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This is an unproven compilation of technical materials that has been assembled by the developers for the benefit of training others
about electrical safety, including electrical arc-flash hazards. It is being presented to illustrate the critical nature of electrical safety
practices. While not the only method(s) or answer(s), or perhaps not even the best method(s) or answer(s), in the opinion of the
developers/presenters the content is an accurate, acceptable, and positive way to present the subject material. The National Fire
Protection Association’s NFPA 70E, Standard for Electrical Safety in the Workplace, introduces safe work practices to mitigate the
hazards identified by this work. By creating awareness of the potential hazards and describing workable solutions by which the
hazards can be controlled, minimized or eliminated, it is hoped that injury will be reduced and lives will be saved.

Use of the information contained in the Safety BASICs™ program material is at your own risk.

Those seeking permission to reproduce portions of this document must contact Cooper Bussmann, Inc. for
appropriate license.
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l. Introduction

An increasing number of organizations are actively
promoting electrical safety for employees. The National
Fire Protection Association's NFPA 70E, Standard for
Electrical Safety in the Workplace, an American
National Standard, is updated on a three-year cycle.
The Institute of Electrical and Electronics Engineers
(IEEE) publishes the Yellow Book, the IEEE Guide

for Maintenance, Operation, and Safety of Industrial
and Commercial Power Systems, and IEEE 1584™,
the “IEEE Guide for Performing Arc-flash Hazard
Calculations.” Cooper Bussmann makes available an
“Arc-flash Calculator Guide,” see Annex G and an arc-
flash calculator on its website (www.bussmann.com).
The University of Chicago Trauma Center has a unit
that specializes in electrical burns and related injuries.
Its interests are not only on improving treatment meth-
ods but also in providing insight into electrical injuries
and awareness of how to avoid electrical hazards.
Major manufacturers and entire industries are seeing
benefits of becoming more involved in promoting
employee safety awareness programs.

The purpose of this Safety BASICs™ handbook is to
do the following:

* Increase awareness of safety issues for individuals
who work on or near electrical equipment as well
as system operators and equipment
designers/specifiers.

« Provide safety principles to be used for protecting
individuals from potential injuries and even death
caused by electrical hazards.

* Provide some means to perform flash hazard
analysis.

« Provide some design, system upgrades and work
practice suggestions that enhance electrical safety
in the workplace.

This material is designed to provide the reader with
an overview of hazards associated with exposure to
electrical energy. It highlights standards and standard
organizations, and offers guidance on safety proce-
dures and a number of key principles that can help to
minimize exposure to electrical hazards. Knowing how
to minimize the exposure to electrical hazards or
reducing the hazard itself can help to reduce future
injuries and even deaths.

The Safety BASICs program is for the supervisor,
managetr, electrician, engineer, and the designer/spec-
ifier of equipment used in the electrical system. The
IEEE makes it very clear that, “Engineers engaged

in the design and operation of electrical systems
protection should familiarize themselves with the

most recent OSHA regulations and all other applicable
regulations related to human safety.” To the IEEE,
providing adequate safety means going beyond the
minimum requirements of consensus standards.

Perhaps a statement in the IEEE “Buff Book” says it
best: “ Safety has priority over service continuity,
equipment damage or economics.”

[l. Consensus Standards

Consensus standards are seen as generally accepted
engineering practices and can be used for litigation
purposes when entered as evidence in a legal pro-
ceeding. In case of an incident where litigation is
involved, the design and safety practices used are
compared with these standards. In some cases, this
type of enforcement is more critical than if the govern-
ment were the enforcing agent.

In the United States, consensus standards are
normally written by volunteers and published by stan-
dards-developing organizations (SDOs). The content
of consensus standards is the result of work done by
a blue-ribbon panel of experts and defines the indus-
try’s best generally available knowledge. Consensus
standards fall into several different classes. Some
consensus standards are product oriented; others
define testing requirements, cover installation or
design issues, or are people oriented. Many become
legally mandated by governmental organizations.

Whether a national consensus standard is mandated
and enforced by governmental action or not, the judi-
cial system tends to use these standards as generally
recognized and accepted engineering practices for
litigation purposes. To understand the significance of
this point, consider the text used in the OSH Act: “the
(Labor) Secretary shall...by rule promulgate as an
occupational safety or health standard any national
consensus standard....” The legal profession uses
relevant national consensus standards in court cases,
where the standard is entered into evidence.

Each SDO and standard has a principle objective.

To correctly apply any individual consensus standard,
both the SDO objective and the standard objective
should be clearly understood. The standard then
should be applied with this understanding in mind.
For instance, the National Fire Protection Association
(NFPA) is primarily concerned with fire protection and
personal safety. Therefore, NFPA standards should be
embraced when these objectives are considered
important. Some NFPA standards are product ori-
ented; others are installation oriented. These stan-
dards should be applied as discussed in the scope
of the document.

The NFPA publishes two critical standards. One is
NFPA 70, otherwise known as the National
Electrical Code® (NEC®), and the other is
the Standard for Electrical Safety in the
Workplace (NFPA 70E). The NFPA has
many other standards, but these are two of
the most important electrical standards.
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The premier standards publishing organization in the
U.S. is the American National Standards Institute
(ANSI). ANSI is authorized by the U.S. government as
the organization with the authority to identify American
National Standards (ANS). No standard is written by
ANSI; instead, ANSI identifies requirements for both
the SDO and the standard. Among these is a require-
ment that each standard be produced by people
knowledgeable in the area being addressed. Each
ANSI standard, then, is ensured to have had broad,
knowledgeable input as well as a “consensus” by the
community covered by the standard.

Most consensus standards define minimum require-
ments necessary to accomplish the prime objective
under normal operating or functioning conditions. Of
course, in most cases, a standard tends to define
some protective measures. However, defined protec-
tive measures are intended to protect the equipment
from destruction in case of a failure. Generally, con-
sideration for the “people factor” is missing from the
standards puzzle, even though actions of people
account for more than 75 percent of all incidents that
result in injury.

A. Types of standards

At this point in time, more than 22,000 national
consensus standards exist in the U.S. Standards
developing organizations (SDOs) that address electri-
cal safety include the:

< American National Standards Institute (ANSI)
« National Fire Protection Association (NFPA)

« Institute of Electrical and Electronic Engineers
(IEEE)

« Underwriters Laboratories (UL)

¢ U.S. Occupational Safety and Health
Administration (OSHA)

« National Electrical Contractors Association (NECA)

* National Electrical Manufacturers Association
(NEMA)

Note that these SDOs mostly are based in the U.S.
and primarily have a U.S. focus.

Each of these SDOs writes and publishes standards
that address various electrical safety issues. As stated
earlier, some standards are intended for adoption by
governmental organizations. However, national SDO-
developed consensus standards not adopted by gov-
ernmental organizations can still be used in a court

of law.
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B. NFPA 70 (the National Electrical
Code® — NEC?)

NFPA 70 commonly is called the National Electrical
Code, or the NEC. The NEC is currently adopted by
more than 1,800 different governmental organizations
in the U.S. and by several Latin American countries.
These organizations include city, county, or state gov-
ernments. Some adopt the NEC as it is published by
NFPA; others add or subtract requirements.

The NEC is the document related to installation of
“premises” wiring. Premises wiring involves interior
and exterior wiring, including power, lighting, control
and signal circuits, along with all associated hardware.
This wiring extends from the service point from the
utility or separately derived system to the outlet(s).

The focus of the NEC is to identify requirements used
to control the probability of electrical fires and provide
safe installation when the system or equipment is
operating normally. By itself, the NEC is a standard
with advisory information offered for use in law and for
regulatory purposes. The NEC is reviewed and
revised on a three-year cycle.

Keep in mind, however, that the NEC is offered as a
“minimum” standard and, therefore, its requirements
sometimes must be exceeded to meet functional
necessities, sound engineering judgment, and
improved safety.

C. OSHA standards

The U.S. Occupational Safety and Health
Administration was authorized by the Williams-Steiger
act of 1970. The OSHA Act passed both Houses of
Congress. Signed into public law, it became known as
“The Act.” The Act provides for several very important
elements:

* Establishes OSHA as an arm of the U.S.
Department of Labor

» Mandates that an employer provide a safe work-
place for employees

* Defines national consensus standards as the
starting point for a safe workplace

* Provides for an inspection and enforcement
process

* Provides for a due process

* Provides for specific standards related to personal
safety requirements

* Provides for public input to the process

OSHA standards are published in the U.S. Federal
Register and made available to the general public
online at www.osha.gov and in hard copy from the
U.S. Government Printing Office.




The U.S. Department of Labor has written the OSHA
regulations under Title 29 of the Code of Federal
Regulations (CFR), establishing them as requirements
for electrical installations and electrically safe prac-
tices. In the Standard 29 CFR, Part 1910 covers
general industry, while Part 1926 covers the construc-
tion industry (see Table 1I(C)). Each Part is subdivided
into Subparts. Each Subpart is further subdivided

into Paragraphs.

Table II(C). OSHA Standards for Electrical Work

OSHA

Standard Title Addresses

1910.7 Nationally Recognized NRTLs
Testing Laboratories

1910.137 Electrical Personal Voltage-rated
Protective Equipment protective products

1910.147 Control of Hazardous Lockout/tagout

1910.333(b)(2) |Energy

1910.269 Power Generation, Overhead and
Transmission and underground
Distribution distribution

1910.300-399 |Electrical Safety General industry
Requirements

1926.400-449 |Electrical Safety Construction
Requirements

General industry tasks (for electrical energy) are
covered in 29 CFR 1910.7, 1910.137, 1910.147,
1910.269, and 1910.300-399. Construction tasks are
located in section 1926.400-449. OSHA standards
(rules) and requirements also contain definitions.
These definitions generally are related to tasks rather
than employers or even industries. Employers should
therefore pay close attention to the type of tasks being
performed.

It is important to note that OSHA law enforcement
includes fines. While many fines may be small, it is
not unusual for fines of up to $70,000 to be assessed
per instance, per exposed employee. OSHA fines
easily can escalate to more than a million dollars. In
addition to fines, OSHA violations can result in crimi-
nal indictment. It is also becoming more common for
an employer to be held personally accountable. In
some situations, the employer, or even the plant man-
ager, can be held criminally liable and sent to jail.

D. NFPA 70E

NFPA 70E is the Standard for Electrical Safety
Requirements in the Workplace. This standard
focuses on protecting people and identifies require-
ments that are considered necessary to provide a
workplace that is generally free from electrical haz-
ards. NFPA 70E is intended to address conditions that
exist, or might exist, and abnormal conditions where
people can become involved.

NFPA 70E suggests the following:

« Electrical hazards include shock, arc-flash, and
arc-blast.

» The best way to avoid injury or incident is to
establish an electrically safe work condition before
beginning the work.

 Procedures and training are extremely important if
injury is to be avoided.

When OSHA's electrical standards were first devel-
oped, they were based on the National Electrical
Code. As OSHA focused more on all aspects of
electrical safety, OSHA recognized the need for a
consensus document of electrical safety requirements
to protect individuals working on, or near, electrical
equipment.

The first edition of NFPA 70E was published in 1979.
Although NFPA 70E may not yet have the same
extensive recognition as the NEC, it provides the
latest thinking on the subject of electrical safety,
particularly in the area of safe work practices. Many
parts of the current OSHA regulations 29 CFR 1910
Subpart S were derived from NFPA 70E.

NFPA 70E identifies the requirements for enhanced
personal safety. It is growing in recognition as an
extremely important national consensus standard
that defines the requirements for an overall electrical
safety program. It is being adopted widely by organi-
zations across the U.S. National consensus stan-
dards, like NFPA 70E, may be entered into
evidence in a court of law.

E. OSHA and NFPA 70E

For electrical safety in the workplace, some people
describe the relationship between the OSHA regula-
tions and NFPA 70E as OSHA is the “shall” and
NFPA 70E is the “how.” OSHA regulations, which
are Federal law and shall be followed, are often
written in performance-oriented language (does not
state how to comply). NFPA 70E is recognized as
the tool that illustrates how an employer might
accomplish the objective defined by the OSHA
performance-oriented language.

For electrical citations, OSHA commonly uses the
general duty clause and then as an alternative
(means to comply) OSHA uses NFPA 70E.

General Duty Clause: Section 5(a)(1) of the
Occupational Safety and Health Act requires an
employer to furnish to its employees: “employment and
a place of employment which are free from recognized
hazards that are causing or are likely to cause death or
serious physical harm to his employees ...”
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The following is an excerpt from an OSHA Letter of
Interpretation dated July 25, 2003 signed by Russell
B. Swanson, Director, Directorate of Construction:

Industry Consensus Standard NFPA 70E

With respect to the General Duty Clause, industry
consensus standards may be evidence that a hazard is
“recognized” and that there is a feasible means of
correcting such a hazard. ...

Industry consensus standards, such as NFPA 70E, can be
used by employers as guides to making the assessments
and equipment selections required by the standard.
Similarly, in OSHA enforcement actions, they can be used
as evidence of whether the employer acted reasonably.

The following is another excerpt from the OSHA Letter
of Interpretation dated July 25, 2003 signed by
Russell B. Swanson, Director, Directorate of
Construction:

Question (2): | note that OSHA has not incorporated the
personal protective equipment portions of NFPA 70E by
reference in §1910.132 (personal protective equipment,
general requirements) or §1910.335 (safeguards for per-
sonal protection). Does an employer have an obligation
under the General Duty Clause to ensure that its own
employees comply with personal protective equipment
requirements in NFPA 70E?

Answer (partially reprinted)

These provisions are written in general terms, requiring,
for example, that personal protective equipment be
provided “where necessary by reason of hazards...”
(81910.132(a)), and requiring the employer to select
equipment “that will protect the affected employee from
the hazards....” (81910.132(d)(1)). Also, §1910.132(c)
requires the equipment to “be of safe design and con-
struction for the work performed.”

Similarly, §1910.335 contains requirements such as
the provision and use of electrical protective equipment
that is appropriate for the specific parts of the body to
be protected and the work to be performed
(81910.335(a)(i)).

Industry consensus standards, such as NFPA 70E,
can be used by employers as guides to making the
assessments and equipment selections required by
the standard. Similarly, in OSHA enforcement actions,
they can be used as evidence of whether the employer
acted reasonably.

Another approach by OSHA is to investigate whether
electrical work meets 1910.333(a)(1) which requires
workers not to work on or near exposed live parts
except for two demonstrable reasons (see Section IX
(A) in this book). If the work can be justified for a worker
to work on or near while energized, then OSHA will use
NFPA 70E as an alternative or means to comply. That is
OSHA uses NFPA 70E as the “how.”

As an example of progressive safety initia-
tives, the National Electrical Contractors
Association (NECA) Central Ohio Chapter
in partnership with the International

10

Brotherhood of Electrical Workers (IBEW) Locals 683
and 1105 and with OSHA Region V Columbus Area
Office have an agreement to work as partners to
achieve improvements in electrical worker safety. As
part of the agreement there is a standard checklist
that must be used when working energized circuits;
this is based on NFPA 70E.

In 2000, a major industrial was cited by OSHA for
alleged serious and repeated safety violations includ-
ing “failing to de-energize live electrical parts before
working on or near them,” “failing to require employ-
ees to wear protective clothing, gloves, and face
protection when working on or near electrical parts,”
and “failing to certify that a hazard assessment had
been conducted.” In the settlement between the
company and OSHA, it was agreed the company
develop hazard analyses in accordance with specific
NFPA 70E requirements.

F. Other standards and resources

The National Electrical Safety Code (NESC) is an ANSI
standard that is written and published by the IEEE. This
standard is intended to identify requirements that apply
to outdoor electrical transmission, distribution, and com-
munication systems, equipment, and associated work
practices, as opposed to premises wiring, which is
addressed in the NEC. The NESC is the base standard
that provided the starting point for OSHA when 29 CFR
1910.269 was being written.

NFPA 70B, Recommended Practices for Electrical
Equipment Maintenance, is a document whose
purpose is to reduce hazards to life and property
that can result from failure or malfunction of industrial
and commercial electrical systems and equipment.
Along with its maintenance guidance, it also
addresses electrical safety.

The National Electrical Manufacturers Association
(NEMA) has many standards on electrical products
and systems. NEMA standards often have served as
a basis for Underwriter Laboratories® (UL) safety stan-
dards. Both NEMA and UL standards are designed as
consensus standards and are considered as minimal
requirements.

The Color Book Series by the Institute of Electrical
and Electronic Engineers (IEEE) provides recom-
mended practices and guidelines that go beyond the
minimum requirements of the NEC, NEMA, and UL
standards. When designing electrical power systems
for industrial and commercial facilities, consideration
should be given to the design and safety requirements
of the IEEE color books listed in Annex D.

The need for unified international standards was
identified many years ago. The U.S. standards system
is essentially voluntary. In some parts of the world,
governments essentially mandate adherence to the




standards system that is in place. The International
Electrotechnical Commission (IEC) standards are an
attempt within international communities to reach a
consensus on standard requirements. Significant
progress is being achieved with this objective. Many
of the European governments have mandated stan-
dards systems. The European Union (EU) encourages
further consensus among affected nations.

In many instances, protection schemes embraced in
the IEC differ from those in the U.S. For example, in
the U.S., nationally recognized testing laboratories
are used to perform standardized “third party” product
testing. Products meeting the testing standard are
marked, identifying the testing laboratory. Many prod-
ucts meeting international safety requirements for
installation in Europe require certification to testing
standards and must bear a CE mark. The CE mark
applies to certain “directives” within European Union
countries. The intent is to provide a “safe” product that
is acceptable to all of the EU countries.

