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glossary

FMECA:

Failure Mode and Effect Criticality
Analysia: an analysis in which,
according to an |EC 812 definition,

"3 failure mode is an effect which
materializes the failure of an element in
the systermn under analysis".

LV category A, LV category B:
voltage categories defined by the
decree of 14th November, 1888:;

= for AC voltages

50V < LVA<500V

OOV <LVB=<1000V;

m for DC voltages (ripple factor

< 10 %)

120V < LVAS 750V

750V < LVB < 1,500 V.

These two categories are grouped
together into class | in accordance with
IEC 364 and standard NF C 15-100.

differential residual current:
vectoral sum of the currents flowing
through the active conductors {phases
and neutral) of a circuit at any point in

the instaliation (also known simply as
the residual current).

electrification:

the act of transferring an electrical
charge to a body; the state of a person
in contact with a live part.

electrocution:

accidental death caused by an elegtric
current; the yltimate phase of
electrification.

MV, HV:

different voltage levels are classified in
accordance with decrees, standards
and other specifications such as those
appiied by certain utilities. Thus, for
AC voltages higher than 1,000 V:

a french decree of 14th November,
1988 defines two voitage categories:
MV =1kV <UsbOKkY,

HV = U > 50 kV;

= publication IEC 71 specifies the
highest voltage ranges for equipment:
Drange A=1kV < U <52 kV,
orange B=52 k¥ s U < 300 kV,
mrange G = U = 300 kV.

A review of the above is planned. It will
include only two ranges:

arange =1 kV < U <245 kV,
Crange il = Uz 245 kV.

RMS -Root Mean Square-
measurement;

RAMS current value; includes harmonic
currents =

_-il2-.2-.2.. -.-2...
]rms_\iu;h‘v Ty I bt I, o

where

hy = 1st harmonic,
hz = 3rd harmonic,
h, = nth harmonic.

Pee:
short-circuit power.

dynamic stability of a network:

The ability of a netwaork containing
several synchronous and asynchronous
rotating machines to return to normal
operation following temporary (e.g. in
the case of a shori-circuit) or
permanent {e.g. line opened)
maodification of its configuration.
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The protection of electrical networks
requires the use of numerous and
varied technigues. These are organized
into a "protection plan” which requires
the know-how of a specialist.

To accomplish such a task, itis
necessary to be familiar with the
regulations and standards and to be
able to satisfy often contradictory
technical and financial concerns. The
specialist must meet the needs of the
operator in terms of safety and
availability of the electrical energy.
Achieving the required dependability
depends largely on the selectivity of the
protective devices.

This specification sheet gives a simple
explanation of protection and selectivity
technigues with the intention of
providing non-specialists with the
means of dialoguing with the designer
of a medium voitage installation. The
mare knowledgeable reader can go
straight to chapter two; the specialist to
chapter three.
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1. electrical protection and dependability

the consequences of
an electrical fault

The consequences of an electrical fault
are varied, not always obvious and
theoretically difficult 1o imagine. Below
are a few exampies:

m downstream of the fault, the de-
energized network induces partial and
unexpected stoppage of the installation,
= the site of the fault is often damaged,
requiring removal, repair, replacement
return to factory for expert inspection
etc;

m during the fault, the personnet runs
the risk of electric shocks and burns
{thermal effects), or trauma (e.g.
projections, falls).

The consequences can also affect the
sound parts of the network, for example
during a short-circuit:

m voltage drops likely to result in pult-in
or damage to logicat controliers and
data processing equipment;

m roiating machines lose stability and
this can continue to worsen even after
elimination of the fault, causing total
failure of the distribution and of back-up
sources intended to ensure continuity
of supply.

Thus, in nearly all cases, a fault causes
a break in the power supply and in
production, which, given the
economical consequences, is less and
less acceptable.

However, it is possible to Emit the
stoppage to a part of the network,
depending on:

B the location of the fault;

m the efficiency of the protection |
equipment;

m the selectivity technique
implemented.

To reduce the risk of interruption, an
adequate protection plan must be
devised. Protection systems are
intended to rapidly isolate the part of
the network affected by the fault in
order 1o limit the consequences. The
purpose of selectivity is to de-energize
only the affected part of the network
{see tfig. 1}.
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the operator's needs

if we could sum up these needs in one
word, that word would be
dependability.

This word has several interpretations
{see "Cahiers Techniques” n® 134 and
144}. In this document, two meanings
are implied:

m safety;

= availability,

as seen from the point of view of
electrical protection.

Thus, protection systems greatly affect
safety, since they must etiminate a fault
as quickly as possibie in order to protect
personnel and property from the
conseguences {personal injury, damage
to equipment).

These same systems greatly affect
availability, since:

m they limit the part affected by a fault
through their selectivity,

a they minimize the time required to
restore the voltage;

m they are equipped with self-tests and
self-diagnoesis systems which reduce
the risk of faillire and nuisance tripping;
= they provide the operator with the
possibility of remote diagnosis (through
the communication function);

= they can incorporate gutomatic
control 1o restore operation {load
restoring, restart sequences, switching,
etc.).

Note that safety and availability are
contradictory terms since automatic
protection equipment often causes
interruptions. Thus, the levet of
dependability selected for an
instaliation is the result of a
compromise which takes into

account a whole range of chofces
formally set out by the protection plan.

Consequently, any modification
whether under study or planned,

must be carefully analyzed from the
point of view of its effect on safety and
availability, For this purpose, the
different dependability levels required
for a network must be set ouf:

= from the design stage, theretore
before selecting the components;

= and also when selecting the operating
mode.

the design of an electrical
network

The design is often represented by a
single-line diagram showing the main
components of the network (transformer,
AC generator, machines, etc.) and how
they are interconnected {line, busbars,
etc.}. The level of continuity of service
greatly depends on the design.

Selection of the types of protection
eguipment and selectivity techniques
depend on the selected design (aerial,
doubte shunt, loop, single or double
busbar system), but also on the relative
location of the components {see
“Cahier Technigue™ n® 169).

In order to meet the needs of the
operator as economically as possible,
the method below can be used.

It includes four phases:

1 - sat out the dependability objectives
for each power requirement zone,

2 - create a network design based on
the power requirements (single-line
diagramy,

3 -~ draw up a protection plan specifying
the selected protection technigues and
the selectivity analysis,

fig. 1: there is said fo be sefectivity between
profective devices A and B and between B
and C when, for any fault downsiream of A,
only circuit-breaker A opens, whare as the
fault current fd has also been detected by B
and C.




4 ~ check that the dependability
objectives are met.

lf not, then phase 2 {design) must be
maodified, then phases 3 and 4
repeated.

For the availability analysis, the
designers can use expert systems such
as the ADELIA system currently used
by Merlin Gerin in the design of power
distribution networks. These systems
are based on FMECA reliability data
and failure trees (see "Cahier
Technigue" n® 144). In this way, # is
possible to estimate the availability of
different designs so that the most
adeguate can then be selected.

the protection plan

The protection plan consists of &
number of consistent, efficient pisces of
profection equipment selacted in order
{o meet the objectives of power
avallability and protection of personnsl
and equipment.

The protection plan sets out the
conditions in which protection
equipment should trip or should not trip
in the event of faults during normat
transients (e.g. caused by operating
controls}, and also in the event of
harmonics and induced or radiated
interference...

The plan is based on general data and
data specific to the installation in
guestion such as:

8 regulations;

W standards;

W standard procedures;

W operating conditions;

M receivers;

W the neutral point arrangement;

® the co-ordination of the protection
equipment;

B the consequences of a faultt

& the presence of absence of the
different power sources.

