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Abstract: A general purpose fast decoupled power
flow model (GFDPF) is presented that exhibits
more or less best convergence properties for both
well-behaved and ill-conditioned systems. In the
proposed model, all network shunts such as line
charging, external shunts at buses, shunts formed
due to n representation of off-nominal in-phase
transformers etc. are treated as constant imped-
ance loads. The effect of line resistances is con-
sidered while forming the [B'] matrix and are
ignored in forming the [B"] matrix. This model is
tested on several systems for both well-behaved
and ill-conditioned situations. Simple, efficient
compensation technique is proposed to deal with
g-limit enforcements associated with bus-type
switchings at voltage-controlled buses. The results
demonstrate that the proposed GFDPF model
exhibits more or less stable convergence behaviour
for both well-behaved and ill-conditioned situ-
ations.

and

1 Introduction

Power flow studies on a digital computer essentially
involve the solution of a set of nonlinear bus power equa-
tions. Probably almost all the relevant known numerical
methods for solving these nonlinear equations have been
applied in developing power flow models. Among various
methods [1], power flow models based on the Newton-
Raphson (NR) method have been found to be most reli-
able. Many decoupled polar versions of the NR method
have been attempted for reducing the memory require-
ment and computation time involved for power flow sol-
ution. Among decoupled versions, the fast decoupled
load flow (FDLF) model developed by Stott and Alsac
[2] is possibly the most popular of those frequently used
by the power utilities. The method [2] utilises some justi-
fiable network assumptions, from P-6 and Q-V decoup-
ling, such as cos 9km ~ 1, Gkm sin 6km -^ Bkm and Qk <
Bkk vl ' (Gkm + JBkm) represents the fcmth element of the
Y-bus to obtain the Jacobian-like matrices and are held
constant during the solution process. The final FDLF
equations are

— = [B'][A0] (1)
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m- [B"][AK] (2)

While forming the above model, certain additional
assumptions have been made to improve the convergence
property of the FDLF model, they are:

(a) While forming [B'], parameters such as shunt reac-
tances and off-nominal in-phase transformer taps are
omitted.

(b) Line series resistances are neglected while forming
[B'].

These additional assumptions have a significant effect on
the convergence property of the FDLF model. However,
Stott and Alsac [2] have not reported any results and
system studies that demonstrate the relative importance
of these assumptions, either individually or collectively in
any combination, in forming [B'] on the convergence
property of their classic FDLF model. Likewise, they did
not report any results on the impact of such assumptions
in forming the [B"] matrix on the convergence property
of their FDLF model. However, in reply to the discussion
[2], they suggested that the failure to represent shunt
reactances in forming the [B"] matrix might cause con-
vergence problems. They also stated that the omission of
line series resistances in forming [B'] has only minor
importance in improving the convergence behaviour of
the FDLF model. This statement is amply negated by
Nanda et al. [3]. Possibly, Nanda et al. are the first to
study in detail the relative importance and weight of the
parameters involved in forming [B'] on the convergence
property of the Stott FDLF model for both normal and
ill-conditioned situations. However, they have not
studied the impact of such parameters in forming [B"] on
the FDLF convergence property. To fully understand the
convergence behaviour of the FDLF model, various
network parameters such as line resistances, line charging
reactances, external shunts, transformer taps, phase shift-
ers etc. have to be considered in several permutations and
combinations while forming [B'] and [B"] matrices, and
individually each set of [B'] and [B"] matrices is to be
examined for FDLF convergence under both normal and
ill-conditioned situations.

It should be noted that the Stott FDLF model has
exhibited poor convergence specially with ill-conditioned
networks. The presence of lines of high r/x ratios in
power networks poses a serious limitation to the Stott
FDLF model due to its poor convergence. This has elic-
ited further research to extend the use of FDLF [4-6], so
that systems with higher r/x ratios could also be handled.

The main aim of the present work is to develop a fast
decoupled power flow (FDPF) model which suits both
normal and ill-conditioned systems and also to show
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clearly the role of the line series resistances on the con-
vergence behaviour of the FDLF models.

