
M
ike Frain  has delivered safety courses on the subject 

of arc flash across Europe and North Africa and 

co-authored a paper: A European View of Arc Flash 

Hazards and Electrical Safety which was presented at 

the IEEE Electrical Safety Workshop in Florida in 2012. He is an author 

and the lead consultant for the European DuPont Arc Guide which is 

a risk assessment tool for arc flash based upon European Law.

The purpose of the UK Electricity at Work Regulations 1989 is 

to prevent death or personal injury from electric shock, electric 

burn, fires, electric arcing and explosions caused by electricity. If 

we compare the electric shock and the electrical arcing hazards, 

it is electric shock that is responsible for most fatalities at work, 

but is often the only electrical hazard considered. It’s easy 

to measure and assess and is well-regulated and controlled. 

Electrical flashover or arc flash can cause death, but is frequently 

responsible for injury to electrical workers. It is often overlooked 

or even ignored by duty holders in the UK and there is a 

perception that it is difficult to assess or measure. 

There are no direct regulations governing electrical flashover, but 

there is a need to deal with the hazard as expressed in the Electricity 

at Work Regulations 1989 and the Guidance note Electricity at Work 

Safe Working Practices HSG 85. 

So what causes electrical flashover to occur in the first place? 
Put simply, it is insulation breakdown and very often, the insulation 

in question on low voltage systems is simply air. Sadly, the cause of 

insulation breakdown is very often human intervention.

In Figure 1 you can see two copper bus bars that are separated 

by 3 cm air gap. The bus bars are connected to an electrical source 

operating at 400 V, with a prospective short circuit capacity of 25,000 

amperes. This is roughly the type of output that you would get from 

a 1000 kVA, transformer. As you can see there is no protective device 

in circuit, only a switch.

 When I ask electrical engineers what will happen when the switch 

is closed they often say that a large amount of current will flow and 

the fuse wire will simply rupture and disconnect the circuit. What 

actually happens is that the fuse wire will vaporise and in doing 

so will ionise the air between the two conductors creating a low 

impedance path (see figure 2). Large amounts of current will flow 

creating temperatures as high as 20,000°C at the arc which will 

immediately vaporise any element known to man. There will be a 

massive expansion of air and conductors which causes an electrical 

explosion and copper will expand up to 67,000 times its original 

volume in a split second. The thermal effects can cause horrific burns, 

ultraviolet radiation which can cause arc eye and the ballistic effects 

can cause blunt force trauma to anyone stood close by. 

The consequences of an arc flash to such a person are clearly 

personal injury or even death but this can also result in fines and 

compensation claims to companies and individuals. A damaged brand 

name may also be an outcome, for instance an electrical contractor 

being prosecuted or served notices for a matter of core competence. If 

the equipment is so severely damaged that it is put out of action, then 

this will usually counter the reason for working live on equipment in 

the first place, which is to keep production flowing.

In a practical situation, the distance between bus bars or 

conductors in low voltage switchgear can be half that stated in the 

example given. It is easy to imagine that the arc can be initiated not 

by a piece if fuse wire but by dropped tools, fasteners or by a short 

circuit in an electrical instrument.

So once we have initiated an electrical arc, how can we 
extinguish it? 
Well, either the source of energy will collapse, or there will be such 

damage that an electrical arc cannot be sustained or more commonly 

a protective device will be used which will cut off the current 

preferably to limit the damage and effect of the arc. Here is where 

designers have a problem. 

We design short circuit current protective devices at low voltage 

based upon available prospective fault current into a zero impedance 

fault. Whilst the current in an arc at high voltage is almost equal 

to the prospective fault current, the three phase fault current at 

Low Voltage is likely to be less than half the prospective value. The 

arcing fault may in fact present itself as an overload rather than a 

dangerous short circuit which will result in a long disconnection time. 
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So what is the significance of this fact?
The energy released in the arc is directly proportional to the 

amount of current flowing and also the amount of time that the 

current will flow. So if you double the disconnection time, you will 

double the energy released and double the amount of damage 

sustained. For Low Voltage circuit breakers, the difference 

between the device sensing a short circuit and an overload can be 

a factor of hundreds which will in turn create hundreds of times 

more energy released in the arc. 

Under the Management of Health and Safety at Work Regulations 

1999, we have a duty to carry out risk assessments in the workplace. 

We are guided to carry out risk assessments in a five step process,

•  Identify the hazards

•  Decide who might be harmed and how

•  Evaluate the risks and decide on precautions

•  Record your significant findings

•  Review your assessment and update if necessary

The first step is to define the hazards. Electrical flashover is a 

known hazard, which will need to be taken into account when 

dealing with interactions with high energy electrical systems. 

There are means available to evaluate the risks which will include 

an assessment of the severity of the arc flash. We must remember 

though that in bullet point number three, deciding on precautions 

does not mean a direct link into PPE. The goal must be to prevent 

in the first place with PPE as a last resort.

Mike was the lead consultant for the DuPont European Arc Guide 

which was written over a period of three years to address the lack of 

clear guidance for European Engineers. It stressed the need to predict 

the severity of the arc flash hazard and then to prevent it from 

causing harm. Only when prevention techniques had been exhausted 

should PPE be considered. He was also responsible for creating the 4 

Ps model for the management of the arc flash hazard which is shown 

in Figure 3. This cycle matrix diagram illustrates how the important 

first step of predict is necessarily followed by prevent, protect and 

then finally publishing the risk assessment. This is described in some 

further detail below.

