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Chapter 3

Diakoptics or The Piecewise Solution of

Large-Scale System

3.1. Introduction

it is an interest-
ing historical coige® Y waior to the advent
pioneering work

tensor analysis

sixty years ago,

organizational o Mtensor notation in

tual elegance

automatic way ol ="Ukeeping chores

of Power System ar He thereby 17 some of the

logical and ﬂﬁﬂuﬂ mmor program-—
ing a digitaﬂH 0 ana]yze Power System-thnt is,
""ﬂﬁ‘T aaﬂiwwwwm g ssions

automati

The matrix formulation of the Power System
problem (21-24), Is the direct outgrowth of Kron's work
and that of Roth (25) who first provided an algebralc
topological explanation of the natwork prohleu as an

abstraction. This formulatlion has been usadlat least In
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part by such program as TAP (26,27), NET-1 (28), and ECAP
(29). Kron's work has also been used as the basie for
much of the computer analysis of networks encountered in

the electrical industry (4,6).

The historica g of his work may be of
interest. The clo~1-;'1 gr G hayve been familiar
to electrical eng'-Jr I Maxwell, but not
open-path. In t ginator of Diako-
ptics (method of ed for the dual
of the Maxwell's losed-path, and
discovered the juy By means of this
concept, the diff#r "'; appearing between
any two junctions of network are assume to

be variables. His p C EAVY prom=the convention-

al methods in ¥ joral reference

frames than that,} 0% T K::n found that the

open—path which hef ghen calledgphe open-mesh, was a more

correct dualﬂ u&‘e,lmumim’llniumtlnn pair

concept, but his origina€ work wes limited @6 on

serimi il ] MINSUITAIINEAG oovr
Tensor Analyais of Network, Kron Introduced the concept
of orthogonal networks possessing nonsingular connection
tensor C and A ( where A Is the inverse of C ). This new
concept assumes that every ‘electrical network is the
direct sum of a closed-path network and an open-path net-

work, with vcoupling ( mutual impedance or admittance )
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terms existing between the two types of networks.
Subsequenly, in the 1950's, he conceived of Diakoptics
and then more clearly _realized the importance of the

open-path concept; but the theoretical foundation of

Diakoptics still remaineg jeveloped (30).

The word ™' rom the Greek word

"kopto", which tear apart, and
"dia", which re g this method,
large-scale Powe umber of pieces
that are solved re then combined
to yield the soluy N m. The concept of
Diakoptics for Powlr -‘J;;u i : ?_ problem 1is that,
ved as if all indi-

h

in the first step,
other. Then, in

vidual subsystems a

subsequent step__'_ Iyjodified to take

the interconnectifihs #tionyll The separation

i ¢ U ¥

or tearing can be hmsed upon sgpictly computation consi-

serssions, | RN BNTNE W T corconerces

individual J!lllties. oy economig, consideragdons,

contro I U3 BN W FIH T
tions. The tearing of the Power System is particularly
convenient in such multiprocessing environments where
installed computers, although at the same, lo;atlﬂn but
equiped with multl-processors which can operate and solve
problems in parallel, or when the computers are distri-

buted to various locatlion but tled together by communica-
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tion links (30-36).

3.2. Diakoptices in Electric Power System

The basic idea of Diakoptics 1is as just said to

pr tearing it apart into

g the . individual

-

et of the torn parts
to yield the soly “™Jmtorn problem. The
result of the p s % N p one that would
have been obtainecy Wiad been solved as

unity.

Considerin# ample, which may

represent a large Poy ore tearing. Subsystem
A and subsystemg B

’ lements called
tie-lines. .Th?5

) divided to two
areas, A and B, JE show ps-2. lrne solution, in

Diakoptics, ls obfahned by M®ehring the original system

apart, to sﬂvuﬁgpwﬂnim ’;ltﬂlj contribution
from the nelq&hurin part#‘conaide#&d. e ribution
o o A0S LT AT AY e
conside?ed separately.

These torn parts or subsystems often occur quite
na;urally and thus, also, the corresponding lines of tear

as, for example, the boundaries between power companies.

The uses of Diakoptics are at least twofold: in the first
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application larger systems can be solved efficlently by
the use of Diakoptics on a given computer by processing
the solution through the computer serially. The second
application employs a multiplicity of computers that

e |

essentjally operate in @ and thus provide more

speed "of execution tHEMN iped by using a single

computer. The com : ally next to each
other thus formin:-wr , or they can be
kilometers apart. on the solution
of a given part. 2rs would be requ-
ired. Extra compu .'equlred to cale-
ulate the contrilfity b - ; Hhc; ution due to the
interconnections. be provided by the

computers working on t or by extra computers

provided for ths

7 ) |
Both app ﬁ‘: cmonventional com-—

puters that opera e mure or less serlally Future comput-—

ore o e gl BRI AW Gros. e

to the aecnnﬂlappllcatiﬂn In such a case we can expect

wrse: QNARIATHHAVIREADY v o

Diakopt18s than by solving the problem by conventional

methods.

If tearing has no effect to the original network,

then the current through tie-lines (i ,1 .1 and 1)
1 2 3 4

is not changed. Procedure according to principals of

Diakoptics are (30,832,33):
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= " -

Fig. 3.2 Tearing of The Original Power System

to Subsystems or Areas.
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Tear the whole original system into subsys-

e
*

tems,
2. Solve each subsystems's equations.
3. Find current r.i'_' the tie-lines.
|/
4. Combine SHBEI em s ;—F‘f fon. The combinat-
ion of subsystems's ol 'w; -j the solution of

the whole system.

The tearing dividy of tﬁé system

as in eq. (38.1):

tz1 =% (3.1,

ﬂuﬂ"ilmm Wehns
qmmﬂﬁmmmmﬁ

In compact form [ Z ] 1is defined as a block-diagonal
1

matrix:
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(3.2).

The matrices | Impedance Matrix

of area A an Myences 10,18 and 29

show the caculat Bhrices [ Z ], [z ]

2 3
and [ Z | from [ Z
4
Let E be the f M)\ Gl ages of the original
system,
1 be the :‘. sl of  the original

 system and

v BUHINENINEARG
RIS Ing 8y
L oy E

E Z z I
1 2
S (3.3).
(4] A 4 i
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By Kron's reduction formula (30,32,33), eq. (3.3) can be

reduced to:

=
LE] =112Z2]1-1211Z)1lZ]1) (1] (3.4).
1 2 4 3

If [ I ] is known, e NEY | #fyfor [ E | can be solved

by six—-step as below"

1. Find w970 ’ I o ﬁf stems:
[ e' ] (3.5).
2 Com oin -subsystems by
any given branch
[ Ee | (3.8),.
where [ e ] G ;7 asgdefined by given

direction of tl.yg

ine's current:

AUINBNININT .,
ARVEEN TE NI HAR R

tle-line§s current by given sign of the current,

3. Compule closed-path or tie-1

6. Find voltage contributlions in subsystems due

to tie-line's current:

n

[ e" ] (z111 1 (3.8).
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6. The voltage solution 1is the sum of voltages

in step 1 and 5:

[ E | = [e' ] + [e"] (3.9).
Note that, during step ".‘.raugh 6, there |is ﬁo
approximation in any & \ / Lks method the accurate
solution of the _LnETe eoremmem®btained with less
[— [ T
calculation time "% -l"ﬁjiﬁ POSPEEsge requirement than if

the entire networ ity.

AUt INENINeINg
ARIAINTAUNNIINGIAY
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