It is well known that the constant matrix power flow
models, either nondecoupled versions or decoupled ver-
sions, perform poorly while handling the voltage con-
trolled buses at which the Q limits are enforced to keep
the specified bus voltage magnitudes constant. Invariably,
the number of iterations needed for the power flow solu-
tion to converge in the case of an adjusted solution is
greater than the number of iterations needed in the un-
adjusted solution case. In the adjusted solutions like
Q-limit enforcements at voltage controlled (PV) buses,
refactorisation or partial matrix refactorisation of the
Jacobian [B"] is needed due to a change in the structure
because of bus-type switchings. Refactorisation of the
Jacobian is computationally expensive. Hence, round-
about ways of Q-limit enforcements have been tried
which, however, resulted in an increased number of iter-
ations. This problem is circumvented by the method of
partial matrix refactorisation. One such method has been
proposed by Chang and Brandwajn [7] which does not
claim any more iterations than in the unadjusted solution
case. However, implementation of this technique is highly
complex and requires higher levels of programming skills
to ensure that it achieves its full potential, as was pointed
out by the discussion in Reference. In certain situations
where there are several bus-status changes, the efficiency
of the partial matrix refactorisation technique is very
much affected [8]. In general, compensation methods are
simpler and easy to implement compared with partial
matrix refactorisation techniques, especially for problems
of Q-limit enforcements. Alsac et al. [9] have discussed
varying compensation schemes in general terms without
referring to any specific case studies.

In view of the above, another motivating factor is to
develop an efficient but simple compensation technique
to handle the problems of Q-limit enforcements at PV
buses associated with bus-type switchings. Therefore, in
the proposed work, attention is focused on two aspects:

(i) to develop a FDPF model which exhibits stable
convergence behaviour for both normal and ill-
conditioned situations and to compare its performance
with that of the Stott FDLF model

(ii) To develop an efficient compensation technique for
Q-limit enforcement problems at PV buses to contain the
number of iterations taken so that they are comparable
with the number of iterations taken for the unadjusted
solution case.

2 Mathematical model

In a power system network, the net injected active and
reactive powers at an ith bus are given by

compact form as

Pi = X

and

Qi = I Vt K/G,j sin fly + B;j cos fly)
j

(3)

(4)

where Vt and Vj, voltage magnitudes at the ith and jth
buses, respectively; Gtj+jBtJ is the i/'th element of the
Y-bus; 0y = 91 — 8j, 9t and fl; are bus angles of ith and
jth buses, respectively, and NB, total number of buses.
The linearised power flow eqns. 3 and 4 are expressed in

J 2 T A 0 1
J4_|_AFJ

(5)

In eqn. 5, the submatrices J\ to J4 have dissimilar
dimensions due to the absence of the Q-V equations of
PV buses.

The following assumptions are made in shaping the
FDPF model from eqn. 5.

(i) The submatrices J2 and J3 are ignored.
(ii) cos fly ~ 1, G,j sin Btj 4, By and Q, < Bu V?
(iii) All network shunt reactances such as line charging

reactances, external reactances located at buses and
shunts formed due to representation of offnominal
inphase transformers are lumped at each bus and are
treated as constant impedance loads. Hence, the y-bus
elements (diagonals) are devoid of these shunts.

By involving the third assumption, the number of param-
eters involved will be reduced while forming [B'] and
[B"] matrices and attention can be focused on line series
resistances to study their effect on the convergence
behaviour of the FDPF model. The effect of phase shift-
ers is not studied in the present model.

All buses are assumed to be of the PQ type while
forming the Jacobian-like matrices [B'] and [B"] with a
flat voltage start of 1.0 p.u.

After incorporating the above assumptions, the
resulting FDPF equations are

(6)

(7)ffl-
where

APj — ^scheduled, i ~~ ''calculated, i ~ ^"shunts, i

AQ; = Qscheduled, i ~ (^calculated, i ~~ Qshunts. i (°)

The suffix i stands for the ith bus. PshunUii and QshllI,ts,,
are the real and reactive powers, respectively, due to
lumped shunts at the ith bus.

It should be noted that the dimensions of the Jaco-
bians [B'] and [B"] are the same, (NB - 1) by {NB - 1)
in eqns. (6) and (7) whereas that of [B"] in eqn. 2 is
(NB - MB - 1) by (NB - MB - 1) where, MB is the
number of voltage controlled buses.

A large value W is added to each of the diagonals of
Q — V equations of PV buses in the B" matrix of eqn. 7.
The effect of W is to mask out the presence of Q-V equa-
tions of PV buses which are represented in the present
model. This is equivalent to shorting the respective PV
buses to the reference bus through an artificial shunt for
the incremental power flow model. (W = 1.0/Xsh). This
has the effect of maintaining the specified bus voltage
magnitudes constant at PV buses.