With regard to personnel safety, the IEC standards
address protection from electrical shock more directly
than U.S. standards. For instance, IEC standards
generally recognize that degrees of exposure vary.
This idea will be discussed further in the section on
IP finger-safe ratings.

[ll. Establishing an Electrical
Safety Program

Reducing and even eliminating exposure to electrical
hazards requires continuous attention. An overall elec-
trical safety program must be implemented that
emphasizes specific areas of concern. The program
must be well thought out. People who are well versed
in safety standards and procedures must write the
program. Program authors should include safety pro-
fessionals, technical professionals, and practitioners.
And the program must be published and readily avail-
able to all employees. The following are three good
reasons for practicing electrical safety:

* Personal reasons, which affect us as caring indi-
viduals and employers

 Business reasons, because safety makes good
business sense

* Regulatory and legal reasons, because violations
can result in fines and/or imprisonment

An essential element in an effective electrical safety
program is training. From both a legal and effective
point of view, training records are important. Training
should be based on the program and procedures in
place within an organization. The training should focus
first on increasing knowledge and understanding of
electrical hazards and second on how to avoid expo-
sure to these hazards. As a person completes a spe-
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cific segment of training, a record should be estab-
lished and maintained.

An electrical safety program should accomplish the
following objectives:

» Make personnel aware of the rules, responsibili-
ties, and procedures for working safely in an
electrical environment.

» Demonstrate the employer’s intention to comply
fully with federal law.

» Document general requirements and guidelines to
provide workplace facilities free from unauthorized
exposure to electrical hazards.

» Document general requirements and guidelines
to direct the activities of personnel, who could be
either deliberately or accidentally exposed to
electrical hazards.

» Encourage and make it easier for each employee
to be responsible for his or her own electrical
safety self-discipline.

IV. Electrical Safety Program

An electrical safety program is vital in establishing an
electrically safe work place and is required:

NFPA 70E 110.7 Electrical Safety Program.

(A) General. The employer shall implement an overall
electrical safety program that directs activity appropriate
for the voltage, energy level, and circuit conditions.

FPN: Safety-related work practices are just one compo-
nent of an overall electrical safety program.

To reduce electrical hazards, each hazard must be
addressed, as the work is being assigned and planned.
An overview of electrical safety requirements can be
found in OSHA 29 CFR 1910.331—1910.335, “Safety-
Related Work Practices.” These requirements contain
information on qualified vs. unqualified persons, training
requirements, work practice selection, use of electrical
equipment, and safeguards for personnel protection. In
addition, NFPA 70E addresses all the key aspects of
electrical safety and electrical safe work practices. If
these requirements are followed completely, injuries
and deaths can be prevented.

A. Electrical safety program principles

The following principles, when implemented, can help
ensure safer work places:

1. Identify and minimize the hazards in electrical
systems. For new systems, designers
should address minimizing hazards in
the electrical system design stage. For
existing systems, implement upgrades
or retrofits that reduce the hazards.
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Plan every job. Most incidents occur when some-
thing unexpected happens. Take time to prepare a
plan that considers all possible eventualities.
Before you start the job, think about each step
and try to visualize the potential for a hazard. If
needed, conduct a flash hazard and shock hazard
analysis; NFPA 70E 110.8(B)(1)(a) & (b) have
requirements for these analyses.

If possible, put circuit or equipment in an elec-
trically safe work condition. An electrically safe
work condition is an important principle. If the
industry only worked on equipment or circuits that
are in an electrically safe work condition, there
would be far fewer injuries and deaths of an elec-
trical origin. For more on electrically safe work
condition, refer to Electrical Incident and Hazard
Prevention Section.

Anticipate unexpected results. When thinking
about a job, break each task into small steps.
Understand that plans can change, so be ready to
modify the plan if necessary. Make sure that
everyone involved in the job is working according
to the same plan. Whenever work is required near
an electrical hazard, a written plan is needed to
outline the scope of the job.

Identify and minimize the hazards for each job.
After your work plan is complete, review each
step. Consider that the equipment might be per-
fectly safe under normal conditions and very
unsafe when systems are not working properly.
Also consider potential hazards that might be
unrelated to electrical energy. If it is impossible to
establish an electrically safe work condition, be
sure to shut down every possible energy source.
Understand that sometimes a de-energized circuit
can become re-energized, and do something to
lessen the risk.

Assess a worker’s abilities. Make sure that any
person assigned to tasks associated with electri-
cal energy is qualified and trained for the job at
hand. He or she must be able to identify electrical
hazards, avoid exposure to those hazards, and
understand the potential results of all action taken.
Don't forget to include yourself in this analysis.
And don't forget to establish and maintain training
records.

Use the right tool for the job. Use the appropri-

ate tools for the job at hand, keeping them acces-

sible and in good working condition. Using a

screwdriver for a job that requires a fuse puller is

an invitation to an incident. Unless the component

is listed for the purpose, fuses must never be
installed or removed when the circuit is
energized.
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10.

11.

12.

B.

Isolate the equipment. The best way to avoid an
incident is to reduce exposure to hazards. Keep
doors closed. Keep barricades in place. Install
temporary voltage-rated blankets covering
exposed live parts.

Protect the person. Use appropriate PPE for the
job. This equipment might include safety glasses or
face shield, head protection, voltage-rated gloves,
safety belts and harness, or flame-resistant clothing.

Inspect/evaluate the electrical equipment. Be
sure the equipment is suitable for its use, where it
is applied, and in good working condition.

Maintain the electrical equipment’s insulation
and enclosure integrity. As an example, if
repairs or changes must be made, use compo-
nents meeting the original specifications.

Audit these principles. A principle is something
you believe in enough to be willing to do. Are you
willing to take the steps necessary to avoid injury?
Review these principles often. Add to them when
necessary.

Electrical safety program controls

Controls can ensure the electrical safety program
is implemented properly. Some controls include the
following:

1.

Implement an Energized Work Permit procedure
and culture.

All conductors or equipment are considered
energized until verified otherwise.

No “bare-hand” work on exposed conductors or
circuits above 50V to ground that have not been
placed in an electrically safe work condition,
unless the “bare-hand” method is necessary and
properly used.

The tasks while de-energizing and putting a
conductor or circuit in an electrically safe
work condition are in themselves hazardous.
Take proper precautions and wear the appropriate
PPE while putting circuits in an electrically safe
work condition.

Responsibilities: employers develop programs
and training, and the employees apply them.

Use procedures as tools. Procedures are the
best way to help you prepare, execute, and com-
plete the job. Like any tools, make sure your pro-
cedures are maintained.

Train employees to qualify them for working in
an environment influenced by the presence of
electrical energy.

Hazard determination: use a logical approach to
determine the potential hazards associated with
doing tasks.

Precautions: identify and use precautions appro-
priate to the working environment.




C. Electrical safety program procedures

All electrical work should be planned before the work
begins, and the work should be done to approved
procedures that comply with safe work practices. For
non-hazardous electrical work, the plan is typically
unwritten. Jobs that are done repeatedly should have
a written procedure, which is followed each time the
work is performed. Written or not, all plans must con-
sider all hazards and guard against them. A qualified
person who understands the work to be done and
hazards involved as well as is familiar with the equip-
ment being worked on, should prepare written proce-
dures. Written procedures must include a step-by-step
outline of the work to be performed and a single-line
diagram or other appropriate drawings that can be
used to discuss the job. Procedures for work per-
formed should be reviewed with the appropriate
individuals responsible.

Procedures typically come in two varieties: those writ-
ten specifically to plan a particular job or more general
procedures that include a checklist or a simple verbal

plan. Procedures can include:

 Purpose of task
* Number of workers and their qualifications
« Hazardous nature and extent of task

» Shock approach boundaries and flash protection
boundaries

» Safe work practices to be utilized
 Personal protective equipment required

* Insulating materials and tools required
 Special precautionary techniques

* Electrical diagrams and one-line diagrams
» Equipment details

» Sketches of unique features

* Reference data

D. Hazard risk evaluation

Every electrical safety program must include a proce-
dure for analyzing the risks and hazards associated
with each job. This analysis must include an evalua-
tion of hazards, work procedures, special precautions,
energy source controls, and PPE requirements. If the
work tasks include working on or near exposed elec-
trical parts that have not been put in an electrically
safe work condition, then 70E-110.8(B)(1) requires an
electrical hazard analysis. This includes a shock haz-
ard analysis and flash hazard analysis. If necessary,
these analyses will determine the appropriate shock
approach boundaries, flash protection boundaries,
personal protective equipment, and tools required for
specific tasks. The analyses should be documented
and retained.
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The hazard/risk analysis can only be performed after
the task planning process is complete. In concept,
each step of a task should be analyzed in accordance
with a defined protocol. Each step of the protocol
should take a step closer to understanding if a risk is
associated with the task. In performing a hazard/risk
analysis, analyzing the exposure to electrical hazards
must be the main focus.

Identifying the necessary PPE is also important to
protect the person should there be an accidental
release of energy. For instance, the first step should
be to determine if the equipment or service must
remain energized while the task is executed. When
the questions are answered, the task is defined in
terms of the amount of voltage and energy available
in the system while the work is executed.

Note: The preferred work practice is to establish an
electrically safe work condition prior to execut-
ing the task. PPE is necessary until the electri-
cally safe work condition is established.

NFPA 70E has a sample risk/hazard analysis flow dia-
gram in Annex G.

E. Job briefing

NFPA 70E 110.7(G) requires that prior to the start of
a job the involved workers shall be briefed on such
topics as hazards associated with the job, work proce-
dures, special precautions, energy source controls,
and PPE required. If the day’s work is repetitive or
similar, a job briefing shall be conducted prior to the
first job of the day. Contractors typically do a tailgate
briefing at the beginning of the day. During the course
of the day’s work, if there are significant changes,
additional briefing(s) shall be conducted. If the work
is routine, then the briefing can be short. A more in-
depth briefing is required if the work is complicated,
hazardous, or the workers cannot be expected to rec-
ognize the hazards involved. See NFPA 70E Annex |,
Job Briefing and Planning Checklist.

F. Incident and injury prevention

The following actions should be undertaken in every
electrical safety program:

» Review programs for the inspection and/or repair
of portable electrical equipment for completeness
and effectiveness.

» Review policies concerning work permits on ener-
gized circuits with a goal of reducing the frequency
of such work.

» Emphasize electrical worker training in
the following areas:

— Lockout/tagout practices
— Use of protective equipment
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— Use of insulated tools

— Minimum approach distances
— Meter selection/testing/use

— Electrical rescue/CPR

« Include a pre-task review of the following for
supervision of selected electrical work:

— Goals of the task
— Task methodology (energized vs. lockout/tagout)

— Qualifications of assigned personnel — proper
instrumentation/tools

— Adequate protective equipment and usage
— Methods of preventing a fall should a shock occur

« Perform an inventory of energized electrical
circuits with a goal of disconnecting unused
circuits from the source and removing the wiring.

Employees must be provided training that includes
information about electrical risks, such as inadequate
grounding, reverse polarity, and probable electric
shock-producing equipment, including extension
cords, plugs, and portable power tools. The dangers
of energized and unattended appliances should be
stressed in this training as well as the theory behind
lockout and tagout procedures. Employees working
with electricity must also be informed on how to rec-
ognize electric shock victims, safe methods of rescue,
and cardiopulmonary resuscitation.

G. Designing an electrical system for safety

It is advisable that the electrical safety program
includes a process to consider improvements to exist-
ing electrical systems and better designs for worker
safety for new systems. There are numerous electrical
system and equipment design considerations that can
improve safety for workers. Some ideas for system
design and system upgrades are presented in
Suggestions for Limiting the Arc-flash and Shock
Hazards, Section X.

V. Electrical Hazards

Electricity has become such an integral part of our
society that it often is taken for granted. Yet, electricity
remains a very dangerous hazard for people working on
or near it. Many electrical circuits do not directly pose
serious shock or burn hazards by themselves. However,
many of these circulits are found adjacent to circuits with
potentially lethal levels of energy. Even a minor shock
can cause a worker to rebound into a lethal circuit or
cause the worker to drop a tool into the circuit.
Involuntary reaction to a shock might also
‘N~ result in bruises, bone fractures, and even
death from collisions or falls.

The following are recognized as common
electrical hazards that can cause injury, and
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even death, while a person works on or near electrical
equipment and systems:

« Electrical shock

« Electrical burns from contact (current) and flash
(radiant)

« Arc-blast impact from expanding air and vaporized
materials

In the next several sections, electrical shock, arc-
flash, and arc-blast will be discussed in more depth.
In addition, a section on the term “electrically safe
work condition” explains the steps necessary to
achieve this condition. NFPA 70E 110.8(B)(1)

requires an electrical hazard analysis if workers will
be exposed to electrical parts that have not been
placed in an electrically safe work condition. This shall
include a Shock Hazard Analysis and Flash Hazard
Analysis, which will also be covered in other sections.

OSHA 1910 Subpart S - 1910.333(a)

Safety-related work practices shall be employed

to prevent electric shock or other injuries resulting from
either direct or indirect electrical contacts, when work is
performed near or on equipment or circuits which are or
may be energized. The specific safety-related work prac-
tices shall be consistent with the nature and extent of
the associated electrical hazards...

A. Electrical shock

More than 30,000 non-fatal electrical shock incidents
are estimated to occur each year. The National Safety
Council estimates that from 600 to 1,000 people die
every year from electrocution. Of those killed with
voltages less than 600V, nearly half were working on
exposed energized circuits at the time the fatal injury
occurred. Electrocution continues to rank as the fourth
highest cause of industrial fatalities (behind traffic,
violence/homicide, and construction incidents).

Most personnel are aware of the danger of electrical
shock, even electrocution. It is the one electrical hazard
around which most electrical safety standards have
been built. However, few really understand just how little
current is required to cause injury, even death. Actually,
the current drawn by a 73W, 120V lamp, passing across
the chest, from hand-to-hand or hand-to-foot,

is enough to cause fatal electrocution.

The effects of electric current on the human body
depend on the following:

» Circuit characteristics (current, resistance,
frequency, and voltage)

» Contact resistance and internal resistance of the body

* The current’'s pathway through the body, determined
by contact location and internal body chemistry

» Duration of the contact

» Environmental conditions that affect the body’s
contact resistance




To understand the currents possible in the human body,
it is important to understand the contact resistance of
skin (see Table V(A)(1)). The skin’s resistance can
change as a function of the moisture present in its exter-
nal and internal layers, with changes due to such factors
as ambient temperatures, humidity, fright, and anxiety.

Table V(A)(1). Human Resistance Values for Skin-
Contact Conditions*

Resistance (ohms)

Condition Dry Wet

Finger touch 40,000 to 1,000 4,000 to 15,000
Hand holding wire 15,000 to 50,000 3,000 to 6,000
Finger-thumb grasp 10,000 to 30,000 2,000 to 5,000

Hand holding pliers

5,000 to 10,000

1,000 to 3,000

Palm touch 3,000 to 8,000 1,000 to 2,000
Hand around 1,000 to 3,000 500 to 1,500
1% inch pipe

Two hands around 500 to 1,500 250 to 750
1% inch pipe

Hand immersed 200 to 500
Foot immersed 100 to 300
Human body, internal, 200 to 1,000

excluding skin

*This table was compiled from data developed by Kouwenhoven and Milnor.

Body tissue, vital organs, blood vessels and nerve
(non-fat) tissue in the human body contain water and
electrolytes, and are highly conductive with limited
resistance to alternating electrical current. As the resist-
ance of the skin is broken down by electrical current,
resistance drops and current levels increase.

The human body could be considered as a resistor with
hand-to-hand resistance (R) of only 1,000 Ohms. The
voltage (V) determines the amount of current passing
through the body.

While 1,000 Ohms might appear to be low, even lower
levels can be approached by a person with sweat-
soaked cloth gloves on both hands and a full-hand
grasp of a large, energized conductor and a grounded
pipe or conduit. Moreover, cuts, abrasions or blisters on
hands can negate skin resistance, leaving only internal
body resistance to oppose current flow. A circuit in the
range of 50V could be dangerous in this instance.

Ohm’s Law: | (amps) =V (volts) / R (ohms)
Example 1: 1 = 480 / 1000 = 480mA (or 0.480A)

Product standards consider 4 to 6mA to be the safe
upper limit for children and adults (hence the reason a
5-milliamp-rated GFCI circuit).

Note: GFCls do not protect against a line-to-neutral or a
line-to-line shock.

Electrical currents can cause muscles to lock up, result-
ing in an inability of a person to release his or her grip
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from the current source. This is known as the “let-go”
threshold current. This current level varies with the
frequency (see Table V(A)(2)). DC currents usually
cause a single twitch and are considered less danger-
ous at lower voltage levels. Alternating currents in the
frequency range of skeletal muscles (40 to 150Hz) are
more serious (e.g., 60Hz).

At 60Hz, most females have a “let-go” limit of about

6 milliamperes (mA), with an average of 10.5mA. Most
males have a “let-go” limit above 9mA, with an average
of 15.5mA. (These limits are based on smaller average
size of females. Therefore, a small man could have a
lower limit, or a larger woman a higher limit.)

Sensitivity, and potential injury, also increase with time.
A victim who cannot “let go” of a current source is much
more likely to be electrocuted than someone whose
reaction removes them from the circuit more quickly.
The victim who is exposed for only a fraction of a sec-
ond is less likely to sustain an injury.

