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Preface

This book provides delegates with an understanding of the hazards involved in using electrical
equipment in potentially explosive atmospheres. It is based on the newly adopted international IEC 79
Series of Standards that are now replacing the older national standards and are directly applicable to
most countries in the world (including North America). Explosion-proof installations can be expensive
to design, install and operate. The wider approaches described in these standards can significantly
reduce costs whilst maintaining plant safety. The book explains the associated terminology and its
correct use. It covers from area classification through to the selection of explosion-protected electrical
apparatus, describing how protection is achieved and maintained in line with these international
requirements. Standards require that engineering staff and their management are trained effectively
and safely in hazardous areas and this book is designed to help fulfil that need.

This book is aimed at anyone involved in design, specification, installation, commissioning,
maintenance or documentation of industrial instrumentation, control and electrical systems. This
includes:

Tradespersons working in potentially explosive areas
Electrical and instrument tradespersons
Instrumentation and control engineers

Electrical engineers

Instrumentation technicians

Design engineers.

We would hope that you will gain the following from this book:

e A good understanding of terminology used with hazardous areas

e An understanding of the hazards of using electrical equipment in the presence of flammable
gases, vapors and dusts

A basic knowledge of explosion protection to IEC Standards

The ability to do a simple hazardous area classification

Details of the types of apparatus that can be used in a given hazardous area

How to design and install safe working systems in hazardous areas

An understanding of the safety and operational aspects of hazardous areas

A knowledge of the system limitations in using hazardous areas protection

A brief review of the key areas of the national codes of practice.

You will need a basic understanding of instrumentation and electrical theory for the book to be of
greatest benefit. No previous knowledge of hazardous area installation is required.



1.1

Introduction

Introduction

Our Industry free from injuries and accidents.

... 1s the vision statement of the Mines Inspectorate, Safety and Health, Queensland
Government, Australia.

This is not only true of the mining industry as such; similar vision or mission statements
abound in surface industries as well. The basic urge of the industry stakeholders to implement
loss prevention and reduction measures form the backbone of workshops such as this.

Having stated this, it is also true that:

‘Organizations have very short memories when it comes to safety.” This is the prime
driver of loss prevention measures.

‘The future is merely a reflection of past.” This adage is as true for organizations as it is
for individuals. All incidents contain lessons, which may help to prevent accidents
causing damage to others in future. All mishaps, incidents, or near-miss situations, when
escalated to ‘Loss producing events — of life or property’ are termed ‘ACCIDENTS’.

Industrial accidents are as old as industry itself and so are preventive measures. The
standards a person finds enshrined in various industrial fields are results of such painfully
researched and documented activities. These principally lay down dos and don’ts in a
systematic manner, acceptable to all stakeholders in the industry. Thus, the Standards for
Explosive Areas or Atmospheres have also evolved diversely worldwide, based on the
local needs of the industries for the overall safe operation of the plants.

Explosion and fire are two of the major constituents of these mishaps, major or minor.
Depending upon the environment, these can be termed ‘Accidents’ or fade away as
simply ‘incidents’ or ‘Near Misses’ in the safety officers’ statistics.

Fire, from the time first discovered by Stone-Age man, has been a great friend, when
under control; and a foe, when uncontrolled. The chance rubbing of two firestones by our
ancestors led to discovery of fire (Figure 1.1). This has been a lifeline for the survival of the
human race.

Fire is at our service for cooking, heating, as a weapon against powerful enemies of
nature, etc. ... the list can be endless. However, when left to its own antics it has razed to
the ground full communities, forests and buildings. Hence, it has been man’s endeavor to
understand its nature, causes, etc., so that appropriate preventive measures are taken,
since —

Prevention is better than cure
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Figure 1.1
Generation of fire

This has led to extensive research, studies and surveys to find ways and means to
categorize and assimilate knowledge across generations and continents to prevent
explosions and fires in all types of ‘hazardous environment’ found in various industries.

This course on ‘Potential Hazardous Environment and Electrical Equipment’ will make
an attempt to take you all through a journey, which at the end of it will leave you well
equipped to handle situations arising in —

Designing

Selecting

Manufacturing

Installing

Operating and maintaining

Troubleshooting and repairing electrical equipment.

Furthermore, we will strive to give insight into how to avoid fires or explosions
involving electrically powered equipment in explosive or hazardous atmosphere due to
foreseeable or avoidable human errors like

Improper installation, selection and design
Lack of proper maintenance

Improper use

Carelessness or oversight.

The first step logically is to start defining and understanding some of the terms used in
the whole gambit of the loss prevention in accidents due to explosion and fire.

FIRE is nothing but a rapid oxidation—reduction reaction (combustion) which
results in the production of heat and generally visible light.

EXPLOSION is a violent and sudden expansion of gases produced by rapid
combustion; that very strong force when shut in a small space and generally
associated with a loud, sharp noise and a supersonic shock wave.

For example — bursting of balloons, boiler explosion, combustion of a gas mixture,
detonation of high explosives.

Hazards as colloquially understood are of two types — natural and manmade.

The natural ones like blizzards, flash floods, earthquakes, heat waves, hurricanes, tornadoes,
volcanic eruption, etc., cannot be prevented and only countermeasures toward mankind’s
preparedness to mitigate and reduce the loss consequent to their happening are possible.

It is the manmade hazards like explosion and fire, which are subjects of continuous
scientific studies and are the subjects of our discussion during the next few days.
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Explosion

Figure 1.2
Explosion

HAZARDOUS area/environment — as defined in a dictionary, is the one which might
be potentially prone to . . .

e an accident

e create a dangerous situation

e be fraught with/beset with dangerous situations
e be a flashpoint

e be explosive

¢ be inflammable or flammable

e be radioactive, etc.

Despite the best efforts in designing, installing and operating, due to human error the
breakdown of instruments and equipment could lead to one of the conditions described
above. This can happen wherever the combustible, flammable and radioactive materials
are processed or stored, on account of their being prone to leakage or their ability to
create an explosive atmosphere in conjunction with oxygen from air or some oxidizing
agent. Invariably, electricity is required to run the wheels of production processes in any
industry. The fundamental nature of electricity to create a spark or generate energy leads
to a situation where, in the ambivalent ‘explosive atmosphere’, ignition is triggered
leading to explosion or fire (Figure 1.2).

Picture of a pit explosion

(Source: R. Stahl)
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1.2

Approach

The chemistry of electricity associated with explosion has been known to mankind since
the turn of the twentieth century. Preventive measures have been deployed based on the
geographical locations. Different continents have developed different methods, termed
‘Standards’, such as NFPA 70 — NEC (North America); CENELEC — EN 50 (Europe),
etc. These evolved based on the specific needs of the local industry, in conjunction with
manufacturers to reduce the risk associated with usage of electricity in hazardous area.
However, as globalization is taking place and manufacturers are selling their wares across
the continents, a need has been felt to integrate these, and efforts are ongoing in this
direction.

Explosions cannot be totally prevented wherever the explosive environment,
necessitated by the production processes, is present. All human endeavors are fallible.

Nevertheless, we should develop these preventive measures to an extent where
explosions become such a rare commodity that the gains far outweigh the losses in a big
way. The preventative measures should be developed, where it in effect reduces the risk
of an explosion to an acceptable level.

An explosion occurs when there is a confluence of the three basic elements — namely
(Figure 1.3)

1. Fuel, any combustible material

2. Oxygen, generally available for free in nature as 21% in air. It can also be
supplied by oxidizers such as acids

3. Ignition source — chemical, mechanical, nuclear or electrical.

EXPLOSION FUEL
Air Flammable/explosive
Oxidizing agent atmosphere

...in the form of gas,
vapor, mist, dust

Ignition source
... Spark or heat

Figure 1.3
The explosion triangle

As stated above, with the abundance of air in nature we can only apply control over the
other two elements to reduce risk of explosion.

The electrical ignition energy can be imparted by spark or heat generated by any of the
following means,

Resistance heating
Dielectric heating
Induction heating
Leakage current heating
Energy from arcing
Static electricity heating
Lightning.
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The technology is currently based on the identification of the risk of an explosive
atmosphere being present in a particular place. This is coupled with the identification of
the likelihood of electrical equipment within the explosive atmosphere, malfunctioning in
a way that would cause it to become a source of ignition coincident with the presence of
that explosive atmosphere. The objectives are not just to identify these coincidences but
to utilize the information so obtained to influence the design of particular process plants
and similar operational situations. This will help to minimize the risk of an explosion due
to electrical installations. In this approach, the areas normally prone to have an explosive
atmosphere, due to the requirement of varies processes involved, are identified. Similarly,
the areas where its likelihood is low but identifiable are marked up. It is needless to say
that this is not an end in itself but should be deployed as a part of ‘overall safety strategy’
for the plant.

As a part of this technology, once the potential hazardous areas are identified and
marked-up, only the minimum number of justifiable, necessary and essentially required
electrical equipment/appliances/installations are housed in these identified areas. These
are then so protected as to render the overall risk of explosion sufficiently low.

Historical development

The use of electricity in the explosive environment was initially done in the mining industry
and it is there where the first safeguards were employed. Contrary to the earlier approach of
burning the fire damp (methane) gases which eliminated the risk of explosion, the present
approach is to minimize the risk of ignition and thereby explosion. This was done by
‘specialists’ among the miners who lighted the methane which, being lighter than air,
generally used to gather at highest point near the roof of the working area. The warning of
the presence of methane was given when the flame of the lantern changed color. The ‘fire
men’ were the younger miners, who, covered with wet sacking, would go ahead of the
others with a long lighted taper. This made the mine safe for miners to work. Although this
was an effective method, it was somewhat barbaric in nature and fell into disrepute.

This technique was further refined and the lighter methane gas or its mixture was
removed by the method of venting. The safety lamps were introduced to minimize the
risk of explosion. The Davy safety lamp (Figure 1.4) is one of the examples. This device
must have saved innumerable lives over the years.

Around the late nineteenth century and in the early part of the twentieth century the use
of electricity in mining began. This led to the identification of other risks. To begin with,
electricity was used in mining for lighting purposes and as a motive power. The control
equipment required to run these had potential risks of explosion due to hot surfaces and
sparks, in an atmosphere of methane and coal dust. Initially, before World War II,
extensive research work was done in Germany and Britain and two techniques were
generally employed — flameproof enclosures, which housed the equipment having
electrical energy capable of igniting the gases and vapors, and techniques for signaling.
These released energy levels which were insufficient to ignite the gas and vapors present
in the mines. It is the second method that later became known as ‘intrinsically safe
circuits’.

Originally these were developed for the mining industry for prevention of explosions
from methane and coal dust, but later the same was slowly applied to the surface industry.

It slowly became apparent that whereas, in mines, only coal dust and methane gas
presented the hazardous conditions, on the surface a myriad of situations depending upon
the type of industry and processes presented themselves; hence the need was felt to
classify the ‘hazardous areas’. This led to the technique of area classification to identify
the risks associated with each type of explosive atmosphere.
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Figure 1.4
Principle of Davy safety lamp

Bird’s eye view of legislation and research in other
countries

United States of America

In the United States of America the National Fire Protection Association (NFPA) was
formed in 1896 with the aim to reduce the burden of fire on quality of life by advocating
scientifically based consensus codes and standards. It also carries out research and
education for fire and related safety issues. The association was incorporated in 1930
under laws of the Commonwealth of Massachusetts.

The electrical section was added in 1948. The National Electricity Code (NEC) under
NFPA 70 defines rules and regulations regarding use of electrical equipment. The
sections 500 read through to 517 deal with installation, testing, operation and
maintenance of electrical equipment in hazardous area.

In addition, various government laboratories, university laboratories, private and
industrial laboratories do research and education in USA. One of the most prominent is
the Underwriters Laboratories Inc. This was founded in 1894. It is a not-for-profit
corporation having as its sole objective the promotion of public safety through the
conduct of —

scientific investigation, study, experiments, and tests, to determine the revelation of
various materials, devices, products, equipment, constructions, methods, and systems
to hazards appurtenant thereto or to the use thereof affecting life and property and to
ascertain, define, and publish standards, classifications, and specifications for
materials, devices, products, equipment, constructions, methods, and systems affecting
such hazards, and other information tending to reduce or prevent bodily injury, loss of
life, and property damage from such hazards.

It is pertinent to note that it has no stock, nor shareholders, and exists solely for the
service it renders in the fields of fire, crime, explosions and casualty prevention.

The role of the Federal Government was minimal in fire protection prior to 1974.
However, in 1974 Congress passed the Federal Fire Prevention and Control Act. Under
this act 12 Executive Branch departments and 10 independent agencies are supposed to
administer the various provisions of act. The NFPA enjoys a cooperative relationship
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with these agencies. A number of agencies rely upon NFPA standards and participate in
the NFPA standards-making process.

The Congress, in 1970, established the Occupational Safety and Health Administration
(OSHA) within Department Of Labour to oversee development and implementation of
mandatory occupational safety and health standards — rules and regulations applicable at
the workplace. The Mine Safety and Health Administration was established in 1977 with
a functional scope similar to that of OSHA, but with a focus on mining industry.

United Kingdom

In the United Kingdom the first legislation covering the use of electrical equipment in
explosive atmospheres came into being through The Electricity (Factories Act) Special
Regulations 1908 and 1944, Regulation 27, which states that —

All conductors and apparatus exposed to the weather, wet, corrosion, inflammable
surroundings or explosive atmosphere, or used in any process or for any special
purpose other than for lighting or power, shall be so constructed or protected, and
such special precautions shall be taken as may be necessary adequately to prevent
danger in view of such exposure or use.

Even Regulation 6 of ‘Electricity at Work Regulation 1989’ is in the same spirit of
placing the responsibility of achieving the objective on the owner of industry without
specifying the methods to be adopted. In the UK, it is not illegal to use equipment in
hazardous area although it is not certified for such use. Thus, as long as the owner
maintains adequate records of plant safety this clause gets satisfied.

This is in variance to the one being followed in the USA and Germany and other parts
of Europe, where specifics are also formulated. Both approaches have withstood the test
of time and there is not much evidence of putting one method over the other.

In the UK much work has been done in the area of electrical installation safety in
hazardous atmosphere by the Safety in Mines Research Establishment, the Electrical
Research Association (now ERA Technology Ltd), the Fire Protection Association,
Institution of Fire Engineers, Loss Prevention Council and The Institute of Petroleum.

Electrical code evolution

In order to understand how the electrical code is evolving and what guides this evolution
we need to look back in history and their development till date. In the early 1900s, when
contractors were busy electrifying industrial buildings, electrical wires were run through
existing gas pipes, resulting in today’s conduit system of wiring. This formed the basis of
wiring in North America, and the codes and standards were made to suit the safety
requirement pertinent to these practices.

While this was being done on the American continent, the International Electro
technical Commission (IEC) was founded in Switzerland. The IEC is supposed to be the
‘United Nations’ of the electrical industry. Its ultimate goal is to unify worldwide
electrical codes and standards. Few IEC practices were incorporated into the NEC or
Commission of the European Communities (CEC) mainly because North America
operated on different voltages and frequencies than most of the rest of the world.

Advent of hazardous area in surface industries

With the advent of automobiles and airplanes in the early 1920s the need was felt to
create facilities to refine fuels. Because volatile vapors from gasoline and electrical sparks
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did not safely mix, the first hazardous area classification was invented. In the USA
Division 1 described areas being normally hazardous.

Thus, a new industry with the goal of protecting electrical equipment in hazardous areas
was born. Explosion-proof enclosures, intrinsic safety (IS), oil immersion, and wire-
gauze (mesh) enclosures for mining lanterns were the first types of protection developed.

World War II brought many changes in Europe and North America. Metal shortages in
Europe prompted more plastic use in electrical equipment, and the first construction
standards for explosion-protected electrical equipment appeared in Germany.

At about the same time, North American industries determined that hazardous area
classifications needed to be expanded. A Division 2 was needed to describe locations that
were not normally hazardous to allow use of less-expensive equipment and less-
restrictive wiring methods.

In the 1960s, the European Community was founded to establish a free-trade zone in
Europe. To reach this goal, technical standards needed to be harmonized. As a result the
European Community for Electro technical Standardization (CENELEC) was
established.

By this time the German chemical industry had departed from the traditional conduit or
pipe wiring system and migrated towards cable as a less-expensive alternative. This
change in the wiring method led to the zone classification system later adopted in 1972 by
most European countries in a publication known as IEC 79-10. This action led to the
different methods of classifying hazardous areas as well as protective, wiring and
installation techniques, which form the basis of the present IEC classification.

The certification

It is a very costly affair in terms of both cost and resources for testing each electrical
installation for design validation and conformance to standards, hence making it an
impractical preposition. Thus, a system of certification has been evolved for validation of
use of an electrical installation in the hazardous atmosphere of the plant.

This technology primarily consists of —

e The classification of the area of the plant where electrical installation is to be
done.
e The classification of the electrical equipment used in that area of the plant.

The international and national codes and standards have been developed keeping in
mind the practices followed across generations and across continents. Adherence to them
gives the user a level of confidence for safe operation of electrical equipment under the
specified conditions. This, however, makes it obligatory on the part of the inspecting and
classifying agency that the same set of standards and codes is used for area classification
or categorization and for establishing the suitability/applicability of the selection of
equipment to be operated in it.

These classifications will be considered in depth in this workshop. This will enable you
to apply the how, why, where and when for a given situation.

The certification process merely states conformance with the standard to which the
equipment has been assessed. It does not imply that the equipment is safe. A few
examples of the logos/stamping are illustrated in Figure 1.5.

Currently, internationally acceptable markings are used to identify explosion-protection
(Ex) equipment. This leads to uniformity in the industry and gives a confidence level to
the user, vis-a-vis, the suitability and integrity of quality and design and lessens the work
of manufacturer in getting each piece approved all over the globe.
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As described above, it is at present not mandatory in the UK to carry out any specific
certification for electrical equipment used in hazardous areas. However, this will change
with the European ‘ATEX’ Directive coming into force from 1 July 2003. Thereafter, all
equipment, of whatever origin, sold in and installed throughout Europe, must have been
assessed for safe use and marked accordingly.

The safety standards expect the plant management to keep all documentation. This
classification system helps in collating documentation to meet the plant safety
requirements.

As already stated, a worldwide attempt is in process to converge local and international
standards for the design and installation of explosion-protection systems into the one of
the International Electro-technical Committee Standards series IEC 79.

As a sequel, many have adopted this standard. Even the USA has incorporated the
relevant classification requirements into NEC to plug the gap. Over a period, all are
expected to fall in line.

Thus, for plants that are going to install globally accepted technology or the
manufacturers who are going to supply electrical equipment worldwide will be perforce
required to adhere to IEC 79.

Conclusion

Before concluding this chapter, it is important to ponder on the following few points:
During the course

e Information will be presented

e Education will be given

e But when you will implement change will happen and then we can say learning
has taken place.
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Electrical energy, ignition and

flammability

Electrical energy and ignition
Electricity ...

...What is it?
One of the more obvious answers could be — Electricity is one of the basic physical forces
of the universe — like gravity. It is one of the most important forms of energy, consisting
of oppositely charged electrons and protons that produce light, heat, magnetic force and
chemical changes.

We harness electricity and use it in our everyday life. If it weren’t for electricity, there
wouldn't be any television, radio . .. or computers. Even this presentation would not be
possible.

Electrical systems, if properly designed, installed, maintained and carefully used, are
both convenient and safe, otherwise they have the potential to be a serious workplace
hazard, exposing employees to such dangers as fires, explosions and personal injury, i.e.
electric shock, electrocution, etc.

Generally electrical hazards are limited to ‘electrical shock’ and many employee health
and safety codes do not go further. Nevertheless, this book (and associated books) focus
on electrical flashover and electrical blast hazards. These can result in serious and
extensive loss of life and property.

The working with electricity itself is a hazard and its usage in hazardous areas requires
that you are fully alert about the dangers when designing, installing and maintaining these
systems. Often the victim is not someone whose job is to install or repair electrical
equipment but the employee who didn’t realize that worn electrical equipment needed
replacement or that exposed live parts were in the work vicinity.

In order to understand the chemistry between ‘electricity and explosion/fire’ it is
essential to first refresh our memory regarding often-used electrical terms.

The basics of electricity

Some of the basic principles, concepts and often-repeated technical terms associated with
electricity will be discussed. For more details please refer Appendix G. Electrical terms
like amps, voltage, watts, kilowatts, KVA, single-phase, etc. are explained hereunder.
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Voltage

The electricity in your home, unless you live on a farm or on a large mansion, is most
likely to come in as a 240 V 50 cycle alternating current supply. The voltage is a measure
of pressure (force) and as with pressure in a water pipe, voltage ensures that electricity
continues to flow through a cable.

Voltage measurements may be expressed in the following units:

volts (V)
kilovolts (kV)
millivolts (mV)
microvolts (uV).

For example:

1kV=1000V
I mV=0.001V
1 uV =0.000001 V.

Methods of producing a voltage include:

Friction

The friction between two given surfaces (like plastics, etc.) gives rise to electrostatic
electricity, which while discharging the charges (electrons) may give rise to a small spark.
This is to be kept in mind by designers, and suitable precautions to be taken for hazardous
area application, as in highly explosive atmospheres it may be catastrophic.

The best way to avoid this is to securely ground all apparatus and their enclosures.

Pressure (piezoelectricity)

Some type of crystals, ionic crystals such as quartz, Rochelle salts and tourmaline, have
the properties of generating emf when mechanical force is applied to them. These crystals
have the remarkable ability to generate a voltage whenever stresses are applied to their
surfaces. Thus, if a crystal of quartz is compressed, charges of opposite polarity will
appear on two opposite surfaces of the crystal. If the force is reversed and the crystal is
stretched, charges will again appear, but will be of the opposite polarity from those
produced by squeezing. If a crystal of this type is given a vibratory motion, it will
produce a voltage of reversing polarity between two of its sides.
This phenomenon, called the Piezoelectric effect, is shown in Figure 2.1.
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Figure 2.1
Hllustration showing generation of electron due to compression and de-compression of quartz crystal
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Some of the common devices that make use of piezoelectric crystals are microphones,
phonograph cartridges and oscillators used in radio transmitters, radio receivers, and
sonar equipment.

This principle is likely to find use by designers of instrumentation to conform to IS
protection concept due to low levels of power generated and capability of crystal to
convert mechanical energy to electrical energy also (reverse).

Heat (thermoelectricity)

When a length of metal, such as copper, is heated at one end, electrons tend to move
away from the hot end toward the cooler end. This is true of most metals. However, in
some metals, such as iron, the opposite takes place and electrons tend to move toward the
hot end. These characteristics are illustrated in Figure 2.2. The negative charges
(electrons) are moving through the copper away from the heat and through the iron
toward the heat. They cross from the iron to the copper through the current meter to the
iron at the cold junction. This device is generally referred to as a Hot Junction.

Hot

; : | Electron
junction

flow

Burner

Figure 2.2
Voltage produced by heat

The designer of hazardous area needs to keep in view this phenomenon so that no
inadvertent voltage gets generated in explosive atmosphere due to rise in temperature
between such dissimilar materials, causing large currents to flow in enclosures, etc.

Light (photo electricity)

When light strikes the surface of a substance, it may dislodge electrons from their orbits
around the surface atoms of the substance. This occurs because light has energy, the same
as any moving force.

Some substances, mostly metallic ones, are far more sensitive to light than others. That
is, more electrons will be dislodged and emitted from the surface of a highly sensitive
metal, with a given amount of light, than will be emitted from a less-sensitive substance.
Upon losing electrons, the photosensitive (light-sensitive) metal becomes positively
charged, and an electric force is created. Voltage produced in this manner is referred to as
a photoelectric voltage (Figure 2.3).

The power capacity of a photocell is very small. However, it reacts to light-intensity
variations in an extremely short time. This characteristic makes the photocell very useful
in detecting or accurately controlling a great number of operations. For instance, the
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photoelectric cell, or some form of the photoelectric principle, is used in television
cameras, automatic manufacturing process controls, door openers, burglar alarms, etc.

Photosensitive silver
oxide surface

Electrons emitted

Light
source

flow ( A)

¢~ Lightsource ™

Semitransparent
layer passes
light and collects Electron flow

photoelectrons \ l/-- q
Photosensitive == é

SN i o
copper oxide ~ \\\ |

Pure copper |
base layer ==
(B8)

Figure 2.3
Voltage produced by light

This principle finds extensive use by designers of instrumentation to conform to IS
protection concept.

Chemical action (battery)

Voltage may be produced chemically when certain substances are exposed to chemical
action.

If two dissimilar substances (usually metals or metallic materials) are immersed in a
solution that produces a greater chemical action on one substance than on the other, a
difference of potential will exist between the two. If a conductor is then connected
between them, electrons will flow through the conductor to equalize the charge. This
arrangement is called a primary cell. The two metallic pieces are called electrodes and the
solution is called the electrolyte. The voltaic cell illustrated in Figure 2.4 is a simple
example of a primary cell. The difference of potential results from the fact that material
from one or both of the electrodes goes into solution in the electrolyte, and in the process,
ions form in the vicinity of the electrodes. Due to the electric field associated with the
charged ions, the electrodes acquire charges.

The amount of difference in potential between the electrodes depends principally on the
metals used.
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Figure 2.4
A typical voltaic cell

The type of electrolyte and the size of the cell have little or no effect on the potential
difference (PD) produced.
There are two types of primary cells,

1. The wet cell
2. The dry cell.

In a wet cell the electrolyte is a liquid. A cell with a liquid electrolyte must remain in an
upright position and is not readily transportable. An automotive battery is an example of
this type of cell.

The dry cell, much more commonly used than the wet cell, is not actually dry, but
contains an electrolyte mixed with other materials to form a paste. Flashlights and
portable radios are commonly powered by dry cells. Batteries are formed when several
cells are connected together to increase electrical output.

Designers of hazardous area today have access to totally sealed and maintenance free
cells and batteries. This helps in reducing the hazards in explosive atmosphere and their
selection need to be adequately addressed.

Magnetism (electromagnetic induction generator)

Magnets or magnetic devices are used for thousands of different jobs. One of the most
useful and widely employed applications of magnets is in the production of vast
quantities of electric power from mechanical sources. The mechanical power may be
provided by a number of different sources, such as gasoline or diesel engines, and water
or steam turbines. However, generators employing the principle of electromagnetic
induction do the final conversion of these source energies to electricity. These generators,
of many types and sizes, are discussed in other modules in this series. The important
subject to be discussed here is the fundamental operating principle of all such
electromagnetic-induction generators (Figure 2.5).

The principles of the industrial motors are also based upon the above theory of
magnetism but in the reverse direction. The above goes a long way in explaining the
mystery behind principles of operation of motors. The grasp of above will help designers
in understanding the concept of explosion-proof (the concept will be explained in
Chapter 3) motor enclosures.
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Figure 2.5
Principle of voltage produced by magnetism

Potential difference

In most electrical circuits only the difference of potential between two points is of
importance and the absolute potentials of the points are of little concern. Very often it is
convenient to use one standard reference for all of the various potentials throughout a
piece of equipment. For this reason, the potentials at various points in a circuit are
generally measured with respect to the metal chassis on which all parts of the circuit
are mounted. The chassis is considered to be at zero potential and all other potentials are
either positive or negative with respect to the chassis. When used as the reference point,
the chassis is said to be at ground potential.

Occasionally, rather large values of voltage may be encountered, in which case the volt
becomes too small a unit for convenience. In a situation of this nature, the kilovolt (kV) is
frequently used. In other cases, the volt may be too large a unit, as when dealing with
very small voltages. For this purpose the millivolt (mV) and the microvolt (uV) are used.

Electric current (amperage)

The electric current can be defined as a directed movement of electrons in a conductor or
circuit. Let us try to answer the following question,

An electric current flows from what potential to what potential?

When a difference in potential exists between two charged bodies that are connected by a
conductor, electrons will flow along the conductor. This flow is from the negatively
charged body to the positively charged body, until the two charges are equalized and the
PD no longer exists.

An analogy of this action is shown in the two water tanks connected by a pipe and valve
in Figure 2.6. At first the valve is closed and all the water is in tank A. Thus, the water
pressure across the valve is at maximum. When the valve is opened, the water flows
through the pipe from A to B until the water level becomes the same in both tanks. The
water then stops flowing in the pipe, because there is no longer a difference in water
pressure between the two tanks.

The electrons (negative charges) move through a conductor in response to an electric
field. Electron current is defined as the directed flow of electrons. The direction of
electron movement is from a region of negative potential to a region of positive potential.
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But electric current is said to flow from positive to negative when dealing with the circuit
outside the source producing it. The direction of current flow in a material is determined
by the polarity of the applied voltage.

Tank B

Figure 2.6
Water analogy of electric differences of potential

Electron movement through an electric circuit is directly proportional to the difference
in potential or electromotive force (emf), across the circuit, just as the flow of water
through the pipe in Figure 2.6 is directly proportional to the difference in water level in
the two tanks.

A fundamental law of electricity is that the electron flow is directly proportional to the
applied voltage. If the voltage is increased, the flow is increased. If the voltage is
decreased, the flow is decreased.

The ampere is the basic unit used to indicate an electric current. A current of one
ampere is said to flow when one coulomb of charge (6.28 x 10" electrons) passes a given
point in 1s of time.

Ampere is a measure of the rate of flow of electric current. The unit of electric current
is Ampere (amp).

Current measurements may be expressed in the following units:

e Ampere (A)
e Milliampere (mA)
e Microampere (UA).

Electrical power

Power, whether electrical or mechanical, pertains to the rate at which work is being done.
Work is done whenever a force causes motion. When a mechanical force is used to lift or
move a weight, work is done. However, force exerted without causing motion, such as the
force of a compressed spring acting between two fixed objects, does not constitute work.

Previously, it was shown that voltage is an electrical force, and that voltage forces
current to flow in a closed circuit. However, when voltage exists but current does not
flow because the circuit is open, no work is done. This is similar to the spring under
tension that produces no motion.

If we compare again electrical and water supplies, pressure is present in the water pipe
even when the tap is turned off. Opening the tap will cause a certain amount of water to
flow. Switching on a light or an electrical device will cause a current to flow and we
measure the quantity of the current in terms of the amps.

When voltage causes electrons to move, work is done. The instantaneous rate at which
this work is done is called the electric power rate, and is measured in watts. Multiply the
pressure or force by the rate of current flow and we can calculate the total amount of
electricity consumed:

(P) volts x (I) amps = (W) watts
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A total amount of work may be done in different lengths of time. For example, a given
number of electrons may be moved from one point to another in 1 s or in 1 h, depending
on the rate at which they are moved. In both cases, total work done is the same. However,
when the work is done in a short time, the wattage, or instantaneous power rate, is greater
than when the same amount of work is done over a longer period of time.

As stated, the basic unit of power is the watt. Power in watts is equal to the voltage
across a circuit multiplied by current through the circuit. This represents the rate at any
given instant at which work is being done. Because a watt is too small a unit for most
practical purposes, we use the kilowatt (=1000 W). A kilowatt used for 1h, for example —
an hour’s use of a one bar electric room heater will consume 1 KW-hour, which is the
unit for the charging of electrical power in our electricity bills.

The amount of power changes when, either voltage or current, or both voltage and
current, are caused to change. In practice, the only factors that can be changed are voltage
and resistance. In explaining the different forms that formulas may take, current is
sometimes presented as a quantity that is changed.

Remember, if current is changed, it is because either voltage or resistance has been
changed.

Electrical resistance

It is the opposition of a conductor to the flow of electrons. It is known that the directed
movement of electrons constitutes a current flow. It is also known that the electrons do
not move freely through a conductor’s crystalline structure. Some materials offer little
opposition to current flow, while others greatly oppose current flow. This opposition to
current flow is known as resistance (R), and the unit of measure is the ohm.

It is the ratio between the PD across a conductor and the resulting current that flows.
The unit for electrical resistance is the ohm.

The standard of measure for 1 Q is the resistance provided at 0 °C by a column of
mercury having a cross-sectional area of 1 mm” and a length of 106.3 cm. A conductor
has 1 Q of resistance when an applied potential of 1 V produces a current of one ampere.
The symbol used to represent the ohm is Q.

Resistance, although an electrical property, is determined by the physical structure of a
material. The resistance of a material is governed by many of the same factors that
control current flow.

The resistance of a material is determined by the type, the physical dimensions and the
temperature of the material that is,

A good conductor contains an abundance of free electrons.

As the cross-sectional area of a given conductor is increased, the resistance will
decrease.

As the length of a conductor is increased, the resistance will increase.

In a material having a positive temperature coefficient, the resistance will
increase as the temperature is increased.

Power factor

Unfortunately, electrical supplies are not as simple as depicted above. Many machines,
which run on high electrical pressure and current, produce their own ‘backwash’ that
reduces efficiency. This means that more electricity has to be used to overcome this
backwash. The measurement of efficiency over total power consumed is called the power
factor. The ratio of the power (kW) divided by the power factor is expressed as KVA.
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2.2.8

This number will always be larger than the kilowatt number because it reflects the power
required for running the machinery and overcoming the inefficiencies.

Electrical circuit

Figure 2.7 is a very simplified version of electrical circuit. Here the operation of
everyday-used flashlight is taken as an example. The normal dry cell, the switch and bulb
are shown in two states —

1. One with switch in ‘Off” position. That is no current flowing and hence no
power being consumed, even though the voltage is present.

2. The second when with switch in ‘On’ position with current flowing and
lighting the bulb. The chemical power being converted to electrical power and
thence to light energy.

In real life much more complicated circuits are likely to be used. But the principle will
remain same that a current will flow when the circuit gets completed. Any breakage in
circuit will lead to sparking, which can give ignition energy (this is further explained
elsewhere in the chapter) in an explosive atmosphere.
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Figure 2.7
A typical flashlight circuit

Summary

Summing up the brief description on electricity, we can say that an alternating current is a
result of the technique of electromagnetic electrical generation, by which electricity is
produced. It means that electricity flows like a continual incoming tide, wave upon wave,
but in this case, the waves come at a frequency of 50 Hertz (Hz). This wavelike motion
peaking in power, declining and resurging, could be seen in the instability and flicker of
some older fluorescent lights.

Three-phase and single-phase supply

Each of your next-door neighbors also receive a 240 V similar supply, but not identical to
your own. The probability is that they are on a different phase. Three phases are the basis
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on which electricity is produced by an alternator. It is not the object of this explanation to
discuss why it is produced in this way, but merely to warn that there are three phases of
electricity, normally referred to by color — red, yellow and blue. The importance of this
process is that we now have three sets of waves producing our incoming tide. Therefore,
the pressure is higher. The voltage between two phases is not, as one might expect,
2 %240 V, but is actually 415 V because the phases peak in turn and not simultaneously.

Certain machines, like lift motors, air conditioning plant and other equipment found in
buildings, need a three-phase supply. Others, like personal computers, electric kettles, are
single-phase machines.

Under normal conditions, touching a single point of a 240 V electricity supply should
only shock a reasonably healthy person. However, being in contact with a three-phase
415 V supply would kill him.

Practically all non-domestic buildings and industrial establishments are supplied with a
three-phase supply at the intake point, normally at ground floor level or in the basement
in case of buildings and at a designated substation in case of industries.

From here,

e Three-phase supply is taken to those machines, which require it.
e Single-phase supplies are taken to office floors to operate lighting and desk-
type machinery.

Difficulties arise because the total loads, which are connected to each phase, need to be
balanced in order to achieve optimization of the generation system and make best use of
the distribution infrastructure.

Therefore, on large office floors there might be two or three differently phased 240 V
supplies installed. Apart from helping to balance the load, it gives the additional
advantage of ensuring that some part of the building is operational, should a fuse of one
of the phases trip. It does enforce a discipline, however, to ensure that no devices
accidentally receive supply from two phases, so as to ensure the safety of the occupants.

Electrical heat energy

We have briefly seen that how electricity is generated and utilized. It is in the process of
its transmission and utilization that it has to traverse a long path before it is expended in
process as to mechanical or chemical energy or heat energy or in any other form.

While dealing with devices in hazardous area the designers should have adequate
knowledge of the sources of heat generation. The electrical energy being such a common
feature in any process plant, it is necessary to study how it can be converted into heat energy.

The following describe various means in which electrical energy can be converted to
heat energy:

e Resistance heating: It is the electrical resistance, which is proportional to the
energy required to move a unit quantity of electrons through the substance
against the forces of electrons capture and collision. It is this energy
expenditure, which appears in the form of heat. Heat generated is proportional
to resistance and to square of current.

e Dielectric heating: The free electrons move toward positive anode and free
protons toward cathode. The distribution of normal atomic or molecular
arrangement represents energy expenditure and as long as it is ‘uni-directional’,
it poses no problem. However, once it becomes alternating or pulsating we
have problem on our hand. If the frequency of alternation becomes too high,
the heating of the di-electric could be substantial.
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Induction heating: The alternating magnetic field induces current in adjacent
conductor, thereby causing current (due to mutual induction), which generates heat.
Leakage current heating: Practically leakage current flows through all
insulators and if these currents exceed the safety limit due to any reason with
high voltages being applied, it may result in localized heating and consequent
deterioration in material properties and breakdown.

Heat from arcing: Whenever an electric current that is carrying current is
broken, an arc appears. These arcs have high temperature, and heat released is
sufficient to cause ignition. This is one of the most common causes of
‘electrical fires’.

Static electricity heating: Static charges, which accumulate over surfaces of
two materials, are capable of generating sparks, which can ignite gases, vapors,
mist, etc.

Heat generated by lightning: Lightning discharges are known to release
tremendous amount of heat energy, whenever they discharge to ground.

24 Sources of ignition

The ignition sources can be any of the following:

Hot surfaces

Electrical arcs and sparks
Electrostatic discharge
Electromagnetic radiation
Atmospheric discharge (lightning)
Mechanical friction or impact sparks
Ultrasonic

Adiabatic compression (shock waves)
Ionizing radiation

Optical radiation

Chemical reactions

Open flames.

Out of the above the first three causes could be the source of ignition due to use of
electrical equipment in hazardous area.

Generally, a potential source of ignition from an electrical system based on the above
can be broadly classified into:

Arc/spark:  An electric discharge, usually accompanied by a popping sound,
that occurs when air or gas between two charged conductors becomes highly
ionized, enough to breakdown, conducting current through a distinct, luminous
channel.

Hot component: Due to any of the reasons as enumerated above, that releases
energy sufficient to ignite a combustible mixture surrounding it.

The ignition source due to electrical system may occur in any of four mechanisms:

1.
2.
3.

Discharge of capacitive circuits

Interrupting (opening) of inductive circuits

Opening or closing of resistive circuits with slow intermittent interruption
increasing the ignition capability (hazard)

. High temperature sources.
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The ignition mechanisms may occur in relay contacts, switch contacts, fuses, short
circuits (from damage or component failure) and arc-over between components or
conductors.

The components or circuits that present a potential ignition source may be designed in a
variety of ways in order to prevent ignition of a hazardous atmosphere.

Ignition by heat

As the temperature of a flammable mixture is increased, there comes a point at which it
will ignite due to heat level and the energy associated with that level. This point is
referred to as the ignition temperature. It is also known as ‘auto-ignition’ and
‘spontaneous ignition’ temperatures. The former comes from older standards and the
latter is used in circles that are more scientific. The ignition temperature of a flammable
material is normally given at the point of the ‘most easily ignitable mixture’. As the
concentration changes from this point, the temperature at which it occurs will rise further
but the Minimum Easily Ignitable Mixture (MEIM) point is always considered.

Ensuring that surface temperatures of apparatus that are exposed to a vapor or gas do
not exceed the gas ignition temperature can prevent ignition. The definition is stated in
the following table:

Property Definition

Ignition temperature The lowest temperature of a flammable gas or vapor at
which ignition occurs when tested as described in
International Electro technical Commission (IEC)
publication IEC 60079-4

There is an important difference between flashpoint and ignition temperature.

Property Definition
Flashpoint The minimum temperature at which a material gives off
(Alternative): sufficient vapor to form an explosive atmosphere . . .

(under test conditions)

The minimum temperature at which sufficient vapor is
given off from the surface of a liquid in still air such
that it may be ignited by a small flame

Where a flammable material is in its ‘liquid’ or ‘solid’ state then it cannot be ignited
until a vapor forms above the surface of the liquid, which can then mix with the air. If the
temperature of the liquid remains reliably below the flashpoint then it does not form any
hazard. This condition may be difficult to maintain if spillage is likely onto a heated pipe
or vessel, for example.

Ignition by energy

Sufficient energy occurring in the presence of a flammable mixture will cause ignition to
take place. Energy can occur in two forms, ‘spark energy’ or ‘flame energy’. Flame
energy will be discussed in the section covering other methods of Ex Protection.
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2.5

Past research into the combustibility of vapors has been formalized into various
explosion-protection standards over the years. The testing methods used are described in
the standards and are still used by authorities (undertaking equipment testing) in some
circumstances. The methods always determine and use the most easily ignitable mixture.

Minimum ignition energy (MIE ) — for a gas is the minimum energy required to ignite
the most easily ignitable mixture of that gas.

It is needless to point out that different gas/air mixtures require different amounts of
energy to ignite the gas/air mixture. If a source of ignition, such as a spark, has energy
below this, it cannot cause an explosion. The minimum ignition energies of gases are
typically the range of 0.019 mJ (for hydrogen) to 0.29 mJ (for methane). To illustrate the
small amounts of energy required for ignition the human body can store 40-60 mJ
electrical energy.

The original work by the two scientists, Wheeler and Thornton, developed the
technique of assessing the ease of electrical ignition of gases and vapors. This same
technique was used to quantify the minimum igniting voltages and currents. The more
modern ‘spark ignition test’ method described in the IEC 79 (and other national)
standards is now used and will be summarized.

A flammable mixture surrounds a revolving contact arrangement. This uses a tungsten
wire brushing on a slotted cadmium disk to make and break a circuit 1600 times during
the course of a test. The voltage across the contact is derived from a constant voltage
supply. A variable resistor placed in series with the supply limits the short-circuit current,
through the contact, when it is closed. A range of voltages and currents are then applied
to the switching contact to determine at what level ignition occurs. A graph is plotted,
taking the curve below the lowest points. Different flammable mixtures reveal different
curves. The curves are replaced by tabulated figures for the more precise interpretation by
apparatus design engineers and certifying authorities (see later).

The material of the disk was found to influence the combustibility of the mixture. If
cadmium, zinc, aluminum or magnesium were used then the spark produced for the same
current/voltage was larger. These materials are often found in association with electrical
circuits and therefore the standards publish curves and figures, which include these
materials. These are referred to on the curves.

Flammability

The basic reason for explosions to take place is presence of the ignition source in an
atmosphere where the fuel and oxidant have been already allowed to pre-mix. In case this
premixed mixture is confined in an enclosed space, a rapid pressure rises, and explosions
are the result.

Thus in order for combustion to take place, in the fuel and air mixture, the
concentration of fuel should be present within the limits of flammability. Once fuel is
ignited, the flame propagates until all combustible/unburnt mixture is exhausted.

The limits of flammability are the extremes of concentration within which the
ignitable vapor must fall for combustion to start. Once the flame is ignited then it will
continue to propagate at the specified pressure and temperature. It is to be noted that
above or below these limits there is insufficient oxygen or insufficient fuel to sustain
combustion.

Upper flammability limit (UFL) The highest (rich) concentration of a given vapor in air,
above which ignition will not take place.

Lower flammability limit (LFL) The lowest (lean) concentration of a given vapor in air,
below which ignition will not take place.
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It is very difficult to theoretically calculate and predict the exact values of these limits.
Hence, they are generally determined by experiment. The latest internationally accepted
values are to be found in AS/NZS 60079.20. Previously, NFPA 325M was used as the
reference document.

The range of gas/air mixtures between the LFL and the UFL is the explosive range (see
Figure 2.8). Gas/air mixtures outside this range are non-explosive or non-flammable
under normal atmospheric conditions.

Below the LFL the percentage of gas by volume, in the gas/air mixture, is too low to
explode. Above the UFL the percentage of gas by volume, in the gas/air mixture, is too
high to explode.

If the gas/air mixture is pre-heated and/or raised to a higher pressure the LFL will be
reduced and the UFL increased thereby widening the explosive range.

Generally in oxygen-enriched atmospheres the LFL is relatively unaffected, but the
UFL is increased thereby widening the explosive range as well as increasing the violence
of the explosion.

The graph shows the relationship between the ignition energy and concentration level of
air/gas mixtures of three types — viz propane-air, ethylene—air, hydrogen—air. The graph
(Figure 2.8) illustrates that beyond the extremes of concentration the mixture does not burn.

It can also be noticed from this graph that within the limits of flammability there exists
a ‘minimum easily ignitable mixture’ (MEIM ) for each type of mixture, for the given
environmental conditions, where ignition takes place with minimum energy (most easily
ignitable).
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Figure 2.8
Flammability limits

For example, hydrogen/air mixture between 4 and 74% by volume of hydrogen at 21°C
and atmospheric pressure is highly combustible and explosive in nature. The following
graph (Figure 2.9) will illustrate that when the temperature of the mixture is increased the
flammability range widens and on decrease in temperature, the range narrows down. It
can be seen that by lowering the temperature the ignitable mixture can be made non-
flammable. In addition, it can be inferred that, either by placing it above or below the
limits of flammability for a specific environment condition, the ignitable mixture can be
made non-ignitable.
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Figure 2.9
Flammability range

Further, it can also be noticed from the above graphs that for liquid fuels in equilibrium
with their vapors in air, a maximum temperature exists for each fuel below which there
is insufficient vapor for ignition to take place. This is termed as ‘lower flashpoint’.
The flashpoint temperatures for liquid vapor increase with the increase in pressure
(Figure 2.10).

Flammability data of apparatus group reference gases

Relative
Boiling Ignition Vapor Apparatus
Material Point Flashpoint | Temperature Explosive Limits Density Group

(°C) (°C) (°C) LFL UFL | (air=1)
Acetylene -83 Gas 305 2.3 100 0.9 lIC*
Ethylene -104 Gas 425 23 36 0.97 B
Hydrogen —252 Gas 560 4 77 0.07 Ic
Methane -162 Gas 537 4.4* 17.0* 0.55 |
Propane —42 —104/Gas 470 1.7 10.9 1.56 A

NOTE: The data given in this table are derived from IEC 60079.20 (previously derived from NFPA 325M).

* For coal mines the LFL and UFL for methane is taken to be 5 and 15%, as these are the values
written into coal mine legislation, particularly in New South Wales.

+ Additional requirements apply to acetylene (see As 2380.2).

Figure 2.10
Other relevant properties of flammable gases

2.5.1 Materials — relative vapor density

The density of the vapor will also influence the behavior of flammable vapors.

The relative vapor density of a gas can be defined as, the mass of a given volume of
pure vapor or gas compared with the mass of the same volume of dry air, at the same
temperature and pressure.
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The density of air is considered as one and a relative vapor density less than one
indicated that the vapor is lighter than air. Thus, such gas or vapor will rise in a
comparatively still atmosphere.

On the other hand a relative vapor density greater than one indicates that the gas or
vapor is heavier than air, and will tend to sink and fall toward the ground. Thus the gas or
vapor may travel at low levels for a considerable distance.

The above properties and facts of propagation of flammable vapors are used to assess
where gas will travel to and collect before considering the concentration level that may be
formed at the point of collection.

The density of the vapor will also influence the behavior of flammable vapors. For
example, if the vapor densities are in the range of about 0.75-1.25, proper care need to be
taken in designing of the plant. Gases or vapors in this range, particularly if released
slowly, may be rapidly diluted to a low concentration and their movement will be similar
to that of the air in which they are effectively suspended.

Other properties affecting general safety

Materials or substances may also be toxic/asphyxiants and/or corrosive as well as
flammable. Special handling precautions would be needed in addition to those for Ex
protection.

Hydrogen sulfide, H,S, is a good example of a noxious gas found in abundance during
the oil refining processes. It is extremely poisonous. Levels of toxicity and flammability
are shown in the table below for comparison.

H,S Level PPM %
Smell detection level 0.1 0.000001
Safe working level 10 0.0001
Serious health danger level 50 0.0005
Lower flammable limit 40,000 4
Upper flammable limit 460,000 46

Where different gases and vapors can become mixed, methods for calculating how the
properties of the mix will change in relation to the component characteristics are given
in IEC 79-10. This can change the properties of flammability, toxicity and/or
corrosiveness.

It is becoming law in many countries that manufacturers and suppliers make material
safety data available to communicate safe handling information to users. This system
has been formalized for many years in the materials transport industry but has only
recently become more general involving all that come into any contact with the
material.

Flammability principles

... are summarized in a nutshell hereunder,
An oxidizing agent, a combustible material and an ignition source are essential for
combustion.
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The combustible material needs to be heated to its piloted ignition temperature before it
can be ignited or support flame spread (Figure 2.11).
The combustion will continue till,

The combustible material is consumed, or

The oxidizing agent concentration is lowered to below the concentration necessary
to support combustion, or

The flames are chemically inhibited or sufficiently cooled to prevent further
reaction, or

Sufficient heat is removed or prevented from reaching the combustible material.

OO Concentration of ar 0 Vol. %

F
Mixture Ignition range Mixture
too lean too rich

No Deflagration,
combustion no explosion

Lower Explosion Upper
_ limit -

0 Vol. % Concentration of
combustible material in ¢

Figure 2.11
Flammable atmosphere and concentration of combustible material

A clear understanding of the nature of flammable materials and properties affecting
their ability (or inability) to ignite is necessary before ways of ensuring that ignition
cannot occur are devised and operated successfully.

There are some 750 flammable materials found in common industrial use. These have
been tested over a period and compiled into reference lists that are included in IEC 79 and
other standards.

The categorization of the properties of gases and vapors has led to an internationally
recognized ‘classification’ system. This makes the job of defining a hazard and selecting
equipment to operate in association with the hazard more effective and reliable.
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3.1

Area classification

General

In September 1998, the following made the headlines in Australian papers:
ESSO blamed for Australian gas explosion

Former High Court Justice Dawson had passed the following remarks concerning the
September 1998 gas explosion in Victoria:

The major cause of the accident was the failure of ESSO to equip its employees with
appropriate knowledge to deal with the events which occurred.

The lack of ‘adequate procedures for the identification of hazards in Gas Plant 1
contributed to the occurrence of the explosion and fire’.

The idea of bringing this up early in the chapter is to emphasize the importance of the
identification of hazards and hazardous areas. If this is not done in a systematic manner
with due care and diligence then the results can be catastrophic as it happened in ESSO’s
Gas Plant 1.

Thus, it is very important that all of us have the right answers for the following
question:

... What is Area Classification, vis-a-vis, hazardous locations or areas?
And to answer this it is necessary first to understand the philosophy an objectives of ‘area
classification’.

The first step is to list and identify the areas in the plant where there is possibility of a
conducive atmosphere for explosion or fire to occur. Based on the knowledge so
acquired, the design, selection and operation of the equipment has to be influenced in
such a way that the risk of fire or explosion taking place is minimized.

The area classification needs to be used as a tool to achieve the ultimate objective of
ensuring overall plant safety and minimizing the risk of loss to life and property. This
principle guides the management in arriving at compromises, checks and balances
between ease and convenience of operation, vis-a-vis, security against risk of explosion
or fire during normal and possible abnormal operations of the plant. The balance needs to
be struck between presence of an explosive and ignitable environment in an unrestricted
area and the limits prescribed for its classification, because a too-conservative approach
may make the whole exercise so costly that the viability of the project might be
questioned.
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3.2

3.3

It is useful to understand what a non-hazardous (safe) area is.

An area classified as non-hazardous has a small probability of a flammable mixture
being present. It is also called a ‘safe area’ and includes most control rooms.

Principles of safety

The ‘HAZOP study’ (hazard and operability studies) is carried out during initial design,
renovation and modernization stages. These need to be followed up with ‘periodic risk
assessment studies’ during operation of the plant.

While carrying out these studies ‘the principle of safety’ with reference to area
classification needs to be adhered to. The ‘safety first’ principle dictates that the quantity
of release of flammable material in and around electrical installations is to be kept to a
minimum, in case it is not possible to eliminate it, so that the extent of area under
influence of hazardous classification is also kept to a minimum. While estimating or
assessing this, the normal operation of the plant is anyway to be kept in mind, but due
attention is also to be paid to frequency, quantity and duration of ‘mal-operation/
abnormal operation’ of the plant, resulting in the release of hazardous material.