With the above modifications, the basic structure of
the FDPF model can be shown as

(9)

(10)-£- = [B"][AK]

Both [B'] and [B"] are of the same order of (NB - 1).
These matrices are real, sparse and only contain network
elements. These matrices are only factorised once, then
stored and are held constant through out the solution
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process. The solution of eqns. 9 and 10 are given by

[AK] = [B"] if]
(ii)

(12)

While solving for AV, the (AQ'/F) terms related to
voltage controlled buses which have PV status are always
set to zero. This and the masking value W together
simulate the effect of the absence of Q — V equations of
PV buses with PV status which is true in the normal con-
ventional formulation, as in eqn. 5. In eqn. 12, the AV
terms corresponding to PV buses are very small. Hence,
these terms can safely be assumed to be zero. This
scheme works very well and poses no problems as long as
there are no Q-limit violations at those buses (i.e.
unadjusted solution case). To handle the situations of
limit violations associated with bus-type switchings, i.e.
from PV to PQ type status due to Q-limit violations, a
new compensation technique is proposed with which a
set of injections are computed and provided at the
Q-limit violated PV buses to obtain proper voltage cor-
rection vector so as to reflect the bus-type switchings.
This method is presented below.

3 Q-limit enforcements at PV buses

The specified voltages can no longer be held constant if
Q-limit violations exist at PV buses. In such a situation,
the status of the bus is changed from PV to PQ type. The
crux of the problem is that the status change from PV to
PQ bus is possible if and only if the masking effect due to
the artificial shunt provided at that bus to the reference
bus is removed. Moreover, several of those status
changes may occur during any iteration. The effect of the
simultaneous removal of these artificial shunts at Q-limit
violated buses is simulated by the proposed com-
pensation approach as explained below.

From Fig. 1, let i andj be the PV buses whose status
are to be changed from PV to PQ type. Let Xf be the
shunt connected between these buses and the reference
bus as shown in Fig. 1. The incremental voltage magni-
tude vector across these shunts will be

where the notation PV -> PQ indicates that these PV
buses are to be changed to PQ type. Using the Thevenin
equivalent circuit as shown in Fig. 2, [A/PV-PQ] which
are referred to as the incremental secondary injections
(ISIs) can be computed from the relation

bus status changes
from PV to PQ

Fig. 1 Power network showing effects of shunts connected at PV buses
to be changed to PQ type
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where APV^PQ terms are computed from eqn. 12 which
forms the subset of [AI^,V]. The AVfy terms are assumed
to be zero at the PV buses where there are no Q-limit
violations. [Xn P V -PQ] is the Thevenin equivalent reac-
tance matrix seen from the PV —> PQ buses. The elements

Fig. 2 Thevenin's network viewed from switched buses and r

of this matrix are obtained from the [B"] "' matrix (see
eqn. 12). \_Xf~\ is a diagonal matrix with each of its diago-
nal elements made equal to ( — Xsh) such that [A/^V^PQ]
computed from the relation as shown by eqn. 14 gives the
exact quantity of injections to be provided at the
PV -»PQ buses with negative sign to counteract the
masking effect due to W = (1.0/Xs/l) which was added to
the Jacobian diagonal elements relating to PV buses.
These injections simulate the effect of bus-type switching
without altering the structure of the Jacobian [B"], t n u s

eliminating the need to refactorise the Jacobian due to
bus-type switchings. These injections when provided at
PV-PQ buses result in a correction vector which will be
added (superimposed) to the solution vector as obtained
from eqn. 12. The correction vector due to ISIs is com-
puted as

f (AQPQ/K) = 0
1 (AQPV^Q) = -

[ = 0
[AAF] =

The final voltage updates are given by

[At-"7] = [AK°] + [AAK]

(15)

(16)

where [AK°] is the solution vector prior to the connec-
tion of Xs and is computed from eqn. 12. Having
obtained [AFF], the voltages can now be updated by
completing the Q-V loop iteration. The bus angles are
already available from the P-6 loop as obtained from
eqn. 11.

4 Computational steps for the proposed
compensation technique

(i) With the latest estimates of voltages and angles, form
the mismatch vector [AQ'], and set AQPV terms which are
in PV status to zero. Check for Q-limit violations and
identify those PV buses whose status is to be changed to
PQ type.

(ii) Compute only [AFpV^pQ] terms from eqn. 12
(iii) Form [X] = [ArTh,pv-pQ] + [*/, PV-PQ] and find

[XT1-
(iv) Compute ISIs from eqn. 14.
(v) In eqn. (12), set the (AQ'/K)PV^PQ term equal to

-A/py^pQ and obtain the final solution vector [AV]. It
should be noted that the superposition of [F°] and
[AAK] is implicitly performed.

