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Safety with Arc-Flash

Arc-Flash Slide Rule/Calculator
A Preview of a Presentation Scheduled for the PowerTest Conference
March 2009 in San Antonio, Texas

F irst, here is the good news. We all like happy and successful stories. Our 
electrical industry has seen a substantial decline in electrical injuries in the 

last 10 years.

This is due to:
1. Increase in general safety awareness
2. NFPA 70E and the people behind 70E
3. Attorneys and large court settlements

As good as 70E is, it is difficult to understand and implement under the vast 
number of variable site conditions we experience in the field. It is the task of 
each type of industry and each site to adopt the excellent provisions of 70E to 
its electrical hazards.

No one will question that zero injuries is the goal of safe electrical work 
practices. It is the journey to this goal that provides the challenge. The arc-flash 
calculator presented here can be part of that journey. It is designed to give you, 
the worker, a tool that can be used at the job site to assist in determining what 
PPE is needed. This is in addition to your daily Job Hazard Analysis ( JHA) and 
Energized Work Permit (EWP) and to be used in conjunction with them. It 

is not easy and requires experienced, 
trained personnel.

The calculator was developed to 
address the needs found in industrial 
facilities, specifically the petrochemical 
industry. In these types of industries, 
the transformer and switchgear feed-
ing the electrical equipment is large 
and usually easy to identify. The trans-
former nameplate frequently can be 
read to find its impedance. Since there 
are many motors, it is common to have 
a large motor current contribution to 
any short-circuit fault conditions.

The math used to determine the 
fault current at the secondary of trans-
formers under these conditions is basic 
algebra, and the principles are easy to 
understand. Why perform this task 
which is time consuming and difficult 
to remember, when an inexpensive 
slide rule can do it for you quickly and 
accurately? (See figure 1)

The transformer primary current is 
considered to be an infinite bus, which 
it usually is not, but this will give a 
conservative short-circuit current. 
As you probably know, finding the 
maximum fault current is only part of 
the process, and it is the easy part at 
this point. If only life could always be 
this simple. 

Turn the slide rule over and let the 
real work start. (See figure 2.) The 
next step is to determine how long 
this fault is going to continue. How 
reliable are the original devices and 
what is their condition? When will the 
upstream protective device open? Parts 
of 70E suggest two clearing times to 

Figure 1 (front side of calculator)

INSTRUCTIONS: 
1. FIND THE TRANSFORMER kVA RATING ON THE “TRANSFORMER kVA” LINE.
2. SLIDE THE SLIDER UNTIL THE TRANSFORMER LINE-TO-LINE VOLTAGE CORRESPONDS TO THE TRANS-

FORMER kVA.
3. SLIDE THE CLEAR SLIDER LINE OVER THE TRANSFORMER (IMPEDANCE LINE) AT THE PERCENT OF MO-

TOR LOADING ON THE TRANSFORMER.
4. READ THE TRANSFORMER SHORT-CIRCUIT CURRENT ON THE SHORT-CIRCUIT CURRENT SCALE.
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Figure 2 (back side of calculator with sections left blank)

SLIDE CHART NOTES:
•	 The purpose of this slide chart is to aid in the assessment of risk before doing any work.  It is also intended to demonstrate how important it is to correctly establish the true operating 

time of the protective device that you are betting your life on.
•	 To aid in correctly determining the clearing time of the protective device, you must consider the equipment’s condition, age, maintenance history, and environment.
•	 You should not rely on the up stream device operating fast enough to provide back up protection because the arc impedance may reduce the fault current to a value that is too low to 

cause the upstream device to operate.
•	 Do not blindly trust labels.  Do a quick system assessment to attempt to validate the information on the label.
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Level

8,000 2.2 2.1 0 46 13.3 N/A
12,000 3.1 2.8 0 67 16.6 N/A
16,000 4 3.4 1 87 19.6 N/A
20,000 5 3.9 1 107 22.2 N/A
24,000 5.9 4.3 1 127 26.6 N/A
28,000 6.7 4.7 1 146 26.8 N/A
32,000 7.6 5.1 1 165 28.9 N/A
36,000 8.5 5.5 2 184 31 N/A
40,000 9.4 71 2 202 32.8 N/A
44,000 11 5.5 2 215 34.6 N/A
48,000 12 5.5 2 233 36.4 N/A
52,000 13 6.1 2 250 38 N/A

*Disclaimer: This slide chart is not intended to replace training on the selection and use of proper electrical PPE or risk assessment. This slide chart provides only approximate short circuit 
current values and arc flash energy. It does not replace rigorous engineering. Use this information at your own risk.

