
BRIGHT SPARK and leading consultant Mike Frain explains the fundamentals of Electric

Arc protection and choosing the right kit...

What is an electric arc?

Mike Frain: A natural form of an electrical arc is lightning. In electrical equipment it is the breakdown of air or

other insulating gases between conductors such as busbars. Electrical breakdown and ionisation of the air will

occur causing high currents to flow into what is essentially a short circuit leading to an ongoing plasma discharge

between the conductors. The tips of an arc can reach 20,000 C, which is four times hotter than the sun and all

known elements will be rapidly vapourised at these temperatures.



In which industries is it a particular hazard?

Mike Frain: Electric Arc presents a risk in a whole range of industrial and commercial buildings, generating

stations and utilities. Very small arcs also present ignition hazards and are especially dangerous where they could

ignite dust or vapours causing an explosion, such as in refineries, chemical plants, electrical plants or food

industry sites which work with high concentrations of dust, such as flour or starch, in confined spaces.

What causes it?

Mike Frain: Electric arc incidents are usually caused by human error; things like dropping tools which then

completes a circuit, even for just a fraction of a second. This creates a short-circuit, the surrounding air breaks

down into conductive plasma.

What sort of damage can occur?

Mike Frain: We’re talking about electrical hazards and ignition hazards. Most fatalities are due to electric shock,

while many injuries result from Electric Arc. In the micro-seconds after an electric arc occurs, there’s a rapid

expansion of air and vapourised material, which creates very high convective and conductive heat.

So, ordinary clothing may ignite, there may be internal damage to the lungs and respiratory system due to

inhalation of toxic and superheated gases, there may be UV damage to the eyes, hearing damage, ballistic

damage from debris and blast damage, which is like blunt force trauma.

There’s a wide spectrum of damage, depending on the source, size and distance from the ignition source, which

can affect anyone working with electricity if an electric arc incident occurs. In severe cases, deaths have resulted

and with low voltage equipment, there’s often serious hand and face damage as these parts of the body are very

often closer to the source of an arc.

How should people choose protective clothing and PPE to lower the risk of damage in the event of an electric

arc incident?

Mike Frain: A full risk assessment should be the starting point as protective clothing and PPE is just one strand of

the risk reduction strategy and should only be settled on after all other risks have been prevented or mitigated as

much as possible. EU Framework 89/391 requires us to undertake risk assessments whilst PPE Directive 89/656

lays out the minimum requirements for ARC Flash PPE. Exploring the way work is organised and how big a blast

would result from an incident are essential prerequisites before you can decide on and risk control measures

including PPE.

Flame resistant clothing provides thermal protection for the wearer. If the fabric is exposed to electric arcs or

flash fires, it will “self-extinguish” quickly after the source of electric arc or flame is removed. This limits the

exposure from high temperature that causes burning and also limits the duration of that exposure to reduce the

potential for a high body burn percentage.



Each garment is given an ATPV (Arc Thermal Performance Value). This value represents the level of protection the

garment will provide, when exposed to variable levels of heat in an electric arc flash. As a minimum level -for

incident energies less than 1.2 cal/cm2, PPE must be made from a suitable non-melting fabric, such as cotton. For

energies greater than 1.2 cal/cm2PPE must be made from high performance intrinsically non-flammable fabrics

made from inherently flame resistant meta-aramid fibres, such as Nomex®.

Depending on the nature of the work being done and the assessed level of risk, protective gloves, hoods and face

visors are commonly used where there is a risk of an electric arc incident.

It is possible to buy a head to toe PPE solution, with base layers, coveralls, jackets and trousers all being available

from suppliers. It’s important to consider protecting the body’s extremities, so, depending on the circumstances,

a hard hat, face shield, flame resistant neck and head protection, ear protectors, insulated rubber gloves with

leather protectors, and insulated leather footwear might be required.

For very high levels of protection, the wearer may require respiratory devices when wearing full arc protective

hoods because of heat build-up andCO2 levels. Respiratory protection should be considered to protect from hot

toxic gases if an electric arc might occur at high incident energies. Electric arc PPE standards for hand, head / face

/eye protection are still being developed across Europe.

Where should people start?

Mike Frain: One of the best starting points is the DuPontTM Arc Guide. It’s the most comprehensive source of

information I know of from a manufacturer in Europe. It covers the EU Directives that cover legislation in use in all

27member states and how protective clothing is Arc rated.

From there, you’ll need to do a full risk assessment to prevent or mitigate risks and then decide what levels of arc

protection are required.

What are the main standards and tests that anyone buying Arc flash protective clothing should be aware of?

Mike Frain: The DuPont™ Guide contains detailed information, but people should be aware of the IEEE 1584

standard on Arc Flash Hazard Calculations, which is an auditable global standard. The Predict section of the

DuPont™ Arc-Guide uses the IEEE 1584 data in combination with other statistical data to predict the severity of

the arc.

The PPE products directive 89/656 also refers to the use of PPE. The garment standard IEC 61482-2 allows the use

of two ways to technically assess the fabric and garment performance in an electric arc, i.e. assess its arc rating.

The CENELEC version of this IEC standard is still at the committee level being finalised and will be published as EN

61482-2.

There are two harmonised test methods for arc rating FR materials - EN or IEC 61482-1-1 1 the “open arc”

method, where fabrics are given a performance rating (ATPV) and there’s also a “box test method EN or IEC

61482-1-2, which is a pass/ fail test (Class 1 being at 4KA and Class 2 being at 7 kA, both at 0.5 second

disconnection times performed in a 2 litre plaster box).



What about ATPV ratings?

Mike Frain: The Arc Thermal Protective Value (ATPV) value is measured in calories per square centimetre and

represents the maximum performance capability for arc-flash protection of a particular garment or fabric. The

higher the rating, the more protection will be afforded to the wearer. In Europe, we do not have any categories or

classes defining what the levels of ATPV are, unlike the US which does.

With the aid of the arc rating (i.e. ATPV or Break open Threshold (EBT50) value, whichever is the lower value), an

employer can make a qualitative assignment of appropriate PPE using a methodology like that in the DuPont™ Arc

Guide. What about the Box Class ratings?

Protective clothing rated as Class 1 or 2 according to IEC or EN 61482-1-2 will offer the appropriate protection

only as long as the specific “box-test” setup and low voltage arc exposure testing conditions (including the fixed

clearance time) can be considered representative for the actual exposure situation. In reality, this can’t be

guaranteed and in the national foreword of BS EN61482-1-2:2007, the UK technical committee PEL/78 states that

the “box test” does not provide the user with a realistic and reliable test by itself.

In recent years, advances in technology have

improved the arc-flash clothing options

available in the marketplace, yet, because of

the need to undertake a thorough multi-

dimensional risk assessment before buying

Electric Arc protective clothing or equipment,

this is one area where buyers would do well

to talk to expert specialist suppliers before

drawing up their specifications.

It is, as usual, better to be safe than sorry.

Mike Frain is a leading consultant on Electric

Arc Safety. He can be reached via his website

www.elecsafety.co.uk