(vi) Update the voltages.



Steps (i) to (vi) are performed during every iteration of
the Q-V loop.

As is usual, the g-limit enforcements could be avoided
for 1 to 2 iterations until the solution has moderately
converged to prevent unwarranted bus-type switchings. It
should be noted that only a few buses will have reactive
power limit violations in any iteration, and the columns
corresponding to the [ A ^ P V ^ P Q ] matrix could be evalu-
ated efficiently from [B"]~* using sparse inverse tech-
niques. However, if storage is not a problem, the entire
[Xrh] matrix corresponding to all PV buses is only con-
structed once and then stored. Relevant rows and
columns can then simply be obtained from it when
required.

5 FDPF schemes

The following schemes are formed for the proposed
FDPF model (given by eqns. 9 and 10) to examine the
effect of line series resistances in forming [B'] and [£"]
on the convergence property of the FDPF model. Ele-
ments of [B'] and [B"] in the proposed FDPF model are
devoid of all network shunts as they have been con-
sidered to be constant impedance loads as explained
earlier.

Scheme 1 The line series resistances are ignored while
forming both [B'] and [B"] matrices. This
scheme is referred to as a (0-0) FDPF model.

Scheme 2 The line series resistances are considered
while forming [B"] matrix and are ignored in
[B']. This is coded as a (0-1) model.

Scheme 3 The effect of line resistances are considered
while forming [B'] and is ignored in [B"].
This model is coded (1-0).

Scheme 4 The resistance effects are considered in
forming both [B;] and [B"] matrices and the
model is coded (1-1).

The above models are individually tested for their con-
vergence behaviour. A 1 — 8, 1 — V iterative scheme is
adopted. The degree of ill-conditioning is simulated by
raising all line series resistances by a positive scaling
factor in suitable steps. The case <xR +jX with a = 1.5, 2,
2.5 etc. corresponds to situations with different degrees of
ill-conditioning; a = 1, represents the normal base case.

6 System studies

Studies have been performed on IEEE-14, 24, 30 and 57
bus test systems and also on a Gungor-25 bus test system
[10]. A tolerance of 0.01 MW/M VAR on a 100 MVA
base (i.e. 0.0001 p.u.) is chosen. The value of XsH is chosen
as 0.0001 p.u. i.e. W = (1.0/0.0001). The maximum
number of iterations is fixed at 25.0. So, in the results 26.0
indicates that the solution has either slow convergence or
slow divergence. For clear cut divergence, 'DIV is used.
Several case studies were performed. In the first case
study, Q-limit enforcements were not performed. All four
schemes have been examined for their convergence
behaviour under normal and ill-conditioned situations
for several values of a. The number of iterations taken for
the proposed FDPF solution to converge for all the test
systems studied are given in Table 1.

Results are presented in Table 2 for the same
unadjusted solution case. This model is coded as (000-
111), representing line series resistances, line shunts and
external shunts which are neglected in forming [B']
coded as (000) but when they are all considered in
forming [B"] matrix they are coded as (111). Results for
another version of the FDLF model are also presented. It
retains the general features of the Stott FDLF model, but
only resistances are considered, and line shunts and
external shunts which include shunts due to n representa-
tion of offnominal taps inphase transformers are ignored
in forming the [B'] matrix and all these are ignored in
forming the [B"] matrix. This model is coded as (1000-
000).

In the second case study, Q-limit enforcements are
carried out associated with bus-type switchings right
from the zeroth iteration for normal system conditions,
i.e. x = 1.0. The results are presented in Table 3 for
scheme 3, i.e., for a (1-0) coded FDPF model. Similar
results are presented in Table 4 for the (000-111) FDLF
model. The proposed compensation technique is used
also in these models to deal with Q-limit enforcements. In
another study, the Q-limits of the systems are narrowed
by giving them values equal to those ^-generations
obtained in the unadjusted solution case and the limit
enforcements performed from the zeroth iteration. Owing
to the narrowed limits, several bus-status changes are
observed during every iteration of the solution process.
The study examines the behaviour of the proposed com-
pensation technique under severe bus-type switchings.