All these data present the different
potential risks, which are very varied,
often interdependent and difficult to
estimate. For exampls:

® risks induced by the network
configuration {aerial, closed loop, load
shedding, parallel sources, neutral
point arrangement, etc.), which depend
on the fype of neutral point
arrangement setected, but also on the
envitonment {access, relative humidity,
aftitude, elc.);

W risks inherent in the receivers: a
transformer is not subjected 1o the
same risks as a motor; a rofting mil
does not have the same requirements
as a crusher, etc.

Finally, for all components of a network,
including the generators, conduciors
and receivers, the protection plan
defines at least the selected protection
equipment and their setlings to protect
against phase-phase and phase-earth
short-circuit faults.

Regulations

This means the legal or applicable texis
which impose certain mandatory
choices {for example, in France, the
decree concerning the protection of
employesas).

Standards

The standards applicable fo the
instaliation concerned must be taken
into account,

For electrical installations, the
applicable standards depend on the
voltage levels of each circuit and
normatly depend on different
parameters. Thus, in France, standard
NF C 13-200 applicable to "privaie

HV installations"” also takes climate and
environment into account.

Standard procedures

Although they concern the selected
design, type of protection and operating
mode, standard procedures are not
always formally set out.

Yet the application of standard
procedures makes for smoother
operation, for they provide the user with
operating principles with which he is
familiar.

Operating conditions

These include the choice of centralized
network control, the possibility of local
control, makeup of shifts, imposed on-
site work, down tfimes, etc. and all
affect the protection plan.

Receivers

Each receiver has its own effect:
motors because of their startup
characteristics, AC generalors because
of their reactance, transformers
because of their short-circuit voltagss,
cables because of their capacitance
and short-circuit resistance, etc.
Neutral point arrangement

{see "Cahier technique" n" 62}

The netwerk earth connection
configuration or neutral point

arrangement is determined based on
the required level of the following:

m parsonnel safety and equipment
protection;

= the nead to ensure operationat
continuity.

it must take the following info account:
w the qualifications of the operators;

m the risks of damage 1o the equipment;
m the need to limit overvoltages.

The selected design affects the fault
current value determined by the
earthing system. This value is a
compromise between:

W the need {o ensure a sufficiently high
current to:

O ensure efficient selectivity: the
residual current must be detected
without being confused with the
capacitive currents of the sound lines
{cables),

O protect against overvoltages by
reducing the network-to-earth
impedance;

m 2nd the need fo ensure that the
current is sufficiently low to fimit damage
{in particular in rotating machines and
transformers), but also 1o limit the risk of
fire or explosion in sensitive areas
{petrochemical industry, mines, etc.).

For an existing instaliation, the
protection equipment used and the
selectivity analysis are directly affected
by the existing neutral point
arrangemsnt.

For a new instaliation, the selectivity
analysis setves to validate the selected
options (neutral point arrangement,
maximum sarth fault cutrent and
suitable location of earthing system), or
to select other options.

Co-ordination of protection
equipment

Co-ordinalion means "harmonizing the
operation of the protection equipment”
and more specifically, "ensuring its
selectivity”.

A distribution network is rarely totally
independent of other instaltations. In
particufar, co-ordination is essential
between:

= the planhed installation network and
the existing installation network,

or between;

m the plannad installation network and
the upsiream and/or public instailation
network.
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The analysis is based on:

m protection equipment operating
curves, for example it is advisable fo
use reciprocal time protection
equipment to co-ordinate with a fuse;
m tripping times {selectivity).

Note

Public electrical utifiies generally
impose the maximum regulations
applicable to the supply substation
(in France, EDF requires 0.2 s for
20 kV MV substatlons)

A co-ordination study specifies the
times required to eliminate faults, which
must:

2 be satisfactory 1o ensure personng
safety;

m comply with the equipment withstand
levels {thermal, resistance to
slectrodynamic stress),

m be selective with respect to the
nearby insiallations.

The consequences of a fault

This includes personal injury, damage
or destruction of equipment, production
stoppages, etc.

They are estimated in terms of:

m for the personnel, the fault current,
the increased potential in accessible
chassis, the earth circuit impedances...
The risks are reduced the shorier the
the person is in direct or indirect
contact with a live part;

m for the equipment, its thermat andfor
electrodyr.amic resistance, the risk of
burning or perfaration of the steel plating
in the magnetic circuits of the equipment
and its sensitivity 1o voltage drops of
fallures;

o1 overheating and electrodynamic
stresses have more effect on the
service Yfe of the equipment if they are
long-lived and of greater magnitude.
Eliminating them rapidly prevents
premature aging of the equipment,

o voliage failures, often caused by a
fault detected by protection equipment.
They affect the entire downstream
network,

- they can be short-tived, as is the

case for power failures followed by
automatic source switching or restoring.
They particularly affect electronic
equipment {e.g. control or data
processing equipment), bul have iess
effect on high-inertia equipment {ovens,
fans, efc.},

Cahier Technicus MerinGerin n® 174/ p.6

- they can be long-lived if repair work
has to be carried out before restoral of
the voltage, and therefore can he
financtally prejudiciat to the company,
o voltage drops, often caused by short-
circuits. Their impact incraases the
nearer they are o the point of failure
and can cause serious problems, even
int sound parts of the network.

Liriting the duration of these voliage
faults helps reduce the effect on
operation,

m the type of equipment (synchronous
or asynchronous motors, immersed or
cast resin fransformers, AC generators,
ete.)

& when operation is separate from the
public distribution network, depending
on the relative magnitude of the
cumulative power in the rotating
machines (motors and AC generators),
a lack of stability may lead to total
sailure of the power distribution and of
the back-up sources intended to ensure
power supply continuity. Note that even
once a fault has been eliminated, this
lack of stability can continue 1o worsen.

The shorter-lived the fault, the more
chance there is of maintaining
operation of all rotating machines, both
synchronous and asynchronous.

To conclude, the speedy elimination of
a fault is essential to reduce the risks;
moreover, it improves availability and
maintainabiity.

Once they have been estimated, the
consequences of a fault are discussed
then finally accepted or rejected, and
any special measures determined:

m partial selectivity;

m cutoff transformer;

m temporary neutral point arrangament;
& time-dependent or fogic protection;

m authorization or inhibition of paraliel
source operation,

m zerc sequence generator connected
{o busbars,

meic.

When different sources are present
When a network is supplied by different
saurces in different configurations for
certain periods, the phase-phase and
phase-earth short-circuit currents must
be determined for each case. They are

in general very different and knowledge
of these is essential in order to ensure
protection and selectivity in all situations.
The protection equipmant will require
different thresholds and time delays
depending on the configuration (see

fig. 2a). In particular, it is necessary to
"hack up” fuses by using indirect
protection equipment to ensure

TS

—- | (KA}
b usef

-
- H H :
t(s) A -y mdzrlect protection
7 equipment P 1o
hack up fuse when

supplied by
oo curve of @

» [{kA)

c 1MVA 800 kWA
tele-

validation of L — ___v.__ _____
predefined

setlings : * *

1@* T X

shedding shedding

fig. 2. an example of the advantages of
tefevalidation.

When changing the power supply source,
the feeder bay protection equipment must be
reset by modifying the threshofd (a) and/or
bringing other protection equipment into play
{b}.

Televalidation (¢} improves dependability
{availability and safety}.




selactivity when the fault currents are
tikely to be low (high impedance on a
fault, or source power limited). This
situation is shown in figure 2b where
Iceyanstormer >> ICAC generator-

A practical solution is telecontrol,
however the ideal solution is
televalidation or remole selection of
predefined and tested values

{see fig. 2c).

selectivity

Selectivity consists in de-energizing
enly the part of the network affected

by a fauli. It organizes tripping of the
different phase and earth protection
equipment, which must be as rapid as
possible (see "Cahier Technique”

n° 62).