The most damaging path for electrical current is through
the chest cavity (see A and D in Figure V(A)) and head.
In short, any prolonged exposure to 60Hz current of
10mA or more might be fatal. Fatal ventricular fibrillation
of the heart (stopping of rhythmic pumping action) can
be initiated by a current flow of as little as several mil-
liamps. These injuries can cause fatalities resulting from
either direct paralysis of the respiratory system, failure
of the rhythmic heart pumping action, or immediate
heart stoppage.

Table V(A)(2). The Effects of Electrical Current
on the Body*

Effects Current (mA)

Direct Current Alternating Current

60Hz 10Hz

Men |Women | Men | Women | Men | Women

Slight sensation| 1 0.6 0.4 0.3 7.0 5.0

on hand

Median
perception
threshold

62| 35 1.1 0.7 12.0 8.0

Shock-not 1.2
painful; without
loss of muscular

control

90| 6.0 1.8 17.0] 11.0

Painful shock- [62.0 | 41.0 9.0 6.0 55.0 | 37.0

threshold for
muscular
control loss

Painful shock- [76.0 | 51.0 16.0 | 105 75.0 | 50

median “let-go”
threshold

Painful and 90.0| 60.0 23.0 | 15.0 94.0
severe shock-
breathing
difficult; loss of
muscular

control

* Modified from Deleterious Effects of Electric Shock by
Charles F. Dalziel.
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During fibrillation, the victim might become uncon-
scious. On the other hand, he or she might be con-
scious, deny needing help, walk a few feet, and then
collapse. Death could occur within a few minutes or
take hours. Prompt medical attention is needed for
anyone receiving electrical shock. Many of these peo-
ple can be saved, provided they receive proper med-
ical treatment, including cardiopulmonary resuscitation

(CPR) quickly.
}

(B) Step
Potential

Source,

(A) Touch
Potential

(C and D) Touch/Step
Potential

Figure V(A). Current Pathways through the Body

Table V(A)(3). Effects of Electrical Shock (60Hz AC)

Response* 60hz, AC Current
Tingling sensation 0.5t0 3mA
Muscle contraction and pain 3to 10mA
“Let-go” threshold 10 to 40mA
Respiratory paralysis 30 to 75mA
Heart fibrillation; might clamp tight 100 to 200mA
Tissue and organs burn More than 1,500mA

* The degree of injury also depends on the duration and frequency
of the current.

Think of electrical shock injuries as “icebergs,” where
most of the injury is unseen, below the surface.
Entrance and exit wounds are usually coagulated
areas and might have some charring, or these areas
might be missing, having “exploded” away from the
body due to the level of energy present. The smaller
the area of contact, the greater the heat produced.
For a given current, damage in the limbs might be the
greatest, due to the higher current flux per unit of
cross-sectional area.

Within the body, the current can burn internal body
parts in its path. This type of injury might be difficult to
diagnose, as the only initial signs of injury are the
entry and exit wounds. Damage to the internal tissues,
while not apparent immediately, might cause delayed
internal tissue swelling and irritation. Prompt medical
attention can minimize possible loss of blood circula-
tion and the potential for amputation of the affected
extremity, and can prevent death.

All electrocutions are preventable. A sig-
nificant part of the OSHA standard is dedi-
cated to electrical safety. It would be an
oversimplification to state that everyone
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should comply with the standards. However, OSHA
standard compliance is considered a minimum
requirement and seen as a very good place to start
for improving the safety of the workplace.

Any time an electrocution occurs, potential for both a
civil lawsuit and an OSHA citation exists. It is always a
good proactive measure to review internal safety pro-
cedures when investigating industrial incidents. The
investigator must make sure that he or she has an
accurate set of facts to work with. Incidents are
always costly, and most can be avoided.

Several standards offer guidance regarding safe
approach distances to minimize the possibility of
shock from exposed electrical conductors of different
voltage levels. The most recent, and probably the
most authoritative guidance, is presented in NFPA
70E. Safe approach distances to exposed energized
electrical conductors are discussed in Section 1X(D) of
this handbook.

B. Arcing faults: arc-flash and arc-blast

1. Arc fault basics

Following is a graphical model of an arcing fault and
the physical consequences that can occur. The unique
aspect of an arcing fault is that the fault current flows
through the air between conductors or a conductor(s)
and a grounded part. The arc has an associated arc
voltage because there is arc impedance. The product
of the fault current and arc voltage in a concentrated
area, results in tremendous energy being released in
several forms.

The resulting energies can be in the form of radiant
heat, intense light, and tremendous pressures. Intense
radiant heat from the arcing source travels at the
speed of light. The temperature of the arc terminals
can reach approximately 35,000°F, or about four times
as hot as the surface of the sun. No material on earth
can withstand this temperature. The high arc tempera-
ture changes the state of conductors from solid to hot
molten metal and to vapor. The immediate vaporiza-
tion of the conductors is an explosive change in state
from solid to vapor. Copper vapor expands to 67,000
times the volume of solid copper. Because of the
expansive vaporization of conductive metal, a line-to-
line or line-to-ground arcing fault can escalate into a
three-phase arcing fault in less than a thousandth of
a second.

The extremely high release of thermal energy super-
heats the immediate surrounding air. The air also
expands in an explosive manner. The rapid vaporiza-
tion of conductors and superheating of air result in
high pressure waves and a conductive plasma cloud,
that if large enough, can engulf a person. The thermal
shock and pressures can violently destroy circuit com-




ponents. The pressure waves hurl the destroyed, frag-
mented components like shrapnel at high velocity;
shrapnel fragments can be expelled in excess of 700
miles-per-hour. Molten metal droplets at high tempera-
tures typically are blown out from the event due to the
pressure waves.

Electrical Arc
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Testing has proven that the arcing fault current magni-
tude and time duration are the most critical variables
in determining the energy released. It is important to
note that the predictability of arc-faults and the energy
released by an arc-fault is subject to significant vari-
ance. Some of the variables that affect the outcome
include: available bolted short-circuit current, the time
the fault is permitted to flow (speed of the overcurrent
protective device), arc gap spacing, size of the enclo-
sure or no enclosure, power factor of fault, system
voltage, whether the arcing fault can sustain itself,
type of system grounding scheme, and distance the
worker’s body parts are from the arc. Typically, engi-
neering data that the industry provides concerning
arcing faults is based on specific values of these
variables. For instance, for 600V and less systems,
much of the data has been gathered from testing on
systems with an arc gap spacing of 1.25 inches and
incident energy determined at 18 inches from the
point of the arc-fault.

2. Arc-flash and arc-blast

As previously discussed an arcing fault releases
thermal energies and pressure. The effects of arcing
faults can be broadly categorized as arc-flash and
arc-blast. The arc-flash is associated with the release
of tremendous thermal energies and the arc-blast is
associated with the release of tremendous pressure.
The industry is devising ways to quantify the risks
associated with arc-flash hazards. However, there is
little or no information on arc-blast hazard risk assess-
ment or on protecting workers due to the arc-blast
hazard. Neither NFPA 70E nor the current edition of
IEEE 1584 Guide For Performing Arc-flash Hazard
Calculations, account for the pressure and shrapnel
that can result due to an arcing fault.
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3. How arc-faults can affect humans

Nearly everyone is aware that an electrical shock is a
hazard that can ultimately lead to death. In fact, while
many people have experienced minor shocks, few
have realized any real consequences, making them
somewhat complacent. In contrast, few people are
aware of the extreme nature of electrical arc-faults;
the potential of severe burns associated from arc-flash
and the potential injuries due to high pressures from
arc-blast. But this is starting to change, people are
learning that the effects of an arcing fault can be dev-
astating to humans.

In recent years, awareness of arc-flash hazards has
been increasing. Recent studies of reported electrical
injuries have indicated that as many as 80 percent of
documented injury cases were burns resulting from
exposure to electrical arcs. In addition, each year more
than 2,000 people are admitted to burn centers in the
U.S. with severe electrical burns. Electrical burns are
considered extremely hazardous for a number of rea-
sons. One important reason is that contact with the cir-
Cuit is not necessary to incur a serious, even deadly,
burn. Serious or fatal burns can occur at distances of
more than 10 feet from the source of a flash.

Since burns are such a prevalent consequence of
electrical incidents, the three basic types are men-
tioned below. These can be due to contact (shock
hazard) or arc-flash.

* Electrical burns due to current flow — tissue
damage (whether skin deep or deeper) occurs
because the body is unable to dissipate the heat
from the current flow through the body. The dam-
age to a person'’s tissue can be internal and ini-
tially not obvious from external examination.
Typically, electrical burns are slow to heal and
frequently result in amputation.

e Arc burns by radiant heat — caused by electrical
arcs. Temperatures generated by electric arcs can
burn flesh and ignite clothing at distances of
10 feet or more.

e Thermal contact burns — normally experienced
from skin contact with the hot surfaces of over-
heated electric conductors or a person’s clothing
apparel that ignites due to an arc-flash.

The human body survives in a relatively narrow
temperature range around 97.7°F. Studies show that
when the skin temperature is as low as 110°F, the
body’s temperature equilibrium begins to break down
in about 6 hours. At 158°F, only one second duration
is sufficient to cause total cell destruction. Human skin
at temperatures of 205°F for more than
one-tenth of one second can cause incur-
able, third-degree burns (see Table V(B)).
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Table V(B). Skin Temperature Tolerance Relationship

Skin
Temperature Duration Damage Caused

110°F 6.0 hours Cell breakdown begins

158°F 1.0 second Total cell destruction

176°F 0.1 second Curable
(second-degree) burn

205°F 0.1 second Incurable

(third-degree) burn

For evaluating burns, protective proprieties of per-
sonal protection equipment, and the thermal energy
resulting from an arc-flash, the industry has pro-
gressed to utilizing calories/centimeters? (cal/cm?) as
a unit of measure. For instance, the incident energy
is a measure of thermal energy at a specific distance
from an arc-fault; the unit of measure is typically in
cal/cm?. Another example where cal/cm? is used as a
measure is for various types of PPE with distinct lev-
els of thermal protection capabilities rated in cal/cm?.

1.2 cal/cm?is considered the threshold for a
curable (second-degree) burn.

Note: medical treatment may still be required if
bare skin is exposed to this level of flash —
full recovery would be expected.

In addition to burn injuries, victims of arcing faults

can experience damage to their sight, hearing, lungs,
skeletal system, respiratory system, muscular system,
and nervous system. The speed of an arcing fault event
can be so rapid that the human system can not react
quickly enough for a worker to take corrective meas-
ures. The radiant thermal waves, the high pressure
waves, the spewing of hot molten metal, the intense
light, the hurling shrapnel, and the hot, conductive
plasma cloud can be devastating in a small fraction of a
second. The intense thermal energy released can cause
severe burns or ignite flammable clothing. Molten metal
blown out can burn skin or ignite flammable clothing.
Failure to remove or extinguish burning clothing quickly
enough can cause serious burns over much of the body.
A person can gasp and inhale hot air and vaporized
metal sustaining severe injury to their respiratory sys-
tem. The tremendous pressure blast from the vaporiza-
tion of conducting materials and superheating of air can
fracture ribs, collapse lungs and knock workers off lad-
ders or blow them across a room.

What is difficult for people to comprehend is that the
time in which the arcing fault event runs its course may
only be a small fraction of a second. In a matter of
only a thousandth of a second or so, a single phase
arcing fault can escalate to a three phase arcing fault.
Tremendous energies can be released in a few hun-
dredths of a second. Humans can not
detect, much less comprehend and react
~N~ to events in these time frames.

There is a greater respect for arcing fault

and shock hazards on medium and high
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voltage systems. However, injury reports show serious
accidents are occurring at an alarming rate on systems
of 600V or less (notably 480V systems and to a lesser
degree 208V systems), in part because of the high fault
currents that are possible. But also, designers, manage-
ment and workers mistakenly tend not to take the nec-
essary precautions that they take when designing or
working on medium and high voltage systems.

VI. The Role of Overcurrent
Protective Devices In
Electrical Safety

If an arcing fault occurs while a worker is in close
proximity, the survivability of the worker is mostly
dependent upon (1) the characteristics of the overcur-
rent protective devices, (2) the arc-fault current, and
(3) precautions the worker has taken prior to the
event, such as wearing personal protective equipment
appropriate for the hazard. The selection and perform-
ance of overcurrent protective devices play a signifi-
cant role in electrical safety. Extensive tests and
analysis by industry have shown that the energy
released during an arcing fault is related to two
characteristics of the overcurrent protective device
protecting the affected circuit:

1. The time it takes the overcurrent protective
device to open. The faster the fault is cleared by
the overcurrent protective device, the lower the
energy released.

. The amount of fault current the overcurrent pro-
tective device lets through. Current-limiting over-
current protective devices may reduce the current
let-through (when the fault current is within the
current-limiting range of the overcurrent protec-
tive device) and can reduce the energy released.

Lowering the energy released is better for both worker
safety and equipment protection. The photos and
recording sensor readings from actual arcing fault
tests (next page) illustrate this point very well. An ad
hoc electrical safety working group within the IEEE
Petroleum and Chemical Industry Committee con-
ducted these tests to investigate arc-fault hazards.
These tests and others are detailed in “Staged Tests
Increase Awareness of Arc-Fault Hazards in Electrical
Equipment,” IEEE Petroleum and Chemical Industry
Conference Record, September 1997, pp. 313-322.
This paper can be found at www.bussmann.com
under Services/Safety BASICs. One finding of this
IEEE paper is that current-limiting overcurrent protec-
tive devices reduce damage and arc-fault energy
(provided the fault current is within the current-limiting
range). To better assess the benefit of limiting the cur-
rent of an arcing fault, it is important to note some key
thresholds of injury for humans. Results of these tests
were recorded by sensors on mannequins and can be
compared to these parameters:




Thresholds for injury to humans
« Just Curable Burn Threshold: 80°C / 176°F (0.1 sec)
« Incurable Burn Threshold: 96°C / 205°F (0.1 sec)
» Eardrum Rupture Threshold: 720 Ibs/ft?
* Lung Damage Threshold: 1728 - 2160 Ibs/ft2

* OSHA Required Ear Protection Threshold: 85db
(for sustained time period)*

*An increase of 3db is equivalent to doubling the sound level.

Staged arc-flash tests

Test 4, Test 3 and Test 1: General All three of these
tests were conducted on the same electrical circuit
set-up with an available bolted three-phase, short-
circuit current of 22,600 symmetrical rms amps at
480V. In each case, an arcing fault was initiated in a
Size 1 combination motor controller enclosure with
the door open, as if an electrician were working on
the unit while energized or before it was placed in an
electrically safe work condition. Test 4 and Test 3 were
identical except for the overcurrent protective device
protecting the circuit. In Test 4, a 640A circuit breaker
with a short-time delay is protecting the circuit; the cir-
cuit was cleared in 6 cycles. In Test 3, KRP-C-601SP,
601A, current-limiting fuses (Class L) are protecting
the circuit; they opened the fault current in less than %
cycle and limited the current. The arcing fault was ini-
tiated on the line side of the motor branch circuit
device in both Test 4 and Test 3. This means the fault
is on the feeder circuit but within the controller enclo-
sure. In Test 1, the arcing fault is initiated on the load
side of the branch circuit overcurrent protective
devices, which are LPS-RK 30SP, 30A, current-limit-
ing fuses (Class RK1). These fuses limited this fault
current to a much lower amount and clear the circuit
in approximately  cycle or less.

A couple of conclusions can be drawn from this testing:

1. Arcing faults can release tremendous amounts of
energy in many forms in a very short period of
time. All the measured values can be compared to
key thresholds of injury for humans given in a pre-
vious paragraph. Test 4 was protected by a 640A,
non-current-limiting device that opened in 6 cycles
or 7 second (0.1 second).

2. The overcurrent protective devices’ characteristic
can have a significant impact on the outcome. A
601A current-limiting overcurrent protective
device, protects the circuit in Test 3. The current
that flowed was reduced (limited), and the clearing
time was 3 cycle or less. This was a significant
reduction compared to Test 4. Compare the Test 3
measured values to the key thresholds of injury
for humans and the Test 4 results. The measured
results of Test 1 are significantly less than those in
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Test 4 and even those in Test 3. The reason is
that Test 1 utilized a much smaller (30A), current-
limiting device. Test 3 and Test 1 both show that
there are benefits of using current-limiting over-
current protective devices. Test 1 just proves the
point that the greater the current-limitation, the
more the arcing fault energy may be reduced.
Both Test 3 and Test 1 utilized very current-limiting
fuses, but the lower amps-rated fuses limit the
current more than the larger amps rated fuses. It
is important to note that the fault current must be
in the current-limiting range of the overcurrent pro-
tective device to receive the benefit of the lower
current let-through. See the diagram that depicts
the oscillographs of Test 4, Test 3 and Test 1.

Current-Limitation: Arc-Energy Reduction

Test 4

Non-Current Limiting

Test 3 i % Reduced Fault Current Test 1
' / via Current-Limitation _

The cotton shirt reduced the thermal energy expo-
sure on the chest (T3 measured temperature
under the cotton shirt). This illustrates the benefit
of workers wearing protective garments.