Table 1: FDPF Results of the proposed method
ill-conditioned cases (no Q-limit enforcements)
Scheme
[B-HB-]

0-0
0-1
1-0
1-1

1.0

6.5
4.0
4.5

20.0

IEEE

1.5

11.0
5.5
5.5

26.0

14 bus

2.5

21.5
10.5

5.5
DIV

3.5

26.0
19.5

6.5
DIV

1.0

6.0
5.0
6.0
5.5

IEEE-

1.5

6.0
5.5
6.0
5.0

24 bus

2.5

9.5
8.5
6.0

10.5

3.5

16.0
15.5

8.0
26.0

for several sets of \B

1.0

6.5
4.0
4.5

16.0

a

IEEE-30 bus

1.5

10.5
6.0
5.0
DIV

2.5

23.0
11.5

6.0
DIV

3.5

26.0
24.0

8.5
DIV

'I and IB"I for

IEEE-57 bus

1.0

9.5
5.0
50

26.0

Table 2: FDLF results based on the Stott version for both well-behaved and ill

Scheme

[B ] [B ]

000-111
100-000

1.0

4.0
4.5

IEEE-14 bus

1.5

5.5
5.5

2.5

10.5
5.5

3.5

19.0
6.5

1.0

4.5
6.0

IEEE-24bus

1.5

5.5
6.0

2.5

9.0
6.0

3.5

15.5
8.0

1.0

3.5
4.5

IEEE

1.5

6.0
5.0

a

-30 bus

2.5

11.5
6.0

3.5

26.0
8.5

1.0

4.5
5.0

1.5

19.5
6.0
55
DIV

2.5

26.0
10.0

8.5
DIV

both

3.5

26.0
19.0
12.5
DIV

well -behaved and

Gungor-25 bus

1.0

6.0
6.5
55
5.5

-conditioned cases

IEEE-57 bus

1.5

5.5
5.5

2.5

10.0
8.5

3.5

18.5
12.5

1.5 2.5 3.5

8.5 16.5 26.0
7.5 13.6 26.0
6.0 8.5 12.0

12.0 DIV DIV

Gungor-25 bus

1.0

6.0
5.5

1.5 2.5 3.5

7.5 13.5 26.0
6.0 8.5 12.0
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Table 3: Results of (1-0) FDPF model for adjusted solution
case for normal situation, i.e. a = 1.0

System

IEEE-14 bus
IEEE-24 bus
IEEE-30 bus
IEEE-57 bus
Gungor-25 bus

No

without
Q-limits

4.5
6.0
4.5
5.0
5.5

. of iterations

with with new
Q-limits G-limits

5.5
6.0
4.5
5.0
5.5

5.5
7.5
6.0
7.0
5.5

Table 4: FDLF results of adjusted solution case for Stott
model (000-111) for normal situation i .e. a = 1.0

System No. of iterations

IEEE-14 bus
IEEE-24 bus
IEEE-30 bus
IEEE-57 bus
Gungor-25 bus

without
Q-limits

4.0
4.5
3.5
4.5
6.0

with
Q-limits

4.0
5.0
5.0
5.0
6.0

with new
Q-limits

4.5
5.5
4.0

10.5
5.5

These results are given in Tables 3 and 4 for each type of
model.

For the IEEE-57 bus, the results are obtained for the
adjusted solution case for scheme 3, i.e. the (1-0) FDPF
model under different degrees of ill-conditioning, these
results are presented in Table 5.

Table 5: Number of iterations taken for adjusted solution
case of (1-0) FDPF model under several degrees of ill-
conditioning for IEEE-57 bus

Degree of il l-
conditioning

No. of iterations No. of iterations
(adjusted) (unadjusted)

1.0
1.5
2.5
3.5

5.0
5.5
9.0

26.0

5.0
5.5
8.5

12.5

or less similar convergence pattern for well-behaved
systems, it clearly shows much poorer convergence
behaviour for ill-conditioned situations as compared to
the performance of the proposed (1-0) FDPF model.
However, when the usual (000-111) model is changed to
(100-000), i.e. when [B'] is formed considering the line
resistance effect and line shunts and external shunts are
ignored and [B"] is formed ignoring line resistances, line
shunts and external shunts, then it provides an identical
convergence pattern to that of the proposed (1-0) FDPF
model. From the comparison of these results, the pro-
posed scheme 3, a 1-0 model in which the line series
resistance are considered while forming the [B'] matrix
and are neglected in forming [B"] proved to be the best
FDPF model for both normal and ill-conditioned situ-
ations. For adjusted solutions, the number of iterations
that the proposed (1-0) FDPF solution takes to converge
has practically remained the same as for the unadjusted
case (Table 3). When actual Q-limits are narrowed down
to the values of the Q-generations obtained in the
unadjusted solution case, the iterations have slightly
increased by one or two for some systems. This is due to
the severe multiple switchings present at each iteration.
These figures demonstrate that the proposed com-
pensation technique for Q-limit enforcements is effective
and efficient. Similar behaviour is observed (Table 4)
when the proposed compensation technique is applied to
the Stott FDLF model for well-behaved situations. This
kind of behaviour was not noticed earlier when other
compensation techniques were used for Q-limit enforce-
ments [2]. This behaviour is important as it improves the
overall computational efficiency.

