show that, (i) EACA gives high equal damping oscillation of
electromechanical system at various conditions; (if) minimum compuotation time even in case
of multi power units. The suggested technique gives the equality between the control arca of
stabilities and the stability degree of EACA.

INTRODUCTION

The importance of excitation automatic control for alternators {EACA), with special
stabilized channels, is essentially required fer supporting the statie stability, and damping the
electramechanical oscillation in electrical power svstems. The most important aim, in the
elfective EACA in multi-machine electrical systems, is the best choice of both the correction
arrangements and the selection of parameters of the stabilizersj1].

For constructing EACA in a multi-machine electrical systems an advanced technique and
complete formalized searching procedures must be used [2]. This technique depends on :-

1) determination an algorithm for electromechanical oscillation parumeters form, which
based on calculating the eigen values and eigen vectors of rotor motien equations, and
realizing it in computer program {3,4];

2) determination of the sensitivity coefficients of changing the real part of system equation
roots corresponding to the variation of stability coefficients EACA [5];

3) the coostruction of independent arca for sfatic stabilities determines the EACA
parameters|{6].

The complex solution of EACA optimal arrangement in multi-machine electrical systems
requires computer program, including all variables; and all the various stability conditions of
efectrical systems [7].

THE PROPOSED TECHNIQUE AND FORMULATION ANALYSIS

The proposed technique is described in the following steps:-

1-Determination of the electromechnical osciliation parameters such as: (natural frequencies,
damping coefficients, and distribution coeflicients of absolute system oscillations}. These
parameters are based on calculating the eigen vaiues and the eigen vectors of matrices H for
the equivalent coefficients of rotor motion equation:-

2
(T, %;+P,§+M;)aa =0 m

This equation roay be written in the following form:-

aX
dt
1
Where :— P, =— 1 M(P) , M =R M(P)
@,
The damping and synchronisation system coefficient matrices are obtained according to
minimum and real parts of eleciromagnetic moments of synchroneous machines M(p) at
p=A:=]-Betjwx] for desierd kth oscillation form:-

=HX (2)
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where:- A5, AS— are the vectar column matrix of absolute angles and the rotar slip; E, 0 —are
the unit and zere matrices .

The proposed aligorithm for determination of the electromechanical oscillation parameters
form is based on the complex parameter Ak which is realized in the computer program. The
eigen values Ax and and cigen vectors Kjxof each matrix is characterized the muiti-freequency
of electromechanicat oscillation of system parameter X at the N- alternators of the electrical
system, These values, in the general case, represent the summation of components:-

X, (")=Z A Ky e cos(aw,d + +8,) (4
T

Where:-k=1,2,3,............ and , N -1, Aw, Qix- are the intial vaiues of parameters;

Ox ,Br,KJ k-are nature frequency, damping coefficient and amplitude distribution of K
oscillation form,which are coraplex values of :-

Ky =|K,|e™
Plotting the vector diagrams for Kjk will determine the groups of epposite phase oscillated
generators for every natural frequency of the system[5]. These vector diagrams give
electromechanical ascillations and the corresponding frequencics for them.
2- Determination of the sensitivity coefficients (Liof changing the real part of system equation
roots Pr =-Re [As] corresponding to variation of stability coefficients EACA Ki ..
w =-[2 Bs / 0Ki . EACA of cvery generator shows that, the practical calculations have
maximum effective value from the point of electromechanical damping at it[4].
3-The construction of independent aren for static stabilities equal fo the degree of stabilities
in plane of EACA parameters. Every EACA damping insertion gives the sum oscillation
damping for natural frequencies[6,7}.
The summation components of both the damping coefficients of EACA Bracaire), and the
damping coefficient at every natural system frequency Poa will give the reflect nature system
damping i.e. for Kih nature frequencies:-

ol
ﬂz{*) :ﬂnm(k]+Zﬁ."{.i.".-ﬂi] ; k __']72’ """"" ’N-—l (5)
=1

The feacam components are determined by system damping coefficients of systems B
These coefficients are caleulated at independent work of EACA iwsystem generator in the
absence of regulators on the other generators (at Beacaing = 0 for j=1), as:-

ﬂﬁ.«:qm = ﬂqn - igm,qn (©)

Analysis of comopenent Jrscagn gives the evaluation of EACA effective operation of all
generators in the case of damping oscillations. The negative damping of regulator is detected
at every natural system frequency component.