Bussmann




Following are the results recorded from the various sensors on the mannequin closest to the arcing fault. T1 and T2 recorded the temperature on
the bare hand and neck respectively. The hand with T1 sensor was very close to the arcing fault. T3 recorded the temperature on the chest under
the cotton shirt. P1 recorded the pressure on the chest. And the sound level was measured at the ear. Some results “pegged the meter.” That is,
the specific measurements were unable to be recorded in some cases because the actual level exceeded the range of the sensor/recorder set-
ting. These values are shown as >, which indicates that the actual value exceeded the value given but it is unknown how high of a level the actual

value attained.

IEB

Results: Test No.4

g, >225°C |

7L 437 °F

50°C /122 °F
> Indicates Meter Pegged

Photos and results Test 4: Staged test protected by circuit breaker with short-time delay (not a current-limiting overcurrent protective device).
Short-time delay intentionally delayed opening for six cycles (0.1 second). Note: Unexpectedly, there was an additional fault in the wireway
and the blast caused the cover to hit the mannequin in the head.

Results: Test No.3

g >175°C/
347 °F

{No Change
from ambient)

> Indicates Meter Pegged

Photos and results Test 3: Staged test protected by KRP-C-601SP LOW-PEAKe current-limiting fuses (Class L). These fuses were in their cur-
rent-limiting range and cleared in less than a 3 cycle (0.0083 seconds).

Results: Test No.1

(No Change
from ambient)
[No Change
from amblent)

(No Change
from ambient)
(No Change
%8 from ambient)

{No Change
| from ambient)

> Indicates Meter Pegged

Photos and results Test 1: Staged test protected by LPS-RK-30SP, LOW-PEAKe current-limiting fuses (Class RK1). These fuses were in
current-limiting range and cleared in approximately 4 cycle (0.004 seconds).
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VII. Attending to Electrical Incident
Victims

A. Preparedness

Site personnel should be trained in CPR and first-aid
techniques to prepare for possible electrical incidents.
CPR training and periodic retraining of site personnel
must be carefully planned and documented.

First-aid supplies approved by the consulting physi-
cian should be easily accessible when required. The
first-aid kit should consist of materials approved by
the consulting physician, in a weatherproof container
with individually sealed packages for each type of
item. The contents of the first-aid kit should be
checked weekly to ensure that all supplies are
present and in good order.

Plans must be in place for transporting incident vic-
tims to a physician or hospital. Recovery of electrical
incident victims can be greatly enhanced if they are
quickly transported to a burn center or other medical
facility that specializes in electrical trauma. Employers
should evaluate medical facilities in their area and
determine in advance where such victims should be
taken and how they will be transported. Emergency
telephone numbers and specific instructions should
be conspicuously posted. All employees should be
thoroughly familiar with the procedures.

Locations of eyewash stations and safety showers
must be posted so that they are easily found to cool
and flush the burn victim after an incident.

B. Effects of electrical incidents

Electrical incidents and the complexities of the trauma
they cause to the human body historically have been
surrounded by mystery and lack of understanding. As
more knowledge is gained about electrical trauma,
strategies for effectively handling the emergency and
ways to improve hospital treatment of victims become
more apparent. In addition, research suggests ways in
which workplace supervisors and responders can help
an incident victim’s caregivers provide appropriate
medical attention.

In the case of an electrical incident, the extent of
injury to the victim often is not immediately apparent.
Some symptoms might be masked by the more read-
ily apparent thermal effects of the injury (burns).
Caregivers must be aware of additional possible
biological effects of electric shock.

In an arc-flash or arc-blast energy incident, the
victim’s skin, ears, eyes, lungs, internal organs, and
nervous, muscular, and skeletal systems can be
affected not only by the direct effects of electrical
current, but also by the following:
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» Radiant heat from an electrical arc that produces
extremely high temperatures

« Disturbance of the heart’s electrical conduction,
causing changes in the heart rhythm or possible
cardiac arrest

* Barotrauma from the acoustic and vibratory forces
around arc-blast

* Inhaled or deposited vapors released through an
arc explosion

Incident victims also are subject to the following types
of injury related to contact with electricity:

 Low-voltage contact wounds

* High-voltage contact wounds of entry and exit of
electrical current

e Burns

* Respiratory difficulties (The tongue might swell
and obstruct the airway, or vaporized metal or
heated air might have been inhaled.)

* Infectious complications

* Injury to bone through falls, heat necrosis (death
of tissue), and muscle contraction (Shoulder joint
injuries and fracture of bones in the neck are com-
mon injuries caused by muscle contraction.)

* Injury to the heart, such as ventricular fibrillation,
cardiac arrest, or stoppage

* Internal organ injuries
* Neurological (nerve) injury

* Injury to the eyes (Cataracts from electrical injury
have been reported up to three years after an
incident.)

C. Enhancement of chances for recovery

In most electrical incidents, the inability to diagnose
the extent of injury at the time of admission to the
hospital can delay the patient’s treatment. Recovery
can be enhanced by more detailed information about
the incident, including the system voltage, amount of
available current, length of contact with current, and
possibility of arc-flash. Recovery can be maximized by
transporting the victim as quickly as possible to a burn
center or other facility that specializes in treatment of
electrical trauma.

Procedures

In response to an electrical incident, the following
procedures should be followed immediately:

* Remove the immediate hazard; turn off the power.
If you are a witness to an electrical inci-
dent, exercise great caution that you
do not sustain injury as well. Always
assume that the source of electricity is
still energized unless you or another
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qualified person determines that the power has
been turned off. Unless you are using insulated
equipment (e.g., voltage-rated gloves, hot sticks,
or a rubber blanket) to dislodge a victim, you
must delay the rescue effort until the circuit can
be interrupted.

Note: Sites must establish a training policy and plan
to cover electrical rescue methods, approved
rescue devices, and CPR training.

« Realize that speed is essential. The victim’s poten-
tial for injury increases with contact time. The
resistance of the body is mostly in the skin. If the
skin breaks down electrically, only the low internal
body resistance remains to impede current.

Call for help. Delegate someone else to get help,
if possible. Make sure that an ambulance or emer-
gency medical service is on the way.

Begin CPR. If the victim’s pulse or breathing has
stopped, cardiopulmonary resuscitation (CPR) is
essential to avoid brain damage, which usually
begins in four to six minutes. If CPR is needed,
make sure assistance is on the way but do not
wait for help to arrive.

Make sure you and the victim are in a safe zone
(not in contact with any electrical source and out
of reach of any downed or broken wires). If the
person is unconscious, begin the CPR sequence.

Apply first aid to the victim.

— If the person’s clothing is on fire, remind him/her
to drop and roll, or tackle him/her, if necessary,
to smother the flames.

— Cool the burn with water or saline for a few min-
utes or until the skin returns to normal tempera-
ture. (For flash-burn victims, safety showers
might be the best method, due to the possibility
of wide-spread surface burns on the body.) Do
not attempt to remove clothing that is stuck to a
burn.

— Remove constricting items such as shoes, belts,
jewelry, and tight collars from the victim.

— Elevate burned limbs to reduce swelling.

— Handle the victim with care, being aware that he
or she might have broken bones or spinal
injuries.

— Treat for shock: maintain body temperature, do
not give anything by mouth. Administer high
concentrations of oxygen, if available.

— Keep the victim warm and as comfortable as
possible while awaiting transport to the medical
facility. Cover him or her with clean, dry
sheets or blankets. Cover burn wound(s)
with sterile dressings or clean sheets.
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Additional Information

After the victim’s immediate needs are met, note as
many details of the incident as possible. The details
can help an incident victim’s caregivers provide appro-
priate medical attention.

It is especially important that hospital personnel know
the cause of the victim’s injuries. They need to know if
the victim had contact with electricity or if arc-flash
caused the injuries.

While the victim of electrical contact might suffer some
surface burns where the current entered the body, he
or she often suffers additional, less visible (internal)
damage because of the path of the current through
the body.

The flash burn victim is more likely to have greater
evident burn damage on the surface of the body, due
to the extremely high temperatures from arc-flash. He
or she is likely to suffer first, second, and third-degree
burns, especially on the face, wrists, ears, back of the
head, neck, and ankles. Any skin surface that is not
covered adequately by protective clothing or equip-
ment is at risk.

In addition to burns to the skin, the flash burn victim
also might have inhaled metal vapor (such as copper)
into the lungs or suffered adverse effects (such as
damage to the eardrum) due to the pressure wave
caused by arc-blast.

Advance Help for Incident Victims

Each site should prepare a checklist in advance that
will provide detailed information about an incident (see
the sample checklist in the Annex A). This list should
be a part of a site’s emergency response plan for
electrical injuries. This checklist should be readily
available on site, and its existence should be commu-
nicated to all employees. A completed copy should
accompany the victim to the hospital or treatment
center, if at all possible.

The information can help to ensure the best possible
evaluation and treatment by initial medical caregivers.

VIIl. Who Is Responsible for Safety?

In most instances, three distinctly different entities are
associated with a project or site: the employer, the
employee, and the owner. When discussing responsi-
bility, it is important to understand the existence of
these different roles.

» The employer can be thought of in terms of a
person who represents the company. The
employer, then, can be the owner of the company
or any member of the line management of the
organization.




» On the other hand, the employee is the electrician
or other worker. A first or second line supervisor,
then, has two roles. He or she might be a repre-
sentative of the company, operating as an
employer, in addition to being an employee.

* The term owner has still a different twist. Rather
than a person, the owner is the entity that owns
the equipment or facility. The owner has a role
and responsibility that is somewhat different from
either employer or employee.

In The Act, OSHA is chartered to establish require-
ments for employers. It has no jurisdiction to assign
responsibilities to employees. Therefore, meeting
requirements defined by OSHA is the responsibility
of the employer (management of the company). It is
the employer who must:

« provide for a safe workplace
« establish and implement a safety program

« establish an enforcement policy to ensure that
employees follow established practices

In the case where a contractor is performing work on
a site or facility owned by someone else, some inher-
ent responsibilities must be assumed by the owner.
Perhaps the most important of those responsibilities is
to make sure that the contractor is fully apprised of all
hazards existing that might impact the work.

National consensus standards are not similarly con-
strained. As a result, NFPA 70E also assigns respon-
sibility. Responsibility assigned to the employer is the
same as in 29 CFR 1910, Subpart S. The employer’s
responsibilities include the development and imple-
mentation of an electrical safety program, and the
development of safety procedures and guidelines

for an employee safety training program on proper
implementation of those procedures.

NFPA 70E suggests that employees are responsible
for implementing the program and procedures pro-
vided by the employer. The standard goes on to
suggest that although responsibility of employer and
employee are distinct and clear, the most effective
process is to establish a close working relationship
between employer and employee in which each has
value for the other as they work together.

IX. Electrical Incident and Hazard
Prevention

A. Not working on or near

According to OSHA 1910.333(a)(1) and NFPA 70E
130.1, workers shall not work on or near exposed live
parts except for two demonstrable reasons:

1. De-energizing introduces additional or
increased hazards (such as cutting ventilation
to a hazardous location) or
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2. Infeasible due to equipment design or operational
limitations (such as when performing diagnostics
and testing for startup or troubleshooting and this

work can only be done when circuits are energized).

So, for circumstances other than the two exceptions, the
circuits/equipment shall be put in an electrically safe
work condition prior to commencing electrical work.

B. Electrically safe work condition

An electrically safe work condition is a concept first
introduced in NFPA 70E. This term is now defined in
NFPA 70E Definitions and the steps to put a circuit
in an electrically safe work condition are detailed in
70E-120.1.

The concept embraces several ideas and suggests
that six different steps must be taken before an
electrical circuit is safe to approach or touch without
PPE. Electricians and other workers tend to believe
that a circuit is safe to approach or touch if it is
de-energized. The fact that injuries continue rather
frequently, based upon this belief, proves that addi-
tional steps are needed.

Some people also believe that if a lock and tag are
placed on a labeled disconnecting means, the equip-
ment is safe to work on. However, other issues must
be considered. For example, labels can be marked
incorrectly, equipment can be supplied from more
than one source, or a temporary conductor could
have been installed. It also is feasible that an
unrelated energized circuit conductor could

contact the conductor leading to the work area.

In other instances, workers outside the area or com-
plicated systems can affect the work area. Often it is
assumed that if the contact point is tested for absence
of voltage, the point is safe for executing the task. But
this only proves that no voltage is present at the time
of the voltage test. Voltage could be absent due to a
process interlock being open, or a second source of
energy could simply be turned off for the moment.
Avoiding incidents and injury requires training,
planning, and preparation.

NFPA 70E 120.1 requires a process of six discrete and
independent steps be executed prior to declaring the
existence of an electrically safe work condition. Only
after the following steps have been executed can work
begin without possible exposure to an electrical hazard.

1. Determine all possible sources of energy. Review
all reliable and up-to-date drawings, documentation,
and identification tags and labels. Drawings must
include all energy sources, including
temporary and back up power sources.
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After properly interrupting the load, open all dis-
connecting devices for the circuit. At this point,
the equipment or circuit is simply de-energized.

Where possible, visually verify that all disconnect-
ing devices, including drawout circuit breakers,
are open. Also check that all disconnecting
devices meet appropriate codes and standards.

Apply lockout/tagout devices in accordance with
documented and established policy. An estab-
lished policy is an enforced written procedure
made available to all employees.

Use adequately rated voltage testers to verify the
absence of voltage on each point where physical
contact is expected. Employees are required to
use only voltage testing equipment that is rated
by a third party.

Where the possibility of induced voltage or stored
energy exists, ground the phase conductors
before touching them. Where it is reasonable to
expect that the conductors could be re-energized
due to accidental contact with another source of
energy, install grounding devices rated for the
available fault current.

Until these six steps have been adequately executed,
some potential of exposure to an electrical hazard still
exists.

Note: While putting circuits/equipment in an electri-
cally safe work condition, safe work practices
appropriate for the circuit voltage and arc-flash
energy level shall be used, including adequate
personal protective equipment [70E-120.2(A)].
When a disconnect is opened, the circuit may be
de-energized but the circuit is not yet consid-
ered to be in an electrically safe work condition
until all the above steps of 70E-120.1 are suc-
cessfully completed. For instance, voltage test-
ing of each conductor, which is a necessary
step while putting a circuit in an electrically
safe work condition, requires adequate PPE.
Essentially the same requirement is in OSHA
1910.333(b) which considers de-energized cir-
cuits as energized until all the appropriate steps
have been completed successfully.

C. Shock hazard and flash hazard
analysis

If a worker is to work on or near exposed conductors
that will not be in an electrically safe work condition, a
shock hazard analysis and flash hazard analysis are
required.
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NFPA 70E 110.8(B)(1)

(a) Shock Hazard Analysis. A shock hazard analysis
shall determine the voltage to which personnel will be
exposed, boundary requirements, and the personal pro-
tective equipment necessary in order to minimize the
possibility of electrical shock to personnel.

FPN: See 130.2 for the requirements of conducting a
shock hazard analysis.

(b) Flash Hazard analysis. A flash hazard analysis shall
be done in order to protect personnel from the possibility
of being injured by an arc-flash.

The analysis shall determine the Flash Protection
Boundary and the personal protective equipment that
people within the Flash Protection Boundary shall use.

FPN: See 130.3 for the requirements of conducting a
flash hazard analysis.

NFPA 70E has developed requirements to reduce

the risk of injury to workers due to shock and arc-flash
hazards. There are three shock approach boundaries
in NFPA 70E Table 130.2(C) that are required to be
observed. These shock approach boundaries are
dependent upon the system voltage and are
discussed in the next section.

As has been discussed, arc-fault currents can release
tremendous amounts of energy. NFPA 70E requires
that before a worker approaches exposed electric
conductors or circuit parts that have not been placed
in an electrically safe work condition; a flash hazard
analysis must be performed. The flash hazard analy-
sis must determine the flash protection boundary
(FPB) and level of personal protective equipment
(PPE) that the worker must wear. The flash protection
boundary is the distance from the energized parts at
which a worker could sustain a just curable burn (bare
skin) as a result of an arcing fault. A worker entering
the flash protection boundary must be qualified and
must be wearing appropriate PPE. This will be cov-
ered in greater depth in the Flash Hazard Analysis
Section.

The following figure depicts the flash protection
boundary and the three shock approach boundaries
that shall be observed per NFPA 70E. In an actual
situation, before a worker is permitted to approach
equipment with exposed parts that have not been
placed in an electrically safe work condition, these
boundaries must be determined. In addition, the
worker must be wearing the required level of PPE,
which can be determined by shock and flash hazard
analysis. It is important to observe the shock
approach boundaries together with the flash protection
boundary; do not only observe the shock approach
boundaries to the exclusion of the flash protection
boundaries or visa-versa. This figure is an over-simpli-




fication. The NFPA 70E distance for each boundary is
in all directions from the exposed parts, which creates
a protection boundary sphere.

Flash Protection Boundary (FPB)
Must wear appropriate PPE
FPB dependent on fault level and time duration.

Equipment

<] v /)

Shock Approach Boundaries

g Prohibited: Qualified Persons Only. PPE as if direct contact with live part

D Restricted: Qualified Persons Only

m Limited: Qualified or Unqualified Persons*

*Only if accompanied by Qualified Person

Note: shock approach boundaries dependent on system voltage level

D. Approach boundaries for
shock protection

Table 1X(D) (based on Table 130.2(C) in NFPA 70E)
provides approach distances to exposed energized
electrical conductors. The table identifies boundaries
for limited approach, restricted approach, and prohib-
ited approach. The table establishes satisfactory dis-
tances between a qualified or unqualified person and
conductors that have not been placed in an electri-
cally safe work condition.