While assessing the situation, a conscious and distinct effort should be made not to
confuse the maintenance-related operations with abnormal operations, as the permit-
to-work system is supposed to ensure safe operating conditions during maintenance.

Even in emergency conditions, emphasis should be placed on weeding out and
eliminating the root cause of the manifestation of ignitable or combustible atmosphere, i.e.

Disconnection or isolation of defective electrical equipment
Shutdown of processes

Isolation of process vessels having ignitable material
Containment of spillage.

Then a review needs to be done to augment with additional ventilation, wherever the
process and location of the installation permit, to quickly reduce the intensity of
hazardous atmosphere or environment.

Safety and minimization of risk to life and property demand,

e That ignitable, explosive or hazardous environments be isolated from the
‘ignition source’.
e That the source of ignition be eliminated.

Whenever it is not possible to reliably and safely implement at least one of the above,
then steps should be taken to put in place procedures whereby the operations are
implemented in such a way so as to minimize the above conditions occurring
simultaneously to an acceptable safe level.

In this chapter, we shall seek to identify the principles on which the classification rests
and the roles to be played by those who are involved in design and operation of the plant
and machinery.

Hazards and hazardous areas

Hazards can be

e Urban structure fires: Perhaps the most common human-caused hazard
(often a disaster) is fire in large occupied buildings. Causes can be accidental
or deliberate, but unless structures have been built to safe fire standards, and



Area classification 29

sound emergency procedures are used, heavy loss of life can result.
Disastrous fires have affected most countries. Notable overseas cases include
a high-rise building fire in Sao Paulo, Brazil; the Kings Cross Station inferno
in London and Bradford Soccer Stadium, both in England; and hotel fires all
around the world, such as at Pattaya, Thailand, in July 1997, when 100 died.
These, and many like them, have cost thousands of lives, injuries and untold
property. In August 1981, 19 people died in the Rembrandt Hotel fire,
Sydney, NSW, Australia.

There is greater potential for disaster, due to the use or movement of
hazardous materials, than from most other technological hazards. For
example, a whole community is more likely to be affected by a toxic gas leak
than by deaths and injuries caused in a major transport accident.

BLEVE: An entire community was involved at Mississauga, Ontario,
Canada when 250 000 had to be evacuated to avert disaster following a
train accident which triggered a series of BLEVEs (boiling liquid expanding
vapor explosions). Liquefied gas BLEVEs have occurred in Cairns
(1987 — 1 dead, 24 injured) and in Sydney, where, fortunately, there were no
casualties.

Other explosions: Great loss of life occurred in Halifax, Nova Scotia, Canada
in 1917 when a ship carrying explosives collided with another. The resulting
explosion destroyed large sections of the town and killed 1963 people!
Australia’s most disastrous explosion was in the Mt Kembla mine, Wollongong,
in 1902, when 95 miners died. One of the worst non-mining explosions
occurred in 1974 at the Mt St Candice Convent in Hobart, when seven died in a
boiler explosion.

Toxic emission: Not all hazardous materials accidents involve transport, and
some can result in worse disasters. During 1984, cyanide gas escaped from a
fertilizer factory in Bhopal, India. The resulting deadly cloud caused the deaths
of approximately 2000 people living close-by. In Australia in August 1991, the
Coode Island fire burnt 8.6 million liters of chemicals in the heart of
Melbourne and loomed as a potential disaster. Good luck rather than good
management resulted in winds dispersing toxic fumes away from residential
areas. Over 250 workers were evacuated from nearby ships and factories but
only 2 injuries occurred (to fire fighters).

While hazards are associated with all of the above conditions, areas are only
considered hazardous (classified) locations under conditions defined by the IEC
60079-10 or SABS 0108: 1996, as applicable.

An area may also be considered ‘hazardous’ for various other reasons. These
may also include the use of electrical equipment in the vicinity of water, the
risk of personal injury from moving or falling parts, or even the presence of
biological hazards.

Hazardous areas, for the purpose of this course are those in which there
exists a risk of explosion because flammable atmospheres are likely to be
present. These conditions can be manmade as in petrochemical plants or
refineries, or occur naturally, as in coal mining. It is therefore necessary to
ensure that no electrical equipment and instrumentation installed in a hazardous
area can form a spark or hot surface, which would ignite the flammable
atmospheres.
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3.4

3.4.1

The determination that areas can be classified as hazardous locations is based on the
following:

e The possible presence of an explosive atmosphere such as flammable gases,
vapors or liquids, combustible dusts or ignitable fibers and flyings

e The likelihood that the explosive atmosphere is present when equipment is
operating

¢ The ignition-related properties of the explosive atmosphere that is present.

This approach while classifying hazardous locations is used in IEC 60079-10 worldwide
and also in South Africa (South African Bureau of Standards), the United States (National
Electrical Code), Canada (Canadian Electrical Code), Europe (CENELEC EN 60079-10)
and Australia (Australian Code).

The hazardous locations information provided during this course is intended to answer
questions associated with South African and IEC system of classification.

Basic properties of combustible and ignitable material

An adequate and functional knowledge of the following is required in order to understand
and carry out the hazardous area classification:

¢ The electrical equipment involved in process

¢ The production process

e Safety procedures related to process

e Properties of ignitable and combustible (flammable) materials.

The electrical equipment ... An attempt has been made to familiarize and update you
with working knowledge of the electrical equipments commonly used in daily life and
principles of electricity in Chapter 2 of this book.

The production processes ... are so many and varied. They are domain-specific and
hence out of the purview of this course.

The safety procedures ... are again a full course by themselves and reference shall be
made wherever they touch our domain of discussions.

Thus, it leaves us with the task of understanding the properties of hazardous (flammable,
ignitable, combustible or explosive) materials. This chapter is devoted to this study.

A flammable material is defined in IEC 79-0 as follows:

A gas, vapour, liquid or solid that can react continuously with atmospheric oxygen
and may therefore sustain fire or explosion when such reaction is initiated by a
suitable spark, flame or hot surface.

Thus the hazardous materials of concern are,

e Gas
e Vapor/mist
e Dust/flakes or fibers.

Each of the above is having distinct properties and nature. These behave differently under
similar circumstances. Thus, their nature needs to be understood so that the classification
done is accurate.

Flammable gases

Gas is generally found in the form of vapors at ambient temperatures and pressures. To
liquefy them at ambient conditions not only does pressure needs to be changed but also
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they need to be cooled. Hence they do not generally occur in the form of liquid and, if
they are, they will rapidly vaporize once released. If sufficient ventilation is present then
their effect will be minimal once their release is stopped.

The features as described hereunder influence the approach to be adopted in respect of
electrical installation with which they come in contact:

e Relative density with respect to air. This determines how the gas will disperse
when no other influence is present.

e MIE of the gas/air mixture.

e Minimum experimental safe gap defines the burning characteristics of the ideal
gas/air mixture (which may differ from the most easily ignitable mixture)
insofar as its ability to burn through small gaps is concerned.

e [gnition temperature is the minimum temperature at which the ideal gas/air
mixture will ignite.

The release velocity of gas also plays a significant role in determining the area. As a
low velocity release of gas in poorly ventilated building or space may give rise to
inefficient mixing with air and thus gas/air mixture will vary from place to place giving
rise to large and unpredictable hazardous areas; whereas gas released at high velocity will
disperse quickly and form a more predictable zone of influence.

Flammable vapor

Generally, flammable vapors are similar in nature to gases. The difference being that they
can be liquefied by pressure alone and thus are more easily liquefied. The flammable
vapors are present over the flammable liquid (partial pressure in liquids) at temperatures
well below the boiling point of the liquid. As and when this vapor pressure exceeds the
lower explosive limit (LEL), an explosive atmosphere can exist although only the liquid
is released. At times, this explosive atmosphere can exist for quite sometime even after
the release of liquid stops.

Flammable mists

A mist is formed by release of flammable liquids at high pressure such that very fine
particles (droplets) of liquids are produced. The mist has a significant existence time, and
the particles will remain in suspension in air for a longer period. They are to be treated in
similar manner as gas and vapors for the purpose of area classification.

Flammable liquids

It is well known that liquid does not burn and hence this word is misnomer. Generally,
flammable liquid implies that a liquid, which at ambient temperature and pressure or
temperature and pressure at which it is handled or stored, has a vapor pressure sufficient
to liberate enough vapor to form an explosive atmosphere.

Combustible dusts

The dust which can be easily ignited when mixed with air is termed combustible dust. In
layer form also it is ignited easily. This is distinct from explosives and should not be
confused with it. The behavior of dust is distinctly different from gas or vapors, as when
released it is in a cloud form and then gradually settles down on surfaces in layer form.
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The parameters used to identify combustible dust are,

e Cloud ignition energy: The minimum energy which is required in the form of
an arc or spark to ignite a gas cloud.

e Cloud ignition temperature: 'The minimum temperature at which an ideal
mixture of dust in suspension with air will ignite. This can depend on particle size.

e Layer ignition temperature: 'The minimum temperature at which a layer of
the dust of specific thickness will ignite and burn.

e Particle size: The size of particle from which a dust is formed and which has
an effect on its ignition capability.

Basis of area classification

Area classification cannot be set rigidly into any standard. Each installation will be
different in some respect and therefore each site must be examined on its individual
merits. Having said that, different industries do use similar approaches so there are some
accepted industry standard ways of looking at parts of a plant. Vessels, pipe-work,
storage tanks and processing units are common in many industries and so some
experience has been gained in the handling of these. Codes of practice and guideline
documents have been released by various organizations to assist in this area. [IEC 79-10:
1995 now lays down some formalized approaches to area classification but does not
provide all the answers. The guidelines are always open to interpretation.

The Institute of Petroleum has published recommendations for petrol forecourts. In this
situation, a uniform approach to the problem may be adopted due to the similarity of
situations. The industry is expected to follow these rules closely. The tanker industry
conveying LPG is another example of where more guidelines can be issued. The offshore
industry also has some recommendations on standard layouts of rigs. Other larger
organizations, mainly within the petrochemical industry, do have more rigid internal rules
because of their standardization on processing methods.

There are three situations that can occur in an operating plant with reference to
hazardous areas:

1. A situation where an explosive atmosphere is present always or for long
periods because of operational requirement, i.e. continuous.

Typical examples are interiors of process vessels or equipment processing
gases, vapor, mists or dusts where air is also present, the interiors of stock
tanks where liquids, gases or vapors are present with air, and silos and mills
where dust and air are both present.

2. A situation where explosive atmosphere occurs frequently, or if infrequently
may persist for a considerable time, i.e. primary.

Typical examples are — areas surrounding rotating seals of machines which
are subject of wear, manual loading points on such things as vessels where
gases, vapors, mists, liquids and dusts are loaded, paint-spraying facilities, etc.

3. A situation in which explosive atmosphere occurs rarely and normally result
from failure of equipment or procedures, i.e. secondary.

Typical examples are failure of a gasketed joint in a process piping releasing
gas, liquid or mist, overflowing of a vessel due to failure of process control
functions releasing a liquid, powder-handling rooms where dust deposits can
form and then be agitated into clouds, etc.

The above criteria are used in classifying the areas under ‘Source of Release’
methodology of classification.
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Some typical examples of sources of release
Open surface of liquid

In most cases, the liquid temperature will be below the boiling point and the vapor release
rate will depend principally on the following parameters:

e Liquid temperature
e Vapor pressure of the liquid at its surface temperature
e Dimensions of the evaporation surface.

Virtually instantaneous evaporation of a liquid (for example from
a jet or spray)

Since the discharged liquid vaporizes virtually instantaneously, the vapor release rate is
equal to the liquid flow rate and this depends on the following parameters:

e Liquid pressure
e Geometry of the source of release.

Where the liquid is not instantaneously vaporized, the situation is complex because
droplets, liquid jets and pools may create separate sources of release.

Leakage of a gas mixture
The gas release rate is affected by the following parameters:

e Pressure within the equipment which contains the gas
e Geometry of the source of release
e Concentration of flammable gas in the released mixture.

For typical process plants, certain examples are given here to clarify the
principles governing the sources of release

. Sources giving a continuous grade of release

e The surface of a flammable liquid in a fixed roof tank, with a permanent vent to
the atmosphere

e The surface of a flammable liquid which is open to the atmosphere
continuously or for long periods (for example an oil/water separator).

Il. Sources giving a primary grade of release

e Seals of pumps, compressors or valves if release of flammable material during
normal operation is expected

e Water drainage points on vessels which contain flammable liquids, which may
release flammable material into the atmosphere while draining off water during
normal operation

e Sample points which are expected to release flammable material into the
atmosphere during normal operation

e Relief valves, vents and other openings, which are expected to release
flammable material into the atmosphere during normal operation.



34  Practical Electrical Equipment and Installations in Hazardous Areas

3.6

3.6.1

3.6.2

lll. Sources giving a secondary grade of release

e Seals of pumps, compressors and valves where release of flammable material
during normal operation of the equipment is not expected.

¢ Flanges, connections and pipe fittings, where release of flammable material is
not expected during normal operation.

e Sample points which are not expected to release flammable material during
normal operation.

e Relief valves, vents and other openings, which are not expected to release
flammable material into the atmosphere during normal operation.

Zonal classification

We have understood the type of sources or release of hazardous material
(gas/liquid/mist/vapor/dust) and can now proceed further to understand the zonal
classification.

Gases, vapor and mists

Areas where there is the likelihood of the presence of explosive gas/air mixtures are
referred to as zones. Zones are classified as shown in the table below. The higher the
number in this ‘zonal classification’ the smaller is the risk of an explosion. This is as per
IEC 79:

Zone 0 An area in which an explosive gas/air mixture is continually present
or present for long periods

Zone 1 An area in which a gas/air mixture is likely to occur in normal
operation

Zone 2 An area in which a gas/air mixture is not likely to occur in normal

operation, and if it occurs, it will exist only for a short time

These zones represent the varying probabilities of explosive gas/air mixtures being
present. A plant will have areas in which gas/air mixtures are more likely to occur than in
others. This is an important consideration because where there is a greater risk of the
presence of a gas, the Ex protection afforded to apparatus operating in that area may need
to be more stringent.

Dusts

In respect of dust, the situation had been much fluid. In recent times effort has been made
to address this by classifying the zones in a way, which is, similar to that adopted for gas
and vapor.

Zone 20 An area in which combustible dust, as a cloud, is present continuously
or frequently, during normal operation, in sufficient quantity to be
capable of producing an explosive concentration of combustible dust
in mixture with air, and/or where layers of dust of uncontrollable and
excessive thickness can be formed
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Zone 21 Zone 21 is a zone not classified as Zone 20 in which combustible dust,
as a cloud, is present continuously or frequently, during normal
operation, in sufficient quantity to be capable of producing an
explosive concentration of combustible dust in mixture with air

Zone 22 Zone 22 is a zone not classified as Zone 21 in which combustible dust,
as a cloud, is present continuously or frequently, during normal
operation, in sufficient quantity to be capable of producing an

explosive concentration of combustible dust in mixture with air

The above classification is as given in IEC 1241. Generally it is considered that 1 mm or
less thickness of dust is not likely to result in formation of explosive atmosphere.

Plant operations — normal and abnormal

The terms ‘normal’ and its expressed or implied opposite ‘abnormal’ require some
explanation.

‘Normal’ is not intended to mean ‘ideal’ or ‘perfect’, or other similar connotations; it
does mean ‘actual’ or ‘real’ applied to the conditions, as they exist in any given plant:

The actual standard of design used

The achieved state of maintenance

The expected environmental limitations

The usual operations and operating practices employed, etc.

In modern plants handling flammable materials, it is of course the main objective of
design, maintenance and operating philosophy to ensure that there are few ways in which
a flammable atmosphere can occur. This is to be achieved by:

Proper choice of process equipment

Safe disposal of vented products

Provision of special ventilation arrangements

Good maintenance

Good production supervision and other similar precautions.

Where such precautions can be regarded as the normal state of affairs they will be
reflected in the absence of, or the reduction in, the number of areas designated Zone 1 and
in the extent of these areas (as elaborated in later paragraphs dealing with area
classification). Where the normal state of affairs is less-rigorously controlled the
expectation of Zone 1 classification and the extent thereof will be higher.

At the other end of the scale ‘abnormal’ does not refer to such catastrophic events as
the bursting of a process vessel or large pipeline (unless there are special circumstances
which make such possibilities likely and therefore a necessary consideration); the
process of area classification is not concerned with such eventualities. Between these
extremes, however, and ‘normally’ as already defined there will be circumstances
recognizable as abnormal events, which though they may occur at some time will do so
infrequently.

In the well-ordered modern plants, referred to above, examples would be the collapse of
a pump gland, the failure of a pipe gasket, the loss of control of the manual draining
operation of a tank, the fracture of a small branch pipe or the accidental spillage of small
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quantities of flammable liquid. They are usually the unintended, unpredictable, non-
catastrophic events in a plant. They are in most instances the kinds of faults, which it is
expected, will be avoided by good design and preventive maintenance; if despite this they
do occur, matters will have been so arranged that they will be rapidly rectified. With
conditions so well controlled these events will therefore be both infrequent and have short
duration.

Area classification — gas and vapors

A three-dimensional region or space is defined as an ‘area’ for the purpose of our
discussion during this course.

Area classification is a method of analyzing and classifying the environment where
explosive gas atmospheres may occur so as to facilitate the proper selection and
installation of apparatus to be used safely in that environment, taking into account gas
groups and temperature classes.

It may not be possible to classify areas into Zone 0, 1 or 2 by a simple examination of a
plant or plant design. Hence, a systematic analysis and detailed approach is required to
determine the possibility of an explosive gas atmosphere occurring, which is elaborated
hereunder.

Sources of release

The basic elements for establishing the hazardous zone types are the identification of the
source of release and the determination of the grade of release.

Since an explosive gas atmosphere can exist only if a flammable gas or vapor is present
with air, it is necessary to decide if any of these flammable materials can exist in the area
concerned. Generally speaking, such gases and vapors (and flammable liquids and solids
which may give rise to them) are contained within process equipment, which may or may
not be totally enclosed. It is necessary to identify where a flammable atmosphere can
exist inside a process plant, or where a release of flammable materials can create a
flammable atmosphere outside a process plant.

Each item of process equipment (for example, tank, pump, pipeline, vessel, etc.) should
be material, it will clearly not give rise to a hazardous area around it. The same will apply
if the item contains a flammable material but cannot release it into the atmosphere (for
example, an all-welded pipeline is not considered to be a source of release).

If it is established that the item may release flammable material into the atmosphere, it
is necessary, first of all, to determine the grade of release in accordance with the
definitions, by establishing the likely frequency and duration of the release. It should be
recognized that the opening-up of parts of enclosed process systems (for example, during
filter changing or batch filling) should also be considered as sources of release when
developing the area classification.

By means of this procedure, each release will be graded either (refer basis of area
classification),

e Continuous
e Primary or
e Secondary.

Having established the grade of the release, it is necessary to determine the release rate
and other factors, which may influence the type and extent of the zone.
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Type of zone

The likelihood of the presence of an explosive gas atmosphere and hence the type of
zone depends mainly on the grade of release and the ventilation. A continuous grade of
release normally leads to Zone 0, a primary grade to Zone 1 and a secondary grade to
Zone 2.

Extent of zone

The extent of the zone is mainly affected by the following chemical and physical
parameters, some of which are intrinsic properties of the flammable material; others are
specific to the process. For simplicity, the effect of each parameter listed below assumes
that the other parameters remain unchanged.

Consideration should always be given to the possibility that a gas which is heavier than
air may flow into areas below ground level, for example, pits or depressions and that a
gas which is lighter than air may be retained at high level, for example, in a roof space.

Where the source of release is situated outside an area or in an adjoining area, the
penetration of a significant quantity of flammable gas or vapor into the area can be
prevented by suitable means such as:

e Physical barriers

e Maintaining a static overpressure in the area relative to the adjacent hazardous
areas, so preventing the ingress of the hazardous atmosphere

e Purging the area with a significant flow of air, so ensuring that the air escapes
from all openings where the hazardous gas or vapor may enter.

Release rate of gas or vapor

The greater the release rates the larger the extent of the zone. The release rate itself
depends on other parameters, namely:

e Geometry of the source of release: This is related to the physical
characteristics of the source of release, for example, an open surface, leaking
flange, etc.

e Release velocity: For a given source of release, the release rate increases with
the release velocity. In the case of a product contained within process
equipment, the release velocity is related to the process pressure and the
geometry of the source of release. The size of a cloud of flammable gas or
vapor is determined by the rate of flammable vapor release and the rate of
dispersion. Gas and vapor flowing from a leak at high velocity will develop a
cone-shaped jet, which will entrain air and be self-diluting. The extent of the
explosive atmosphere will be almost independent of wind velocity. If the
release is at low velocity or if its velocity is destroyed by impingement on a
solid object, it will be carried by the wind and its dilution and extent will
depend on wind velocity.

e Concentration: The release rate increases with the concentration of
flammable vapor or gas in the released mixture.

e Volatility of a flammable liquid: This is related principally to the vapor
pressure and the heat of vaporization. If the vapor pressure is not known, the
boiling point and flashpoint can be used as a guide.
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An explosive atmosphere cannot exist if the flashpoint is above the relevant
maximum temperature of the flammable liquid. The lower the flashpoint, the
greater may be the extent of the zone. If a flammable material is released in a
way that forms a mist (for example, by spraying), an explosive atmosphere may
be formed below ‘the flashpoint of the material’, for example.

Flashpoints of flammable liquids are not precise physical quantities,
particularly where mixtures are involved.

Some liquids (for example, certain halogenated hydrocarbons) do not possess a
flashpoint although they are capable of producing an explosive gas atmosphere.
In these cases, the equilibrium liquid temperature, which corresponds to the
saturated concentration at the LEL, should be compared with the relevant
maximum liquid temperature.

o Liquid temperature: The vapor pressure increases with temperature, thus
increasing the release rate due to evaporation.

Lower explosive limit (LEL)

For a given release volume, the lower the LEL the greater will be the extent of the zone.

Ventilation

With increased ventilation, the extent of the zone will be reduced. Obstacles, which
impede the ventilation, may increase the extent of the zone. On the other hand, some
obstacles, for example dykes, walls or ceilings, may limit the extent. We shall be
discussing this in more detail.

Relative density of the gas or vapor when it is released

If the gas or vapor is significantly lighter than air, it will tend to move upward.
If significantly heavier, it will tend to accumulate at ground level. The horizontal extent
of the zone at ground level will increase with increasing relative density, and the vertical
extent above the source will increase with decreasing relative density.

Other parameters to be considered

e Climatic conditions
e Topography.

Openings
Openings as possible sources of release

Openings between areas should be considered as possible sources of release. The grade of
release will depend upon:

The zone type of the adjoining area

The frequency and duration of opening periods

The effectiveness of seals or joints

The difference in pressure between the areas involved.
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Openings classification

Openings are classified as A, B, C and D with the following characteristics:

1. Type A: Openings not conforming to the characteristics specified for types B,
CorD.

Examples:

— Open passages for access or utilities, for example, ducts, pipes through
walls, ceilings and floors

— Fixed ventilation outlets in rooms, buildings and similar openings of
types B, C and D which are opened frequently or for long periods.

2. Type B: Openings that are normally closed (for example, automatic closing)
and infrequently opened, and which are close fitting.

3. Type C: Openings normally closed and infrequently opened, conforming to
Type B, which are also fitted with sealing devices (for example, a gasket)
along the whole perimeter; or two openings Type B in series, having
independent automatic closing devices.

4. Type D: Openings normally closed conforming to Type C, which can only
be opened by special means or in an emergency.

Type D openings are effectively sealed, such as in utility passages (for
example, ducts, pipes) or can be a combination of one opening Type C
adjacent to a hazardous area and one opening Type B in series.

The following table describes the effect of openings on grade of release.

Zone Upstream of Grade of Release of Openings
Opening Opening Type Considered as Sources of Release

Zone 0 Continuous

>

(Continuous)/primary
Secondary

No release

Zone 1 Primary
(Primary)/secondary
(Secondary)/no release

No release

Zone 2 Secondary
(Secondary)/no release

No release

O QO wp» | U0 ® » |0 0O0W

No release

Source: IEC 79

Note: For grades of release shown in brackets, the frequency of operation of the
openings should be considered in the design.
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Ventilation

Gas or vapor released into the atmosphere can be diluted by dispersion or diffusion into
the air until its concentration is below the lower explosion limit. Hence, the designs of
artificial ventilation systems are of paramount importance in the control of the dispersion
of releases of flammable gases and vapors. Ventilation, i.e. air movement leading to
replacement of the atmosphere in a (hypothetical) volume around the source of release by
fresh air will promote dispersion. Suitable ventilation rates can also avoid persistence of
an explosive gas atmosphere, thus influencing the type of zone.

Main types of ventilation

Ventilation can be accomplished by the movement of air due to the wind and/or by
temperature gradients or by artificial means such as fans. So two main types of ventilation
are thus recognized:

1. Natural ventilation
2. Artificial ventilation, general or local.

Natural ventilation

This is a type of ventilation that is accomplished by the movement of air caused by the
wind and/or by temperature gradients. In open-air situations, natural ventilation will often
be sufficient to ensure dispersal of any explosive atmosphere, which arises in the area.
Natural ventilation may also be effective in certain indoor situations (for example, where
a building has openings in its walls and/or roof).

For outdoor areas, the evaluation of ventilation should normally be based on an
assumed minimum wind speed of 0.5 m/s, which will be present virtually continuously.
The wind speed will frequently be above 2 m/s.

Examples of natural ventilation:

e Open air situations typical of those in the chemical and petroleum industries,
for example, open structures, pipe racks, pump bays and the like.

¢ An open building which, having regard to the relative density of the gases
and/or vapors involved, has openings in the walls and/or roof so dimensioned
and located that the ventilation inside the building, for the purpose of area
classification, can be regarded as equivalent to that in an open air situation.

e A building which is not an open building but which has natural ventilation
(generally less than that of an open building) provided by permanent openings
made for ventilation purposes.

Artificial ventilation

The air movement required for ventilation is provided by artificial means, for example,
fans or extractors. Although artificial ventilation is mainly applied inside a room or
enclosed space, it can also be applied to situations in the open air to compensate for
restricted or impeded natural ventilation due to obstacles.

The artificial ventilation of an area may be either general or local and, for both of these,
differing degrees of air movement and replacement can be appropriate.
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With the use of artificial ventilation, it is possible to achieve:

e Reduction in the extent of zones
e Shortening of the time of persistence of an explosive atmosphere
e Prevention of the generation of an explosive atmosphere.

Artificial ventilation makes it possible to provide an effective and reliable ventilation
system in an indoor situation. An artificial ventilation system, which is designed for
explosion protection, should meet the following requirements:

Its effectiveness should be controlled and monitored.

Consideration should be given to the classification immediately outside the
extract system discharge point.

For ventilation of a hazardous area the ventilation air should usually be drawn
from a non-hazardous area.

Before determining the dimensions and design of the ventilation system, the
location, grade of release and release rate should be defined.

In addition, the following factors will influence the quality of an artificial ventilation
system:

e Flammable gases and vapors usually have densities other than that of air, thus
they will tend to accumulate near to either the floor or ceiling of an enclosed
area, where air movement is likely to be reduced

e Changes in gas density with temperature

e Impediments and obstacles may cause reduced, or even no air movement, i.e.
no ventilation in certain parts of the area.

Examples of general artificial ventilation:

e A building which is provided with fans in the walls and/or in the roof to
improve the general ventilation in the building

e An open-air situation provided with suitably located fans to improve the
general ventilation of the area.

Examples of local artificial ventilation:

e An air/vapor extraction system applied to an item of process equipment which
continuously or periodically releases flammable vapor

e A forced or extract ventilation system applied to a small, ventilated local area
where it is expected that an explosive atmosphere may otherwise occur.

3.8.9 Degree of ventilation

The effectiveness of the ventilation in controlling dispersion and persistence of the
explosive atmosphere will depend upon the degree and availability of ventilation and the
design of the system.

The most important factor is that the degree or amount of ventilation is directly related
to the types of sources of release and their corresponding release rates. This is irrespective
of the type of ventilation, whether it is wind speed or the number of air changes per time
unit. Thus, optimal ventilation conditions in the hazardous area can be achieved and the
higher the amount of ventilation in respect of the possible release rates, the smaller will
be the extent of the zones (hazardous areas), in some cases reducing them to a negligible
extent (non-hazardous area).
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The methods developed allow the determination of the type of zone by:

¢ Estimating the minimum ventilation rate required to prevent significant build
up of an explosive atmosphere and using this to calculate a hypothetical
volume, which, with an estimated dispersion time, allows determination of the
degree of ventilation.

e Determining the type of zone from the degree and availability of ventilation
and the grade of release.

Although primarily of direct use in indoor situations, the concepts explained may assist
in outdoor locations also.

Availability of ventilation

The availability of ventilation has an influence on the presence or formation of an
explosive atmosphere. Thus the availability (as well as the degree) of ventilation needs to
be taken into consideration when determining the type of zone.

Three levels of availability of the ventilation should be considered:

e Good: Ventilation is present virtually continuously.

e Fair: Ventilation is expected to be present during normal operation.
Discontinuities are permitted, provided they occur infrequently and for short
periods.

e Poor: Ventilation, which does not meet the standard of fair or good, but
discontinuities are not expected to occur for long periods.

Ventilation that does not even meet the requirement for poor availability must not be
considered to contribute to the ventilation of the area.

Natural ventilation

For outdoor areas, the evaluation of ventilation should normally be based on an assumed
minimum wind speed of 0.5 m/s, which will be present virtually continuously. In which
case the availability of the ventilation can be considered as good.

Artificial ventilation

In assessing the availability of artificial ventilation, the reliability of the equipment and
the availability of, for example, standby blowers should be considered. Good availability
will normally require, on failure, automatic start-up of standby blower(s). However, if
provision is made for preventing the release of flammable material when the ventilation
has failed (for example, by automatically closing down the process), the classification
determined with the ventilation operating need not be modified, i.e. the availability may
be assumed good.

Combining the concepts of degree of ventilation and level of availability results in a
quantitative method for the evaluation of zone type.

Calculation of release rates and extent of hazardous area

In industry there is no unanimous approach of mathematical calculation of such
accidental releases due to inadequate information from experimentation on mixing of
releases with air when such releases are accidental, rather than deliberate. Generally
mathematical approach is built around calculation of fluid flow from orifices specially
designed to ensure the maximum flow for minimum effort.
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We will look at two mathematical approaches, one which is published in IEC 79 and
the other used in UK. It may be noted that these are to be used by experienced persons as
applicable and verified with practical experimentation data available to the extent
possible.

Release of gas and vapor

This mathematical approach is based upon a combination of fluid dynamics, kinetic
theory of gases and practical measurements.
The mass release of gas from an orifice can be calculated as given below,

0.5
G =0.006aP (%j ks

Where
G = mass release, kg/s
a = cross-sectional area of leak, m*
P = upstream pressure, N/m’
M = molecular weight
T = absolute temperature of released gas, K.

The equation as above is valid if upstream absolute pressure exceeds 2 X 10° N/mz,
Below this pressure the effect of atmospheric pressure is significant and the diffusion
effect need to be considered.

The volume of released gas V,

Ve V,GT
LM
Where
V, = molar volume, m*/kg
T, = melting point of ice, 273 K.
The formula then becomes,
Ve 0.082GT
M

The distance ‘X’, at which the gas or vapor due to mixing with air while traversing falls
below LEL, can be calculated as below,

0.5
G

Where
E =lower explosive limit (LEL), %.

It may be noted that the above formula is valid as long as jet velocity is sufficiently
high as compared to air/wind speed.

In case the difference between the two reduces then the following formula which is
based on experimentation can be used,

0.5
X =10.8 (ﬂj
ME
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Typical progression of gas release

Now let us look at how a typical gas or vapor release looks like. As the gas is released, a
rapid expansion and fall in pressure takes place, shown in Figure 3.1 by ‘a’. The lines ‘b’
indicate the probable way the envelope of explosive and flammable gases will develop
during mixing stage. The curve ‘c’ indicates the likelihood of area till which place the
hazardous area will extend.

Pipe, ¥

source
of
release

le— ¢ >

Figure 3.1

Geometry of gas release formed in hazardous area

Examples of gas and vapor release
Example 1
Leakage from a pipe flange gasket,

Type of Gas Ethylene
Molar weight 28
Ambient temperature 22 °C
Size of orifice 4x107° m?
The pressure in pipe 4% 10° N/m’
LEL at the given ambient 2.7%

The released mass will be
M 0.5
G= O.OO6aP[7j kg/s =0.03 kg/s
The distance will be

0.5
G
X:21X102(Wj =2.7m

The hazardous area will be a sphere extending 2.7 m from the source of release in all
directions.
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Obstruction to the gas and vapor release

In case the path of release of gas or vapor is obstructed by the presence of a barrier or an
object before the distance X is determined as above, then the volume need to be
calculated as given below,

A

leOO_L[(IOO—LEL)}

Where
B =% gas/vapor in air
L = distance to obstruction
X =distance to LEL.

Thus knowing the volume ratio the new effective molecular weight is calculated as

given below,
M _ M (gas) X %(gaS) M (air) X %(air)
(mixture) + 1

100 00
0.082GT
‘/(gas) = M
(gas)
‘/(mixture) = ‘/(gas) X|: 100 . :| m3
% gas in mixture
1219 M

(mixture)

mixture) = (mixture) X T kg

LEL(mixture) = LEL(gas) X|: IOO . i| %
% gas in mixture

G

At the point of obstruction the new values are calculated of the mixture and new
dispersion distance found out using the formula for X (Figure 3.2).

Determine mass release of gas and vapor ‘M’

Convert it into volume ‘V’

Calculate the extent of hazardous area ‘X’

Figure 3.2
Summary of gas and vapor release calculations



46

Practical Electrical Equipment and Installations in Hazardous Areas
Release of liquid below its atmospheric boiling point

As in the case of gas and vapor, in case of liquid below boiling point will take the form of
jet or mist from an orifice like opening, depending on the pressure. The formula to
calculate the release is,

G =1.13a [0,(P—10°)]"

Where
G = mass release, kg/s
P = upstream pressure, N/m”
o0, = liquid density at atmospheric conditions, kg/m®.

The velocity of jet can be calculated based on

v=vcos®(2gh+v’sin® )" + vsing

The horizontal distance up to which extent of hazardous area will be present can be
found out by

3 (2v2n)"
8

X

Where
v = velocity, m/s
g = gravity acceleration (9.81m/s”)
h = height of initial release, m.

Release of liquid above its atmospheric boiling point

In this outdoor scenario the liquid at the point of release will evaporate partially after
absorbing heat from atmosphere and the rest will fall on the ground based on the
trajectory of jet, the pressure, etc. However, after falling on ground the evaporation will
take place very rapidly, almost immediately. The release quantity in such cases is
calculated as given hereunder,

G=08A20,(B-P)”

Where
A = cross-sectional area of leak, m*
o, = density of released mixture, kg/m’
P, = containment pressure, kg/m’
P, = 0.55x vapor pressure, kg/m”.

It may please be noted that the vapor-pressure curve for the material in question is
required for calculating oy, with reference to P..



Area classification 47

The fraction of mass which vaporizes on being released can be calculated as given
below,

_(G-1) ¢

M
¢ L

Where
M, = fraction of mass release which is vapor
T, = process temperature, K
T, = temperature giving P, K
C, = heat capacity of liquid, kJ/kg°C
L = latent heat of vaporization, kJ/kg.

Now the density of the mixture can be calculated as below,
1
O' =

" {(Mg \+{(1—Mg>H
Lo, )7 @)
Where

o, = density of released mixture, kg/m’
o, =density of vapor at 7
o, = density of liquid at 7;.

From above, the velocity of release can be calculated and then the formulae given for
release from jet in the previous section can be applied.

Assessment and estimation of hypothetical volume ‘V;’

This approach is based on IEC 79.
The ideal formula for estimating a hypothetical volume V, of potential hazardous and
explosive atmosphere around the source of release is

)
V — dt min

‘ C

Where
C = number of fresh air changes per unit time, s~

In an enclosed space the value of C is

dV,

tot

dt

Where
dV,_ /dt = the total flow rate of fresh air
V, = the total volume being ventilated.
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In open space this value is 0.03/s based on a average wind speed of 0.5 m/s.
(dV/dt) i, is the minimum volumetric flow rate of fresh air (volume per time, m3/s)
The theoretical minimum ventilation flow rate can be obtained as given hereunder,

G
(dvj ) . T
N o T

dr ). kxLEL 293

(dG/dt),,,. = the maximum rate of release at source (mass per time, kg/s)

LEL = the lower explosive limit (mass per volume, kg/m’)
k = a safety factor applied to the LEL; typically
k =0.25 (continuous and primary grades of release)
k =0.5 (secondary grades of release)
T =the ambient temperature (in Kelvin).

The formula for V,, as given above, would hold for an instantaneous and homogeneous
mixing at the source of release, given ideal flow conditions of the fresh air. In practice,
such ideal situations will generally not be found, for example because of possible
impediments to the air flow, resulting in badly ventilated parts of the area. Thus, the
effective air exchange at the source of release will be lower than that given by C in
formula for enclosed space, leading to an increased volume V,. By introducing an
additional correction (quality) factor, fto formula above, one obtains:

dv
b
C

where f denotes the efficiency of the ventilation in terms of its effectiveness in diluting
the explosive atmosphere, with f ranging from

f=one (ideal situation) to, typically
f=15 (impeded air flow).

The volume V, represents the volume over which the mean concentration of flammable
gas or vapor will be either 0.25 or 0.5 times the LEL, depending on the value of the safety
factor, k used in formula. This means that, at the extremities of the hypothetical volume
estimated, the concentration of gas or vapor will be significantly below the LEL, i.e. the
hypothetical volume where the concentration is above the LEL would be less than V.

Estimation of persistence time ¢

The time (f ) required for the average concentration to fall from an initial value X, to the
LEL times k after the release has stopped can be estimated from:

~f |, LELxk
C X,

=

Where X, is the initial concentration of the flammable substance measured in the same
units as the LEL, i.e. % vol or kg/m’. Somewhere in the explosive atmosphere, the
concentration of the flammable matter may be 100% vol (in general only in the very close
vicinity of the release source). However, when calculating ¢, the proper value for X, to be
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taken depends on the particular case, considering among others the affected volume as
well as the frequency and the duration of the release, and for most practical cases it seems
reasonable to take a concentration above LEL for X,

Examples of calculations to ascertain the degree of ventilation

The example of toluene gas for the three cases have been taken followed by an
example for leakage from compressor seals. These are illustrative in nature and based
on IEC 60079.

Example 1

Characteristics of release

Flammable material Toluene vapor

Source of release Flange

Lower explosion limit (LEL) 0.046 kg/m3 (1.2% vol)
Grade of release Continuous

Safety factor, k 0.25

Release rate, (dG/df)max 2.8x 107 kg/s

Ventilation characteristics

Indoor situation

Number of air changes, C 1/h (2.8 x 107 Ys)
Quality factor, f 5
Ambient temperature, T 20 °C (293 K)

Temperature coefficient, (7/293 K) | 1

Minimum volumetric flow rate of fresh air

(dGJ

—10
(dvj _\dt ) T 28x107° 293 o s
dr ). kxLEL 293 0.25x0.046 293

Evaluation of hypothetical volume V,

av
> ar 5%2.4x107
V, = mn =2 =4.3%107'm’
C 2.8x10

Time of persistence

This is not applicable to a continuous release.
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Conclusion

The hypothetical volume V, is reduced to a negligible value. The degree of ventilation is
considered as high with regard to the source.

Example 2

Characteristics of release

Flammable material Toluene vapor

Source of release Failure of flange

Lower explosion limit (LEL) | 0.046 kg/m’ (1.2% vol)

Grade of release Secondary
Safety factor, k 0.5
Release rate (dG/d1) max 2.8x%x10° kg/s

Ventilation characteristics

Indoor situation

Number of air changes, C 1/h (2.8 x 107/s)

Quality factor, f 5
Ambient temperature, T 20 °C (293 K)
Temperature coefficient 1

(77293 K)

Minimum volumetric flow rate of fresh air

(dGJ
-10
(va N\t T 281070 293 s

dr ). kxLEL =~ 293 05x0.046 293

Evaluation of hypothetical volume V,

fx dl
dt ). 5x1.2x107" ;
v, = = ——=22m
C 2.8x10

Time of persistence

t:iln LELX k :_—Sln 1.2x0.5
C X, 1

=256h
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Conclusion

The hypothetical volume V;, is significant but can be controlled.
The degree of ventilation is considered medium with regard to the source on this basis.
However any release would persist and the concept of Zone 2 may not be met.

Example 3

Characteristics of release

Flammable material Toluene vapor

Source of release Failure of flange
Lower explosion limit (LEL) 0.046 kg/m’ (1.2% vol)
Grade of release Secondary

Safety factor, k 0.5

Release rate (dG/df) max 6x107 kg/s

Ventilation characteristics

Indoor situation

Number of air changes, C 12/h (3.33 x 107/s)
Quality factor, f 2

Ambient temperature, T 20 °C (293 K)
Temperature coefficient (77293 K) 1

Minimum volumetric flow rate of fresh air

dG

(va ~ (dtlm_ T _ 6x10" 293

— = =26x10" m%/s
dr

kxLEL 293 0.5x0.046 293

Evaluation of hypothetical volume V,

v
dt ). 2x26x107°
X =

C 3axi0” 7 m’

VZ:f

Time of persistence

(oo g LELXk _ =2 12%0.5

= =0.85 h (51 min)
C X, 12 100
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Conclusion

The hypothetical volume V, is significant but can be controlled.
The degree of ventilation is considered medium with regard to the source on this basis.
Based on the persistence time the concept of Zone 2 would be met.

Example 4
Characteristics of release
Flammable material Propane gas
Source of release Compressor seals
Lower explosion limit (LEL) 0.039 kg/m’ (2.1% vol)
Grade of release Secondary
Safety factor, k 0.5
Release rate (dG/df)max 0.02 kg/s

Ventilation characteristics

Indoor situation

Number of air changes, C 2/h (5.6 x 107%/s)
Quality factor, f 5

Ambient temperature, T 20 °C (293 K)
Temperature coefficient (77293 K) 1

Minimum volumetric flow rate of fresh air

&)
vy Ad e T 002 293, 0
dr )~ kxLEL 293 05x0039 293

Evaluation of hypothetical volume V,

dv
fx(dj 5%1.02
V= W min = 22202 _ 9200m’
c 5.6x10

Time of persistence

c X, 2

_ S g LELxk _ 5, 21x05_ .
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Conclusion

The hypothetical volume V; is significant and for a room (10 m X 15 m X 6 m) will extend
beyond the physical boundaries of the room and will persist.
The degree of ventilation is considered low with regard to the source.

Area classification — dust

The principles involved are similar to those used to classify plants handling flammable
gases, vapors or liquids but it should be recognized that the behavior of flammable dusts
is not as predictable as that of flammable gases or vapors.

When dust is released into the atmosphere it disperses in the air as a cloud and may
become widely spread by air movement. A cloud of flammable dust within its
flammable range can be ignited, and flash-fire, in a confined space, explode. A light
dust remains in suspension longer than a heavy dust but both eventually settle and lie
dormant in a layer on exposed surfaces. Should these surfaces be hot, or should another
source of ignition be present, a layer of flammable dust is a constant risk and may be
ignited producing a fire whose severity is dependent on the burning characteristics of
the bulk material.

Some flammable dusts in layer form when ignited, have the ability to propagate
combustion by flame or smoldering, the latter particularly when the dust is present in
bulk. In some cases when the ignition source is removed, combustion of the dust layer
ceases. In other cases, it continues and the dust layer is said to train fire.

A layer of flammable dust can be disturbed to form a dust cloud, which may spread
and eventually settle again to form another layer. This cycle can be repeated from time
to time. Should a small explosion occur, layers of flammable dust over a large area
could be disturbed to form a cloud. This, on ignition can create a secondary explosion
and/or fire of considerably greater damage-potential than the small primary explosion.
In a plant handling flammable dust, a high standard of ‘housekeeping’ is therefore
essential.

The problems associated with dust layers and dust clouds are complex. The data that
may be relevant in the case of ignition of dust layers and clouds are ignition temperature,
MIE and thermal stability and, in addition, in the case of dust clouds, lower flammable
limit. For the latter, typical values are in the range 0.01-0.06 kg of a flammable dust
dispersed in each m® of air and such a concentration is clearly visible.

It should be noted, however, that these parameters do not provide a direct measurement
of the sensitivity of the dust to ignition and are subject to certain limitations.

In the case of dust layers, the data are affected by the thickness of the layer, the
temperature of the surface on which the dust rests, and that of the immediate
surroundings. For example, the ignition temperature may fall as the thickness of the layer
increases. It will vary should the dust be exposed to hot surfaces for a period and although
in many cases the ignition temperature will rise when the dust degrades; there are other
instances when it will fall.

In the case of dust clouds, the data may be affected by solvent content, presence
of additives and by the particle size distribution in the cloud. For example, for a
given material, a cloud of dust with a higher proportion of smaller particles is
likely to have a lower ignition temperature than one with a predominance of large
particles. It is therefore essential to obtain expert advice to provide such data and to
ensure that it is relevant to the particular dust in the form in which it will occur in
the plant.
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3.9.1

Classification method

Because a cloud of flammable dust can arise not only as a result of release of dust from
plant equipment but also from disturbances of deposits of dust around the plant, and
because the area of spread of dust clouds cannot readily be quantified, it is recommended
that a generalized method of classification based on judgment and experience should be
used. Additionally, however, in certain cases it may be appropriate to use the techniques
of the source of hazard method.

In carrying out an area classification, it is necessary to:

e Identify those parts of the plant where flammable dust can exist including,
where appropriate, the interior of process equipment.

e Assess the likelihood of occurrence of a flammable atmosphere (taking into
account the general level of ‘housekeeping’ which will be maintained in the
plant) thereby establishing the appropriate zonal classification.

¢ Delineate the boundaries of the zones taking into account the effect of likely air
movement.

In assessing the area classification of a plant, the influence of the classification of
adjacent plants must be taken into account.
The classification should be carried out in accordance with the following criteria:

Zone 20

This classification will apply where a flammable atmosphere is continuously present or
present for long periods.

Typical examples of Zone 20 are the spaces within such equipment as powder-
conveying systems, cyclones and filters containing flammable dust.

Zone 21

This classification will apply where a flammable atmosphere is likely to occur in a
normal operation.

A concentration of flammable dust above the lower flammable limit is likely to form an
atmosphere through which it is difficult to see and in which it is almost impossible to
work. In normal operation, such a situation is unlikely to arise over large areas of the
plant. Nevertheless there are certain manual and mechanical operations (which need to be
identified positively) which will give rise to a local flammable atmosphere, but this is not
likely to spread more than say 1 m beyond the immediate area. In plants handling
flammable dusts, therefore, Zone 21 classification will usually apply only to small areas.
However, in a room, which contains a number of local Zones 21, it may be more practical
to give the whole room this classification.

Typical examples of Zone 21 are the areas local to bag-filling and emptying points and
powder-handling equipment, from which release is likely to occur in normal operation in
sufficient quantity to produce a cloud of flammable dust. Another example is the space
within a container where a cloud of flammable dust may exist from time to time.

Zone 22

This classification will apply where a flammable atmosphere is not likely to occur in
normal operation, and if it occurs it will only exist for a short time.
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Typical examples of Zone 22 are the areas around powder-handling equipment from
which release of flammable dust is not likely to occur during normal operation of the
plant equipment, and areas around those classified Zone 21, should there be a likelihood
of an abnormal release of flammable dust extending beyond the boundary of the local
Zone 21.

Non-hazardous areas

These areas are self-evident once the hazardous areas have been classified.

In exceptional circumstances, a non-hazardous area may be achieved by a very high
level of ‘housekeeping’ and/or an efficient extraction system.

Areas, in which pipes or ducts containing flammable dusts are installed without joints,
or with strong joints designed not to leak, may be considered non-hazardous, provided
there is a negligible risk of them being damaged.

Surface temperatures

Irrespective of the zonal classification, the temperature of all surfaces on which a
flammable dust can settle shall be below the ignition temperature of the dust in layer
form. Similarly, the temperature of all surfaces with which a cloud of flammable dust
can come into contact shall be below the ignition temperature of the dust in cloud
form.

In some exceptional cases where, for process reasons, a surface temperature, which
is higher than the ignition temperature of the dust concerned, is required, the apparatus
shall be designed and maintained to prevent accumulation of dust on such hot surfaces
and the plants shall be operated and maintained to prevent the formation of dust
clouds.

Classification procedure

The first step is to assess the likelihood of explosive and flammable atmosphere existing,
in accordance with the definitions of Zone 0, Zone 1 and Zone 2. Once the likely
frequency and duration of release (and hence the grade of release), the release rate,
concentration, velocity, ventilation and other factors which affect the type and/or extent
of the zone have been determined, there is then a firm basis on which to determine the
likely presence of an explosive gas atmosphere in the surrounding areas. This approach
therefore requires detailed consideration to be given to each item of the process
equipment which contains a flammable material, and which could therefore be a source of
release.

In particular, Zone O or Zone 1 areas should be minimized in number and extent by
design or suitable operating procedures. In other words, plants and installations should be
mainly Zone 2 or non-hazardous. Where release of flammable material is unavoidable,
process equipment items should be limited to those which give secondary grade releases
or, failing this (that is where primary or continuous grade releases are unavoidable), the
releases should be of very limited quantity and rate. In carrying out area classification,
these principles should receive prime consideration. Where necessary, the design,
operation and location of process equipment should ensure that, even when it is operating
abnormally, the amount of flammable material released into the atmosphere is minimized,
so as to reduce the extent of the hazardous area.
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3.1

Plants in which flammable dusts are present, as well as flammable gases, vapors or
liquids, shall be classified separately for both types of risks (Figure 3.3).

Does the process contain more than the ———» a4 classification may not
specified number of flammable material be necessary

Can it release Non-
v > hazardous area

| Determine the grade of |<7

\ 4 i v

Continuous Primary Secondary
Zone 0 Zone 1 Zone 2

v v,

Is it possible to modify process to
finimize release?

Rate of release of
flammable material
during normal

v Determine the distance to

Determination of —pp»| PelowtheLEL based | Extent of
hazardous area upon release rate and zone
extent other characteristics

v

Rate of release of

flammable material ——] De;‘:[gnv:lntiéthdﬂsggggg to|— P} Extentof
during abnormal zone

operation upon release rate and
Can it be minin;ized’? other characteristics

Figure 3.3
Classification process ... defined

Responsibility and personnel involved

Who should be associated with/during this classification procedure?

The responsibility for the area classification of a plant rests jointly with the engineering,
process, safety and other departments responsible for the design and operation of the
plant concerned. Representatives of all the interested parties, including the electrical
engineer, must agree on the classification and record their findings.

The usual approach is for the senior management to appoint an area classification team,
which is responsible to the senior management. It usually comprises expertise from the
disciplines of mechanical, electrical, civil, instrumentation, process control, chemical,
scientific and production engineering, which will need to agree on the risks. In addition,
generally an attempt is made to involve plant operating personnel and site execution
personnel at the stage of designs itself.
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In the case of operating plants, responsibility for area classification rests with the works
manager.

Once a plant has been classified and all necessary records made, it is important that no
modification to equipment or operating procedures is made without discussion with those
responsible for the area classification. Unauthorized action may invalidate the area
classification. It is necessary to ensure that all equipment affecting the area classification,
which has been subjected to maintenance, is carefully checked during and after re-
assembly to ensure that the integrity of the original design, as it affects safety, has been
maintained before it is returned to service.

Documentation

The task will involve the completion of location drawings, which will show how the areas
are classified. This should correspond to markings and area designations on the plant.
Documentation should record the philosophy adopted by the team and the details of how
they have approached each possible hazard. Such documentation forms part of the ‘plant
safety documentation’.

It is recommended that area classification is undertaken in such a way that the various
steps, which lead to the final area classification, are properly documented.

The results of the area classification study and any subsequent alterations to it shall be
placed on record.

Those properties which are relevant to area classification of all process materials used
in the plant should be listed and should include flashpoint, boiling point, ignition
temperature, vapor pressure, vapor density, explosive limits, gas group and temperature
class.

