Chapter 2

Load-Flow Study

8.1 Introduction

Athe static operating

Load-Flow
condition of an ssion system. The
results from L planning ( 1-3 ),
optimization, ability calculat-
i;n. Load-Flow War  because they
express power \ \ pltage. They are
algebralc rather % cause they describe
the steady-state iny I%sient behavior of the

network.

Perhaped o roblem or Load-

Flow is the mnsf}studie- Aliu --cument:: problem in power
engineerin ﬂg ﬁ:w he calculation
of line a‘; wuﬂ gﬁﬁidemand levels.
The t w ? demand
mightﬁlﬁﬁﬁqﬂr‘? umﬁi Y]Hﬁia E]len to be

a linear problem. However, since the power is a product
of voltage and current, the problem formulation is non-
linear although the transmission network 1Is linear,
Additional nonlinearities arise from the speciflication

and use of complex voltages and currents. Also, there are



transmission component nonlinearities which may be consi-
dered (such as tap-changing transformers, In which the
transformer ratio within certain limits is ad justed to
keep a given bus voltage magnitude fixed). The sinusoidal
result. Sometimes, very

kl!ﬂ:ﬂ“s taken into consider-

®w enough to justify

steady state is assumed as
slow load or generat q
ation, when the

sinusoidal stead*';'

In genery problem has many

possible solutiongfod A4 c7 W\ The case at hand
depends on the los H ¥\existence of many
possible solutinng_ ce it Is desirable
to discern which of is expected in the

field. Fortunately, ly the case that the

solution of o unit entires,

Usually, unllyl! the unity bus

| :
“the other solutlons tain one or more

voltage profile *

bus valtagarw E”mﬂﬂ?wﬂﬂﬂqonumn nea.r-.

1.0 / 0.0 as an npen clrcuit solution
The sh tically,
iﬁﬁ aqmtyﬁﬁqmﬂﬂﬁeg usual

operating practice.

2.2. Newton-Raphson Method (6-13)

The Load-Flow problem can be solved by the Newton

-Raphson method. The method relies on a gradlent-1ike



approach, A comparlisions between various Load-Flow cal-
culation methods 1is made In reference 11. it can be
concluded that Newton-Raphson Load-Flow (NRLF) is better
thﬁn many other methods. The table 2.1 shows a comparison

between the two popular methods: Newton-Raphson

method and Gauss-Sel The well-known polar-
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A5 1s the phase angle correctlion vector.

AV 1s the voltage correctlon vector.

The detalls of eq.(2.1) are summarized In Chapter 5.



Table 2.1 Comparision of Two Load-Flow Methods

Type of Problem Gauss-Seidel Newton-Raphson

Teg Method

. Heavily loadedess

Solves systems
systems. with phase

shifts up to
'Sﬁ degree.

. Systems cunt:F Solve with ease.
ining nagative',
reactance such
as three-w

-

ing transfowds

e
ers or seriegd

LV e
o ERTARTH eien 11 e

bus location

that will ylield

a solution.

. Long and short Usually cannot Can solve a
lines terminat- solve If long- | system with a

ing on the same to-short ratio long-to-short



bus. is above 1000:1. ratio at any
bus of

1,000,000:1.

5. Long radial Difficulty in Solves a wider

type of system range of such

problem.

6. Accleration None required.

factors,

Source: Reference

There are esent in eg. (2.1) for

every PQ-bus gSSE==u=% oo . 2

) ‘y: l‘ld

equation for swisg w: Jacobian matrix
‘

l-ut similar tu | Y= Bus ] sparse.

AU INENTWEAT e sern
':::‘::w Nk Vb oY

tion {3}. The normal procedure is like this: a) computing

for PV-bus. No

mismatch in node power Injections, the residuals,
b) which are multiplied by the inverse of the Jacobian
matrix to obtain the node voltage corrections, «¢) apply-
ing the correctlons, d) computing new residuals, etec.(14-

16). The process is continued until the problem is solved



or the decrease In rate of improvement indicates that the
Jacoblan matrix should be re-evaluated at a new operating

point.

2.3. Approximations to The Jacobian Matrix in NRLF (17)

An inherent hat ’J

electrie - power

any practical
operating in the
steady rstate is pendence between
active powers ‘as. and between
reactive powers 8. Correspond-
ingly, the coup "'and " Q-V "
components of thy Yy weak. Applied

t-lr most efficient

numerical methods at \

when they are able ! tige of the physical

properties of the s In the Load-Flow

problem, ther) .;3 towards this

objective of " diHcour /ingllseparately ) the

B

P- § and Q-V prubl

AUEA gmuﬂ (R
e Wa\m ANy

are used:

1. The real power flow In an AC system depends

mainly on phase-angle differences and,

2. The reactive -power flow depends mainly on
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voltage magnitude differences.

The most significant effect of these approximations 1is
the decoupling of real power part of Jacobian matrix from

the reactive power part. Eq. (2.1) is reduced to:

and

AV ] (2.3).

