
STUDY CASE
An arc flash analysis is carried out to determine the existing arc flash risk in an
transformer’s control cabinet. This case is about a control cabinet of a 500 MVA
three winding power transformer, placed in an electrical substation. This
transformer feeds another auxiliary transformer (400 kVA). The power
transformer control cabinet (400 V) is connected downstream this auxiliary
transformer and a subsequent auxiliary services cabinet. Fig. 2 shows the
installation’s diagram. It is assumed that the arc fault occurs at the control cabinet
input, specifically, at the line terminals of the main switch, which means that the
fault would be cleared by the immediate upstream protective device (PD in Fig.
2). Calculations have been made using IEEE 1584 equations both, by hand and
using ETAP® 19.0.0C.
Once the calculations are done, three values are obtained: the energy released
during the explosion, in cal/cm2, known as incident energy (IE), the maximum
distance in which there is a risk of suffering a second degree burn, called Arc Flash
Boundary (AFB), in meters, and the duration of the fault or Fault Clearing Time
(FCT). This results are shown in Fig. 3.
However, further analysis demonstrated that reducing the short-circuit settings of
the protective device would led to a shorter arc duration, as the relay would
detect the fault sooner. This implies that the incident energy and arc flash
boundary would also be decreased from 15 to 1,3 cal/cm2 and from 1,9 to 0,5 m,
respectively. Thus, even though a worker could be injured in the event of an arc
flash, the consequences wouldn’t be as severe, as long as he or she carries the
proper Personal Protective Devices. Fig. 4 shows the arc flash analysis results after
performing this relay modifications.
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Abstract
The probability of an arc flash accident in electrical equipment or installations, such as power transformers, is present in all cases where electricity is present. In high voltage
systems, the high level of supply required could lead to the release of energy levels high enough to cause serious injury to people around this equipment. For this reason,
performing an arc flash analysis improves the safety conditions of workers, since, although in some cases injuries cannot be completely avoided, the severity of the injuries
can be greatly reduced, and may even prevent deaths in the workplace. To this end, there are standards and computer tools to help calculate the energy released in the
event of such accidents and to adopt appropriate corrective and preventive actions, in order to reduce the extent of possible injuries in the event of an accident.
This work reviews the equations and analytical methodology for arc flash analysis, according to the most updated standards, and shows an applied study case of a power
transformer located in an electric substation, indicating the most appropriate corrective and preventive actions to reduce the damage of this type of accidents in the
transformer control cabinet

THE ARC FLASH PHENOMENON
An arc flash is defined as the passage of electric current between two electrodes separated by a
dielectric gas, that has arisen chaotically, caused by an accident. It may occur when the insulating
materials are damaged due to dust or corrosion, but it also due to the decreasing of the distance
between two active phases, overvoltage or, most commonly, external elements which,
accidentally, meet active parts, human errors and operations and maneuvers in energized
equipment when they are believed to be de-energized.
Extreme temperatures might be reached during an arc flash, as well as high noise levels and
dangerous ultraviolet, infrared and visible light emissions which can lead to permanent hearing
and vision loss, respectively. At the same time, the high temperatures may be the onset for fires if
there is flammable material in the vicinity, and may also burn human skin, up to third-degree
burns, even at considerable distances. All the metals and other materials present in the installation
vaporize due to the severe temperatures, resulting in a huge blast where particles of molten metal
are projected in such a way that they act like shrapnel. This blast can be responsible for
concussions and/or fall injuries, not to mention the risk that, in extreme cases, one arc fault might
lead to new ones due to the ionization of the air, resulting in a chain reaction.
Nevertheless, the magnitude and gravity of an arc flash depend on many factors which directly
influence on its consequences: the bolted fault current (Ibf), the arcing current (I_arc), the voltage
level (Voc), the duration of the arc (FCT), the gap between the electrodes (G) or the level of
maintenance and state of conservation of the equipment.

Fig. 1: Arc Flash Personal Protective Equipment test.
Source: e-Hazard 

ARC FLASH ANALYSIS
Arc Flash risk has been virtually ignored until the early 80s, when Ralph H. Lee published the very first method ever developed to mathematically estimate the energy released in
an arc fault. Since then, research investigations and studies have been carried out to shed some light on this phenomenon. As a result, several different methods have been
developed so far for both, AC and DC, which allows to classify the risk under several levels, depending on the incident energy, and to determine which Personal Protective
Equipment (PPE) the workers should wear. For instance, the “Arc Flash PPE Category Method”, developed by the National Fire Protection Association, D. R. Doan’s Method for DC
Systems or the DGUV-I 203-078’s Method, collected in the German standard BGI/GUV-I 5188-E. However, the most internationally recognized method is the “Incident Energy
Calculation Method”, developed by the Institute of Electrical and Electronics Engineers and collected in the standard IEEE 1584 “IEEE Guide for Performing Arc-Flash Hazard
Calculations”. A new edition of this standard has recently been published in November 2018, 16 years after the previous (and first) edition. Over this period of time, more than
1800 arc flash accident simulations were performed to measure the values of the irradiated energy released during these explosions. This allowed the development of the
algorithms on which this new standard is based, according to the different results obtained. Although it is a mathematical approximation, it is a valid and reliable tool, much
more accurate and robust than the precedent calculations.

Fig. 2: Installation’s diagram

Fig. 3: Initial relay pickup

Fig. 4: Modified relay pickup

CONCLUSIONS
The relevance of determining the risk of an electric arc accident in equipment and systems has been described, especially in environments where there may be a hazard to humans.
The methodology for determining the associated risk and calculating the energy released in the event of an unwanted electric arc has also been explained.
Finally, a case study was carried out in the control cabinet of a power transformer located in an electrical substation and the calculations were compared using the formulation
given in the applicable regulations, as well as with the aid of software specifically designed for this type of study, suggesting possible actions aimed at reducing the effects of a
possible arc flash accident.
Although it is true that the only option to eliminate the risk of arc flash is to deactivate the equipment, this is not always an option. Therefore, the application of this arc flash
analysis is a suitable alternative to improve the safety conditions of operation and maintenance staff, reducing the possible consequences of work accidents in electrical
installations, especially in high voltage.
On the other hand, although these methods are only a way of quantifying thermal energy once the explosion has occurred, and it is not possible to reduce its gravity, they are a
good starting point for seeking new methodologies that are really capable of reducing these energy levels, and thus saving people's lives.


