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«witions zre siven. The variablon of bas different wmochins
inducbtances with magnetic saburation is obbained by a new

netlhod suggested by the auther. 4 Compuber program has boen

developed for tie solutlon of these simultansous differen—~
tlal equatlons numerically. The program includes also an
iterative method of successive approxzimations Tor sysbe-
mebic selectlon of bthe correct values of the machine in-
ductances which are affected by the nagnetic saburations
Lhe inbroduced method gives bhe actual instantaneous values
0i the varlous currenbts and volbages ineluding all harmonic

gnd non-narmonic oscillations in synchronous machines under

Gransient conditions, given the machine parameters and tie

valuss ol She alternating current components of
Gae solubtlion are compured With results ovtained from another
gomnuier prosram Ffollowing bthe semi-grophical method -

Dyq A o~
Rudenbers.
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anculer frequency

time

subscrints indlcabing the arnabure passes
subserip i dndicating the field w inding
subscripbs dndicabing the direct »nd yuadrature

subscrin e indicubing zero sccucnoe quantity -

= and o subscript indlcabing

subscris b incicating unsabursted condition.
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S Loaddnr have been previously studied Ty Park‘lD,

~
o
g

These analysis have been developed under bthe following
assumptions ¢

i) The relation between the MeliF~ snd the flux is
linear; vhe effect of curved magnetic characteristic is
nszlecteds

1i) The armeaturs windings are sinusoidally distributed
along the alr gap.

1ii) The stabtor slobs cause no apprccilable variations
o any of bthe robor inductancss with She robor positiona-

iv) The anzguler velociby is constant.

) Ihs sriiature snd field circuls resistances are

<i

Comsidered only” i debtormining the decrement factors for

tie varlous componsents ol the solutbiona

vi) There is mo volbage rsgulabin. deviee in the field

circuilt, dlaec. btiie excitation voltege 1s held constante
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emetic sovuration in thoe stendy state analysis by choosins

Dl o WENVHLIBIY L0 T OCn corre ;'_')”"».,}Olidll‘lé'_i TO The saturaclion

AOWeVeIl, RudenhergC7> could introduce a semi-graphical
nethod to debermine the Relf«S« value of the fundasmental
component of the alternabting currents under sudden short
circult and sudden dirvect-axis loading of synchronous
machines btaking the effect of the curved magnetic char-

acteristic into consideratbtions

In this semi-graphical method neither the direct
current components nor the harmonics generated due to

zagnetic saburatilon could bs exhibited.

Iz this thesis a different rmebthod of analysis is
proviied to get ths traasient characteristics of the Syn-
caronous alternators under sudden short circuit and ai eCct-

oZis woaddngs toltiiaz the ef

H

aecv of magnetic saturabtion into

conzideration.
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CHAPTER I

EXISTING METHODS OF THE ANALY3IS OF

SY.ICHRONOUS MACHINES
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1 Axistiliy wsbuods 0L Tis analysis 0L 8,/0CIIQLIOUS

vo

woaCiillies

The trunsient performarcs 0l synchronous maciiines

. . 1 . (%
was previously studied by Park( >, Conord1a<2>, Adﬂlﬂs\)>,

and many obhers. 41l these analysis nave been obtained
(1)

by using the two—reaction theory given by Park , (4ppe A).

lal. The two—reactlon theory

In this theory the three phase windings of the
armature are replaced by equivalent fictitlous two phase

7

windings having btheir axes fixed to the poles. One ol
these fictisious windings has ibs axis in line with the
pole-axis, the dirsci—axis, the other has 1its axis in line
with bhe inter-pole axis, bthe quadrabture—axis. These ©Wo
phases are equivalent to the actual taree phases as The
currents in both systems produce the same alr gap fluxess

L
U

direct and quad-

O
o
5y
[

Tie gronsformation ILrom phase guantibles

rabure juanbticies has been obbained on these Dasiss

Ta sdditior So these bwo guantitlies zero sequence,

quantities are =zddea for unsymmetrical conditions.

