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PERSONAL SAFETY FIRST
THEN EVERYTHING ELSE...

Consequences of internal arc for personal
safety and MV electrical equipment.

The aim of this article is to describe the
internal arc phenomenon, its consequences for
safety, current methods of limiting them and
current regulations in general for equipment used
in medium-voltage electrical distribution networks.

Internal arcs can occur in electrical equip-
ment when the service conditions for which it was
designed are not fulfilled or it has an inherent fault
or a fault originating from incorrect installation. To
this end, Chapter of IEC 62271-200 provides a
guide to the usual origins of internal arcs, as well
as how to reduce the likelihood of them occurring.

Typical examples are network over voltages,
inappropriate equipment specification, inad-
equate protection curves, incorrect use of equip-
ment, use of equipment after the end of its rated
service life or rated electrical endurance, inad-
equate preparation of cable terminals, inadequate
routine production checks, etc. But it has to be
said that although the risk is low if all the electrical
requirements are fulfilled, it is not non-existent, as
Experience has shown.

Human error and particular circumstances
that may arise at any given moment on an installa-
tion are not totally controllable, and sadly the con-
sequences of a fault can be very serious for any-
one in the vicinity.

Given that this type of equipment is found
throughout the distribution network in both build-
ings to which the public is admitted and areas
with unrestricted access, safety (of operators and
the general public) must be taken into account in
the design of equipment and installations to
minimise the risk of internal arcs occurring.

In addition to the construction aspects spe-
cific to each device in which the manufacturer has

to take steps to minimise the risks of an internal
arc occurring, it is understood to be vitally impor-
tant that users, installers and designers of Medium
Voltage installations are familiar with the installa-
tion conditions stated by the manufacturer and
thus avoid risks.

Standards framework

There are a number of current international
standards which describe a method of classifying
metal-enclosed electrical equipment I[EC 62271-
200, insulation-enclosed electrical equipment IEC
62271-201 and prefabricated transformer substa-
tions IEC 62271-202, according to their protec-
tion of people in the vicinity when an internal arc
occurs in high-voltage switchgear compartments
upto 52 kV.

There are also some attempts to standardise
the way in which the response to internal arcs in
low-voltage boards are classified. The international
technical report IEC/TR 61641 has been drafted
for this purpose. However, this document has not
yet been incorporated in the standards.

At present there are only standardised tests
for checking the consequences of internal arcs in
high-voltage switchgear, but not in power trans-
formers or low-voltage switchgear. This may be
justified by the fact that the greatest short circuit
power is on high-voltage switchgear, and trans-
formers are usually protected with lightning arrest-
ers which reduce the likelihood of internal arcs on
their high-voltage side due to over voltages, and/
or by

means of current limiting fuse-links inserted
upstream of them. However, when there is only a
circuit-breaker upstream of a transformer, the like-
lihood and consequences of aninternal arc on the
medium-voltage side are unlimited.

The arc is usually generated (for the test) by
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passing current across a fine copper wire ar-
ranged for this purpose between conductors or
conductor and earth. In the case of prefabricated
substations initiation occurs in the MV equipment
and in the MV interconnection between this and
the transformer.

There are some electricity company specifi-
cations which generate internal arcs by attempt-
ing to break a higher current than the equipment
itself is capable of breaking. In other words it as-
sesses what would happen if an operator were to
switch the device and it were not capable of break-
ing the current.

It is important to describe how the internal
arc test is carried out differently when access is
by specialist personnel or the general public. In
both cases supports are placed with fabric
samples in the accessible area(s) around the
equipment, varying the type of fabric and the dis-
tance from the equipment depending on whether
it is wished to assess accessibility by the public
or specialist personnel, being stricter for the first
group of people.

Consequences of an internal arc

Internal arcing is a very quick, almost explo-
sive, phenomenon which converts the initial elec-
trical energy into the generation of a wave of pres-
sure and heat in the medium where it occurs,
typically the dielectric medium used.

The diagram below attempts to explain how
this develops.

\i‘/w/“l/g/
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The effects or consequences of a fault or
internal arc are as follows
Pressure wave

The pressure wave has two consequences.
The first is on the actual equipment enclosure
which should resist such mechanical force and the
second is on the room where this equipment is
located, which also suffers the consequences of
the violent increase in pressure. This could cause
serious damage to its structure (windows, doors,
brick walls). This pressure wave is much more vio-
lent when a larger amount of gases has been gen-
erated (typical in the case of liquid dielectrics).

Release of hot gases

The internal arc will cause an increase intem-
perature of the gases given off by the equipment's
materials due to the electrical energy transmitted
to the dielectric medium and also the chemical
energy through dissociation or chemical reaction
of the dielectric and gases generated.