As indicated above, the information has to be comprehensive and necessarily include
the following in addition to any other information felt necessary by user,

e Appropriate area classification drawings giving location details of electrical
installation, gas and vapor dispersion characteristics and calculations.

e Recommendations from relevant codes and standards. Certification and
approval documents for approved apparatus and equipment, giving their sub-
grouping, surface temperature class, any special requirements, etc.

e A study of ventilation characteristics in relation to flammable material release
parameters so that the effectiveness of the ventilation can be evaluated. Any
specific purging requirement to be placed on record.

e Sub-grouping and surface temperature information for all non-certified
apparatus installed. Its use and any special installation instructions.

e Details of special cable connections if any. This should also include cabling

checks requirement for multi-core cable in intrinsically safe installation.

Any safe shutdown procedures/features for apparatus and its control gear.

Drawings, data sheets and tables

Area classification documents should include plans and elevations, as appropriate, which
show both, i.e. type and extent of zones, ignition temperature and hence temperature class
and gas group.

Given in Figure 3.4 is a single line diagram of general requirement of ‘hazardous area
verification documentation’.
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3.13
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Figure 3.4
Major documentation requirement for hazardous area

Policy and guidelines for implementation

The plant owner must be able to demonstrate that a safe working environment has been
provided. He can only do this if all the possible risks are considered and appropriate
controls are in place to minimize the risks to acceptable levels. Knowing how likely vapors
may be present, what and where they may be, will enable him to choose equipment that has
been assessed for that duty. The design, operation and other factors of an individual plant
will force the plant management to generate working practices and procedures. These must
also take into account the hazards on the plant, in order for the procedures to minimize risk.
The policy on area classification, including modifications consequent upon changed
conditions, shall be embodied in a formal system of which the principal features shall be:

(1) Records of area classification, updated when appropriate, shall be kept and shall be
available for use by inspection and maintenance personnel. They shall preferably be in
the form of drawings showing the area classification, the apparatus-group and
temperature class, and in the case of dust risks, the properties of the dust.

(ii) A system shall be instituted for the control and recording of all plant/process changes
or modifications. A requirement of the system shall be the assessment of the effect of
any such changes on area classification and on the apparatus group and temperature
class of apparatus in use; where dust risks are involved, the effect of any changes in
the properties of the dusts shall be assessed. The system shall ensure that the electrical



Area classification 59

apparatus is either still suitable for the new conditions or, if necessary, changed to
make it so.

(iii) Also, where a ‘control of modification procedure’ is already established in a works or
plant, any reviews called for under that procedure should include area classification and
the dependencies noted above.

(iv) The decisions made must be documented and published so that all interested parties
can select, install and maintain equipment in accordance with this statement.

(v) A review of the area classification shall be carried out at intervals, which should not
exceed, say 2 years.

(vi) New chemicals or processes introduced into the plant may change these conditions.
Periodic review therefore will be necessary to ensure that changes have been
accommodated and communicated to those affected.

The review may be based on checking that,

e The effect of all plant/process changes or modification on area classification
(see (i1) above) have been accounted for, and

e The operation and integrity of all process equipment is compatible with the
area classification.

The date and outcome of any review shall be recorded.

When the area classification has been changed, account shall be taken of the effect on
the apparatus group, the temperature class and the methods of safeguarding of installed
apparatus.

Under certain shutdown or other special conditions, there may be no risk of a flammable
atmosphere occurring for a temporary period. If this can be guaranteed by the authority
responsible (and a certificate issued to this effect), the temporary use of ordinary types of
electrical apparatus is permissible. Such apparatus and all temporary connections thereto
must be withdrawn from the area before the expiry of the certificate, and precautions must
be taken to ensure that they cannot inadvertently be used when no certificate is in force.
Conversely there may be occasions when the risk of a flammable atmosphere occurring is
temporarily increased so as to require special precautions such as, for example, temporary
mechanical ventilation or, in the extreme, the disconnection of electrical supplies.

Those responsible for the area classification must ensure that the locations of fixed
ignition sources (e.g. furnaces, flames and high-temperature surfaces), and the areas to
which sporadic sources of ignition (e.g. vehicles) will have access, are not at variance
with the agreed area classification. Where conflict exists, it shall be resolved by
consultation with those concerned with plant layout and design.

Some typical points to be considered and their implications are listed as a guide in the
following table:

Subject Consideration

Sources of release Any joint in pipe-work must be a potential source of release:

minimizes number of joints. Continuously welded pipe preferred
Piping to instruments where there are drain cocks: How often are
drain cocks used?

Process pressures The distance from the source of release that vapor will travel if

released. This governs the extent of the zoning. Higher plant
pressure will have larger zone areas

(Continued)
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flammability limits

Subject Consideration
Vapor density If low, then vapor will rise, making roof spaces a potentially
hazardous area
If high, then vapor will fall and may be trapped in pipe trenches
Upper and lower What is the likelihood of dilution of release? Would installing fans

reduce below the LFL? Dilution more likely than concentration

Prevailing winds

Use this to ease leaked vapor dispersion

Plant layout

Wider spacing of vessels may be preferred. How high should bund
walls be?

Plant operating
temperature

What are flashpoint and ignition temperatures of flammable materials
used?

Environmental conditions

Ambient temperature may affect T rating of apparatus

Grouping of vapors

Suitability of Ex protection method

3.13.1 Guidelines with respect to sources of release of flammable gas and
vapor in process plants

Leakage from pipe or equipment joints

Another source of leakages which should be closely examined is

¢ Pipe joints
¢ Equipment joints.

The quantity of leakage of gas and vapor from the joints depends on

e The type of joint face and
e Gasket used.

The gaskets can be

e A compressed-asbestos fiber (CAF) gasket. In this case the blow-out of a
section of gasket between adjacent bolts is always a possibility. It is reasonable
to assume an orifice 25 X 1.6 mm for such a blow-out.

¢ A metal-clad or spirally supported gasket with backing ring, or a joint is used
with a trapped gasket or ring, a blow-out is virtually impossible. The orifice
through which a leak can occur is reduced to something like 0.05 mm over a
length of 50 mm (i.e. to about one-tenth of the cross-sectional area possible
with a simple joint and gasket).

In many situations the hazardous area arising from a joint leak from the use of metal-
clad gasket of this size is insignificant in comparison with other likely leakages.

This leads us to examine what type of joints needs to be looked at. The answer is, the
joints which are subjected to sharp changes in temperature are the most likely ones to
leak, and this cause of leakage is of particular significance on hydrogenation units. It
may, however, be countered by the use of trapped or solid metal ring gaskets with, in
severe cases, extended bolts and sleeves. In general, with suitably designed equipment,
joints will leak only under abnormal conditions and hence only Zone 2 classification is

required.
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The liquid or gas or vapor leaking from a joint will be in the form of a jet and full area
of influence need to be classified based on the exit velocity, pressure and time taken to
shut-off the source. All possible directions of travel need to be classified. The area is a
narrow strip fanning out on either sides of a joint located in a vertical plane, and
extending all around a joint located in a horizontal plane. This applies irrespective of the
height of the joint above the ground, but will be accentuated in the case of a joint in an
elevated position. At ground level the area may be further extended by spread of the
liquid over the ground. The horizontal distance traveled by the liquid can be found by
calculation from the velocity at which it escapes (obtained from the standard equation for
flow of an incompressible fluid through a flooded orifice) and from the height of the
source of escape above the ground, adjustment then being made to the calculated figure to
make allowance for air resistance and the break up of the jet as it falls.

The rate of escape and vapor-generation from a leak of flashing liquid or liguefied
flammable gas, and also the horizontal distance required for dispersal to the lower
flammable limit of the vapor when it is released at or near ground level, have been
calculated on the bases of flashing-flow and turbulent diffusion in the surrounding air
(assuming a wind speed of 8 km/h), respectively. As in the case of a leak of these
materials from a pump gland or seal, the vertical extent of the Zone 2 is 3 m above a joint
situated at or near ground level, falling to 3 m above ground level at the horizontal limit
of the zone.

For a leak of flashing liquid from a joint in an elevated position the horizontal extent of
the Zone 2 is only 70% of that for the same leak at or near ground level, since the vapor
diffuses more quickly at a height above the ground than at ground level.

An escape of gas through a joint leak will be at sonic velocity and the rate of escape can
be calculated as already described for leakage from compressors.

Sample-point discharge to atmosphere

While sampling the liquid in open the following need to be taken care of:

e The temperature is to be low enough to ensure no loss of ‘light ends’ from the
sample.

e A tundish should be provided below the sample-point to collect purgings from
the sample line for delivery into a sealed drain or a closed container.

This will avoid spillage and negligible escape of vapor. Only under abnormal
circumstances (e.g. insufficient cooling of the sample) will there be a significant
flammable atmosphere; hence only Zone 2 classification is required. The extent of the
Zone 2 is estimated as 1.5 m all around the sample-point.

In the case of liquefied flammable gases sampling should always be, into a closed
system with provision for venting to a safe place.

Thus a flammable atmosphere will only occur around the sample-point, that too under
abnormal circumstances (e.g. leakage of the sampling equipment or inadvertent opening
of a sample-point before the equipment is connected). In the worst case the sample-point
will be left fully open discharging to atmosphere and, to limit the quantity which can
escape in this way, it is recommended that all liquefied flammable gas sample-points be
limited to a 6 mm bore.

The rate of escape has been calculated on the basis of flashing-flow and the extent of
the resultant Zone 2 on the basis of turbulent diffusion of the vapor cloud produced in the
surrounding air, assuming a wind speed of 8 km/h.
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3.13.3

3.14

Drain-point discharge to atmosphere

These are some of the most neglected areas of the plant but frequented by operators and
should be closely examined. The classification of the area round a drain-point discharge
to atmosphere depends upon,

e Frequency of usage. Like, during regular operation, once per shift or so, on or
only during start-up/shutdown or while preparing plant for maintenance work

¢ The nature of the material drained

e Whether drain-point discharges downward or otherwise

e Whether drained liquid is at near ambient temperature or not. If the
hydrocarbon is a liquid under ambient conditions the amount of vapor
generated from an escape through the drain-point is small, and in normal
operation there is no significant flammable atmosphere round the drain-point

e If the hydrocarbon is a liquefied flammable gas, however, vapor will be
generated in the first place by adiabatic flash-off on reduction of pressure to
atmospheric, and then by evaporation of the remaining cold liquid as it picks up
heat from the surroundings.

Normally, in a process, the drain operator draws off water from the bottom layer.
During this the following can happen. As soon as the operator sees the hydrocarbon being
drained he shuts the valve. Thus during each operation some flammable material escapes
to atmosphere and hence the area needs to be classified as Zone 1. If the operator fails to
shut the drain valve at the right time hydrocarbon may be discharged continuously, and
the hazardous area round the drain-point thereby increased, but this should occur only
under abnormal circumstances in which case the additional hazardous area should be
classified Zone 2.

Because of the large clouds of vapor, which can be generated from escapes of
flashing liquids, it is recommended that all drain-points through which such liquids can
escape should be limited to 19 mm bore and the extents of the zones be calculated on
this basis.

A drain-point which is used only infrequently (e.g. once a year) for the purpose of
preparing equipment for maintenance work will give rise only to a Zone 2, the extent of
which should be assessed on the basis of the nature of the material and the amount which
is likely to be left inadvertently in the plant and which will escape when the drain is
opened.

Area classification examples

Some examples of area classification problems are now considered. These attempt to
illustrate the typical situations for which common practice is applied. To provide a basis
for assessing the extent of classified areas, studies are commissioned by the owners based
on the process parameters and the ways in which release of flammable gases, vapors and
liquids can be expected to occur during month-in, month-out running of equipment
handling such materials.

The organizations then develop guidelines based on the sample calculations discussed
in this chapter for methods to calculate the size of gas or vapor clouds so formed and the
distances necessary for their dispersal and dilution with air, in well-ventilated situations,
to below their lower flammable limit. The object would be to establish a physical model
of the escape from each source of hazard and to use it to derive figures for the extents of
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Zones 1 and 2, either from practical observations and/or calculations or, in the limit, on
the basis of personal judgment.

Described below are some such case studies to illustrate typical installations and area
classification principles based on various standards (like IEC 60079).

Tank area classification

In Figure 3.5, a fixed roof tank with vents is filled and emptied. If the vapor given off
were heavier than air, then vapor would remain present above the surface of the liquid, if
the flashpoint were lower than the ambient temperature of the tank and surrounding
environment.

Tank vents Key
\ - Zone 0
Zone 1

Liquid surface
9 m Zone 2

Bund wall

Figure 3.5

When the tank is emptying, air is sucked in the vents and mixes with the vapor to form
a flammable mixture. Inside of the tank is normally classified as Zone O because the
air/gas mixture may be present for long periods. Note that the zone is not concerned with
concentration levels at this stage.

When the tank is filling the vapor is pushed out of the vents and falls down the side of
the tank. Turbulence in the tank during filling may allow more vapor to be liberated. For
a distance around the tank, vapor will appear, albeit diluted by the external air. At the
base of the tank, vapor will collect up to the height of the bund wall around the tank,
which helps to contain liquid spillage but tends to hamper the dispersal of any vapor.
These areas are typically designated Zone 1 because the gas/air mixture is likely to occur
in normal operation.

For a further distance around the tank, at the base level, and for a distance above the
ground, vapor is only likely to appear if there is a major spillage, which is considered
abnormal and so is designated Zone 2. The prevailing wind will influence the size of the
surrounding Zone 2.

It is always necessary to consider realistic operational conditions and not just static
conditions. If the pumping rate into the tank was increased this may result in more vapor
being pushed out and the Zone 1 area may be increased. Prevailing winds and the
proximity of other tanks would affect the dispersal or concentration levels, and a
judgment needs to be made on this issue.
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Every area in a plant must be given a recognizable category of risk that is to be
observed during all operations concerning electrical apparatus. Each area would have a
zone, apparatus group and a T rating assigned to it. A typical drawing of a tank farm with
a pipe trench would look similar to that shown in Figure 3.6.

2B T3 Hazard

4 Flow valves
Zone 1: in pipe
trench 1.75m
wide across CL

Zone 2 Radius

4.5m Zone 2:3m
across CL
T1-4
Tanks

Zone 1 Radius
to bound wall
2.5m

Boundary fence |

Figure 3.6
Tank farm area classification

The points to observe are the scale or dimensions of the drawing and the way that
the areas become additive and are classified to take account of the installation. The
pipe trench also has flow instruments installed on the pipe and valves to take the
product off to the tank. This poses an increased risk. The vicinity is therefore
designated Zone 1 (Figure 3.7).

Zone 0

Inside of pipe or
process vessel

Division 2 Division
—_—

Figure 3.7
Thermocouple addition changes area classification
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In the above example, a continuously welded pipe has a thermocouple installed.
Whereas before no external gas hazard need have been considered, the mechanism of
the thread is considered a source of potential weakness. It may result in the
classification of the immediate area as a Zone 1 and an extended Zone 2. The
distances that zones extend are a function of the pressure in the pipe, the considered
likelihood of failure of the thread and the assembly’s susceptibility to external
damage, etc.

Leakage from pump glands and seals

The centrifugal/reciprocating pumps have gland packing, mechanical seal or stuffing box
which are wetted with the liquid handled, and as a result there is some escape of liquid or
vapor to the atmosphere. In mechanical seals the leakage and maintenance is much less
and hence should be preferred choice, particularly for pumps handling hot flammable
liquids or liquefied flammable gases.

When a flammable liquid below its atmospheric pressure boiling point is being
handled and the glands or mechanical seals are well maintained then the liquid or the
vapor which escapes is so small in quantity that it has no significant effect on
the surrounding atmosphere. Under these normal conditions therefore the extent of the
hazardous area around either the packed gland or the mechanical seal is too limited to
be of practical significance for area classification. It is concluded therefore that there is
no significant Zone I around either a well-designed and maintained packed gland or a
mechanical seal of a pump handling a flammable liquid below its atmospheric pressure
boiling point.

With a pump handling either a flammable liquid at or above its atmospheric pressure
boiling point or a liquefied flammable gas it is assumed that a mechanical seal will be
used for the reasons already stated. When handling these materials the removal of
frictional heat generated at the rubbing faces (an essential condition for the successful
operation of any mechanical seal) is more difficult to achieve than with less-volatile
liquids or with liquids at or near ambient temperature. There is therefore an increased
likelihood of a seal leak existing with these materials. Further, with a flammable liquid
handled at an elevated temperature the extent of vaporization of the liquid which escapes
from the seal is greater than with a liquid at a lower temperature, and when the
temperature exceeds the boiling point of the liquid at atmospheric pressure a considerable
part of the escape flashes-off as vapor. Similarly, extensive flash-off of the escaping
liquid also occurs with liquefied flammable gas. In these cases, therefore, a local
hazardous area may exist in normal operation in the immediate vicinity of the seal. It is
concluded therefore that it is prudent to have a local Zone 1 (in most cases a sphere of
0.3 m radius) around a well-designed and maintained mechanical seal of a pump handling
either a flammable liquid at or above its atmospheric pressure boiling point or a liquefied
flammable gas.

Deterioration of the gland packing or failure of the seal in service gives rise to
increased leakage. The extent of vaporization of flammable liquid below its
atmospheric pressure boiling point is still very small but the liquid is likely to splash
over the pump assembly and surrounding ground. This causes a flammable atmosphere
in the vicinity of the area so-wetted. The extent of the hazardous area is estimated to
be, as a maximum, 3 m beyond the edge of the wetted area. This area is Zone 2 since
the gland deterioration or seal failure is an abnormal occurrence. In the case, either of
flammable liquids handled at temperatures above their atmospheric pressure boiling
point or of liquefied flammable gases the increased leakage due to seal failure
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necessitates an increase in the extent of the area classified by the provision of a Zone 2
outside the areas already classified Zone 1.

Figures 3.8 and 3.9 give an illustrative example of how the area housing pumps are to
be classified.

A
A
B
®
rround level
[ Zone 1
[ ] Zone2 Sump
¢ Source of release
Figure 3.8
Pump — indoor installation
5 C
B

Ground level

e Source of release

Figure 3.9

Pump mounted — outdoor installation

A normal industrial pump mounted at ground level, situated outdoors, pumping
flammable liquid.
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Principal Factors which Influence the Type and Extent of Zones

Plant and process

Ventilation
Type Natural Artificial
Degree Medium High
Availability Poor Fair

Source of release

Grade of release

Pump seal Primary and secondary

Product

Flashpoint Below process and ambient temperature
Vapor density Greater than air

Taking into account relevant parameters, the following are typical values, which will be

obtained for a pump having a capacity of 50 m’/h and operating at a low pressure:

A =3 m horizontally from source of release,
B = 1 m from ground level and up to 1 m above the source of release.

A normal industrial pump mounted at ground level, situated indoors, pumping flammable

liquid.

Principal Factors which Influence the Type and Extent of Zones

Plant and process

Ventilation
Type Artificial
Degree Medium
Availability Fair

Source of release

Grade of release

Pump seal (packed gland) and pool at | Primary and secondary

floor level
Product
Flashpoint Below process and ambient temperature
Vapor density Greater than air

Taking into account relevant parameters, the following are typical values, which will be

obtained for a pump having a capacity of 50 m’/h and operating at a low pressure:

A = 1.5 m horizontally from source of release,
B =1 m from ground level and up to 1 m above the source of release,
C = 3 m horizontally from source of release.
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3.14.3

Relief valve and blow-off discharge to atmosphere
The discharges from relief or safety valves are to be carried out in such away so as to,

e Dilute it to below its lower flammable limit in air before it reaches a source of
ignition

e Limit its threshold value of toxicity or tolerable smell before it reaches ground
level or a working platform above ground level.

The first of these two conditions is particularly relevant to area classification, although
the second may also have some bearing on the positioning of electrical equipment from
the point of view of maintenance work.

Gases lighter than air can be discharged from a point above plant buildings and
structures and be allowed to disperse by diffusion in the atmosphere, except that with
gases of very high hydrogen content it is preferable to discharge them at high velocity
(to overcome back-diffusion of air into the vent stack); the gases are then diluted with air
entrained by jet-mixing.

A discharge from a relief valve, or an emergency blow-off of a gas or vapor heavier
than air, may only be put direct to atmosphere at a velocity which is sufficient to ensure
dilution to the lower flammable limit with air entrained by jet-mixing. If this condition
cannot be met the discharge should be put to a flare system.

In general a relief valve will discharge only under abnormal conditions and the
classification around the point of discharge to atmosphere is Zone 2, although to allow for
small leakages past the valve Zone 1 is proposed for 1 m around the discharge pipe tip. If,
however, because of a special process feature a particular relief valve is expected to
discharge frequently to the atmosphere, the whole classification may become Zone 1. The
extent of the classified area around the point of discharge to the atmosphere from a relief
valve or an emergency blow-off is, in general, the area required for dilution to the lower
flammable limit by air entrained by jet-mixing (Figure 3.10).

Pressure breathing valve in the open air, from process vessel:

Principal Factors which Influence
the Type and Extent of Zones

Plant and process

Ventilation
Type Natural
Degree Medium
Availability Fair

Source of release

Grade of release

Outlet from valve

Primary

Product

Gasoline gas density

Greater than air

Taking into account relevant parameters, the following are typical values, which will be
obtained for a valve where the opening pressure of the valve is approx. 1.5 bar.

A =3 m all directions from source of release,
B =5 m in all directions from source of release.
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» Source of release E

(Vent outlet diameter 25 mm)

Figure 3.10

Leakage from valve glands

The valve glands are another source of leakage of flammable liquids, gases and vapor. In
a plant such leakages or drips are generally guided toward a drain point from where they
are led off to a sealed drainage system.

Hence the flammable atmosphere at or near ambient temperature exists only close to the
liquid surface, and the classified area is below the leaking valve and in the immediate
vicinity of the wetted area of paving. Whether the classification is Zone I or 2 depends
upon the frequency of the leakage and the number of valves installed in close proximity
to each other.

It is considered unlikely that leakage of gas from a valve gland will be large enough to
justify more than a nominal classified area — say a sphere of 1 m radius. Again the frequency
of leakage and number of valves in close proximity determine whether the classification is
Zone 1 or 2.

Control valve installed in a closed process pipe-work system conveying flammable gas:

Principal Factors which Influence the Type and Extent of Zones

Plant and process

Ventilation
Type Natural
Degree Medium
Availability Fair
Source of release Grade of release
Valve shaft seal Primary
Product
Gas Propane

Gas density

Greater than air
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Taking into account relevant parameters, the following are typical values, which will be
obtained for this example (Figure 3.11).

A =1 min all direction from source of release.

E Zone 2

Ground level

e Source of release

Figure 3.11

3.145 Process-mixing vessel — area classification

In a fixed process-mixing vessel situated indoors, being opened regularly for operational
reasons, the liquids are piped into and out of the vessel through all-welded pipe-work
flanged at the vessel:

Principal Factors which Influence the Type and Extent of Zones
Plant and process
Ventilation
Type Artificial
Degree Low inside the vessel. Medium outside the vessel
Availability Fair
Source of release Grade of release
Liquid surface within the vessel Continuous
The opening in the vessel Primary
Spillage or leakage of liquid close to vessel Secondary
Product
Flashpoint Below process and ambient temperature
Vapor density Greater than air

Taking into account relevant parameters, the following are typical values, which will be
obtained for this example (Figure 3.12):

A =1 m horizontally from source of release,
B =1 m above source of release,
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C =1 m horizontally,
D =2 m horizontally,
E =1 m above the ground.

A C
4—»’4—»4—»

2!

Ground level

Drain below ground level

Process liquid

k I Zone 0 [ ]zone1 [7] Zone 2

Figure 3.12

Vapor escape from an oil-water separator

Oil collected in the sealed drainage system of a plant area and then discharged to an
oil/water separator generally covers the whole range of volatility of materials handled on
the plant, but is not rich in light constituents since the oil ‘weathers’, at least to some
extent, and the light constituents escape through the vents of the drainage system. The oil
on the water is still flammable, however, and the separator area and the area immediately
around it to a distance of 3 m and to a height of 1 m above ground level should be Zone 1.

In exceptional cases there can be a large spillage of light material, although this should
only occur as the result of some abnormal occurrence on the plant. To cover this
contingency a further area to a horizontal distance of 7.5 m around the Zone I (including
Zone 1 area) and to a total height of 3 m should be Zone 2.

It is considered prudent to have a Zone 0 between the surface of the liquid and the
ground level. The proposed extents of Zones 0, I and 2 are shown in Figure 3.13.

Ground level

Y

I Zone 0
[ Zone 1
[ ]Zone2

Figure 3.13
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3.14.7

The extents quoted are related to a typical plant oil/water separator dealing with spillage
of a variety of materials from a plant area. Smaller distances may apply to a small
separator dealing with a single material of known composition.

Oil/water gravity separator, situated outdoors, open to the atmosphere, in a petroleum
refinery:

Principal Factors which Influence the Type and Extent of Zones

Plant and process
Ventilation

Type Natural

Degree Medium

Availability Poor
Source of release Grade of release
Liquid surface Continuous
Process disturbance Secondary
Product
Flashpoint Below process and ambient temperature
Vapor density Greater than air

Taking into account relevant parameters, the following are typical values, which will be
obtained for this example:

A =3 m horizontally from the separator,
B =1 m above ground level,

C =7.5 m horizontally,

D =3 m above ground level.

Leakages from compressors

Leakage of gas from a reciprocating compressor takes place during normal operation,

e Through the glands

e The valve-pocket cover-joints

e There is an escape for a short period every time the snubber vessel and inter-
stage cooler drains are operated.

The above releases giving rise to a local Zone I. But the quantities during normal
operation are so small that the Zone 1 required to cater to them is only a nominal one, say
a distance of 0.5 m.

The snubber (buffer) and inter-stage cooler drains are used to run-off accumulations of
liquid, either into an open tundish device to the oil/water drain or via a knock-out pot
vented to a safe place. With the open discharge the amount of gas escaping in normal



Area classification 73

operation is small, since the drain is closed as soon as all the liquid has run-off and gas
appears, and a Zone I of 0.5m all around the drain discharge is considered to be
adequate.

In the case of centrifugal compressors there is no leakage from the seal itself during
normal operation but the escape routes of gas and vapor are,

e Some oil leaks inward into the machine and outward to the atmosphere. This
gets contaminated with process gas

e Oil-vapor emission from breathers on the bearing housings

e [ eakage from gas reference pressure piping joints.

To cover all such eventualities, generally, it is recommended that a Zone 1 of 0.5 m can
be marked. Generally it is noticed that during normal operation the seal oil pots are to be
opened to check for leakage rate, etc. A zone of 1 m may be marked around seal pots and
open drains.

The gases which are lighter than air, like hydrogen, tend to rise on release but velocities
may be too low to promote turbulent diffusion of the gas in the surrounding atmosphere.
This retards the dilution process of the escaped gas or vapor. In compressor houses there
are hot air currents generated due to heat dissipation from the machinery and these rise up
toward the roof. These help to diffuse the released gas and vapor. Hence, the whole space
under the compressor together with further spaces around the roof-ventilators and outside
the line of the open walls of the compressor-house; the proposed extent of the Zone 2 is
shown in Figure 3.14.

With gases heavier than air (e.g. cold ethylene and propylene handled in refrigeration
compressors) a major escape tends to flow downward from the source of escape and then
over the compressor-house floor, giving rise to a Zone 2 the extent of which need to be
determined based on,

e The pressure being handled — low or high
e The air flow velocity in the vicinity.

I:l Zone 2

Bottom of enclosed
area

Compressor level |

Figure 3.14
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3.14.8

An illustrative classification is given for hydrogen compressor building which is open
at ground level:

Principal Factors which Influence the Type and Extent of Zones

Plant and process

Ventilation
Type Natural
Degree Medium
Availability Good
Source of release Grade of release
Compressor seals, valves and flanges Secondary

Close to the compressor

Product
Gas Hydrogen
Gas density Lighter than air

Taking into account relevant parameters, the following are typical values, which will be
obtained for this example:

A =3 m horizontally from source of release,
B = 1 m horizontally from ventilation openings,
C =1 m above ventilation openings.

Discharge to atmosphere during loading/off-loading operations

During the loading and unloading operation of the petrol or other liquids of similar
volatility into a road or rail tank wagon displaces through the filling-hatch a mixture of
vapor and air which behaves in a similar way to the vapor—air mixture expelled through
the vents of a fixed-roof tank when it is being filled.

But there is significant difference in the volume of such displaced vapor. Thus the
distance within which the concentration is reduced to the lower flammable limit by
diffusion in the atmosphere is also smaller. The Zone I next to the tank shell can be
reduced from 3 to 1.5 m but in this case the space included in the vertical projection of
this area to ground level should also be classified Zone I, together with a further area to a
height of 1-1.5 m above the ground.

There is commonly weather-protection over a tanker-filling bay in the form of a roof,
and vertical sides extending part of the way to ground level. To allow for abnormal rates
of vapor escape, the space under the roof and also areas 1.5 m outside the Zone I round
the top and sides of the tank and along the ground to a height of 1 m above ground level
should be classified Zone 2.

The proposed Zones I and 2 are shown in Figure 3.11, and apply to the loading or
off-loading of liquids with flashpoints below 32°C (90 °F) and liquids with higher
flashpoints where the liquid temperature may rise above the flashpoint.
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Loading and off-loading of liquefied flammable gases is done through closed pipe
systems and the material left in flexes at the end of a movement is either vented to a safe
place, displaced back to storage by the use of inert gas or contained by means of self-
sealing couplings. In normal operation, therefore, escape of the gas to atmosphere in the
vicinity of the loading operation is either non-existent or trivial in quantity, but in view of
the volatility of the material it is recommended that there should be a nominal Zone I, as
shown in Figure 3.11 for a liquid tanker installation. The worst contingency during loading
and off-loading operations is the failure of the liquid flex connection. On the basis that the
whole content of the flex is discharged almost instantaneously, but that further escape of
liquefied flammable gas from the loading line or the tank wagon is prevented by excess-
flow devices, a Zone 2 extending 1-1.5 m horizontally and to a height of 1 m above the
ground is recommended. Where excess-flow devices cannot be guaranteed, greater
distances may be necessary.

Tank car filling installation, situated outdoors, for gasoline, top filling:

Principal Factors which Influence the Type and Extent of Zones

Plant and process
Ventilation

Type Natural

Degree Medium

Availability Poor
Source of release Grade of release
Opening in the tank roof Primary
Spillage or leakage at ground level Secondary
Product
Flashpoint Below process and ambient

temperature

Vapor density Greater than air

Taking into account relevant parameters, the following are typical values, which will be
obtained for this example (Figure 3.15).

A =1.5 m horizontally from source of release,
B = horizontally to island (gantry) boundary,
C =1.5 m above source of release,

D=1 m above ground level,

E = 4.5 m horizontally from drainage channel,
F =1.5 m horizontally from Zone 1,

G =1 m above Zone 1.
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Drainage
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Figure 3.15

3.14.9 Hazardous area classification in a mixing room

This example shows one way of using the individual examples from above individual
cases.

Taking into account relevant parameters, the following are typical values, which are
obtained for this example:

A=2m
B=4m
C=3m
D=15m.

If the room is small, it is better that the whole room is classified as Zone 2 (Figure 3.16).

=
B A
O Mixing G
vessel

[> Pump - Zone 1 |:| Zone 2

Figure 3.16
Mixing room in a factory
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3.14.10 Cyclones and bag filters

Figure 3.17 shows situation where a cyclone is separating the granules from the dust of
the same material in a process. The bag filter and cyclone separator are housed in separate

rooms. In this case the product stream after the separation of dust can be classified as
non-hazardous.

Roof Outside of
building
Wall Wall Wall
\\} H | Fan
tHH
Cycl
yclone 4,
Product
Hopper % Zone 20
Air-sealed i ?' Zone 21
joint ‘X A

X m Zone 22

Dust collection
Product drum
drum
Ground

Figure 3.17

The Zone 20 areas are,

e Interior of the cyclone as the dust is present
e Interior of bag filter as dust is present.

As the system is operating under slight vacuum there would not be any leakage from
pipe-work or flanges, thus they can be ignored.
The Zone 21 areas are,

e A distance of 1 m above and around the discharge nozzle as it is a primary source
of release. This is possible as dust is discharged in normal operation in the bag.
The Zone 22 areas are,
e Dust layers can be formed (even after good house keeping) due to settlement of
dust and hence this zone is likely to extend in whole of the room/building.
In Figure 3.17,

X=15m
Y=15m
Z=2m.



78  Practical Electrical Equipment and Installations in Hazardous Areas

3.14.11

3.15

Bag emptying station — classification
Classification applicable to Figure 3.18 is as follows:

e Zone 20: Inside the hopper, because an explosive dust/air mixture is present
frequently or even continuously during normal operation, and layers of dust of
uncontrollable and excessive thickness are formed or are present.

e Zone 21: The open manhole is a primary grade source of release; it is likely
that an explosive dust/air mixture occurs. Hence the classification around this
manhole will be Zone 21 with a width of 1.5 m from its edge and down to the
floor.

e Zone 22: Because of outside effects, the Zone 22 area will be limited to
whole area of room if it is not too large.

Roof

Wall

Hopper

Floor

% Zone 20 @ Zone 21 m Zone 22

Figure 3.18

All distances are only for the sake of this explanation. In practice, other distances are
possible.

Additional protection measures such as explosion venting or explosion isolation,
weather-proofing, etc. may be necessary.

Summary of area classification

Area classification can be summarized as the multiplication of two levels of probability
equating to an acceptable level of safety.

This also has implications of increased cost and greater difficulty in maintenance within
the area. For example, it is impractical for personnel to have uncontrolled access into an
area classified as Zone 0.

If the plant was globally declared Zone 2 then there may be safety implications because
higher areas of risk may not be adequately catered for. Working procedures would also be
more relaxed increasing the overall risk. Conversely, taking the approach that all areas are
Zone 0 is impractical because of the increased cost of Ex-protected equipment and the
operational difficulties related to Zone 0. A sensible balance must be agreed and
implemented (Figure 3.19).
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Probability of Probability of
gas/air mixture | X source of — | Acceptable
being present ignition risk
Matched to
type of Nothing is
Zous yine protection 100% safe
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Figure 3.19
Acceptable risk

A case study

Let us have a bird’s eye view of the ESSO accident mentioned at the beginning.

Facts

The explosion occurred when hot lean oil came into contact with equipment that had been
operating well below normal temperatures. This caused the brittle metal to fracture and
release massive amounts of hydrocarbon gas, which came into contact with an ignition
source, causing a violent explosion. The equipment had reached such low temperatures
because the supply of lean oil had ceased for over 3 h due to the failure of two pumps.

History

Gas Plant 1 was 30 years old; it was the oldest of the three units operating at Longford.
Submissions made to the inquiry suggested that Exxon had to decide, based on profit
considerations, whether to update the equipment, work it into the ground or abandon the
Longford plant altogether.

Findings
The Commission stated that —

a HAZOP study would, without doubt, have revealed the factors that contributed to
the fatal accident.

The Commission quoted from ESSO’s own documents showing that in 1994 ESSO
deliberately limited a major aspect of its safety efforts, its periodic risk assessment
(PRA), on the pretext that a HAZOP study was pending. The Commission concluded:

Accordingly, the 1994 PRA was directed away from process-related hazards and
concentrated on hazards caused by mechanical equipment failure and operator
error. Scenarios addressing the consequences of ‘low temperatures’, ‘high level’
and ‘no flow’ were not used.

As part of restructuring its operations, ESSO transferred all on-site engineers to
Melbourne. This affected the running of the plant, yet ESSO made no analysis.
The Commission found that:

The relocation of engineers qualified as a permanent change to operating practices
requiring risk assessment and evaluation before implementation in conformity with
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ESSO’s management of change philosophy. Yet such relocation was implemented
without any such assessment ever taking place.

In addition, the Kennett State Liberal government limited the Commission’s terms of
reference in order to bury he government’s own role in scrapping health and safety
measures and replacing them by corporate ‘self-regulation’. The Victorian Trades Hall
Council, supported by ESSO and the Labour Party, asked the Commission to extend its
inquiry but their application was rejected.

Nevertheless, the Commission’s final report implies that the Kennett government must
also bear responsibility for the disaster.

Had ESSO been required to submit a safety case (safety report), with respect to its
facilities at Longford before 25 September 1998, it is likely that it would have
identified the very hazards which were in evidence on that day, hazards which a
proper HAZOP study of GP1 would also have identified.

We need to ponder on the questions —

Do you agree with Commission’s conclusions based on the facts given?

State reasons for your agreements or disagreements.

Conclusion

In conclusion it may be stated that the question of possible risks of explosion must be
addressed at the early stages of planning a new facility.

When classifying potentially explosive areas, the influence of natural or artificial
ventilation must be considered in addition to the levels of flammable materials being
released.

Furthermore, the classification figures relating to explosion technology must be
determined for the flammable materials being used. Only then a decision can be reached
on the division of potentially explosive areas into zones and the selection of suitable
apparatus. IEC 60 079-14 (DIN 60 079-14) applies to the installation of electrical
apparatus in potentially explosive areas Group II.
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Design philosophy and selection of

4.1

equipment/apparatus

General

It is worth mentioning that using electricity in potentially explosive areas has been a
concern since the beginning of the twentieth century, when these areas were encountered
in mines. To avoid the danger of explosions, protective regulations in the form of laws,
specifications and standards have been developed in most countries and are aimed at
ensuring that a high level of safety is observed. Due to growing international economic
links, extensive progress has been made in harmonizing the regulations for explosion
protection. The 9/94 EC Directive has created the conditions for a complete
harmonization in the European Union (EU). However, worldwide there is still much to be
done in this area. The aim of this course is to provide both experts and interested laymen
with an overview in the field of explosion protection; in conjunction with electrical
apparatus and installations, it does not replace the study of the relevant statutory
regulations and applicable standards.

In mining, miners underground have always lived under the threat of firedamp
explosions. Herein lies the origin of explosion protection, which has been consistently
developed in industrialized countries and now provides a high level of safety.

In the preceding chapters, different facets of the classification of the area made hazardous
by the possible presence of explosives atmospheres of air mixed with gas, vapor, mist or
dust has been discussed. The knowledge acquired until now will make it possible:

e To classify the areas as hazardous and non-hazardous
e To determine the severity and its classification
e To the extent it will extend.

These hazardous areas can vary greatly in size, based on explosive fuel, or use of
equipment. The explosive atmosphere may contain fumes, dust or fibers. Hence, it
becomes imperative to look into the constructional details of electrical equipment to be
installed in hazardous areas, in order to minimize the risk of fire or explosion. It is to be
noted that despite how well the construction is, there always remains a residual risk,
however small it may be. As a general principle, it must always be borne in mind that:

Any system, no matter how well it is engineered, is ultimately dependent upon human
reliability to actually work.
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4.2

4.2.1

Hence, as a cardinal principle:

Electrical apparatus, including electrically operated process instruments, should not
be installed in a hazardous area when it is practical and economic to site it
elsewhere. The yardstick that the benefit should be recognizable is to be strictly
applied for locating any electrical equipment in hazardous area.

Electrical installations in hazardous areas involve high initial capital expenditure on
methods of safeguarding and continuing high inspection and maintenance costs relative to
comparable installations in non-hazardous areas. Electrical and instrument engineers
have, therefore, a special responsibility, if need be by influencing basic plant layout and
design, to ensure that the need for electrical apparatus in hazardous areas is kept to a
minimum.

Where the installation of electrical apparatus in hazardous areas is unavoidable,
special methods of safeguarding must be adopted to avoid danger. The following
sections define the methods of safeguarding available and describe briefly such matters
as certification, conditions of use and other special requirements pertaining to their
application. In all cases it is essential to refer for full information to the appropriate
standards and codes of practice, in particular to the various parts of SABS/IEC 60079
and SABS/IEC 61241 - series of standards for electrical apparatus in hazardous
atmospheres.

Risks ... history

The use of electrical equipment in hazardous environment always leaves an element of
residual ‘risk’, however small it may be. Minimizing the risk requires the correct
selection of equipment, with known safe operating characteristics being matched to a
given hazard, with known safe working limits.

Much research has been done in the past by private companies (such as the Imperial
Chemical Industries in the UK), by electrical research establishments belonging to
government organizations and insurance company associations. These organizations have
all created documents, written with the benefit of experience in the use of electrical
equipment in hazardous situations. The risks and hazards of an installation do become
safety issues that require definition and communication to other personnel and
organizations associated with the installation. Contractors and other installers must have
basic information on the hazards of a plant to fulfill their responsibility of correctly
observing precautions.

Gas, vapor and mist risks

In early times the protection measures were developed for the coal mining industry to
mitigate the loss against gas clouds (fire damp) encountered in the underground mines,
where generally men worked. There was a pre-supposition that the source of gas would
be isolated once detected. It was rare that the gas cloud (firedamp) engulfed men before
they were evacuated from the mine and the equipment switched off. But, still keeping in
view a remote chance of that happening, a very high safety factor or high level of
protection was adopted, as the probability of escape or switching off electrical equipment
was relatively low, once the incident occurred.
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These levels of risks have been associated with Zone 1 of the surface industry (above
ground) and these norms applied for electrical equipment. Hence, these are the oldest
norms available. As a result these standards have been developed extensively.

To begin with, the surface industry did not consider the installation of equipment in
Zone 0, as no need was felt to install any electrical equipment in this zone. It was much
later with the rapid advancement in instrumentation technology and the advent of a high
level of automation in the process industry that a demand has been made to place sensors,
probes and electrical equipment in this type of zone. These are basically placed inside
process vessels to monitor and track process parameters so as to have high level of
accuracy in automation to get high level of performance efficiencies. Thus, the standards
too have been developed for sensors for Zone 0 applications.

Zone 2 is a surface industry phenomenon. Initially it was presumed that the high-quality
industrial equipment, which did not spark or get hot in normal working conditions, was
good enough for Zone 2. However, the latest guidelines belie this thinking and much
work is underway internationally for developing these standards.

Thus, we have seen that standards for Zone 1 equipment are much more developed than
those for Zone 0 or Zone 2. Much is being done to correct this anomaly.

Dust risks

Historically no requirement was felt to place equipment in the area when dust was
present. About 70% of dusts involved in industrial processes are flammable but these are
not covered by IEC 60079, which was for some time the mainstay for hazardous area
protection. The new IEC 61241 series standards now address the requirements for dust
explosive atmospheres. Dusts are recognized as a hazard but the properties of dusts
change the way that they are thought of in classification terms.

Dust explosions are said to be more frequent than for gases and are generally reported
in industries such as,

e Coal mining
e Grain handling and processing
e Metal powder manufacturing.

Dust explosions occur when a sufficient amount of finely divided combustible material
is suspended in an atmosphere that supports combustion in the presence of an ignition
source of appropriate energy. Dust explosion can occur even while handling a seemingly
harmless material. Almost 70% of the industrial dust (fine grain size material) being
present in various process industries can be regarded as presenting a dust explosion risk
under certain circumstances. Some examples of type of dust or powders encountered in
industry are:

Coal dust

Grain dust

Malt fines

Wheat flour

Sawdust

Wood fines

Milk powder

Some variety of spices
Coffee and tea fines
Sugar
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Powdered soup

Some organic pharmaceutical powders
Sulfur dust

Polyethylene powder

Polypropylene powder

ABS powder

e Aluminum powder

e Manganese powder.

Properties of dusts differ from gases in that energy levels required to cause ignition are
higher, of the order of millijoules rather than microjoules and the ignition temperature is
generally lower. Concentrations are not directly comparable with those of vapors because
the behavior of dusts tends to settle rather than to disperse to low- or high-collecting points.

The damage generally is more self-contained and for this reason, the hazard is not so
rigorously protected. Higher IP-rated enclosures are sometimes used as the only precaution.

Dusts differ from gases in that they settle and accumulate over time. As stated earlier it
takes much more spark energy to ignite a dust cloud than for a gas so the most likely
cause of ignition is build up of heat. This means that heat may be prevented from being
dissipated and the dust is assisting in creating its own potential source of ignition. The
heat required to ignite dust is generally lower than for gases. Once ignited, the shock
wave produced tends to dislodge other dust accumulations and so the explosion burning
time is lengthened.

Some of the processes where powders as described above are handled always have
inherent explosion risks. These are further compounded if the material is handled
pneumatically in ducts when compared to its handling by belt conveyor or screw
conveyor systems. Generally most risky zones are,

e Filter units

e Cyclones

e Air handling units

e Milling units

e Driers

¢ Sizing and classification equipment

¢ Conveying systems like bucket elevators, duct conveyors, etc.

The standardization work for equipment in dust atmosphere is of recent origin and is
continuously being updated.

Classification concepts

Explosion protection is safety technology at its highest level. A series of pioneering
developments and innovative designs have enabled various companies to exploit new and
more economical and safer possibilities and use fields of application to maximize the
gains. Broad specialist knowledge and well-founded understanding of explosion
protection are of benefit to all. The use of high-quality moulded plastics for explosion-
protected switchgear in particular contributed to this development.

The classification system specifies the following concepts:

e Area classification

e Apparatus grouping

e Temperature classification
e Methods of protection.
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Having understood the ‘Area Classification System’ concept we will discuss and try to
understand the other three concepts.

The different methods of protection available must also be considered at this stage. The
suitability of certain methods is only acceptable for some levels of risk owing to the
considered integrity of the method of protection against the severity of the risk.

The concept of classification has been developed in order to be clear about the hazards
involved and the precautions necessary.

Equipment ... a definition

The term ‘equipment’ is defined as:

any item which contains or constitutes a potential ignition source and which
requires special measures to be incorporated in its design and/or its installation in
order to prevent the ignition source from initiating an explosion in the surrounding
atmosphere.

Also included in the term ‘equipment’ are safety or control devices installed outside the
hazardous area but having an explosion-protection function. ‘Protective systems’ are
defined as items that prevent an explosion that has been initiated from spreading or
causing damage. They include flame arresters, quenching systems, pressure-relief panels
and fast-acting shut-off valves.

Equipment is classified according to:

e The maximum (spark) energy it can produce
e [ts maximum surface temperature.

For equipment to be considered safe for use on a plant, the categories of classification
on the equipment must be the same or ‘better’ than that required by the plant.

The statement of the categories to be encountered on a plant (by its owner or user)
provides any potential supplier of equipment (or contractor) with a clear understanding of
the limits that must not be exceeded if the equipment is to be operated safely. The
suppliers may have their equipment tested for conformance with these limits and then
gain official approval or certification for those categories met. In this way, the system
helps to match plant and equipment together in a safe way.

The nature of the This relates to the characteristics of the gas(es) or dusts
explosive likely to be encountered. In order not to ignite it, there is a
atmosphere maximum spark or flame energy level as well as a

maximum surface temperature that must not be exceeded

The probability that an | This requires an assessment of where and when gas or dust
explosive mixture is could accumulate in sufficient concentrations and/or
present layers, respectively

The maximum energy | This relates to the ‘apparatus group’ of the equipment. This
that can be produced must be matched to the nature of the explosive atmosphere
that the equipment may encounter

The maximum surface | This relates to the ‘temperature class’ of the equipment. This
temperature must be matched to the nature of the explosive atmosphere

that the equipment may encounter
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4.5

4.5.1

Flammable materials are categorized by their defined ignition characteristics. These
categories are easy to compare with formally assessed or ‘certified’ apparatus to be used
when in expected contact with the given flammable materials.

Matching the marking of equipment to the grouping system in which the plant is
considered safe requires the explosive mixtures to be placed into categories that are easy
to compare.

It would be uneconomical and sometimes not even possible to design all explosion-
protected electrical apparatus in such way that it always meets the maximum safety
requirements, regardless of the use in each case. For this reason, the equipment is
classified into groups and temperature classes in accordance with the properties of the
explosive atmosphere for which it is intended. First of all a differentiation is made
between two groups of equipment:

1. Group I:  Electrical apparatus for mining.
2. Group II:  Electrical apparatus for all remaining potentially explosive atmospheres.

Apparatus grouping

The ‘apparatus grouping’ concept originally emerged during the development of the
surface industries when a greater range of chemical processes began to use flammable
materials.

The mining industry recognized and took precautions against the risk of flammability
but only had one gas to contend with, methane. The methane purity varied and so tests
were devised to ascertain which purity of the methane was the easiest to ignite. Thus was
found the form known as firedamp owing to its relatively high hydrogen concentration.
This became the gas used in the testing of electrical equipment to be used in mining.
Equipment was only ever tested for the ignition of firedamp on the basis that if the
equipment could not ignite this gas then it could not ignite any other form that was more
difficult to ignite.

Many different gases or vapors could be in use in industries above ground (referred to
as surface industries). Each gas or vapor has its own characteristics and originally
equipment was tested for the specific gas it was likely to encounter when in service. It
would therefore be impractical to individually type-test apparatus to determine in which
gases it was safe or unsafe.

Consequently, a grouping system was developed. Electrical equipment for explosive
gas atmosphere is now grouped according to the type of industry in which they are used:

Group I Electrical equipment for underground
industries (mining) susceptible to
methane

Group 11 Electrical equipment for all places with

explosive gas atmosphere other than
mining, i.e. surface industries

Group |

For mines where flammable gases other than methane may normally and naturally occur,
the electrical equipment shall be constructed in accordance with the requirements for
Group I, but shall be submitted to the tests prescribed for the appropriate Group II
explosive mixtures and marked accordingly.
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Group I gas considered in mining is methane:

Apparatus Group | Representative Gas | Energy Band
I Methane 200 uJ

Group Il sub-division

Electrical equipment of Group II is subdivided according to the nature of the explosive
gas atmosphere for which it is intended as follows:

Prescribed sub-division Within Group II, there are three sub-divisions. These are
relating to the energy required to cause ignition. Typical gases are chosen as the
‘representative gases’ for each group and are the ones used in equipment testing. The
energy band is expressed in microjoules.

Apparatus Group | Representative Gas | Energy Band (L))
ITA Propane >180
1IB Ethylene >60
IIC Hydrogen >20

This is best explained by considering the emission of energy from ‘electrical apparatus’.
The term ‘apparatus’ is used now, as it is the recognized and defined name used in the
standards to describe electrical equipment that has undergone testing. If the energy
emitted from apparatus is tested and proven to be less than a particular group value then it
is acceptable for use in that group.

It is also acceptable for use in any other group with a higher value. Thus, apparatus safe
for hydrogen is usable in any gas because hydrogen is the most easily ignitable gas.
However, apparatus suitable for ethylene (IIB) is not considered safe in hydrogen and is
not permitted.

During the testing of electrical apparatus, energy emission levels are measured or
assessed, and an apparatus group is assigned depending on the maximum level put out by
the apparatus.

This group is also classified based on maximum experimental safe gap (MESG) and
minimum igniting current as explained later in the chapter.

Temperature classification For all types of protection, the temperature classes T|—Tg
correspond to the classification of electrical equipment according to its maximum surface
temperature.

Particular explosive atmosphere The electrical equipment may be tested for a particular
explosive atmosphere and marked accordingly.

Group IIA

Atmospheres containing acetone, ammonia, ethyl alcohol, gasoline, methane, propane, or
flammable liquid-produced vapor, or combustible liquid-produced vapor mixed with air
that may burn or explode, having either a maximum experiment safe gap (MESG) value
greater than 0.90 mm or minimum igniting current ratio (MIC ratio) greater than 0.80.
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4.6

4.6.1

4.6.2

Group lIB

Atmospheres containing acetaldehyde, ethylene, or flammable liquid-produced vapor, or
combustible liquid-produced vapor mixed with air that may burn or explode, having
either a maximum experiment safe gap (MESG) value greater than 0.50 mm and less than
or equal to 0.90 mm, or minimum igniting current ratio (MIC ratio) greater than 0.45 and
less than or equal to 0.80. This is best explained by considering the emission of energy
from ‘electrical apparatus’.

Group IIC

Atmospheres containing acetylene, hydrogen, carbon disulfide or flammable liquid-
produced vapor or combustible liquid-produced vapor mixed with air that may burn or
explode, having either a maximum experiment safe gap (MESG) value less than or equal
to 0.50 mm or minimum igniting current ratio (MIC ratio) less than or equal to 0.45.

The grouping was originally referred to, in older standards, as gas grouping because the
gases were initially tested to form the groups. Now it is known as apparatus grouping
because of the clarity of its application. The tests are always performed using the most
easily ignitable mixture of the representative gas with air.