For this purpose, a "selectivity analysis
is normally carried out for each
instatiation with the aim of confirming
that alt predictable fauits will be
eliminated within the technical limits set
for both the installation equipment

(e.g. breaking capacily) and for the
toad {e.g. maximum down time).

To do this, the designers strive to
achieve the most adequate architecture
by positioning protection equipment at
cettain points in the layout of the
alectrical netwark.

Contents of a selectivily analysis

In practice, a selectivity analysis
consists in determining the different
ssttings and adjustments ({time delays
and thresholds) for the protection
equipment while ensuring compatibitity
between the down times defined for the
upstream and the downstream
equipment.

This type of analysis is an important
task, since:

m it takes into account the different
fault currents likely to occur at different
points of a network;

| it checks that each probable fault
can be eliminated by two different
pieces of protection equipment, in
order 10 back up the potential failure
of the nearast piece of protection
equipment or of one of ifs associated
etements such as cabling, current
adaplers, circuit-breaker, connectics,
etc.

Note that the settings of the equipment
upstream of the network (incomer side}
are often imposed by the power
distributor whereas the setlings of the
downstream equipment (load side) are
often imposed by the circuit with the
highest power rating.

Description of a selectivity analysis
A selectivity analysis shouid

include:

O a description of the operating modes
faken into account in the analysis,

[y a simptified single-line diagram,

O the selectivity diagrams, phase
protection diagrams and earth fault
protection diagrams,

Oa technicatl data sheet,

3 a setlings record sheet,

s the simplified single-line diagram:
this represents the skeleton of the
network, the essential operating
mechanisms and the protection

equipment with their identification
(see fig. 3a);

m the selectivity diagrams:

these diagrams (see fig. 3by) show the
tripping curves of each piece of
protection equipment along with their
identifications corresponding to those
indicated on the single-line diagram
(see fig. 3 a);

m the technical data file:

this describes the selectivity
principles which it is not possible t©
show on the diagrams {fogic or
differential selectivity, for example). it
presents and explains the results, in
particutar the tripping time obtained for
the circuit-breaker at the most
upstream end of the installation. 1t
indicates the risks and, if necessary,
proposes solutions which, as indicated
abhove, may affect the distribution
configuration,

@-- He) A

Gr "\ 07

LY

short-circuit
currents

T{kA)

fig. 3: example of a single-fine diagram (&} and a selectivity diagram for profection
equipment (b). Note that, in order fo allow comparison, the short-circuit currents are expressed

for the same voltage fevel.
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Some examples are shown in the table
in figure 4.

This non-exhaustive list shows the
important tinks between the analyses
of.

othe configuration,

O the shori-circuit currents,

athe selectivity.

Carrying out these analyses from the
start of a project is thus particularly
useful;

m the settings sheet:

This document records all the setting
values of all the protection eguipment,
Egsential for startup, it is the end
product of the selectivity analysis.

protection reliability

The reliability of the protection
equipment is an essential factor for the
safety and availability of an electrical
instailation. During development and
production, protaction equipment
designers pursue a dual objective:

m ensure iripping
= safely;

= avoid nuisance iipping

= availability.

This objective has now been attained
using digitai-technology protection
equipment, since:

m after undergoing NUMeErous

EMC tests during the design and
production stage, they can then be
installed in severe environments,

= once instatied:

pthey permanently carry out

self-tests (known as the watchdog
function},

ain the event of a fault, they provide a
self-dlagnosis which indicates the
cause, thus reducing the down time.
However, whatever type of protection is
used. the overalt objective can only be
attained if:

m good guality sensors are used;

m the auxiliary power supply is reliable;
= the device is correctly operated and
adjusted.

T it i Rl nuin wE A SR

integration of the
protection with monitoring
and control functions

Microprocessor-enhanced
protection equipment {see fig. 5}
can ensure numerous functions:
mit can process data from voltage
and current sensors and display
various measurements {I,W, power
factor, P, Q, efc.) to ensure
parameter-dependent protection;

m they also provide local automatic
control functions:

o switching (or automatic transfer),
Cralarm preprocessing,

tistorage of data such as tripping,
biocking, etc,

o mulual tripping belweaen two
{erminations of a line or the primary

and secondary windings of 2
transtormer,

ol logic selectivity {see "Cahier
Technique’ n® 2},

nicad shedding and restoring.
These remocte automatic control
functions are as important as
selectivity itself as far as the
operationat continuity objective
is concerned.

The protection, menitoring and
control units or agsemblies are also
able to communicate with each other,
thus meeting the principle of remote
intelligence.

Remote intelligence means that

the decision is taken by the

device nearest to the action

required, i.e..

risks detected

solution

incompatibility between the protection
equipment time delays

®m revise configuration o improve

selectivity;

m modifiy protection plan to use logic

or differential selectivity;

® negotiate with the utility

for increased substation ime;

m change distribution andfar setvice voltage.

incompatibility between short-circuit current
and equipiment.

= do not allow parallel-coupling
of solrces;

m increase transformers Uce,
® add limiting inductances;

;| use different equipment.

fuse dbes noi.biow

M change fuse ralings;

m add an indirect protection relay

with switch,

m replace fuses by & circuit-breaker;

M modify source.

flincrease short-circuit power;

O reduce Ucc of upstream transformer.

down time too long

® use double shunt type power SUpply;

= provide a replacement source that can be
rapidly implemented (back-up

generator) and, i necessary, load shed low
priority loads,

= use automatic switching and motor-
driven switchgear.

fict. 4: risks and solutions affecting the configuration of a distribution network.




% iripping following a short-circuit

is decided and initiated immediately
upstream the point of failure;

m [oad shedding is decided depending
on the extent of the overload,

either at workshop level (local
management unif) or at incoming
feeder level (ceniral management
unity,

This principle is advantageous from
the point of view of availability

and management of the elecirical
network, since these inter-
communicating units can be used with
comptiers to acquire numerous
parameters which can then be
compared with reference vaiues in
order to detect sertous deviations. It is
then possible to trigger a waming in
order to ensure preventive
maintenance, for example:

B 2 warning can be given before
blocking occurs by detecting a
significant increase in the starting
current of a motor;

B premature aging of equipment
can be predicted following a
prolonged overload;

B’ a warning ¢an be given before a
shart-circuit occurs by detecting an
increase in the residual current
{insulation level drop}).

fig. 5: Sepam, a range of microprocessor-based protection equipment integrating a monitoring
and controf capability (Merlin Gerin).
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The type of protection equipment
sefected when drawing up the
protection plan has a direct effect on
selectivity.

This chapter gives a brief summary of
the different types of selectivity and
protection equipment.

These types of selectivity and
protection equipment are the outcome
of the following concepts:

m standard procedures;

m operating mode;

m the influence of the distribution
utitities;

= technological developments;
wmtechniques devised by the
manufacturers.

They last because they all have
advantages. The correct choice for any
given point In the network must
therefore be based on one of the above
concepts, in other words, the cne
which ensures most advantages.

This fraedom 1o oplimize any cne
choice is made easier by the use of
devices capable of offering several
solutions within the same equipment.

current-dependent
selectivity

In current-dependent selactivity, the
monitored variable is the current.

in a network, the farther a point of
failure is from the source, the weaker
the short-circuit current,

Thus, in theory, selectivily can be
obtained by setting the threshold of the
protection equipment to the predicted
short-circuit current according to their
position in the distribution network (see
fig. 8a).