Depending on the circumstances, this chemi-
cal reaction can be strongly exothermic depend-
ing on the materials and dielectrics used and can
cause fire if there are any combustible materials in
its vicinity, or cause burns to people nearby or out-
side the room through flues and ventilation grilles.

Puncturing of the equipment enclosure

As it develops, the arc may puncture the en-
closure, if itis in contact with it or very close to it. In
this case very high-intensity radiant heat will be
produced that could cause serious burns to any-
one standing close by.

Irreversible damage to the equipment

The energy generated inside can cause the
metal parts which make up the enclosure to be
damaged by a rapid increase in pressure or by
melting and partial evaporation of the metal parts.
By way of example, in an internal arc of 20 kA for
0.5 s, the dissipated electrical energy can typi-
cally be 8 MJ.

Propelling of parts of the equipment
During this process parts of the inside of the
equipment, and of the enclosure itself, may be
ejected, which could seriously affect any people
in the vicinity.
=
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Allthese effects are assessed during internal
arc testing since these are the test acceptance
criteria. The effects of the pressure wave in the room
are only assessed during internal arc testing in
prefabricated transformer substations.

Systems for limiting the effects of internal
arcs

To avoid the above effects, MV equipment
manufacturers have provided these with a num-
ber of systems to avoid harm to people or damage
to equipment.

There are two types of prevention method or
system from the point of view of their means of
action:

Passive systems

These are systems that naturally or by design
prevent the effects of either hot gases or pressure
waves without any mechanism or intelligent sys-
tem intervening. Systems recognised as passive
elements could be the following:

Bursting disc

This is an element that breaks or is released
at the time the pressure increases, allowing the
gases to escape. This escape will be into a con-
trolled area far away from areas that can be ac-
cessed during operation.

Enclosure design to cope with overpres-
sure

When faced with increased pressure inits in-
terior the equipment must be able to withstand it,
deforming as little as possible and allowing the
gases to flow out of it in a controlled form avoiding
harm to anyone.

It must be said that in its first instants the in-
ternal arc is a phenomenon that is practically adia-
batic, generating overpressure similar to water
hammer. In our experience the air pressure inside
the equipment canincrease to 2.1 bar (relative) in
30 ms. No protection system (with the exception
of fuses) located on the distribution network is ca-
pable of eliminating the fault in such a short space
of time, therefore the enclosure must be able to
withstand it.

There are simulation technologies using finite
elements which can help with the design of the
equipment but these must be tested and checked
by creating an internal arc. Simulation is no sub-
stitute for the actual test.

Expansion ducts

In addition to bursting discs, the equipment
may have a duct which evacuates the gases to
controlled areas without producing any external
damage. The duct may be constructed using an
actual conduit or by placing the equipment within
the room maintaining some defined distances, for
example, the space between a metal-enclosed
switchgear device and the back wall.

Control of the electric arc

The electric arc inside the equipment can be
controlled in such a way that it causes the least
damage possible. The energy transmitted by the
arc is proportional to the current which circulates
through it and to the term known as arc voltage.
This voltage depends on the dielectric, but is pro-
portional to the length of the arc. If the equipment
is designed for this arc length always to be the
same and to be small, it will be possible to control
the energy generated in it and thus minimise the
damage. Hence, the equipment has starters or
sacrificial elements inside for the case of an inter-
nal arc. To ensure correct operation it would be
necessary to place arc starters in order to cover all
possible arc situations in the equipment (failure to
break, different power supplies, different arc ori-
gins, etc).

Cooling Systems for the hot gases

These involve ducts or elements which cool
the expelled gases. One form of doing this for ex-
ample is by means of a labyrinth for the gases to
escape giving contact with a higher metal surface
area so that they lose their calorific power.

Another system is one that uses refractory
material so that this absorbs the excess heat as
the gases exit.

Fuses

These elements limit the duration and energy
of the arc in the circuit downstream of it. This is
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deemed to be a passive element since its design
means that its microjunctions melt when high cur-
rent passes across it, there being no electronic
element or mechanism.

Active systems

These are systems which by nature are me-
chanical and/or electromechanical systems which
limit the duration of an internal arc. They consist of
the following types:

Breaking elements combined with protec-
tion relays

These are deemed to be any circuit-breaker
or control device which actuates and eliminates
the fault on command from a protection relay which
determines whether a fault exists or not, depend-
ing on its calibration.

This does not limit the pressure wave, but
does restrict the total dissipated energy, depend-
ing on how long the current passes.

Short-circuiting elements

These elements operate by closing an
earthing switch upstream of the fault, short-circuit-
ing the power supply and extinguishing the arc as
the arc has greater impedance than the earthing
switch conductors.