» The limited approach boundary (columns 2 and
3) is the limit of approach distance for unqualified
persons to a live part. In concept, unqualified peo-
ple are less capable of recognizing a shock and
flash hazard. Therefore, these persons should
remain at a safer distance from open, energized
conductors. When there is a need for an unquali-
fied person to cross the limited approach boundary
to perform a minor task, or look at equipment, a
qualified person shall advise him/her of the possi-
ble hazards and ensure the unqualified person is
safeguarded. Under no circumstances shall an
unqualified person be permitted to cross the
restricted approach boundary.

The exposed movable conductor (column 2) is
intended to mean that either the conductor might
move (as in an overhead line) or the person might
move (as in an articulating support platform). A fixed
circuit part (column 3) refers to a task where the con-
ductor is not expected to move, such as within a unit
substation.

» The restricted approach boundary (column 4)
is the closest distance for an unqualified person.
Under no circumstances shall an unqualified per-
son be permitted to cross the restricted approach
boundary. To cross this boundary, a person must
meet the following criteria:

- Be a qualified person
- Have an approved plan
- Use PPE approved for the conditions

- Position his or her body in a way that
minimizes risk of inadvertent contact

In some instances, work outside the restricted
approach boundary but within the person’s reach may
be classified as restricted work if, in the judgment of
the personnel involved, conductive objects or
ungrounded body parts could make unintentional
contact or cross the prohibited approach boundary.

» The prohibited approach boundary (column 5)
is the minimum approach distance to an exposed
energized conductor or circuit part and is the clos-
est point to prevent flashover. To cross this bound-
ary and enter the prohibited space shall be
considered the same as making contact with
exposed energized conductors or circuit parts.

To cross the prohibited approach boundary, the
qualified person must do the following:

» Have specified training to work on energized
conductors or circuit parts

» Have a documented plan that justifies the need to
work inside the prohibited approach boundary

 Perform a hazard risk analysis

» Have both the documented justification plan and
the hazard risk analysis approved by the site
manager

» Use PPE appropriate for working on exposed
energized conductors or circuit parts and rated for
the voltage and energy level involved
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Table IX(D). Approach Boundaries to Live Parts for Shock Protection [NFPA 70E, Table 130.2(C)]

1 2 3 4 5
Limited Restricted Prohibited
Approach Boundary! Approach Boundary' Approach Boundary!
Nominal Exposed Exposed Includes
Voltage Range Movable Fixed Circuit Inadvertent
Phase-to-Phase Conducter Part Movement Adder
0to 50 Not specified Not specified Not specified Not specified
5110 300 10 ft. 0 in. 3ft.6in. Avoid contact Avoid contact
301 to 750 10 ft. 0 in. 3 ft. 6in. 1ft. 0in. 0 ft. 1in.
7510 15 kV 10 ft. 0in 51t 0in. 2 ft. 2in. 0ft 7in.
15.1 kV to 36 kV 10 ft. 0 in. 6 ft. 0in. 2 ft. 7 in. 0 ft. 10 in.
36.1 kV to 46 kV 10 ft. 0 in. 81t 0in. 2 ft. 9in. 11t.5in.
46.1 kV to 72.5 kV 10 ft. 0 in. 81ft. 0in. 3ft. 3in. 2 ft. 1in.
72.6 kV to 121 kV 10 ft. 8 in. 81t 0in. 3ft. 2in. 2 ft. 8in.
138 kV to 145 kV 11 t. 0in. 10 ft. 0 in. 3ft. 7in. 3ft. 1in.
161 kV to 169 kV 11 t. 8 in. 11 ft. 8 in. 4 ft.0in. 3ft. 6in.
230 kV to 242 kV 13 ft. 0 in. 13 ft. 0 in. 51t 3in. 41t 9in.
345 kV to 362 kV 15 ft. 4 in. 15 ft. 4 in. 8 ft. 6 in. 8 1t. 0in.
500 kV to 550 kV 19 ft. 0 in. 19 ft. 0 in. 11 ft. 3 in. 10 ft. 9 in.
765 kV to 800 kV 23 ft. 9in. 23 ft. 9in. 14 ft. 11 in. 14 ft. 5in.

Notes:

1 See Glossary in section XllI for definition of terms.

All dimensions are distance from live part to worker.

For Sl Units: 1lin = 25.4mm; 1ft = 0.3048m.

For flash protection boundary, see NFPA 70E, 130.3(A)(1).

Column No. 1: The voltage ranges group voltages that require
similar approach distances based on the sum of the electrical with-
stand distance and an inadvertent movement factor. The value of
the upper limit for a range is the maximum voltage for highest nomi-
nal voltage in the range based on ANSI C84.1-1995, Electric Power
systems and equipment—\Voltage Ratings (60Hz). For single-phase
systems, select the range that is equal to the system’s maximum
phase-to-ground voltage times 1.732.

Column No. 2: The distances in this column are based upon
OSHA's rule for unqualified persons to maintain a 10ft (3.05m)
clearance for all voltages up to 50kV (voltage-to-ground), plus
0.4in (102mm) for each 1kV over 50kV.

Column No. 3: The distances are based on the following:

* 750V and lower, use NEC Table 110.26(a) Working
Clearances, Condition 2 for 151-600V range.

 For voltages over 750V, but not over 145kV, use NEC Table
110.34(a) Working Space, Condition 2.

« For over 145kV, use OSHA's 10 foot (3.05m) rules as used in
Column No. 2.

Column No. 4: The distances are based on adding to the flashover
dimensions shown above the following inadvertent movement
distance:

« 300V and less, avoid contact, based upon experience and
precautions for household 120/240 systems.

« Over 300V and not over 750V, add 1 foot O inches inadvertent
movement. These values have been found to be adequate over
years of use in ANSIC2, National Electrical Safety Code, in the
approach distances for communication workers.

¢ Over 72.5kV, add 1 foot 0 inches inadvertent movement.

These distances have been found to be adequate over years of use
in the NESC in the approach distances for supply workers.

Column No. 5: The distances are based on the following:
« 300 and less, avoid contact.

« Over 300 but less that 750V, use clearances from NEC table
230.51(C).

« Between open conductors and surfaces, 600V not exposed to
weather.

« Over 750V but not over 2.0kV, value selected that fits in with
adjacent values.

« Over 2kV but not over 72.5kV, use NEC Table 490.24,
“Minimum Clearance of Live Parts,” outdoor phase-to-ground
values.

¢ Over 72.5kV, add 0 foot 6 inches inadvertent movement.

These values have been found to be adequate over years of use
where a hazard/risk analysis, either formal or informal, has been
performed of a special work procedure that allows closer approach
than that permitted by the restricted approach boundary distance.

Bussmann
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E. Flash hazard analysis

A flash hazard analysis must be performed

before work can be done on or near exposed circuits
that have not been put in an electrically safe work
condition.

NFPA 70E section 110.8(B)(1)(b):

A Flash Hazard Analysis shall be done in order to pro-
tect personnel from the possibility of being injured by

an arc-flash. The analysis shall determine the Flash Pro-
tection Boundary and the personal protective equipment
that people within the Flash Protection Boundary shall
use.

NFPA 70E Flash Protection Boundary definition:

An approach limit at a distance from exposed live parts
within which a person could receive a second-degree
burn if an electrical arc-flash were to occur.

Because workers might need to work on or near
equipment not in an electrically safe work condition,
additional safety measures must be taken. Since elec-
trical arcs can seriously burn workers, NFPA 70E has
adopted procedures to provide safe working distances
from a hazardous arc. Whenever work is to be done
on or near exposed parts not in an electrically safe
work condition within the flash protection boundary
(FPB), the worker(s) must wear the proper PPE for
the potential arc-flash hazard. Note: this includes test-
ing for absence of voltage while putting a circuit in an
electrical safe work condition.

The two variables that have the greatest impact on the
amount of energy released during an arcing fault are
the available bolted fault current, and the time it takes
the overcurrent protective device to clear the fault.
Different types of overcurrent protective devices can
have opening times that vary greatly. Current-limiting
devices will open in less than % cycle in their current-
limiting range, while devices that incorporate a short-
time delay can take up to 30 cycles to open. If not
properly maintained, circuit breakers could have unin-
tentionally longer clearing times, resulting in higher haz-
ard levels (for more information see Section X(M)).

Different methods are available for conducting a flash
hazard analysis for systems 600V or less. No matter
which method of flash hazard analysis is used, certain
information is required for a proper assessment. In
this publication, three methods are discussed for sys-
tems 600V or less:

1. Determine FPB and Hazard Risk
Category/PPE Using Tables in NFPA 70E

2. Calculate FPB and Incident Energy Using
NFPA 70E Formulae

CEP» 3. Determine FPB and Incident Energy Using
IEEE 1584
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Method 1: Determine FPB and Hazard Risk
Category/PPE Using Tables in NFPA 70E
(See Example 1 on page 30)

FPB:

If the overcurrent protective device has a clearing
time of 6 cycles or less and available fault current of
50kA or less (or any combination where the product of
clearing time and available fault current does

not exceed 300KkA cycles or 5000A-seconds)
70E-130.3(A)(1) allows a flash protection boundary

of 4 feet to be used.

There are equations in 70E-130.3(A)(1) that can be
used to calculate the flash protection boundary. These
equations shall be used when the clearing times and
bolted fault currents are greater than 300kA cycles,

or may be used as an alternative to the 4 feet FPB
when under engineering supervision. They are based
upon the work outlined in a technical paper by Ralph H.
Lee, “The Other Electrical Hazard: Electrical Arc-blast
Burns,” in IEEE Transactions on Industrial Applications,
Volume 1A-18. No.3, May/June 1982. Either of the fol-
lowing formulae may be used for this calculation.

Dc = [2.65 x MVA; x t]¥2 (ft)
or
Dc = [53 x MVA x t]*? (ft)
Where:
Dc = flash protection boundary in feet
MVA,; = bolted 3-phase fault MVA at point involved
= 1.73 x voltage L-L x available short-
circuit current x 106
MVA = MVA rating of transformer (For transform-

ers with MVA ratings below 0.75 MVA,
multiply the transformer MVA rating by
1.25)

t = time of arc exposure in seconds

The first formula is more accurate, since it accounts
for conductor impedance in the circuit. Note the two
important circuit variables in each equation are avail-
able short-circuit current and time of arc exposure.
MVA; is the bolted three-phase short-circuit available
expressed in millions of volt-amps. The other critical
variable is time. Energy released in an electrical arc
escalates rapidly. The flash protection boundary there-
fore is dependent on the characteristics of the over-
current protective device. An overcurrent device
should be selected that limits the arc time duration
and, if possible, limits the magnitude of the current.
When the fault current is within the current-limiting
range of current-limiting fuses, the arc-flash hazard is
generally reduced. Current-limiting fuse
equivalent RMS let-through data (where
available) can be used in the flash distance
formula. Where data is unavailable, the full
available short circuit should be used.
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PPE from tables: The flash hazard analysis must
also determine the proper PPE. The PPE can be
selected by using tables in NFPA 70E. It is important
to note that several qualifiers to these tables must be
satisfied to use the tables. The result is that the over-
current protective device opening time, and available
fault current, must be known in order to use the tables
properly. This point is made in the following:

NFPA 70E section 130.7(C)(9)(a):

For tasks not listed, or for power systems with greater
than the assumed short circuit current capacity or with
longer than the assumed fault clearing times, a flash
hazard analysis is required in accordance with 130.3.

70E-Table 130.7(C)(9)(a) Hazard Risk Category
Classifications allows users to determine the hazard
risk category for a specific work task simply by using
this table. The table lists several types of electrical
equipment and specific tasks to be performed. The
user selects the equipment and task that will be
performed and reads across the row to determine

the hazard risk category and also whether voltage-
rated gloves and/or voltage-rated tools are required.
The hazard risk categories are 0, 1, 2, 3, and 4. If the
task to be performed is not listed in the tables, or the
table qualifiers are not met, the PPE shall be selected
by calculating the incident energy (see methods 2 and
3, following).

Once the hazard risk category has been determined,
70E-Table 130.7(C)(10), Protective Clothing and
Personal Protective Equipment (PPE) Matrix, can

be used to select the required PPE. 70E-Table
130.7(C)(11), Protective Clothing Characteristics, is
then used to determine the required minimum arc
rating of the PPE. See Example 1 on page 30.

. Determine
H'?;';rdmg;sk Determine required min-
. required imum arc
Determine Category PPE per rating of
FPB per 3 Per70B- i3 7oc Taple [  PPE per
70E-130.3 Table 130.7 130.7 70E-Table
(A) (©)(9)(a) (C)(10) 130.7 (C)(11)

—N—
Setery BaSiCs

Safety BASICs

Y 2
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Method 2: Calculate FPB and Incident Energy
Using NFPA 70E Formulae
(See Example 2 on page 31.)

FPB: The flash protection boundary is determined
using one of the equations in Method 1 discussed
previously.

PPE from calculations: With this method, the first
step is to determine the thermal energy an arcing fault
would release for the specific circumstances, and then
determine the PPE. A calculation is made to deter-
mine the value for the arc-flash energy release.
Typically, what is calculated is the incident energy,
which is a thermal energy measurement (calories or
joules) over an area (typically centimeter squared) at
a distance the workers head and torso would be from
the arc. Incident energy is measured in cal/cm? or
joules/cm?. The industry has generally accepted 18
inches as a typical working distance for calculating the
incident energy on low voltage systems. However, it
can be calculated at different distances if required.
The equation to calculate the incident energy is found
in NFPA 70E Annex D, D.6.2. The formula is taken
from a paper by R.L. Doughty, T.E. Neal, and H.L.
Floyd Il, “Predicting Incident Energy to Better Manage
the Electric Arc Hazard on 600V Power Distribution
Systems,” Record of Conference Papers, IEEE IAS
45th Annual Petroleum and Chemical Industry
Conference, September 28-30, 1998.

Ews = 1038.7Dg 1478, [0.0093F2 -0.3453F + 5.9675]
Where:
E,s = incident energy, cal/cm?
Dg = distance, inches (for distances = 18 inches)
t, = arc duration, in seconds
F = bolted fault, short-circuit current, kA
(16-50kA)
Note: The formula is applicable for a range of 16kA to

50kA short-circuit current.

Just as with the flash protection boundary equation,
the incident energy is also a function of the available
fault current and the time it takes the overcurrent pro-
tective device to clear the fault. Equivalent RMS let-
through data, (where available) can be used in the
incident energy formula. Where data is unavailable,
the full available short circuit should be used. This
incident energy will determine the required minimum
arc rating of the PPE. The calculated incident energy
then can be used to determine the hazard risk cate-
gory from 70E-Table 130.7(C)(11), and the actual PPE
required is found in 70E-Table 130.7(C)(10).




Determine Determine
Calculate ; .
incident hazard risk required
Calculate energy to category rgg’l'zmué?
FPB per find mini- per 70E- 70E-Tgble
70E-130.3 | mumarc > Igg'? >~ oy
A ratin : :
w ’ ©1) ©(10)

Method 3: Determine FPB and Incident Energy
Using IEEE 1584
(See Example 3 on page 33.)

This is a newer method that is included in NFPA 70E,
Annex D. It is IEEE 1584 Guide for Performing Arc-
flash Hazard Calculations. IEEE 1584 used extensive
testing and analysis to develop new formulae for
doing a flash hazard analysis. IEEE 1584 has several
calculation alternatives.

IEEE 1584 simplified method: IEEE developed formu-
lae to calculate incident energy for current-limiting fuses
and low-voltage circuit breakers. These equations allow
the incident energy to be calculated directly from the
available three-phase bolted fault current on a 480V
system if the type and ampere rating of overcurrent
protective device is known. This simplified method does
not require the availability of time current curves for the
devices. The fuse formulae are based on actual arc-
flash test data using Bussmann® LOW-PEAK® fuses.
The circuit breaker formulae were developed by analyz-
ing typical circuit breaker operation and calculated
arcing currents. Because there are several equations
dependent on the type, and size of the overcurrent
protective device and range of fault currents, the
equations are not reprinted here. These equations

can be found in IEEE 1584 Sections 5.6 and 5.7

and in D.8.6 in NFPA 70E, Annex D.

For convenience, the incident energy and flash pro-
tection boundaries for LOW-PEAK® fuses and circuit
breakers, based on IEEE 1584, have been presented
in an easy-to-use tabular format in Annex G of this
book. This table makes it simple to find the incident
energy and flash protection boundary based on the
available three-phase bolted fault current at 480V and
the type of overcurrent protective device. This infor-
mation is also available using an interactive online
calculator at www.bussmann.com.

The notes in Annex G should be read before using the
table in Annex G. The calculations in this table were
created so that the PPE selected from the calculated
incident energy would be adequate for 98% of arc-
flash incidents. In up to 2 percent of incidents, the
level of PPE may be one level too low. For IEEE
1584, the set of PPE arc ratings were chosen as 1.2,
8, 25, 40, and 100cal/cm?. For incident energy results
that fall between these values, PPE with the next
higher standard arc rating must be used. For instance
if the incident energy is calculated to be 11cal/cm?, the
PPE used must have a 25cal/cm? arc rating. PPE with
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intermediate arc ratings can be utilized per this
method, but at the next lower arc rating. If intermedi-
ate arc ratings are not utilized at the next lower arc
rating, there is a higher probability that the PPE will

not be adequate for an arc-flash incident.