Eq. (2.2) is callg = " . (2.3) is called

A\

(DLF) . The order iy #& 3 A%l are approximately

\

Q-V problem, %H”eenupled Load-Flow

m—

half of the entire J c%ﬁ“4fgﬁ

LA

Equations besconstructed and

,ri A much better

solved simulta';.
approach howevelis C¢ pegach fleration cycle by

first solving eq.@£R.2) for Al@s and use the updated &

v U EINENIWEINT o

These step wise solutions€ can be garformed &4 ernately

i ene Y IEINT IEUN ML IVIE T

In this form, eq.(2.2) and (2.3), the decoupled
method convergence is as rellable as that of the formal
Newton verslon as eq. (2.1) from which it was derived.
The convargenne.to practical accuracies however usually

takes more lteratlons, because over all quadratic conver-
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gence is lost ( see Appendix A ).

2.4, Fast Decoupled Load-Flow (18)

In eq. (2.2) and (2.3), there are still coupling

whereas [ H | depends [ L ] depends on &

Further approximations 1/ s follow:

1. Electricosm o] ds ; . mecs are close to each

other.
S to 1.0 P.U..

3. The rai o ! hjx{ ey f%”-slstance (X/R) 1is

very high, and lln_

Thus, [ H ] and [ L ] -érﬂ = Stant and this approxim-

ation turn eq. '5.4} and (2.5),

Y )
o A5 ] (2.4)

-

T quiinendneng
These qw'lalqﬂ:mumﬁll? mﬂﬂjﬁﬂ( FDLF )

Finally, the FDLF assumed for the Jacoblan that
shunt reactance from buses to ground are negligible and
that all transformers have unity for the off-nominal tap

ratio, without any phase shift. [ B'] and | B"] are
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observed to have a nonzero pattern for elements corre—
sponding to the Bus Admittance Matrix. The a;vantage of
the FDLF is that nelther [ B'] nor [ B"] vary In any
Iterations, so  they are constant matrices which are

inverted only once and solutions are calculated.

The number of iterat "hy the FDLF's conver-

gence is usually h jft' (11,18), however
the net benefit works on smaller
matrices which ; storage and half
the number of .‘ nverse to reach
solutions. But t is not as strong
as the convergen ases of high line
loading, high red1 ‘.yt;Lf . ;Ih-sipatlon. low X/R

0 A

ratio, low bus VDlt:!e” power factor, [ N ]

and [ J ] this may e However, as stated in

reference 19, g el compensation

|y
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hgit proving, that

BI
i 1]

[
I
1
=}

(2.7)

where n is total number of bus is In the system.
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and
B" = - G = B - (2.8)
1] 1) i
B" B (2.9).
it it
where ¥ B
ij ij
Y
1]
The technique is  ., 1! e FDLF for system

The FDLF #nghhodis

| (et =
combination of al:ht.rar-t“‘“‘-ﬂlﬁ@g’i';i

uniquely attrative

e established methods,

i!P

#‘J‘-
including New . , a:_g- reliability,

“ﬁ

simplicity, ang nrdanal , Laad—Flow

solutions. The.? asic aTe . rEmalwr unchanged for a
variety -of differdﬁll plicat a set of good
ordered el iuzllag ﬁﬂ’jﬂﬁmgram can be
coded efficie ntly. and 5 éiﬂrgq.uire—
mentsqq ']tﬁ ﬂpigu lﬁ;] ﬁﬂﬁl ize. The

table 2.2 shows the advantages and disadvantages among
NRLF, DLF and FDLF which can be a guidance to select the

appropriated method.

2.56. Modified Fast Decoupled Load-Flow (13)

The reductlion time of forming [ B' ] and [ B" |
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can be implemented through the three approximations of
the FDLF directly to [ H ] and [ L°‘]. From this point,

the matrices are become (13):

| B' | , -Im [ Y-Bus ] (2.10)

also,

~Bus ] (2.11)
where Im s an i E D e x number.
From eq. (2.10) agf 4 2\ Wyand [ B" | can be
formulntedthy [ Y4 W ‘-ﬁ f%ﬂ-tely'constructiun
and also, the solu 7 K. F £ ”vue. the modified

FDLF, is as good as | the reason why the

modified FDLF should LE7aedd Load-Flow software.

B Jelection Guide

AUt InENingns
eI INETRY

NRLF Rapid convergence on Intolerant of data
. well-conditioned errors,
cases. Cannot start from
Very small bus mis- poor voltage esti-
matches can be mates.

achieved. No indicatalon of
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cause of problem
when failing to
CONVergence .

Can give problems

converging cases
ghere reactive power

cimits are restric-

DLF Rap1d FRESRRNN AN for NRLF

can be agcH awriyui/

FDLF AsLTR W lnatches are

rediiced, rate of

AU INeNTWH3
AT ARG o

ratio branches (e.g.

ent be

equivalents).

As for NRLF.

Source: Rererhnnes 46 and 61,

017418
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