These short-circuit devices must be installed
on any of the possible points where the fault is
supplied with power. However, they need to be
combined with an actuator or trip which discrimi-
nates whether or not an arc exists in the equip-
ment.

These associated elements must be arranged
in the compartments existing in the equipment
since all compartments are at risk of internal arcs.
The following types of associated elements exist:

1. Overpressure presence indicating system.
These actuate in response to a dynamic in-
crease in pressure which sends a mechani-
cal or electrical signal to the short-circuit de-
vice or operating relay.

2. Brightness presence indicating system. These
actuate in response to the brightness of the

internal arc inside the equipment. These ele-
ments require an auxiliary power supply.

Equipment classification according to its
behaviour faced with an internal fault

The current international standard IEC 62271-
200 defines the so-called IAC "Internal Arc Classes"
which require the equipment IP rating in response
to internal arcs to be defined with four parameters:

e Accessibility: Front (F) and Side (L) and/or
Rear (R)

e Amplitude of the short-circuit current: for ex-
ample, 16 KA

e Arcduration: forexample, 0.5s

e  Access limited to authorised personnel or free
access

In order to classify a device as IAC, it must
pass the test in all its high-voltage compartments.

Both the fault and its duration can be used to
establish how robust the equipment is when faced
with an internal arc, since it is up to the user to
determine whether this limiting of the arc and time
is compatible with the network and thus minimise
risks and damage in the face of a possible fault.

In all cases it needs to be checked by testing
that the equipment behaviour is as defined by the
manufacturer in terms of management of the hot
gases produced, and that there is no risk of burns
or impact for anyone nearby in the areas defined
as accessible during operation.

The international standards mentioned only
assess and classify the equipment response to an
internal arc depending exclusively on the
behaviour of its passive elements, since what they
claim to do is to assess its safety when any of its
high-voltage components suffer a fault that trig-
gers an internal arc in them. In this sense those
components considered to be passive safety ele-
ments are those which are structural or with a

very low probability of failure, such as fuses,
due to their absence of electronic mechanisms or
devices.
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In summary, no active protection can be used
as an internal arc risk prevention system unless it
has been designed so that it is able to pass the
test without actuating the active component.

For example, equipment with cut-outs or cir-
cuit-breakers needs to be tested with its protec-
tion relay disabled. During its service life, if this
device suffers an internal arc, the relay will be able
to operate, but always with the safety of knowing
that if this does not work or is damaged by the arc,
the equipment is intrinsically safe. Taking the ex-
ample of a motor vehicle, passive systems are the
safety belt and the car chassis design while an
active system would be the airbag. The former are
always mandatory while the second is optional.

Factors which influence the behaviour of
an internal fault

The behaviour in the case of an internal fault
basically depends on:

e Layout of the conductive parts,

e Materials which make up the conductive
parts,

e Volume and geometry of the affected com-
partment,

e Insulating materials (gas, liquid, solid) in the
vicinity of the arc,

e Whether or not the phases are segregated,
e Value of the current,

e Arcduration,

e  Number of simultaneous arcs possible,

e Place where the arc is initiated and/or fixed,

e Speed of expulsion of the gases produced
by vaporization, decomposition and/or chemi-
cal reaction of

e the materials present,

e Chemical reaction of the hot gases or liquids
in contact with the air.

Nevertheless the behaviour is specific to each
device, installation method and test procedure.

Usually, for reasons of convenience for labo-
ratories, equipment which uses SF6 as an insulat-
ing gas is tested against an internal arc with air
instead of SF6, which gives rise to a more violent
phenomenon (faster increase in pressure). This is
therefore a more stringent condition permitted by
international standards.

However, substitution of other gases and in-
sulating liquids is not permitted. In this sense it
can be said in general that insulating liquids gen-
erate a large amount of gases that are easily in-
flammable on contact with air, should be they be
subject to an electric arc. Hence, and although it
is not usually used in the latest equipment, numer-
ous laboratories have suffered unexpected explo-
sions in this type of equipment, when anaccidental
internal arc occurs in them.

Conclusions

A device which has the capacity to withstand
an internal arc is a safe element as long as it has
been installed correctly and the surrounding con-
ditions are correct. For this, systems will have been
set up that the manufacturer deems necessary to
limit its effects.

The effect-limiting systems are active or pas-
sive, only the latter being valid for checking the
behaviour faced with internal arcs.

Each device has a specific behaviour faced
with internal arc situations. Hence, the use of de-
vices which limit the duration of the arc to minimise
the damage this can produce, must be linked to
known information by testing the behaviour of such
equipment in an internal arc situation, without us-
ing devices which limit its duration.

Devices which limit the duration of the arc
may be a very valid means of reducing the effects
of the internal arc both on the equipment itself,
should it be possible for it to be repaired, and on
people and premises.
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