Determine . ;
FPB and Determine Determine D:Ztelgirrnelge
incident z';/rll:mrr;]tgnn; hazard risk PlgE per

i
eunseirr]%y of PPE per (F:)ztre?gg 70E-Table
table in IEEE 1584 Table 130.7 (1C3;(Olg)

Annex G levels (©)(11)

IEEE 1584 other methods: Using IEEE 1584, the
arcing fault current is calculated based on the avail-
able bolted fault current and then the arcing current is
used to determine the opening time of the overcurrent
protective device. Using this opening time and the
arcing current, the incident energy is calculated using
formulae. IEEE 1584 uses the incident energy to cal-
culate a flash protection boundary.

Summary on flash hazard analysis

Methods 1, 2, and 3 are acceptable ways to conduct the
flash hazard analysis. With each method the available
three-phase bolted fault current must be known. If the
available bolted fault current is not known, it must be
calculated before performing a flash hazard analysis.
With methods 1 and 2, the opening time of the overcur-
rent protective device must be known. Although different
analysis methods are likely to provide different results,
the requirement is that some method be used to enable
a worker to select arc rated PPE. An employer should
select one method to assess the arc-flash hazard. The
selection should be based on the overall work environ-
ment at the work site. The desired result of the analysis,
regardless of which method is chosen, is that a worker
must be able to select flame-resistant PPE. One factor
directly associated with the selection is that workers must
understand the procedure, and supervisors must be able
to administer it. The most important issue is that workers
wear PPE that has an adequate arc rating and that all
exposed body parts within the flash protection boundary
are covered by arc rated, flame-resistant material. The
idea is to consider the following elements and then iden-
tify a safe working distance to avoid an arc-flash injury.

« Available three-phase bolted fault current

« Current that is “let-through” by the overcurrent
device (if current-limiting)

« Length of time the fault current is permitted to flow

If the skin’s surface is covered with clothing, the
analysis objective changes. In this situation, the
objective is to avoid ignition or breakopen
of the clothing material. Should the apparel
be ignited, the exposure time to a very high
temperature is much greater. Clothing must
not add to the degree of the injury.
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The following example provides some insight into 600V Class Motor Control Centers (MCCs). Notice the

typical situations: references to Notes 2 and 3. These notes must be

) ) checked to verify that the qualifications are met. If the
Example 1 Using Method 1 - FPB and Hazard/Risk qualifications are not met, the table cannot be used,
Category/PPE Tables in NFPA 70E: and a calculation method shall be used. Note 2 states

an assumed short-circuit current of 65kA, and an
assumed fault clearing time of 0.03 seconds (2
cycles). Note 3 allows the Hazard/Risk Category to be
reduced by one number if the available fault current is
below 10kA. With 18,000A available and a 1-cycle
clearing time, we are within the limits of the assumed
short-circuit current and fault clearing time; therefore
The flash protection boundary must be established. the table can be used, but the Hazard/Risk Category
The combination of available bolted fault current and cannot be reduced.

the device clearing time is 18kA cycles (<300kA

cycles); therefore 4.0 feet can be used as the flash

protection boundary.

Use Method 1 to determine the flash protection bound-
ary and required PPE to perform voltage testing on a
480V motor control center (MCC). The available three-
phase bolted fault current is 18,000A. The opening time
of the feeder overcurrent protective device upstream
from the MCC is 1 cycle (0.0167 seconds).

Next, find the correct heading in 70E-Table
130.7(C)(9)(a) (excerpts are printed below), which is

Excerpts from Hazard Risk Category Classifications (NFPA 70E Table 130.7(C)(9)(a))

Task (Assumes Equipment is Energized, and Work Hazard/ Risk V-rated V-rated
Is Done Within the Flash Protection Boundary) Category Gloves Tools

Panelboards rated 240V and below - Notes 1 and 3 — — —

600V Class Motor Control Centers (MCCs) — — — —
Notes 2 (except as indicated) and 3

. . . .

CB or fused switch or starter operation with enclosure 1 N N
doors open

Work on energized parts, including voltage testing 2* Y Y
Work on control circuits with energized parts 120V 0 Y Y

or below, exposed

Legend:

V-rated Gloves are gloves rated and tested for the maximum line-to-line voltage upon which work will be done.
V-rated Tools are tools rated and tested for the maximum line-to-line voltage upon which work will be done.

2* means that a double-layer switching hood and hearing protection are required for this task in addition to

the other Hazard/Risk Category 2 requirements of Table 130.7(C)(10).

Y = yes (required)

N = no (not required)

Notes:

1. 25KkA short circuit current available, 0.03 second (2 cycle) fault clearing time.

2. 65KA short circuit current available, 0.03 second (2 cycle) fault clearing time.

3. For <10KA short circuit current available, the Hazard/Risk Category required may be reduced by one number.
4. 65kA short circuit current available, 0.33 second (20 cycle) fault clearing time.

5. 65kA short circuit current available, up to 1.0 second (60 cycle) fault clearing time.

6. For <25KA short circuit current available, the Hazard/Risk Category required may be reduced

by one number.

Y 2
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Once it is verified that the table can be used, the task
is selected under the equipment heading. In this case,
work on energized parts, including voltage testing. The
Hazard/Risk Category for this task is 2*, and V-rated
Gloves and Tools are required (denoted by ‘Y’ in those
columns). The legend explains that 2* means that a
double-layer switching hood and hearing protection are
required for this task in addition to the other Hazard/Risk
Category 2 requirements of 70E-Table 130.7(C)(10).

70E-Table 130.7(C)(10) Protective Clothing and
Personal Protective Equipment (PPE) Matrix requires
the following equipment for Category 2. This table
also has a legend and Notes that should be refer-
enced. (After this listing are the applicable notes.):

Non-melting (according to ASTM F 1506-00) or
Untreated Natural Fiber

* T-shirt (short-sleeve)

* Pants (long) (Note 6)
FR Clothing (Note 1)

* Long-sleeve shirt

 Pants (Note 6) - Alternate is to use FR cov-
eralls (minimum arc rating of 4) over non-
melting or untreated natural fiber pants and
T-shirt.

FR Protective Equipment
 Hard hat
« Safety glasses or safety goggles

* Flash suit hood (face shield is not allowed
because of the 2* requirement from 70E-
Table 130.7(C)(9)(a))

* Hearing protection (ear canal inserts) (Note 8)
« Leather gloves (Note 2)
* Leather work shoes

NFPA 70E Table 130.7(C)(10) Notes:

1. See Table 130.7(C)(11). Arc rating for a garment is

expressed in cal/cm?,

If voltage-rated gloves are required, the leather pro-

tectors worn external to the rubber gloves satisfy this

requirement.

. If the FR pants have a minimum arc rating of 8, long
pants of non-melting or untreated natural fiber are not
required beneath the FR pants.

. Alternate is to use FR coveralls (minimum arc rating
of 4) over non-melting or untreated natural fiber pants
and T-shirt.

. A faceshield with a minimum arc rating of 8, with
wrap-around guarding to protect not only the face, but
also the forehead, ears, and neck (or, alternatively, a
flash suit hood), is required.

2.

Finally, since the hazard/risk category is 2*, 70E-Table
130.7(C)(11) (see page 35) requires all PPE for this
work task to have a minimum arc rating of 8cal/cm?.
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The minimum requirement is that qualified persons
within 4.0 feet of exposed energized parts for this task
shall wear an untreated cotton T-shirt, 8cal/cm? long-
sleeve shirt, 8cal/cm? long pants, hard hat, safety
glasses, 8cal/cm? flash hood, hearing protection,
Class 00 insulating gloves and leather protectors.
Substitutions are allowed in accordance with

NFPA 70E. 1000V rated insulated tools are also
required. Unqualified persons shall not enter the

flash protection boundary.

Example 2 Using Method 2:

Calculate FBP and incident energy - NFPA 70E
Formulae: Use Method 2 to determine the flash pro-
tection boundary and required PPE for the circuit from
Tests 4 and 3 shown in Section VI. The available
three-phase bolted fault current is 22,600A at 480V.
Because it is possible to initiate a fault on the line side
of the branch-circuit short-circuit device inside the
combination motor starter, the device that is upstream
must be used for the flash hazard analysis

Feeder Overcurrent
Protective Device
““““ Wireway

I_Fault Location

Combination
Motor Starter

Test 4: 640A Circuit Breaker Protecting a Feeder
The feeder overcurrent protective device from Test 4
was a 640A circuit breaker with short-time delay
(STD); the fault current was permitted to follow for

6 cycles.

First calculate the flash protection boundary using
22,600A available bolted fault current, and 0.1 second
device opening time (6 cycles):

D. = [2.65 x MVA; x t]*2 (ft)

D, = [2.65x1.732 x 480 x 22,600 x 106 x 0.1]*2
(ft)

D. = (4.98)2 (ft)

D. = 2.23 ft" Flash Protection Boundary
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Next calculate the incident energy at 18 inches:

Evs = 1038.7Dg*47%8t, [0.0093F2 -0.3453F
+ 5.9675] (cal/cm?)

Evs = 1038.7(18)*47%8(.1) [0.0093(22.6)? -
0.3453(22.6) + 5.9675] (cal/cm?)

Eys = 4.27cal/cm?' Incident Energy at

18 inches

TIf the circuit breaker has not been maintained properly, the
incident energy and flash protection boundary may be much
greater.

This is a Category 2 hazard level per 70E-Table
130.7(C)(11). 70E-Table 130.7(C)(10) Protective
Clothing and Personal Protective Equipment (PPE)
Matrix requires the following equipment for
Category 2:
Non-melting (according to ASTM F 1506-00) or
Untreated Natural Fiber

* T-shirt (short-sleeve)

* Pants (long) (Note 6)
FR Clothing (Note 1)

* Long-sleeve shirt

 Pants (Note 6) - Alternate is to use FR cov-
eralls (minimum arc rating of 4) over non-
melting or untreated natural fiber pants and
T-shirt.

FR Protective Equipment
* Hard hat
« Safety glasses or safety goggles

 Arc-rated face shield, or flash suit hood
(Note 8)

* Hearing protection (ear canal inserts) (Note 8)
* Leather gloves (Note 2)
* Leather work shoes

The minimum requirement is that qualified persons
within 2.23 feet of exposed energized parts shall wear
an untreated cotton T-shirt, 5cal/cm? long-sleeve shirt,
5cal/cm? long pants, hard hat, safety glasses, 5cal/cm?
arc-rated face shield, hearing protection, Class 00
insulating gloves and leather protectors. Substitutions
are allowed in accordance with NFPA 70E (see table
notes in Example 1). 1000V rated insulated tools are
also required. Unqualified persons shall not enter the
flash protection boundary.

Test 3: KRP-C-601SP LOW-PEAK® Fuses
Protecting a Feeder

The feeder overcurrent protective device from Test 3
was a KRP-C-601SP current-limiting fuse
(Class L). For 22,600A available bolted
fault current, the KRP-C-601SP will let-
through 11,000A (to learn how to deter-
mine let-through, current consult The
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SPD - Electrical Protection Handbook available at
www.bussmann.com). The KRP-C-601SP cleared the
fault in 3 cycle (0.008 seconds). The flash protection
boundary is:

D. = [2.65 x MVA x t]¥2 (ft)

D, = [2.65x1.732 x 480 x 11,000 x 10 x 0.008]“2 (ft)
D. = (0.19)Y2 (ft)

D. = 0.44 ft flash protection boundary

It is recommended to use a minimum flash protec-
tion boundary of 0.5 feet (6 inches).

Next calculate the incident energy at 18 inches:

Eys = 1038.7Dg 14738, [0.0093F2 -0.3453F +
5.9675] (cal/cm?)
E,s = 1038.7(18)147%¥(.008) [0.0093(16)?
-0.3453(16) + 5.9675] (cal/cm?)
Eys = 0.33 cal/lcm? Incident Energy at 18 inches
Note: Even though the let-through current is only

11KA, 16KA is entered because it is the mini-
mum applicable fault current for the equation.

The calculated incident energy is below the second-
degree burn threshold of 1.2cal/cm?. This is a
Category 0 hazard level in 70E-Table 130.7(C)(11).
70E-Table 130.7(C)(10) Protective Clothing and
Personal Protective Equipment (PPE) Matrix requires
the following equipment for Category 0:

Non-melting (according to ASTM F 1506-00) or
Untreated Natural Fiber

« Shirt (long-sleeve)
« Pants (long)

FR Protective Equipment
» Safety glasses

The minimum requirement is that qualified persons
within 0.44 feet of exposed energized parts shall wear
an untreated cotton long-sleeve shirt and long pants,
and safety glasses. Class 00 insulating gloves and
leather protectors, and 1000V rated insulated tools
may also be required to protect the worker from a
potential shock hazard. It is recommended to use 6
inches as a minimum flash protection boundary. The
use of Class 00 insulating gloves and leather protec-
tors while working on or near energized parts is rec-
ommended as the best way to protect the workers
hands from arcing events.

This example illustrates the tremendous impact the
type of overcurrent protective device can have on the
hazard level for a given circuit. By limiting the magni-
tude of the available fault current and clearing the
fault within 7 cycle, the LOW-PEAK® KRP-C-601SP
current-limiting fuse (Class L) was able to significantly
reduce the level of energy in this case.




Example 3 Using Method 3:

Determine FPB and Incident Energy - IEEE 1584: Use
Method 3 to determine the flash protection boundary
and incident energy on the following 480V circuit:

800A Feeder Overcurrent
Protective Device

30,000A Bolted Short-Circuit
Current Available

) Lug Distribution

| 600V 30 Main
______ l_________l___: Panelboard

The available bolted fault current is 30,000A at the
main lugs of the distribution panelboard. Calculate the
flash protection boundary and incident energy for a
LOW-PEAK® KRP-C-800SP current-limiting fuse
(Class L) feeding the distribution panelboard, and also
for an 800A low voltage power circuit breaker with
short-time delay feeding the panelboard.

Use Arc-flash Incident Energy Calculator in Annex G
(an excerpt from the table follows). Find the amps rat-
ing and type of overcurrent protective device in the
header of the table. Select the available bolted fault
current from the left column.

Excerpts From Arc-flash Incident Energy Calculator (Full table is found in Annex G)

Arc-flash Incident Energy Calculator

Fuses: Bussmann® LOW-PEAK® KRP-C_SP (601-2000A), Circuit Breakers: Low Voltage Power Circuit Breakers (w/STD)

Incident Energy (I.E.) values are expressed in cal/cm?. Flash Protection Boundary (FPB) values are expressed in inches.

Bolted Fault 601-800A 801-1200A 1201-1600A 1601-2000A
Current (kA) Fuse LVPCB Fuse LVPCB Fuse LVPCB Fuse LVPCB
|.E. FPB I.E. FPB | ILE. FPB | I.LE. FPB I.E. FPB | I.LE. FPB |.E. FPB | I.E. FPB
1 >100 >120 | >100 >120 | >100 >120 | >100 >120 | >100 >120 { >100 >120 | >100 >120 [ >100 >120
2 >100 >120 | >100 >120 | >100 >120 | >100 >120 | >100 >120 { >100 >120 | >100 >120 [ >100 >120
3 >100 >120 | >100 >120 | >100 >120 | >100 >120 | >100 >120 { >100 >120 | >100 >120 | >100 >120
CAANANANAANANAAANAAAAAIAAANAN AN AAAASIAAAAAAAANANAS
26 1.34 19 |50.35>120| 7.52 63 |50.35>120 | 23.08 >120 | >100 >120 | 28.92 >120 | >100 >120
28 122 18 [54.18>120| 6.28 55 |54.18 >120 | 22.71 >120 | >100 >120 | 28.67 >120 | >100 >120
30 110 17 | 58.01 >120| 5.16 48 |58.01 >120 | 22.34 >120 | >100 >120 | 28.41 >120 | >100 >120
32 098 16 |[61.83>120| 415 42 |61.83 >120|21.69 >120 |61.83 >120 | 28.15 >120 | >100 >120
34 0.86 14 |65.66>120| 3.25 35 |65.66 >120|18.59 116 |65.66 >120 | 27.90 >120 | >100 >120
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KRP-C-800SP Fuse
Incident Energy = 1.1cal/cm?
Flash Protection Boundary = 1ft 5in

800A LVPCB w/STD
Incident Energy = 58.01cal/cm?'
Flash Protection Boundary >10 ftt

TIf the circuit breaker has not been maintained prop-
erly, the incident energy and flash protection may be
much greater

For the KRP-C-800SP Fuse:

The calculated incident energy is below the second-
degree burn threshold of 1.2cal/cm?. This is a
Category 0 hazard level in 70E-Table 130.7(C)(11).
70E-Table 130.7(C)(10) Protective Clothing and
Personal Protective Equipment (PPE) Matrix requires
the following equipment for Category 0:

Non-melting (according to ASTM F 1506-00) or
Untreated Natural Fiber

* Shirt (long-sleeve)
* Pants (long)

FR Protective Equipment
» Safety glasses

The minimum requirement is that qualified persons
within 1 foot 5 inches of exposed energized parts shall
wear an untreated cotton long-sleeve shirt and long
pants, and safety glasses. Class 00 insulating gloves
and leather protectors, and 1000V insulated tools may
also be required to protect the worker from a potential
shock hazard. It is recommended to use Class 00
insulating gloves and leather protectors while working
on or near energized parts as the best way to protect
the workers hands from arcing events.

