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Multi-achine power systen gtabl ity e~mputa®inn
n~cegs.tates the dynamioc representation of each coujonent
in the system. As the size and complexity (I the nrstem
increases , the order of the desoribinrg difl_rentlal equ-
ations “heocomes extreuwely high . Consequently high coet
and 1 ng computing time are usuglly involyed when unning
suoh stablility study on g digitel cowmputer . IRedtction of
the computer time involved , besides outiing the study cost
down , is a Dust for on-line oomputor app ications where

“agt control decisions have to be taken .

u2®orts for reducing stability compuiation time wore
firat devoted towards lowering the oxrder of represeniation
Sor each oouponant in the systeu . The Qucst:on of how
far this ordex oan be reduced for a certain comonent in
the system (direots these efforts towards the develrprent
of linear dynamic equivalents . In this approach the power
systen is divided into a atudy sub-aysiem , which contains
the asite of disturbance and thus severely affected by 1t ,
and an external sub-eystem , whioh includes the renzinder
of the ori-inal system . The study systen is rcnresented
in deta’ls , while the dynamiog of the exlernal syatem are
gimplitied by a linearized set of oduations darived from
the dominant eigen-mndes of the externgl syatenm.
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Stator ond rotor 1 self and mutual induotance
uar'urn ]matricu for the a,b,0,fd,kd,and kq windings.
Cp ce o Park's tronaformation uatrix .
Xeafr xaf

Fleld , d-axis da q~axis damper , and
xkq['xa[ -tahor'wind.‘lng lex:.;o'raactnnool . )

xad".'aq ... d,q=axip mutual reactances .
Xerd " Tixeq
Fleld , 4d,q-axls damper winding self reogotanocea.
x.
kkq

XgeX, «- Stator 4,q-~axls winding reaoctanoce .

a7 gar i)
.. lotator , field , 4 , and g—axis dampar winding
Prq reslstances

x‘ad +s ae Stator direot axis mutual trangient reactance.
le e e« Stator direot axls transient reaotance .

x;d,x; Stator 4, and g~axis wmxtusl subtranslent
?  peastances .

x&,x; .« Stator 4, and g-exis subtranalent regotances .

Xy «- «« Introduced subtransient matrlx .

z‘a,z‘ .« Introduced transient snd subtransient
a impedanse matrix .

.« $D,Q-gxis bus voltage and current .
ipatg

v:;,v; os dyg~axis subtransient voltages .
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Yailn Introduced bus voltage and current veotors
in 4,q,and in D,Q ecordinates .

Vo dy

v .

volt veotors in 4,q-ccordinates and in D,O-

m"_':n Introduced transient and sub-transient machine
000 ates .

Y
S-Systen Study systen.

E-gystem External systen .

H.. oo Inertia constant in MWS/MVA .

Tp es oo Parunit mechanical input torgue .

'I'8 e ea Parunit electrical generating torque .

D e oe Coeffiolent of mschanioal dadping .
kg »e = Deumping factor of damper windings .

PyQyeS o Bus aotive , reasotive , and apparent powers .
Tdo’Tdo _ ' '
Open stator d-axis #ransient , d~ , and g-axis
T q0 - [ gubtransient time constants .

I,V .. .« DBus current and voltage veotors .

Y .. .. Total network bus admittance matrix .

Y., Iy »Ty Reduged network sdmittance Datrices ; at the
machine teruinals (Iy) , after app the
transient (Y, ’ a;ﬂ tﬂe subtrangient )
reactances &% the mschine terminale .

4o -+  Introduced stator flux linkage vecbor .
Ve - . .. Rotoxr flux linkage -vector.

Cpr¥y ’Irkz Introduced rotor constant matrices .

Central Library - Ain Shams University



p §

T S

YR ] YT 'y )

1°,1° ..

Q. ....

TG - e . a

n LA - 8
rclfrﬂ '
By oe¥p

vt - e L )
VT ae eow

c a e e e L ]

x L L ] L
x‘... LR L
A’B. -e -e -

ApsBy -

z - e * 0 LR |

Vr .s LN

A ...,

viil

Introdoned initia)l stator current vector .

Introduced intiss suffumgsiont veotor .
Constant coefficient ; introducad .

Introduoced constant admlttanoce hatrices .
Introduced constant vectors for E-~gysten .
Introduced constant flux linkage matrloes .

Veotor of [""J.
Veotor of [1'8] .

