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Abstract

Due to the increasing levels of distributed generation in the

distribution network, the correct operation of loss-of mains

protection is of utmost importance. Utilities have voiced their

concern relating to the false operation of ROCOF relays,

which are one of the most commonly employed loss-of-mains

detection method. Whilst 'standard settings' are used, the

performances of commercially available ROCOF relays are

reported to vary considerably. This paper presents an

investigation on the characteristic of ROCOF relays that

contribute to their diverse operating responses. The factors

investigated are frequency measuring techniques, measuring

windows, time delays and the under-voltage interlock

function. With the increasing penetration of DG into the

network, it is becoming common to have multiple DG units

connected to the same network location. Two generators

connected at similar location and employing ROCOF relays

with the same setting but different characteristics were

simulated. When subjected to the same network disturbances,

the possible interference between the two relays was

analyzed.

1 Introduction

Rapid increase in the amount of distributed generation

connected into the distribution network has given rise to a

number of issues related to the safe and reliable operation of

the network. One of the most frequent raised issues is

islanding, which refers to the situation in which a portion of

the distribution system remains energized by distributed

generators (DG) whilst isolated from the main grid supply [I].

Due to safety concerns and the risks associated with an

islanded system, current legislation has required immediate

disconnection of the DG units once they have become

electrically isolated from the grid supply [7]. To meet this

requirement, various anti-islanding protection methods have

been proposed and implemented, i.e. passive methods, active

methods and communication based methods.

Rate of Change of Frequency (ROCOF) is the most

commonly employed anti-islanding protection technique.

However, the security of relays based on this technique is

continually being questioned, as it is sensitive to network

disturbances, leading to nuisance tripping. To avoid this

problem, compromise has to be made between the relay's

security and dependability. Nevertheless, selecting the 'right'

setting is not an easy task and is made even more complicated

when the performance of commercially available ROCOF

relays vary considerably, despite being configured with the

same settings [2].

In this paper, an investigation on the characteristic of ROCOF

relays that contribute to their diverse operating responses is

presented. The focus will be on their interpretations of the

processed signals and the algorithm used, i.e. frequency

measuring techniques, measuring windows, etc. The impact

of these dissimilarities on the relay's security is analyzed.

With the increasing penetration of DG into the network, it is

becoming common to have multiple DG units connected to

the same network location. Two generators connected at

similar location and employing ROCOF relays with same

setting but different characteristic were simulated. The relays'

performances when subjected to the same network

disturbances are addressed in this paper.

2 Overview of ROCOF relay

ROCOF relays rely on the assumption that when islanding

occurs, there is always an imbalance between the generation

and load in the formed island [3,5]. Immediately after

islanding, the resulting power imbalance will cause the

frequency to change dynamically which, neglecting the

governor action can be approximated by equation (1): [4,8]

df =_____ f

dt 2H X SGN

where
PG

SGN
H
f,

(1)

Output of the distributed generator
Load in the island
Distributed generator rating
Inertia constant of generating plant
Rated frequency

ROCOF relays measure the rate of change of frequency and
once the rate of change of frequency exceeds the

predetermined setting, a trip signal is initiated.

Nevertheless, network transient events may also cause

changes in system frequency, resulting in the incorrect
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