Surface temperature classification

The ignition temperature, i.e. the temperature at which an ignition could occur, for
example due to a hot surface of the apparatus, is dependent on the type of existing gases
or vapors. This ignition temperature is influenced by several factors and is thus dependent
on the stipulated testing order. Depending on the measuring system the results can thus
differ in the various countries. Further information regarding materials, not stated can be
found in the respective guidelines and literature.

The maximum temperature of the exposed surface of electrical apparatus must always
be lower than the ignition temperature of the dust, gas or vapor mixture, where it is to be
used.

Group I: Electrical equipment

e Where coal dust can form a layer ... 150 °C.
e For internal surfaces, if the above risk is avoided, for k instance by sealing
against the ingress of dust ... 450 °C.

Group llI: Electrical equipment

In order to be able to mark and select electrical apparatus simply in regard to its
maximum surface temperature, there are several temperature classes. The gases can be
classified into the temperature classes according to their ignition temperature, whereby
the maximum surface temperature of the respective class must be lower than the ignition
temperature of the corresponding gases.

The standards define temperature classification as:

Temperature class One of six values of temperature allocated to
(T class or rating) electrical apparatus derived from a system

of classification according to the maximum

surface temperature of the apparatus
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The ignition temperature of gases and vapors are in no way related to the ease of
ignition by energy. Ignition temperature has to be a completely separate consideration. In
scientific circles, it is still not fully understood why this should be the case.

The temperature classification system requires that the maximum surface temperature of the
apparatus is measured or assessed. The value must fall in between two temperature classes T
ratings in the following list. The lower of the two is the rating given to the apparatus.

The following is the temperature classification as defined by standards,

T Class | Maximum Surface Temperature (°C)
T, 450
T, 300
Ts 200
T, 135
Ts 100
Ts 85

It may be noted that above temperature classification is based on an ambient
temperature of —20 to +40 °C.

Gases and vapors are assessed in a similar way. The ignition temperature of the most
easily ignitable mixture is determined and compared to the list. The higher value
of temperature class is chosen as that for the mixture. The classification of mixtures of
gases or vapors with air according to their MESGs and minimum igniting currents, and
ignition temperature of gases and vapors are listed in the SABS/IEC 60079-12 and
SABS/IEC 60079-20 standards. This was originally taken from the codes of practice
BS 5345 Part 1.

As an example, apparatus awarded T4 may be used in the presence of T,-rated gases.
This means that the apparatus cannot reach a temperature above 135 °C. The T rating
applied to the gas or vapor means that it is the highest it can safely encounter.

The values in the list are based on an ambient temperature of 40 °C. The T rating
applied to the apparatus is in effect a temperature rise from ambient. Tg, for example, is a
rise of 45 °C up to a limit value of 85 °C. In the cases where the ambient temperature is
higher on a plant, special consideration must be given and the T rating may be adjusted.

Note that it is the maximum ‘surface temperature’ that is of interest. Components
within the apparatus may get hotter than the T rating given to the apparatus. If the
flammable vapor cannot come into contact with the component at an elevated temperature
because of the construction, then it need not be considered. Only the surfaces of the
apparatus, which come into contact with the vapor, are of concern.

In some cases, temperature ratings on the apparatus cannot be measured for assessment
and can only be awarded as a result of experience or justified calculation. Small surface
areas are permitted to be at a higher temperature than large ones and so some dispensation
is given to small components in some circumstances. Precise and detailed guidance on
this subject, specific to apparatus designers, is given in various relevant parts of the
SABS and IEC 79 Standards, depending on the protection method employed.

Figure 4.1 gives a comparison of some common gases and vapors with a temperature
scale on which the T-rating values are placed.

Note that the gas hydrogen, in the most sensitive apparatus group of IIC has an
extremely high ignition temperature. This gas is used for cooling in some industrial
applications because of its high thermal conductivity. This demonstrates how diverse the
properties of flammable materials can be.
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Ammonia 630

Methane 595
Hydrogen 560

Propane 470
Ethylene 425

Gas ignition
temperature

Butane 365
Cyclohexane 259

Diethyl ether 170

Carbon disulfide 105

Figure 4.1
Temperature rating system

The following is an illustrative list of gases and vapors with respect to temperature
classifications, and equipment or apparatus to be used in such atmospheres need to be

marked suitably.
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Temperature
Class

Limiting
Temperature (°C)

Gases and Vapors Against Which
Protection is Afforded

T, 450

Chlorobenzene, ammonia, carbon
monoxide, coal gas, hydrogen, water gas

T, 300

Acetone, ethane, ethyl chloride, xylene,
benzene (pure), methane, methanol,
naphthalene, propane, toluene, ethyl
acetate, ethanol, ethylene,
cyclohexanone, iso-amylacetate,
1,4-dioxan, n-butane, n-butyl alcohol,
acetic acid, buta-1,3-diene, vinyl acetate,
ethyl benzene

T, 200

Acetylene, n-propyl alcohol, petrol, crude
oil, turpentine, cyclohexane

T, 135

n-Tetradecane, tetrahydrofuran,
trichlorosilane, ethyl glycol, n-hexane,
n-heptane, n-nonane acetaldehyde, ethyl
ether

Ts 100

No gas or vapor specified as yet

Te 85

Carbon disulfide
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The American temperature classification system

In the American system, the temperature classification is also defined with sub-
classification of the T ratings for apparatus into closer divisions. The system places the
onus on the user to ensure that this T rating is below the ignition temperature of the gas or
vapor.

T Class °C
T, 450
T, 300
T,A 280
T,B 260
T,C 230
T,D 215
T; 200
T;A 180
T;B 165
T5C 160
T, 135
T,A 120
Ts 100
Ts 85

Comparison of temperature classification based on national and
international codes

The following table will give an idea how this classification is applied worldwide,

IEC/CENELEC Japan USA
Australia (RIIS-TR-79-1) (NEC 1984) Min.
Maximum Maximum Maximum Ignition
Surface Surface Surface Temp.

Class | Temp. (°C) | Class Temp. (°C) Class Temp. (°C) O
T, 450 Gl 360 T, 450 450
T, 300 G2 240 T, 300 300
T,A 280 280

T,B 260 260

T,C 230 230

T,D 215 215

T; 200 G3 160 Ts 200 200
T;A 180 180

T;B 165 165

T5C 160 160
T, 135 G4 110 T, 135 135
T,A 120 120

T; 100 G5 80 Ts 100 100
Ts 85 G6 70 Ts 85 85

(Source: Nordland Lighting )
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4.7

4.7.1

4.7.2

Concepts and techniques of explosion protection

Electrical equipment can be designed, manufactured and operated in that if they are in a
hazardous area they will not contribute to causing an explosion in several ways. Today,
there are three basic approaches to providing explosion protection to electrical circuits in
hazardous location. They are as follows:

e Explosion confinement
e Ignition source isolation
¢ Energy-release limitation.

Understanding these techniques starts with the combustion triangle described in
Chapter 1. This triangle illustrates the three basic ingredients necessary for combustion to
occur. In hazardous locations, the fuel source can be in the form of flammable vapors,
liquids, gases, combustible dust or fibers, with the oxidizer being oxygen in the
surrounding air. With these two ingredients present in their most easily ignitable
concentration and the introduction of sufficient electrical or thermal energy, ignition will
result. Either confining or preventing this combustion from occurring can achieve a
means of explosion protection.

Explosion confinement

A common method of providing explosion protection allows the three basic ingredients
described above to coexist and potentially ignite; yet is confined within an enclosure
strong enough to withstand the explosion. This technique is known as explosion proofing
in North America and flame proofing internationally. All joints of the enclosure are
designed in such a manner that the resulting flame, sparks or hot gases are sufficiently
cooled before reaching the outside atmosphere. In addition, all external surfaces must be
kept below the auto ignition temperature for the specific gas the enclosure will be
exposed to.

Although a popular technique, this technology does pose many drawbacks. Since the
enclosures must contain an explosion, they are bulky, heavy and difficult to install. All
wiring entering and exiting this enclosure must also be placed in a hardened conduit
system, which requires special seals and fittings installed according to strict regulations.
This entire system must be inspected frequently to ensure integrity. Loose bolts on the lid
of an enclosure effectively eliminate any explosion protection for the system.

Ignition source isolation

The second method of explosion protection is based upon the isolation of the ignition
source or energy ingredient, from the fuel/air mixture. Although there are many
acceptable methods to choose from, the most popular is purging (internationally referred
to as pressurization). This method reduces the concentration of the fuel/air mixture
initially inside the housing to an acceptably safe level. By maintaining a high pressure
inside the housing any electrical device effectively becomes isolated from the
surrounding atmosphere.

Other ignition source isolation techniques include oil immersion, sealing,
encapsulation, sand, powder and inert gas filling.
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Energy release limitation

This form of explosion protection permits the energy source to exist within the fuel/air
mixture but by design limits the amount of electrical and thermal energy, which could be
released to levels that are incapable of causing ignition.

The most widely used forms of explosion protection, which utilize this technique, are
non-sparking and IS. While both share a common foundation, they do differ greatly in
many aspects. These differences deal mainly with the application of safety factors. Each
does have its merits, which is why it is not uncommon to see the two techniques used
together.

It should also be noted that non-sparking is not recognized outside of the United States
and Canada while IS is accepted worldwide. It is generally regarded as the safest form of
explosion protection. To date, no explosion can be attributed to an intrinsically safe
system.

Non-sparking equipment (Ex ‘n’) is allowed in South Africa in Zone 2. Limitation of
electromagnetic energy is required in South Africa for equipments used in mines. It is
required by the regulations. The use of light metal alloys in enclosures are not allowed for
IS equipment. Clause 8.1 of IEC 60079-0 is applicable to IS equipment. Am 1 of the 1998
edition of 79-0 also addresses this for Group II equipment.

By definition, IS is an explosion-protection technique applied to electrical equipment
and wiring intended for installation in hazardous locations. The technique is based upon
limiting both electrical and thermal energy to levels which are incapable of igniting a
hazardous mixture which is present in its most easily ignitable concentration. These levels
have been established through extensive laboratory testing and are available in both table
and graph, called ignition curves, form. These can be found in all relevant IS standards
including ANSI/UL 913, FM 3610 and CSA 22.2 No. 157.

When intrinsically safe systems are discussed as being safe under normal or abnormal
conditions, it is inferred that regardless of a circuit’s condition, power levels will not be
of sufficient magnitude to ignite a specific hazardous mixture. When discussing an
electrical measurement or control circuit in a hazardous location, abnormal conditions,
commonly referred to as fault conditions, would generally be considered to be those
circumstances in which the circuit has failed in an unsafe manner creating the risk of
explosion. With IS, these fault conditions are considered normal and expected. Fault
conditions may be opening, shorting or grounding of field wiring as well as the
application of higher voltages than were intended for the circuit. Each would collectively
increase the potential of igniting a flammable or combustible mixture.

In general, a circuit can only be made intrinsically safe if it requires less than 1 W of
power. It is for this reason that IS is limited to measurement and control circuits. An
example is a standard 4/20 mA transmitter or LED indicator light. Any circuit powered
by higher energy levels requires the use of other explosion-protection techniques.

Intrinsic safety reduces the risk of ignition by electrical apparatus or connecting wiring
in hazardous locations. Requirements for an intrinsically safe system do not include
reducing risk of explosion related to mechanical or electrostatic sparking, chemical
action, radio waves or lightning strikes. Protection against such events should be
employed as well.

Methods of explosion protection

When electrical equipment is to be located in a hazardous area it must be designed,
manufactured and certified for that purpose. There are several methods of protection
available and these are based upon the various protection techniques.
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4.8.1

The zonal classification of the hazardous area that the equipment is to be located in
will, or partially, determine the equipment’s method of protection. This electrical
equipment is known as ‘explosion-protected’ equipment, the symbol being Ex, or if to
CENELEC standards EEx, followed by the letter designating the mode of protection.
Care must be taken not to confuse the term ‘explosion protected’ with the North
American term of ‘explosion proof’ used to describe their hazardous area equipment.
Each technique of protection is assigned a code letter depicting the type of protection.

Exclusion of the explosive atmosphere (criterion a)

This is when the gas/air or vapor/air mixture is prevented into coming into contact with
components or equipment that could cause ignition.
The following methods satisfy this requirement:

Pressurized (Ex ‘p’) If clean dry air or an inert gas is pumped into an enclosure housing
electrical equipment and a positive pressure is maintained at 50 Pa with respect to the
surrounding atmosphere then flammable gas or vapor will be excluded. However, if the
air supply to the enclosure fails then the electrical supply to it must shutdown. There are a
few variations to this system and it is popular for control panels manufactured in North
America. This method is generally suitable for Zones 1 and 2.

Purged (Ex ‘pl’) Similar to Ex ‘p’ except that an air flow or inert gas flow is maintained
in an enclosure to ensure that there is no build up or presence of a flammable gas or
vapor. A positive pressure will be maintained in the enclosure or area but the air or inert
gas will be continually released at a lower outlet pressure than inlet, thus purging the
enclosure or area (Figure 4.2).

Figure 4.2
Principles of purging Ex ‘p’

Ventilated (Ex ‘v’) Used in large areas to dilute flammable gas or vapor to well below
LEL and to reduce the temperature of electrical equipment by airflow passing over the
equipment. In this system air is fed into a potentially hazardous area increasing the
proportion of air in the atmosphere thus decreasing the gas/air or vapor/air mixture to less
than the LEL.

Encapsulation (Ex ‘m’) The main requirement for encapsulation is that the apparatus to
be protected is encapsulated in resin with at least 3 mm of resin between it and the
surface. In this system, the flammable gas or vapor cannot come into contact with arcs or
sparks due to the operation of the apparatus (Figure 4.3). Used mainly for items not
readily repairable. This method is generally suitable for Zones 1 and 2.



4.8.2

Design philosophy and selection of equipment/apparatus 95

Figure 4.3
Principle of encapsulation Ex ‘m’

Oil immersion (Ex ‘0’) Not a popular method as the integrity of the system depends
upon the presence and suitable depth of mineral insulating oil. The apparatus must be
covered by at least 25 mm of oil (Figure 4.4). This method is generally suitable for Zone
1. This Ex technique of oil immersion is not allowed in South Africa.

Figure 4.4
Principle of oil immersion Ex ‘o’

Prevention of sparking (criterion b)

In selecting components or equipment that will not provide a source of ignition when in
normal use.

Increased safety (Ex ‘e’) Perhaps the most widely used method of protection. The design
and manufacture of this equipment assures safety against ignition through ensuring that the
temperature of the equipment will not become excessive, and that the incidence of arcs and
sparks in normal service is prevented. This is achieved by the use of high-integrity
insulation, temperature de-rating of insulating materials, enhanced clearance distances,
control of maximum temperatures, impact test requirements for the enclosure, and
protection against the ingress of moisture and solids. In the case of Ex ‘e’ motors, design
measures are taken to ensure that frictional sparks caused by the rotor against the stator will
not occur and the temperature rating of the windings is de-rated (Figure 4.5). An IP rating
of IP 54 is standard. This method is generally suitable for Zones 1 and 2.

Figure 4.5
Principle of increased safety Ex ‘e’
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Non-sparking (Ex ‘n’) Apparatus which does not produce arcs, sparks or hot surfaces in
normal operation is considered within this scope, and this system of protection is common
amongst three-phase induction motors used in hazardous areas. This system relies on sound
construction, and its IP rating is normally IP 54. This method is generally suitable for Zone 2.

Explosion containment (criterion c)

If a gas/air or vapor/air mixture manages to enter an enclosure that contains electrical
equipment and that mixture is ignited then this enclosure must be robust enough to
contain the explosion and ensure that the escaping products of the explosion do not cause
ignition outside of the enclosure.

Flameproof (Ex ‘d’) This method is also widely used but tends to be less popular than
Ex ‘e’ equipment. The basis of Ex ‘d’ equipment is that ordinary non-certified electrical
apparatus such as relays, switches, terminal blocks, etc. are located in an enclosure and
that if a gas/air or vapor/air mixture enters the enclosure in sufficient quantities and
ignites then the enclosure will contain the effects of the ignition. The products of that
ignition will be cooled by passing out through the flange between the enclosure’s lid and
body known as the flame path, therefore not being able to further ignite flammable gas or
vapor outside of the enclosure. The larger the flameproof enclosure the greater the
amount of flammable gas or vapor able to accumulate in it and the greater the flame path
width required. The flame path gap must be kept to a minimum in order to inhibit the
ingress of flammable gas or vapor, and that is known as the MESG. The MESG is in part
determined by the internal volume of the enclosure and the gas grouping of the enclosure
so that IIC gases have a smaller MESG than that of IIA and IIB gases for the same size of
enclosure (Figure 4.6). This method is generally suitable for Zones 1 and 2.

Figure 4.6
Principle of Ex ‘d’

Sand-filled (Ex ‘q’) Also known as powder-filled. The equipment enclosure is filled
with finely granulated quartz that will suppress any arcs or hot surfaces and stop ignition
outside of the enclosure (Figure 4.7).

Figure 4.7
Principle of Ex ‘q’
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Energy limitation (criterion d)

The amount of energy into a hazardous area can be limited so that there is insufficient
energy allowed into the circuit to cause ignition.

Intrinsically safe (Ex ‘ia’ and Ex ‘ib’) This is a common type of protection where the
required limitations of voltage and current allow its use. With IS, there is always the need
for a certified interface unit such as a Zener barrier or galvanic coupler to couple the
supply from the safe area to the intrinsically safe equipment in the hazardous area. Some
types of equipment termed ‘simple’ apparatus may be non-certified for use in a hazardous
area but are still supplied through a certified interface. Simple apparatus is defined in
IEC 60079-11: 1999 as 1.5V, 100 mA and 25 mW. It does not store energy, e.g. LEDs,
switch contacts and resistors. Zener barriers perform their safety function by limiting
current to the hazardous area via an infallible current-limiting resistor (CLR) at voltage
defined by a Zener clamp. Zener barriers come with either an Ex ‘@’ or Ex ‘b’
certification the difference being that Ex ‘a’ equipment will perform its IS function with
two faults and Ex ‘b’ equipment with one fault. The galvanic coupler uses a different
safety philosophy than Zener barriers including the use of a transformer isolated supply.
These are becoming popular due to, amongst other reasons, there being no need to
provide an earth as is required by Zener barrier systems (Figure 4.8).

L

Figure 4.8
Principle of IS Ex ‘i’

Special situations

Special protection (Ex ‘s’) This is not a common mode of protection but can be utilized
to certify equipment that does not comply with any of the recognized methods of
protection after extensive third-party testing.

Typical applications of methods of protection

Typical applications of each method are given in the table below. In general they can be
described as best suited to either high electrical power applications or those where energy
levels are or can be maintained at significantly lower levels. Thus, it should be clear that
not all methods could be used for all applications. Part of the equipment selection process
may be to determine which method of protection is the most suitable for a given
application in a given set of circumstances.

The table below lists the Ex protection methods, codes and standards they conform to.
The description here outlines the essential aims of the technique to provide protection and
is subsequently discussed in more detail.
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Type of Protection in
Accordance with IEC
or EN Method/Technique Application
‘p’ Pressurization, Switchgear and control cabinets, analyzers,
IEC 60079-3 continuous dilution and large motors
EN 50016 pressurized rooms
q Powder/sand filling Transformers, capacitors, terminal boxes for
IEC 60079-5 heating conductors
EN 50017
‘0’ Oil immersion Transformers, starting resistors
IEC 60079-6
EN 50015
‘m’ Encapsulation Switchgear with small capacity, control and
IEC 60079-18 signaling units, display units, sensors
EN 50028
‘e’ Increased safety Terminal and connection boxes, control
IEC 60079-7 boxes for installing Ex components (which
EN 50019 have a different type of protection),
squirrel cage motors, light fittings
‘n’ Non-sparking All electrical apparatus for Zone 2, less
IEC 60079-15 suitable for switchgear and control gear
EN 50021
‘d’ Flameproof enclosure Switchgear and control gear and indicating
IEC 60079-1 equipment, control systems, motors,
EN 50018 transformers, heating equipment, light
fittings
1 Intrinsically safe Measurement and control technology,
IEC 60079-11 apparatus or system communication technology, sensors,
EN 50020 actuators
‘s’ Special protection To be approved for each application

4.10 Mixed techniques

The new directives give a lot of freedom to designer and manufacturers to innovate such
that most optimized solutions are implemented both in terms of cost and safety.

Keeping this in view it has become quite common for more than one explosion-
protection technique to be used on a single item of apparatus. Such as,
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A flameproof motor with an increased safety terminal box.

Flameproof apparatus is often designed to also meet DIP requirements by
including gaskets in such a way that they do not affect the flame paths.
Apparatus commonly referred to as increased safety (Ex ‘e’) is actually a
combination of explosion-protection techniques ( Figure 4.9).

A typical increased safety fluorescent luminaire may incorporate the following
explosion-protection techniques (Figure 4.10):

— Ex ‘e’ :Increased safety for the housing.

— Ex ‘m’ : Encapsulation for the ballast (ballast may be Ex ‘dm’).

— Ex ‘g’ : Powder-filling for the capacitor (capacitor may be Ex ‘s’).
— Ex ‘de’: Flameproof, in part, for single-pin tube holders.

— Ex ‘de’: Interlocking isolation switch (when fitted).

— Ex ‘e’ : Increased safety for the terminals.

The explosion-protection designation is therefore Ex ‘emdq’, as shown in Figure 4.9.

Degree of
protection
IP 54 minimum

Ex ‘m’ ballast

One piece gasket

Ex ‘e’ terminal

strip
Ex ‘de’ Ex ‘d’ single pin
interlock tube holders
isolating

switch

3 »
= f .
Locking port % iy -
andtool e - r‘/’f_. y

Multipoint locking 3
device

Figure 4.9
Typical fluorescent luminaire of the increased safety type (combining several explosion-protection

techniques)

Ex ‘e’ terminal

strip
Ex ‘m’ ballast Ex ‘q’ capacitor |
B\D ﬂ:
Ex ‘de’ single
pin tube o e
holders _\\
. — == Ex ‘de’ lid switch g %
Lipseal IP 56
rating

Multipoint locking device

Figure 4.10
Single-line diagram of a typical fluorescent luminaire of the increased safety type
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4.1

Dust explosion-protection methods

As with gas, the first priority should be to remove the source of ignition away from the
area where there is probability of formation of dust clouds. In reality this may not be
always possible to achieve either removal of ignition source nor obviate the possibility of
removal of explosive atmosphere caused due to dust or powders.

Generally three methods are widely used in industry,

1. Principle of operating under inert atmosphere
2. Principle of containment by
3. Principle of ingress protection.

The method of operation of process under inert atmosphere implies that the
concentration of oxygen is monitored and it is limited so as to prevent the explosion.
Thus it is essential that the limiting oxygen concentration (LOC) of the dust or powder be
known to apply this protection method. The integrity of the nitrogen or carbon or carbon
dioxide blanket is also of utmost importance. Hence the installation of reliable oxygen
measurement instrumentation is essential.

In case the consequences of a dust explosion are excessively dire then prevention
measures for explosion containment methods need to be deployed. This is achieved by
manufacturing the process equipment in such a way that it is strong enough to withstand
the maximum pressure of the explosion. This is an expensive option and can be
implemented in small operations.

Explosion relief panels are also sometime engineered into the equipment. These relief
devices release the pressure if it builds up excessively so that other equipment does not
suffer extensive damage.

Another method widely used till date in industry is to deploy an IP class of enclosure to
keep the dust atmosphere away from electrical ignition sources. The Ingress Protection
Code IEC 60529, AS 1939 Degrees of protection provided by enclosures for electrical
apparatus (IP Code), specifies the degree of protection provided by enclosures to levels
of solids and water as given hereunder,

1. Contact with, or approach to live parts and against the contact with moving
parts (other than smooth rotating parts and the like) inside the enclosure, and
protection against the ingress of solid foreign objects.

2. Harmful effects due to the ingress of liquid or water.

These are designated such that, the characteristic letters IP (for ‘ingress protection’) is
followed by two numerals (‘the characteristic numerals’).

1. The first numeral indicates the degree of protection described in (1).
2. The second numeral the degree of protection described in (2).

In some cases reference may be made to only one numeral the other is replaced with an
‘X’, e.g. IP 3X or IP X3.

The IP code can be optionally extended by an additional letter A, B, C or D (after the
second numeral) where the protection of persons against access to hazardous parts is
higher than that indicated by the first numeral, or where the first numeral is unspecified.

Note that IP X6 D, protected against driving rain, has been omitted from the 1990
edition of AS 1939.

Generally, standards refer to the class of protection as given here and manufacturers like
to have it indicated on their apparatus or equipment, based on the verification testing done
by notified bodies. It is fairly common practice for manufacturers who want their apparatus
to be used in the open to seek an IP classification, with IP 65 being the most common.
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The scope of protection for IP protection classes with reference to the first and second

characteristic numerals is as follows:

Code Code
First Physical Protection and Foreign Solid Second Protection against Ingress of
Digit Body Ingress Protection Digit Liquid
0 No protection against ingress of solid 0 No protection
foreign bodies
No protection of persons against contact
with live or moving parts inside the
enclosure
1 Protection against inadvertent or accidental 1 Protection against drops of
contact with live or moving parts inside the condensed water
enclosure by a large surface of the human Drops of condensed water falling
body, for example a hand, but not protections vertically on the enclosure shall
against deliberate access to such parts have no harmful effect
Protection against ingress of large solid
foreign bodies (50 mm diameter)
2 Protection against contact with live or moving 2 Protection against drops of liquid
parts inside the enclosure by fingers Drops of falling liquid shall have
Protection against ingress of large solid no harmful effect when the
foreign bodies (12.5 mm diameter) enclosure is tilted at any angle
up to 15° from the vertical
3 Protection against contact by objects of 3 Protection against rain
thickness greater than 2.5 mm Protection against water spray at
Protection against contact from tools an angle up to 60°
4 Protection against contact by objects of 4 Protection against splashing liquid
thickness greater than 1 mm Protection against water spray
Protection against contact with a wire from all directions
5 Complete protection against contact with live or 5 Protection against water jets
moving parts plus harmful deposits of dust.
The deposit of dust may not be fully
prevented but sufficient amount of dust will
not be allowed to enter so as to have a
harmful effect on operation of equipment
Protection against contact with a wire
6 Complete protection against contact and 6 Protection against conditions on
ingress of dust, i.e. it shall be dust-tight ships decks
Protection against strong water jets
7 Protection against immersion in
water
8 Protection against indefinite

immersion in water
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4.12

It may please be noted that ‘water’ is used as the test for liquid ingress. Enclosures may
suffer a greater degree of penetration from other liquids such as solvents where corrosion
or reactions may also result. Assessment of ingress by other liquids shall therefore be
determined by testing.

The example of how labeling is done is illustrated hereunder,

IP 67 = Ingress protection — dust-tight and protected against immersion
IP 56 = Ingress protection — dust-protected and protected against heavy sea.

These enclosures are also used in conjunction with other methods of protection where
flammable liquids are likely to be present giving rise to flammable atmosphere.

Selection of explosion-protection technique for
safeguarding

The certainty of protection working correctly is partly to do with the integrity of each
explosion-protection technique but is also concerned with other installation-related topics
such as fault tolerance and degree of maintenance necessary.

No one method of explosion protection is ideal or can be described as better than the
other without reference to the risk perception and HAZOP studies done for the plant.
The selection of electrical apparatus for hazardous areas will depend on the nature of the
hazardous area. It is a case of selecting the technique best suited to economically and
safely solve the particular application in the zone.

The techniques should not all be considered as alternatives. Each has its advantages and
disadvantages and it is difficult to make direct comparisons. Where there is a choice the
plant designer must base the selection primarily on what method of protection is
permitted in the zones encountered by an application. Only then can the other benefits
offered by each technique be considered. Conversely, disadvantages may dissuade the use
of certain techniques in certain situations.

A few guidelines are described hereunder so as to help the designer to make an
informed choice.

Gas and vapor risks

Zone O Intrinsically safe system and special Category ‘la’ provided sparking
contacts are additionally protected.

Special protection Ex ‘s’. Ex ‘ia’ or Ex ‘s’ are two options available for selection of
apparatus for Zone 0 areas.

Ex ‘s’ use provides some possibilities for innovative use of appropriate apparatus.
While Ex ‘s’ apparatus can be used in Zone 0, there are no specified requirements that
would automatically make the apparatus suitable for such use. It is generally dependent
on the manufacturer or user to demonstrate its suitability.

For example, some low-powered apparatus complying with Ex ‘m’ (encapsulation) has
been certified ‘Zone 0 Ex “s”.

Another approach, which has been considered by some designers of the plant, is that of
duplicated techniques for use in Zone 0, e.g. a pressurized flameproof enclosure
(Ex ‘pd’). This might make it possible to use higher-powered apparatus that would not
normally be permitted in a Zone 0 area.

However, it would not allow for one of the biggest advantages of using intrinsically
safe apparatus, which is that maintenance can be carried out ‘live’ without the need to
‘gas free’ the area.

IEC is now developing a standard for apparatus suitable for Zone 0.
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Zone 1  Flameproof enclosure ‘d’
Intrinsically safe system Category ‘Ia’ or ‘Ib’
‘Approved’ apparatus and type of protection ‘s’
Pressurizing or purging ‘p’
Type of protection ‘e’
Type of protection ‘m’
Type of protection ‘q’ and ‘0’.

Zone 11 areas represent the most common applications and provide a much larger range
of options. The two techniques for gas atmospheres, which have dominated the scene
generally, are:

e Ex ‘d’ (flameproof ): Particularly where power levels are reasonably high.
e Ex ‘i’ (intrinsic safety): Because of its nature such apparatus must be restricted
to low-power applications.

Pressurized (in accordance with the requirements for Zone 11) and ventilation
techniques can also be used but they tend to be for a particular installation, and the
apparatus is only infrequently submitted for certification.

Ex ‘e’ (increased safety) has emerged as a popular technique, in particular for
luminaries and motors. It has a distinct advantage over flameproof apparatus in that it is
generally cheaper.

Ex ‘m’ (encapsulated apparatus) has been used for many years for items such as
solenoids.

Ex ‘s’ is acceptable, provided it is in accordance with the requirements for Zone 1 (or 0).

Certified Ex ‘q’ (powder-filling) and Ex ‘o’ (oil-immersion) apparatus are included in
the acceptable techniques for Zone 1 areas.

Zone 2 Any method of safeguarding suitable for Zones 11 and 12
Type of protection ‘n’
Type of protection ‘e’
Non-sparking apparatus
Totally enclosed apparatus.

Ex ‘n’ (non-sparking) is permitted only in Zone 2 areas and is the most common
technique for such areas. Typical apparatus include luminaries and motors for high-
powered apparatus. For low-power applications, apparatus that are intrinsically safe when
used with barriers can often be used as Ex ‘n’ without the barriers, but, the apparatus
must be certified for use in Zone 2.

Dust risks

Most dusts require higher ignition energy than gases, millijoules rather than microjoules,

and so the energy levels associated with intrinsically safe apparatus have a considerable

level of safety. Common dusts such as wheat-flour, paper, rice, wheat, wood, sucrose,

aspirin, coal and rubber all have minimum cloud ignition energy much higher than 1 mJ.
The relevant standard for the selection of apparatus for Zones 20, 21 and 22 is

AS/NZS 61241.1.2 Electrical apparatus for use in the presence of combustible dust.
Part 1.2: Electrical apparatus protected by enclosures and surface temperature
limitation — Selection, installation and maintenance.
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Zone 20

Encapsulated apparatus (Ex ‘m’) complying with AS 2431 or IEC 60079-18, provided

Intrinsically safe system Category ‘Ia’, provided sparking contacts are

additionally protected.
Encapsulation Ex ‘m’ — to be duly certified for use in Zone 20
Pressurizing Ex ‘p’ — to be duly certified for use in Zone 20.

the apparatus is installed in accordance with AS/NZS 2381.1.

Pressurized rooms or enclosures (Ex ‘p’) complying with the requirements for dust

hazardous areas, specified in AS 2380.4.

Intrinsically safe apparatus (Ex ‘i’) complying with AS 2380.7 or IEC 60079.11,

provided that the following conditions are satisfied:

e The apparatus complies with either Ex ‘ia’ or Ex ‘ib’.
e The apparatus is IIC.

e The minimum dust cloud ignition energy to which the apparatus will be

exposed is higher than 1 mJ.

e Associated safe area apparatus is not installed in Zones 20, 21 and 22 areas,

unless protected by an appropriate protection technique.

e The apparatus is either encapsulated or protected by an enclosure complying

with at least the degree of protection IP 5X given in AS 1939.
e The apparatus is installed in accordance with the requirements of AS 2381.7.

Apparatus intended for use in Zone 20 shall be verified by the manufacturers as suitable
for use in Zone 20, with particular reference to the layer depth and all the characteristics
of the material(s) being used.

Zone 21

All protection that are used in Zone 20. The intrinsically safe, pressurizing and

Intrinsically safe system Category ‘la’ or ‘Ib’

Pressurizing or purging ‘p’

Encapsulation Ex ‘m’

Enclosures having degree of protection IP 54 except that if the dust is
likely to train fire or is electrically conducting IP 65 may be required.

encapsulation protection can be used but need to be certified for Zone 21.

Zone 22 Intrinsically safe system Category ‘la’ or ‘Ib’
Pressurizing or purging ‘p’
Enclosures having degree of protection IP 54.

The Australian/New Zealand Standard for pressurized apparatus for use in Zones 20, 21

and 22 areas is AS 2380.4.

Combined dust and gas and vapor risks

Gas and Dust
Vapor Risk Risk
Zone 0 Zone 20 | Intrinsically safe system Category la, provided sparking
Zone 0 Zone 21 contacts are additionally protected
Zone 0 Zone 22
Zone 1
Zone 2
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Gas and Dust
Vapor Risk Risk
Zone 1 Zone 21 | Intrinsically safe system Category Ia or Ib
Zone 1 Zone 22 | Pressurizing or purging

Any other method of safeguarding suitable for Zone 1 gas
and vapor risks, provided the enclosure is to degree of
protection IP 54, except that if the dust is likely to train
fire or is electrically conducting an enclosure to IP 65
may be required for the Zone 21 dust risk

Zone 2 Zone 21 | Intrinsically safe system Category Ia or Ib

Zone 2 Zone 22 | Pressurizing or purging

Any other method of safeguarding suitable for Zone 2 gas
and vapor risks, provided the enclosure is to degree of
protection IP 54, except that if the dust is likely to train
fire or is electrically conducting an enclosure to IP 65
may be required for the Zone 21 dust risk

The methods listed above are discussed in more detail in later sections. The zone of use
is discussed in more detail after each technique has been described subsequently. The
different levels of integrity of each protection method makes some less acceptable or
suitable for higher-risk situations.

The recognized methods of explosion protection might be applied to electrical
equipment in order for it to be certified.

Conclusion

We have so far seen that only explosion-protected equipment may be used in areas in
which a dangerous, explosive atmosphere may still be expected, despite the
implementation of primary explosion-protection measures.

The certainty of protection working correctly has partly to do with the integrity of each
explosion-protection technique but is also concerned with other installation-related topics
such as fault tolerance and degree of maintenance necessary.

Safety in potentially explosive areas can only be guaranteed by a close and effective
working relationship amongst all parties involved.

The operator is responsible for the safety of his equipment. It is his duty to judge where
there is a risk of explosion and then divide areas into zones accordingly. He must ensure
that the equipment is installed in accordance with regulations and is tested before initial
use. The equipment must be kept in a fit state by regular inspection and maintenance.

The manufacturers of explosion-protected apparatus are responsible for routine testing,
certification and documentation, and are required to ensure that each device manufactured
complies with the design tested.

The installer must observe the installation requirements, and select and install the
electric apparatus correctly for its intended use.

Till now we have studied the explosion protection and responsibility of operators. In the
next few chapters we will look into the details of the type of explosion-protected
equipment to be manufactured and the use to which it can be put to. Then we will follow
that up with installation-related discussions.
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Protection concept ‘d’

General

Explosion protection is safety technology at its highest level. A series of pioneering
developments and innovative designs have enabled various companies to exploit new,
more economical and safer possibilities and apply to many different fields of application
to maximize the gains. Broad specialist knowledge and a well-founded understanding of
explosion protection are of benefit to all. In this chapter, we shall discuss one of the
oldest and widely used protection concepts, flameproof Ex ‘d’.

Initial cooling

in flanges
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. \
\
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Further cooling Enclosure  (defined minimum
due to turbulent length and

mixing at exit maximum gap)

from flanges

Figure 5.1
Principle of operation of a flameproof enclosure

The flameproof enclosure is one of the oldest of the protection concepts being considered
in various parts of the world as suitable for Zones 1 and 2 areas, dating back to before
World War II (Figure 5.1). This owes its origin to the mining industry and was developed in
parallel in the UK and Germany. Dr Ing Carl Beyling (a German who developed this
concept in 1908) was the person who was honored by the Institution of Mining Engineers,
UK in 1938. It is interesting to note that the letter ‘d’ also is of German origin.

The concept of the ‘Flameproof enclosure’ followed the use of electricity in coal mines
in Europe. In those early times (beginning of twentieth century), it was DC motors and
other DC-operated electrical equipments which were in use. These produced highly
ignition-capable sparking in normal operation. While the ideal way would have been to
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completely exclude the explosive gases from coming in contact with this sparking, it was
not possible from a practical point of view. This was due to the unreliability of the
equipment at that time, which needed to be frequently opened for maintenance and thus
breaking any seal with the attendant difficulty of remaking it with confidence. This, no
doubt, is still, to a degree, the case as it is still considered that to make and break a seal of
the desired quality in the field with confidence is generally not possible. Added to this,
the rotating shaft and rods also make sealing permanently and under all conditions a
nearly impossible task.

On accepting the fact that an explosive atmosphere cannot be permanently kept out nor
sparking be eliminated under all conditions, it became imperative to look for the means to
‘contain’ the result of such internal explosions as and when they occur, so as to minimize the
risk for the persons present in the vicinity. Thus, an enclosure sturdy enough needed to be
designed so as to contain the forces of such internal explosion without any damage to itself.

It has also been discovered that the flame front caused by the explosion could be
rendered harmless by passing it through a small gap (if the gap size could be guaranteed
to have a specific maximum dimension during the explosion). The apparatus so enclosed
would not constitute an unacceptable risk, even if the explosive atmosphere did penetrate
its enclosure and was ignited internally. Thus the concept of flameproof enclosure is born.

Definitions

This method is also widely used along with the equally popular Ex ‘e’ concept.

The basis of Ex ‘d’ equipment is that ordinary non-certified electrical apparatus such as
relays, switches, terminal blocks, etc. are located in an enclosure. If a gas/air or vapor/air
mixture enters the enclosure in sufficient quantities and ignites, the enclosure will contain
the effects of the ignition.

This method is generally suitable for Zones I and 2.

Flameproof enclosure

The term ‘FLP’ (mnemonic for Flameproof) originates from the mining industry where it
was first used. The term flameproof is applied to enclosures of electrical apparatus
certified by a certified testing body as having been examined, type-tested where
necessary, and found to comply with the SABS/IEC 60079-1 or AS 2380.2 or BS/EN
50018 (1995). The enclosure must be strong enough to withstand the stresses of internal
ignition.

A flameproof enclosure is defined in the standards as: ‘An enclosure for electrical
apparatus that will withstand an internal explosion of the flammable gas or vapor which
may enter it without suffering damage and without communicating the internal
flammation to the external flammable gas or vapor for which it is designed, through any
joints or structural openings in the enclosure.’

A flameproof enclosure is designed to withstand the pressure of an internal explosion; it
is not necessary therefore to provide openings for pressure relief. Where there is a joint,
however, or where a spindle or shaft passes through the enclosure, the products of the
explosion can escape. It should be understood that the aim of a flameproof enclosure is
not necessarily the total avoidance of any gaps in an enclosure. The misconception that it
should be ‘gas-tight’ is misplaced. The principle recognizes that some openings are
unavoidable in practice and so restricts itself to requiring that the size of such openings
should not exceed the safe limit above which the nature of the escaping flame is such as
to ignite a specified flammable atmosphere. On the other hand, it is not the aim to require
joints to be deliberately spaced to give an opening.
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Flameproof joint

The place where the corresponding surfaces of the different parts of a flameproof
enclosure come together, where the flame or products of combustion may be transmitted
from the inside to the outside of the enclosure.

Length of flame path

The shortest path traversed by a flame through a joint from the inside to the outside of an
enclosure.

Gap

The distance between the corresponding surfaces of a flameproof joint after the electrical
equipment has been assembled.

Pressure piling

A condition of rise in pressure resulting from ignition of pre-compressed gases in
compartments or sub-divisions other than those in which ignition was initiated and which
may lead to a higher maximum pressure than would otherwise be expected.

Maximum experimental safe gap (MESG)

Any path, which the flame or hot gases may take, needs to be of sufficient length and
constriction to cool the products of the explosion so as to prevent ignition of a flammable
atmosphere external to the enclosure.

The products of the ignition will be cooled by passing out through the flange between
the enclosure’s lid and body known as the flame path, therefore not being able to further
ignite flammable gas or vapor outside of the enclosure. The larger the flameproof
enclosure, the greater the amount of flammable gas or vapor able to accumulate in it and
the greater the flame path width required. The flame path gap must be kept to a minimum
in order to inhibit the ingress of flammable gas or vapor and that is known as the MESG.
The MESG is in part determined by the internal volume of the enclosure and the gas
grouping of the enclosure so that IIC gases have a smaller MESG than for IIA and IIB
gases, for the same size of enclosure. The dimensions of these flame paths are critical and
are specified in SABS/IEC 60079-1.

Other tests for flame energy levels were devised from Davy and Faraday’s original
work.

An alternative test is the eight-liter capacity bronze sphere, which is made of two halves
and joined by a flange of one-inch path length. The sphere is enclosed in a tank of eight
cubic feet in capacity filled with the most easily ignitable mixture of a test gas. The
distance between the flanges of the two halves of the sphere, known as the gap, is varied
in a series of tests with each gas. A substantial spark is introduced into the inside of the
sphere. The size of the gap is increased until the point is found at which sufficient flame
energy is released from the sphere, through the gap, to ignite the surrounding gas. The
object is to find the maximum gap size that will not transmit ignition. This is said to be
the ‘maximum experimental safe gap’.

To add a margin of safety the MESG was reduced to a safe working gap.

It was realized that the sensitivity MESG and the minimum ignition energy, MIE values
for any given gas correlated. This is illustrated in the table below:
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Minimum
Representative Ignition Ignition
Gas Temp. (°C) | MESG Safe Working Gap | Energy (1LJ)
Propane 466 0.016" 0.016" 180
Ethylene 425 0.004" 0.008" 60
Hydrogen 560 0.001" 0.004" 20

Note that the ignition temperatures do not correlate to MESG or MIE. Temperature
must be considered separately.

Certification in brief

Flameproof enclosures cannot yet be certified independently of their contents but this
situation may change for small enclosures because of current work.

Alteration to the position of the internal components is not permitted because
conditions may be created inadvertently which will lead to pressure piling. No
modification, addition or deletion to the enclosure or its internal components shall be
made without the written permission of the certifying authority. Such permission shall be
obtained through the manufacturer of the apparatus, unless it can be verified that such
change does not invalidate the certification.

It should be noted that a flameproof enclosure is not tested for its ability to withstand
the effects of an internal electrical fault.

Construction requirements

The Ex ‘d’ method of protection relies on the mechanical strength of an enclosure to
withstand an internal explosion. It must not allow the explosion to propagate to a
flammable atmosphere surrounding the enclosure.

The enclosure itself is tested to perform in a controlled way with specified devices
inside the enclosure.

Some of the other details that are covered by the standards are:

e Minimum surface roughness (machined surfaces).

e Inspection access to measure the gap between flanged joints — usually with
feeler gages.

Holes in joint surfaces.

Joints, including, class of fit, pitch, minimum number of threads engaged.
Gaskets and ‘O’ rings.

Operating rods and spindles.

Shafts and bearings.

Breathing and draining devices.

Fasteners: Especially the requirement that all holes must be blind holes, so that
if a bolt is removed there will not be direct access into the flameproof
enclosure. Minimum wall thickness — 3 mm or 1/3 the diameter of the hole —
whichever is greater. Minimum length of thread engaged and the depth of the
hole to ensure the bolt does not ‘bottom out’ before it is fully engaged.

e Mechanical strength, pressure piling.

Cable glands and cable connection techniques.
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e Terminals for external connections: The terminals must be generously sized
and of sufficient cross-section for the required current-carrying capacity. They
should also be positively located, and constructed in such a way that the
conductors cannot loosen or be damaged by the clamping action.

e Acceptable methods for internal connections or joints.

e Clearances: Minimum clearance distances are specified between conducting
parts at different potentials, which vary depending on the working voltage.

e Creepage distances: The grading of different insulating materials is covered, as
well as minimum creepage distances for different working voltages.

e Surface profiles for insulating materials.

¢ Insulating materials including thermal stability, temperature rating, strength
and requirements for varnishes.

e Windings: This section covers the minimum wire sizes, impregnation
techniques and test voltage for different wire sizes.

o Limiting temperature: In general the “T” rating must not be exceeded by any
part of the equipment within the TE time during normal operation or starting, in
order to prevent ignition of an explosive atmosphere.

e Overtemperature protection: The windings have to be protected to ensure the
limiting temperature cannot be exceeded in service. This is usually performed
by a suitable current-dependent device. This device needs to be selected with
great care and the calibration may need to be checked, to ensure that it will
operate as required, i.e. it must disconnect the motor from the supply within the
TE time, if the motor is subjected to a locked rotor situation.

¢ Internal wiring.

e Degree of protection: Minimum IP ratings. For motors with bare live parts this
is IP 54.

e Maximum values for TE time for different starting current ratios. The TE time
cannot be less than 5 s and the 7,/I, ratio cannot exceed 10.

¢ Limiting temperatures for insulated windings for different classes of insulation.

e Requirements for impact tests.

Additional requirements for rotating electrical machines

¢ Clearance for internal fans

e Minimum radial clearances (or air gap) between the rotor and stator at different
speeds

e Special requirements for cage rotors.

Cable entries

It is necessary, at the time of ordering, to specify the number of cable entries and the size
requirement of cable glands for use with a flameproof enclosure. These have to be
machine-cut by the manufacturer and this operation shall not be carried out on site.

¢ Any enclosure must have the ability to be opened up in such a way as to allow
the apparatus to be installed inside it. It is a natural consequence that in closing
the box, there may be a ‘gap’ between the mating surfaces of the lid and the
body of the enclosure. The mating surfaces must be of certain critical
dimensions that, if ignition occurs inside the box, the resultant flame cannot
come out through the path left by the mating surfaces. The flame path must
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have a defined and purposely constructed length. This dimension is stated in
the construction standards.

The standards say that there must be no intentional gap, but if there is a gap, it
must not be larger than certain dimensions listed in the standards. Figure 5.2
shows a typical Ex ‘d’ enclosure.

An intentional gap is not required in order to release the pressure of any
explosion. However if an explosion occurs, it is likely that the force will try to
raise the lid of the box and expose a gap. The gap in this case is known as the
flame path and is again a consequence of the combination of a lid forced to rise
by the pressure of an explosion. It is not intentional. The size of the gap must
not exceed that stated in the standards in order for the arrangement to remain
safe or within accepted safety margins.

Gap must Hazardous
not exceed area: vapor
stated value seeps into

dunn_g the box
explosion

Ex ‘d’ flameproof enclosure

The resultant flame from an internal explosion causes a pressure rise in the box.
Consequentially, the force on the lid causes the bolts to stretch and a gap may or may not
occur between the lid and the box flange. Many tons of force is experienced under these
conditions.

Figure 5.3

Flame path length

Flame travels
through any
path

- T Maximum gap

Ex ‘d’ flame path

If the lid does lift and a flame front can begin to travel through the resultant gap the
maximum size and minimum length of the path open to the flame is critical to its ability
to quench the combustion energy. This energy is dissipated by various methods as it
travels through the ‘flame path’ and eventually the flame is extinguished through the
cooling effect of the energy dissipation that takes place (Figure 5.3).
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Minimum width of joint and maximum gap for I, lIA, lIB enclosures
AS 2380.2 TABLE 1.1

Maximum Gap for Volume, V (cm3), (mm)
Width of Joint L. (mm) V<100 100 < V< 2000 V>2000
I A 1IB I A 1B I ITA 1B

Flanged and spigot
Jjoints 0.30 | 0.30 | 0.20 | - - - - - -
6<L<95 0.30 | 0.30 | 0.20 | — - - - - -
95<L<125 040 | 030 | 0.20 | 040 | 030 | 0.20 | 040 | 0.20 | 0.15
125<L <25 0.50 | 0.50 | 0.20 | 050 | 040 | 0.20 | 0.50 | 0.40 | 0.20
25<L

Operating rods and
spindles 0.30 | 030 | 0.20 | - - - - - -
6<L<125 040 | 030 | 0.20 | 040 | 030 | 0.20 | 040 | 0.20 | 0.15
125<L <25 0.50 | 040 | 020 | 050 | 040 | 0.20 | 0.50 | 0.40 | 0.20
25<L

Shafts with rolling brgs
6<L>125 045 | 045 | 030 | - - - - - -
125<L <25 0.60 | 0.50 | 040 | 060 | 045 | 030 | 0.60 | 0.30 | 0.20
25<L>40 0.75 | 0.60 | 045 | 075 | 0.60 | 040 | 0.75 | 0.60 | 0.30
40<L 075 | 075 | 060 | 0.75 | 075 | 045 | 0.75 | 0.75 | 040

For rods, spindles and shafts, the gap is the maximum diametric clearance. Usually if
equipment is to be used for Groups I, IIA and IIB, it will be designed and built to meet
the requirements of a IIB enclosure, which exceeds the requirements of IIA and I.
Separate tables apply for Group IIC with much tighter tolerances and gaps. As IIC
requirements are not common, standard equipment is not usually produced to IIC to cover
the requirements of the other groups. Equipment for IIC requirements is usually produced
only specifically when required.

5.5 Flameproof theory

It is not possible or desirable to produce equipment with no gaps between the different parts,
especially with an electric motor with a revolving shaft. The allowable gap between the
different parts is accepted, but strictly defined. The ‘gaps’ help to relieve the pressure inside
the enclosure caused by an explosion. Experimental testing is used to establish the ‘maximum
experimental safe gap’ for different gases and gas mixtures. This data has been used to
establish AS 2380.2 table 1.1 (refer clause 4). It can be seen that the wider the joint the larger
the allowable gap, and that gases that explode more violently require a smaller gap.

The standard that covers the testing to establish the ‘maximum experimental safe gap’
is IEC 60079-1A (Appendix D).

In South Africa all cable glands have to comply with SABS 808 or SABS 1213. These
requirements are not the same as 60079-0 and 60079-1. The SABS standards take
preference. This is illustrative of a case where more stringent conditions apply.

In Australia the cable glands have to comply to AS 1828 and until this standard is
around (likely to be withdrawn) users will have to follow it in addition to what is

mentioned in AS/NZS 60079.0.
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Flame path dimensions for joint surfaces interrupted by holes

Joint Width (L) Length of Flame Path between Enclosure and
S1 No. (in mm) Exterior (1) (in mm)
1. <125 6
2. >12.5<25 8
3. >25 9

Explosion proof vs flameproof

Americans refer to ‘explosion proof’, while the UK and IEC refer to ‘flameproof” motors
or equipment. According to the IEC definitions, this is an Ex ‘d’ piece of equipment.
Ex ‘d’ equipment is designed to contain an internal explosion to escape between the
‘flame paths’, but cool any flame in the hot gases so that no flames escape from
the enclosure to ignite any external flammable gases — hence ‘flameproof’.

Although Ex ‘e’ equipment is designed to be used in a Zone 1 area, it cannot be
described as ‘explosion proof’ or ‘flameproof’, as it will not contain an explosion if one
did occur. Ex ‘e’ equipment is manufactured to an approved ‘explosion-proof technique’.

Other general requirements for explosive atmospheres
Fasteners

Fasteners can only be undone by the use of a special tool, if the parts they are securing are
necessary to achieve a type of protection (Ex ‘d’, Ex ‘e’, etc.). For Ex ‘d’ equipment this
is usually achieved by using socket head cap screws with a counter bore, or hexagon head
bolts with a counter bore or shroud.

Metallic enclosures

The amount of aluminum or magnesium in external alloys is limited by their properties,
especially for Group I applications. This is because coal dust and aluminum under ideal
conditions can create spontaneous combustion at temperatures as low as 150 °C (refer
clause 5.1.1 of IEC 60079-0).

