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protection
of electrical distribution networks
by the logic selectivity system

Rotand Calvas
Frangois Sautriau

Summary

After a brief review of the conventional processes for selective tripping (overcur-
rent and time lag), the principie of the Logic Selectivity System {patented by
Merlin Gerin) is described.

The Logic Seiectivity relays Vigirack, mounted in Vigirack type 4 racks, are then
presented ; they benefit from the experience which has been acquired since the
commerclalisation of the SSL relays in 1968,

A description of certain of their applications o the most conventional types of
distribution networks is given, illustrating the advantages of this protection system.
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introduction

If a fault occurs at any point in an elec-
trical distribution circuit, it is essential
that it does not interrupt the supply o
all the workshops or offices of that net-
work. This obvious requirement leads
10 the necessily of rapidly isolating the
defective section without depriving the
other users of electrical energy; this is
in fact the principle of selective
tripping.

The protecting element {(circuit-breaker
or fuses) which is placed immediately
up-stream from the part of the circuit
where the fault has occurred, and this
alone element, must then operate; the
other protecting elements must not trip.
Conventional selectivity processes
{overcurrent and time lag) fulfil these
requirements to a more or less satis-
factory degree.

The lLogic Selectivity System (Meriin
Gerin patent) makes it possible to
attain a total selectivity between all sta-
ges of an electrical distribution network
from high to tow voltages. it alsc allows
the fault to be eliminated very rapidly
and independent of the ptace where the
fault occurred.
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conventional
selectivity
processes and
their limitations»

overcurrent selectivity

This makes use of protective equip-
ment operating instantaneously {rapid
circuit-breakers or fuses).

The setectivity is based on the fact that
the short-circuit current decreases with
increasing distance from the source. it
is thus used especiaily for low voltages
where the connecting impedances are
not negligible,

If Ir is the current setting for instanta-
necus tripping and icc is the short-
circuit current which is established at
the point of departure B, down-stream
from the protection equipment,
selectivity is total

if Irof A > Ilcc at B.

selectivity is partial

if Irof A < lcc at B.
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in fact, for any fauit current occurring
at the point of departure B, and having
a value between Ir (A} and lcc (B}, the
two circuit-breakers A and B will open.
Thus overcurrent selectivity, more or
less partial according to the position of
the fauit, only rarely guarantses a
selective tripping. Its main advantage
is its low cost which justifies its use in
simple instatlations.

time lag selectivity

This can provide complete selectivity
by delaying the tripping of each circuit-
breaker for durations all the higher as
the circuit-breaker is nearer the source
ol energy.

in the exampie of Figure 2, the circuit-
breakers D, are not delayed ; circuit-
breakers D, are delayed for 0.3 seg,
D, for 0.6 sec, and D, for 0.8 sec.

An unwanted conseguence of these
variable delays is that a fault in A will
only be eliminated by D, in 0.9 sec.
Furthermore, the time for eliminating
the fault becomes too long when it
occurs ciose to the source, and an
incompatibility can arise between the
selectivity and the shorter delay
{0.2 sec at 20 kV} which the distribu-
tor allows for the supply circuit
breaker.

These excessive delays have the
disadvantage of necessitating a ther-
ma! over-sizing of the cables and
aespecially of increasing considerably
the dangers of damage due 1o arc pro-
pagation from the point of the faultl.

logic selectivity

As we have just seen, overcurrent and
timed selectivities have their weak
points. Electricians have learnt how to
live with them, often at the expense
of the seleciivily itself.

The Logic Seleclivity System has
been developed with the aim of cor-
recting these disadvantages; it makes
it possible to obtain a perfect tripping
selectivity, and also to reduce consi-
derably the delay in tripping the
circuit-breakers closest to the source.

{11 see bibliography.



Figure 2

the principle of the logic
selectivity system (SSL)»

Let us take the example of a radial dis-
tribution (Figure 3). For simplitication,
only a single departure point per stage
is considered.

To each circuit-breaker is associated a
“togic relay” {CAHL) receiving fault
information from its detectors (C.T.
rings) and emitting tripping and logic
wait signals,

Any relay atfected by a fault will send:
@ a logic wail signal (LWS) to the up-
stream stage (an order to increase the
up-stream relay’s own time-lag).

® a tripping signal to the circuit-
breaker 1o which i Is associated,
uniess it has itself received a logic
wait signal from the down-stream
stage.

in the example shown in Figure 3,
when a fault appears in A, the (n)
refays are each informed of this fault.
The fogic relay 1 sends a signal LWS
{0 logic relay 2, and a tripping signal
fo the circuit-breaker B 1, The relay
CAHL 2 ptaces logic relay 3 momen-
tarity in a waiting position, ete., the

(n-1) CAHL transmitting a signal LWS
to logic relay (n), right up to the supply
source unless thai, beyond a certain
point, the fault current becomes lower
than the thresholds settings (overcur-
rent selectivity).

The circuii-breaker D, opens after a
time

™, = T} +

T] is the logic relay 1's own delay
period

ty is the circuit-breaker D,'s own ope-
ning time (including the time of the
arc).

i the fault appears in B, the CAHL 1
and D 1 are not affected and CAHL 2
does not receive the signal AL, then
the fault will be eliminated in a time
O, =Th + 1,

The same reasoning can be applied to
any of the circuit-breakers in a distri-
bution network.

The fault at stage “n"" will be elimina-
ted in a time

D, = T} + 1,

{2 see bibllography.
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it can thus be seen that, with the Logic
Selectivity System, the time necessary
for eliminating faults can be very shon,
and especially as this time is indepen-
dent of the number of stages; even beat-
ter, generally speaking, the further one
goes from the receivers, the shorter the
time-lag T1is; this means that TD, is
often less than TD,.