This type of selectivity does not include
the notion of time delay, since it is
instantaneous, each piece of protection
agquipment being independent of the
others. it is frequently used for

LV class A end consumer, but rarely for
MV installations, since the actual
short-circuit current variations between
any iwo points are too smalt {the
coupled impedances are negligible),

Frmbaine Tonbaicoa Bnvhiaf2nein A® 374 fmo 40

set
currents He¥ I8

fault a
currents

b

set
currents

IecC

I8 B
Irc * A 1(kA)

-
R

fauit
currents

[ -
U gl
IceC 4 TccA

[CCB T

areas where selectivity not applied

A
MV
K
]
1
cC
LV

fig. 6: in theory (a), to ensure amp-dependent selectivity, check that:

IcoA > A » feeB = IrB > fecC > IrC.

in practice (B), the closeness of the adjustment values only altows partial selectivify.

thus selectivity is only partial

{see fig. Bb}. Note that for

HV instaliations in general an
Impedance-inducing fault rapidly
deteriorates into a fotal breakdown.
The major disadvantage of this type of
selectivity is that the upstream side
does not back up the downstream side
of an installation {i.e. there i5 no
redundancy).

Finally, the main handicap of amp-
dependent selectivity is that the
threshold of a piece of protection
equipment increases the neareritis to
the source, hence the risk of greater
damage. S0, by favouring the safety
aspect, it ofien compromises the
dependability objective defined in
chapter 1.

time-dependent selectivity
This type of selectivity integrates the
concept of time into the monitored
variable, i.e, the current. A time delay
is added to the action of the
current-dependent protection
equipmert.

To do this, the trigger threshelds are
defined with increasing time delays
from the downstream to the upsiream
side. Thus, upstream of a fault,
several pleces of equipment will be
sensitized (recdundancy), but if a fault
occurs, onty the device located
immediately upstream of the fault

will trip: since the fault point is no
fonger energized, the other protective
devices stop "seeing" the fault before
their time delays have elapsed.



Operation can be checked by
compating (i.e. superposing) the
operating curves (see fig. 7), which
must be sufficiently spaced o ensure
correct selectivity (0.3 s, for example).
However, when two pieces of
equipment monitor the same rated
current {with or without a voltage
change}, the threshelds must also be
shifted 20 % in order to be able to
ignore the tolerances.

The time delays are of two types: either
dependeant on the magnitude of the
fauit current, or independent of it

{see fig. 8).

Id (KA}

i

E=

A

fig. 7: by superposing the frigger curves (a),
if is possible to check the sefectivity batween
circuit-breakers A and B (b) which detect the
same faulf current Id,

Time-dependent selectivity is frequently
used because of its simplicity.
However, it does have cne
inconvernience:

the time delay increases by

between 0.2 s and 0.3 s at each "stage”
as the source is neared. This is
necessary to take account of the
response lime tolerances of the
components making up the profection
system {sensors, electronics,

release device and circuit-breaker)

and of the arcing time of the
downstream circuit-breaker. Therefore,
the higher the energy level of a fault
and the nearer it is to the source, the
fonger it will remnain energized {hence
greater damags).

The dependability objective is not
totally attainad, but by applying this
type of seleclivity between two or three
stages, a satisfactory compromise
between salety and availability can be
obtained.

Note 1

Given its simpticity of use, this type of
selectivity is useful for protecting a link
between two remote substations.

Note 2

Mixing the time-dependent and current-
dependent types of selectivity is
particularty useful for protecting the
primary winding of a transformer, since
the differences in the short-circuit
current hetweaen the primary and
secondary circuits are considerable
{see fig. 9). It is therefore possibie to
install a quick-break protective device
{= 100 ms} on the primary circuit if its
threshold is set to a level higher than
the secondary current Icc as "seen”
with respect to the primary winding.

logic selectivity

(see "Cahier Technique” n° 2}

This type of selectivity is also known as
a logic selectivity system {SSL}, for
which Merlin Gerin currently have a
patent pending. it operates on the
principle of data transfer between the
protection systems. The variable
monitored is the current.

t(s) 4

tis) A H I
' i
! ]
! $
I." 1
- — — —— —— k]
v Y
‘\ : \\
\\ i \\
\ ; e 100 ms !
A I : I
\\ | : . o : »
-~ S A 1B i T2B 1 T(kA)
; R wheoed W iccA  lceB
Agiion . B Toe T{KA)

IriB = lower threshold =12 IrAto

1 = minimum time setting
2 = maximum time setting
— lime seltingrange =116 2

compensate inaccuracies. A 300 ms
{curve B selectivity interval is usually
applied fo back up A.

i r2B = upper threshoid < fecB, but

A = minimum threshoid setting

B = maximum threshold setling

— threshold setting range = Ato B 770
fig. 8: time-dependent {or constant [
and non time-dependent (or reciprocal
[ ———- [} trigger curves.

»

23 = iccA, with a 100 ms rapid-action
fiming in order {o withstand the closing
overcurrent.

fig. & application of current-dependent and
time-dependent selectivity types fo
transformation substations.
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Alf SSL protection systems communicate
through a hard link {known as the piot
fine): each unit affected by a fault
instantaneously transmits a logic hold
pulse through this circuit to the
upstream unit. In this way, only the
protection equipment located
immediately upstream of the fault
remains free to operate since it has not
received a hoid signal (see fig. 10). The
advantage of the logic selectivity system
is that it reduces the tripping times (see
fig. 11}, in particutar near the source.

m either, by setting the same time delay
on ail the units;

m or, by decreasing the time delays
from the downstream to the upsiream

device upstream of

fault, on hold {time-
liraited)
X
Pn \ -—= protaction
equipment
,}l') 4
P - :
]
)
1
device upstream of i
fault, on hold {fime- :
Hmited}. emits a hold |
| signat. {
D3 \i(___ protgctéon A% :
squipment i
n“3 ___1
I - [
1
]
1
nearest device upstream |
of fault: emils a hold ;
signai and a trigger signal. !
'
b 4 , 1
D2 \ — protection ]
equipment |
O S
C }'_ - ——————— :
_ﬁ device not actuated ;
(located downstreamof 5
tault) :
-~ ;
D1 \: e protection !
aquipment 1
(L S |
P—
——__ piotlne

—m=  logic hoid signal

fig. 10: fogic selectivity principle.

side, contrary to time-dependent
selectivity (see above).

As with time-dependent selectivity,
alt protection equipment located
upstream of a fault are sensitized
(i.e. redundancy).

However, in spite of having to
connect all logic selectivity system
protaction units through a pilot line,
this type of selectivity comes closer 1o
attaining the dependability objective
than the other methods described
above.

Note

This type of selectivity is usefui for the
protection of incoming and outgoing
fesders of the same panelboard. In this
case, the connecting wires are notan
installation constraint, since they are
only routed through the panetboard and
can therefore be factory-integrated.
Moreover, with this solution, the fault
down times are shorier for incoming
feaders than for outgoing feeders,

differential protection

tn principle, when there are no faults,
the currents input into each element of
an electrical distribution installation are
the same, phase for phase, as those
output. The purpose of differential
protection is to monitor this situation,
{o measure any difference between
two currents {i.e. caused by a fault),
and to transmit a trip signal at a
predetermined threshold. The faulty
element is then isolated from the
network (see fig. 12).

