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Abstract: The paper presents the result of an
extensive study of several typical power systems to
explore a fast decoupled load flow (FDLF) model
that can exhibit the best convergence property for
both well-behaved and ill-conditioned systems. An
attempt has been made to examine the relative
importance of several parameters, such as line
series resistances, shunt reactances and trans-
former tappings, in the formulation of B' and B",
on the convergence of the FDLF of Stott and
Alsac [1]. Results reveal that a reverse Stott
model achieves more or less the best convergence
of the FDLF solution, irrespective of whether the
systems are well-behaved or ill-conditioned.
Amongst the parameters considered in forming
[B'] and [B"], the resistance parameter plays the
most significant role in the convergence of the
FDLF solution, and not the shunts.

1 Introduction

The fast decoupled load flow (FDLF) algorithm devel-
oped by Stott and Alsac [1] is possibly the most popular
one frequently used by the power utilities. This method
utilises some justifiable network assumptions, apart from
P — 0, Q — V decoupling such as cos 8km ~ 1,
Gkm sin 0km « Bkm and Qk < Bkk V\ (Gkm +JBkm rep-
resents the fcmth element of the V-bus) to obtain constant
Jacobian submatrices. The final FDLF equations [1] are

[AP/K] = [B'][A0]

and

[AQ/K] = [B"][AK]

(1)

(2)

[A0] and [AK] are correction vectors for busbar angles
and busbar voltages, respectively. The above final model
by Stott and Alsac, makes certain additional assump-
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tions: that when [B'] is formed, parameters such as line
series resistances, shunt reactances and off-nominal in-
phase transformer taps are omitted.

To date there is apparently no comprehensive study to
understand the impact of these parameters, in any pos-
sible combination, when [B'] and [£"] are formed, on the
convergence property of the FDLF solution. Stott and
Alsac [1] made a statement that omission of the line
series resistances when [B'] is formed has minor impor-
tance in improving the FDLF convergence; this state-
ment has been amply negated by Nanda et al. [2]. Nanda
et al. are possibly the first to study in some detail the
relative importance of the said parameters involved in
forming the [B'] on the convergence property of Stott's
FDLF algorithm, for both well-behaved and ill-
conditioned situations. They, however, have not studied
the impact of such parameters, in any possible com-
bination, in the formation of [B"] or in the formation of
both [B'] and [B"], on the FDLF convergence property.
Van Amerongen [3] has proposed a BX scheme for the
FDLF model, where line resistances are considered in the
formation of [B'] and are omitted in the formation of
[B"]. The shunts and transformer taps are omitted in the
formation of [B'] and are doubled in the formation of
[B"]. This scheme is claimed to exhibit a better con-
vergence property than that of the Stott FDLF model,
particularly for various degrees of ill-conditioning.
However, Van Aerongen has failed to give any reasoning
for doubling the shunts when forming [B"]. He has not
conducted any study to highlight the relative importance
of the parameters involved in the formation of [B'] and
[B"] on the convergence property of the FDLF solution.

The motivation of the proposed work is to provide a
comprehensive study to understand the impact of the
additional assumptions (i.e. presence or omission of the
earlier said parameters, made in the formation of [B']
and [B"], on the convergence pattern of the FDLF solu-
tion; and hence to explore the feasibility of a strategy to
form a general purpose FDLF model that provides more
or less the best convergence characteristic for almost all
classes of power network. The study is based on exhaus-
tive experimentation rather than on any analytical
approach. A systematic approach is followed for con-
sideration or omission of the parameters involved, such
as line series resistances, line shunts and external shunts
(including the shunts created by the n representation of
the off-nominal transformers), when [B'] and [B"] are
formed. The ill-conditioning is simulated by multiplying
all the branch resistances by a positive factor a, and the
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degree of ill-conditioning is varied by varying the value of
a. a = 1.0 corresponds to the well-behaved situation.

2 Methodology of experimentation

Each of the parameters, such as line series resistances,
line shunts and external shunts (inclusive of the shunts
created by n representation of off-nominal transformers),
is associated with a binary code, either '0' or '1 ' . '0' rep-
resents absence of the parameter and T represents the
presence of the parameter. The [B'] and [B"] are each
associated with a 3-bit binary code. Starting from the
leftmost bit and proceeding from the left to right, the first
binary code corresponds to the line resistances, the
middle bit corresponds to the line shunts, and the last bit
corresponds to the external shunts. For example:
[B'] = [010] is to be interpreted as follows: line series
resistances are neglected (0), line shunts are included (1),
and the external shunts are omitted (0) when [B'] is
formed. The same notation and interpretation hold good
for [B"] also. This arrangement results in eight possible
formulations of [B'] and another eight for [B"], thus
resulting in 64 sets of [B'] and [B"] combinations. These
64 sets are individually studied for convergence property
by conducting a load flow. This provides an opportunity
to understand the importance played by the individual
parameters on the convergence property of the FDLF
solution.

