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ABSTRACT
This thesis addresses itself to the two important problems
in pow.r system analysis viz load flow study and dynamic egui-~

valencing for transient stability studies.

Load Flow Study:

Bus power computations are required to obtain the mismatch
vector for every iteration in lNewton--Raphson load flow methods.
These computations during the iterative procedure are normslly
verformaed through the use oflcalculat@d bus currents and updated
bus voltases involiving éonsiderable amoun®t of computational time.
An efiicient formulation for bus pdwer coriputations is proposed
which simplifies these otherwise involved/cumbersome computations

to & triviality of Jjust four multiplications and four additions

o

psr bus. The formulation developed has beén applied to first
ord=2r NR methods in rectangular form employing constant Jacobian.
The use of this formulation has also been made applicable to
decoupled load flow methods with wvariables in rectangular
coordinates.

It is analytically established that the second order load
flow and first order MR load flow methods in rectangular form
gencrate exactly the sume iterates and all the computational
acvanceages of the former are also aveilable withh the latter.

in one of the new Newton based load iflow methods presented
in this thesis reactive bus povwer cequations in the usual

formulatinn are replaced by ecguations pertaining to the imaginary
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pirts of bus current mismatches. Two veprcions of this hybrid
method in rectangular form have been developed and investigated.
These are - one with the Jacobian re-evaluated at the beginning
of each iteration anc the other with the initial Jaceobian held
constant throughout the itergtive process. Invegtigations invol-

>

ving normal as well as ill-conditioned systems have been carried
out zane it is established thst the use of hybrid defining func-
tionsg of bus active powers énd inasinary parts ot bus current
migmatches lead to algorithms wnich are computationally more
efiiclent and have petter reliasbility than the corresponding
versions of usual Rewton-Rapirson methods in P-Q form.

It is recognised that the fast decoupled load fiow (FDLF)
method of Stott ard Al<nc [ 21] has tne disvinct advantages by
way of reduced storagze and computational speed. However, FDLF
belng a Mewton based method with variables in polar coordinates,
involves bus power computations requiring trignometric functions
evetuations which are time consuming. Comblning the efficient
procedure for bus power computations and the better features
of hyvbrid lood flow method developed in the thesis alorgwith
the well known features of the FDLF method, twe decoupled constant
matrix load ilow methods in rectangular coordinates have been
developed. The new decoupled load flow m=thots are -

(1)  dacousled seconc order load flow (SOLF) and
(2) decoupled second order hybrid load flow (SOHLF) .

Investigations involving several normal as well as @l-conditioned
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syzTems have been carried out using the proposed decoupled second
order load flow and second order hybrid load flow methods and
thelr performances are compared with the FDLF method. The
limited investigations carried out reveal that both the proposed
decoupled locd flow methods are hizhly relizble and computation-
ally more efficient than the FDLF method. The menory reqguire-—
ments of the decoupied 30LF and SOHLY methods are of the same

order gs the FDLE method.

Dynan

oy

1ic Equivalents for Transient Stability Studies.

bt

. Stability investisation of power systems 1S one of the
most fundamental and important swudy necossory for system plan-
ning, dasign operation and control.

2. Owing to the order of interconnzcted power system, it is
often, uneconomical and impracticai to reprezcert the entire
system in detail for transient stability studies.

3. | Under such circumstances, it is therefore, frequently
expedient to restrict the use of detailed mathematical descrip-
tion for each component model to that : subsystem whose detailed

dynamics are under study. The rest of the system (external sub-

i

system) where the internal performance is not of particular
significance, is then ropresented appronriately by simple dynamic
equivalents so as to adequately capture the influence of the

rest of the onystem on the performance of the study subsystem.
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In this work two types of dynamic equivalents for
transient stability studies have been proposed. One of these
methods uses a set of new distribution factors based on a
moment, concept. The equivalent 1s constructed by computing
distribution factors for all gen:rator buses and load buses
in the oxternel subsystem. The distribution factors so obtained
are used to assign all the dynamical quantities as well as the
gencrations for the cquivalent generators at the boundary buses
oF the study subsystem. Transient stability ailalysis for two
existing Indian Power Systems pertaining to two States, one

consisting ol 28 buses, 9 generators, 45 lines and the other

congisting of 96 buses, 20 gonerators, 137 lines have been

&
carried out using the Justribution factors bascd on the moment
concept and the distribution foctors of Brown et al [69] in
order to bring forth some critical comparison betweén the two
approaches. The stability equivalent based on the moment concept
provides sufficiently cloge results for faults at locations
winiCh are not too close to the bounCary buses of the study-
subgystem. However, it may not always provide accurate enough
results for disturbances at or very close to the boundary buses
of the study -subsystem comparable to those obtgined with the
actual full unreduced system simulation., In view of this, yet
another new approach using the concent of distribution factors
has been developed. In this approach, cach generator in the

extoermal subsystem is first represcnted by several component
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gencrators equal to the number of the study--subsystem. The
inertia constants, transient reactances and geherations of these
senz2rators are assigned in accordance with the appropriate dis-
tributioson factors. Component gencrators corresponding to like
distribution factors arce then shorted to jetheirr to form a set of
newly formed buses outside the external networks. The main
hizhlizht of the approech ig that the external- subsystem is kept
intact along with the loads and is then reduced to obtain network
mesh consisting of the boundary buses study subsystem and an
2qual number of newly formed buses. Toests on the two real life
Indian power systens (as detailoed carlier) indicate that the
stability equivaloent thus obtained provides accurate enougn
results for transicat stability studies.
The main contributions of the thesis arc summarised
belows
(1) An efficient prdcedure for extreme simplification of the
otherwise cumbersome repctitive bus power comoutations
in the first rorder constant matrix Newton bascd methods
with variables in rectangular form has been developed.
The application of the efficient procedure has also been
extended to methods employing variable Jacobian and to
second order and decoupled load flow methods.
(2) & conclusive preoof is advanced cstablishing that the
second order loatG flow and firgt order constant Jacobian
MR methods in rectanzular form generate exactly the same

iterates.
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(3) A NR load flow metho¢ with defining functions of bus active
powers anc imaginary parts of bus injected currents lead-
ing to a superior load flow algorithm as compared to the
usual NR load flow method has been formulated.

(43 Two hi.ghly reliable decoupled load flow methods with
variagblcs in rectangular form have been developed which
are computationally more c¢ificient than any of the exist-
ing decoupled loaa fiow methods and the FDLF method.

(53 New and effcective dynaimic equivalents based on a moment
conczpt have been propoged for carrying out fast and
yet accurate tronsient stability cnalysis for large

integrated power systems.

jo
&3

The utility and potentiel of various m:thods/alZorithms
developed in this thesis have been fully demonstrated through
several test systems which also inciude two real life Indian

power systems,
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