This type of protection can be used to
monitor a well-defined part of the
netwark using two current adapters

{or current transformers): it is auto-
selective and can therefore be
instantaneous. It is an advantage which
must be conserved for times when
transient phenomena occur; however,
its sensitivity must be limited to
phenomena induced by fault conditions
and not by normal conditions {such as

t{s) A

01—

short-circuit
currents

fig. 11: example of a single-fine diagram and a selectivify diagram for protection gquipment with

a logic selectivity stage (between slages 2 and 3).

Compare this diagram with that shown in figure 3 (modified curves are shown in orange). it
shows that for the same circuit, this type of selectivity significantly reduces the tip times (for
circuit-breaker 3 for exarmple, the reduction is from 0.7 t0 0.1 8).
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pilot
line

P — T

neutral point

fig. 12: examples of use of differential proteciion.

Vet
PR B

a - gifferential protection of cables; in the event of a fault, the 2 circuit-breakers open,
b - differential protection of machines, motors or AC generators,
¢ - differentiaf protection of fransformers; if there are downsiream sources, both circuit-

breakers will open in the event of a faull,

d - differentiaf protection of busbars; if there are downsiream sources, all circuit-breakers wil

open i the event of a faulf.

trigger currents of fault currents caused
by another part of the network).

The "transient” characteristics are
specific to each element of the
network; differential protection
equipment is therefore technologically
"dedicated", i.e.:

® differentiat protection of lines and
cables;

B differential protection of busbars;

= differentiat protection of transformers;
m differential protection of motors;

s differential protection of

AC generators.

The use of this type of protection is
fimited, since it requires the careful use

of {pilot fines or connection of current
transformer secondary windings),
current adapters and fine tuning in
order to prevent nuisance tripping.

It is used whenever high-speed
elimination of fauits is essendial, i.e.;

B to reduce the upstream time delay in
a time-dependent selectivity system

by removing one of the stages from the
system;

# to improve the dynamic siability of an
instalfation containing rotating
machines;

= 1o provide additional protection of an
element which is highly important
because of its intrinsic value or the

unacceptable consequences of a
prolonged stoppage inthe event of a
fauit.

The use of this type of protection also
imposes certain conditions:

8 a current transformer must be
installed per phase at each end of the
monitored part;

# a connection must be provided
between the two devices in order to
ensure differential protection of the
cabie. in addition, before deciding to
use this type of protection, it must ba
checked o ensure its efficiency for ail
imaginable types of faull. With the
detection principle, often used for piiot
tine type differential protection
equipment, the sensitivity depends on
the faulty phase and the type of fault
{phase-phase or phase-earth);

m for differential protection of machines,
the winding terminations on the neulrat
poird side must be accessible in order
to be able to install all the current
transformers;

m for differential protection of
transformers:

adepending on wheather the protection
refay is instatled in an upstream or
downstream companment, the wiring
required {o reach the other current
fransformer may be relatively long; in
this case, care must be taken in
determining its cross-section (for power
consumption) and its routing {fo avoid
interference),

O if the neutral point arrangement is
very different on each side of the
transformer, earth faults may not all be
detacted; in this case, a specific
procedure is required,

m for differential protection of busbars;
with certain types of equipment, all
current transformers must have the
same winding ratio as the largest
current transtormer. This high-
impedance protection, frequently used
in countries under Anglo-Saxon
influence, leads lo great difficulties:
ofor switching current transformer
secondary circuits, when the busbars
supply several oltgoing feeders with
different configurations,

o for wiring, since its high impedance
may induce overvoltages in the wiring
at the current transformer secondary
winding during the fault. These
overvoltages may require the use of
SUrge arrestors.
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Reminder: logic selectivity, which is
more practical to use, also meets the
time-saving objective.

directional protection

This type of protection operates
according to the current, the voltage
and the direction of flow of the energy.
it is activated when the current or the
power exceeds a set threshold and at
the same time, the energy is
propagated in an abnormal direction.
The following directionat protection
exists:

m phase current;

a residual current;

# active power,

W reactive power;

® zero sequence power (not dealt with
in this Technical Specification, since it
is mainly used in corrected neutral
pubtic distribution networks),

Phase current directional protection
When two sources, two lines or more
normally operate in parallel, there is a
risk of total failure of the distribution i a
fault occurs in any one of these
elements. The reason is that the same
fault current flows through all these
elements, the current changing
direction in the fauity element

{see fig. 13}.

Directional protective devices are
theretore used to detect the faulty
element and order it to be isolated from
the sound parts, In order to be able to
isolate the faully element, these
devices are about 250 ms quicker than
the overcurrent devices concerned by
the same fault.

Earth fault current directional
protection

if a network is supplied by two or more
ransformers {or AC generators) with
their neutral points simultaneously
connected to earth, in the event of an
earth fault in any one of these sources,
a residual current flows through ali the
sources. Only the source affected by
the fault “senses” a residual current
flowing in the opposite direction from

Aoxmed T A

)
§IIvITe

phase current
diractional protection

[0

overcurrent protection

__w;,_.__.
fault current flowing
through sound part

PR .

"direct” fault current

fig. 13: phase current directional protection principle.

On any one fine. a directional device is more rapid { 250 ms} than an overcurrent device; in
the example shown above, tripping occurs at x then alt .

Note that if these tines are replaced by paraliel-connected transformers, the principle stays the

Sarme.

the others. This principle is used by
earth faull directional protection devices
in order to distinguish between the
sound elements and the faulty element
{see fig. 14).

The direction is determined by
measuring the phase shift between the
"rasidual current' and "residual voliage®
vectors.

These devices are also used to detect
a fauity outgoing feeder in networks
with high capagcitive currents, in
particular when the cables are long: a
residuat current flows in the same
direction through all sound cutgoing
feeders and in the opposite direction in
the faulty feeder (see fig 15).

Note

For the latter case, another solution
based on the use of earth fault current-
measuring protection equipment is
possible to ensure selectivity without
the use of directional protection.

However, the threshold of this
protection equipment must satisfy the
relation:

1& sutgoing feeder < Is < 2JC ins sl aton
where [¢ = capacitive current,

Is = threshold current.

In geﬂmal Is 13015 -[Comgoing feeder-
But this solution is only applicable ¥, for
each outgoing feeder:

[ outgai ng feeder <= 2l installation

if this is not the case, a zero sequence
current generator is required.
Otherwise, the protection equipment on
sound but long lines will nuisance Hip
{sympathetic tripping}, since they are
activated by the capacitive current
generaied by the lines together.

Active power directional protection
This type of protection is used for
exampie to:

m disconnect an AC generator from the
network which is absorbing energy




phase current
directional protection

P
residiat current generated
by neutral point of faulty
transformer

_&,—_

Hesidual current generated
by neutral point of each
sound transformer when a
fault has occurred

fig. 14 earth fault current directional profection equipment can detect the faulty transformer (a), or can be insensitive to a fault in an outgoing

feeder (b},

This principle can be applied fo AC generators coupled to the same network with their neulral poinfs earthed.

(running on motot} following failure of
the mechanical power source;

= cut the power supply to a motor
during a voltage drop.

in addition to measuring currents and
voltages, this type of protection also
measures the phase shift in order to
determine the power.

P=v3Ulcosg.