AS 2380.1 specifies that the such enclosures for electrical equipment in Group I shall
contain:

e Not more than 6% in total of magnesium and titanium together
e Not more than 15% in total of aluminum, magnesium or titanium, singly or in
combination, except as stated above.

For Group I equipment, it is usual for all external parts to be cast iron or steel.

Other requirements these enclosures have to meet

e External temperatures during normal operation — “T” ratings

e [P ratings

e Usual electric tests including a high-voltage test at 2 X the operating voltage
plus 1500 V (2330 V for 415 V equipment)
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e Impact tests
e Marking, including information required on nameplates.

Drilling and tapping suitable holes to install spark plugs pressure transducers and gas
pipes modify the equipment.

Testing

Type tests are carried out on all Ex ‘d’ equipment before it can be approved. These tests
are performed in two stages.

Pressure test

Tests of the ability of the enclosure to withstand pressure, and the rate of rise of pressure,
developed inside the enclosure during an explosion — the ‘reference pressure’.
The enclosure is then overpressure tested to 1.5 times the ‘reference pressure’, usually
with compressed air or water, to ensure a factor of safety. During manufacture all
equipment that is of a steel fabricated construction must be routine tested at a static
pressure of 1.5 times the ‘reference pressure’ to ensure the integrity of the welding.
If equipment is of cast or molded construction, it can be exempted from the requirement
for routine pressure testing if the sample passes a four times overpressure test.

Flame test

These tests are done to ensure that the enclosure is flameproof, i.e. that an internal
explosion does not create an external explosion.

Methodology

To determine the explosion ‘reference pressure’ at least three explosions are performed
inside the enclosure using the appropriate mix of gas to suit the gas group the enclosure is
designed for. For electric motors, these tests are performed both while the motor is
running and also while it is stationary.

The equipment is placed in a test chamber, which is filled with the same explosive gas
mixture as is used in the equipment under test. The gas inside the equipment is exploded
at least five times to prove that the internal explosions do not ignite the external gas.

The equipment is considered to have passed the tests if no flame transmission has
occurred, and the enclosure has not suffered any damage or permanent deformation that
may affect its flameproof properties.

Before any explosion testing is performed, copies of the approved drawings are
carefully checked to ensure that the design details meet the requirements of the relevant
standards. After explosion testing is completed the samples (prototypes) are disassembled
and all the component parts are carefully measured to ensure that they have been
manufactured to the dimensions and tolerances specified on the approval drawings.

Grouping and effect of temperature classification

Flameproof enclosures are grouped according to the specified maximum permissible
dimensions for gaps between joint surfaces and the surfaces of other openings in the
enclosure. The standards quote the maximum permissible dimensions of gaps for the
various enclosure groups but, in practice, joints shall be fitted as close as possible and on
no account shall the maximum permissible dimensions be exceeded.
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All enclosures are marked with the appropriate standard and group reference.
For industrial gases the enclosure groups are IIA, IIB and IIC in IEC 60079-1. Because of
the similarity of the enclosure group symbols, care shall be taken to ensure that the IEC
standard to which they relate is identified.

Enclosures certified for a particular group may be used with gases and vapors
appropriate to an enclosure group having larger permissible maximum gap dimensions.
For example, a Group IIB enclosure may be used in place of a Group IIA enclosure but
not vice versa.

Hot surfaces can ignite explosive atmospheres. To guard against this, all electrical
equipment intended for use in a potentially explosive atmosphere is classified according
to the maximum surface temperature it will reach in service. This temperature is normally
based on a surrounding ambient temperature of 40 °C or 102 °F. This temperature can
then be compared to the ignition temperature of the gases, which may come into contact
with the equipment, and a judgment reached as to the suitability of the equipment to be
used in that area.

Many Ex-type products marketed by leading companies are certified for use in ambient
temperatures up to 55 °C.

Enclosures are marked with a temperature class (T;—T¢ in accordance with standards)
and shall not be installed where flammable materials are used which have ignition
temperatures below the maximum for that class.

The following table gives ‘Suitability of Group II enclosures for use in the presence of
specific gases and vapors’ and ‘ignition temperatures’ of these gases and vapors are
criteria employed.

Selection Criteria of Electrical Apparatus in Hazardous Vapor or Gas
Atmosphere
Ignition temperature of gas or vapor = 170 °C
Gas temp. class (irrespective of grouping) will be Ty
Suitable Electrical Unsuitable Electrical
Parameters Apparatus Apparatus
Ambient temperature 40 °C 40 °C
Temperature rise 80 K 100 K
Max. surface 120 °C 140 °C
temperature
Temperature class T, T;

Ambient temperature and its effect on Ex ‘d’ equipment

It is generally assumed that only the temperature classification will be altered, when the
hazardous area located electrical equipment is subjected to ambient temperatures that are
outside of the certified ambient temperature range. Unfortunately, it may also cause the
method of protection to be bypassed. This may be permanent and leave the certified
electrical equipment unsuitable for use in a hazardous area.
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The problems include:

e Flameproof equipment is designed and certified to contain an internal
explosion and prevent the transmission of this into the hazardous area. An
aluminum flameproof enclosure must be able to contain the internal explosion
over the full range of ambient temperatures. At ambient temperatures below the
certified ambient temperature range, the aluminum could suffer from
embrittlement. At such low temperatures, the aluminum flameproof enclosure
could be shattered by the internal explosion, allowing the explosion to spread
into the hazardous area.

e Aluminum has a large coefficient of expansion, so at ambient temperatures
above the certified ambient temperature range, the flame path gaps may
become sufficiently large to permit the internal explosion to spread into the
hazardous area. The expansion of the aluminum may cause the flame path gap
to buckle, leaving the flameproof enclosure permanently ignition-capable.

e Cyclic heating of bolts can loosen them, and flameproof bolts are rarely locked.
It only takes one loose cover bolt to bypass the method of protection.

Conditions of use

Flameproof enclosures are primarily intended for use in Zone 1 gas and vapor risks. When
used in Zone 2 gas and vapor risks no relaxation of the application, installation or mainten-
ance requirements shall be permitted. Flameproof enclosures must not be used in Zone 0.
Flameproof enclosures may be used in dust risks and combined dust and gas/vapor risks if the
additional precautions specified in the above clauses are complied with. An enclosure that is
specifically designed as flameproof/weatherproof shall be used where a flameproof enclosure
is exposed to the weather or installed in wet conditions as available. Weatherproofing is
usually achieved in this type of enclosure by gasketed joints, which are additional to and
separate from the flame paths. The weatherproofing of other flameproof enclosures may be
achieved by the use of a suitable grease or flexible non-setting compound in the flame path,
provided that chemicals with which they may come into contact do not adversely affect these.
Alternatively, tape may be applied to the outside of the joint, provided the requirements laid
down in standards are observed. Gaskets shall not be inserted in flame paths.

Where a flameproof enclosure is exposed to corrosive conditions, its safety features
may be impaired by corrosion of the enclosure, cement or other sealing materials. It shall
therefore be suitably protected by, for example, painting external surfaces (including the
cement) and the greasing of flanges. Consideration shall also be given to increasing the
frequency of maintenance.

The effect of tape and obstacles on flame paths

ERA reports DT 129 and DT 131 show that the tape-wrapping of flanged joints and other
openings, or the presence of obstacles near the edges of flanged joints and other openings,
may impair the protection afforded by a flameproof enclosure. To compensate for these
effects the rules set out below, which are applicable in both Zone I and Zone 2 shall be
observed.

Tape (usually a grease-impregnated linen tape)

e Group IIC enclosures: Tape shall not be applied to any flanged joint or spindle
or shaft gap.
e Group IIB and IIA enclosures:



Protection concept ‘d” 117

— Tape shall not be applied to spindle or shaft gaps.

— Tape shall only be applied to flanged joints when strictly necessary.
When tape is applied, the gap between the joint surfaces shall not
exceed 0.1 mm irrespective of the flange width. The tape shall be
restricted to one layer enclosing all parts of the flange with a short
overlap, and a new tape shall be applied when the existing tape is
disturbed.

Obstacles (such as external covers, guards, supports, pipes, structural
steelwork, etc.)

Where the obstacle is more than 40 mm away from the edge of a flanged joint or another
opening, no special precautions are necessary.

e Group IIC enclosures: There shall be no obstacle within 40 mm of a flanged
joint or spindle or shaft gap.
e Group IIB and IIA enclosures:

— There shall be no obstacle within 6 mm of a flanged joint or within
40 mm of a spindle or shaft gap.

— Where an obstacle is between 6 and 40 mm of a flanged joint the
gap shall not exceed 0.1 mm, irrespective of the flange width.

Integral obstacles

Many flameproof enclosures have obstacles external to and integral with the enclosure
but since they have been tested and certified in this condition no special rules or
precautions are necessary.

The effect of grease, other sealants and paint on flanged joints

ERA Report 5191 describes experiments which showed that the presence in a flanged joint
of grease or a non-setting jointing compound caused no deterioration in the flameproof
qualities of the joint. The same result was obtained where the exterior of the flanges was
painted, even if the paint filled and bridged the gap. Therefore no special precautions are
necessary when these materials are applied, except that aluminum paint should not be used
because of the potential danger from a combination of aluminum and rust.

Aluminum flameproof enclosures and cables with aluminum conductors

ERA Report 70-32 considers the risks, which can arise when aluminum is used as a
flameproof enclosure material, and when aluminum conductors are used inside
flameproof enclosures. Until further information is available, the following precautions,
based on the ERA report and other information, can be applied:

e Because aluminum flameproof enclosures can eject hot aluminum particles
under fault conditions, and because of the danger of arcs burning through the
enclosure, the use of such enclosures is restricted to circuits protected by a
15 A or smaller fuse.

e Cables with aluminum conductors shall not be used in flameproof enclosures
unless the possibility of ejecting hot aluminum particles from the enclosures
has been minimized by either:
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— Using cable-terminating enclosures whose joints are threaded or
spigoted or

— Using fully insulated conductors, and using terminals, which are
designed to reduce the likelihood of faults and are shrouded by
insulation. The compound filling of boxes is one method of meeting
this requirement.

5.10 lllustrations of mechanical construction types
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Figure 5.4
Type of gland for ball or roller bearings
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Geometry of a labyrinth joint

Figure 5.5
Geometry of a labyrinth type of gland
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Typical cemented window mounting
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Figure 5.8
Typical non-cemented window mounting
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Compound filled gland
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Enclosure Terminals

Electrical
components

Direct-entry flameproof enclosure

Figure 5.12

Flameproof enclosure for Group IIB

(Courtesy R. STAHL)
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(a) Flameproof switch (b) Flameproof terminal box

Figure 5.13
Typical example for Ex ‘d’ enclosure

Figure 5.14
Flameproof enclosure with large number of bolts

e D48&3P

Figure 5.15
Explosion-protected emergency light fittings for fluorescent lamps with sheet metal enclosures
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Summary

To design, test and manufacture flameproof equipment requires a great deal of attention
to detail and a high level of safety, which is understandable, as failure will put people’s
lives at risk. The information above is a brief summary of some of the detail that has to be
complied with to meet the requirements of the standards.

User’s responsibility

It is the responsibility of the user to install, use and maintain flameproof apparatus in such
a way that its safety is preserved. Neglect of the following points may nullify initial
flameproofness and although they lie beyond the manufacturer’s control, they are brought
to the notice of the users of flameproof apparatus as being of paramount importance.

Installation

e Install flameproof apparatus correctly and in full compliance with the
regulations of the Department of Mines (or of Labor), as is relevant.

e Prevent the occurrence of short-circuit currents of dangerous values inside the
apparatus by providing automatic interruption of the short circuit elsewhere.

Use

e Use apparatus only in atmosphere for which it is certified flameproof.

e Install apparatus so that it is not loaded beyond its rating.

e Do not leave oil-immersed starting resistors in circuit, or operate them more
frequently than intended by the design.

e Limit the temperature rise of apparatus such as resistors, space heaters and
lighting fittings.

e Remember that flammable gas may originate inside the enclosure of some
types of apparatus.

Maintenance

e Prevent clearance gaps from becoming excessive due to wear and from
becoming fouled with foreign matter.

e Keep all joint surfaces clean. Slight surface greasing with suitable water-
repellent grease is permissible.

e Ensure that all bolts, screws, studs and nuts are present, and are tight and
secured against working loose. Replacement bolts, screws, studs and nuts must
satisfy the requirements of this specification, or flameproofness will be
impaired.
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General

The protection concept of increased safety is one intended for use in Zone 1 and less-
hazardous areas. It is generally denoted by adding suffix ‘e’, i.e. Ex ‘e’. This method of
protection owes its origin to developments in Germany. ‘Erhochte sicherheit’, from which
the ‘e’ is taken, means ‘increased safety’.

It was originally conceived for high-power equipment, which was rigid or fixed.
IEC 79-7 requires the use of good quality materials having well-defined insulation
properties and with adequately de-rated mechanical and electrical design specifications.

What does increased safety mean?

Increased safety is a type of protection applied to electrical equipment that does not
produce arcs or sparks in normal service and under specified abnormal conditions, in
which additional measures are applied so as to give increased security against the
possibility of excessive temperature and of the occurrence of arcs and sparks. A series of
pioneering developments and innovative designs have enabled various companies to
exploit new and more economical and safer possibilities and use fields of application to
maximize the gains. Broad specialist knowledge and well-founded understanding of
explosion protection are of benefit to all. In this chapter, we shall discuss one of the
latest-used protections concept, Increased Safety Ex ‘e’.

Although Ex ‘e’ equipment is designed to be used in a Zone 1 area, it cannot be
described as ‘explosion proof’ or ‘flameproof’, as it will not contain an explosion if
one did occur. Ex ‘e’ equipment is manufactured to an approved ‘explosion-proof
technique’.

It is generally coined that Ex ‘e’ is ‘short on name — long on safety’.

Definitions
Type of protection ‘e’ is defined in Standard SABS/IEC 60079-7 as:

A method of protection by which additional measures are applied to electrical
equipment so as to give increased security against the possibility of excessive
temperatures and of the occurrence of arcs and sparks during the service life of the
apparatus. It applies only to electrical equipment no parts of which produce arcs or
sparks or exceed the limiting temperatures in normal service.



6.2.1

6.2.2

6.2.3

6.2.4

6.2.5

6.3

Protection concept ‘e’ 125

Increased safety

The type of protection applied to electrical equipment that does not produce arcs and
sparks in normal service in which additional measures are applied so as to give increased
security against the possibility of excessive temperatures and of the occurrence of arcs
and sparks.

Limiting temperature

It is the ‘maximum permissible temperature’ for electrical equipment or a part of
electrical equipment and is the lower of the following two temperatures determined by:

e The danger of ignition of an explosive gas atmosphere (T|—T§).
e The thermal stability of the materials used.

Initial starting current

The highest rms value of current absorbed by an AC motor while starting from rest
(inrush current at zero speed), when supplied at rated voltage and rated frequency.

Starting current ratio L/,

The ratio between initial starting current /, and rated current /,.

Time £

The time taken for an AC winding, when carrying the initial starting current I, to be
heated up to the limiting temperature, from the temperature reached in rated service, at
the maximum ambient temperature.

Principles of design for increased safety

Electrical apparatus with type of protection increased safety ‘e’ is distinguished by the
fact that it does not generate any ignitable sparks during normal operation. The aim of
this type of protection is to avoid the occurrence of ignitable sparks and thus have a
distinctly higher degree of safety compared with conventional electrical apparatus. In
addition, the design of such apparatus prevents parts in the interior of the enclosure and
on the outer surface of the enclosure from reaching temperatures, which exceed the
ignition temperature of any explosive atmosphere that may be present.

The Ex ‘e’ standard specifically does not permit the inclusion of any discontinuous
contact. No switches or switching mechanisms are allowed in this concept of protection.
Sparks therefore cannot occur and spark energy does not need to be considered.

The only possible source of ignition to be considered is therefore heat. The same
precautions taken to eliminate the possibility of sparking also help to reduce the
temperature rise in current-carrying parts. They are made larger than necessary or may be
good-quality standard parts, which are suitably de-rated. In this way heat dissipation is
increased, so that temperature rise is reduced.

These protection aims are mainly reached by applying the following principles:

e The enclosures are designed in such a way that the entry of moisture and dirt in
hazardous quantities is prevented. The IP protection class IP 54 is laid down as
the minimum requirement and the enclosures have a mechanical strength that
can withstand the typical harsh operating conditions in an industrial plant.
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6.4

6.5

Enclosures must guarantee the minimum protection standard IP 54 even under
severe external mechanical forces.

e Internally, the clearance and creepage distances must also be so dimensioned
that even under harsh ambient conditions, no short circuits via creepage paths
or flashovers can occur.

e The electrical connection terminals are designed in such a way that it is not
possible for the cable connected to them to come loose.

e The dimensioning of the apparatus in electrical terms ensures that no
inadmissible temperatures can occur inside or on outer parts of the apparatus.

Certification (components)

Component parts to be included in larger arrangements may be ‘component certified” for
some flexibility. In an Ex ‘e’ junction box, for example, the enclosure will be impact-
tested. The terminals to be used within will be component-approved.

The main uses of this technique are found in higher-power circuits such as induction
motors, fluorescent lighting fittings, junction boxes and terminal housings. The German
standards from which this came promote the use of toughened plastic cable sheaths on
permanent installations, as opposed to the more expensive steel wire armored cable used
elsewhere.

When applied to junction boxes, an Ex ‘e’ enclosure is given an ‘enclosure factor’ when
certified. This represents the highest number of ‘terminal-amps’ permitted in the box.
Terminals mounted in the box must be component-approved. The total of terminal-amps
must be calculated and must be equal to or less than the enclosure factor.

Construction requirements

The standards permit the construction of apparatus in such a way that during normal
operation of the equipment, it is unlikely to become a source of ignition. The rules
therefore seek to develop an acceptable level of integrity by considering standard
industrial grade equipment and enhancing some aspects of its construction. This is as
opposed to the inclusion of specific electrical or mechanical techniques to prevent
ignition, which are applied in some of the other methods.

The constructional details covered under this standard are as hereunder.

Enclosures

Enclosures must be designed to be weatherproof and to be impact-resistant. The
minimum IP rating is IP 54 before and after a ‘7 Newton-Meter’ drop test has been
performed as specified in the standard. In practice, manufacturers often try to achieve
IP 65. The enclosure is not designed to withstand external or internal explosion.

Damage to the enclosure must not increase the likelihood of causing short circuits
within. Additionally the enclosure material must be resistant to any chemical attack when
installed in an adverse environment.

Ex ‘e’ junction boxes can be certified to provide an ‘enclosure factor’. This is the total
number of ‘terminal-amperes’ that can be installed into the box. Terminals are also
awarded factor values depending on their size and current-carrying capacity. Thus, an
enclosure with a factor of 800 may use 40 off-terminals each with a factor of 20. Some up
rating of enclosures is allowed for instrumentation but this severely limits the useful
number of terminals permitted (Figure 6.1).
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Figure 6.1
Typical enclosure

Terminals for external connections

The terminations and connections are made with a higher degree of security such that in
the conditions of use they are unlikely to become loose and spark. Electrical connections
are generously sized and of sufficient cross-section for required current-carrying capacity,
in order to lower contact resistance and to help dissipate any heat. Terminations for Ex ‘e’
apparatus are well-insulated and separate with secure clamping arrangements for cables.
Anti-vibration designs of assemblies are necessary to be incorporated. They should also
be positively located, and constructed in such a way that the conductors cannot come
loose or be damaged by the clamping action (Figure 6.2—6.5).

Screw head

Spring locking
arrangement

[

N

Screw

Pressure pad

G\\\\\\\

Conductor

Figure 6.2
Typical single-conductor terminal

Acceptable methods for internal connections or joints and clearances:

e Clearances: Minimum clearance distances are specified between conducting
parts at different potentials, which vary depending on the working voltage.

e Creepage distances: The grading of different insulating materials is covered
and minimum creepage distances for different working voltages.
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Figure 6.3
Typical multi-conductor terminal
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A =conducting part of the apparatus

B = connection screw

C =spade or eylet termination

D = conductor crimped, soldered, welded
or brazed to termination

E = spring washer to prevent loosening

F = star washer

Figure 6.4
Typical spade/eyelet termination

Wire
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Figure 6.5
Typical crimped connection
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Insulation

Insulation needs to be of good quality in design and construction. Insulation properties
are tested using a method described in the standard called the Comparative Tracking
Index (CTI) test. This gives a measure of the insulator’s ability to resist electrical
breakdown between adjacent conducting parts over the surface of the insulating material.

e Surface profiles for insulating materials
e Insulating materials including thermal stability, temperature rating, strength
and requirements for varnishes.

Windings

This section covers the minimum wire sizes, impregnation techniques and test voltage for
different wire sizes.

e Limiting temperature: In general the “T’ rating must not be exceeded by any
part of the equipment within the #; time during normal operation, or starting, in
order to prevent ignition of an explosive atmosphere.

e Overtemperature protection: The windings have to be protected to ensure the
limiting temperature cannot be exceeded in service. Usually using a suitable
current-dependent device does this. This device needs to be selected with great
care and the calibration may need to be checked, to ensure that it will operate
as required, i.e. it must disconnect the motor from the supply within the 7 time
if the motor is subjected to a locked rotor situation.

e [nternal wiring/layout of conductors: The risk of localized heating due to
power dissipation in conductors is considered and cables are not to be loomed
in an enclosure where hot spots could be created. Adequately rated and usually
oversized conductors are specified to minimize any heating effect.

Degree of protection
Minimum IP ratings; for motors with bare live parts this is IP 54.

e Maximum values for #g time for different starting current ratios. The # time can
not be less than 5 s and the I,/I, ratio cannot exceed 10.

e Limiting temperatures for insulated windings for different classes of insulation.

e Requirements for impact tests.

e Requirements for cable glands for use with Ex ‘e’ equipment.

Effect of ambient temperature

Generally it is assumed that only the temperature classification will be altered, when the
hazardous area located electrical equipment is subjected to ambient temperatures that are
outside of the certified ambient temperature range. But this need to be examined more
closely as, it may also cause the method of protection to be bypassed. This may be
permanent and leave the certified electrical equipment unsuitable for use in a hazardous
area.

The problems include:

e Increased safety equipment is designed and certified to prevent ignition of the
flammable atmosphere by avoiding sparking and ignition-capable hot spots.
Subjecting increased safety equipment to ambient temperatures above the
certified ambient temperature range may cause the materials to distort and the
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6.5.1

6.6

electrical insulation to breakdown, which may lead to surface tracking. This
could cause ignition of the flammable atmosphere. Increased safety equipment
is not designed to contain an internal explosion.

e Ambient temperatures above the certified ambient temperature range may also
cause the gap between the cover and the enclosure to increase, this may reduce
the minimum ingress protection to a level below what could be certified.

e At ambient temperatures below the certified ambient temperature range, the
material may become brittle and may not be able to pass the required impact
test.

Additional requirements for rotating electrical machines

If Ex ‘e’ motors are not suitably protected and terminated then product safety and
certification is invalid.

Standard Ex ‘e’ motors are not designed or tested for arduous duty. It may be possible,
however with careful motor selection and additional thermal protection, to obtain
certification for arduous duty — but only after testing.

In addition to extreme testing Ex ‘e’ motors also require:

Special terminals

Defined types of internal cable connections

Increased clearances between conducting parts

Non-hydroscopic insulation with high-tracking resistance

High-quality insulation and varnish

Minimum air gaps — minimum radial clearances (or air gap), between the rotor
and stator at different speeds

¢ Clearance for internal fans.

All of the above plus more has to be documented and submitted to the appropriate testing
authority for approval.

These additional measures ensure the integrity of the motor, and account for its
increased cost. Where human life and property are concerned, the extra safeguards pay
their way many times over. Ex ‘e’ is an abbreviated way of saying ‘protection and peace
of mind’.

Principles of testing

As we have seen that increased safety apparatus calls for high degree of integrity of
material and manufacturing its assessment involves checking that the manufacturer has
complied with the design parameters of the standard.

Thus it calls that testing program for any type of device should include the following as
minimum:

o Test of creepage distances: This will involve determining the CTI of the
insulating material. This is required to be done to establish the minimum
distance, also known as creepage distance, required between the live parts or
live parts and ground.

Special apparatus consisting of application of test voltages and ammonium
chloride are applied to the material. Two electrodes spaced 4 mm apart are used
to apply the test voltage. This determines the grade of insulating material and
hence the resultant properties.

Ceramic materials are exempted from this test.
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e Temperature-rise test:. This test is carried out so as to determine the
temperature class of the apparatus. Unlike flameproof apparatus, all surfaces,
including internal surfaces of the apparatus, are considered. Exceptions would
be internal components using exclusion or containment techniques, e.g.
encapsulation or flame proofing.

For the apparatus to pass the tests not only itself but also the components that
are housed in it should also be within the limiting temperature range as per
limits of the insulating material used. These limits are to be in line with
industry standards, e.g. cable insulation, or are given in AS 2380.6, e.g.
insulation of motor windings.

e Degree of protection tests: As already explained this is an important aspect of
this protection and the apparatus has to meet various levels of protection
against the ingress of solid objects or water specified, which must be tested in
accordance with codes and standards as specified for Degrees of protection
provided by enclosures for electrical apparatus (IP Code).

For enclosures containing live bare parts the minimum IP rating is IP 54. For
enclosures containing only insulated parts a minimum IP 44 rating is required.

Rotating electrical machines may be assigned a lower IP rating.

6.6.1 Principles for testing of motors (certified as Ex ‘e’)

The motors are required to be extensively tested before being certified. A brief
description of the same is hereunder,

e Electrical strength is established through high potential test.
® Rate of rise of temperature during starting is established through locked rotor
tests. Measurement of rate of temperature rise for the stator and rotor during
locked rotor. Measurement of locked rotor current, which is measured 5 s after
switch on.
e Temperature rise tests at full load at rated voltage and frequency for the stator
and the rotor.
1. Experimental determination of temperature rise.
2. Calculation of temperature rise.
3. Determination of the #; time.

The #¢ is determined from Figure 6.6; OC is the limiting temperature. OA is the ambient
temperature (usually 40 °C). AB is the maximum temperature rise for the rotor or stator
during full-load operation. BC is the maximum rate of temperature rise for the rotor or
stator during locked rotor. Separate calculations are done for the rotor and for the stator,
and the smaller of the two #z times is taken as the #g time for the motor.

C
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>
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Figure 6.6
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6.6.2

6.6.3

6.7

It is not unusual for the rotor to be the limiting factor in determining the g time. Some
motors need to be de-rated from their normal full-load outputs in order to comply with all
the requirements of the standards.

A typical test procedure for a motor
A generally followed procedure of ‘testing’ of a cage motor is described hereunder,

Record ambient temperature, and continue to record during testing.

Megger, Hipot of motor stator at ambient temperature.

Measure winding resistance.

Subject the motor to locked rotor, at full voltage, if possible. Record locked

rotor volts and locked rotor amps at 5 s after switch on, and then switch off.

Measure the temperature of the rotor using thermocouples attached to the rotor

in a number of locations. Measure the resistance of the stator winding

immediately after switch off, and record the time in seconds after switch off.

It is recommended to use an automatic recording device such as a data logger.

The rotor temperature will continue to increase for a considerable time after

switch off as the heat at the center of the rotor conducts to the surface. The

stator-winding temperature will start to decrease immediately after switch off.

This data is used to determine the rate of temperature rise during locked rotor,

and the starting current ratio.

e Run the motor at full load until the external temperatures stabilize. Switch off
and measure the winding resistance and the rotor temperature, which again will
continue to rise for several minutes after switch off. It can be quite complicated
technically to arrange the measurement of the rotor temperature in a number of
locations; however, it is usual to start recording after the motor stops. There are
a number of ways this can be done. This data is used to determine the
temperature rise of the motor.

e The procedure above is considerably simplified, but gives an idea of what is

involved. These tests are carried out with extreme care, are quiet complex and

usually involve a number of sample motors.

Testing of heating devices

Resistance-heating cables and other heating devices, which are exposed to high
temperatures, are subjected to mechanical stresses. The devices or cables to be tested are
subjected to being crushed by a steel rod of 6 mm diameter with a 1500 N force applied.
They are further subjected to being bent through 90° on the mandrel, as shown in
Figure 6.7, at its lowest operating temperature. The device or cable has to pass these tests
without any damage to the heater or its insulation. If these are to be used under water then
they need to be tested while immersed in water.

Periodic testing and repair of electrical apparatus

The main points for the periodic testing and repair of the equipment by the user result
from the protection aims for type of protection increased safety ‘e’.

e Exterior condition of the enclosure:

— The enclosure must be visually checked at regular intervals. When this
is done, it must be examined for holes and cracks that could allow the
entry of moisture and dirt.
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Figure 6.7
Test apparatus for resistance heat devices subject to bending stresses in service

— Further, when the apparatus has been opened up, it must be examined
to see if moisture and dirt have managed to penetrate to the interior via
the sealed gap. The sealing system must be examined thoroughly.
Holes or brittleness in the gasket or visible mechanical damage to the
lip of the gasket are not permissible.

e [nterior condition of the enclosure:

— The electrical wiring and connections inside the apparatus must be
regularly examined for traces of inadmissible large thermal influences.
The terminals must be checked regularly for tightness. If screw
terminals have to be tightened, this must be done with the torque
specified by the manufacturer.

— Checking to the permitted maximum temperatures in normal
operation must be carried out regularly. It can, for example with
plugs and sockets, be sufficient just to touch them as a check. If
necessary, contact thermometers approved for hazardous areas may
be used. Temperature indicators that can be stuck to the enclosure
have also proved themselves. A further effective indicator is the
change in color of the insulation material resulting from thermal
influences.

e Examination of the condition of cable glands:

— The cable glands, together with their cables, must also satisfy the
minimum requirements of the IP protection type, i.e. IP 54. In addition
to that, they also serve as strain relief for the cables, which are
terminated inside the enclosure. Both of these should be ensured by
checking the tightness of the cable gland (union nut should sit firmly)
and by a visual check of the interface between it and the enclosure, and
the interface between the gland, gasket and cable.
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— For the case that unused openings are closed by means of stopping
plugs, the enclosure has to be checked that it is tight at this joint and
the external condition of the stopping plug has to be checked.

e The main servicing tasks are:

— Cleaning of the interior of the enclosure

— Proper tightening of the electrical screw connections (meeting the
specified torque)

— Replacement of gaskets, if necessary.

When cleaning the outside surfaces of the enclosure, it is essential to take note of any
instruction from the manufacturer concerning the necessity of using damp cloth. These
instructions are always attached to enclosures that have a high surface resistance and thus
conceal the danger of electrostatic charging and discharging when cleaned with a dry
cloth.

The possibility of repairing apparatus in this type of protection by the user is better than
that in the type of protection flameproof enclosure ‘d’.

The jobs for which generally authorizations and the tests are not prescribed are
illustrated in the table below.

Acceptance by Authorized

Description of Activities/Work Expert for Increased Safety ‘e’
Installation or replacement of Not required
terminals according to conformity
certificate
Removal of terminals Not required
Drilling holes for screw glands to Not required
manufacturer’s specifications
Replacement of cover screws and Not required
gaskets
Replacement of type-tested devices Not required
Replacement of the reflector or the Not required
protective glass by original spare
parts
Replacement of type-certified lamp Not required
sockets and interlock switches
Replacement of tungsten lamps Not required
or fluorescent lamps of approved
type
Replacement of tungsten and glow Not required

lamps by equivalent approved type

Replacement of ballast accord to Not required
conformity certificate
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Conditions of use

Whilst type of protection ‘e’ has features in common with type of protection ‘n’, it is, in
many respects, more stringent (e.g. in the case of motors lower temperature rises are
specified and special overload protection is required to avoid excessive temperatures
under all conditions including stalling).

This type of protection is used mainly for terminal and connection boxes, control boxes
for installing Ex-components (which have a different type of protection), squirrel-cage
motors, light fittings, etc. (Figure 6.8).

Apparatus with type of protection ‘€’ may be used in Zone 2 gas and vapor risks with
any type of enclosure, which is suitable for the environment, provided it is permitted in
the respective equipment standards.

Apparatus with type of protection ‘e’ may also be used in Zone 1 gas and vapor risks
provided that:

e The enclosures of live bare parts and insulated parts are to degrees of protection
IP 54 and IP 44 respectively as a minimum, except that where there is a
likelihood of harmful gases and vapors entering the enclosure in quantities
likely to cause deterioration of the insulation, the enclosure of insulated parts
shall also be to IP 54 as a minimum.

e In the case of motors, the methods of control of the rotor and stator winding
temperatures are strictly in accordance with the above standards. The devices
used for temperature control, whether of the current-dependent or temperature-
detector type shall be of high quality and shall be regularly tested.

Apparatus with type of protection ‘e’ is marked with a temperature class (T,—Tg) and
shall not be installed where flammable materials are used which have ignition
temperatures below the maximum for that class.

Although apparatus with fype of protection ‘e’ is suitable for use in all gases and
vapors, provided account is taken of surface temperature considerations, it is sometimes
used in combination with parts which have some other form of protection (e.g. switches
which are flameproof’), in which case attention shall be paid to any gas or vapor grouping
of the parts with the other forms of protection.

No modification, addition or deletion shall be made to apparatus with type of protection
‘e’ without the written permission of the certifying authority (such permission shall be
obtained through the manufacturer of the apparatus) unless it can be verified that such
change does not invalidate the certification.

Apparatus with type of protection ‘e’ is suitable for use in dust risks and in combined
dust and gas/vapor risks, provided that the additional precautions specified for use in dust
atmosphere are complied with. When selecting apparatus special care shall be taken to
ensure that the apparatus and its component parts are constructed so as to guard against
electrical and mechanical failure in the intended conditions of use. Particular attention
shall be given to the need for weather-proofing and protection against corrosion.

Fluorescent light fittings have no moving parts and can be constructed and certified
Ex ‘e’ (Figure 6.9). The starters for this type of light are current-sensitive switches and
therefore cannot normally be included. The starter is encapsulated, certified Ex ‘m’ and
given a component approval for use in a given Ex ‘e’ certified design.

Instrumentation loops are not usefully accommodated within this method. The enclosures
are often purchased as junction boxes for use on IS circuits because they are robust and
reliable as proven by the Ex ‘e’ testing. The Ex ‘e’ certification is not used and should be
removed from the box because it can cause confusion over how circuits are protected.
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6.8.1

Figure 6.8
Sheet metal emergency light fittings type 6018 explosion-protection marking: Il 2 G; EEx e d m IIC T4
(Source: R. Stahl)

Figure 6.9
The explosion-protected light fitting for extreme conditions, certified Ex ‘e’
(Source: R. Stahl)

Ex ‘e’ motors for surface industry

Induction motors (as opposed to ‘commutating’ motors) may be designed, as Ex ‘e’.
Some of the attributes are,

e Physically larger than an equivalent safe area rated device

e (Clearances and cooling aspects increased for the security

e Overcurrent trips matched to the motor characteristics used as part of the
installation.

These motors need to be wired up with care to ensure the whole system meets the
requirements of the standards. If a motor is operated without a suitable overload then the
whole installation will no longer meet the requirements of the standard, and would no
longer be considered safe.

Ex ‘e’ motors that are suitable for Zone 1 areas, are generally to be ‘approved’ for gas
Groups IIA, 1IB and IIC with a T; or suitable temperature rating depending upon use.
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These type of motors are generally not explosion-proof, are not suitable for use in a coal
mine, and are not approved for use in Group I atmosphere. However, they are popular in
petrochemical industries, in spray-painting booths driving extractor fans, etc.

If these motors are to be used with high inertia loads or with frequent stop/starts it may
be possible to use a carefully selected inverse time delay overload, and/or additional
thermal protection and still maintain the requirements of the standards.

Ex ‘e’ motors have to be manufactured to high standards, and the prototypes are to be
extensively tested (refer clause for testing). A great deal of detailed information has to be
documented and submitted to the testing authority before approval is issued, which may
help to explain why these motors may appear to be expensive when compared to a
standard motor, but the integrity of the product is vital.

Standards for Ex ‘e’
The standards and practices as applicable in various parts of the world are as follows:

e South Africa: The governing standard is SABS IEC 60079-7.

e Furopean Union: CENELEC-EN 50019 (the same as BS 5501: Part 6) is the
now accepted standard in Europe.

e United Kingdom: Equipment to the old BS 4683: Part 4 is still manufactured
and sold in the UK but new equipment is certified to the European Standard BS
EN 50019 or BS 5501-Part 6.

e France: The governing standard is NF EN 50019.

e Germany: The governing standard is VDE 0171 T.6.

e [EC: IEC 60079-7, written in 1990 follows the European Standards and the
German Code.

e Australia: The governing standard is AS 2308.6.

e This technique has not been accepted in the USA and Canada up until very
recently. The advantages are now being recognized and apparatus is now seen
on installations.

In Europe and other parts of the world where Ex ‘e’ is accepted, use in Group I and
Group II; Zones 1 and 2 are permitted.
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7.1

7.2

Protection concept ‘n’

General

The most widely used forms of explosion protection, which utilize the technique of
energy limitation, are non-sparking and IS. While both share a common foundation, they
do differ greatly in many aspects. These differences deal mainly with the application of
safety factors. It is for this reason that non-sparking is limited to Zone 2 hazardous
locations while IS is acceptable for Zones 0, 1 and 2 locations. Each does have its merits,
which is why it is not uncommon to see the two techniques used together. An example is
a non-sparking I/O system in a Zone 2 location with an intrinsically safe interface
providing connections to the Zone O field devices.

It should also be noted that earlier non-sparking was not recognized outside of the
United States and Canada but now it is acceptable worldwide in the majority of countries.
While IS has been accepted worldwide from an early time, it is generally regarded as the
safest form of explosion protection. To date no explosion can be attributed to an
intrinsically safe system.

The perspective of the user is that Ex ‘n’ is a less-costly approach than IS because no
interface (e.g. barrier or isolator) is required. It could be argued that the overall
installation is less safe with Ex ‘n’ than with Ex ‘i’ with only a marginal cost saving. The
use of Ex ‘n’ remains restricted to Zone 2 only. This raises the concern that area
classification may be influenced in order to accommodate Ex ‘n’ apparatus.

Definitions

Type of protection N is defined in the standard as:

A type of protection applied to electrical apparatus’ such that, in normal operation,
it is not capable of igniting a surrounding explosive atmosphere and a fault capable
of causing ignition is not likely to occur.

The general requirements of such apparatus are that it shall not, in normal operation:
e Produce an arc or spark unless:
— The operational arc or spark occurs in an enclosed-break device
or

— The operational arc or spark has insufficient energy to cause ignition of
a flammable atmosphere

or
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— The operational arc or spark occurs in a hermetically sealed device. 1t
is to be noted that sliding contacts are considered to be sparking in
normal operation.

e Develop a surface temperature or hot spot capable of causing ignition of an
external flammable atmosphere.

It is to be noted that this requirement applies to the temperature of internal and external
surfaces to which a surrounding atmosphere has access, except internal surfaces within
enclosed-break devices, hermetically sealed devices or restricted-breathing enclosures.

Principles of design

The ‘non-sparking’ concept of protection was originally accepted as safe on the basis that
manufacturers used good-quality and well-designed industrial equipment with little or no
additional requirements. This is if it is operated well within its rating and installed in
areas where the risk of contact with a potentially flammable atmosphere were adequately
low (Zone 2 only). Under these conditions the UK’s Factory Inspectorate issued letters of
‘no objection’ to the use of such equipment when it first came into service but before any
standard of construction was developed.

The Standard BS 4683: Part 3: 1983 in UK, AS 2380.9 in Australia and IEC 60079-15
internationally, eventually emerged to formalize the concept of good design using
industrially graded apparatus and this was termed Type ‘n’ equipment. The standard
clarified the method in that it permitted equipment to produce sparks or for the surface
temperature of electrical assemblies to rise in temperature but not to levels that could
cause ignition.

More recently, the method was re-designated Type ‘n’ under BS 6941:1988. It has been
updated and made more flexible to include the specific needs of instrumentation where
circuits with less than 75 V DC were recognized. Discontinuous contacts were permitted,
provided the resultant spark could be shown non-sparking. The same curves are now
required to assess the safety of Type ‘n’ circuits. The system is deemed safe in normal
operation only, and faults in the equipment or components and their effect on the
explosion-protection integrity are not considered. There are some parallels with Ex ‘i’ in
that this technique is ‘safe with no faults’ and therefore could be likened to an unofficial
grade of safety Ex ‘ic’ if the same logic applied to the IS technique is followed.

Certification

Type of protection ‘n’ is the term applied to apparatus certified by BASEEFA as having
been examined, type-tested where necessary, and found to comply with the requirements
of a British Standard or a BASEEFA Certification Standard for type of protection N
applied to a particular kind of apparatus (e.g. BS 5000 Part 16 for motors and BASEEFA
Certification Standard SFA 3011 for control gear), or with the general British Standard
for type of protection n (BS 4683 Part 3). The IEC standard applicable is IEC 60079-15.

Construction requirements

The standards permit the construction of apparatus in such a way that during normal
operation of the equipment, it is unlikely to become a source of ignition. The rules
therefore seek to develop an acceptable level of integrity by considering standard
industrial grade equipment and enhancing some aspects of its construction. This is as
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opposed to the inclusion of specific electrical or mechanical techniques to prevent
ignition, which are applied in some of the other methods.

The case or enclosure of the equipment must also be able to withstand a 7 Nm impact
test; the resultant damage must not cause any electrical faults, which would then make the
equipment unsafe. Similarly, environmental conditions must not be permitted to defeat
safety and therefore the enclosure must be designed for adequate level of ingress
protection, i.e. IP 54. Damage to the enclosure because of the test must not degrade the IP
rating.

As this protection concept covers different types of apparatus, which in normal
operation,

Are non-sparking
Produce arcs
Produce sparks
Produce hot surfaces.

Because it has to cater to the above requirements, hence a collection of various
techniques is to be employed to cater to meet the safety. These are,

¢ Enclosed-break device.

¢ Non-incentive component.

e Hermetically sealed device, which in normal operating conditions cannot be
opened and have a free internal volume not exceeding 100 cm’, and be
provided with external connections, e.g. flying leads or external terminals.

e Energy-limited apparatus and circuits.

e Restricted breathing enclosure (restricted breathing enclosures are limited to
use with gases and vapors whose restricted breathing factor is less than 20, see
Table Al in AS 2380.9 Appendix A for typical breathing factors; acetylene,
hydrogen and isoprene have restricted breathing factors higher than 20).

It was originally conceived as a method for handling high-power equipment without the
need for enclosures, which were strong enough to withstand an internal explosion.
Rotating machines, transformers light fittings, terminal boxes could be certified Type ‘n’
(Figure 7.1).

If higher levels of heat or sparks were evident in the design of apparatus then extra
precautions such as the inclusion of CLRs, sealed or encapsulated devices or small
volume Ex ‘d’-enclosed contacts were permitted as part of the protection method.

Figure 7.1
Totally enclosed fluorescent fitting — stainless steel, suitable as non-sparking Ex ‘n’
(Source: Northland Lighting)
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751 General constructional requirements
These apply to all types of Type ‘n’ apparatus and address,

e Environmental protection: These circuits are supposed to be carrying
incentive energies, and unrestricted entry of environment is assumed to be
able to cause internal faults which would allow those energies to be
released. Hence, as with other forms of protection exhibiting this
phenomenon, the enclosure of the apparatus is required to provide a suitable
degree of protection against entry of liquids and solids present in the
external environment. For example, IP 54 or IP 44 type of enclosures can be
used depending upon whether there are bare or insulated wires present and
environment is not clean. These can be further reduced to IP 2X in case of a
clean environment. It may be noted that even these types of enclosures are
necessary where ingress is possible and could cause an ignition-capable
situation.

® Mechanical strength: The apparatus enclosure is required to be proof against
mechanical damage and is shown by subjecting it to the mechanical impact test.
This test may be carried out with lesser mass (say 0.25 kg) or height (say
0.2 m). The device would have passed the test as long as the IP rating and
correct operation of apparatus is ensured, even if enclosure suffers some impact
damage.

e Wiring and connections: The internal and external wiring of Type ‘n’
apparatus need only comply with the requirements for normal industrial
apparatus except that additional care needs to be taken to avoid damage by
rubbing against metal parts or sharp edges.

The wiring and connections, internal or external, are to be such that neither
hot spot nor looseness does occur. These connections could be

Screwed

Bolted

— Crimped

Soldered

Brazed

Welded

Pressure type

Mechanically wrapped by machine
Plugs and socket.

e Conductor insulation and separation: This requires that as with increased
safety ‘e’ and IS ‘i’, the requirements pertaining to breakdown of such
distances that could produce incentive sparking either at the point of

breakdown or elsewhere should be maintained for the following conditions:

Separation of uninsulated conductors in air (clearance)

— Uninsulated conductors across a surface of insulating material
(creepage in air)

Separation of uninsulated conductors across varnished surfaces
(creepage under coating) and

Separation distances through encapsulation
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7.6

7.6.1

7.7

Conditions of use

Whilst type of protection ‘n’ has features in common with type of protection ‘e’, it is, in
many respects, more lenient (e.g. in the case of motors one need not specify the lower
temperature rises as done in case of ‘e’ and need not commission any special overload
protection to avoid excessive temperatures under all conditions, including stalling).

Apparatus with type of protection ‘n’ is suitable for use in Zone 2 gas and vapor risks.
The type-tests for normally sparking contacts are carried out in a gas mixture which
ensures that apparatus with fype of protection ‘n’ is suitable for use in all gases and
vapors (including hydrogen and acetylene) when mixed with air, provided account is
taken of surface temperature considerations.

Apparatus with type of protection ‘n’ is marked with a temperature class (T,-Tg in
accordance with standards) and shall not be installed where flammable materials are used
which have ignition temperatures below the maximum for that class.

No modification, addition or deletion shall be made to apparatus with type of protection
‘n’ without the written permission of the certifying authority (such permission shall be
obtained through the manufacturer of the apparatus), unless it can be verified that such
change does not invalidate the certification.

Apparatus with type of protection ‘n’ is suitable for use in dust risks and in combined
dust and gas/vapor risks if the additional precautions specified for protection against dust
ingress are complied with.

When selecting apparatus special care should be taken to ensure that the apparatus and
its component parts are constructed to guard against electrical and mechanical failure in
the intended conditions of use. Particular attention shall be given to the need for weather-
proofing and protection against corrosion.

‘Division 2 approved’ apparatus

Prior to the introduction of apparatus with type of protection ‘n’ apparatus which was
considered suitable for use in Division 2 (now Zone 2), gas and vapor risks were submitted
to HMFI (Her Majesty’s Fire-service Inspectorate) for examination, BS 4137 forming the
basis for this examination. Where the apparatus was found satisfactory HMFI issued a letter
stating that no objection would be taken to the use of the apparatus in Division 2 areas. The
apparatus was therefore commonly referred to as ‘Division 2 approved’.

The conditions of use of this apparatus (including its use in dust risks and in combined
dust and gas/vapor risks) are similar to those for apparatus with type of protection ‘n’,
except that as no temperature classification is stipulated, the responsibility for making a
judgment on this aspect falls on the user.

lHlustrations

Non-incentive equipment installation

Simply put, if you supply non-sparking equipment with its rated power and use it as per
its instruction, it will not produce heat or sparks capable of igniting a hazardous
atmosphere. It must not have normally arcing contacts and must not produce heat in
excess of 80% of the ignition temperature of the hazardous atmosphere. There is no fixed
restriction on the amount of power as long as the preceding statement remains true. The
energy level carried by the wiring may far exceed the LEL. Therefore, a Zone 2 wiring
method must be used (Figure 7.2).
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Hazardous location Non-hazardous location

Zone 2

Non-sparking Power supply
field device

Location wiring

Hazardous Location wiring Non-hazardous
- ' i

= Test house = Power in = Any suitable = No approval
approved wiring is electrical (hazardous
= Power above LEL code area) required
consumption Zone 2 wiring methodology = Nominal
exceeds the LEL method ratings
required consistent with
field device
= No arcing
contact
= No excessive
heat
- Adaptable to
Zone 2 wiring
method

Figure 7.2
Non-sparking equipment installation

Quick disconnects are considered normally arcing if they do not require a tool for quick
disconnection.

Standards for Ex ‘n’
The following standards govern this protection concept,

Australia:  AS:NZS 3800:1997.

South Africa: The governing standard is SABS IEC 60079-15.

IEC: The standard is known as IEC 60079-15 which is generally based upon
BS 6941.

European Union: CENELEC — EN 50021 governs this protection concept.
United Kingdom: The governing standard is BS 6941.

Germany: pr DIN EN 50 021 or pr VDE 0170/0171 T.16 are governing
standards for this protection concept.

e France: pr C 23-521 is governing standard for this protection concept.

In the UK, prior to the adoption of BS 6941, the Code of Practice (BS 5345: Part 7) did
not give adequate guidance as to how to maintain instrumentation systems that were
installed as Type ‘n’. Many organizations avoided its use owing to lack of clear rules on
whether live working was permitted. This has now been clarified in BS 6941, where,
before work is carried out, the maintainer must assess the safety criteria of performing the
required work on the system. Procedures must give clear instructions to technicians, with
this done this may find favor with users and manufacturers as it substantially reduces cost
of the equipment.



8.1

Protection concept I’ principles

Origins of intrinsic safety

The origins of IS date back to the Senghenydd Coal Mine Disaster on 13 October 1913.

During the subsequent investigation, Messrs Wheeler and Thornton, found documents
showing that just prior to the explosion occurring, the old ‘wet-cell’ type of battery, used
to power the bell signaling system (shown in Figure 8.1) had been replaced with a more
modern ‘dry cell’ type. In order to find out if this could have been the cause of the
incident they set up a test, using equipment they had devised called ‘spark test apparatus’,
to reproduce the conditions in which the circuit of the signaling system would have
worked underground.

The test comprised a contact, making and breaking, in an envelope of methane or
firedamp, to represent the switching effect of the spade across the signaling wires. The
test revealed that the new cells were capable of producing a spark large enough to ignite
the gas whereas the old cells could not. The internal resistance of the dry cell was lower
than that of the wet cell and so it had a greater current delivery capacity.

Wheeler and Thornton had effectively stumbled upon the technique of energy limiting
that is now known as IS.

Signaling system

Coal face

\Winch system

Figure 8.1
The mine signaling system circa 1900
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Principles of IS

The fire triangle (Figure 8.2) analogy can be used to explain the objective of IS. In the
presence of the ‘most easily ignitable mixture’ of a given flammable vapor with air,
ignition cannot occur if the levels of heat or sparks are insufficient.

Most easily ignitable mixture

W =

-, e
- Air Fuel
: 21% Oxygen Sufficient vapor
Prevention \l/
barrier Source of ignition >
Sparks or heat @
Figure 8.2
The fire triangle

The principle of IS is to ensure that levels of heat or size of sparks that occur in an
electrical circuit which comes into contact with a flammable gas, are limited to below
those which will cause ignition.

An IS circuit is defined in Standard IEC 60079-11 as:

A circuit in which any spark or thermal effect produced in the condition specified in
this International Standard, which include normal operation and specified fault
conditions is not capable of causing ignition in a given explosive gas atmosphere.

The standard repeats and qualifies this in where it declares three basic criteria that must
be satisfied:

1. Separation from other circuits
2. Temperature classification
3. The inability to cause ignition by sparking.

The definition suggests that sparks and heat are permitted in a circuit under specified fault
conditions, but these must never exceed levels that could be incentive. These criteria and
the requirement for separation from other circuits provide the high integrity necessary.

The use of the term ‘circuit’ has important implications. Electrical energy can only
produce heat or sparks when electricity is flowing. Since it can only flow in a complete
circuit, it is the safety of the circuit that is of concern. The components of the circuit do
not pose a threat unless electricity is passing through them, in which case they must be
part of a ‘circuit’. Heat and sparks occurring in this circuit can be assessed for compliance
with the standards for IS.

A ‘circuit’ can mean any of the following arrangements, increasing in complexity:

e A single cable looped through a hazardous area.

e An assembly of electrical components working together as an electronic device
(such as an instrument).