With this kind of coded representation of [ F ] and
[B"] the classic FDLF model proposed by Stott et al.
assumes the code as [B'] = [000] and B" = [111], here-
after called the (000-111) model. The studies are carried
out on IEEE-14, 30 and 57 bus test systems and also
on an IEEE-24 bus reliability test system and a
Gungor-25 bus [4] test system. In all the case studies,
0.01 MW/MVAR on 100 MVA base (0.001 p.u.) is chosen
as the convergence limit, and 1—0 and 1 — V iterative
scheme is used.

From the 64 exhaustive experimentations on each
system, with different [B'] and [B"] models, results for a
few typical schemes exhibiting a relatively better con-
vergence property than other schemes are provided in
Table 1 for the sake of comparison.

3 Results and analysis

3.1 Well-behaved situations (a = 1.0)
(a) The (011-111) model or the (111-011) model, where
line series resistances only are omitted in forming [B'] or
[B"] respectively, exhibits reasonably good convergence.

(b) If the Stott scheme is reversed when [B'] and [B"]
are formed, ie. if a model (111-000) is considered, results
are quite revealing and show that this model works
pretty well as compared with that of the Stott model of

(000-111). The good convergence property of the reverse
Stott model can be attributed mainly to the absence of
resistances when [B"] is formed.

Investigation reveals that omission of line series resist-
ances only, in the formation of either [B'] or [B"], plays
the most significant role in the convergence pattern of the
FDLF solution, not the presence or omission of the line
shunts and external shunts in any combination in the for-
mation of [B'] and [B"].

3.2 III-Conditioned situations (a > 1.0)
(a) The Stott (000-111) and (011-11) models have more
or less similar convergence properties. However, their
convergence property is much inferior to that of the (111—
011) model.

(b) The reverse Stott model (111-000) proves to be
highly encouraging and much superior to the Stott model
(000-111), at higher degrees of ill-conditioning, and
exhibits a more or less similar convergence property to
that of the (111-011) model.

For ill-conditioned situations, it is observed that the pre-
sence of line series resistances, when [B'] is formed, only
plays the most significant role in improving the con-
vergence of the FDLF solution. For such situations, con-
sideration of line shunts and external shunts in any
combinations, when [B'] and [B"] are formed, hardly
affects the convergence pattern. Amerongen proposed a
BX scheme [3], where [B'] is formed by consideration of
the line series resistances and the ignoring of line shunts
and external shunts, and [B"] is formed by the ignoring
of line series resistances but consideration of double the
nominal value of shunt reactances. This BX scheme in
our coded form refers to the (100-022) model. Compar-
ing the performance of the (100-022) model with those of
the (111-000) and (100-000) models, it is seen that the
convergence patterns for all these models are practically
the same for all degrees of ill-conditioning studied (Table
1).
4 Conclusions

Any FDLF model where [B'] and [B"] are formed in the
presence and absence of line series resistances, respec-
tively, will provide nearly the best convergence property
of the FDLF solution for any class of power system
network (well-behaved as well as ill-conditioned), irre-
spective of the presence or absence of the line shunts and
external shunts (including shunts created by representa-
tion of off-nominal transformers), in any possible com-
bination, in the formation of [B'] and [B"]. It is
recommended that, for all practical purposes, the FDLF
model based on the (100-000) model or the reverse Stott
model (111-000) can provide more or less best con-
vergence property for both well-behaved and ill-
conditioned systems. The available FDLF (based on the
Stott model) programs with the utilities can easily be
changed and adapted to either the new (100-000) model

Table 1

S. No

1
2
3
4

: FDLF results for selected models.

B' B"

000-111
111-000
100-000
100-022

IEEE

1.0

4.0
4.5
4.5
4.5

1.5

5.5
5.5
5.5
5.5

14 Bus

- oc - •

2.5

10.5
5.5
5.5
55

;bar

3.5

19.0
6.5
6.5
6.5

for both well-behaved and ifl-<

IEEE +

1.0

4.5
8.5
6.0

1.5

5.5
8.5
6.0

24 Busbar

GC —>

2.5

9.0
8.0
6.0

3.5

15.5
11.5
8.0

1.0

3.5
4.5
4.5
4.5

condit ioned cas

IEEE 30 Busbar

1.5

6.0
5.0
5.0
5.0

2.5

11.5
6.0
6.0
6.0

3.5

26.0
8.0
8.5
8.5

1.0

4.5
5.5
5.0
5.0

es

IEEE 57 Busbar

1.5

5.5
5.5
5.5
5.5

•x —*

25

10.0
9.5
8.5
7.5

3 5

18.5
12.5
12.5
12.5

Gungor

1.0

6.0
6.5
5.5

1.5

7.5
8.5
6.0

25 Busbar

a: -»
2.5

13.5
15.5
8.5

3.5

26.0
260
12.0
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