
Electric Power Systems Research 80 (2010) 1222–1228

Contents lists available at ScienceDirect

Electric Power Systems Research

journa l homepage: www.e lsev ier .com/ locate /epsr

Directional relays without voltage sensors for distribution networks with
distributed generation: Use of symmetrical components

M. Petit a,∗, X. Le Pivertb, L. Garcia-Santanderc

a SUPELEC, Department of Power and Energy Systems, Gif sur Yvette, France
b CEA-INES, Le Bourget du Lac, France
c University of Concepcion, Concepcion, Chile

a r t i c l e i n f o

Article history:
Received 22 July 2008
Received in revised form 18 February 2010
Accepted 20 April 2010
Available online 31 May 2010

Keywords:
Distribution power systems
Protection
Distributed generation
Symmetrical components
Directional relays

a b s t r a c t

This paper presents two local algorithms using only currents measurements that could be used as a back-
up protection (after the loss of the voltage sensors) in directional relays for distribution networks with
distributed generation (DG), or as additional directional relay dispatched along the feeders. These algo-
rithms are based on the symmetrical components (0-zero, 1-positive and 2-negative sequences) of the
3-phases currents. Due to the power flows generated by the DG the positive sequence current argument
is unforeseeable, thus it is not possible to use only the positive sequence. Then, we first propose in this
paper an algorithm using the I2/I0 ratio to locate a phase-to-ground fault upstream or downstream the
detector. The second algorithm measures the zero and positive sequence components of the fifth har-
monic of the current and calculates the I0 5/I1 5 ratio. The performances of these algorithms are analysed
for several DG power, fault resistance, capacitive current and neutral grounding (resistive and compen-
sative grounding). The fluctuations of the phasors measurements is also taken into account in the range
±5% for the modulus and ±5◦ for the argument. The present paper shows that these algorithms can be
reliable in the major part of the studied cases.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

In power systems, the medium voltage distribution network
makes the link between the transmission one and the loads (indus-
trial loads or low voltage transformers that feed domestic loads).
The MV networks are standardized for a voltage range between
1 and 50 kV by the IEC and often represent the main part of the
electrical network. In France [1] the total length of the MV net-
work is about 600,000 km that must be compared with LV network
(600,000 km) and the transmission network (100,000 km) lengths.

The MV networks are mainly operated with a radial topology
where the HV/MV primary substation feeds a busbar from which
radial feeders are connected. The total length of one feeder can be
up to several tenths of kilometres with many ramifications. Nor-
mally closed and normally opened switches are dispatched along
the network to allow its reconfiguration.

Primary substations generally have from one to four power
transformers, two being the most typical value. It allows a better
reliability if one of these transformers fails.
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The protection of such widespread MV networks is an impor-
tant challenge for the utilities. MV networks are much more hit by
faults than the transmission ones, the main faults being the phase-
to-ground ones. The detection of a ground fault highly depends on
the power transformer neutral grounding. The three main neutral
groundings are (i) low impedance, (ii) resonant and (iii) isolated. In
the present paper we will consider the two first, a resistive ground-
ing (low impedance) and a compensated grounding (resonant).

Protection means faults detection, location and – eventually –
reconfiguration. Up to 1980s, detection was made by electrome-
chanical and static relays. The main protective function was the
over-current ones (51 and 51 N) located at the head of each feeder,
and several sectionalisers dispatched along the feeder. Since the
beginning of the 90s, the digital relays allow the implementation
of numerous protective functions in a single device and improve
the fault detection through the digital processing of the measured
signals (voltages and/or currents). Thus, it has become easier to
detect faults such as transient faults, high impedance faults [2],
or to discriminate between events such transformer internal fault
and inrush current [3]. Moreover these relays can communicate
between each over and with a control centre. Thus, the cross-
correlations between the different protections help to increase the
system reliability.

Regarding to the location function, we can either deal with a
full location (which distance from the busbar and which section?)
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