¢ A number of assemblies can be interconnected in the same circuit.
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8.3

8.3.1

The circuit may operate with energy levels that are quite safe under normal conditions.
Under probable fault conditions acting within or onto the circuit, the circuit must still not
be able to emit heat or sparks in sufficient quantities to cause ignition when it encounters
a hazardous area. Internal faults and certain external faults must be adequately protected
against.

The possible ‘faults’ are predicted by careful examination of what failure mechanisms
could occur. Components are built into the design of the complete circuit in order to
maintain energy to known safe levels under these fault conditions. These components are
termed ‘safety components’ and are in-built into the operation of the circuit. To further
enhance the integrity, the failures of the ‘in-built’ components are separately assessed to
ensure that if they fail in a specified manner, safety is still maintained.

The dictionary definition of the word ‘intrinsic’ is given as ‘of its nature’ or ‘in-built’.

Safety, which is achieved by the inclusion of specific components built into a circuit, is
part of the nature of the design and it is therefore said to be ‘intrinsic’.

Electrical theory to explain IS

The understanding of the principles and practice of IS requires a working knowledge of
simple electrical theory as explained in Chapter 2.

The principles are explained by the application of Ohm’s law.

Suppose that a conventional (constant-voltage) power supply provides an open-circuit
output voltage, Vour. In theory, it would be able to deliver from zero up to an infinitely
large current.

The current, I, supplied to the load will be controlled by the load resistance, Ry, such
that:

V .
QUL =], according to Ohm’s law

Power dissipation
The power, P;, (measured in Watts), dissipated in the load resistor Ry is:

Vour X1, = F_, again, according to Ohm’s law

In a simple circuit (Figure 8.3), as a result of the power dissipated in the resistance Ry,
the temperature rise experienced will depend on its physical properties such as mass,
surface area, heat-dissipation properties, the ambient temperature and external cooling
effects.

(OAY)
out supply

Figure 8.3
Power dissipation in a load R,
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Now consider the effect of taking values between:

Ry, = an infinitely high value (where no current is drawn from the supply)
through to
R, = an infinitely low value (where the highest current is drawn)

Power dissipation in Ry is inversely proportional to the value of resistance (when the
voltage stays constant). In this case, the power dissipated in the R increases by the square
of the current.

2
3 =Power, another aspect of Ohm’s law

The current delivered from any source of supply is dependent on its ‘internal’
resistance. A battery has a low internal resistance when charged but this rises as the
battery becomes exhausted. Its internal resistance governs the short-circuit current of any
simple supply system such as a battery. (A power supply using an electronic regulator is
designed to maintain artificially low internal impedance throughout its current supply
range.)

In order to limit the total power supply capability of a voltage source, a ‘current
limiting resistor’ (CLR) may be included in the circuit (as artificial internal resistance).
This will provide a minimum circuit resistance. The circuit is shown in Figure 8.4.

The effect of changing the value of R (in series with a constant Rcg) may now be
considered. Taking values between an infinitely high value, open circuit (o/c), through to
an infinitely low value, short circuit (s/c), the power dissipated in R can be examined.

Current limiting
resistor

Figure 8.4
Power dissipation in a load with CLR

When Ry is either at either extreme of high values or low values then the power
dissipated in R is zero. This is because:

e When R, is very high (open circuit), the circuit current is zero and so PR, will
be zero or

e When R, is low (short circuit), the current is at a maximum, limited by the
value of Rcir. As Ry is zero, IZRL will be zero.

It follows that there must be a value for R, where the power dissipated in it reaches a
maximum value. This is when R =Rcg and can be proved with a few simple
calculations.

Artificially setting the minimum circuit resistance therefore enables control of the
maximum power that can be dissipated in loads connected to the supply.

The maximum amount of power dissipated in an IS circuit must not allow a surface
temperature rise to occur in conductors or resistive components that come into contact
with the gas/air mixture, such that ignition occurs. The amount of power involved will be
discussed in more detail later.
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8.3.2

8.3.3

Energy

The power dissipation in Ry has been examined during the transition from a low to a high
resistance through variable intermediate values.

When the transition is made to happen instantaneously, for example, when a circuit is
broken, the rates of change of voltage and current are extremely high. The transition from
s/c to o/c, as in the opening of a switch, is known to cause a spark (see Figure 8.5).

O Rcir +
cvV
Voc (I=zero) Vour supply

R
CLR +

cV
ls/c (V=zero) Vour sl

Figure 8.5
Switch action dissipating energy as a spark

A spark dissipates electrical energy. The size of the spark produced at the breaking of a
circuit is a function of Vg, and Isc. The speed of transition between the two states
precludes any ‘power’ being dissipated.

It is known that sufficient spark energy will cause the ignition of a flammable
atmosphere, but the physics of spark ignition is still not fully understood. The size of the
spark is determined empirically and the method of testing a gas for its spark ignition
energy is described in the IEC Standard 79.

There are then two techniques that may be used for controlling the size of the spark that
which will cause ignition:

1. Reducing the voltage, Vour and
2. Reducing the current, Is,c, by raising the value of R¢g.

Stored energy

In any electrical circuit, the natural effect of inductance, capacitance and resistance will
be present.
Stored electrical energy is measured in Joules and is represented by the letter ‘E’.
Stored energy may be calculated by the formulae as follows:

e For inductance, E = VLI
where L is the inductance in Henrys, I is the current flowing through in
amperes.

e For capacitance, E = 14CV?
where C is the capacitance in Farads, V is the charge on the plates in volts.

Energy in the form of heat is dissipated by power in the resistance of the circuit.
Each and every source of stored energy in an IS circuit must be identified and assessed
to ensure that it cannot provide sufficient energy to pose a danger. The stored energy
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must not be released in an uncontrolled fashion otherwise incentive heat or sparks may be
produced. Clearly, where there are many sources in the same circuit then the likelihood of
the energy becoming cumulative must also be assessed. It may be necessary to take
additional precautions such that the risk of this is minimized to an acceptable level.

The circuit designer must therefore include components, which act to limit power,
energy and stored energy in the apparatus. This must be done in a subtle way, which
meets the requirements of the standard but does not inhibit or affect the operation or
indeed performance of the apparatus. In this way the safety is ‘in-built’ or intrinsic to the
apparatus. There are many techniques that may be used in the internal design of electronic
apparatus, but these are closely protected secrets within the IS apparatus manufacturing
industry.

Energy limits

The work of Wheeler and Thornton began by investigating the size of voltages and
currents (limited by resistance) causing ignition. Empirical studies quantify the maximum
values of voltage and current permitted in IS circuits. These cover voltage and current
levels, current to inductance levels and voltage to capacitance levels.

As an example, by consulting these voltage — current curves, it will be seen that if a
supply of 50 V was connected through a 1000 € resistor to allow 50 mA to be made and
broken in the presence of the most easily ignitable mixture of hydrogen with air, then the
resulting spark would not cause ignition. However, by increasing the current to 60 mA
(reducing the resistance to 830 Q) ignition could be expected. The graphs were plotted to
take the worst-case points.

Figure 8.6 shows the ignition curves which are used for determination of
voltage/current limits in IS circuits.

*Arm I B
\ \ Curves apply to electrical apparatus_|
\ \ with cadmium, zinc
2A \ magnesium or aluminum 1
1A \ 1\ Safety factors
AR +1.1 on voltage
AWA N
+1.5 on current
500 mA N
€
o
3 \
= 200mA \ N\ A
: AN
S \Q B 28V 93 mA
S 100mA Safety
(%) NAV description
IR
50mA S NN
N
N
20mA \\\\\
N
10mA
10V 20V 50V 100V 200V 500V

Open-circuit voltage

Figure 8.6
The method of determining the permitted current from a given safety description voltage
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8.3.5

8.3.6

The use of the curves can be demonstrated by the example set out below:

¢ Determine the highest open-circuit voltage required: 28 V

e Apply a safety factor of 1.1 (i.e. add 10%)

¢ Find the intersection of the voltage and the curve

e Read off the current at the intersection

¢ Apply a factor of safety of 1.5 (i.e. reduce current by 33.3%)
e The value found is the highest short-circuit current.

For circuits operating in IIB and IIA gases or vapors, readings are taken from the
appropriate curves.

It will be realized that in order to achieve a short-circuit current of not more than 93 mA
from a source of voltage not greater than 28 V, the minimum series resistance, Rcig,
value can be calculated by:

R :‘;Oi: 020893 =08
S/IC :

In some interpretations of the standards the 10% additional factor has not been
considered necessary, and the extra available power from the circuit has been useful in
some applications.

Note that the graphs specifically include the use of aluminum, magnesium, zinc and
cadmium, which are known to exacerbate the sparking effect. Since these are in common
use in modern electronic circuits, their inclusion in the standards forces the design to use
the most onerous conditions, thereby increasing safety margins.

Stored energy limits

There are also maximum permitted values for stored inductance and capacitance against
given current and voltage values, respectively. Storage of energy in circuits must not be
allowed to accumulate above incentive levels. These levels must be realistic such that
circuits can operate and be made safe.

Typical circuit values found on a powered instrument loop can be of the order of
500 uH and 0.1 uF. The working limits of current and voltage due to these values are
shown in relation to the IIC (hydrogen) curve in Figure 8.7.

Factors of safety of 1.5 are added to current values and 1.1 added to voltage values, as
determined by the design standards for IS apparatus and systems.

The inductance curve for hydrogen, IIC, is usefully approximated to a straight-line
value of 40 uJ, which makes calculations for stored energy possible. The same does not
apply to capacitance values.

Power limits

Returning to the subject of power dissipation, some experimentation was needed to
quantify the amount of power permitted in a circuit as heat. In limiting the power to
1.3 W an IS circuit has been shown to develop a temperature rise of well below 135 °C
from an ambient of 40 °C. Therefore the standards state that T, (135 °C) may be awarded
for a piece of apparatus, which dissipates less than 1.3 W.

This provides a load line on the voltage/current graph in Figure 8.7. The combined
general limits of power and energy can be visualized in this representation. It can be seen
that the choice of voltages and currents revolve around the operating point, which gives
the most flexibility to the design of circuits.
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These are not absolute limits. Power, energy, voltage and current levels may be
increased or varied to suit special applications. Trading off one characteristic for another
may do this. High-voltage systems are permitted by introducing higher resistance, thereby
limiting the current, and vice versa.

Using the example in 8.3.4, a 28 V 93 mA 300 Q safety description may be analyzed
for maximum power dissipation in order to assess the temperature rise experienced.

The power dissipated in a matched resistance (matched power discussed in Section 8.3.1),
that will appear connected across the source of supply is given by the formula:

(Ve X Igc)  28%x0.093
4

=0.6503 mW

Since this value is below the maximum value of 1.3 W dissipation, this satisfies the T,
rating requirement.

1A

(250 mA) _
Inductance -
restriction ~ 200MA

500 pH 500mA \&
\

Matched power
N rating 1.3 W for T,

Hydrogen-
100mA
S/C current resistive curve
Useable with 1.5 safety
50mA area factor
20mA

10mA )
1 2 5 10 20A 50 Capacitance

restriction
O/C voltage 0.1 uF (30 V)

Figure 8.7
The useable area of IS

Component failure and infallibility

Limiting the voltage and current to maximum values is achieved by the specific inclusion
of certain electrical components into the design of the complete IS circuit. Such
components are required to be carefully chosen for their enhanced reliability. When
designed into a circuit, they are said to be ‘infallible’. The definition given in the
standards is reproduced in Table 8.1.

An infallible component or Components or assemblies of

assembly of components components that are considered as
not subject to certain fault modes
as specified in this standard. The
probability of such a fault mode
occurring in service or storage is
considered to be so low that they
are not to be considered

Table 8.1
Fault definitions
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8.3.8

The circuit’s IS integrity may be influenced by the reliability of any of the components
used and the way they have been designed into the circuit. Some assessment of the
heating effect of these components is necessary during the design of the apparatus. It may
be that their location and mounting is adjusted to minimize the effect. These components
may otherwise affect the reliability of the infallible components. There are two types of
faults in IS circuits, as defined in the IS standards and shown in Table 8.2.

A fault Any defective component, separation, insulation
or connection, which is not defined as an
infallible component

A countable Any defective component, separation, insulation
fault or connection, which is not defined as an
infallible component

Table 8.2
Fault definitions

The countable fault applies to a component, which is so placed in the design of a circuit
to provide a limiting function in that circuit. The component is often referred to as a
‘safety component’. The standard gives the criteria that these components must meet.
These are stringent conditions of acceptable type and de-rating factors that the circuit
designer must demonstrate have been met.

The safety components, which are added to the circuit in order to limit voltages and
currents, are liable to failure during storage or service. The likelihood of failure must be
reduced to an acceptable risk in order to say that it is safe. If the components failed, the
circuit could become unsafe. Voltages and currents could rise to incentive levels.

The function of certification of apparatus is an affirmation that the circuit with its
components has complied with the requirements of the standard as assessed by a
competent authority. The built-in safety of IS forces the examination of all possible faults
and their effect on the failure of the components. An IS category is awarded to the
apparatus when it has been certified.

Categories of apparatus

The category of IS apparatus refers to the integrity of the preservation of the IS properties in
the event of certain specified faults occurring in the components on which safety depends.

There are three recognized categories of IS apparatus in the IEC 79 Standard. These are
as follows:

1. Simple apparatus: This category needs not consider any fault condition
because no fault condition however caused could render the circuit in which it
was placed in an unsafe condition. This concept is discussed in detail later on.

2. Ex ‘ib’: Apparatus that may have one countable fault. Category ‘Ib’
equipment permits one countable fault to occur, yet the circuit will still remain
safe. A second countable fault on an ‘ib’ circuit may render it unsafe.

3. Ex ‘ia’: Apparatus that may have two countable faults. If two countable
faults can occur but the circuit still limits the design voltage and current then it
is awarded Category ‘Ia’. A third countable fault occurring could then make
the circuit unsafe.

Examples of fault counts will be more easily understood when the implementation of IS
is examined in Section 8.5.
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Implementation of IS

To explain the theory of IS and how it is implemented, a simple example will be used.
This will demonstrate what has to be considered. Figure 8.8 shows a status-input loop to a
control system.

Hazardous

Figure 8.8
A typical application

The object of such a loop would be to transfer the status of the switch from one
circuit to another. It would not be good engineering practice to try to switch high-power
electrical circuits directly from field contacts. On conventional relay-logic control
systems interposing relays are used between the field and the contactors. These handle
the interfacing to higher-power devices such as motor starters in a more convenient
manner. PLCs have now replaced many of these relay logic systems but the same
concepts apply. A simple example will be used to show the thinking behind the
electrical safety aspects.

The circuit in Figure 8.8 shows a constant voltage supply (normally 24 V DC)
connected in series with a switch (in the field) and a relay located near the supply. The
supply is derived from AC mains, rectified, smoothed and regulated. The regulator is
shown in simple form for ease of explanation. The relay would be chosen according to its
function. It must operate adequately with the voltage and current levels in the field
circuit. It must provide the correct rating for contacts to drive other external circuits.
There may be other low-power relays for logic and/or interlocking purposes or may be
contactors for higher-power purposes.

The ‘IS circuit’, according to the definition, must consider all the electrical devices and
connecting cables which are part of the instrument loop in the hazardous area, and the
part or parts directly connected to these devices, even though they may be located and
operated in the safe area. Devices that connect into circuits going into the hazardous area
can also affect the safety.

The making and breaking of the contact will cause a spark. The voltage and current fed
to the circuit will influence the size of the spark. It will also depend on the loop
inductance of the circuit as a whole (ignoring the inductance of the relay coil at this
stage). The resistance of the relay coil will limit the supply current value. Suppose that
the supply was 24 V DC and the coil resistance was 100 Q. The current would be 240 mA
and the power in the coil would be 5.76 W. These are not unrealistic values if the relay
was a contactor.

Comparing these values (24 V DC, 240 mA) with the permitted voltage and current
values, they are below the IIC curve and therefore would not cause ignition. The resulting
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spark would not be incentive. Additional safety factors, discussed in Section 8.3.4, are
applied to ensure this is the case.

The inductance of the relay would increase the size of the spark dramatically. When the
field switch in Figure 8.8 goes to open circuit, the current falls to zero. The collapsing
magnetic field of the coil cuts its own turns and produces a high reverse voltage called a
‘back-emf’. The voltage is so high that it jumps the breaking contacts of the switch,
producing a large spark. The stored energy held in the coil is therefore dissipated in that
spark which could well be large enough to cause ignition. The value of inductance of any
coil is complex in nature and depends primarily on the number of turns, the cross-
sectional area covered and the magnetic properties of the medium within the area formed
by the turns.

Other mechanisms that could influence the energy levels in any part of the circuit,
which enters the hazardous area (in no particular order), are:

e The coil could become a short circuit, or shorted turns may decrease its
resistance. In this case the current would rise.

e The supply could fail in two ways as seen in Figure 8.9. Fault 1 shows the
collapse of the regulation circuit in a conventional series regulation system.
Fault 2 is the worst-case failure mode, where the mains become connected to
the output terminals of the supply by some internal catastrophic failure. This is
more serious in that the instrument loop could have the mains supply directly
across it. For the purposes of IS there is no distinction between these modes of
failure.

e The insulation of the relay could break down such that voltages applied to the
contacts may become connected to the coil circuit.

e The cable or connections forming the circuit in the hazardous area may be
broken by external mechanical influences. A spark could occur at other places
in the circuit other than at the switch.

e External energy could enter this system owing to mechanical faults in cabling,
running in parallel with this cabling.

Hazardous Relay Fault 1

S L N
> _— 2/

Figure 8.9
Mains faults in typical application

Of the greatest concern would be the fault mode where the live mains terminal was to
become connected to the supply circuit (Fault 2). This would elevate the whole circuit
with respect to earth. Under this single fault condition, the mains voltage superimposed
on the low-voltage circuit may not be detected until a connection in the hazardous area is
inadvertently made. This fault could be internal to the supply or external invasion causing
the elevation. These faults, however unlikely they may seem, need to be considered if
safety is to be assured at the highest level.
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Taking the following additional precautions may protect against all the above
situations:

Limiting the voltage across the external circuit into the hazardous area
Limiting the current in the external circuit

Limiting the fault energy from supply failure systems

Limiting the stored energy in the hazardous area circuit

Limiting the likelihood of invasion from external sources.

These are the basic requirements of any IS circuit. The last point can only be controlled
by care taken during installation. This aspect will be discussed in Chapter 12.

Energy-limiting ‘system’

The arrangement shown in Figure 8.10 is a simple assembly of components that operate
together to limit energy flow into the hazardous area. Firstly, it limits the voltage in a
circuit by the use of the Zener diode and, secondly, it limits the current that can be
sourced from that voltage by the inclusion of a CLR.

Current-limiting

resistor FUSE
| ——
| I E—
RCLR T
—
Hazardous VZ A-l vV Safe area
area input circuit

Figure 8.10
Voltage and current limiting arrangement

The Zener diode is connected across, in parallel or in shunt with the circuit to be
protected. The operation of the Zener diode can best be explained graphically as shown in

Figure 8.11.

v +ve
MAX diode
(Nom. Zener v, (Nom. working current
voltage) | VWKG voltage)
A
I
-V 10pA +V
Fuse current related
+
Reverse ” > Forward
bias bias
B _ .
—-ve
diode
current

Figure 8.11

Zener diode characteristics
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Used in the ‘reverse bias’ direction, the Zener diode does not conduct appreciably
whilst the reverse voltage is well below the Zener voltage or Avalanche voltage as it is
sometimes called. In the graph, Line A represents the leakage current of the order of Pico-
or Nano-amperes at low voltages. This is considered insignificant until the working
voltage (Vworking) 1S encountered. Line B (almost perpendicular to Line A) represents the
constant voltage developed across the Zener diode when current flows through it. Where
lines A and B meet is often referred to as the ‘knee’.

The Zener diode junction ‘senses’ the voltage across it and reduces its resistance from
infinity to a lower value. It tries to maintain a constant voltage across it by reducing its
dynamic resistance. It may be thought of as acting like a voltage-sensitive resistor when
an applied voltage exceeds the voltage Vworking. The supply is assumed to continue to
provide current, which will dissipate power in the form of heat in the Zener diode. The
highest voltage that can be developed across the Zener diode is known as the Vyax.

Whilst the voltage across the Zener diode is ‘clamped’ at the maximum value, Vyax, the
highest current Iyax that can be sourced from the circuit into the hazardous area is limited
by the current limiting resistance (CLR) according to Vyax divided by Rcir as discussed
in the theory above. This is said to be the ‘safety description’ of this network of
components.

The safety description defines the open-circuit voltage and the short-circuit current that
are available to the hazardous area. These values must remain below the values permitted
by the standards when safety factors have been correctly applied. They may be expressed
as a voltage, current and/or resistance. A typical example is 28 V, 300 Q, 93 mA; 28 V
divided by 93 mA gives 300 Q.

This voltage and current will only persist until the safety fuse ruptures and clears the
fault. Thus, the fuse has a most important role to play.

Hazardous Hlt 1
+

Relay ¥ F‘
~ - Fault 2
\_/

E| N|L

Note! Earth connection

Figure 8.12

Energy-limiting arrangement in associated apparatus

This arrangement will not let through enough energy to cause a spark in the hazardous
area during the normal operation of the circuit (Figure 8.12). The effect of the back-emf
produced in the relay coil is also clamped by the diode in its forward-biased condition.
The design of the safe area electrical circuit must accommodate the characteristics of the
added components.

Note that the original relay specification may not be useable at this stage because of the
extra circuit resistance introduced by the inclusion of the current-limiting resistor. This
will be discussed more fully in the section on applications.

Clearly the Zener diode(s) will dissipate power from the source of supply during a fault
where an overvoltage condition from the safe area supply exists. Given sufficient time
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under overload conditions, it would eventually overheat and fail if no other precautions
were taken.

A suitably rated fuse is therefore interposed between the Zener diode and the source of
supply such that when excess current is drawn by the Zener diode, the fuse will act to
disconnect the whole circuit before any damage is done to the diodes. The breaking
capacity of the fuse is specified in the standard at 1500 A for a maximum supply voltage
of 250 V. The fuse characteristics are carefully chosen such that it will operate reliably
with the known parameters of the Zener diode combination.

The circuit must be referenced to earth. This is to ensure that the hazardous area circuit
cannot float at mains potential.

The mechanical layout of the safe area arrangement must now be such that if Fault 1 or 2
occurs then there is adequate segregation within the design to ensure the limiting circuits
cannot be bypassed. It is for this reason that the whole safe area device including the shunt
diode network must be assessed for safety. This would become known as certified
‘associated apparatus’ (refer to Section 8.6).

The shunt diode safety barrier

The shunt diode safety barrier (hereafter referred to as a ‘barrier’) comprises the
component arrangement discussed above but in a self-contained package. It may be
interposed easily between safe and hazardous area circuits.

The arrangement shown in Figure 8.13 will provide energy limiting to the hazardous
area under all supply failure conditions or sources of energy introduced into the safe area.

Note also that there is an extra connection to the barrier, which is referenced to the earth
of the supply. It is this that provides the return path for fault current routing such that
mains faults on the supply are detected and the fuse(s) act to clear the fault. With the
introduction of the safety barrier, no failure modes of the power supply now need be
further considered. Earthing is discussed in detail in Chapter 11.

The great benefit of using this type of external interface is that the safe area equipment
does not need to be assessed for safety, provided that it meets certain simple criteria
discussed in Chapter 12, on installation requirements.

Hazardous Barrier

Relay

Figure 8.13

Barrier protected IS circuit

Component infallibility

The components that provide voltage and current limiting are therefore critical to the
safety of any circuit to which they are applied. The consequences of their failure would
render the circuit unsafe.
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8.5.2

8.5.3

8.5.4

Understanding how they may fail will allow adequate precautions to be taken to ensure
that certain failure modes do not compromise the explosion-protection integrity. If higher
reliability devices are chosen, this reduces the initial risk. Such components are referred
to as ‘infallible components’. If these components are then backed up by duplication or
even triplication, where necessary, then the likelihood of failure is reduced to such an
acceptable level that the technique is considered to be the safest and may be used in a
continuous hazard situation (Zone 0).

The standards therefore specify some conditions that must be applied to these
components. These will be discussed now.

Zener diodes

Zener diodes are treated in IEC 79-11 under Section 13.7, which deals with the specific
requirements of shunt-safety assemblies. Examining the failure modes of shunt Zener
diode assemblies shows that they may fail to open circuit or short circuit. Zener diodes
used in barriers are normally 5 W dissipation types of a special construction. The
standard describes a temperature cycling test and a pulse testing technique necessary to
ensure that the Zener voltage is consistent and will pick up any substandard Zener
diodes.

Failure to short circuit

The voltage developed across the Zener diode would collapse to zero and so actually the
more usual failure mode because the diode junction simply fuses together.

Failure to open circuit

The effect of the Zener diode blowing open circuit would remove its shunt path from
the supply and allow the full fault voltage in the safe area through to hazardous area.
The current would still remain limited by the circuit resistance but is likely to be higher
than permitted due to the higher voltage. The open-circuit condition is considered
unsafe.

It is for this latter condition that Zener diodes are duplicated or triplicated to achieve the
category of safety previously described. Figure 8.14 shows a triplicated diode
arrangement where the failure of any two diodes to open circuit still allows the third to
perform the limiting. The circuit meets the criteria for safe in two countable faults of the
infallible components: Ex ‘ia’. The diodes used in this configuration are subjected to less
stringent testing.

Figure 8.14

Barrier configurations



8.5.5

Protection concept i’ principles 159

Alternatively, only two diodes, as shown in Figure 8.15, may be used in an Ex ‘ia’
barrier if a specific construction of the Zener is used and the Zener diodes are pulse-tested
in accordance with specific requirements in the IEC 79-11 Standards. The representation
shown in Figure 8.16 may well be used on the barrier and the user will not necessarily
know which configuration is used inside.

Figure 8.15

Duplicated zener barrier configurations

-

Figure 8.16
Barrier representation

The safety description voltage requires selection of the Zener diodes within bands of
0.1 V to achieve consistency and accuracy in the maintenance of the safety description.
Zener diodes may be ‘totem-poled’ or stacked to give different safety description
voltages. The connection of a Zener diode across the barrier is said to form a chain so it is
the chain that must be duplicated or triplicated according to the type of barrier.

Resistor (current-limiting)

The resistor closest to the hazardous area terminals is required to be wire-wound or metal
film. This is so that any failure of the resistance cannot reduce its value, which would
increase the available current to the hazardous area circuit. Wire-wound resistors are
preferred because their characteristics show that all failure mechanisms act to increase its
resistance. This is the required condition. Some resistance elements such as carbon can
fuse when stressed to give a lower-resistive value, which is clearly unacceptable. These
types are specifically excluded from use.
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8.5.6

8.5.7

Safety fuses

The fuse types are required to be high breaking capacity (HBC) and are generally ceramic
powder-filled. This design of fuse does not allow the wire to vaporize and leaves a metal
trace that could encourage tracking and arcing inside the fuse. There is no other failure
mode to consider. The standard generally specifies the fuse design.

The resistance of the fuse is not insignificant. Its temperature coefficient is sometimes a
problem in applications.

Taking the combination of the CLR, Zener diodes and safety fuse if any two
components might fail then the circuit will remain safe. All these components are deemed
infallible types and thus such an assembly is given the Category Ex ‘ia’.

The likelihood of failure of these individual infallible components has been estimated
as approximately 1 in 10'® per annum. This is accepted as extremely reliable.

Having chosen components to manufacture the barrier the construction itself must be
reliable and of high integrity. The internal connections must not fail in any dangerous
way and so specifications are included in the standard to which a barrier must conform.
These include power dissipation and temperature rise under safe area fault conditions
prior to the fuse rupture. The termination sizes and separation are detailed, governing but
not specifying the arrangement of the barrier.

Barrier characteristics

There are two distinct sets of information that describe the characteristics of barriers.
These are referred to as Safety and Operational characteristics. It is important that they
are not confused. Figure 8.17 summarizes these differences. Illustrations of the use of
these figures are discussed in the Applications section.

The ‘Safety Description’:
Highest O/C voltage = V: 28V
Lowest CLR: 300Q
Highest S/C current = V/R: 93mA

Vin>V;

End-to-end resistance }—l

For 28V, 300Q Barrier 1/, ‘ Vieaut
A \/

Operation characteristics:
End-to-end resistance: 340 Q —_

Vivkg: Voltage input applied when
leakage current=<10pA: 25.5V 1
Vuax: Ijlighest'continuous. voltage Vi <V,
input without blowing fuse: 26.6V

;l

Figure 8.17
Safety and operational characteristics
Safety

The safety characteristics provide the barrier’s safety description, which is the highest
output voltage under safe area overvoltage-fault conditions. These figures are necessary
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in order to safely connect the barrier into an IS circuit in the hazardous area. The safety
aspects of barriers have been discussed but their use in the operation of an instrument
loop must now be considered. This concept is introduced here. There are a number of
common industry standard safety descriptions used. It is the safety description, which is
of the utmost importance from the point of view of safety.

Operational

The operational characteristics are that necessary for the loop design in order for the
instrument loop to work properly. The barrier must pass signals without distorting the
signal’s electrical properties. Careful design and selection of barriers must be used to
ensure correct operation but the system as a whole must be safe and must work properly.

One important point is that the safety descriptions are deliberately used with particular
fuse ratings. This is so that a hazardous area short circuit, which is safe from the point of
view of explosion protection, will not blow the fuse if the state persists for a medium
term. After a longer term short the fuse may well age and eventually blow.

Electronic overvolt protection techniques are built in to the design of some barriers.
These are commonly referred to as semi-active barriers (as they are no longer the simple
passive types described so far) and are more expensive than passive types. Their use is
primarily for battery-backed systems where the float charge overvoltage may exceed the
Vmax and so the barrier fuse does not blow. They are only used on a few applications.

Other electronics are incorporated into the barrier in order to provide a floating supply
for 4/20 mA transmitter applications.

Polarity of barriers

In Figure 8.18, a single barrier ‘channel’ is shown with different diode configurations to
allow the channel to be operated +ve, —ve or AC (unpolarized) w.r.t. the earthy or return
channel.

Positive Negative

= =
=

AC or Non-polarized

Figure 8.18
Barrier polarities

The need for polarization is best illustrated during discussions using applications to
explain the theory. It is particularly important when using a number of barrier channels
together. The primary reason that AC barriers are not used universally is that cable
parameters values would be restrictive.
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8.5.9

8.5.10

Multi-channel barriers

It is convenient to use two barrier channels together in an IS loop. The circuit in the
hazardous area is therefore not directly connected but is still referenced to earth. This
allows greater flexibility in the connection to the safe area circuit.

Note in Figure 8.19, that the circuit is referenced to earth via the chains of Zener diodes.
It may take up any potential between 0 V (earth potential) and +Vyax.

Hazardous Neither
area line
apparatus earthed

Return

Figure 8.19
Two channel barriers

Two-channel barriers are usually of the same polarity but not always of the same safety
description. They do provide for a simpler installation, reducing cost and space taken up.
Two, three and four channel types are now common. Multi-channel types for specific
applications such as strain gage bridges are also popular.

Typical barrier channel data

Some typical barrier types by safety description are listed in Table 8.3. Safety and
operational information is provided for comparison and to assist in the understanding of
the operation. Table 8.3 gives the essential data needed.

Deizlfii:fion Max End-to- Fuse

End Vwke at 10(1) pA Vamax Rating

A% Q mA | Resistance (Q) V) (V) (mA)
1 | 100 10 120 0.3 2.0 250
3 | 300 10 318 (0.6) 3.6 250
10 50 | 200 85 6.0 6.9 50
15 | 100 | 150 155 12.0 13.0 100
22 | 150 | 147 185 19.0 20.2 50
28 | 300 93 340 25.5 26.6 50

Table 8.3
Common safety and operational barrier characteristics
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Barrier characteristics descriptions

To understand the function of the values given in Table 8.3, definitions are given in
Table 8.4.

Name Description
L (Slafety . The safety description of a barrier, e.g. ‘10 V 50 Q 200 mA’,
escription . o
refers to the maximum voltage of the terminating Zener or
forward diode while the fuse is blowing, the minimum value
of the terminating resistor, and the corresponding maximum
short-circuit current. It is an indication of the fault energy
that can be developed in the hazardous area, and not of the
working voltage or end-to-end resistance
2. Polarity Barriers may be polarized + or —, or non-polarized (‘AC’).
Polarized barriers accept and/or deliver safe-area voltages of
the specified polarity only. Non-polarized barriers support
voltages of either polarity applied at either end
3 iﬁ?;:;igd The resistance between the two ends of a barrier channel at
20 °C, 1.e. of the resistors and the fuse
4. Working The greatest steady voltage, of appropriate polarity, that can be
voltage . . AN .
(Varko) applied between the safe-area terminal of a ‘basic’ barrier

channel and earth at 20 °C for the specified leakage current,
with the hazardous-area terminal open circuit

5. Maximum
voltage
(Vmax)

The greatest steady voltage, of appropriate polarity, that can be
applied continuously between the safe-area terminal of any
barrier channel and earth at 20 °C without blowing the fuse.
For ‘basic’ barriers, it is specified with the hazardous-area
terminal open circuit; if current is drawn in the hazardous
area, the maximum voltage for these barriers is reduced

6. Fuse rating The greatest current that can be passed continuously (for 1000 h

at 35 °C) through the fuse

Table 8.4
Terminology definitions

Component arrangements

Physical barrier construction varies from one manufacturer to another but generally
speaking all follow the same component arrangement shown in Figure 8.20. The infallible
components are encapsulated such that they cannot be interfered with and the safety fuse
cannot be replaced incorrectly. This is a requirement of the standards. If the safety fuse
were to be replaced by a higher value, then the safety of the circuit may be compromised.
Some manufacturers provide external fuses in the form of replaceable types that can be
used to protect the internal safety fuse and/or can act as loop disconnect features.
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8.5.13

8.5.14

The Upax is normally 250 V.. Barriers may be two- or three-diode construction types
provided that they are Ex ‘ia’ rated for Zone O use. Connection to an IS earth is
mandatory.

Two or three diodes Fuse(s) to break Uy, (usually 250V, )

External replaceable fuse if fitted

Hazardous area | acts as isolating switch
\

connections

L e+ —F——
) Y
Barrier L 250V
components > * maximom
encapsulated
. O Safe area connections
Connectionto

‘Intrinsic safety earth’

Figure 8.20

Barrier construction/connection

Combinations of barrier channels

Where more than one source of energy and power supplies the same IS circuit into a
hazardous area, the combination of these safety descriptions must be assessed. In
Figure 8.19, two independent channels, each with its own separate safety description, can
provide increased energy and power into the circuit (under simultaneous fault conditions).
The total current and voltage from all possible configurations of that arrangement must be
examined. This is to ensure that power and energy levels from the combination are still
within safe values for the given application and hazard.

Shunt diode safety barrier earthing

The requirement to provide an IS earth, as shown in Figure 8.21, is fundamental to the
safe use of shunt diode safety barriers. The general principles of earthing and the reason
for the IS will be discussed fully in Chapter 11.

IS apparatus

Distribution earth

IS earth

Structural bond

Main plant earth =

Figure 8.21
Barrier IS earth
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The previous discussion on the principles of barriers showed a single barrier with its
‘earth’ connected to the mains earth of the safe area supply. This is acceptable only in
order to demonstrate the principle. In practice, the earth connection on the barriers must
be taken back to the plant earth associated with the instrumentation system’s source of
supply. This is normally defined as the point where the neutral of the distribution
transformer for the instrument system is connected to the main earth point of the plant.
Note that it may be single phase (as shown here for simplicity) or three phase. It is
labeled as the IS earth and connects back to the star-point/neutral-earth (‘SPNE’).

Galvanic isolation

The inherent disadvantage of a shunt diode safety barrier is that its installation requires
connection to an IS earth. This forces the safe area and hazardous area instrument loop
circuits to be commoned at the same earth. The commoning effect is not itself
detrimental, provided that the IS earth connection is correctly made and with adequate
integrity.

If it were to become disconnected then the potential of the circuit in the hazardous area
may become elevated w.r.t. the structural earth. A fault between the circuit and earth
could cause incentive sparks or heat dissipation at the point of the fault. Where many
barrier circuits are used together sharing a common earth, the effect of loosing the IS
earth would be to increase the chance that stray paths would pose a danger. Clearly there
are many possible fault scenarios, which could then occur.

The earthy connection of a barrier therefore may be considered as a direct route for
current to flow from safe to hazardous area. No voltage or current limiting can be applied
to this connection. It is a weakness in the arrangement.

The earth path, shared by the safe area circuit and the hazardous area circuit in a barrier,
is broken by the electrically isolating arrangements in a ‘galvanic isolator’. In this way,
current cannot flow between the two parts of the circuit. A PD can occur which can be
tolerated across the isolator, but this cannot jeopardize the safety, as a current cannot be
injected into the hazardous area. The hazardous area circuit may be earthed at one point
without causing currents to flow in that earth. It may be referenced to earth. The internal
arrangement for a typical isolator is shown in block schematic format in Figure 8.22.

4 R
Energy-
limiting
circuit
— .
—= ="1"|Hazardous Safe )
Hazardous a.rea. area csoifr?ei:ﬁ)i
area ) circuit circuit
O
Power
K.

Figure 8.22

The galvanic isolator
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Galvanic isolation achieves this by placing a method of signal isolation (compatible
with the required application) between the safe and hazardous area circuits.
Electronics in the safe area and the hazardous area circuits are necessary to
communicate the signal over whatever isolating system is chosen. In the above case,
optical isolation is used.

The system must also provide power to the hazardous area circuits and so a double-
wound power transformer is used. It may be sourced from AC mains. 24 V DC-powered
versions using invertors at higher frequency (reducing the size of the transformer and
increasing the supply efficiency) are now more popular.

The design of the isolating components must be in accordance with the requirements of
the standards. Manufacturers use specially constructed isolating devices. These have to be
‘component approved’ for use in the circuit. They are not ‘infallible components’, but are
said to be ones ‘on which safety depends’. Their design and construction provides
guaranteed isolation to prescribed levels. Faults are considered but other mechanisms
may be required to protect component-approved devices because they cannot be
duplicated in a circuit. For example, thermal trips are embedded into mains transformers
to protect against shorted turns causing overheating. Some ‘component-approved’ devices
are designed and constructed by manufacturers in such a way as will allow their use in a
range of isolating devices. Transformers, relays and opto-couplers are good examples
of this.

The fault condition in the safe area side cannot permeate the insulating properties
providing the isolation. The failure of the safe area supply becoming connected to the
hazardous area terminals does not need to be considered.

The worst case scenario is the failure of the hazardous area circuit, where the
secondary of the isolating transformer inadvertently becomes directly connected to
the hazardous area terminals. The same energy-limiting network used on a barrier is
necessary at the hazardous area terminals of an isolator to protect against this fault.
No connection to earth is necessary. This is because no invasion can occur onto the
hazardous area circuit from any other supply owing to the isolation provided. This
can be observed in Figure 8.23. The energy in the hazardous area circuit is
self-contained. The isolator will have a safety description in the same way that a
barrier does.

IS apparatus

IS
circuit

Distribution earth

Instrument earth

Structural bond

Main plant earth =

Figure 8.23
Effect of invasion on isolated circuits
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Application of galvanic isolators

Galvanic isolators may be for analog, status or digital applications. The technique
requires sophisticated electronics in both the safe and hazardous area circuits. The circuit
must accept the incoming signal and suitably change its form to be communicated over
some appropriate means of isolation. The other circuit must receive the signal from the
isolating medium and convert it to a form that can be re-transmitted out.

In some cases the signal path must be bi-directional. In other cases the signal that goes
from safe to hazardous are may not be the same as that which goes from hazardous to safe
area. Two-wire systems using this format of powering and signaling to devices in the
hazardous area will be discussed in the section on applications.

The safe area circuit can take up any potential completely independent of the hazardous area
circuit. The hazardous area circuit may float or may be earthed as required depending on the
circuit conditions. An example of this useful feature is the use of earth leakage detection, which
can be applied in order to raise the integrity of the signal. This cannot be done with barriers.

The design of isolators is usually specific for their intended application. Other useful
features are often designed into the isolator, as it is a convenient place to perform signal
manipulation in the signal path.

The operational characteristics of isolators are different to their safety parameters. As
with barriers, the safety description gives the highest possible values that will appear in
the hazardous area under any fault condition. The operational characteristics are
dependent on the application and will be declared by the manufacturer. The use of these
figures will be discussed in the section on applications.

Originally isolators were expensive, but as demand has increased, the cost of
manufacture has reduced. The applications are broadening to encompass custom design
for special signal and power requirements.

Barriers vs isolators

There is no difference between the levels of safety achieved by these two techniques. The
differences are in the application. Some advantages and disadvantages may best be drawn
out at this stage.

Associated apparatus

The function of barriers and isolators, described above, limit or preclude excess energy
from entering the hazardous area from the safe area. These devices are known as
‘associated apparatus’, and this term is defined below.

The IEC 79 Standard defines ‘associated apparatus’ as ‘electrical apparatus which
contains both IS circuits and non-IS circuits and is constructed so that the non-IS circuit
cannot adversely affect the IS circuits’.

The certified interface

The block diagram in Figure 8.24 shows a typical system with certified apparatus in the
hazardous area connected through an IS interface to uncertified safe area apparatus.

Such apparatus has the effect of electrically interfacing between the safe and hazardous
areas. Barriers and isolators are known as ‘IS interfaces’ and are self-contained devices
that interpose between the two circuits. Signals may pass in either direction and a limited
amount of power is allowed to enter the hazardous area IS circuit. Certified interfaces
usually pose industry standard safety descriptions and are easy to match with certified
apparatus. Certified apparatus itself follows a standard form.
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8.6.2

8.6.3

Hazardous area Safe area

‘System’

Figure 8.24
Modern IS system with associated apparatus (certified interface)

IS ‘front-end’ interfaces

The energy-limiting arrangement used for barriers and isolators can be built into certified
safe area mounted equipment. A data logger or a DCS 1/O card, for example, may have IS
inputs directly onto its terminals and may not need an external interface. The complete
arrangement containing the IS input and all associated equipment, i.e. the entire data
logger or the whole I/O rack for the DCS, must be certified. Clearly this is convenient in
many respects but is also very expensive to certify. The equipment is still associated
apparatus by definition. It is said to have an IS ‘front-end’ or have ‘internal interfacing’.

The electronic design of the front-end circuits will be the same as for barriers or isolators.
Where galvanic isolation is employed, an IS earth will not be required. Where shunt diode barrier
techniques are used then the IS earth is necessary. It may be integrated with other earthing
arrangements and it may not be easy to understand how the earthing is actually arranged.

In the early days of IS (Figure 8.25 shows a typical arrangement) two pieces of
apparatus were designed and built to work together. The electronic designer could choose
operating voltages and currents in the circuit to suit the design, provided they did not
exceed the maximum values permitted for safe use in IS circuits. The range of safety
descriptions now available have been chosen to accommodate many standard applications
thus avoiding the high cost of development and certification of this old arrangement and
providing a greater choice of interface arrangements (barrier or isolator).

Hazardous area  Safe area

—

‘System’

Figure 8.25
Older system concept

The use of internal IS interfacing is still encountered where there are particular
supply/signal needs for specialist applications. However there are commercial implications in
which a manufacturer will use a non-industrial standard safety description so that his
equipment in the hazardous area may only be used with its interface or associated apparatus.

Electronic current and voltage limiting

Associated apparatus discussed so far has used Zener diodes and CLRs to perform the
limiting functions. Most standard interfaces are built this way. Other methods of achieving
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this are by electronic means. Some equipments use elaborate supply systems to source
power for a hazardous area apparatus where resistive limiting is operationally unacceptable.

This is achieved by the design of separate regulation circuits that are placed in series as
shown in Figure 8.26.

IS load Supply

Safe area series regulators

Figure 8.26

Electronic limiting

If a semiconductor junction fails then it is more likely to fail to a short circuit. The
junction fuses into a low resistance. In this case the low resistance would allow a
higher voltage at greater current into the hazardous area. The preferred regulator
design includes current-limiting or ‘re-entrant’ characteristics for the overcurrent
condition.

Three series regulators are required by the IEC 79 Standard but this still only permits
certification to Ex ‘ib’ and are therefore restricted to use in Zone 1. In most cases the
supply systems using this technique are for apparatus such as operator terminals that
would never be mounted in Zone 0 and so this is an acceptable limitation.

Electrical apparatus in the hazardous area

Electrical equipment mounted and operated in the hazardous area must be designed such
that it cannot cause ignition.

Electrical equipment surrounded by a potentially flammable atmosphere in a hazardous
area must not be allowed to accumulate energy such that if released in an uncontrolled
way, it could generate a spark or heat at sufficient levels to be incentive.

Some electrical devices such as a switch or contact in the hazardous area cannot store or
generate any energy. A switch contains no element of inductance or capacitance. It cannot
therefore store electrical energy. There is also no mechanism to generate electrical energy
in a simple switch.

The switch-operated relay loop discussed previously, uses a switch mounted in the
hazardous area connected to an interface. In this arrangement, the only possible source of
power and energy into the loop will come from the safe area via the associated apparatus
(interface, barrier or isolator).

The IS circuit can only receive excess energy from one other source, i.e. invasion from
some external source. This is clearly undesirable and is a risk that must be reduced to
acceptable levels. Such a risk is outside the scope of any individual assessment of safety
and can only be controlled by rules governing the integrity of installation. These rules
will be discussed in Chapter 12.

IS apparatus mounted in the hazardous area and connected to equipment in the safe area
must be classified as one of the two types, as indicated in Figure 8.27.
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Figure 8.27
Apparatus permitted in hazardous areas

Simple apparatus

The simple apparatus concept is of the greatest importance to IS systems.

There are many instrument devices used in measurement and monitoring applications,
which conform to this class of equipment. The simple apparatus class was conceived for
this purpose. Clarifications over the original wording in the European Standard have been
welcomed to provide even greater flexibility. The extract in Table 8.5 is taken from the
IEC 79-11 Standard and its significance is explained subsequently.

‘The following apparatus shall be considered to be simple apparatus:

Passive components e.g. switches, junction boxes, resistors and simple semi-conductor devices.

Sources of stored energy with well-defined parameters e.g. capacitors and inductors whose values shall be
considered when determining the overall safety of the system.

Sources of generated energy e.g. thermocouples and photocells, which do not generate more than 1.5
volts, 100 mA and 25 mW. Any inductance or capacitance present in these sources of energy shall be
considered as in b.

Simple Apparatus shall conform to all relevant requirements of this Standard but need not be certified and
need not comply with clause 12 (marking). In particular, the following aspects shall always be considered:

Simple Apparatus shall not achieve safety by the inclusion of voltage and/or current limiting and/or
suppression devices.

Simple Apparatus shall not contain any means of increasing the available voltage or current, e.g. circuits
for the generation of ancillary power supplies.

Where it is necessary that the simple apparatus maintain the integrity of the isolation from “earth” of the
intrinsically safe circuit, it shall be capable of withstanding the test voltage to earth ... of 500 V rms for
1 minute. Its terminals shall conform to ... stated requirements.

Non metallic enclosures and enclosures containing light metals when located in the hazardous area shall
conform to ... IP 20.

When simple apparatus is located in the hazardous area it shall be temperature classified. When used in an
intrinsically safe circuit within their normal rating and at a maximum ambient temperature of 40 °C,
switches, plugs and sockets and terminals are allocated a T6 temperature classification for Group II
applications and considered as having a maximum surface temperature of 85 °C for Group I applications.
Other types of simple apparatus shall be temperature classified in accordance with ... this standard.’

Table 8.5
1EC 79-11 on simple apparatus
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Examples of the first of the three categories above are switches, resistors, temperature-
dependent resistors, LEDs, terminal blocks, connectors which are totally passive devices,
as seen diagrammatically in Figure 8.28.

A\

Passive components: E

Figure 8.28

Passive simple apparatus components

In order to use the device for its intended purpose, power may need to be applied to
simple apparatus from an IS source. This should not be confused with the device’s ability
to generate or store energy of its own volition. A switch requires an applied voltage to
sense if it is conducting. These devices cannot in any way contribute to the energy in the
circuit. There is therefore no limit to the number of simple apparatus devices included
into any IS circuit. Terminals and connectors are also included here.

L -

Stored energy: T

Crystal LVDT

Figure 8.29(a)

Energy-storing simple apparatus

The second category of ‘sources of stored energy within well-defined parameters’
illustrated in Figure 8.29(a) covers any device containing inductive or capacitive elements
where the total value can be examined under the L and C curves published in the
standards. This clarification is the most useful but raises some questions. It implies that
circuits which contain capacitance or inductance can be classed as simple apparatus if the
total cumulative capacitance does not exceed the maximum permitted by the safety
description of the feeding circuit (the associated apparatus). The values of L and/or C
must be added to the actual cable parameters (which will be discussed in Chapter 12).
Since the cable parameter concept is concerned with systems certification (see Systems),
the effect of this is that even simple apparatus with significant values of L and C should
be covered by a formal analysis of the safety parameters. This means that a systems
‘certificate’ or ‘descriptive document’ is necessary.

For example, the inductance of a magnetic pick-up coil may now be assessed to be
within the limits of this simple apparatus clause, provided its total inductance together
with the system cable matches the cable parameters of the interface.

In the third category, as shown in Figure 8.29(b) (refer Chapter 2) a thermocouple is an
example of a device, which will generate energy. It is well below the maximum values stated
and is therefore unquestionably a simple apparatus. Photovoltaic cells can generate in excess of
1.5V in strong sunlight conditions and therefore may not always be considered simple
apparatus unless use in low light levels is guaranteed. The separation of sources of stored
energy from that of generated energy allows separate treatment of some apparatus to the
advantage of the user. Piezo-electric devices used in ultrasonics and in vibration monitoring
were previously precluded. There is no specific maximum energy limit in this international
standard other than that represented by the curves. Older standards quoted 20 pJ (in IIC gases).
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Figure 8.29(b)

Generating simple apparatus

The standard states that the above devices need not be ‘certified’ or marked in
accordance with the standards. It is recommended that the user carefully documents
simple apparatus with energy-storing capability.

This concept is not yet fully accepted in America and some other parts of the world.

Simple apparatus is considered as one of the categories of IS apparatus because failure
need not be considered. In other words if simple apparatus devices fail then there is no
risk that explosion-protection integrity will be compromised.

Some devices to be mounted in the hazardous area are unquestionably simple apparatus
as in the above examples but they may still be certified and marked if it is in the
manufacturers’ best interest to do so. This will be for commercial reasons rather than
technical ones. Examples of products dealt with in this way are resistive strain-gage
bridges and some linear variable differential transformers (LVDTs).

Clause 2 clarifies the use of integrated circuits with an on-board ability to generate
voltages. This has been the source of dispute for some time. Where an integrated circuit is
provided with a 5V supply and can generate + and —12 V rails, then this is specifically
excluded from being classed as simple apparatus due to the complexity of analysis.

Simple apparatus will usually maintain a 500 V AC insulation (for 1 min) test to earth
in line with other certified apparatus, unless it is designed to work with respect to earth
(in which case it should be used with isolating interfaces).

The standard suggests that specialist advice be sought on sensors, which use catalytic
reaction or other electro-chemical mechanisms.

Analysis of devices to assess compliance with IS

The analysis of field- or hazardous area-operated devices in circuits can be performed to
determine the aspects of safety.
There are three main situations:

1. The conditions for simple apparatus are met. A device may be analyzed to
ascertain if it may be connected and used as part of an IS circuit under the
simple apparatus clause.

2. The conditions for simple apparatus are not met. If however stored or
generated energy is above that permitted by simple apparatus, other clauses in
standards may permit the use of such a device under either specific or limited
conditions.

3. If the above criteria cannot be met, then the device or equipment must be
designed to include specific safety components that limit the energy and power
aspects. The assembly may then require formal apparatus certification.

Analysis application methods

Techniques for analyzing the energy and power dissipation of devices are relatively
simple.
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Generated mechanical energy can be determined by the formula:
E:lmﬁ

Where
E is energy in Joules
m is the mass
v is the velocity.
This is directly related to electrical properties where stored energy is determined by:
1 1
E=—CV? or —LI’
2 2
Where
C is capacitance in Farads
V is the applied Voltage, or
L is inductance in Henrys
1 is the current in Amperes.

A Piezo-electric device used for an accelerometer may generate a high voltage when
subjected to shock. It would be necessary to calculate the capacity to store energy and to
compare the values with those permitted in the standards.