Veotor of [)BJ .

w}mﬁumn oz{im,], [x./m..] {1,

Veotor gf machine terminal voltage ; [v,‘] .
Veotor of S, E~system terminal voltages .

Introduced initial maohine terminal voltage vector .
L-gystem state vetcor .

Subveotor of X .

State space form congtant matrioes .

Cousteut matrices of A I, equation ; introduoed.
Tranasformed E-aysten states .

Rigenvectors matrix .

Diagonal mabtrix , whose diagonsl celefents are
the elgenvalues .'
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Aysh, iz Sub-datrices of A.

P oo Introduced oorstant matrix .
’1,'2 ofs - Subvectors of P .

Usuee oo = Unit oefrix.

L1189 183 - Bubvectors of the = veobor .

BysSy . - Constangt matrices used for onmntat@n of In .
T,V «- sted machine ourrents , end sub-transied
5078 voltages .
Vo .. E-Bi-tol meochine currents and subtransient
g _E voltages .

\ Submatrices of the Iy Uatrix of the E-mystem
YopYpp
i
In .s ue E-ayaten state veotor .
Xy o0 oo S~agyaten state vector .

As sdygs
: Constant submatrioces of the whwle aysten A-state

TgeXcme 1

h 4

Bs' TR

ISB ee .. Intreoduced constant curprent vector .
cﬁ:,cﬁ_ .. Imtroduced constamt matrices .

Subuatrices of the I,; fgtrix of whole =system.

Ty,Ty - .- SubDatrices abstracted from ¥V,

Central Library - Ain Shams University



Cru10Cmi0 l
Introduced sonstent matrioces for Is COmPU -
C1 383 | tation .

vum"lv“z Zt[n:ioduood constant matrices fur VT GOMplie
a on .

% 1 By

£t en oo Coordinate transfornation matrix . The matrix

transposition sywbo. . The time 1n seconds .

P oo o %

‘X
° Tﬂ Vea Ungaturated o olrouit excibntion voltage
24Py T2 pefarred o the stator side .

O vo oo +a Initisl econdition indlaation .

O ve o TVeotor o [6 ].

Some of oapital letters , that are used for vectors
or natrices , are composed of elemants or dlagonals takem
as the corresponding defined small letter variasbles .

e e e ]+ $1T TR B B
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The puwer systen stability protlea was firsetly recog-
nized for the syochronous mrchines connected through long
tronsudssion lines . Such machines suffer fros ~ diTfig-
ulty in naintalning synchronism , not only during the events
of faults or luss of excitation but alsc under cerigin

conditions of normal operation .

The first stability studies aiming at the determination
of the highest power that can be transmitted vithout losing
synohronism were limited to one machine-infinite bus system.
As the sige and complexity of interconnections in power
gyatems to-day are getting too large , and considering
the new trend of designing synchronous machines with large
capacity and high per unit reactances for economicgl
reasons , the stobility of a synchronous generator ir g
network should be evalugted from g multi-magchine model .

At the begining , mlti-machine stability studies
were conducted by considering only the swing equations
of the different machines . The solution of these equations
were performed using long hand ealculations for systems
of up to 3 or 4 machines at maximum . However , by
using a~¢ network analyzer for obtaining the initial

1
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cond_tions and the accalerating torque under transient
conditions , 'ulti-uachine calculatious up Lo 12 machines
have been done . Then , the nunerical 4ifficulties assoc-
inted wity the solution of tho systenm diffarontirl equations
were overcomns by the use of integrating iachanioal mesuns
called the differential analyser ; 5] .

As uore accurate syuchr:nous machine dynamic models
hecome available ; mult!-pschine stability solution is
first done cn analogue couputers . Analogue simulation
has the gdvantages of flexibZlity in changing the syaten
parameters , high speed , esccuracy and repetitive onxro-
tions . But large networks contalning more than 5
nachines , cannot be easly simulated because oI the
rcquired large number of analogue components . luwever ,
these commonents May be limited using snglogue computers
gnd network analyzers in a combined schems , where the
anglyzer is used to simulate the power network ; thus

saving their analogue couponents ; [20 ,21,23] .

Por most realistic system stebility atudies ; micro-
magchines anl micro-mystems are used for system modelling ,
but this procedure needs expensive equipments and consumes ,
an apprecigble amount of power ; [20.23] -

Lagter , digital computers are used as sn excellent
aid in gimmlating power systems for thelr differemt studlos.
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