Reactive power directional
protection

This type of protection is used

for example to cut off the power supply
to a synchronous machine if there is
insufficient excitation. in the event
of insufficient excitation, the reactive
magnetisation energy will be
transterred by the network o the
machine. in addition to measuring
currents and voltages, this type

of protection also measures the
phase shift in order to determine the
power:

P=3UTsing.

residual current
directional protection

i

-\

A
A
N

B - ]

residual current
generated by capacitors
of {ong, sound outgoing

feeders

faulty phase capaciiance

solund phase
capacitance

valuss

fig. 15: earth fault current directional profection equipment can be used in an instafiaiion with
long outgoing feeders to distinguish the faulty feeder from the sound feeders.
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under-impedance
protection

This type of protection operates using
the measured variables of current,
voltage and direction of flow of the
energy. Using this information,

the protection egquipment calculates
the impedance of the equipment
being monitored. its thresholds are
adjustable {underimpedance Z - in
ohms, or under-admittance 1/Z -

in ohmj}. This type of protection uses
the principle of the significant
reduction in the impedance of an
element when a short-circuit
OCCUrs,

it is mainly used on power
transmission iines (meshed
networks), but also on busbars and
targe rotating machines and is
normatly known as "zonal protection”.
It measures in one direclion, or on
either side of its location

(see fig. 16). s monitoring
potential depends on the
measurement range and the linear
variation in the impedance of the
equipment under protection.
Several devices can be installed on
the same network and can be
independent from each other,

since the scope of each is clearly
defined. For this same reason,
their reaction times can be greatly
reduced,

Notle

B sudden load variations and current
inrushes are "considered” by this
protection eguipment as impedance
variations.

in order fo prevent nuisance tripping,

their operating characteristics {circular,

alliptic, polygonal, etc.) must be
judiciously selected (see fig. 16);

m the impedance variation is
proportional fo the length monitored.
This longitudinal variation is more
rapid for rotating machines of
transformers than for cables and
overhead Hines. Therefore, an under-
impedance protective device can
moniter a small area detimited by a

machine or a transformer. However, if

this type of device is used {o monitor
husbars, its coverage may extend to
some of the windings of the

Cahier Technigue MerfinGerin n° 174 /p.16

transformers connectad to these
busbars. What would seemito be a
disadvantage is in fact an
advantage: the first turns of a
ransformer, which are the most

axposed o overvoltages, breakdowns,
etc. are thus better protected. This type

of protection is mainly used in
MV/LV substations of the power
transmission or supply network on
major industrial sites.

Particular situation: distance
protection

This is a specific type of impedance
protection used on the HV lines of
power transmission networks, and
sometimes on certain distribution
networks.

optimum selectivity
Experience has shown that all these
types of protection equipment
selectivity have preferential flelds of
application, for exampie:

w curent-dependent selectivity

=1V distribution;

m time-dependent and logic setectivity
= MV distribution,

M distance protection

= HV fransmission.

To select one type rather than another
is ofterr a matter of technical and
sconomical concerns, greatly
influenced by habit.

Technological developments, in
particutar the advent of digital
technology, mean that the different
protection and selectivity principles can
be merged. Thus, it is possible to apply
an optimised solution to each section of
a network.

Association of different types of
selactivity

The diagram in figure 17 shows
that optimum selectivity may require
the use of the different types of
protection described above.

Faulis can thus be eliminated more
rapidly.

a
X —_—
; Z of sound
line with
\ Protection
f!‘(}n{
- 5?‘”63
bagg >~ _
ZO’”@S

zone 1, sho time delay = i1

Zone 2, time delay =12 > {1
zone 3, ime delay =13 > 12

—i

4 Ziansient (has

i noeffect if zone
3 defined by
parallelogramy}

s
Z of fauity line
with protection

fig. 16: diagram showing the operation of a zonal profective device (a).

Tripping ocours when the end of the impedance vector of the protected ling enters one of the
operating zones of the device {b). A time delay is sef for each zone.

To prevent nuisance tripping due 10 foad variations {transient impedance vector), the operating
zones can have different forms, either circufar or quadriiateral: in drawing b, zone 3 is defined

by a paralielogram instead of a circle.
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current-
dependent and
time-dependent
selectivity 20 kY

fogic D lcc (20KY) T {kA)

seted#tty L 47 é a - selectivity curves diagram using only time-
_____ dependent selectivity with constant ime protection
@- aquipment.
| Note that between curves 2, 3 and 4, there must
! be At =300 ms and A 1= 20%,

1
| i
current- f
dependent and i
time-dependent ¥ t{s) |
sefectivity :
1
: 1.3
i 1
| AR ERE
Y ] p S
@. ______ L_)__- 700 ms .. A
Y : . 400 ms |-
| - 1 -
1 . 100 ms I
1 5kV
rmmmmt -f >
I ' @ Tec (20KV) 1 (KA}
dep;;é;i?;m a : b - selectivity curves diagram using different
time-dependent I types of selectivity and protection eqguipment.
selactivity :
| )
1
IR __ |
i t solution ‘a b
1
1 protect .equip.
mwem==L 2 identification
17
- 1 fuse fuse
2 400 80
3 i700 300
410V 4 700 1300
5 100 100

C - comparison of times required by solutions a
and b above 10 etiminate short-circuits (in ms).

fig. 17: in the example shown above, optimum selectivity is oblained by the use of different techiniques.
diagram a: cusrent-dependent, lime-dependent and logic fechnigues.
diagram b. time-dependent technique with extremely reciprocal @, reciprocal {and togic) @ and@ . and constant @ fime curves.
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synthesis of the use of
different types of
protection equipment

Mokisr Tachninns Madin Carin n® 174 /0 1R

type

main applications

current-dependent

W between line and foad side of a
transtormer.

time-dependent

& between two substations.

logic

M between incoming and oulgoing feeders
on the same switchboard;

B between line and foad side of a
transformern

B between two subsiations when it is
possible fo install the logic link.

differential

m on any part where salety is of prime
concern (cables, machines, etc.).

directional

& on fines, AC generators and transformers
oparating in paraltel,

® on outgoing fesders with a high capacitive
currert,

W on networks with several neutral points;

W on networks with a corrected neutral.

under-impedarnce

| same application as differential protection
when the zone is so complex that

summing the incoming and outgoing
currents is prohibitive.

distance-dependent

™ for meshed networks
{power transmission).

fig. 18: synthesis of the use of the different types of prolection equipment described above.




3. use of protection equipment

The use and incorporation of different
protection equipment imposes cerlain
precautions. This chapter describes
these precautions and also proposes
some practical solutions.

# is of course obvious that cerfain
network configurations, and the power
supply for machines with specific
characteristics, will require specilic
analysis and cannot be dealt with in this
document.

precautions to be taken in
the choice and use of
protection equipment

The choice of a type of protection and
of the equipment to provide this
protection must be made only once the
risks 10 the element fo be protecied and
the effects of potential fauits have been
assessed.

On principle, for all elements of a
network, the minimum that should be
provided is protection against the risks
of:

m phase-phase short-circuits {phase
pvercurrent protection);

m phase-earth shorl-circuits (residual
overcurrent protection).

When the earth and phase fault
currents are of the same magnitude,
one single piece of three-phase
protection equipment can cover both
types of risk, but will not distinguish
between them.

Phase overcurrent protection
This type of protection can only be
efficient i its operation satisfies the
inequality:

i "phase” threshold < lec min

and

i "phase” threshold > | max in faull-
free conditions (transient inrush
current).

Tao this end, the following must be
checked:

= the condition "tripping threshold lower
than ¢¢ min.” must be checked in the
event of a two-phase faull occurring:

£1in a network supplied by one single
transformer, whereas it is normally
supplied by several parallel-connected
transformers;

min a network supplied by a substitute
source,

m at the termination of a long line,

= the condition “tripping threshold value
and/or time delay higher than maximum
curreriis in fault-free conditions”™ must
be checked when:

O starting up motors,

O switching on transformers,

0 energizing capacitor batteries,

m check the effects of overcurrents
resulting from voltage drops, fransient
power cuis, source switching, etc...