In such cases some knowledge of practical values and other limitations will be
necessary. Some assumptions and justifications will need to be stated in documentation of
the analysis in order to prove whether the device complies with the requirements.

Circuits containing inductance and capacitance may be analyzed by simply adding
together the total value of the like properties. This assumes the worst case failure condition.

Certified hazardous area apparatus

If the apparatus cannot be classified as ‘simple’ then it is normally assessed for
conformance with a given standard. This enables a certificate to be issued (or ‘approval’
to be given) by a testing authority. The apparatus is termed °‘certified apparatus’ or
‘certified hazardous area apparatus’ and may be selected for use in a hazardous area. It
must be installed and used in accordance with requirements discussed in Chapter 13.

Design of apparatus

The design of each type of IS apparatus is unique and depends upon its function and
specification. The circuit of the apparatus can range from being uncomplicated, as in
inductive sensors, to very sophisticated, for example, 4/20 mA process transmitters,
multiplexers and display systems.

In each case, the designer must demonstrate that the voltages, currents and energy
storage within the circuits and sub-circuits are securely controlled and adequately limited
from causing ignition in the hazardous area. The requirements to be met are published in
the standards. It is not the intention to discuss in detail all the possible techniques that can
be used to design IS apparatus in this book. Some general and widely accepted techniques
are shown for illustration.

Higher values of energy and power may be used in circuits, provided that adequate
precautions are taken (to the satisfaction of relevant parts of the standards). Specific
components will have been included in the design and are analyzed for failure in the same
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way as for a barrier circuit. Some common techniques to protect large reservoirs of
energy are shown in Figure 8.30, to illustrate how energy storage and charge limiting is
achieved. Resistors, diodes and Zener diodes are used in various ways, as shown.

C with
shunt R
Inductor with (or series)
extra series R
C with

shunt Zener diode

Assembly
may be ‘potted’

Capacitor

Inductor with
shunt diodes:
solenoid valves H:[

Assessment of possible failure modes:
How does this affect safety levels? /
S B 5
Power dissipation in components? Potting keyed to PCB

Figure 8.30
Treatment of energy-storing components in certified apparatus

The use of large value capacitors in a circuit design is generally avoided where
possible. Where necessary, they are often combined with Zener diodes to limit the voltage
applied under failure conditions to other parts of the circuit. Diodes or Zener diodes may
be single, duplicated or triplicated, depending on the application.

Using a series resistor will limit the charge/discharge rate and so eliminate incentive
sparks. A shunt resistance across a capacitor will allow the capacitor to discharge such
that parts of the circuit become de-energized after a controlled time. The component with
its safety component(s) may be encapsulated to raise the reliability and this will also help
to dissipate heat, prevent the ingress of moisture and generally increase mechanical
robustness from an operational point of view.

Where parts of circuits are isolated from each other, component-approved devices are
used. Complex devices, such as process terminals, can be built up in separate sections in
order to use more overall power.

Within IS apparatus, the areas of design that need special attention are:

The selection of components, rating, size, characteristics
The layout of the PCB and physical spacing of components
Arrangement of terminations

Heat dissipation

Energy capture

Integrity of joints and connection
Documentation/drawings.

Segregation

The design and construction of the circuits must be of high integrity and so there is a
great emphasis on the layout. Since each piece of apparatus is unique it is not possible to
specify the detail of design in any document. Adequate separation distances are published
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in the standards and the minimum quality of PCBs and insulating materials are specified
against the voltages used on the apparatus. Figure 8.31(a) illustrates how minimum
separation requirements affect the layout of PCBs.

Minimum clearance distances

CTI of PCB
M
IP 20
termination < > .

™ il Varnished
component

al )

n 1. Sleaving
=y =

‘Conformel’ coating

Figure 8.31(a)
Treatment of energy-storing components in certified apparatus

Creepage and clearance distances

Creepage and clearance distances are specified in the standards as shown in Table 8.6 and
Figures 8.31(a) and (b). These figures apply both internally and externally to IS circuits
and systems.

Peak Voltage 10 | 30 | 60 | 90 | 190 | 375 | 550 | 750 | 1000 | 1300 | 1575
Distances in mm
Creepage distance 1.5 2 3 4 8 10 | 15 18 25 36 40
Creepage distance 05 1] 0.7 1113 | 26| 33 5 6 8.3 12 | 133
under coating
Minimum CTI 90 | 90 | 9 [ 90 | 175 | 175 | 175 | 175 | 175 175 300
90 | 90 | 90 [ 90 | 175 | 175 | 175 | 175 | 175 175 175
Clearance 1.5 2 3 4 5 6 7 8 10 14 16
Distance through 0.5 | 0.7 113 ] 17 2124 27| 33 4.6 53
casting compound
Distance through 05105051071 08 11 12] 14 1.7 2.3 2.7
insulation
Table 8.6

Creepage and clearance

Clearance is the shortest distance in air between two conductors. Creepage is the
shortest distance over a solid surface.

In diagram A of Figure 8.31(b) these measurements would be the same. In
diagram B a separating partition effectively increases the creepage value at higher
voltages.
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Figure 8.31(b)
Treatment of energy-storing components in certified apparatus

Where a circuit has two adjacent tracks, the voltage difference gives the appropriate
figures of creepage and clearance. As an example, associated apparatus with a 240 V
supply track adjacent to a 12 V track on a flat PCB would require 6 mm clearance and
10 mm creepage. In this case the 10 mm figure would prevail. Other internal apparatus
requirements would be determined during the design of apparatus. There are many
permutations in any individual design of apparatus. The requirements of different
standards do vary slightly; this should be understood before apparatus design layout is
finalized before certification.

Two independent IS circuit termination systems, for example, on interfaces or in junction
boxes would require minimum creepage and clearance distances of 6 mm between circuits
and 4 mm to earth because this is stated as a requirement in the IEC Standard.

Comparative tracking index (CTI)

The insulation quality of materials must also meet minimum requirements as stated in
Table 8.1. The CTI is used to measure the effectiveness of a given material to resist
surface breakdown and allow tracking from one conductor to another over the surface of
the material. The test is detailed in IEC 112 and is used in the testing throughout the
electrical equipment industry.

Two electrodes are positioned on the surface of an insulating material at a fixed
distance apart. A voltage is applied and a salt-water solution is allowed to fall between
the electrodes to encourage the track effect to start. The voltage and the number of drops
used to cause breakdown are recorded as a measure of the index value.

This test is only of paramount importance to apparatus designers but not to those who
select apparatus for use in hazardous areas, since the requirement will have been met at
the apparatus design and manufacturing stage.

Enclosures

IS apparatus does not need any enclosure to be part of the method of protection. The
standard requires that:

where intrinsic safety can be impaired by access to conducting parts, an enclosure
of at least IP20 shall be provided as part of the apparatus under test.
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The function of an enclosure is not therefore to provide mechanical strength, but to
prevent inadvertent shorting or earthing of the current-carrying conductors of circuits.
Occurrences of this on the same circuit will not cause concern but where two or more
circuits share an enclosure, the combination of the circuits could pose a greater risk.

The IP 20 requirement is equivalent to allowing access of a terminal with a small
screwdriver but not allowing the termination to be touched by the human finger. Thus
termination must be deliberate.

Impact testing is not required as for some mechanical methods of protection. In these
cases, degradation of protection could be caused by the ingress of solids or water if an
enclosure suffered a damaged seal. Alternatively, if damage was too severe, short circuits
could result in non-IS protection techniques. This would not be the case with IS apparatus
and systems.

Temperature

The maximum temperature reached by components (safety or otherwise) within any piece
of hazardous area apparatus requires detailed assessment.

During the operation of a circuit, heat will be developed from all components in which
power is dissipated. The rise in temperature of the surface of the components, which may
come into contact with a flammable mixture, will be measured to ensure that the T rating
required (or to be achieved) is not exceeded.

This condition must be true under normal operation and under specified fault conditions
for the apparatus under test. All components are normally examined. Heating from one
component must not be permitted to affect another, particularly if it is a safety
component. This assessment requires the judgment of skilled and experienced test
personnel to interpret and apply the standards. Testing may reveal areas where apparatus
needs to be redesigned or the layout changed in order to improve the acceptability of the
design.

There are clearer guidelines for the definition of temperature ratings in the IEC 79-11
standard than there have been in previous or other standards. This was accepted from
revisions to the EN 50 020: 1994. It clarifies a previously difficult area. Methods of
assessing the ratings of conductors and copper track-work on PCBs used in certified
apparatus are now provided. Tables give ratings that the designer must work to when
aiming for Ty, T5 or Ty ratings.

There is a ‘relaxation’ of the rules for ‘small components’, which requires some
explanation. It is recognized that where the surface area of a component is small, even
though the surface area may reach the ignition temperature of a gas/air mixture, tests have
shown that the heat transfer from the component to the gas is insufficient to allow ignition
to take place. The standards give options under which high temperatures in small
components are permitted.

For apparatus to be rated T, the total surface area of a component, excluding lead
wires must be less than 20 mm” for a permitted temperature rise up to 275 °C. Above
20 mm® the power dissipation must be a maximum of 1.3 W. Greater than 20 mm” but
less than 10 cm?, the limit of 200 °C is given. This assumes a 40 °C ambient and further
de-rating factors apply with higher ambient temperatures. Ts and Tg rating guidance are
also given.

Methods for determining temperature rise

Methods for determining the temperature rise in components and conductors are detailed
in all construction standards. The normal approach is to decide what T rating is required
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8.9.2

8.9.3

of a piece of apparatus and then to ensure that it complies with the requirements of the
rating. This is achieved by either

1. Placing components in the circuit to ensure that currents are below specified
limits, or

2. Demonstrating that the currents flowing under fault conditions are below those
specified in the relevant construction standard.

The maximum permissible current / corresponding to the maximum wire temperature
due to the effects of self heating (¢ °C) can be calculated by the following formula:

1

I (I} xt(1+al)) |?
T(1+at)

Where
a is the resistance-temperature coefficient of the material of the wire (0.004 265 K™ for
copper)
I is the maximum permissible current rms or DC in amperes
I¢ is the current at which the wire melts
T is the temperature at which the wire melts (1083 °C for copper)
t is the maximum temperature of the wire due to self-heating.

Alternatively, tables given in the standards may be consulted which apply to printed
circuit tracks, ribbon cables and ordinary conductors.

These calculations do not need to be performed for every individual conductor. The
design and construction of apparatus should be assessed to determine whether compliance
is general and demonstrate individual cases where the currents could reach higher levels.
Signal paths would not normally require individual assessment but paths carrying earth
fault currents would require calculations to be done.

Temperature rise calculations

Temperature rise in components can be calculated by data usually supplied by the
manufacturer. The general formula applied is:

T.

FINAL

— o,
- TAMB + (RTH X PDISSIPATED) C

Where
TrnaL is the expected final temperature of the component
Tams is the starting ambient temperature and is normally 40 °C
Ry is the thermal resistance (in °C/Watt) of a component as stated by the manufacturer
under specified conditions
PrissieaTep 18 the power dissipated (IZR) in the component.

Temperature assessment standards

Non-IEC 60079 compliant Standards specify different methods of assessing temperature.
It is therefore important to understand and comply with the requirements for the particular
standard for which certification or approval is being applied for.

Calculations may be provided to satisfy IEC/CENELEC certification requirements
whereas the Canadian CSA rules, for example, emphasize testing under specified
conditions.
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The IS systems concept

An intrinsically safe electrical system is defined in European Normative EN 50 039 as:

An assembly of interconnected items of electrical apparatus described in a
descriptive system document in which the circuits or parts of circuits intended to be
used in a potentially explosive atmosphere are intrinsically safe circuits.

This definition is taken from the European Standard EN 50 Series of which the majority
of the IS Standard EN 50020 has been accepted into IEC 60079-11. The ‘system’ part,
EN 50039, has to some extent been included in part in IEC 60079-14 (Installations)
section 12.

An IS ‘system’

A ‘system’ may comprise two or more pieces of apparatus connected together in some
way as the part of an instrument loop in the hazardous area. Where two pieces of
apparatus become connected together, then the combined capability of those individual
pieces of apparatus to cause ignition must be assessed to ensure that the system complies
with certain installation requirements.

This includes the interconnecting wiring, which has in itself the ability to store energy.
This is considered in detail in Chapter 12.

An illustration of a system is shown in Figure 8.32 for the purposes of discussion.

Circuit of apparatus
contains
complex and energy

storing devices

Cable
Entity

parameters
Highest V,, I, P,
Ceq, Leg, residual
values

Circuit isolation
from earth

Special conditions

Safety description

Vmax: Ivaxi Pumax
Lo, Co, L/R

Figure 8.32
System concept

System documentation

The phrase in the standard, ‘described in a descriptive system document’, enforces the
requirement that safety assessment of the interconnected system requires the designer to
demonstrate how the system is safe when the apparatus is connected together in the way it
has been designed.
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8.12.1

8.12.2

8.13

8.13.1

System certification

Many industry standard ‘systems’ are covered by formal ‘system certification’. This is
where a manufacturer has his apparatus tested for safety compatibility with other specific
pieces of certified apparatus (of his manufacture or of other manufacturers). A test house
formally certifies the combination of each set of apparatus. The combination may be on
one systems certificate or on individual certificates, depending on the requirements of the
manufacturer.

The systems certificate will then state any special and/or installation conditions that are
to be met for safety purposes.

This part is important because the complete ‘system’ also includes, for example, the
interconnecting cable. This is not under the direct control of the testing authority, and the
installation can only be considered safe if it has complied with all the requirements of
installation.

The onus is therefore placed on the user to ensure that the installation conditions have
been met and that adequate proof of this, including any calculations and measurements,
necessary to demonstrate safety, are performed.

As a result the documentary proof that all is safe goes into plant safety documentation.
The system certificate, apparatus certificate and a statement demonstrating those cable
parameters have been adhered to form a ‘system descriptive document’.

System descriptive document

The interconnection of apparatus to form a ‘system’ does not require a formal ‘system
certificate’.

The purpose of the ‘system descriptive document’ is to demonstrate how a system, in
which a number of pieces of certified apparatus are interconnected, conforms to the IS
apparatus and system requirements and is therefore considered to be safe.

This is a less formal approach than the system certification process and was conceived
to offer greater flexibility for both the manufacturer and the user. The certified IS
apparatus forms building blocks to solve applicational problems which can then be
documented by suitably skilled personnel. The system is not used to its fullest extent
because users often require formal systems certification.

In the following sections of this chapter, the processes of providing system
documentation are discussed.

Assessment of safety

The assessment of safety is performed by a comparison of the inputs and outputs of the
apparatus. The electrical connections to a piece of certified apparatus in the hazardous
area may expect to receive energy. The certification of the apparatus will dictate how
much energy can be received for the apparatus to remain safe.

Safety description

Associated apparatus, such as an interface, to which the certified apparatus is to be
connected, may expect to give out electrical energy. The certification of this apparatus
will dictate what the highest values will be under fault conditions. Since this device will
provide the source of energy to the circuit, it will specify what the maximum energy
storage parameters can be. These values are compared to the values seen at the power-
receiving end added to the values, which are introduced into the circuit by the
interconnecting cable.
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If, according to the appropriate certification, the interface cannot provide higher output
values than the apparatus in the hazardous area is permitted to receive, and the energy
storage and cable parameters fall within the limits set by the associated apparatus, then
the combination is considered safe.

The standard terms that describe the outputs and inputs parameters are as follows:
Output values from a ‘power source’ (associated apparatus): ‘safety description’

Where U, Io, Po, is the maximum output of voltage, current and power, respectively.
Where Co, Lo, is the maximum permitted values of capacitance and inductance
respectively that may be safely connected to the output of the associated apparatus
comprising other apparatus and cabling.

Note: Unmax specifies the highest safe area supply voltage to the associated apparatus,
normally 250 V AC rms.
Input values to a ‘power receiver’ (certified apparatus): ‘entity parameters’

Where Vi, I, Py, is the highest acceptable input value for V, I and P respectively.
Where C;, L; is the effective value of input C and L, respectively, that appears at the input
terminals to this apparatus input.

This is sometimes written as Ceq, Leq, Where Ceq, Loy, is the effective equivalent value of
input C and L, respectively, that appears at the input terminals. It is equivalent in that it
must be added to the cable parameters.

‘Entity’ parameters are sometimes referred to as ‘modular’ parameters.

Simple apparatus

Simple apparatus can appear in a system in one of the three forms. These are introduced
here but discussed more fully in the context of applications, subsequently:

Passive simple apparatus

The passive form requires no further explanation because no energy contribution,
whatever, can be made from this type. Most system certificates expressly permit the
system to comprise simple apparatus without restriction.

Other (non-passive) simple apparatus

Where there can be stored energy in simple apparatus, I[EC 60079-14-12 requires some
assessment of the total cumulative effect. The treatment of this in a system depends on
the type of device. Generally, if there is only one device in a system, then it is not
considered significant.

Simple apparatus equivalence

Some apparatus is designed to present a ‘non-energy storing’ connection into an IS
circuit. It is said to be ‘like simple apparatus’. This useful facility is discussed in the
section on Applications. It is sometimes referred to as having simple apparatus equivalent
inputs or outputs. The apparatus is certified and the apparatus certificate will dictate what
the maximum figures presented to the circuit will be. These are normally 1.5 V, 15 Q,
100 mA with any L and C contribution stated energy storage. If a number of devices are
used in the same circuit then the combination of devices will require assessment.
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8.15

8.16

8.17

Safety parameters

It is possible that terminals on a piece of apparatus can both receive and source electrical
values under different conditions. It is usual for these to be quoted; for example, a
temperature transmitter connection to a thermocouple will have both input entity
parameter and an output safety description. The use of these requires some expertise to
correctly apply the figures.

In the scheme shown in Figure 8.33, and IS system is shown comprising, say, a
4/20 mA temperature transmitter and its associated equipment. Some detailed analysis is
required to understand the safety and operational implications.

The IS concept generally only looks at the safety aspects of electrical apparatus and is
not concerned with its operation. The user must satisfy him that the circuit will perform
the task for which it is designed.

&

Indicator » ‘

Figure 8.33
System analysis

Temperature classification of systems

With many intrinsically safe applications T, may be awarded automatically where the
matched power dissipation is less than 1.3 W. Simple apparatus devices, which cannot
dissipate power, are automatically awarded Tg.

The system takes up the worst case temperature classification of all the apparatus used in
the hazardous area loop. The interface does not possess a T rating because it is safe area
mounted but the system certificate or documentation must consider the power dissipation.

Normally, T, ratings for systems are adequate and almost invariably offered. There are
very few vapors with ignition temperatures below 135 °C.

Systems concepts in other standards

The systems concept in CENELEC EN 50 039 is a specific document dealing with the
relationship of apparatus when interconnected.

Although many other countries’ standards do not publish separate ‘systems’ guidance,
it is often, to some extent, included in the Apparatus Standard. A typical example of this
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is Australian Standard AS 2380.7 clause 2.9, which is entitled ‘IS electrical systems’. It
requires the ‘electrical parameters and all characteristics of the interconnecting wiring . . .
to be specified in a descriptive system document or “Block diagram”’. It goes on to
clearly specify that circuits in Zone 0 must use multicore cables with individual pair
screens. Other minor differences are stated.

This, like many other standards, acknowledges the need to consider system phenomena
but not with as much clarity as the new EN 50 039 that will eventually be brought into the
IEC 79 arena.

Systems approach in North America

The approach in the US and Canada is somewhat less formal and more like the systems
descriptive process in many ways.

The ‘entity concept’ provides the rules for the permitted interconnection of approved
apparatus. Apparatus is approved with entity parameters, which must be matched in the
same way as for the IEC requirements. However, the values for FM/UL/CSA-approved
apparatus are slightly different from the CENELEC specification owing to the different
interpretation of the V/I characteristics. The same graphs are used but reversed voltages
are considered as additional to the main barrier channel voltage.

In other ways the same rules apply. All apparatus must have defined parameters even if
they are non-energy storing. Simple apparatus concepts are thought of as too wide by
these authorities.

Standards for Ex i’

The following standards govern this protection concept worldwide,

Australia: AS 2380.7 governs this protection concept

European Union: EN 50020 governs this protection concept

IEC: IEC 60079.11 governs this protection concept

United Kingdom: BS EN 50 020 governs this protection concept

Germany: VDE 0170/0171 T.7 DIN EN 50 020 governs this protection
concept

France: NF EN 50 020 governs this protection concept.
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Protection concept ‘p’

General

This is one of most popular and widely used protection concept using ‘the principle of
separation’ of three elements of the fire triangle in order to prevent ignition (Figure 9.1).

Ignition
source
Figure 9.1

Explosion/fire triangle

This is a useful technique because an artificial ‘safe area’ having sufficient integrity can
surround virtually any electrical equipment. The technique is flexible in that it can be
adopted for many situations. The system is not used often due to,

¢ High cost and
¢ Inconvenience of equipment accessibility of this solution.

The system is expensive to operate and maintain because the clean air must be pumped
and controlled by other equipments exposed to the hazardous area. The major benefit is
that it can be used on very small enclosures up to complete control rooms. The problems
associated with this tend to complicate area classification. A guaranteed gas-free air
supply must be maintained so it must be piped in from a safe area. Disposal of used air, if
it is likely to contain gas during the initial purge, must be handled such that it does not
convert a safe area to a hazardous area.

Of the four techniques using the principle of separation, the Ex ‘p’ technique is very
versatile. Any uncertified equipment may be placed in an enclosure where a inert gas or
air is supplied and maintained at a slightly higher than atmospheric pressure level.
Ordinary air is most commonly used although there may be cases where Nitrogen is
preferred.
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Definitions

Control of the atmosphere within a room or apparatus enclosure permits the safe use of
electrical apparatus, which in the absence of the control would be unsuitable. The
pressurizing or purging of the room or enclosure can achieve this. In some cases the two
methods cannot be regarded as independent but for the purpose of this course the follow-
ing definitions apply.

Pressurizing

It is a method of safeguarding, whereby air or inert gas in a room or enclosure is
maintained at a pressure sufficient to prevent the ingress of the surrounding atmosphere,
which might be flammable.

Where appropriate the pressure may be provided by a mechanical ventilation system.

A variant of this is also known as static pressurization. With static pressurization, the
overpressure is created before the system is commissioned by charging the enclosure with
protective gas and maintained solely by the sealing of the enclosure without any
protective gas being supplied in the hazardous area. The protective gas must be inert.
A maximum oxygen concentration of 1% by volume is permitted. Measuring equipment
should be used to check this on every charging process.

Purging

This is a method of safeguarding whereby a flow of air or inert gas is maintained through
a room or enclosure in sufficient quantity to reduce or prevent any hazard, which could
arise in the absence of the purge. (To ‘reduce’ in this context means to reduce the risk of a
flammable atmosphere occurring, thus permitting the use of electrical apparatus with a
lower standard of safeguarding. Where the object is to ‘prevent’ a hazard, ‘sufficient’
shall take account of the highest likely rate of release of flammable material within or
into the room or enclosure.)

Where appropriate the purging may be provided by mechanical ventilation of the forced
or induced type.

Pressurizing/purging

This is a method of safeguarding employing both pressurizing and purging.

Pressurization with leakage compensation is characterized by the fact that the required
overpressure is established in the interior of the enclosure after purging. With closed
outlet, a supply of protective gas (instrument air or inert gas) is sufficient to compensate
for the leakage flow from the pressurized enclosure and pipelines.

In the case of pressurization with continuous flow of protective gas, the overpressure is
achieved by continuous flow of protective gas within the pressurized enclosure.
Pressurization with leakage compensation and pressurization with continuous flow are
based on a similar technical principle. However, the required protective gas flow rates
differ greatly, leading to different designs. Due to its drawbacks in operation, static
pressurization is not widely used. Continuous flow only offers advantages in the
relatively rare case of internal release (analyzers).

For these reasons, the following sections describe the widely used method of
pressurization with continuous leakage compensation.
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9.3

9.4
9.4.1

Development of standards for Ex ‘p’

The changes to the requirements in the European Standards on pressurization which arose
during the transition to EC Directive 94/9/EC and the harmonization of regional standards
at IEC level are somewhat more extensive than those for other types of protection. The
technology of the pressurization usually results in equipment of Category 2 (for use in
Zone 1) or 3 (for use in Zone 2). It cannot be used for Category 1 equipment (for use in
Zone 0). For Zone 2, so far the VDE 0165: 1991 specify German national requirements
for the simplified pressurized enclosure. On an international level, the IEC standard
60079-2 formulates requirements for the simplified pressurization with the defined type
of protection ‘p’.

There has been the European Standard EN 50016 applicable to Zone 1 equipment since
1995. This has the technical content largely equivalent to that in IEC 60079-2, type of
protection ‘p’. Only the special features of the equipment marking and a few other
requirements in the EC Directive have been further incorporated. It has already been
established that this standard meets the essential safety requirements in Directive
94/9/EC.

As already stated, the type of protection specified in EN 50016, pressurized apparatus
‘', in the main corresponds to design ‘px’. The most important constructional
requirements for pressurized systems remain the same. For example, the tightness,
accessibility and mechanical strength of the pressurized enclosure are specified. The
internal structure and the assignment of the equipment must permit trouble-free and
complete purging of the enclosure during the purging phase. If apparatus which produces
sparks during operation with an operating current of more than 10 A and a rated
operational voltage of more than 275 V AC — or 60 V DC - are installed, spark and
particle barriers must be provided for the outlets under precisely defined conditions. All
actuators for control and signaling devices and inspection windows must, if they are fitted
in the enclosure of the Ex ‘p’ cabinet, be subjected to thermal endurance test to cold and
heat in accordance with EN 50014 followed by an impact test. Following that, the
required IP degree of protection must be guaranteed.

Depending upon the type of protection pressurization ‘px’, ‘py’ or ‘pz’, graduated
safety requirements are specified for the properties and functions of the equipment
pressure and flow rate monitors used to monitor door status, etc. The manufacturer
must provide the operator with all the information necessary for safe operation in the
form of state diagrams, flow diagrams, etc. in a detailed instruction manual. The
upper and lower limits and their tolerances for safety requirements should be
specified by the manufacturer and noticed to the user. The functional sequences of the
safety devices and the required response in case of malfunctions or faults should also
be described.

Construction requirements
Ex ‘p’ pressurizing

The construction standards require the strength of the enclosure to be designed such that
it will withstand certain overpressure limits. The clean gas supply must be assessed for its
ability to maintain pressure without overpressure. Depending on the zone of use,
interlocks are required that cater for warnings when pressure is lost in Zone 2
applications. In Zone 1, loss of pressure is required to disconnect electrical supplies and
I/0 in order to ensure that safety is preserved.
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This sometimes causes difficulties because it may not be practical to suddenly shutdown
part of a plant for operational safety reasons. Hence, the design and integration of Ex ‘p’
apparatus requires very thorough design considerations from all angles (Figure 9.2).

The initial purging routine must be carefully examined such that no pockets of gas are
left in the enclosure. The volume and shape of the enclosure and the properties of the
hazardous gas must be taken into consideration when determining where to site the inlet
and outlets. Normally five volumes of air change are required.

The supply of clean air must be from a safe area. The discharge during the purge has to
be carefully considered on each installation because it is likely that contaminated gas put
into a safe area will create a hazard. Discharging into a hazardous area may require the
fitting of a flame trap.

A pressure switch normally monitors the internal/external pressure differential. If this
reduces beyond certain limits, action must be taken according to the zone of use. This
means that the pressure switch itself will need to be Ex protected since it is normally
mounted on the Ex ‘p’ enclosure and is part of the overall protection system. The
monitoring system to which the pressure switch is connected may be mounted adjacent to
the enclosure or may be situated in a safe area. If mounted in the hazardous area, it will
need to be Ex protected in its own right. Most Ex ‘p’ arrangements therefore use a system
of Ex-protected devices working together. This is not often realized.

Discharge into:
safe or
hazardous area?

2

Pressure switch

Contains 9
Uncertified
elec. app. _rsyy Electrical
supply
—0o0—-————
Ex ‘p’ control

Air supply
safe area

Figure 9.2
Ex ‘p’ pressurization

Each electrical supply or instrument circuit will require disconnection when pressure is
lost and this is normally done in the safe area. Contactors/switches may be mounted in the
hazardous area if suitably protected.

Examples of pressurizing

e A totally enclosed motor situated in a hazardous area is sealed as far as
possible a pressurized with air or inert gas.

e An instrument cubicle (into which flammable materials are not introduced)
situated in a hazardous area is sealed as far as possible and pressurized with air
or inert gas.
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e A control room (into which flammable materials are not introduced) situated in
a hazardous area is sealed as far as possible and double doors form an air lock.
The atmosphere is maintained at a pressure above that outside the room, the
requisite pressure being provided by a mechanical ventilation system, which
draws its air from a non-hazardous area.

¢ The interior of a motor of the force-ventilated type situated in a hazardous area
is maintained at a pressure above that outside the motor, the pressure being
provided by the separate fan supplying the motor cooling air which is drawn
from a non-hazardous area.

Ex ‘p’ purging

Another variation of this technique is known as ‘continuous purging’ or ‘continuous
dilution’. It is based on the same principles but is adapted for use where the clean gas is
used for cooling purposes or to dilute a potentially flammable mixture. A gas analyzer
sampling tube may bring vapor into the enclosure. When released, the vapor must be
adequately diluted to below its lower flammable limit before discharge.

In this implementation, a flow switch as shown in Figure 9.3 replaces the pressure
switch. This is in order to maintain the designed flow rate through the enclosure.

Sy

Continuous dilution 5 Flow switch

— ExP control
Analyzer

— 5y FElectrical
supply
So—

— 3

Air supply
safe area

Figure 9.3
Ex ‘p’ purging or continuous dilution

There are many variations on this technique. Documentation should provide detailed
information on the specific requirements for each application in order that maintenance
can be effectively carried out without compromise to the safety limits designed and
certified for the specific enclosure. Procedures for work on Ex ‘p’ equipment must bear in
mind the design constraints and the application of equipment in the cabinet before being
drawn up.

There are applications requiring the siting of unprotected electrical apparatus in a
hazardous area where the Ex ‘p’ method is the only viable option. It can be easily adapted
for an infinite range of enclosure shapes and sizes. Certification permits application-
dependent variations, provided they conform to the general principles laid out in the
standard.
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The use of inert gases such as nitrogen may be employed but there are other safety
implications in using this. The uncontrolled discharge of nitrogen can pose a risk
to personnel in that if the nitrogen content of breathable air is raised then it becomes
toxic.

Examples of purging

Extract ventilation is applied to a paint-spray booth to draw off all flammable vapors in
order to reduce or prevent a hazard in the surrounding area. This is a technique similar to
that applied to a fume cupboard.

A coating machine head applying a flammable liquid is fitted with an extract hood to
draw off all flammable vapors in order to reduce or prevent a hazard in the surrounding
area.

A hopper handling a flammable dust is equipped with an extract hood to draw off
airborne dust in order to reduce its accumulation in the surrounding area.

Control room complexes may be protected using variations of this technique if adequate
precautions with air conditioning for breathable air and fire protection and containment
are taken.

This technique has been used in the past to place VDUs in hazardous areas. Access
for maintenance may require equipment to be taken into a safe area, as the rules do
not permit live working. Procedures must be written to define how each installation
may be operated, serviced and maintained. The technique is expensive to install,
operate and maintain. Air must be cleaned and pumped, and there is a cost associated
with this.

Examples of pressurizing/purging

A room in a hazardous area containing instruments analyzing flammable gas is provided
with a flow of air sufficient to prevent a hazard arising from leakage inside the room. The
air pressure inside the room, being above that of the surrounding atmosphere, also
prevents the ingress of a flammable atmosphere from outside.

An instrument analyzing flammable gas in a hazardous area is enclosed and provided
with a flow of inert gas sufficient to prevent a hazard within the instrument arising
from internal leakage. The inert gas pressure, being above that of the surrounding
atmosphere, also prevents the ingress of a flammable atmosphere from outside the
instrument.

Principles of application

The type of protection, pressurized apparatus ‘p’ encloses electrical equipments or
systems representing potential ignition sources in a tight enclosure. Instrument air or inert
gas is introduced into this enclosure until a defined overpressure in relation to the external
atmosphere is achieved, which is then maintained during the operation of the system. This
overpressure prevents penetration of flammable gas or combustible dust from outside into
the enclosure and hence the coincidence of an explosive atmosphere and an ignition
source. In principle, pressurization technology is also used for online analyzers, which in
turn may be used to analyze flammable gases (or liquids). In such cases, flammable gases
are fed via a pipeline to the analyzer in a pressurized enclosure. Any leakage in these
pipelines or even in the analyzer may constitute an internal source of flammable gases
inside the pressurized enclosure.
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9.5.2

The area containing the flammable gas (i.e. the pipelines and analyzer) is described as
containment system. Depending on the technical design of this containment system and
gas feed system, it is described as infallible containment system (no release), a limited
release system with a predictable maximum release rate or an unlimited release system.
With unlimited release, overpressure must be created by an inert protective gas, which
prevents oxygen from penetrating the enclosure. With limited release, a sufficiently large
volume of air is used to dilute the combustible gas outside a small ‘dilution area’ so that
an explosive atmosphere is unable to form.

Relative to the explosion triangle mentioned at the start, this means that there is no
explosive mixture inside the enclosure (there is no flammable gas, or it is only present in
amounts below the LEL, or there is no oxygen). In principle, any non-explosion-protected
apparatus and system may be installed in the enclosure.

This type of protection is an interesting protection concept, in particular for operating
high-power machines and systems in hazardous areas (such as motors, frequency
converters) and where sparks could be created during normal operation.

However, it should be noted that this principle of protection, which at first glance seems
so simple and plausible, requires a relatively high level of design and product engineering
effort to achieve an overpressure in the enclosure with a sufficiently high safety level
during the entire operating period.

Pressurizing and purging media

e Air is a satisfactory pressurizing medium and should be used in preference to
inert gas because of the asphyxiation risk with the latter.

e Because a purged enclosure may have a flammable material released within it,
purging with inert gas will usually provide a higher degree of safeguarding
than purging with air. However, because of the risk of asphyxiation with inert
gas, it is recommended that it should be used for small enclosures only, and
that rooms and large enclosures should be purged with air at a rate sufficient to
ensure dilution of any flammable material, which may be present to below its
lower flammable limit.

e The source of air or inert gas shall at all times be free from all traces of
flammable contaminant. Consideration should also be given to the need for
drying or cleaning the air or inert gas.

e The source of supply of air or inert gas shall be reliable; if necessary standby
system should be provided.

e In pressurized rooms, the pressure should be of the order of 6 mm water
gage.

e It is to be noted that a pressure of 5 mm water gage is approximately equivalent
to the effect of a 30 km/h wind on a vertical face.

e In pressurized enclosures the pressure should be above 5 mm water gage but in
any case, under either normal or abnormal operation of the pressurizing system,
should not exceed a value, which can distort or damage the enclosure.

Pressure and purge monitoring

¢ For pressurized rooms or enclosures the actions to be taken on pressure failure
are given in the table below; they are dependent on the classification of the area
in which the rooms or enclosures are situated and on the type of electrical
apparatus installed in them.
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Classification of the
Area in which the
Pressurized Room or

Enclosure is Situated” Action Required on Pressure Failure
‘Non-sparking’ electrical | ‘Normally sparking’ electrical

apparatus in the room or apparatus in the room or
enclosure” enclosure®

Zone 1 Pressure-failure alarm Pressure-failure interlock’ and

alarm

Zone 2 Nil (pressurization Pressure-failure alarm

unnecessary)

Notes:

a Pressurizing is not considered to provide a sufficient safeguard in Zone 0.

b ‘Non-sparking’ is used here in the general sense and includes non-sparking apparatus. ‘Division 2
approved’ apparatus, and apparatus with type of protection N.

¢ ‘Normally sparking’ denotes apparatus, which in normal operation produces arcs, sparks or surface
temperatures capable of igniting a flammable atmosphere.

d ‘Pressure-failure interlock” means the automatic disconnection of the electrical supply to the apparatus
within the room or enclosure on pressure failure (except in cases where this would create a dangerous
condition in the process when other special precautionary measures shall be devised).

e For purged and pressurized/purged rooms or enclosures the action to be
taken on purge failure shall be determined by taking account of the
likelihood of release of flammable material within the room or enclosure,
the type of electrical apparatus, and the classification of the area in which it
is situated.

e The following methods are available for monitoring pressurized and purged
systems:

(a) A pressure-sensing device detecting the pressure in the room or
enclosure.

(b) A flow-sensing device (where appropriate) located in the outlet piping
detecting the flow through the room or enclosure.

(c) A pressure-sensing device detecting the pressure in the inlet piping.

(d) A rotation-sensing device (where appropriate) on the pressurizing or
extraction fan.

(e) A fan contactor auxiliary switch (where appropriate).

Where a pressure-failure interlock and alarm are required method (a) or (b)
should be used. Where a purge-failure interlock and alarm are required, method
(b) should be used.

Where pressure or purge-failure alarms only are required any of the above
methods may be used but it shall be noted that methods (c), (d) and (e) can give
rise to false indications of state due to faults not associated with the sensing
device (e.g. a blocked pipe downstream of a sensing device, a broken coupling or
shear-pin, a welded-in contactor with fuses blown). These methods should
therefore be used only where methods (a) and (b) are impracticable.

It may be noted that where more than one enclosure is pressurized or purged
from a common header special care shall be taken in the selection and positioning
of the monitoring devices.
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9.5.3

9.6
9.6.1

e Before electrical supplies are re-established to apparatus contained within a
pressurized or purged room or enclosure in which the pressurizing or purging
has been interrupted, sufficient time shall be allowed for the complete
scavenging of any flammable atmosphere, which may have accumulated
therein. At least five changes of the enclosed volume are recommended; in
many cases, it will be preferable to control this by an automatic timer.

In the case of pressurized enclosures special outlet points, which can be
temporarily opened for the purpose, may be required to ensure effective
scavenging.

Special applications

Whilst many of the principles outlined above apply to apparatus such as instruments
analyzing flammable gas and the rooms which contain them, further reference should be
made to standards and to specialist codes of practice on the subject to arrive at the most
economical way of protection in combination with other methods.

A typical example of this technique, as applied to a control panel is illustrated in
Figure 9.4.
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Figure 9.4
Switch rack being protected by Ex ‘p’
(Source: R. Sthal)

Other design requirements

Room and enclosure design
¢ In the design of pressurized rooms the need for the following shall be considered:

— Air-lock doors
— Sealed windows
— Sealed cable and other entries
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— Controlled air outlets
— Adequate heating and ventilation.

The temperature of the external parts of an enclosure to which a flammable
atmosphere may have access shall be below the ignition temperature of the
flammable material concerned.

Where apparatus is placed in a pressurized or purged enclosure the design shall
be such as to avoid abnormally high temperatures, which may lead to electrical
faults.

Pressurized or purged rooms and enclosures shall be suitably labeled to draw
attention to their special nature.

9.6.2 Piping and ducting design

It is preferable that the pressure inside any pressurizing or purging piping or
ducting passing through a hazardous area should be above atmospheric. Where
this is not practicable the piping or ducting shaft should be so constructed and
maintained as to prevent the ingress of the surrounding atmosphere.

For purged systems the outlet points shall be sited sufficiently remote from the
inlet to prevent recycling of the purge and be such that the discharged material
does not invalidate the classification of the area into which it is discharged.

In siting of the outlet points of pressurized or purged systems consideration
shall be given to the possibility that hot particles or flames produced as a result
of electrical faults, may be discharged through the outlet points.

In order to comply with the Highly Flammable Liquids and Liquefied
Petroleum Gases Regulations 1972 electric motors used in purging systems
relying on mechanical exhaust ventilation must not be situated in the exhaust
vapor path. This precludes the locating of motors of any type, including those
in flameproof enclosures, in the exhaust ducts. The alternative methods
available are bifurcated duct fans, centrifugal fans and belt-driven fans, where
in all cases the motor is mounted external to the duct.

Similar considerations to those given above should be given to exhaust systems
fans handling flammable dust.

9.6.3 Auxiliary apparatus

(i) In a room or enclosure, which is normally pressurized or purged, a flammable

(i)

atmosphere may exist before the system is established or may accumulate should
the system fail. All motors, contactors, relays, flow switches, pressure switches,
etc. associated with the pressurizing or purging system and located in the
pressurized or purged room or enclosure shall therefore be suitably safeguarded.
In the case of pressurized rooms or enclosures, such apparatus shall be suitable for
operating in the classification of the area in which the room or enclosure is
situated. In the case of purged rooms or enclosures where the flammable
atmosphere may be produced internally such apparatus shall be suitable for
operating in the conditions which will obtain in the absence of the purge.

Where it is necessary to have a room or enclosure illuminated when the
pressurizing or purging system is inoperative the lighting fittings, switches, etc.
within the room or enclosure shall be of a type suitable for operating in the
circumstances described in (i) above.
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9.7

Operation of ...

a typical protection pressurized apparatus ‘p’ with continuous leakage compensation

Figure 9.5 shows a schematic diagram of a system having a pressurized enclosure with
continuous leakage compensation. It also shows such a system in practical use. The
protective gas is supplied through an air supply regulator consisting of pressure reducer
and digital valve. The set values for protective gas flow rate during purging and the
enclosure gas pressures are measured and maintained by an orifice plate, pressure switch
and a sensor module. The core of such a system is the control, which processes all signals
sent from the measuring points, controls the temporal sequence of the system functions
and, if the specified minimum values for flow rate and operating pressure are not attained,
initiates the necessary actions to guarantee safety.

Purging drain
Orifice
A B plate
Measuring lead
Internal | or orifice plate
pressure
A B
Cabinet

Display
module

Air supply point Air inlet

Figure 9.5
Switchrack type of protection Ex ‘p’ control with air outlets and orifice plate associated apparatus of
intrinsically safe circuits explosion protected light fittings air supply regulator

The operation of a pressurized apparatus may be divided into three phases (Figure 9.6):

1. The preparatory phase
2. The purging phase and
3. The operational phase.

The preparatory phase starts when the control supply voltage is switched on. This is
triggered by a signal from the control unit, the digital valve opens and protective gas
flows into enclosure for the system to be protected. The overpressure, which is forming,
lifts the lid of the orifice plate and flow starts. The pressure switches and sensor modules
measure the actual values for the internal pressure and flow rate of the protective gas and
compare them with the programmed set values. As soon as the minimum values are
exceeded, a signal to this effect is sent to the control unit.

This starts the purging phase. The programmed purging time is counted down to zero in
the control unit.
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Figure 9.6
Typical course of the starting process for a control unit with type of protection pressurization ‘p’

The system is now prepared for actual operation. The enclosure is purged with air or
inert gas to remove any explosive mixture or to dilute it to a safe concentration before the
ignition sources, in the form of the switching devices fitted, are switched on. The purging
volume required depends upon the free volume in the enclosure and the prevailing flow
conditions and is defined during the type testing of the system. Sensors and pressure-
operating switches monitor the purging process continuously. If the minimum values for
flow rate and pressure are not attained, the counter for the purging time in the control
module is reset to the starting value and the purging process starts anew. If a maximum
value for the internal pressure is exceeded, the purging process is completely terminated,
and can only be restarted by actuating a reset command.

When the purging time is over, the operational phase starts automatically. The digital
valve is closed for this. The leakage is compensated for by an integral needle valve, set to
the required gas quantity. The internal pressure in the enclosure drops and the orifice plate
closes. The seating thrust established at the orifice plate determines the working pressure.
This must be maintained throughout the entire operation of the system to prevent
penetration of flammable substances. A relay incorporated in the controls switches on the
electrical equipment inside the pressurized enclosure. If the enclosure pressure falls below
the set minimum values during the operational phase, all electrical equipments, which are
not explosion-protected are switched off and a new purging phase is initiated.

As safe conditions are only achieved in the enclosure at the onset of the operational
phase, the control module, the pressure operating switches and sensor modules, as well as
the digital valve must obviously be explosion-protected. It is common to use type of
protection flameproof enclosure ‘d’ together with the type of protection increased safety
‘e’ for the control module. All other components are intrinsically safe.

Testing

All the requirements of the type tests on which the manufacturer’s declaration of
conformity is based are as follows:

e Verification of maximum overpressure

e Tightness test

e Purging test

e Verification of minimum overpressure and

e Verification of internal pressure limitation

e Tests on the actuators and inspection windows to EN 50014 and
e The temperature test.
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The routine tests to be performed by the manufacturers essentially comprise the
functional and tightness tests.

However, with the type of protection pressurization ‘p’, it is frequently necessary to
produce unique items or product series in very small numbers and hence the demarcation
between type tests and routine tests is not as clear as for other types of protection. This
means, for example, that determination of the minimum purging time requires the
pressurized system manufacturer to operate equipment that is more complex. This is
because of the requirement to simulate the dilution process with the aid of test gases and
evaluated with measuring equipment. The required purging time is determined from this.
However, for enclosures with a simple geometry, five volume changes have usually been
found sufficient for the purging. In the national German foreword to the Standard
EN 50016, reference is made to the fact that it may be possible to dispense with
individual tests. The IEC draft Standard 60079-2 states this explicitly.

The co-existence of IEC Standards and EN Standards represents a special problem for
manufacturers operating on a global scale. Therefore, IEC and CENELEC have in
principle agreed on a simplified procedure for harmonizing the standards. It is not clear
how far this will affect the standards on pressurization.

Here, we should explicitly point out again that standards per se do not have any legal
significance. The Directive 94/9/EC, mentioned above, is legally binding in the European
Community. This directive includes a description of essential safety requirements and test
procedures for explosion-protected equipment, which must be performed for legal
reasons. It may now be assumed that equipment built in accordance with an EN Standard
in the series EN 50 ... meets these requirements.

However, testing laboratories are not obliged to use a standard for testing equipment,
they may verify conformity of equipment with the essential safety requirement of the
directive in other ways. For use of Category 3 equipment in Zone 2, the manufacturer
may issue the declaration of conformity. With an IEC Standard, it is necessary to
establish in individual cases the degree to which the specifications satisfy the essential
safety requirements in EC Directive 94/9/EC if they are to be applied in the EC for
explosion-protected equipment. This also applies, if yet unharmonized IEC standards
already have an EN number (usually in the series EN 60 ...). However, this kind of
adoption, as will also be performed for the pressurization (EN 6 007 9-2), indicates that,
regardless of the legal formalities, the technical content is to a large extent identical to the
that of the corresponding harmonized standards in the series EN 50 ... For dust explosion
protection, there are draft standards at IEC level. However, it is doubtful whether
pressurization is in fact a suitable type of protection for dust. Dust layers may be removed
by mechanical cleaning. Providing adequate dust tightness may prevent the penetration of
dust into an enclosure. Moreover, purging and continuous flow tend to be
counterproductive as they swirl up dust and hence can create an explosive dust
atmosphere.

Summary

The type of protection-pressurized apparatus ‘p’ provides an internationally recognized
method of explosion protection, which has proved its worth for special tasks over many
years.

With the completion of international standards and the precisely defined requirements
for Zone 2 applications — including, where appropriate, dust explosion protection — this
type of protection will retain and increase its significance. The great advantage of this
type of protection is that it places no (or only a few) additional requirements on the
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equipment installed inside the enclosure. It is therefore extremely versatile in use,
including also special applications.
Lastly, it will be appropriate to state that,

Type of protection pressurized apparatus ‘p’ is a practicable solution for explosion
protection for more complex electrical equipment.

Standards for Ex ‘p’
The following standards govern this protection concept worldwide,

e European Community: EN 50016, October 1995 Electrical apparatus for
potentially explosive atmospheres. Pressurized apparatus ‘p’

IEC: IEC 60079-2 Electrical apparatus for explosive gas atmospheres — Part
2: Pressurized enclosure ‘p’ 2/2001

South Africa: SABS IEC 60079-2; 2001, Electrical apparatus for explosive
gas atmospheres Part 2: Pressurized enclosures ‘p’

Australia:  AS 2380.4 governs this protection concept

Germany: DIN EN 50 016 or VDE 0170/0171 T.3 governs this protection
concept

France: NF EN 50 016 governs this protection concept

United Kingdom: BS EN 50 016 governs this protection concept.
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Other concepts

General

There are additional concepts that are not so widely used, but have been developed and
find their use in specific applications. These, when used in conjunction with one or
more of the popular methods of protection, can really lead to economically safe
solutions.

These will be discussed further in the following pages.

Ex ‘o’: oil filling

This is one of the separation methods where the oil is used as separation medium. The
Ex ‘0’ method shown in Figure 10.1 was originally conceived for high-power equipment.
It provides explosion protection on a similar basis to Ex ‘p’.

The definition of Ex ‘0’ protection concept in standards is,

A type of protection in which the electrical apparatus or parts of the electrical
apparatus are immersed in a protective liquid in such a way that an explosive
atmosphere which maybe above the liquid or outside the enclosure cannot be
ignited.

The difference is that it uses a liquid medium (to separate a source of ignition from a
hazardous gas/air mixture) rather than a non-combustible gas such as air. The presence of
the oil permits moving parts such as the contacts of circuit breakers and is helpful in
quenching the arc produced. It is more commonly used with power transformers where its
secondary function is to provide cooling and enhance insulation properties. The choice of
oils is critical because it must not give off toxic or hazardous fumes, particularly when
subjected to heat and arcing conditions. Cooling, quenching and degradation
characteristics must be matched for any given application. Unfortunately, popular oils
have silicon-based additives which are highly detrimental to platinum gas detection
elements. This technique is therefore to be avoided on sites handling hydrocarbons where
gas detection is most common.

Its use in instrumentation is minimal with only one known application of the protection
of circuit boards in a PLC.
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I Dip-stick (for testing oil level)

Cabling must be
oil-resistant
Equipment .
being protected Entries to enclosure
must maintain oil
seals

Hazardous area

Figure 10.1

Ex ‘o’ oil immersion

Standards for Ex ‘o’
This protection concept is governed worldwide as follows:

European Union: EN 50015

Germany: DIN EN 50 015 and VDE 0170/0171 T.2
France: NF EN 50 015

United Kingdom: BS EN 50 015

Australia:  AS/NZS 60079.6

I[EC: IEC 60079.6.

Ex ‘gq’: quartz/sand filling

This is another of the methods of protection under concept of separation. SABS / IEC
60079-5 describes the requirements for the protection of apparatus using sand or silica-
based (quartz) beads to fill a container such that a flammable gas atmosphere is kept from
coming into contact with a source of ignition. The standards define this concept as
hereunder,

A type of protection in which the parts capable of igniting an explosive atmosphere
are fixed in position and completely surrounded by filling material to prevent the
ignition of an external explosive atmosphere.

It is rarely used on its own and is mainly found in combination with the other
construction techniques described here. It cannot be used in situations where movement is
required, i.e., for the protection of relay contacts.

Modern instrumentation applications do not use this technique but old mining
telephones were certified with components and terminals mounted in a compartment,
which was filled with quartz beads. The chokes of Ex ‘e’ fluorescent luminaries are often
protected like this.

The standard restricts the use of this technique to 16 A, 1000 VA and 1000 V.

This technique was limited to use in Zone 2. More recently, when used in conjunction
with Ex ‘e’ components, for example, mounting in Zone 1 has been permitted.
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Standards for Ex ‘g’
The following standards are applied for this protection concept:

European Union: EN 50017

Germany: DIN EN 50 017 and VDE 0170/0171 T.4
France: NF EN 50017

United Kingdom: BS EN 50 017

South Africa: SABS IEC 60079-5

IEC: IEC 60079-5

Australia:  AS/NZS 60079.5.

Ex ‘m’: encapsulation

Encapsulation is used to prevent flammable gases from reaching a potential source of
ignition in its own right. It may be thought of as the method of electrical protection using
solids whereas Ex ‘0’ uses liquid and Ex ‘p’ uses gas.

The standards define it as follows:

Protection of electrical components by enclosure in a resin in such a way that an
explosive atmosphere cannot be ignited during operation by either sparking or
overheating which may occur within the encapsulation.

That is encapsulation is used to prevent flammable gases from reaching a potential
source of ignition within the encapsulated apparatus.

Apparatus certified Ex ‘m’ was formerly treated as ‘special’ Ex °s’, owing to the lack of
a suitable standard. IEC 60079-18 permits the apparatus to be encapsulated in compounds
of various types in order to prevent a flammable gas atmosphere coming into contact with
excessive heat. Sparks cannot normally occur in such circumstances and some rules for
prevention must be obeyed. The technique can be of great benefit in providing robustness
and reliability. Encapsulating components provides for greater shock resistance, reduced
environmental effects and better rejection of chemical attack.