© 2008 Tony Demaria Electric

work with 0.1 second (6 cycles), or 2 seconds (120 cycles). 
The 0.1 second time is based on instantaneous overcurrent 
relays and the clearing time of a five cycle circuit breaker. 
The 2 seconds is more arbitrary and is usually a very long 
time for a fault to continue. Even though by the end of 2 
seconds most systems exhaust themselves or blow clear, 
there are well documented cases of arcs being sustained 
for minutes or longer. In these cases the arc-flash level is 
frequently low, and it would be unusual for someone not to 
remove themselves from the arc-flash within two seconds. 
However, there may be situations where a person can not 
leave the arc-flash area quickly. So beware!

This topic of clearing time could fill volumes, let alone 
articles, but you must start somewhere. Therefore, 0.1 second 
and 2 seconds will be used for the following calculations. 

Due to differences in clearing time, we understand there 
can be a large variation in incident energy as expressed in 
calories/cm2 and, therefore, the flash-protection boundary. 
This presents a dilemma for the knowledgeable technician. 
There have been some excellent papers delivered at the 
recent IEEE Electrical Safety Workshops (ESW) and the 
NETA PowerTest & Safety Conferences regarding the 

importance of the maintenance and testing of relays and 
circuit breakers. Many facilities are realizing that mainte-
nance not only gives enhanced reliability but has a strong 
safety component.

Prior to the introduction of this calculator there were 
probably 100+ ways to assist in figuring arc-flash protection. 
Some of them are the tables and labels of 70E, IEEE 1584, 
E-Tap, SKM, COOPER Busman, etc. Now, there are 101+ 
ways. So what does this mean to you?

Here are some approximations, questions, and specula-
tions. Probably less than one percent of the switchgear in 
the developed world has arc-flash labels. In the next 10 
years maybe 10 percent will have labels. After those 10 
years, how accurate will those labels be? Will the fuse be 
the same size or will the circuit breaker have the same set-
ting? Has the circuit breaker received any maintenance or 
lubrication? Will the motors be on the same circuits? Who 
performed the calculations for the label? Where did they 
get the short-circuit information, and who decided exactly 
where to stick that label? It is going to be an interesting 
development, and most of what we know about arc-flash 
protection will probably change. 



www.netaworld.org  Winter 2008-2009 NETA WORLD �

This is not an article against labeling. Organizations 
and companies providing this valuable service are to be ap-
plauded for their difficult and expensive work. The labeling 
information provided could save your life. 

The point being made is that your life is depending on 
the accuracy of data and guess work. You are the person who 
makes the final decision on how you use that information. 
One of the advantages of having the ability to perform part 
of the calculations in the field gives you the option to just 
say no. The hazard may be too great.

If you decide to proceed with the work, will it be en-
ergized or de-energized? Most of the technicians reading 
this article perform very little energized work compared to 
just a few years ago. The main electrical hazard most of us 
are exposed to today is the process of de-energizing and 
re-energizing. Here is a simplified list of the hazards to 
assess and mitigate;
1. If energized, what voltage rated precautions and PPE are 

needed?
2. If switching is required, can I remote switch, remote rack, 

use longer hot sticks or a rope?
3. If grounding is required, where do I need to apply grounds 

and how is it accomplished?
These questions are partly answered by sound engineer-

ing calculations and by experienced, trained people making 
judgment calls. This brings us to the final decision on our 
calculator. What PPE will I wear and what will be my body 
position in relation to the work? In some cases of low inci-
dent energy and minor hazards, the process and decisions 
may be short and simple.

When there are higher fault currents and longer times, it 
may be beneficial to use a risk matrix to arrive at your conclu-
sions. The matrix may be a mental process or a very formal 
written procedure. Using a risk matrix has been discussed 
in recent NETA articles and at the 2008 PowerTest and 
Safety Conference. This topic, “how to arrive at a quantifi-
able arc-flash hazard and how to protect myself from that 
energy,” will be discussed on Wednesday morning, March 
11, 2009 , at a seminar titled Arc-Flash Calculations Simpli-
fied. Every seminar participant will receive a complimentary 
completed calculator.

See you in San Antonio at the PowerTest 2009  
Conference.  

Tony Demaria worked for the Los Angeles Department of Water 
and Power in substation maintenance prior to starting his own company. 
He has owned and operated Tony Demaria Electric for over 25 years, 
specializing in maintenance and testing of switchgear and large motors 
for industrial facilities. Tony Demaria Electric is a NETA Accredited 
Company, and Tony serves as Chair of the NETA Safety Committee.