Remarks concerning the Logic wait
function {see figs 4 and 5).

The wait time is not a locking opera-
tion, it is an increase A t in the time-
tag {TY of the up-stream relay. it
comes into play as soon as the fault
appears and onty lasts as long as is
necessary for the circuit-breaker of
the stage considered to eliminate the
fault, i.e,
At=T+t+ =T + T3

The wait can in no case last too iong,
nor permanentty block the up-stream
relay; the reasons for this are:

n the presence of T2 (having the
tunction of suppressing the time-ifag).
® the wait signal ceases if T, fails,
thanks to the function T2 {(a limited
delay function),

m in the case of a power cut or of a
short-gircuit, or of the earthing of the
“pilot conductor”, all delay times {(Al)
are reduced to zero. In this case, the
setectivity between the two stages
disappears, but selective protection is
still assured over the rest of the
instalation.

The vigirack type 4 rack®
(overcurreni, zerc phase sequence
fogic)

This is a rack for indirect relays desi-
gned to protect high, medium and low
voltage, 50/60 Hz circuits against the
foliowing faults:

B current surges {short-circuits)

@ carth faults (appearence of a zerc
phase-sequence current}. The modu-
lar design of this relay {a rack with
plug-in relay PCB’S) makes it possible
to obtain several varianis:”

With overcurrent and logic PCB’'S
which does noi possess the zero
phase-sequence function, so its use
is mainly reserved for networks with
an isolated neutral,

i3 see hiblicgraphy
* soe ieaflet EIF 11015 a
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Schematic of the Vigirack type 4 rack
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With zero phase-sequence and logic
PCB’S

which does not possess the overcur-
rent function so its most commun
application for zero phase-seguence
fongitudinal protection.

With an overcurrent PCB alone or grou-
ped with a zero phase-sequence PCB
which can receive a logic wait signal
but cannot send cne out and will in
most cases be placed at the head of
the instaiiation.

With overcurrent, zero phase-sequence
and logic PCB’S

which provide protection against over-
currents (short-circuits) sarth faults and
carry out logic selectivity.

Some interesting characteristics

B testing: possibility of festing for a
phase or an earth fault with and
without sending of a trip signai;

B differentiated signalling for phase
and earth faults with memorizing;

® supply source which can be diffe-
rent for the Logic wait function and for
the refay itself because of the galvanic
isolation between the two racks {linked
functionally by the “logic” wire, often
called "piot” wirg), This characteristic
gives great flexibility in use;

® outpuis:

with time-lag (T} two reversing con-
tacts available;

instantaneous: one working contact
availahle.

@ inputs: zero impedance for inputs
connected to the CT's;

anti-harmonic filters;

a suppiementary input point, making it
possible to take into account logically
any “fauit” data sent by another pro-
tecting relay;

B taking into account of any zero-
sequence fault data on the common
phase of the 3 CT's or by rings;

@ “pilot wirg”: if in a single unit the
CAHL relays are supplied by the same
auxiliary source, i is possible for the
piiot wire to have only a single con-
ductor instead of two.

Vigirack type 4, front view

Vigirack type 4, relay draws in “out” position
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use
of the logic
selectivity protection

The logic setectivity protection can be
emploved on distribution networks of
any structure and both for high voita-
ges and the main low-voltage outputs.

Network operating in “open loops™.

Antenna type networks

The explanations given in the para-
graph entitied “Principle of logic selec-
tivity (SSL)” correspond to this type of
network.

Open loop networks

According to the position of the brea-
king point, the signals emitted by the
Vigirack relays associated to the loop
circuit-breakers must be ariented
towards one or other of the amival
poinis.

This orientation can be obtained either
by the use of single-phase curreni,
directional relays or by employing the
auxitiary contacts of the ioop circuit-
breakers {see Figure 6).

Close-loop networks

The time-lag signals must be correctly
otiented by directional power relays
according to the direction of flow of the
energy during the fault. If the protected
network has not an isolated neutral, it
is necessary to use either zero phase-
sequence directional relays or zero
phase-sequence longitudinal protec-
tions.

-t &« Vigirack

5 Vigirack

Vigirack

Vigirack

F-9 lli

Figure 6
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advantages
of a logic selectivity
protection

Apart from the selectivity of the protec.
tion, which is the primary characteris-
tic of the system, the speed of tripping
makes it possibte to reduce the speci-
fications retating to the bshaviour of
the conductors of the equipment and
the current transformers, under short-
clrouit conditions, to vatues which
represent an appreciable saving.

The system is very reliable; as we have
seen, it consists in the possibility of the
down-stream refay increasing intelli-
gently the up-stream relay's own time-
lag. Under no circumstances can a
fault affect ali the protections. The
system makes use of course of a time-
lag selectivity and presents the big
advantage of making it possible to
obtain non-cumulative tripping times,
The system provides a solution io the
problem of the seiectivity at tripping for
a whole network, right from the main
low-voltage feeders points to the high
voltage feeders.

There is only one restriction: the need
to have a pilot-wire connection between
the various stages of the protection;
this is a minor disadvantage compared
to all the advantages which the system
provides,

The setting-up of this protective system
is fairly simple; it can be applied io
both experimental and existing instal-
fations, and allows extensions to be
made without modifying the circuit
values.

Furthermore, since the system is inde-
pendent of the number of stages pro-
tected, the design of the networks can
be based on the real needs of the user,
and not on the demands of the
distributor,
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