Assuming that, the principle of covering damping EACA, Eq. (1) weaken the natural effect of
regulafors. At this stage the EACA construction of every machine can bhe chosen. At this case,
the natural damping is computed, for all computers programs.

For muiti-machine system [5], this condition may be recorded as:-
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M
i:In-'n_\:- LS = Z ama\(k] - ('{\I - l) ﬂamﬂi“p (7)

i=l
Where Qamig) is determined, from awtonomous regien and from zone at all generators
EACA.
Generators EACA frequencies are changed by small value if they are compared with natural
frequencies of unreguinted system(3].

Cheosing the best quafity of «uuy and Ctey  will determine high orders of damping, low
orders of damping and the stahility for working systems, The electromechanical formulation
of EACA method for six machines of power systems is used.

SUGGESTION OF THE SYSTEM

The system under investigation is shown in Fig. (1),
which shows a multi- machine power system,

It contains six power units connected to a ring power
system. Ga&Gs are thermal power stations, Gz &G
are low power stations;and Gi1&Gse are compensator
synchroneous stations. The ring system is composed of
220kV transmission lines with tapping loads at points
7&%8 and 13.

Fig.t esearshing circuit of power systeut.

THE RESULTS AND DISCUSSION

The results of the application technique can be summerized as the following points:-

(1) The ealculations of irregulariting of power systems by realization model program, in
the case of the cffective equatians of roter motion, give five forms of electromechanical
oscillations: -

M2 = -0.22+§50; Assa = 044 £j85;A56=-073 £j10.0: 78 =-0992j11.9;

Aot =-5.22+j11.3
(2) Fig. (2 a, b) shows the electromechanical oscillation analysis of power irregularity by
the distribution coefficicnts of angles. Fig. (2 a, b) shows also, the dominance of oscillation

systerus which have frequencies @:1=3.D rad/sec and  ©2=8. 5 rad /sec . Fig.(2-a) shows

that,the escillation of first frequency 1=5.0 rad/sec. has the maximum amplitude of power
which is observed by the lincs 8-13 and 11-12, and contacting with the generators G1,Gs and
G4, Gé see fig. 3-a, but otherlines 83-9 and 10-11 has the minimum amplitude of power and
contacting with the generators Gi,Gz and Gs,Ge. The oscillations analysis at first frequency
s is represented by two sub-systems, which tie the inter-systems 8-13 and 11-12 (fig. 1). The

oscillation analysis at second frequency 2= 8. 5 rad/sec. is represented by three sub-systems,
which tie the inter systems 8-9, 10-11 and 7-8 (fig.}). These three sub-systems give large
amplitude of oscillation form (fig. 3b).

The sensitive coefficient roots analysis of EACA are damped at every dominanee frequency of
electromechanical oscillations. Table 1 illustrates that, the suitable installation of EACA
alternator at oscillatien damping with frequencies @i= 5. 0 rad/sec. are to be instailed at

generators Gi1, G4 , Gs and with frequency ©2=8.5rad/sec. at generators G2, Ga.

For optimization excitation adjustment of EACA, the parameters conrdinates stabilizers of
EACA for each generator have to constract in terms the control areas of static stability.

The stabilizer coeffcients Kor and Kir arc represented us a part of excitation at no load
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generator and are given in terms frequencics {fig. 4).
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Fig.2 The vector diagram of disiribution coefficients (the amplitude of damping and angles fig.a,b).
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Fig.3 The vector dlagram of the transient process after excitation at Jrregulation system

(a-shortcircuit at fine 8-13,b-short circuit at line 59N
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(3) The stability arca and Ct~curves are eonstructed at simultancous work for alt TACA (fig.4,
{able.2, varicnt 1). The adjustment EACA of Gy, in general eases of areas  Cimas, is
determined at frequency . The effective operation of EACA is tested for clioosing the

gplimum adjustment and for estimating their dampings by (he computer progeam,
This computer program calculates the values of matrix H, and determines the damping

systems of EACA for every generator, Bis and Banuo, at all frequencies of electromechanical

oscillation, In table 2 thie reduction of fescaisd) depends on the type and adjusiment of EACA
for each gencrator at dominance frequencies.