The zero sequence quantities are adopted from the
analogy with the 'mero sequence component! used in symme-

trical component Lheory.
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g sansformavion sguabllois siving the new
CUrLSencs L Geris 01 Toe acbual currenss ars thersiors
ciiresseu W, Uoe Jollowing matrix equations
. 3 _ 2 N ~ P s
Loty = ""5‘- cos € cos (& - 120) cos (& + 120) 1
L. § : : , : g
I | —sin € -sin (& - 120) -sin (¢ + 120) | i,
? ! | o
P -, ) ;
. 3 B I/ 4 P
i 1o . 2 12 72 ! lc
(1-.1)
The equations of the ianverse transformation, giving

Aoy

~
N

i
0

0T

1

actual currents ia’

e O

new volbage are

slmilaxr

.

n terms of the new

Ltained by solving the above eqMabionss

cos © - sin 9 i id'i
g .

cos (& = 120) =~ sin (& - 120) 1 |! 1i_
ot

sos (8 + 120) - sin (04 120) 100 i

defined by a ses of equabions
50 Ghose of btune currents.
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(1.3)
The eqguations of the inverse transformation are
[ €., = cos & - gsin @ 1 Loeg
! [N . . | l
i 1 ‘
i :
ey | i cos (@ = 120) - sin (&~ 120) 1 | el
l k- i ! : ] L
h t : I i i
o ],
e, ! 1 cos ® + 120) - sin ( e+ 120) 1 e
: : : !
X oA — ;__ .-

The flux linkeze to the equivalent btwo piase windings
in terms of the flux linkage to the three phase windings
are defined by o selt of eguablons sxactly similar ¢o Giiose

]

0r bthe currenbs and voltazesa

savanbage of sioplifyiln: Gae sst of dillerentlal equatilons

WiGn vaerioole cosiricients o a sev 05 sguablorns with con-
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£

e synchronous machine at the specificd oondition
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Dy osubsvitubing these conuibions in sguablong (1la)) Chus 3

@
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Where E is bhe auplitude of the rotationsl volbage &b

no load corresponding to the excitabion current ifo‘

The transient quentities of sudden short circuis from
Ghese initial conditions are obtained by solving Equabtions
(1.5). Considering the sudden short circuit bo be equiva~
lent to spplying a volbage having a megnitude equal and
O-posite to thosc existing before the short circult while
tne field winding is short cwrcuited on itsell; i.e. ep = Qa0
The results obtained(5> are the direct, quadrabure currents

solller with Che induced fleld cuvwent, (Appa 4) -

e coriesgponding three phase gquantitles sre bthen

00bnlned by using Gne inverse of the tronsiormabtion watrix

s glven by Bgusbilons (1.2

» The btobal field current (if)

Ghie gum of Gne 1nitial value and the induced componsent

e
Q]

S
ot

e )
£,70

1, = ip + i, (1.6)
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Lilo LAYUASAwAlU CLLIUACUELLH0LCS oL Tos machlns urass

y Lixed to Lhs armsbure side, wr: used Lo 1 vl ce G

According bto this choice the volbtase eqguabions, in
terus of « unantitiss, do not include bterms depending
’ ’ &

woon the rotor posivion € , because bthe axes sre & to

’_’0
jar

xe
the armature just like Cthe acbtual phases. Thereforc, Uhe
rotationul volbage Germs wWill not e present in ths volbage
equabtilonsa The g—axis is commonly taken along the wuagnetvic
axis of phase "3 and the p~axis perpendicular to c-axis

.

in the direction of rotation.

The ¢ - B guantities have besn dell in berus ol

ed
Slven by Byuations (1.7), Glie)r 512

o ot

d - g quantitiss =8
wors directly defined in terms of OShe owrizinal phass
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