For the 800 A LVPCB w/STD:

While PPE manufacturers make flash suits with arc
ratings up to 100cal/cm?, NFPA 70E does not have a
Hazard Risk Category for incident energies above
40cal/cm?. Working on energized circuits with energy
levels in excess of 40cal/cm? should be avoided by all
means necessary. If energized work must be per-
formed on these circuits, steps should be taken to
reduce the hazard before the work is to be performed.
For more information about designing safer systems,
or upgrading existing systems see Section X.

Arcing fault currents in the long time
characteristic of overcurrent protective devices

In many electrical fault analysis studies the focus is
only on the circuits with the highest or worst case
short-circuit currents. However, in flash
‘N~ hazard analysis, it is important to also
investigate circuits where the arcing fault
current may be a value that is less than a
circuit breaker's instantaneous trip setting

Y 2
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(resulting in an opening time of up to several seconds)
or may be a value that takes a fuse several seconds
to open. On lower-amps-rated circuits, this is not typi-
cally a problem for several reasons. However, on
larger-amps-rated circuits (over 1200A) this can
become more of an issue. For some higher amps rat-
ing overcurrent protective devices, the incident energy
and flash protection boundaries are extremely large
for some lower fault currents. Workers also must con-
sider examining the flash protection boundary and
incident energy for circuits with low levels of arcing
current. Some lower-level arcing faults are not able to
sustain themselves; however, there is not much recent
research in this area. In those cases where a low-
level arcing fault is sustained, extended clearing times
can produce extremely high incident energy levels.

Other considerations

Consideration should also be given for how long a
worker could be exposed to an arc, based upon the
location of the worker.

IEEE 1584 Annex B

If the time is longer than two seconds, consider how long
a person is likely to remain in the location of the arc-flash.
It is likely that a person exposed to an arc-flash will move
away quickly if it is physically possible, and two seconds is
a reasonable maximum time for calculations. A person in a
bucket truck, or a person who has crawled into equipment
will need more time to move away.

For example, is the worker standing in front of the
switchboard with plenty of clearance, or is he/she
kneeling or lying down in front of the gear? Is the
worker on the ground or up in a bucket working on a
bus duct? Can the worker easily escape the room or
could he or she become trapped in the vault?

NFPA 70E and IEEE 1584 have developed some good
tools for assessing the arc-flash hazard and the efforts
in this area continue. However, the industry does not
presently have tools to assess the arc-blast hazard.
Generally, as the risk of the arc-flash energy increases,
the risk of the arc-blast energy increases too.

Even though electrical equipment may have a main
overcurrent device and disconnecting means, if it is
possible to create a fault on the line side of the main,
the opening time and let-through characteristics of the
overcurrent protective device which feeds the main
device should be considered. For example an indus-
trial machine that has a main fusible disconnect switch
or circuit breaker fed by a bus plug. When the
machine doors are open, it is possible to initiate a
fault on the line terminals of the fused switch or circuit
breaker, therefore the device in the bus plug must be
considered for the flash hazard analysis.




In test labs, arcing fault current magnitudes can vary
widely from test to test, even under the same test cir-
cumstances. The industry has learned a great deal in
the past decade, but there is still a great deal more to
be learned. The methods that have been developed
from actual testing can be used with a degree of con-
fidence. However, the actual arcing fault currents can
vary based on many variables. This can affect the
speed of response of the overcurrent protective
device supplying the circuit. Some overcurrent protec-
tive devices may not operate as intended or specified
if periodic maintenance has not been performed. The
more one knows about arcing faults, the more one
understands that the best strategy in electrical safety
is avoidance. Strive to only work on or near exposed
conductors that have been placed in an electrically
safe work condition.

F. Personal protective equipment (PPE)

OSHA and NFPA 70E recognize that, on occasion,
electrical work must be performed while the equip-
ment or circuit is energized. Effective procedures,
PPE, and personnel training are key elements for exe-
cuting live work without injury. These issues must be
considered when designing electrical systems.

NFPA 70E requires that any body part within the flash
protection boundary area be protected, using appro-
priate PPE. The OSHA standards for various types of
PPE are provided in Annex C, Table XIV(B). NFPA
70E identifies PPE that should be worn in 70E-130.7.

70E-Tables 130.7(C)(10) and 130.7(C)(11) are used
together to properly select the PPE required for work-
ing on or near energized parts. 70E-Table
130.7(C)(10) lists the specific PPE items that are
required for a given Hazard Risk Category. 70E-Table
130.7(C)(11) (that follows) identifies the required mini-
mum arc rating of the PPE required in each Hazard
Risk Category.
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NFPA 70E, Table 130.7(C)(11) Protective Clothing
Characteristics

Typical Protective Clothing Systems

Hazard
Risk
Category

Clothing Description (Typical
number of clothing layers
is given in parentheses)

Required Minimum
Arc Rating of PPE
Joules/cm? (cal/cm?)

0 Non-melting, flammable
materials (i.e., untreated cotton,
wool, rayon, or silk, or blends
of these materials) with a fabric

weight at least 4.50z/yd? (1)

N/A

1 FR shirt and FR pants or FR

coverall (1) 16.74 (4)

2 Cotton underwear -
conventional short sleeve

and brief/shorts, plus FR shirt
and FR pants (1 or 2)

33.47 (8)

3 Cotton underwear plus FR
shirt and FR pants plus FR
coverall, or cotton underwear
plus two FR coveralls (2 or 3)

104.6 (25)

Cotton underwear plus FR
shirt and FR pants plus multi-
layer flash suit (3, or more)

167.36 (40)

Note: Arc Rating is defined in Article 100 and can be either
ATPV or EBT. ATPV is defined in ASTM F 1959-99 as
the incident energy on a fabric or material that results
in sufficient heat transfer through the fabric or mate-
rial to cause the onset of a second-degree burn
based on the Stoll curve. EBT is defined in ASTM F
1959-99 as the average of the five highest incident
energy exposure values below the Stoll curve where
the specimens do not exhibit breakopen. EBT is
reported when ATPV cannot be measured due to FR
fabric breakopen.

The following table shows some typical articles of
clothing and PPE required for each Hazard Risk
Category. This is to illustrate the type of equipment
that may be required to work on energized circuits. It
is not intended to be used to select PPE. NFPA 70E
should be consulted for specific information on select-
ing appropriate PPE. Layering of FR clothing and
protective equipment may provide a higher level of
arc-flash protection. NFPA 70E has more information
on layering of protective clothing and substitutions
permitted by layering. Although not required or men-
tioned in any standards, one might consider wearing
a more protective arc rated face shield rather than
just safety glasses even for all 0 and 1 hazard risk
category tasks. Facial disfigurations are among those
injuries that are extremely difficult to overcome from
a social prospective.
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Typical Protective Clothing and PPE

[Information compiled from Tables 70E-130.7(C)(10) and 70E-130.7(C)(11)]

Category Minimum Non-meling or
Arc Untreated
Rating Natural Fiber FR Clothing FR Equipment
(cal/cm?) Clothing (Note 1) (Note 1)
0 N/A Long-sleeve shirt Safety glasses
Long pants
1 4 T-shirt Long-sleeve shirt Hard hat
Long pants Long pants Safety glasses
2 8 T-shirt Long-sleeve shirt Hard hat
Long pants Long pants Safety glasses or goggles
Arc-rated face shield'™
Hearing protection
Leather gloves
Leather work shoes
3 25 T-shirt Long-sleeve shirt Hard hat
Long pants Long pants Safety glasses or goggles
Flash suit hood
Hearing protection
Leather gloves
Leather work shoes
4 40 T-shirt Long-sleeve shirt Flash suit jacket (multi-layer)
Long pants Long pants Flash suit pants
Hard hat
Safety glasses or goggles
Flash suit hood
Hearing protection
Leather gloves
Leather work shoes

T - A category 2* requires a flash suit hood instead of an arc-rated face shield.

Note 1: Substitutions may be allowable per 70E-Table 130.7(C)(10). For more information consult

NFPA 70E.

Any body part extended within the appropriate risk
boundary must be protected from the hazard(s) exist-
ing within that boundary. If a hand is within the flash
protection boundary, then the hand must be protected
by PPE. If a person's head is within the flash protec-
tion boundary, the head must be protected. Unless the
electrical equipment is placed into an electrically safe
work condition, locked out, tagged, and tested for volt-
age according to proper procedures, the system must
be considered energized, requiring that appropriate
PPE be used.

NFPA 70E also makes it clear [7OE-130.6(D) and 70E-
130.6(E)] that conductive materials, tools and equip-
ment that are in contact with any part of an
employee’s body be handled in a manner that pre-
vents accidental contact with exposed energized con-
ductors or circuit parts. This includes articles of
jewelry such as rings, conductive watchbands and
metal frame glasses. In most instances,

‘N‘ wearing flame-resistant clothing continu-
ously is an effective safety measure for
_SafetyBASle
personnel who are frequently exposed or
potentially exposed to arc-flash.

36

OSHA 1910.335 (a)(1)(i)

Employees working in areas where there are potential
electrical hazards shall be protected with, and shall use,
electrical protective equipment that is appropriate for the
specific parts of the body to be protected and for the
work to be performed.

Proper care and use of PPE is an important part of
any electrical safety program. PPE should be
inspected before every usage. PPE should be main-
tained in accordance with manufacturer’s recommen-
dations and the requirements contained in the Tables
XIV(C)(1) and XIV(C)(2) in Annex C. Improper care of
PPE can cause the equipment to lose its protective
properties. For example, rubber goods can lose some
of their insulating properties if not properly stored and
protected from corrosive materials. Rubber goods may
require periodic dielectric testing to verify the insulat-
ing capabilities. FR clothing may require special care
during laundering and may need to be replaced if torn
or if fabric becomes worn after prolonged usage.




G. Lockout/Tagout

OSHA 1910.147-Procedure for applying
the Lock/Tag

The Lockout/Tagout Standard has been in effect since
1989. It was created to help reduce the death and
injury rate caused by the unexpected energization or
start-up of machines or the release of stored energy.
Normal production operations, cords and plugs under
exclusive control, and hot tap operations are not cov-
ered. This standard applies to energy sources such as
electrical, mechanical, hydraulic, chemical, nuclear,
and thermal.

Lockout is the placement of a key or combination
lock on an energy isolation device (disconnect switch,
circuit breaker, etc.) to ensure that the energy-isolat-
ing device and equipment being controlled cannot be
operated until the lockout device is removed. Lockout
devices hold an energy-isolating device in a safe
position and prevent the energization of a machine

or equipment. The lockout device must be substantial
enough to prevent removal without use of excessive
force or unusual techniques.

If the lockout/tagout includes working on or near
exposed de-energized electrical parts (not yet in
an electrically safe work condition) then OSHA
1910.333(b)(2) Note 2 shall also apply:

OSHA 1910.333(b)(2) Note 2

Lockout and tagging procedures that comply with para-
graphs (c) through (f) of 1910.147 will also be deemed
to comply with paragraph (b)(2) of this section provided
that:

(1) The procedures address the electrical safety hazards
covered by this Subpart; and

(2) The procedures also incorporate the requirements of
paragraphs (b)(2)(iii)(D) and (b)(2)(iv)(B) of this section.

1910.333(b)(2)(iii)(D) requires if a tag is used without
a lock, then the tag shall be supplemented with at
least one additional safety measure that provides a
level of safety equivalent to a lock.

1910.333(b)(2)(iv)(B) requires the testing for the
absence of voltage on any equipment in which
electrical circuit parts may be exposed to workers.

Tagout is the placement of a tag or other prominent
warning device and a means of attachment on an
energy-isolating device to indicate that the energy-
isolating device and the equipment being controlled
may not be operated until the tagout device is
removed. Tagout devices shall be non-reusable,
attached by hand, self-locking, and non-releasing,
with a minimum unlocking strength of no less than
50 pounds. They at least must be equivalent to an
all-environment tolerant nylon cable tie.
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Lockout devices must be used unless the employer
can demonstrate that the use of a tagout system can
provide full employee protection.

Applying the Lock/Tag

Step 1 — Understand the Hazards before the
Shutdown: Before an authorized or affected
employee turns off machinery or equipment, he or she
should have knowledge of the type and magnitude of
energy, the hazards of the energy to be controlled,
and the method or means to control the energy. It
might be helpful to have floor drawings, single-line
diagrams, and the assistance of the facility electrician
and employees who work with the equipment.

Step 2 — Power Down: The machine or equipment
shall be turned off or shut down in an orderly manner,
using established procedures.

Step 3 — Isolate the Power Source: All energy-iso-
lating devices that are needed to control the energy to
the machine or equipment shall be physically located
and operated in such a manner as to isolate the
machine or equipment from the energy source(s).
This might involve such tasks as flipping a power
switch, breaking a circuit, and closing a valve. If the
equipment has more than one shutdown point, the
worker must be sure that all are isolated from power.

Step 4 — Apply the Lock and/or Tag: Lockout or
tagout devices shall be affixed to each energy-isolat-
ing device by authorized personnel. Lockout devices,
where used, shall be affixed in a manner that holds
the energy-isolating devices in a “safe” or “off” posi-
tion. Tagout devices, where used, shall be affixed in a
way that clearly indicates that operation or movement
of energy isolating devices from the “safe” or “off”
position is prohibited.

Additional requirements for electrical
lockout/tagout (OSHA 1910.333(b)(2) Note 2):

Step 4A- If there are exposed electrical parts and
only tagout is used, then another addi-
tional measure shall be used that provides
a level of safety equivalent to a lock.

Step 4B- If there are exposed electrical parts, then
using the appropriate PPE and other
safety measures, a worker must verify
the absence of voltage.
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Step 5 — Release Residual Energy: Following the
application of lockout/tagout devices, all potentially
hazardous stored or residual energy shall be relieved,
disconnected, restrained, and otherwise rendered
safe. If a possibility of reaccumulation of stored
energy to a hazardous level exists, verification of iso-
lation shall be continued until the servicing or mainte-
nance is completed, or until the possibility of such
accumulation no longer exists.

Step 6 — Try to Power Up: Before starting work on
machines or equipment that have been locked out or
tagged out, authorized personnel shall verify that iso-
lation and de-energization of the machine or equip-
ment has been accomplished. This requires personnel
to turn all controls of the equipment or machinery in
the “on” position to ensure that all energy sources
have been isolated and that the equipment does not
start up while work is being performed on it. Before
trying to power up, the worker must be sure that no
one is near the equipment or machinery in case the
equipment continues to have power. Lastly, the
employee should verify that the isolation point cannot
be moved to the “on” position. The employee then can
continue servicing or maintaining the equipment.

Removing the lock/tag

Step 1 — Inspect the Machine and/or Equipment:
The work area shall be inspected to ensure that all
nonessential items (e.g., tools, spare parts, debris)
have been removed, and that machine or equipment
components are operationally intact.

Step 2 — Notify Personnel: All personnel in the
vicinity shall be notified before removal of the lockout
and start up. The person in charge of the
lockout/tagout shall ensure that no one is in the way
of possible danger upon start up.

Step 3 — Remove the Lockout/Tagout Device:
Each lockout/tagout device should be removed by the
person who placed it. When more than one person
has applied a lock, the last person to remove his or
her lock should remove the hasp or other multiple lock
device. When all locks have been removed and the
machine/equipment is determined to be operating
safely, other personnel may be natified that the equip-
ment is now operational.

H. Stored energy systems

Simply because the electrical circuit has been opened
might not mean the system is safe to work on. The fol-
lowing cautions should be understood:

« Capacitors can store hazardous energy
even after the equipment has been de-
energized and can build up a dangerous
residual charge without an external
source.

—N—
Setery BaSiCs

Safety BASICs

Y 2

38

» Capacitors also can be used to store large
amounts of energy. An internal failure of one
capacitor in a bank frequently results in an explo-
sion when all other capacitors in the bank dis-
charge into the fault.

* High-voltage cables should be treated as capaci-
tors because they have capacitance and thus can
store energy.

I. IP2X (finger-safe) ratings

NFPA 70E requires that a guard be used to prevent
access to voltages above 50V. Guarding and the
installation of insulating barriers must be complete
if work is to be performed while the equipment is
energized.

Note: The placement of barriers might effectively pro-
tect personnel from shock hazards but might
not protect personnel from arc-flash hazards.
Therefore, placement of barriers might reduce
the chance for electrical shock but does not
always eliminate the requirements of flash pro-
tection if the task involves work inside the flash
hazard boundary.

Guarding, however, also might prevent accidental con-
tact by tools and other conductive materials that could
cause an arc-flash. A practical approach to providing
these guards would be to adopt standards that
address this issue. IEC 60204-1 is entitled “Electrical
Equipment Used in Industrial Machines.” Section 6 of
the standard refers to the requirements for protecting
people against electrical shock. In general, electrical
equipment must provide protection against people
coming into direct or indirect contact with energized
electrical parts within an enclosure.

When a person is working in an enclosure with ener-
gized components, the standard requires the worker
to be protected against contact to at least IP1X (the
letter “X” here is used in place of the second number
to indicate that tests for ingress of liquid is neither
required nor applicable). The worker must be pro-
tected from direct contact with live parts that could be
touched easily while resetting, adjusting, or replacing
nearby components to at least an IP2X rating.




