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a b s t r a c t

This paper presents comparisons of two power flow methodologies for distribution system analysis: the
three-phase current injection method – TCIM and the forward/backward sweep – FBS. These techniques
were applied for large scale three-phase distribution systems, the advantages and drawbacks are empha-
sized and their computational performances are presented. The results presented in this work can be
helpful to decide which one of the tested methods is the most suitable to solve a particular electrical
system.

� 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Electrical distribution utilities are required to be more compet-
itive, to work more efficiently and to match the demand in an opti-
mized way; therefore their systems need to be constantly
improved. Electrical distribution systems have been restructured
considering new available technologies such as Flexible AC Trans-
mission Systems (FACTS) devices. Additionally, the considerable
growth of distributed generation has imposed new operation phi-
losophies, such as the increase of control equipments and new pro-
tection devices. Also in some distribution systems the enlargement
in the number of loops to increase reliability, considering the ad-
vances in the protection system devices is becoming a common
strategy.

The new distribution system characteristics reflect in their
mathematical formulations for the power flow solution and have
created certain difficulties and even limitations for the traditional
solution methods. As a consequence the necessity of creating more
robust methodologies or at least of using the most suitable method
to deal with the above mentioned system characteristics has
increased.

In recent years several methodologies have been proposed to
solve the three-phase power flow [1–5]. In this work two method-

ologies will be compared in different aspects: one methodology is a
three-phase implementation of the forward/backward sweep
method (FBS) [2,6] and the other is the three-phase current injec-
tion method (TCIM) [4].

FBS is commonly used to solve radial or low meshed electrical
systems [2] due its high computational performance and imple-
mentation simplicity, as a result FBS has become one of the most
popular methodologies for the three-phase power flow solution
in electrical distribution systems.

TCIM uses the Newton–Raphson method to solve the three-
phase current injection equations. Although its computational
implementation is considered more complicated than the FBS
implementation, TCIM has proven to be numerically very robust,
allowing the solution of highly meshed systems and with a large
number of control devices [4,5]. The use of efficient routines that
have been developed to perform matrix ordering and factorization,
considering sparse techniques, has made the TCIM an excellent
alternative to solve distribution systems power flows, even for
simple radial systems.

The representation of new operation philosophies and new sys-
tem characteristics, such as control devices, as well as the presence
of meshed systems, created some difficulties and limitations for
FBS method. Solutions have been proposed to overcome some dif-
ficulties [1,3,6–9], however they usually are not a general approach
as in the TCIM technique. As a consequence the computational
effort to solve the whole power flow problem, considering these
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new system features, increases considerably and a great deal of
changes in the FBS algorithms is required. Then the number of iter-
ations required to achieve the solution increases significantly, and
the methodology robustness can be degenerated, and in some cir-
cumstances the convergence is not reached. Moreover, FBS pre-
sents serious difficulties to solve very meshed systems. On the
other hand TCIM does not present the FBS limitations, and can be
normally used, without any changes in the algorithm, for meshed
systems and considering control devices.

This work presents comparisons of TCIM and FBS three-phase
methodologies, in which the advantages and drawbacks related
to each methodology are emphasized. The initial investigations of
this work were presented in [10], since then new tests and impor-
tant analyses have been done, and in the present work new as-
pects, detailed information and analyses, besides other results
are presented. In this work two different approaches for TCIM were
considered. Both methodologies have been optimized in terms of
programming, using C++ and object-oriented modeling techniques.

Sections 2 and 3 present summaries of TCIM and of FBS tech-
niques. In Section 4 qualitative comparisons between the two
methods are presented. Some numerical results are presented in
Section 5, and the conclusions in Section 6.

2. TCIM overview

In the TCIM method the three-phase current injection equations
are written using phase coordinates and the complex variables are
considered in rectangular form, resulting in a set of 6n equations
with 6n state variables (where n is the number of system busbars).
To solve this set of nonlinear current injection equations the full
Newton method is applied. The Jacobian matrix is sparse and ar-
ranged in 6 � 6 dimension blocks with the same structure as the
nodal admittance matrix [4].

2.1. Basic equations

The net current injection at each node of a system busbar k
(Fig. 1) can be written in a general form as in (1). It is considered
that each busbar can have three nodes which represent phases a,
b and c.
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Eq. (1) can be rewritten in terms of its real and imaginary parts
and the Newton–Raphson method applied leading to a linearized
system of:
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The off-diagonal terms in the Jacobian matrix in Eq. (2) are
equal to the corresponding elements of the nodal admittance ma-
trix and thus remain constant throughout the iterative solution
procedure. The diagonal terms will depend on the load model
and its connection used, and must be updated every iteration.

Newton–Raphson iterations are performed until the conver-
gence is achieved. Detailed description of TCIM is available in [4].

3. FBS overview

The FBS method is based on successive sweeps toward the lay-
ers in the system until the convergence is achieved. This method
can be implemented in four steps [2].

The first step consists in separating (identifying) the layers in
the radial system as shown in Fig. 2.

The second step consists of calculating the nodal current injec-
tion for each node of the system, as in (3). In this step the nodal
voltages are considered fixed.
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The third step, called backward sweep consists of calculating the
summation of the branch currents, in all branches of the system,
beginning from the last (lower) layer and working its way up to-
wards the upper layers, as presented in (4).
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where Js
k is the total phase s current at branch k, XM the set of

branches directly connected to branch k, in the lower layer.

Fig. 1. Current injections in a node of busbar k. Fig. 2. Layers in a radial system.
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