The method is not often used on its own but combined with other methods to solve
application problems. The technique is often used with IS where apparatus is certified
Ex ‘m’, but a distinction should be made between potting of components to comply with
IS requirements and certified encapsulation of apparatus in its own right. This is a subtle
difference and requires detailed knowledge of a certification application to determine why
it has been necessary to certify Ex ‘m’. ‘Potting’ is often used as a way of raising the
integrity of limiting components fitted across energy-storing components.

Repair of Ex ‘m’ apparatus is precluded since it is almost impossible to reclaim
encapsulated components without damage.

Standards for Ex ‘m’

The standards which are applicable for this type of protection concept all over the world
are as given below:

e European Union: EN 50 028
Germany: DIN VDE 0170/0171 T.9
France: NF EN 50 028

United Kingdom: BS 5501
Australia:  AS 2431
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e I[EC: IEC 60079.18
e South Africa: SABS IEC 60079-18.

Component certification

Component parts to be included in larger arrangements may be ‘component certified” for
some flexibility. In an Ex ‘e’ junction box for example, the enclosure will be impact-
tested. The terminals to be used within will be component-approved.

The main uses of this technique are found in higher-power circuits such as induction
motors, fluorescent lighting fittings, junction boxes and terminal housings. The German
standards from which this came promote the use of toughened plastic cable sheaths on
permanent installations, as opposed to the more expensive steel wire armored cable used
elsewhere.

When applied to junction boxes, an Ex ‘e’ enclosure is given an ‘enclosure factor’ when
certified. This represents the highest number of ‘terminal-amps’ permitted in the box.
Terminals mounted in the box must be component-approved. The total of terminal-amps
must be calculated and must be equal to or less than the enclosure factor.

Special type of protection ‘s’ (IEC Concept Code
Symbol Ex ‘s’)

Where electrical apparatus can be shown to be safe in a given hazardous atmosphere but
does not conform to any of the other recognized techniques of protection, Ex ‘s’ permits
the use of the equipment.

Definitions

The term ‘approved’ is applied to apparatus, which has been approved by HMFI for use
in specified flammable atmospheres. Such apparatus does not comply with any British
Standard but is considered safe for use in hazardous areas.

The standards define this protection concept as hereunder,

A concept which has been adopted to permit the certification of those types of
electrical apparatus which, by their nature, do not comply with the constructional or
other requirements specified for apparatus with established types of protection, but
which nevertheless can be shown, where necessary by test, to be suitable for use in
prescribed Zones or hazardous areas.

In UK the apparatus, which was approved by HMFI before 30 September 1969, is listed
in HMSO Form F931 — Intrinsically safe and ‘approved’ electrical apparatus. Similar
apparatus will in future be certified by BASEEFA as apparatus with type of protection ‘s’
(special protection) although HMFI may still approve apparatus in certain special cases.
Type of protection ‘s’ is the term applied to apparatus which has been certified by
BASEEFA as having been examined, type-tested where necessary, and found to comply
with BASEEFA Certification Standard SFA 3009.

Examples of ‘approved’ apparatus are:

e A battery hand lamp
e A combined compressed air-driven generator and lamp.
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Examples of apparatus with type of protection ‘s’ are:

o A factory-sealed fluorescent hand lamp with flexible cable
¢ A potted solenoid for valve operation complete with cable.

Conditions of use

‘Approved’ apparatus and apparatus with type of protection ‘s’ are suitable for use in
Zones 0, 1 and 2.

‘Approved’ apparatus is suitable for use only in the gases and vapors specified in the
approval certificate.

Apparatus with fype of protection ‘s’ is normally suitable for use in all gases and vapors
associated with Groups IIA, IIB and IIC except where the certificate states otherwise.

Apparatus with type of protection ‘s’ is marked with a temperature class (T;—T¢ in
accordance with IEC 60079-4 or any other standard) and shall not be installed where
flammable materials are used which have ignition temperatures below the maximum for
that class.

‘Approved’ apparatus and apparatus with type of protection ‘s’ shall not be used in any
flammable atmosphere for which it has not been certified. No modification, addition or
deletion to such apparatus shall be made without the written permission of the approving
or certifying authority (such permission shall be obtained through the manufacturer of the
apparatus) unless it can be verified that such change does not invalidate the certification
or approval.

It shall be noted that care is taken to obtain the correct dry cells for torches as the use of
high-power cells may invalidate the approval or certification.

When selecting apparatus special care shall be taken to ensure that the apparatus and its
component parts are constructed to guard against electrical and mechanical failures in the
intended condition of use.

Particular attention shall be given to the need for weatherproofing and protection
against corrosion. An example of this is described in Figure 10.2. In this arrangement, a
platinum coil is housed in a small volume enclosure, which is open at one end and
covered with a sintered metal disk. The disk will permit a flammable gas mixture into the
enclosure. The effect on the protected by a sintered metal disk is awarded to any
apparatus that does not conform to the above but can be shown to be safe for the duty it is
designed for.

e Ex ‘d’ or Ex ‘e’
i cabling
5% N
o]

Gas - 5 @—‘ Excitation
]

enters b current

& , S— 300 mA
e o — Current-
F sensing
252 resistance

Gas burns but the
flame is trapped
in housing
NOT Ex ‘d’!

Figure 10.2
Ex ‘s’ gas detection arrangement
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SABS/IEC 79-14 installation recognizes Ex ‘s’.

The arrangement in Figure 10.2 shows heated sensors, which are housed in small
volume enclosures. These are open at one end and covered with a porous metal disk on
the other side. The disk permits a flammable gas mixture into the enclosure. As can be
seen this arrangement does not conform to any of the known explosion-protection
techniques. But we can prove that by appropriate tests that it is safe for the duty it is
designed for, and, according to the definition of Ex °s’, can be certified for use in a
hazardous area.

Standards for Ex ‘s’

In Australia and New Zealand, AS 1826 presently governs this protection concept but is
under review and likely to be replaced by AS/NZS 2380.8.

Multiple certification

From the discussion on the principles of the various types of protection, it will be realized
that not all techniques are suitable in all circumstances. Indeed, not all techniques are
available in all circumstances. It is becoming more commonplace to certify apparatus
with more than one type where advantages are provided or where difficulties are
overcome.

In Figure 10.3 the arrangement of a gas detector using three types of protection is
shown to illustrate how the designer has employed these to allow the flexibility of
construction, operation and ease of maintenance.

Ex ‘e’
terminations

Display
2.01%

electronics

Ex ‘ia’ Ex ‘ia’

Figure 10.3
Gas detector with multiple certification

The gas detector is usually mounted in Zone 1 or Zone 2.

The detector head normally requires a high current of 300-500 mA. The supply
voltage needed to the electronics at this current does not permit the system to be made
completely IS.

A permanent Ex ‘e’ supply is acceptable for mounting in Zone 1 or 2. The Ex ‘¢’
terminations are used to provide the supply to an Ex ‘m’-encapsulated module containing
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the electronics for ranging and communication. The electronic module has an associated
apparatus function to provide power and signaling to the indicator unit. This includes
switches to function test the module. The indicator may be locally mounted as an integral
part of the apparatus or may be remotely mounted from the detector head.

The high-current detector head has a barrier-like arrangement, specially designed for
the current required (at a low voltage). The advantage of this configuration is that, using
the live working capability of IS, the detector head (and the indicator) may be removed
and replaced with minimum down-time and without risk of causing ignition, if a
flammable atmosphere were to be present.

The most important type of protection for switchgear is ‘flameproof enclosure’, usually
in conjunction with ‘increased safety’. Switchgear does produce sources of ignition in
normal use and therefore ‘increased safety’ alone is not applicable as type of protection
for switchgear, since ‘increased safety’ is based on the principle to avoid sources of
ignition by additional measures. However, ‘increased safety’, in conjunction with
‘flameproof enclosure’, is excellent for switchgear and control gear.

Modern, explosion-protected luminaries also use a combination of several types of
protection to achieve the best results with regard to safety, function and economy.

Selection of certification method

The choice of the type(s) of protection available to a system designer when selecting
apparatus to use in a hazardous area is based on a number of criteria. These are:

Apparatus group required

Zone of use

Power requirements of the equipment
Live working/calibration needs
Environmental consideration

Risk of damage.

More criteria are discussed in Chapter 12. The decision may be exemplified by the
following situation:

An instrument loop may be protected by Ex ‘i’ or Ex ‘d’.

A status switch application is to be located in a position where there is considered
to be an increased risk of mechanical damage. (Loading arms and jibs are examples of
possible situations.) In this case the preference would be for Ex ‘i’. This is because if
damage occurred to an Ex ‘d’ switch using mains voltage levels there would be an
increased risk of explosion if the conductors became exposed and shorted. Personnel
shock risk may also be increased under these circumstances. A standard contact could
not be protected by Ex ‘q’ (Quartz) or Ex ‘m’ (encapsulation) because it could not
then operate. However, a proximity switch uses the properties of ordinary
encapsulation to enhance its mechanical performance whilst being compatible with IS
techniques.

Apparatus for use in dust risks

Generally, we have gone in detail into protection of apparatus used in gas and vapor
environments. We will briefly look into the methods of protection to limit the risks in a
dusty environment.
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Principles and standards

Some of the methods of safeguarding described earlier in this volume (namely
segregation, intrinsically safe systems, pressurizing or purging) can be used to permit the
safe use of electrical apparatus in dust-risk situations. However, the more widely used
method of safeguarding is that of:

e Enclosing the apparatus so as to limit the amount of dust which may come into
contact with sources of ignition such as arcs, sparks or hot surfaces within the
apparatus and

e Ensuring that when the apparatus is operating at its rated capacity the surface
temperature of the enclosure does not exceed the ignition temperature of the
Sflammable dust in cloud or layer form.

Enclosures providing protection against dust entry are conveniently identified in terms
of the nomenclature for degrees of protection of enclosures defined in SABS IEC 61241.
This nomenclature is not yet being widely used but it is expected that it will be applied to
electrical apparatus in the future.

Of the degrees of protection referred to above, two (IP 65 and IP 54) are considered
suitable for use in dust risks. Until enclosures so designated are commonly available, the
following guidance is given on types of enclosure offering equivalent protection.

IP 54

Enclosures that are constructed and tested in accordance with the requirements of IP
protection (refer Appendix) afford this degree of protection.

In some cases standard fotally enclosed weatherproof apparatus or apparatus with a
flameproof enclosure of a weatherproof pattern meets these requirements, except that
additional sealing may be necessary for spindles and shafts.

The tests required in BS 3807 may be carried out by any responsible organization but it
is usual to use the facilities of the SABS Test house. In all cases, a certificate of test shall
be obtained from the testing authority.

It is likely that in the future there will be a British Standard for dust-tight apparatus
which also will afford protection equivalent to IP 65 and which will include requirements
for surface temperature.

IP 65

In most cases standard totally enclosed weatherproof apparatus or apparatus with a
flameproof enclosure of a weatherproof pattern is sealed sufficiently to afford this degree
of protection.

In some cases, a standard flameproof enclosure also affords this degree of protection
except that the sealing may need to be improved by the use of weatherproofing
techniques.

In the case of the shaft of a squirrel-cage motor in a standard fotally enclosed or flame-
proof enclosure the seal afforded by the grease in the bearing is adequate to provide pro-
tection to this standard.

Conditions of use

It is considered unlikely that dust can enter an IP 54 enclosure in sufficient quantity to
produce a dust cloud or a dust layer capable of propagating combustion. However, where
a flammable dust is liable to train fire, ignition by arcs or sparks of a small quantity of



206 Practical Electrical Equipment and Installations in Hazardous Areas

dust lying inside an enclosure may spread to the external atmosphere via deposits on the
flanges and cause a fire or explosion in the surrounding area. In such cases, an enclosure
to IP 65 may be required. Such an enclosure may also be required if the dust is
electrically conducting.

While determining the methods of safeguarding, which shall be used in the various
zones, particular attention shall be paid to the following:

e For intrinsically safe apparatus, where the flammable dust is sufficiently
conducting effectively to short circuit any insulators on which it can settle, the
apparatus should be contained in an enclosure to IP 65 when used in Zone 20
and in an enclosure to IP 54 when used in Zone 21 or Zone 22.

e In Zone 21 or Zone 22 standard industrial electrical apparatus, whether it is
sparking or non-sparking in normal operation, may be used, provided it is
contained within an enclosure conforming to the requirements of standards.

e For all types of apparatus the user shall ensure that the temperature, which the
enclosure will attain with the internal apparatus operating at rated capacity, is
below the ignition temperature of the particular flammable dust in cloud or
layer form.

e When selecting enclosures special care shall be taken to ensure that exposed
surfaces are reasonably flat and free from features which may collect dust, and
that gaskets are in one piece and sufficient in thickness and width to ensure a
permanent satisfactory joint. Special care shall also be taken to ensure that the
apparatus and its component parts are constructed to guard against electrical or
mechanical failure in the intended conditions of use. Particular attention shall
be given to the need for protection against corrosion.
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Earthing and bonding

Earthing

Correct ‘earthing’ is primarily required for the assurance of general electrical safety,
reducing the risks to both human life and installations. The relevance to explosion
protection is covered thoroughly from the explosion point of view with some initial
general discussion to ensure that the intentions of the earthing philosophy are fully
understood. The principles of electrical earthing are agreed upon internationally, though
there are differences as to how these principles are best achieved in practice.

Electricity supply regulations may state specific requirements but these do not conflict
with the intent of the standards and codes of practice for IS and other explosion-protected
installations. This is a common misunderstanding of requirements.

There are many terms for ‘earth’ used in related electrical industries. The terms are
imprecise and sometimes lead to confusion, thereby causing questionable levels of safety.
In this discussion it is necessary to clarify the terms by defining the intention of the
specific electrical connections used.

Electrical ‘earthing’ is required for five main purposes:

To reduce the risk of personnel shock
To operate electrical protective devices
To guard against lightning surges

To control electrostatic discharge

To minimize electrical interference.

I

These aspects will be discussed in detail in the following text.

Personnel safety

The effects of electricity on humans depend on the level of current and where it enters
and leaves the body. Research shows that the limbs have a resistance of about 500 €2. The
central torso has a very low resistance value owing to the high water content. The effect
of electricity penetrating the skin can be liked to the characteristics of a Zener diode with
a reverse breakdown voltage of between 5 and 10 V. This depends on the individual’s
skin characteristics and the tendency to dry or greasy skin.

Hence the equivalent circuit of a human can be drawn as in Figure 11.1.
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5-10V Skin
threshold

Figure 11.1
Human electric circuit

Under worst-case conditions, the threshold of sensation is at about 1 mA, according to
health and safety experts. At about 5 mA the resulting shock is said to be disturbing,
causing surprise in the recipient. This can cause the recipient to sustain injury in other
ways.

Currents in the range 6-30 mA can cause temporary paralysis. This explains why
humans cannot let go of conductors under shock conditions.

Between 1 and 5 A, ventricular fibrillation can occur. This means that the heart muscles
may become out of synchronization and so the heart cannot pump blood around the body
efficiently. A current of 10 A, through the heart, causes cardiac arrest.

The likelihood of high-current density through the heart mostly occurs when the left
hand and the right foot become the connection points. Hand-to-hand connection can still
be fatal.

Comparing these current values with the circuit for the body, and taking the worst case
of a mild shock being permissible (with a current of 4 mA), then the maximum voltage
desirable to be encountered by humans is of the order of

10V +10V +((500 +500) X 4 mA )V =24V

This explains and reinforces the popularity of 24 V supplies for instrument systems.
Under these conditions it is permissible to work live on such low-voltage equipment
without fear of injury due to shock. In practice, most people do not feel anything below
about 40 V. Instrument systems sometimes use 110 V AC configured as 55-0-55 with the
secondary center tapped to earth. This practice is American in origin but has not been
internationally followed due to the popularity of 220/240 V equipment.

However, there must always be the concern that heat generated from low-voltage
systems at high currents can cause injury in the form of burns. So even low-voltage
systems must be treated with due respect.

This means that under normal or fault conditions on a plant, the resistance of return
paths must be sufficiently low so as not to produce voltages greater than, say, 25 V peak.
Prospective fault currents may be calculated with a target earth loop impedance to prove
personnel safety aspects are satisfied.
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Hazardous area considerations

Structural or fault currents arising from electrical equipments operating in hazardous
areas must not become a source of heat or sparks. Equipments must be adequately earthed
to ensure that connections are of high integrity and low impedance. This must be
adequately maintained throughout the life of the installation and equipment.

Fault paths are well defined and it is vital that correct fusing and overcurrent
detection/protection is applied to power circuits such that any fault is cleared in an
appropriately short time.

There is equally the concern that high-fault currents flowing, even during the brief time
between the occurrence of the fault and the operation of the electrical protection, can
cause elevated voltages to appear at other places in the hazardous area. Adequate
isolation between circuits prevents this posing a risk. The isolation may need to be proved
adequate periodically during the life of the plant.

From the curves and tabulations for gas ignition it will be realized that at less than
10 V, ignition by sparking becomes significantly less likely. If earth fault path
impedance is kept below values, which will generate this voltage, then it follows that
the power dissipated, and therefore the heating effect, must also be relatively low.
Maintaining low values can be considered an acceptable risk. The quality of the
earthing and bonding conductors on a plant must be a regular requirement for
inspection.

Figure 11.2 shows a prospective short-circuit current of 4000 A through a 0.005 Q
resistance generating a 20 V elevation across conductors in the hazardous area. The
power dissipated in the s/c resistance is 80 kW.

4000 A Fault current

4:

FUSE

Current
source

Hazardous
area

Power dissipated in r=20%r W
Time to clear the fault at 4000 A?
Can the connection at ‘r' be intermittent?

Figure 11.2

Hazardous area fault, voltage elevation

If the conductors in the hazardous area were also terminated in 0.005 €, i.e. a short-
circuit path perhaps through the earth structure of the plant, the dissipation would be
40 kW. The heating effect would be dramatic if the fuse did not operate.

The 10 V level is used as a rule of thumb to judge whether the quality of a loop bond is
adequate. In practice very low values can be achieved with good cross bonding. This is
however often taken to the extreme and an excess of copper is used in unnecessary
places. This has the effect of increasing the time and cost of maintenance.
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Earthing and bonding

There is a subtle but essential difference between earthing and bonding, which must be
understood.

‘Earthing’ is where a low-impedance path is provided in order for return currents to
operate electrical protection devices such as fuses and overcurrent trips in an
appropriately short time. This is shown in Figure 11.3.

SPN-E

Structural earth

Figure 11.3
Earth path

‘Bonding’ is where voltage differences between electrical conducting parts are
eliminated. This is shown in Figure 11.4.

Vaitr = leauLt < Ae -~ Rg must be low

S RPRTIS >

Structural earth

Figure 11.4
Bonding

The bonding of all the cases to the structure and the structure to the SPNE forms the
bonding paths.

International Electrical Supply Regulations (ESRs) that cover fixed electrical
equipment and installations require that there be an earth return that is backed up by a
physical connection to ‘terrestrial’ earth. In this way there are two return paths acting in
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parallel, which enhances the integrity of an earthing system. One path is an earth path
because its primary function is to conduct fault currents. The other connection is to ensure
that significant voltage differences do not appear between devices. Refer to Figure 11.5.

o
SPN-E

Structural earth

Figure 11.5
Earthing and bonding in parallel

Terrestrial earth, in this context, is taken as the art of providing a large surface area of a
conducting material (usually copper) that is buried beneath the earth’s surface and is in
contact with soil such that the impedance between the conducting material and the soil is
sufficiently low for the intended purpose of the connection. The structure of a plant is
required to be bonded to the terrestrial earth. During the course of this discussion, these
terms will retain these definitions.

The ‘earth’ and ‘bond’ conductors act in parallel. This is an advantage in that the two
paths reduce the impedance. One path may be viewed as backing up the other, lest it
should fail.

Consider a fault where the live conductor to the primary of the load transformer touches
the metal (conducting) case, as shown in Figure 11.4. The resultant current in the live
must be returned to the neutral of the supply transformer. This is in order that the circuit
protection device works to clear the fault. The impedance of the distribution transformer
neutral to structural earth is critical for safety. The connection from structural earth to
terrestrial earth is not critical when considering these faults.

Power distribution

Transmission of electrical power from generator to consumer is normally done at relatively
high-voltage levels in order to minimize losses. Typically, the supply to an industrial plant
would be from a high-voltage substation owned by the distribution company. This would
feed a local low-voltage transformer on site or adjacent to it. Here the line voltage would be
reduced to 220/230 V AC for general services such as lighting, office equipment and
instrument systems. High voltages three-phase supplies for high-power motors may be
derived at the substation. 11 kV three-phase ‘incomers’ may be transformed down to 6.6 kV
and 3.3 kV to 440 V, depending on the plant power requirements.

Since the ground’s resistance through which earth fault currents may pass is
uncontrollable and may be relatively high the fault conditions cannot be adequately
protected by fuses alone, and ‘out-of-balance’ current detection is used.

Transformers used in distribution systems are inevitably ‘double wound’, which means
that they have full electrical isolation between primary windings and secondary windings.
The level of insulation will be tested to well above the working voltage of the
transformer. With these high-voltage transformers, the design and testing must be such
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that the occurrence of breakdown of the primary (passing on the high voltage to the
secondary) is negligible. In this way the fault protection for each section is contained and
there is no need to consider the effects of high-voltage fault currents occurring in a lower-
voltage section. See Figure 11.6.

/

7
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N

SPN-E Distribution system:
] Protected by out-of-balance current detection

Return path resistance not critical |

Figure 11.6
Distribution system supply

Electricity supply regulations (ESRs) require distribution transformers’ secondary
neutral (of a single-phase system) or the star-point neutral (of a three-phase system) to be
bonded to a ‘substantial’ earth mat. The way this is done will be defined in the
specification of the local ES authority applicable. Conventionally the neutral and the earth
mat are connected together at a substantial un-insulated busbar in a main switch-room and
is referred to as the star-point-neutral/earth busbar (SPN-E). This requirement dates back
to the ESR in 1905, 1937 and 1944. It acts as a well-defined reference for the purposes of
both earthing and bonding as discussed.

The accessibility and distance from the plant it is serving is sometimes a problem for
which some solutions are offered later.

Static electricity

Static electrical charge is caused by the forced separation of molecules of non-conducting
materials. Movement of the material or friction against the material can cause the
charging effect. When wrenched apart, a surface charge builds up a high PD between
the separated materials. The size of the charge depends on the violence with which this
separation occurs. The non-conducting materials act as a dielectric, and allow the
accumulation and storage of the charge as in a capacitor.

Generation of static

This poses a risk when handling certain materials such as hydrocarbons because they
naturally have a low conductivity, and static charges are easily generated. Since the vapor
is flammable the sudden discharge of static can produce ignition.
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Explosions and fires in oil and gas tankers have occurred where static has been blamed
as the cause. After a tank has been emptied, vapor may be present having been mixed
with air that has been sucked into the tank as a result of emptying. This provides almost
ideal conditions for static to cause ignition during the start of cleaning operations.

Drum filling is a good example to illustrate the principle (see Figure 11.7). Where the
liquid enters the drum leaving the supply pipe nozzle, the flow profile deposits a charge
on the nozzle and the opposite charge accumulates in the drum depositing itself on the
metal of the drum. The charge appears between the nozzle and the filling cap rim. To
equalize the charge it is necessary to bond the drum to the nozzle such that the charge is
dissipated. As the nozzle is moved toward the drum at the start of the filling cycle and
away at the end this is where any initial PD may cause a spark. Bonding must be in place
before and after the filling event to ensure safety.

Low-conductivity
materials:
Hydrocarbons in
gas and liquid form

L (B

Figure 11.7
Drum filling static risk

The connection to terrestrial earth is not fundamental to safety, as is often misunderstood.
It is important to identify where the charge will accumulate. It is preferable to bond the
charge-collecting conductors as close to the accumulation point as possible. This is not
always practical as in the case of road tankers. Specific information on this is published by
road tanker legislative organizations.

Techniques to control static involve the use of chemical additives to raise the
conductivity of liquids. Static combs are used to collect and dissipate charges. Locally
induced ionization and artificially raised humidity can assist in some circumstances.

Effective bonding is essential, but reducing pumping rates will also reduce static
build up.

Lightning

Lightning is generated by the movement of water vapor inside clouds. Up-draughts of
warm air in contact with down-draughts of cooler air in large volumes and close
proximity generate a vast static charge that build up to an extremely high voltage. It
cannot be dissipated because of the low conductivity of pure water vapor. When the
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accumulated charge becomes so great that it breaks down the dielectric strength of the
vapor, the result is seen as lightning. In circumstances where the charge is built up
between the cloud and the ground, the discharge occurs when a lightning ‘leader’
ionizes the air between cloud and ground providing a lower resistance path for the
majority of the charge to pass. The resultant current can be in the order of 20-100 kA
peaks.

The current pulse shape has a very sharp leading edge and a much slower decay.
Because the rate of rise of current is so high and it contains a high-frequency element, the
impedance of conductors becomes significant.

The current from lightning rises from 10 to 90% of peak in typically 8 us and decays to
about 50% after 20 us from the 10% rise point. The pulse shape is said to be an 8/20
wave and this is used as the model for designing lightning/surge protection systems and
calculating the effect of the surges on circuits.

Tall constructions on any plant are susceptible to direct strikes. Lightning protection
conductors are installed, not in order to handle the vast currents that flow but to conduct
substantial but smaller currents that discharge clouds and prevent higher voltages from
developing to the point of breakdown. In these cases the impedance connection to earth is
critical. The current multiplied by the impedance will cause a rise in potential above
ground for the duration of the strike. The lower the impedance the lower the potential.
Clearly if other paths act in parallel with the structure then current will be shared and may
travel through the plant to get to earth.
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Figure 11.8
Static form of lightning

In Figure 11.8, showing a simplified plant diagram, a strike to building A will be
conducted to earth but some current will be diverted through resistance R to the earth of
building B. The majority of current will be encouraged to flow to earth via Rgs which
should be maintained as low as possible. The remaining current will flow via the
distributed resistance in the interconnecting bonding of the building. A potential gradient
will exist across the structure that must be kept low by good bonding.

An oil refinery is a good example of where there is an ignition hazard combined with
susceptibility to lightning strikes. Tall refraction towers act as charge collectors as they
approach the clouds. The plant areas are spread out with a network of interconnecting
steel pipes. A strategy of good bonding is essential to minimize the risks if lightening is
commonplace in the plant’s location.
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There are two situations that cause concern for instrumentation systems:

1. Firstly, the effect of a lightning strike on a plant will undoubtedly induce surges in
other metals in the vicinity of the building through inherent coupling capacitance
and inductance. This includes cables. Instrument cables can be particularly
susceptible to these surges. High potentials are liable to breakdown insulation
and/or damage delicate instrumentation unless adequate precautions are taken.

2. Secondly, an instrument cable C can carry the full potential rise of the strike to
building A across to building B and so the danger and the damage may not just
be local but may be distributed.

Clean and dirty earthing

In any electrical system using AC supplies, current will flow in earthing and bonding paths.
These are unavoidable and have to be coped with in the course of devising strategies.
There are two reasons for this.

Parasitic capacitance

The capacitance that exists between an electrical conductor operating at some voltage above
earth and the surrounding conducting materials of structural metalwork is referred to as
‘parasitic capacitance’. In the example of the electric motor, given in Figure 11.9, the
capacitance between the field windings and the metal frame would allow the motor frame to
attain an elevated potential if the earth returns back to the SPNE remained unconnected.

Parasitic capacitance

—»
Motor ‘Dirty earth’ currents Distribution
transformer
secondary

Figure 11.9
Stray currents from parasitic capacitance effects

Bonding the metalwork to the neutral of the distribution transformer eliminates any
voltage elevation. However, it allows a small AC current to flow through the structure
depending on the size of the capacitance, the applied voltage and the construction of the
motor.

Any electrical equipment such as motors and transformers having this conduction path
will exhibit these characteristics and will require bonding to earth. When the equipment is
switched on the capacitance will charge up and an increased current will initially flow as
a result. In steady state conditions the currents flowing in the structure of equipment may
be substantial and they will become additive in bonding and earthing conductors.
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11.6.2

11.7

Fault currents

Where a ‘phase to frame’ fault occurs, as in Figure 11.4, very high current will flow in
the earth path in order to operate the feeder’s protective device. A high current dumped to
earth during such a fault will cause a dramatic elevation in the potential at the point where
the current enters the earthing system. This situation must be cleared quickly by the fuse
or breaker.

The concern for equipment operating in hazardous areas is that the currents flowing in earth
returns are not interrupted such that sparks can occur or terminations allowed deteriorating
such that heat can be generated at that point. Earthing must be substantial and proven.

Electrical interference

Electrical noise can be generated by the same mechanisms as discussed earlier.
Capacitive and inductive coupling effects are responsible for noise that is induced into
sensitive measurement and instrument circuits in many cases. This is where there is
inadequate separation of signals from outside interference.

In Figure 11.10, the parasitic capacitance between the primary and secondary of the
mains transformer couples the mains voltage to the secondary circuit. The resultant
voltage appears on the input to the signal amplifier. When the field wires are connected,
the capacitive coupling to other structural earths provides a current that develops a series
mode voltage on the amplifier. This manifests itself as noise on the input.

Parasitic capacitance
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Figure 11.10
Internal parasitic capacitance effects

The cure for this is to take the following precautions, seen in Figure 11.11.

e Earthing the electrostatic screen of the transformer will reduce the coupling
capacitance effect and conduct stray currents back to the source of supply.

e Referencing the 0 V rail of the input system to a common potential reference
point such as the return of the source of supply will conduct any coupling
currents through the power supply circuit back to that point.

¢ The use of screened cable should be used in the field to connect the sensor to
the input amplifier. The screen must be earthed at the same reference point to
where all the stray currents are connected, as they are all then returned to the
source of supply.
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e The screen of the signal cable must only be earthed at one point. If it is earthed
at the field end, then currents derived from the parasitic capacitance in field
equipment may try to use this as an additional return path.

e The screen will conduct other capacitively coupled currents away, thereby not
permitting them to invade the sensitive signal circuit.
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Figure 11.11
Correct reference strategy for instrumentation

The use of twin-twisted cable for balanced systems will also improve the rejection of
interference. If interference becomes coupled to one of the conductors then it will also be
coupled to the other conductor by the same amount. The signal appears in series mode but
the interference appears as common mode. It is presented to an amplifier across an
inverting and a non-inverting input, which rejects the common mode and passes the series
mode signal almost perfectly (see Figure 11.11).

Interference rejection with barriers

The same criteria apply when preceding the input of a safe area-mounted device with a
barrier. The barrier busbar conveniently becomes the focal point for all earths associated
with the signal circuits. Care must be taken to ensure that only signal paths are connected
into this arrangement. Adopting the strict philosophy of earthing screens at one point, that
being the barrier busbar, ensures that coupling currents converge and are returned to the
SPNE consistently (Figure 11.12).

It must be realized that there is still current flowing in the IS earth, albeit relatively
small. Disconnection of the IS earth may not be indicated by noise appearing at the
amplifier inputs but is likely to cause elevations in the common mode voltage seen in the
circuit. This may be acceptable to the input amplifiers and the circuits generally, but on a
large system it could become dangerous. This is because if the system became
inadvertently earthed by a fault in the hazardous area, the o/c voltage and the sum of
the s/c currents, due to leakage, may then be enough to cause heat or sparks.

Return currents that are allowed to invade signal paths may result in the signal becoming
distorted or swamped by the noise. Clear segregation between earth arrangements and then
connection at a common point will assist in de-coupling interaction.
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11.8

11.8.1
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Figure 11.12

Correct earthing of safe area systems

Earthing terminology

Two common and more meaningful terms are of some help in distinguishing the different
earth paths.

The term ‘dirty earth’ is applied to the return path conductor that can carry the
prospective fault currents from electrical equipment. As a result the conductor is likely to
shift in potential by a greater amount (with respect to the neutral of the supply system
which is the ultimate reference). Fault currents are inseparable from the parasitic
capacitance currents, which will flow along the same route, although they will be at a
much lower level.

The term ‘clean earth’ can only apply to return-path conductors, which cannot carry
fault currents from electrical equipment. This, by definition, is impossible to control or
guarantee since any circuit to earth will conduct fault currents back to the return of the
source of supply.

It is more correct and important to recognize that the name of the ‘earth’ path tends to
be defined by what is connected to it. It is therefore more logical to describe the earth by
the circuit types from which it is gathering ‘stray’ currents. Hence power, instrument,
computer, structural and terrestrial earths are more meaningful names but their function
requires clear definition in plant safety documentation so that their use is not
misunderstood. There is little concern that the risk of ignition will be increased by
incorrect earthing but the operational aspects of systems may be severely hampered.

Sneak paths

One of the problems encountered with carelessly referenced systems is the devious route
that unsuspecting currents can take. These are difficult to find but essential to solve as
they will cause interference and may pose a danger in the hazardous area. An example of
this is where screens have been connected at both ends during plant commissioning.
A new large motor was subsequently installed adjacent to the field-mounted instruments
and severe interference is seen on the instrumentation. The problem is that structural earth
currents have been introduced into the instrument and IS circuits. These situations
manifest themselves in curious way.
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Attempts at solving sneak paths must be done with extreme caution, as disconnecting
unsuspecting earths may have unpredictable results. Ideally, the plant should be made
safe before attempts are made. Otherwise a carefully thought-out strategy of approach is
required. This means isolating and disconnecting each circuit in turn whilst noting any
improvement seen until the problem is solved. Progressive improvement suggests there is
a cumulative effect because a common point to that group of circuits is at the center of the
problem. Such situations are difficult to generalize.

Power faults with IS apparatus

IS apparatus in the hazardous area normally requires to meet an isolation test
requirement of 500 V AC applied to the internal circuits with respect to the case (which
is normally connected to the structural earth). The insulation must not breakdown
within I min. The purpose of this test is to ensure adequate isolation during power fault
conditions whilst elevated voltages may appear across this insulation. Invasion of
power must not occur on one IS circuit which could elevate voltages and pose an
increased risk on other circuits.

This can happen in a number of circumstances discussed as follows.

In the situation shown in Figure 11.13, where a power fault touches the signal line in a
simple installation, the fuse in the barrier is the weakest link and will undoubtedly blow
before the distribution fuse. Assume a current of 1 A flows before the fuse ruptures. If the
resistance of the IS earth is 1 Q then the voltage elevation (potential difference, PD) seen
at the instrument earthy terminal will be 10 V.
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Figure 11.13
Power fault to safe area channel

The PD would exist only for the duration between the fault occurring and the fuse
rupturing to clear it. In this example there would be no serious risk due to the margins
built in to the safety characteristics.

If no isolation were found in the hazardous area instrument then the fault current would
share through the structural return path. This would not be unsafe because the current is
still limited by the CLR in the barrier.
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Figure 11.14
Power fault to earthy terminals

In Figure 11.14, the fault touches the earthy conductor of the safe area barrier circuit.
The current is not limited by the barrier in any way and is dependent on the loop
resistance it encounters. The distribution fuse may be 5 A and the peak current may be
say 100 A before fuse rupture. The elevation on the busbar could peak at 100 V if the IS
earth was 1 Q. Clearly the PD generated could be higher or reaching close to the limit of
the supply momentarily.

In a third situation, shown in Figure 11.15, an earth fault may occur in the hazardous
area as shown.
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Figure 11.15
Hazardous area power fault
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It could be argued that this failure is more likely to occur than the other two
situations. This is because the mechanical construction and reliability of low-power
instrumentation in cabinets is higher than plant-mounted high-voltage and power
equipment such as motors which run at higher temperatures where breakdown of
insulation is more likely to occur. The fault current flowing can be much higher in this
situation and the structural earth resistance through which it must flow will determine
the PD experienced across the earthy line and structural earth. 500 V is internationally
accepted as being a realistic peak value needed to protect the integrity of the IS circuit
under this condition.

Connection of earthing systems

The points discussed so far can be summarized into current earthing practice where it can
be seen why the philosophy of earthing has evolved to that required in the standards and
codes of practice.

Typical earthing arrangement

The diagram in Figure 11.16, illustrates a simple arrangement showing effectively five
separate types of ‘earth’ connection, converging at the SPNE.
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Figure 11.16
Earthing strategy

e The structural earth may not be a physical cable but nevertheless requires
representation in this diagram, as it is a part of the bonding system.

e The dirty earth bar will collect all the earth returns from armored cables to
power equipment and circuits in the hazardous area. The fan out to other
equipment may use sub-busbars but all eventually converge on one dirty earth
bar that is ultimately connected back to the SPNE.

e The chassis or cabinets of instrumentation equipment will inevitably be
connected to structural earth via the steel-work of the plant construction.
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11.9.2

11.9.3

11.9.4

Cross-bonding between equipment is necessary to ensure that harmful
potentials cannot develop. It happens as a natural process when the equipment
is mounted and bolted to frames that support other equipments. Where there is
a risk that bonding may be inadequate, devices are strapped with bonding
conductors but this is sometimes taken to unnecessary extremes. It is therefore
quite natural that the ‘dirty’ and ‘structural’ earths appear very similar. This
will be discussed more in detail later.

e The IS earth goes directly to the SPNE and must not be connected to any other
earth system.

e The instrument system mains earth in this example is used to terminate all the
supply earths, which would normally be commoned together as part of the
interference control strategy. This bar should not be used for any signal earths.

o The instrument cabinet earth connects the chassis of the instrument cabinet(s)
to the chassis and metalwork of all the equipments as part of the bonding
required for personnel protection. This is distinct from the instrument system
mains earth because some equipment manufacturers specifically used not to
internally connect the chassis to the mains earth. This practice is unfortunately
changing but its disadvantage is that it reduces the control over interference. As
the quality of insulation and components used in modern industrial equipment
rises then this does become less important and these two earths may be more
conveniently treated as one.

Switch mode power supplies are becoming more common in safe area use but their
great disadvantage is that they are considerably noisier than analog types. It is most
important that they are correctly earthed to the mains supply earth for safety and noise
control reasons as the filter capacitor network on the mains terminals must have a return
path to earth.

Double-insulated equipment mounted in plastic cases is rarely used in safe area
industrial applications because it cannot meet EMC requirements. Referencing of the
supply systems is still important.

IS earth specification

The IEC 60079-14 in line with most codes of practice requires that the barrier busbar
earth is connected back to the earth reference (usually the SPNE) busbar in not less than
4 mm” copper (or equivalent) cable with a resistance of less than 1 Q. The IS earth must
not be connected to any other earth system and must be identified as an IS earth (see
Chapter 7 of this Book).

IS earth installation

It has become an almost industry standard approach to use a pair of 10 mm? cables for the
IS earth connection. The resistance of this is extremely low at about 0.005 €2 for a 100 m
run. The method of identification is not specified and no one way of doing it has emerged
as preferred. One suggested way was to wrap the cable pair with turns of blue insulating
tape every half meter. This is seen on some plants but whatever method is chosen should
be clearly identified by the plant safety documentation (see Chapter 12).

IS earth testing

It is becoming common industrial practice and is highly recommended that earth circuits
be connected using twin parallel conductors.
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In Figure 11.17, the IS earth is linked to the SPNE by two conductors. In this way the
loop integrity can be easily checked by breaking one conductor and measuring or
monitoring the loop resistance. Separate connections for each of the two conductors onto
the busbars at each end effectively duplicates the connection, thereby lowering the overall
resistance and raising the integrity by including redundancy. This same strategy can be
followed for all the busbar interconnections.
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Figure 11.17
IS earth testing

IS earths from other cabinets may be connected by looping through. This is acceptable,
provided that the integrity of the system as a whole can be proven. If connection using a
tree structure is used then each interconnecting branch must be proved to the next one in
the chain and the furthest branch must still meet the requirement of connection back to
the SPNE with a resistance of less than 1 Q.

500V isolation test

The ability to withstand a 500 V rms test for an IS circuit conductor has become
internationally accepted as the fundamental requirement for circuit isolation. The
conductors of IS circuits in a cable must be separated from Earth and from any other
IS circuit by the ability to withstand a 500 V rms test for 1 min. Where this requirement
cannot be met, the installation conditions may require a special approach under certain
countries’ codes of practice. This is discussed more in the application section where
examples are given of the accepted techniques for this approach.

Power supply systems

Where supply systems other than from national mains distribution are associated with IS
then due regard must be given to the earthing integration. Locally generated supplies will
be treated in a similar manner to AC mains distributed power and will be subject to the
ESR discussed.
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11.10.1

11.10.2

Offshore earthing

Offshore regulations permit the IS earth to be local to the barriers because the all-steel
structure on which the whole installation is mounted is accepted as having such a
predictably low earth resistance throughout the platform that no significant voltage rises
will occur during fault conditions.

The regulations stipulate that an IS earth cannot be connected to the deck of the
platform closer than 2 m from the point where the generator neutral-earth connection is
made, as shown in Figure 11.18.

Figure 11.18
Earthing strategy offshore

Earthing skid packages

Self-contained skids built for installations must provide electrical systems that are
compatible with the installation into which it is to be placed. If barriers are used then
the IS earth should be made available for connection to existing IS earthing systems. In
some cases the manufacturers may have earthed the barriers to the steel-work structure
of the skid. If the application is for offshore then this may be acceptable but for onshore
situations the IS earth must be kept separate as indeed should mains earths and signal
screens so that they may be terminated in the proper place at the safe area end.
See Figure 11.19.
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Figure 11.19
Earthing on skids
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Earthing of battery systems

Battery power supplies of the various types are usually required to be fully floating. The
prospective short-circuit current from batteries is extremely high and a great deal of
damage can be done to batteries and the installation under unchecked short-circuit
conditions. Including protection devices is desirable but reduces the supply integrity.
Battery backing is normally specified for reliability and so fault mechanisms are
considered and designed for in order to give the highest supply integrity.

By operating batteries without reference to earth (floating), a single fault to earth of one
terminal would not cause disruption of the supply. Earthing the batteries on one side
would mean that single fault of a second connection to earth (of the other polarity) would
provide short-circuit conditions.

Operation of barriers requires the referencing to earth and this may not suit the supply
system being battery backed. If the batteries supply is used via an invertor system that has
full isolation then there is no problem. If the batteries are used directly then it is possible
to use barriers but some compromises have to be made. Figure 11.20 shows some
possible options.
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Figure 11.20
Battery-supplied systems

Galvanic isolators are therefore preferred for use with battery supplies for the obvious
advantage that no earth referencing is required for safety purposes.

IS earthing on ships

The UK’s IEE (Institution of Electrical Engineers) issues ‘The Blue Book’, currently the
sixth edition, 1990, entitled, ‘Regulations for electrical and electronic equipment of ships
with recommended practice for their implementation’. Section 23 contains the regulations
for power generation and distribution on tankers carrying flammable materials. They do
not permit the hull to be used as a return path for fault currents.

The generation and distribution systems are fully floating and earth leakage monitoring
is used on every section to assist in maintaining the integrity of supply. If, on one phase, a
single fault to earth occurs, then fuses or circuit breakers do not disrupt the supply. Also,
the fault can sometimes be cleared without disruption to supplies.

IS earthing is permitted, provided that it does not defeat the supply arrangements
required. This is acceptable as adequate isolation is normally included upstream of barrier
systems between the distribution secondary, the neutral of which is permitted to be
‘referenced’ to earth.
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11.11

11.12

Lloyds Register of Shipping and other internationally accepted organizations produce
documents, which think along the same lines. Such documents are not internationally
agreed upon and in line with IEC thinking. This may come in time.

Portable equipment using batteries

The risk of mains invasion is completely removed from portable equipment that operates
solely on internal batteries. Measuring and calibration equipment need only be treated as
having safety parameters that require examination when connecting into a system. This is
dealt with in the section on applications and systems.

Earthing arrangement standard solutions

Provided that the simple strategies explained above are used, problems encountered in
designing and specifying IS earthing systems on installation can be overcome.
Difficulties often arise when existing plants are extended. In the following section various
philosophies are discussed to bring together some of the principles into practical use.

The simplest and most usual case, seen in Figure 11.21, on small installations is where
the local transformer is relatively near to the control equipment and the cabinet earth can
be conveniently taken back to the SPNE via the supply cable armoring. The IS earth goes
back via two dedicated conductors.
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Figure 11.21
Typical system distribution showing earthing arrangements

The cabinet’s internal distribution system has all the mains earths collected together
onto a mains earth busbar. Note that in the hazardous area, the armor of the cable is
connected, at both ends, to structural earths. The screens are only earthed at one point,
being the barrier busbar.
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In Figure 11.22, the same arrangement is used but the IS earth is direct to ground
(referred to as a ‘separate’ or ‘separated’ earth). This demonstrates that soil resistance
becomes part of the 1 € earth resistance argument. It is difficult to justify the acceptance
of this because the resistance between the ground rods is no longer under the direct
control of the user. This practice is still accepted in some countries and the IEC standards
have not yet formally discouraged it.
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Figure 11.22
IS earth direct to local ground

The diagram shown in Figure 11.23 gives the arrangement used for the case where an
intermediate transformer is used to supply the panel. If the transformer is merely to step
down the voltage for the instrument system then it may not have the neutral earth
connection made. In which case the upstream feeder transformer must still be the point to
which the IS earth must be taken. This is normally only encountered on older installation,
which has not been modified.

In Figure 11.24, the distance between the main feeder transformer and the panel is too
long to tie to the IS earth. In another instance the supply may be delta and not star,
perhaps because it is the only convenient feeder for the panel location.

The creation of a localized IS earth can be justified by the inclusion of an isolating
transformer at which the secondary neutral is connected to an earth mat. Under these
circumstances it is preferable to use out-of-balance current detection techniques to clear
faults on the feeder because low-impedance fault paths to earth may not be seen by
long-distance supplies fuse. The out-of-balance current detection would detect that the
line current was not equal to the return neutral current and would therefore break the
circuit.

This solution is recommended when ships such as tankers are to be fitted with IS barriers
and equipment. It is also very useful in many other remote situations such as RTU
outstations.
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The intermediate transformer situation
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Figure 11.24
Local distribution transformer included with local IS earth

11.13 Earth loops

In Figure 11.15, showing a typical earthing arrangement, the connection between the
structural earth and dirty earth busbar, which then meet at the SPNE bar, do form a closed
loop. This loop will not introduce interference unless there were to be a strong magnetic
field somewhere in the center of it.
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The mechanism causing interference in a loop is one of induction from a changing
magnetic field that falls within the area of the loop. Currents are induced into the loop by
magnetic coupling in series mode. A loop formed around a device that possesses a
varying magnetic field, such as a transformer or motor, will cause induction in that loop.
Higher frequencies will couple to a loop more efficiently than lower ones.

It is unlikely that sufficient energy can be coupled into a looped circuit such that it can
become a source of ignition. The coupling would need to be optimized to do this as in RF
heating systems. It is more likely that interference will be injected into loops that form
part of sensitive measuring circuits.

Provided that the loop area between the conductors is kept as small as possible then no
ill effects should be observed.

Twin-twisted cables are an example of where the loops are kept as small as possible
between the conductors. Thus induction to one conductor is most likely to induce equally
on to the other conductor and the series mode induction is dealt with as common mode at
the input to a differential or balanced-input amplifier. This is in the same way as
capacitively coupled circuits can be arranged to reject noise.

Screening also helps to de-couple inductive pick up because eddy currents are induced
into the screen and are conducted away. The eddy currents also oppose the magnetic
effect that is inducing them, and this effect also helps to reduce the coupling to the signal
on the wire.

Computer earthing

The electrical noise generated by the fast-switching digital electronics in computer
systems must be kept away from sensitive analog circuits. The provision for earthing
these systems in order to assist in the noise control is fundamental to their successful
operation. Computer control system manufacturers often specify a computer earth as yet
another dedicated earth path that requires integration into the strategy.

Reconciling the earthing arrangements for computers can become complicated, and a
detailed knowledge of the internal supply and signal routing is necessary before the best
arrangements can be made. If the computer system requires IS interfaces then the choice
of devices may be influenced by the ease of accommodation of the earthing
arrangements.

Generally there are two situations. Firstly if the computer 1/O is fully and properly
isolated then there should be no conflict in the earthing arrangements, and barriers may be
used with ease. This is often the cheapest solution.

If the computer 1/O is not isolated then IS isolators are preferable because no safety
earth is required and the isolators provide some flexibility for extending the capability of
the computer system.

PLCs are not greatly affected by this discussion since they are relatively small and self-
contained. They are normally installed in close proximity to the barriers and other
associated supplies and equipments. DCS is more spread out and requires more careful
rationalization.

The connection XY, in Figure 11.25, may carry substantial noise and return currents
from switch and Analog circuits to its power supplies. Its resistance must be kept as low
as possible, preferably less than 0.1 Q. The IS earth will not carry the instrumentation
currents but is likely to have some larger noise currents flowing due to the presence of the
computer. This is the preferred connection way from an IS point of view.

If the manufacturer specifies that the computer system must be connected directly to
earth then the arrangement below is acceptable with known limitations.
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Computer referenced to IS system earth

In Figure 11.26 the computer earth becomes part of the protective earth route. It will
probably carry substantial return currents (from X to Y) for the instrumentation. The
resistance of the barrier busbar to SPNE link is therefore difficult to monitor because of
these impressed currents on the measurement. It is an accommodated compromise from
the recommended practice.
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Figure 11.26

IS system earth referenced to computer system

Figure 11.27(a) shows the practical implementation of the requirements. The exact
arrangement depends on the physical distances involved and the nature of the supply
circuits to the computer for both main power and instrument loop power. If the computer
has its own mains supply transformer that is also used to supply the I/O loops then this is
the most desirable situation.

Figure 11.27(b) depicts direct connection to local earth mats for each of the systems.
This is acceptable from an IS point of view, provided that the 1 Q specification is
maintained for the protective earth path between the busbar and the SPNE. This
arrangement is ill-defined and liable to cause all sorts of problems.

Figure 11.28 is thought of as the solution to all the above situations. Its downfall is that
because the loop formed can be over a wide area it is more susceptible to induced noise.
Another problem is that power fault conditions in associated equipment may cause
transients that can adversely affect the computer or instrument systems.

Other arrangements are seen on installations. Detailed analysis would be necessary
before comment could be made on the acceptability and suitability from safety and
operational viewpoints.
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DCS earthing, commoned
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Figure 11.28
DCS earthing: cross-connection
In the section on applications, examination of individual IS instrument loops, used as

I/O for computer control systems, will describe how return currents impinge on the safety
earth in more detail to allow a better understanding of the above.
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11.15

Surge protection systems

Surge protection devices (SPDs) may be inserted into instrument cables in order to
protect the instrument systems where there is a risk of invasion from induced secondary
surges. An SPD works by limiting the energy passing through it into a protected circuit.
In this way there are many similarities between an SPD and a shunt diode safety barrier.
The main difference is in the magnitude of voltages and currents that devices must
handle. Diverting large currents in a very short period of time require multistage
protection techniques using a combination of Zener diodes, varistors and gas discharge
tubes to clamp the applied voltage yet shift the current.

The excess energy is diverted to earth in the same way, as shown in Figure 11.29. The
principal difference in the technique is the levels of energy that must be handled by SPDs.
The quality of the connection to earth is at the heart of their success. Connection to
terrestrial earth via the most direct and shortest route is essential for good performance.
The local earth connection becomes the reference point for the system. The intention is
that the electronics are all transiently shifted from one potential to another and back. If
they all move together simultaneously then no PD can appear across the protected
electronics to its detriment.
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Figure 11.29
Surge protection

The use of SPDs with hazardous area circuits where shunt diode safety barriers are used
requires careful planning of the earthing systems. The IS barrier and the SPD must
inevitably be referenced to a common potential. On small installations it is common to
move the IS earth arrangement toward the SPD earth as shown in Figure 11.30.

Bonding to the common busbar fulfills the criteria for both barriers and SPDs but
requires the structural earth and mains earth to be commoned at this point also. The
earthing of screens and armoring becomes more important in this situation and will be
discussed later in this chapter. Clearly in the larger installations, this is not always
possible to do in such an elegant way, and compromises have to be made.

This is where the use of galvanic isolating interfaces are preferred and there is no
contention in the earthing requirements because no IS earth is required.

The isolator can absorb the sudden common mode change in po