It is interesting to note in Table 5 that for the pro-
posed (1-0) FDPF model, up to a degree of ill-
conditioning i.e. for a = 2.5, the model exhibited the same
number of iterations for both adjusted and unadjusted
solution cases. However, at a much more severe degree of
ill-conditioning (a = 3.5), the adjusted solution case did
not result in a converged solution, whereas the
unadjusted solution converged in 12.5 iterations. The
results in Table 5 demonstrate that the proposed com-
pensation technique is quite effective up to reasonably
higher degrees of ill-conditioning.

7 Results and analysis

As can be seen from Table 1 (unadjusted solution case),
for the normal situation (i.e. a = 1.0) schemes 2 and 3
have more or less the same convergence behaviour for all
the test systems. Scheme 1 exhibits inferior convergence
behaviour in comparison with schemes 2 and 3. Scheme 4
exhibits the poorest convergence for the IEEE-14, 30 and
57 bus systems. However, under varying degrees of ill-
conditioning, scheme 3, the (1-0) model is the best and
takes a fewer iterations and exhibits distinct stable con-
vergence behaviour compared with the other schemes for
all the test systems studied. The results clearly reveal that
considering the line series resistances in forming the [B']
matrix alone causes the fastest convergence and exhibits
stable convergence behaviour even for higher degrees of
ill-conditioning. These findings match with those of Mon-
ticellietaf. [11].

The usual Stott FDLF model is coded as (000-111),
i.e. [B'] is coded as (000) and B" as (111). The model (000-
111) signifies that [B'] is formed by neglecting line resist-
ances, line shunts and external shunts, whereas none of
these are neglected in forming [B"]. Table 2 shows that
although the usual Stott model (000-111) shows a more
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8 Conclusions

A general purpose fast decoupled power flow model is
developed which has a convergence close to that of the
usual Stott FDLF model for well-behaved systems but
shows much better convergence for ill-conditioned situ-
ations. In this proposed FDPF model, all the network
shunts are considered as the impedance loads and are
reflected in the bus power mismatch vector. The Y-bus
elements are thus devoid of these shunts. The line resist-
ances are only considered in forming the [B'] matrix and
are ignored in forming the [B"] matrix. Investigations
clearly reveal that in this proposed FDPF model, line
series resistances considered in forming the [B'] matrix
have the most significant effect in improving the model's
convergence pattern.

The usual Stott FDLF model of (000-111) where all
the line resistances and shunts are ignored in forming
[B'] but considered in forming [B"] works very poorly
for ill-conditioned situations. However, if it is changed to
a (100-000) model where only line resistances are con-
sidered and shunts are ignored in forming [B'] and all
line resistances and shunts are ignored in forming [B"],
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then the convergence pattern improves significantly for
ill-conditioned situations. In fact, both the proposed (1-0)
FDPF model and the modified Stott model of (100-000)
show similar convergence pattern for both well-behaved
and ill-conditioned situations.

A new compensation technique is developed to deal
with the problems of bus-type switchings in constant
matrix power flow methods.

Optimal ordering of buses including voltage controlled
buses can effectively be carried out since the Jacobian
[B"] size and its structure remain constant irrespective of
bus-type switchings due to reactive power limit enforce-
ments at PV buses. The results indicate that the proposed
compensation technique is quite efficient as it does not
increase the number of iterations for the solution to con-
verge, irrespective of any number of bus-type switchings
while enforcing the Q-limits at PV buses, as compared to
the number of iterations required when limit enforce-
ments are not being carried out.

The proposed compensation technique is simple and
efficient and is also a general purpose model. It can be
adapted to any constant real matrix power flow model.
The technique can also be viewed as an effective, simple
alternative to the partial matrix refactorisation technique
for dealing with the problems of Q-limit enforcements at
PV buses.

It is envisaged that the proposed general purpose
FDPF model with provision of bus-type switchings

would have considerable appeal to the utilities for practi-
cal applications.
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