Earth fault overcurrent protection
The threshold, which must be adapted
to suit the earthing system, must also
satisfy the following two inequalities:

I residual threshold < 0,2 10 jimited

and

I residual threshold > 1,3 10 capacitive
generated by the protected section.
Hence:

W z target threshold of 0.1 t0 0.2 0 ymites
to protect at least 80 % of the coil
windings.

=3 thresho!d hlgher than ?3 8] Capacig'[\.re
of the protected line in order 10 prevent
nuisance tripping when faults occur in
another part of the network.

For safety installations (or zones)
operaled with an insulated neutral, the
earth faull protective device
adjustments are calculated using only
the capacitive currents of the network
{10 imited = 210 capacitive)-

Reminder : with a view to improving
operational continuity, certain small
networks are operated with an
insulated neutral. French legislation

imposes the use of a continuous
insulation detector (CP1) in order to
detect drops in the insulation level and
prevent tripping on an earth fault.

Thermal imageftemperature probe
type protection

Protection using thermal images should
only be envisaged if there is a risk of
overloading. lis heating and cooling
time constants must be adapted {o the
characteristics of the protected
eqguipment.

Temperature probes {hormally type

PT 100 in accordance with standard

IEC 751} must be fitted in the colls when:
M a dusty environment affects correct
ventilation of the protected eqguipment;
m the machine is operated with an
independent air-blown cooling system.
In both cases, poor ventifation will not
cause an overcurrent, but may result in
destructive overheating,

Harmonic distortion

Non-linear loads induce poitution in
elecirical networks. This pollution takes
the form of a voltage distortion and by
harmonic currents which mainly affect
the thermal resistance of rotating
machines and transformers. Harmonics
can be dealt with in thres ways:

w either, by installing filters; the
characteristics and location of these
filters will be determined by an analysis
of the harmonics;

m of, by protection equipment which
take into account the RMS current
resulting from the quadratic sum of the
odd-ranked harmonics;

m o7, if the protection equipment does
not take the RMS current into account,
by down-rating the equipment so that it
only operates at & 0.8 or 0.9 fraction of
its rated power. The thresholds of their
overioad protection equipment must be
lowered by the same amount if they
only take into account the fundamental.
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precautions to be taken
with sensors

Number

The number of sensors required 1o
detect polyphase faults has evolved
with developments in technology:
elactromechanical protection
aguipment requires three sensors to
detect the faulty phase conductor;
digital technology requires only two
sensors {the current of the third
conductor is calculated). But if the
protection plan is to be efficient, itis
essential to make sure that the two
sensors are instalied on the same
phase conductors throughout the
network.

Reminder: there are three ways of
identifying conductors:

® using numbers = 1, 2, and 3;

m using letters = A, B and CorR S
and T.

Current transformers
Thase must be designed to aliow
correct operation of the protection

m their rating must be equal to or higher
than the current to be measured;
 their linearity must be checked
throughout the entire RMS current
range (saturation by currents such as
an inrush current can affect the signais
al the secondary windings);

& their tolerance must be consistent
with the measurement accuracy
{threshotd).

Note that using the Nicholson setup
(see fig. 19) to measure weak residual
currents often requires the transformers
to be pairedt. Moreover, the absolute
arror of the measurement is inhibiting
for low residuat current thresholds. On
the other hand, the linearity and
dynamic range of ROGOWSK! type
non-magnetic sensors (see “Cahier
Technigue” n® 170} overcome many of
these inconveniences.

Zero sequence toroidal sensors
The use of sensitive earth protection
squipment is particularly useful in
limiting damage to equipment, since
higher limiting impedances are

@ the insulation between the active
conductors and the toroid must be
checked, but it is often provided by the
cable sheathing;

min order to prevent malfunctions,

it is preferable to arrange the
conduciors inside the toroid and o
center them.

Voltage transformers

In order to avoid the destructive
phencmenon of ferromagnetic
resonance {gvervoltages), voltage
transformers must be loaded

to a value similar to their power
rating.

equipment. They should naot emita possible. Weak residual currents are /
distorted signal which might be detected preferably using a foroidal 8\1.___4 5o
considered by the protection equipment sensor fitted around the three phases. Moot tan
as a fault, resulting in nuisance tripping. Note thal certain precautions must be CD: orotectio
Therefore: taken when using these sensors: b .
m their power rating must be adapted to @ the earthing strip on the cable L
suit the protection equipment and the armouring may be routed outside or re- & fo
cabling; routed inside the toroid {see fig. 20); fig. 19: the Nicholson seiup.
with dry cables with cabie box
cubicle bottom
_ insulated
- conductor _
cable e
armouring ___ armouring cable . compartment/
earthing box ;{ cable box
strip eartning "‘V\insuta!ion
strip i
cable

fig. 20: instafling a foroid on an HV cable.

toroid

box

toroid




precautions to be taken
with respect to networks

Network with several earthed neutral
poinis

A network which has several neutral
poinis is likely to be affected by

3rd harmonics and muttiptes of

3 occurring between these points. To
avoid having to desensitize the earth
fault protection equipment, they should
be equipped with H3 filters.

Network with several earthed neutral
points

Whern operating on the AC generators,
i a large part of the power is absorbed
by the motors, the protection equipment
must act sufficiently rapidly 1o prevent
network breakdown {i.e. to maintain
dynamic stability).

Overvoltages

In the event of an earth fault, power

distribution through cables generates a
capacitive current which, in addition to

sympathetic tripping {see chapter 2,
"Birectional protection”}, can alsc
create overvoltages due to resonance
{see fig. 21).

The best means of minimising these
overvoltages is to earth the neutral
through a resistor. This solution is often
used for industrial networks.

The rule usually applied is:

irz 21

where

i,n = desired resistive residuat current,
IoC = capacitive residual current
inherent in the network.

Modifying a network

As concerns protection, two checks are
usefut when modifying a network:

m are the existing neutral point
arrangement and the earth fault
protection equipment compatible with
the new capacitive currents?

M is the existing phase protection
equipment and the current transtormers
suitably adapted to the new rated
currents and short-circult currents?

Al
UA
4
3
2
1
o LoF
a5 1 1.5 2 Iy

fig. 21. resonance-induced overvoltages
fikely to be generated during an earth fauft
by capacifive current cable type distribution
systems.
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4. selection guide

The table in figure 22 gives an idea Note that the wide variety of distribution Reminder : remember that short-circuit
of the possible choices configurations and operating protection and earth fault {or insulation
depending on the element to requirements means that it is not fault) protection must be systematically
be protected. possible to offer a “universal” solution. provided for each element 1o be protected.
element to be instaliation potential risk required comments
protected concerned protection
fines and cables single feeder, paraliel, | short-circuit W differential with pilot line.

or closed loop type

cables

parallel or looped

short-cireuit and

W directional residual and

cables earth fault phase current protection
oulgoing feeders earth fault W direction residual current
with high capacitive proteciion
current, muftipie
earths,
paraliel or looped
cabies
busbars panelboards shon-circuit HSSE
representing an B differential bushar
imporiant node protection
in the distribution
system, high
Pec panetboards.  under-impedance also partly protecta
transformers
AC generators overioad B thermal image
air-blown ventilation W temperature probes
failure andfor
dust
machine which is internal fault B under-impedance high-speed protective
axpensive or ar devices
important for m differential AC genserator
operation protection
B excitation failure
or
® reactive power
feadback
W running on motor if other parallel-connected
source
M under- and overvoltage | if group production
= frequency
® phase breakdown if single-phase loads
and unbalance > 10 % of loads
capacitors paraliel banks W unbalance