{4) For gencrator Gy, the control adjustment of stability arcus sud S-curves are equad to the
stability degree. This is for the outcome {no.1) at two varvients (no.2-discennection line 8-9 nnd
no.3-disconncction of ope cireuit of Toup cireuils 8-13) conditions. The stability degree {a=1)
is given for all conditions of switching (fable.2, varient 2) and defines EACA of Gi at the
frequencic w1 ( fig.5). The comparisen of the values of matrix H is given in table 2. These
values of mateix 1T correspond to the dominance inter-phases of electromechanienl
gscillations.
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Fig.4 The static siability conditions and curves equal to stabillly degeee,construcied at coontination of

adjustment EACA for generatar Gl at simuliancous work lor all EACA sysiems

{condition no.l,¥varient | talde 2),
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fig.5 Transient stabillty after removal the short circuit at fine 8-13,where:- 1-withaut EACA;
2-wilh EACA, table 2,varient 1,with EACA,table 2,varient?.
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The stability degrees in varient | choose the tvpe of adjustment EACA (table3 and fig.d), and
determine the damping at second dominance frequeney @2 and formulate at a=0.5/5ec. At
varient 2 the damping of inter-stations ut high frequencies of nscillation (= 12rad/sec.) and
in all conditions{ no,.1,n0.3) is given at low 0= 0.7 /sec, { 1able 4).

Table §
Frequencies. Sensitivity coeflficients, (Li / | Llinay |
G G: Gs G Gs Ge
Wi -0.82 -0.62 -0.11 -1.00 -0.46 -0.05
{2 0.00 0.00 -0.10 0. 40 0. 60 0. 00
Table 2
Ne.of arrangement No. of Adiusimient ol Damping of
varient of EACA  generators EACA EACA
Ko  Kiu Ko Kit Beacamy Bracam
[=5]) [W2=8.5]
1 30 0 40 4 0. 652 0.092
2 20 —_ - — -0.002 0. 004
1 3 P — —_ - -0, 001 0,003
4 30 7 30 b 0.614 0. 048
3 50 7 30 8 0.617 0.033
0 50 0 0 0 - 0, 007 0.024
Zi=tos | Bewcaw | 1.87 0. 006
1 50 0 4{ 4 0. 632 0.092
2 50 0 0 4 0.004 0. 645
2 3 50 ] 0 4 0. 067 0. 988
4 50 7 30 8 0. 614 0. 048
5 30 7 &1)] 5 0607 0.033
6 30 0 0 0 - 0. G607 0.024
Licsiae [ Percum] 1.88 1. 63
Table 2
No. of varients Frequencies Bz . fsec. B, fsec. B¢ | isee.
Irregularity w1 0.22 0.22 0.32
systems. 02 0. 44 . 44 0. 45
1 w1 2.10 2.21 no tobserve
W2 0. 45 .34 0.57
2 wt .12 .46 not observe

w2 2.08 2.15 2.10
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Table 4
X Avo=—Bw djog
condition no. condition no.2 condition no.3
1 -2.46% j5.0 S2.31+j4.9 - 1. 57 +jd.1
2 -2.15+j8.5 “1.72+7.7 -1, 81+i84
CONCLUSIONS

1-The suggested technique of EACA develops the optimal adjustment of excitation avtomatic
control for Jarge-power alternators, and has strong effect of coliecting the clements of power
systern. The basis of minimizing the quality function, takes into account the dominance roots
and the order of stability in alf systems. Therefore, using simultancous coefficients of EACA
stability coeflicients will give high effective and full formulation of mathematical procedure
for the complex power systems.

2-The development of EACA depends on the calculation method area for adjustment EACA.
So, it will give high equal damping oscillation of eleciromechanical system in the normal
attenuation range and also after vorient conditions.

3-The direct method of caleulations suggests the arrangement of EACA {or various types of
large power systems at every station. The optimum adjustment is chosen for constructing the
control area of static stabilities and equal to the EACA parameters.

The suggested method choosc the optimal adjustment of EACA for six-alternators of the
power system, which produce good coincidence data’with the calculation results of the
transient processes.
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