A. PREDICT

In predicting the severity of the thermal effect of an arc flash in 3 

phase AC networks, it is recommend that the calculation methods 

are taken from the IEEE 1584 Guide for Performing Arc Flash Hazard 

Calculations 2002. This is an auditable standard and widely accepted 

in the electrical engineering community. The calculations take into 

account distance to worker, conductor gap, voltage, prospective fault 

current and disconnection time. At present, the output relates to 

the amount of “incident energy” that a victim, standing at a given 

distance away from the arc, could receive to the skin surface.  Future 

IEEE plans are to incorporate other outputs into the guide such as 

blast pressure, noise and ultra violet radiation.

Computer modelling of the arc flash hazard in accordance with 

IEEE 1584 Guide for Performing Arc Flash Hazard Calculations 2002 

requires; 1. A single line diagram, 2. A fault level study 3. A protection 

coordination study and 4. An arc flash study. The effort required for 

the arc flash study is less than 10% of the total of all these studies and 

facilities owners in the UK and Europe should have items 1, 2 and 3 in 

place regardless of a need to calculate arc flash severity.
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Figure 3 (Reproduced with permission of DuPont)
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B. PREVENT

A fundamental safety principle, which is embodied in European/

UK legislation, is to design out, eliminate or remove the hazard at 

its source.  This leads to the conclusion that the majority of electrical 

tasks must be carried out with the equipment made dead. To work 

dead the electricity supply must be isolated in such a way that it 

cannot be reconnected, or inadvertently become live again, for the 

duration of the work. As a minimum this will include the positive 

identification of all possible supply sources, the opening and locking 

of suitable isolation points by personal padlocks and for the proving 

dead at the point of work. 

Where the arc flash hazard cannot be eliminated then suitable risk 

controls should be in place (preventative or protective measures). 

The UK Management of Health And Safety Regulations specifies 

the general principles of prevention set out in Article 6(2) of 

European Council Directive 89/391/EEC EU Workplace Health and 

Safety Directive which state “Where an employer implements any 

preventative measures, he shall do so on the basis of the principles” 

shown below. 

(The author’s interpretation of each of the nine principles of 

prevention when applied to the arc flash hazard is shown in italics)

•  Avoiding the risk – which means dead working, Not energised = No 
electrical danger

•  Evaluation the risks which cannot be avoided – by arc flash 
assessment and predicting the level of harm and likelihood.

•  Combating the risks at source – by designing out the arc flash 
hazard or reducing it to an acceptable level, even as a temporary 
measure for the period of work

•  Adapting to the individual – limiting exposure to the hazard
•  Adapting to technical progress/information – take advantage of 

technological and technical progress to improve both safety and 
working methods. The evaluation of the hazard has progressed, as 
have mitigation and protection techniques in respect of arc flash.

•  Replacing the dangerous by the non-dangerous – Replace 
vulnerable legacy switchgear and control panels preferably with 
arc protected equipment and/or high levels of insulation and 
segregation of control and power circuits.  Using safer equipment 
(e.g. test equipment) and tools (e.g. insulated)

•  Developing a coherent overall prevention policy – create a safe 
systems approach which is specific to structure environment, 
workforce & equipment issues and developing risk based 
investment to reduce exposure to the hazard.

•  Giving collective protective measures priority over individual 

protective measures – create a safe place of work approach by 
screening live parts and by good design. Any measure that is not 
dependent on the individual’s choice.

•  Giving appropriate instruction to employees – create a safe person 
approach by documenting safe systems of work and training 
employees in safe work practices. Highlight the arc flash hazard 
and provide information such as in the labelling of switchgear.

These general principles of prevention should be considered against 

a hierarchy of risk controls with priority as given below. The top of 

the list should always take priority with PPE as a last resort. 

All these measures should be properly monitored and reviewed 

and this is particularly important when considering the lower order 

risk controls. 

C. PROTECT

Where the risk cannot be controlled by prevention or where there 

is a residual risk of injury then it may be necessary to consider 

mitigation to prevent injury to the worker. The requirement for and 

suitability of mitigation techniques must form an essential element 

of any risk assessment. 

Where protection against the thermal effects becomes necessary 

it must be emphasised that PPE does not prevent the accident 

happening in the first place. Non flame resistant clothing may 

ignite or melt at lower incident energy values and once ignited 

will continue to burn after the electrical arc has been extinguished. 

Burning material next to the flesh can result in serious third degree 

burns even for very short durations. This means ordinary clothing 

could actually become a hazard and for this reason it should be 

considered within the risk assessment.  

D. PUBLISH

Risk assessments have to be recorded and may also require field 

marking of equipment may be required. Safe systems of work, 

safety rules and procedures will be required and trained to all 

affected persons. 

Risk assessments need to document the hazard severity and the 

risk control measures. Wherever possible these should be dynamically 

produced and task based. In other words, be available to the person 

carrying out the work who will reassess such things as environmental 

conditions and equipment state. 

SUMMARY

In this article, I have discussed how easy it is for an arc to 

be initiated and that it cannot be taken for granted that 

the electrical protection will limit the damage caused. Risk 

assessments are a mandatory part of safety management 

which require an evaluation of risk in every case. That includes 

electrical flashover in the same way as any other hazard. 

Prevention is the key first principle. If the equipment is dead and 

correctly isolated then there is no hazard

Never use PPE as a first line of defence against electrical flashover. 

It should be used as a last line of defence and any protection against 

residual risk using PPE is likely to be more comfortable, cheaper and 

easier to justify if the 4 Ps approach is used.
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