{double star)

of neutral points
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efement to instailation potential risk required comments
be protected concerned protection
transformer overload w thermal image
air biown m {femperature
ventilation monioring
failure
andior dust
avarcurrent at = 15t threshold, time-
secondary winding delayed, primary
winding < Jcc
internal fauit B 2nd threshold,
instantaneous,
secondary winding > Icc
imponant internal fault = differential
fransformer fransformer
asynchronous motor overload m thermal image
air blown m temperature
verntilation monioring
failure

and/or dust

important machine

u differential mot. protec.

mixer, abnormaly high m starting delay protection
fcaor:-:v Lor:g:?\.roirta m rotor jamming check current
eyor, onage with maotor running after startup
COFNPTessor,,,
rotor jammead at =» under-impedance
motor starup or speed monitoring
internal heating W monitor successive as per process
startups and when commissioning
a plant (tests)
m check time intervals
betwean successive
stariups
DTS loss of priming ® undercurrent or

active power

powsr supply voltage
phase breakdown
and unbalance

m reciprocal

component {see Technical
Specification No. 18)

synchronous motor

same protection
equipment as for an
asynchronous

mator, plus:

W synchronism

® excitation monitoring

Fans on
generator if
fauit

= directional current
of power protection

rapid disconnection
from supply network

tfow rmotor 1orgue

m direct, undervoliage

random reaccelaration

W remanent, UHCIENDHEQE

fig. 22: a selection guide for protection equipment depending on the element to be protected.
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5. conclusion

Protection technigues are numerous
and varied and i is necessary fo be
familiar with them in order to make a
choice.

Since the advent of logic selactivity,
there have been few developments.
This is normal, since protection
equipment is stilt designed to limit the
consequences of the same electrical or
mechanical faults,

On the other hand, technological
developments have ocecurred:

® one-function electromechanical
relays;
B one-function analog electronic retays;

m multi-function analog electronic racks,
such as the Vigirack, developed in
1970 by Merlin Gerin. This type of
"protection unit" requires little power
from the sensors and is equipped with
factory-prewired alarm and tripping
retays;

m muiti-function digital units based on
the use of microprocessors, far
example the Sepam manufactured by
Merlin Gerin.

The mutti-function capability includes:

G profection functions,

nmeasurement and metering functions,
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o local automatic control,

o self-diagnosis,

O alarm processing and display,
I communication.

The parameters of these "smart” units
can easily be modified by any
electrician to provide several of these
functions.

This type of equipment minimizes the
number of sensaors required, since it
uses only the protective current
franstormers to ensure:

Fl measurements,

o metering,

o protection.

Hence, there is enhanced flexibility for
the designer in devising his protection
plan and carrying out the selectivity
analysis.

Non-magnetic or nonferrous sensors
improve the sensitivity and the stability
of protection equipment and their
varianis can ensure both the
measurement and the protection
functions, therefore the use of these
sensors reduces the time required to
carry out the analysis.

Present-day components also allow
reductions in the cost of very

comprehensive, complex protection
eguipment such as directional
protection equipment. So:

a their use is no longer limited to
powerful machines, high voltages, or
sensitive industrial processes;

m nor are they isolated, too specific, or
forgotten. On the contrary, they are
now integrated into a communicative
muiti-function system which processes
and controfs all the data relative to the
monitored element.

By communicating with the network
management systems, it is possible to:
® obtain electrical data;

m obtain data concerning faults and
events in chronological order;

m know the position of circuit-breakers
and other operating mechanisms;

m check that the system is operating
correctly (watchdog);

A carry out operations;

m analyse the numerous measurements
to ensure more efficient operation;

® onsure better running of the network
by means of a comprehensive, user-
friendly instrument panel.

The direct impact of these developments:
improved safety and energy availability,
enhanced efficiency and maintainability.




6. practical information

The list of data given below can be
used to carry out a reasonably accurate
selectivity analysis.

Where certain items are unknown {pilot
project, for examptle), the designer will
define these in his hypotheses. His
experience will guide him in the choice
of the normal practical values, such as:
m Icc for a given supply voltage level;

= Ucc depending on the types of
transformers;

a motor starting times depending on the
functions for which they are used.

data required to carry out a
selectivity analysis

Network data

m single-ling diagram;

M possible operating configurations;
® voitages;

= frequency;

# short-circuit power of the upstream
network {minimum and maximum
values);

m earth wiring diagrams {neutral point
arrangements);

m connections {fength and type of
cables, number of paraliel cables);

= rating of existing current
fransformers;

& rating of existing fuses;

m settings of existing protection
equipment {upstream and
downstream).

Transformer data

& power rating;

= short-circuit voltage (Uce 96);
mcopper 1058e8;

W coupling;

micad setting {minimum and maximum
values).

AC generator data

® type of AC generator (turbo-generator
ar salient pole generator);

W power rating;

R voltage rating;

w rated power factor;

w sub-transient reactance values
{directly along axis and in quadrature);
& permanent short-circuit current
{minimum and maximum valuegs);

or

W excitation voltage/rating;

w saturated synchronous reactance,

Motor data

B type (synchronous or asynchronous);
® power rating;

m voltage rating;

B starting current;

| starting time;

B whether there is a risk of rotor
jamming {if yes, the time it can
withstand the rotor jammed condition);
= number of startups and authorized
intervals {for cold and hot starting);

m stator thermal time constant.

selectivity diagram

Diagram layout

A current versus fime selectivity
diagram should preferably be
presented In log-tog orthonormed
coordinates since these variables can
vary in considerable proportions:

B currenis can vary from a few amps to
several kilcamps;

& time delays can vary from some tens
of milliseconds {for instantaneous
tripping) to hundreds of seconds (as in

the operation of thermal image type
ovettoad protection equipment).

in order 1o be able to compare the
curves on the diagram, a reference
voltage must be defined, preferably that
which is most frequently used in the
instaliation. In this way, a maximum of
compartsons and analyses can be
carried out by reading the diagram
directly; the curves concerning the
other voltages can be observed using
the reciprocal voltage ratic.

For example, in a diagram where the
reference voliage is an MV voltage,
therefore:

o the MV currents can be read directly,

o for LV currents:

LV voltage

=1V value ,
MV voltage

O for MV currents:

=HV value _H_Yﬁ“_@ﬂﬁ;

MY voltage
m the earth fault cirrents and the phase
currents belong to different systems
and are therefore represented on
different diagrams;
m ic make for easier reading of the
diagrams, only the relevant part of the
diagram is shown, i.e. from the
minimum service current to the
maximum short-circuit current of the
part concerned.

Selectivity principles
m at {east two curves must cover each
fault current tevel:

= sclectivity is said {0 be fotal between
two pieces of protection equipment
when their different curves do not
intersect. This does not apply to fogic
selectivity {see fig. 11},
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Reading a diagram

A diagram of this type (see fig. 23)
contains several types of information:
m on the current axis:

o ourrent rating,

1 short-circuit currents,

o protective device thresholds.

a = lower threshold of @
a’ = upper thrashold of @
b = threshold of @
¢ = threshold of @
d = lower threshold of @
d’ = upper threshold of @

m on the time axis:
m = time delay corresponding o upper

threshold of @ and @

n = fime delay corresponding to
threshold of @ and lower threshold

0f®

o = time delay of @
P = time delay corresponding to lower
threshold of @

The threshold and time delay values
are recorded in the setltings sheet filled
in on commissioning of the instatlation.
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700 ms |

400 ms
100 ms

1 Jand 4

fig. 23: example of a selectivity diagram {a} and a single-line diagram of the protection
equipment (b).

Note thal, in order to be able fo allow comparison, shori-circuit currents are expressed for a
same voltage fevel, in this case MV
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