Protecting Equipment Grounding Conductors (EGC)

@ ©) @) o . |
T 1 The discussion of safety is not complete without an
P T JMBER analysis of equipment grounding conductors (EGC).
Solid objects (0-6) Table 250.122 of the 2002 NEC provides minimum
0 -- no protection ..
1 Somm (hand) sizing for EGCs. As noted below the table, EGCs
2-- 12.mm (finger . “«
3~ 2.5mm (toois & wire) should be sized larger, to “be capable of safely
- Imm (small tools & small wires . . . .
5~ dust (o harmiuldeports) carrying the maximum fault likely to be imposed
6 -- total protection against dust on it,, [NEC 2504(A)(5)]
SECOND NUMBER
Protection against . .
Liguids (0~ For the fuse to open or the circuit breaker to operate
e tling ain properly, a low impedance EGC must be available for
3 s a0 Tomvenien fault current to retumn to its source. Otherwise, any equip-
O divectons ment experiencing a fault becomes energized at the sys-
§ - stongjets ol water (ship decks) tem voltage, presenting a shock hazard for the employee.
Providing protection for the equipment grounding conduc-
THIRD NUMBER (Optional) . . . C .
Protection against tor, therefore, is a safety issue. Using a current-limiting
O'Opm'l" " overcurrent device is the best way to reduce the energy
1= impact 0.225 joule 150 falling from 15cm that could be seen by the grounding conductor.
2 -- impact 0.375 joule 250g falling from 15cm
3 - impact 0.50 joule 250g falling from 20cm VIOLATION
5 -- impact 2.00 joule 500g falling from 40cm
7 -- impact 6.00 joule 1.5kg falling from 40cm Grounded S0000ARMS  oo/\ice Equipment
9 -- impact 20.00 joule Skg falling from 40cm f‘:"l'f; Metal enclosure
) SOAl:oanuy:remrLI\mmng Circuit
Grounding Breaker with 1 cycle opening
Electrode time under short-circuit
Figure 1X(l). IP Environmental Ratings for 10 AW Exuipment-+ ot eaic
Grounding : : acewa
Enclosures (IEC 529) Gonductor ‘ ‘
) ) ) o éﬂj /Me(al Enclosure
Note: The terminology used for this program includes Load
the term finger-safe for any product with an IP2X R —————
designation. 1P20 rated products represent SILUUAEH IS A
products with no protection against liquids. Violates NEC 110.10 and 250.4(A)(5) or 250.4(B)(4).
COMPLIANCE
IP2X is often referred to as “finger-safe,” meaning that Grounded SOCONRMS (o
a probe the approximate size of a finger must not be Neutral Wetal enclosure
. 60A Current-Limiting
able to access or make contact with hazardous ener- Grounding Fuse with Ui cyce apeing
. - . Electrode ime under short-circui
gized parts. The standard detailing the rating system L g conditions
used is IEC 529. Principally, this standard defines 10 AWG Equipment —+ > —Non etalic
. . Groundin! ! ! acewa
the degree of protection provided by an enclosure E:Coon;puec;)ogr ! !
(barriers/guards) classified under the International @ | Vet Enclosure
Protection (IP) Code and the testing conditions P (ow

required to meet these classifications.

Conforms to 110.10, Table 250.122,
and 250.4(A)(5) or 250.4(B)(4)

J. I(_r;]rt'gtjrrllj%trégsa(ngl:%%)und Fault Circuit Complies with NEC and 250.4(A)(5) or 250.4(B)(4).

110.10 and 250.4(A)(5).

A key element of a safe installation is effective
grounding. The term ground has many different
meanings, but all are related to a connection with
the earth. Ground is used to refer to a return path
used for a fault to enable the proper operation of
an overcurrent device.

Must increase EGC to a 2 AWG copper to remain tight
under the lug after the fault occurs.

The problem of protecting EGCs was first recognized
more than 30 years ago when Eustace Soares wrote
a popular grounding book Grounding Electrical
Distribution Systems for Safety. In his book, Soares

Safety Grounding Equipment L )
y g Equip states that the “validity rating” corresponds to the

Minimizing any voltage difference between adjacent amount of current and time required to cause a
or nearby conductive points is important. To avoid a copper conductor to become loose under a lug after
voltage difference (shock), a low impedance path the conductor has had a chance to cool down after
is required between the two (or more) conductive a fault. This validity rating is based upon =
surfaces. Should a person be in contact with both raising the copper temperature to 250°C c
surfaces when a fault occurs, no significant voltage (the annealing point of copper) and then g
is impressed across the person’s body, eliminating reducing the temperature back to normal @
possible current flow. running temperatures. g

m
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Good engineering practice, then, requires an investiga-
tion of the adequacy of the important ground-return
path. Let-through currents for overcurrent protective
devices must be compared with the short-circuit ratings
of the equipment grounding conductors. Wherever let-
through values exceed the minimum equipment ground-
ing conductor withstand ratings, the equipment
grounding conductor size must be increased until the
withstand ratings are not exceeded.

Ground fault circuit interrupters (GFCls)

GFCls are designed to protect a person from electric
shock when he or she simultaneously contacts a “live”
(usually 120V) wire or part and a grounded object.
The GFCI works by sensing a difference between the
supply and return currents. When the difference
exceeds 4 - 6 mA, indicating that current is flowing to
ground (through the person), the device is designed to
open the circuit.

GFCls do not protect against a line-to-neutral or a
line-to-line shock. Although the GFCI is an effective
safety device, it is not a guarantee against shock in
every situation. In addition, if GFCI-protected equip-
ment contains transformers, a ground fault (shock)
on the secondary side of the transformer might not
trip the GFCI.

GFCls normally are installed as either circuit breakers
or receptacles. In either case, the GFCI might be
wired to protect multiple receptacles. Individual GFCI
plug-in adapters are also available.

K. Voltage testing 1,000V and less

Three basic safety issues are associated with the task
of testing for voltage in instances where the maximum
voltage level is 1,000V and less. The first issue involves
selecting and using the right meter for the job at hand.
The second issue is protecting the person from potential
exposure to an energized source, and the third issue is
the work process of executing the test.

On occasion, voltage-testing devices can be the
source of an incident or injury, as in the following
instances:

« Leads can fall out of their plugs and initiate a
phase-to-phase short circuit.

« Internal components can fail, resulting in a phase-
to-phase short circuit.

« Probes can slip while a reading is being observed.

« Leads can be inserted into the wrong plugs, result-
ing in failure.

« The device indication can be confusing,
resulting in incorrect observations.

« Hands can slip off the probe.
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The selected voltage-testing device must minimize all
of these possibilities.

When a voltage test is performed, the person should
perform the work practice as if the energy source is
present (i.e., the source is energized). Even if the
disconnecting means has been opened and locked-
out/taggedout, until the absence of voltage has been
satisfactorily verified, an electrically safe work condi-
tion does not exist. The person performing the test
should be protected from any accidental release of
energy until the absence of voltage has been satisfac-
torily verified.

Selecting a Voltage-Testing Device

Voltage testers should be selected based upon the
intended use. Several types of voltage testers are
manufactured for specific uses, and each device has
limitations. When used to test for the absence or
presence of voltage as a part of establishing an
electrically safe work condition, voltage testers
should have the following characteristics where
direct contact can be made:

* Retractable, insulated-tip test probes

« Self-contained fault protection or limitation devices,
such as internal current-limiting fuses or probe
current-limiting resistors

« Voltage/current path from the probes that is not
routed through the mode switch

In addition, voltage testers should conform to
national consensus standards, such as UL 1244,
MIL-T-28800C.

Along with the above requirements, voltage testers
that are used only to test for the absence or presence
of voltage should have the following characteristics:

« Single-function, voltage-only test devices or auto-
matic mode devices that check for voltage before
switching to other modes (e.g., resistance, continuity)

* Test leads that cannot be improperly connected
(e.g., only two jacks are present or leads are per-
manently connected)

NOTE: High-impedance voltage testers are subject to
“phantom” readings from induced voltage.
Verification of the absence of voltage should
be required with a low-impedance voltage
tester, such as a solenoid-type voltage tester.
However, solenoid testers can have an
adverse effect on digital control systems
(DCS), programmable logic controllers (PLC),
or similar equipment.




NOTE: Solenoid-type voltage testers typically are
assigned a “duty cycle” by the manufacturer.
In most instances, this duty cycle is 15 seconds.
The duty cycle rating must not be exceeded.

Personal Protective Equipment (PPE)

Before opening doors or removing covers for access
to electrical conductors, a person should conduct a
hazard analysis. The hazard analysis should be as
formal and detailed as warranted by the task to be
performed. Any PPE necessary to avoid injury should
be in place and worn before any existing enclosure is
abridged (i.e., any cover removed or any door
opened). The hazard analysis must consider both
shock and arc-flash.

NOTE: Many arc-flash incidents occur at the moment
a door is opened or a cover removed. The
person performing the test should be aware
of this fact and exhibit an appropriate mind
set. The mind set should consider that all
electrical conductors and contact points within
the enclosure are energized.

In determining appropriate PPE, the hazard analysis
must consider the flash protection boundary as well
as the shock approach boundaries, paying particular
attention to the prohibited and restricted boundaries.
Where the task involves measuring a voltage, the
probes, of course, cross the prohibited boundary.
Therefore, the person must be protected from unin-
tended contact with conductive parts. Voltage-testing
devices that meet the above criteria include a preven-
tive method to minimize the possibility of a person’s
hand or fingers slipping down the probes. Therefore,
electrical insulation is not necessarily required.
However, if hands (or other body parts) are inside
the enclosure while the person is executing the task,
some exposure to shock exists through unintentional
contact with energized or potentially energized parts.
Voltage-rated gloves should be worn. They do not
hinder the task and can avoid unintentional contact
with electrical conductors or contacts.

In every instance where an electrical circuit is present,
a flash protection boundary exists. Depending upon
the flash protection boundary, flash-protective equip-
ment should be worn. Any body part that is within the
flash protection boundary must be protected from arc-
flash. If the flash protection boundary is 2 inches or
less, leather gloves and ordinary safety glasses for
the eyes provide sufficient protection. As the flash
protection boundary extends beyond 2 inches, flame-
resistant clothing and face protection should be worn.
Leather gloves that are one component of voltage-
rated gloves provide arc-flash protection for hands.
Therefore, appropriate voltage-rated gloves should be
worn. Voltage-rated gloves selected in accordance
with ASTM D 120 provide protection from both shock
and arc-flash, in most instances.
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NOTE: Class 00 gloves have a voltage limit of 500V
and are adequate in many instances for
measuring voltage.

Executing the Task

The person testing for voltage should be trained to
understand how the meter works and what each pos-
sible meter indication means. After the person selects
the appropriate voltmeter, reacts to the hazard analy-
sis, and understands how to interpret any meter indi-
cation, he or she should execute the following
sequence of steps:

1. Open the disconnecting means.
2. Open the door or remove the cover(s)

3. Inspect the compartment interior for missing barri-
ers, signs of arcing or burning, and any extrane-
ous parts or components.

. Inspect the voltmeter and probes for signs of mis-
treatment; verify that the probe covers move
freely.

. Insert one probe into the holder on the meter;
place the meter in a stable position or ask a sec-
ond person to hold the meter, if necessary, to see
the indication. (Any second person must wear the
same PPE as the first person.)

6. Verify that the voltmeter functions satisfactorily on
a known energized voltage source.

NOTE: If the meter is auto ranging, a nearby 110V
receptacle is satisfactory. If not auto ranging,
the known source must be within the same
voltage range.

7. Place the probe that is in the meter holder into
good physical contact with a grounded point
within the compartment.

. Place the second probe into good physical con-
tact with the opened side of the disconnecting
means and before (ahead of) any fuses or any
other circuit element.

NOTE: Normally, in the case of a disconnect switch,
the movable side of the knife blades is avail-
able to contact with the probe. In case of a
circuit breaker, the load conductor termination
should be contacted.

9. Read and interpret the meter indication.
10. Repeat steps 7 and 8 for phases B and C.

11. Place the probe that is in the meter holder into
good physical contact with phase A on the opened
side of the disconnecting means and before
(ahead of) any fuses or other circuit elements.
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NOTE: Normally, in the case of a disconnect switch,
the movable side of the knife blades is avail-
able to contact with the probe. In case of a cir-
cuit breaker, the load conductor termination
should be contacted.

12. Place the probe in the meter holder into good
physical contact with phase B in the same relative
physical location.

13. Repeat steps 11 and 12, except contact phases B
and C.

14. Repeat steps 11 and 12, except contact phases A
and C.

NOTE: Tests for absence of voltage should be con-
ducted at each point within the enclosure. If
the compartment contains fuses, a voltage
test should be conducted at both the line and
load sides of each fuse, both between phases
and between each phase conductor and
ground. Each test should be taken at the fuse
clip instead of at the fuse ferrule (endbell).

15. Measure voltage between each point within the
enclosure where contact is expected.

16. Verify that the voltmeter functions satisfactorily on
a known energized voltage source.

NOTE: If the meter is auto ranging, a nearby 110V
receptacle is satisfactory. If the meter is not
auto ranging, the known energized source
must be within the same voltage range.

X. Suggestions for Limiting Arc-
Flash and Shock Hazards

There are many considerations creating an electrically
safe workplace for employees. Electrical safety starts
with the design of the electrical system. The selection
and layout of the system components/equipment can
have considerable impact on the probability of an inci-
dent and on the severity of hazard if an incident does
occur. For existing electrical systems, it may be possi-
ble to improve electrical safety conditions for workers
by upgrading components and also by following
proper equipment maintenance procedures. Also,
there are safe work practices in which the workers
must be trained and qualified to perform. This includes
understanding the electrical hazards, the types of PPE
and work procedures that are necessary.

The following start with some work practice and main-
tenance suggestions and then moves to electrical sys-
tem design and upgrade suggestions.
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A. Avoidance is the surest electrical
safety measure.

If workers do not “work on or near” exposed energized
components, worker safety is enhanced. Management
and workers should insist on putting equipment into

an electrically safe work condition prior to com-
mencing electrical work. Per OSHA 1910.333(a)(1)
and NFPA 70E 130.1, workers shall not work on or
near exposed live parts except for two demonstrable
reasons:

A. De-energizing introduces additional or increased
hazards (such as cutting ventilation to a hazardous
location) or

. Infeasible due to equipment design or operational
limitations (such as when performing diagnostics
and testing for startup or troubleshooting and
this work can only be done when circuits are
energized).

B. Avoidance: implement energized
electrical work permit procedures
requiring signature by management.

NFPA 70E 110.8(B)(2) & 130.1(A)(1)

If live parts are not placed in an electrically safe work
condition (i.e., for the reasons of increased or additional
hazards or infeasibility per 130.1) work to be performed
shall be considered energized electrical work and shall
be performed by written permit only.

NFPA 70E 130.1(A)(3) Exemptions to Work Permit

Work performed on or near live parts by qualified per-
sons related to tasks such as testing, troubleshooting,
voltage measuring, etc., shall be permitted to be per-
formed without an energized electrical work permit
provided appropriate safe work practices and personal
protective equipment in accordance with Chapter 1 are
provided and used.

70E-130(A)(2) provides the elements of energized
electrical work permits that include a work description,
justification of why the work must be done energized,
a shock hazard analysis, a flash hazard analysis, the
PPE required and more. One of the most important
aspects is signature approval by an authorized per-
son, which typically should be an owner or an execu-
tive. Experience by companies that effectively use
energized electrical work permits is that most work
gets performed under electrically safe work conditions.
That is, the energized electrical work permits rarely
get approved. Usually in the process of getting the
electrical work permit approved, management finds a
means to do the work under electrically safe work
conditions. NFPA 70E has an example energized work
permit form in Annex J.




C. Voltage testing - requires appropriate
work practices and PPE

If a worker is troubleshooting an energized electrical
circuit, clearly the worker needs to use safe work
practices appropriate for the circuit voltage and
energy level. This includes the worker wearing the
appropriate PPE for the arc-flash hazard. However,
the same precautions shall be taken while checking
voltage on deenergized circuits that are not yet con-
sidered to be in an electrically safe work condition.
(See the Electrically Safe Work Condition Section for
the required steps.) Even though a circuit may be
deenergized (disconnect opened), it is:

NFPA 70E 120.3(A)

...not considered in an electrically safe work condition
until all sources have been removed, the disconnecting
means is under lockout/tagout, the absence of voltage is
verified by an approved voltage testing device, and,
where exposure to energized facilities exist, are tem-
porarily grounded.

Essentially the same requirement is in OSHA
1910.333(b) which considers de-energized circuits as
energized until all the appropriate steps have been
completed successful.

Therefore, voltage testing of each conductor, which is
a necessary step while putting the equipment in an
electrically safe work condition (completing the lock-
out/tagout procedure), is essentially considered as
working on energized parts per OSHA 1910.333(b)
and considered de-energized but not in an electrically
safe work condition per NFPA 70E 120.3(A). This
means workers must utilize adequate personal
protective equipment for the voltage level and
arc-flash hazard level during the tests to verify the
absence of voltage after the circuits are de-energized
but not yet in an electrically safe work condition.
Adequate PPE may also be required during load
interruption and during visual inspection that verifies
that all disconnecting devices are open.

D. Do a flash hazard analysis for all
equipment and affix NEC® 110.16
arc-flash warning label, including
incident energy, flash protection
boundary, and shock boundaries

NEC® 2002 - 110.16 Flash Protection

Switchboards, panelboards, industrial control panels,
and motor control centers in other than dwelling occu-
pancies, that are likely to require examination, adjust-
ment, servicing, or maintenance while energized, shall
be field marked to warn qualified persons of potential
electric arc-flash hazards. The marking shall be located
so as to be clearly visible to qualified persons before
examination, adjustment, servicing, or maintenance of
the equipment.

FPN No. 1: NFPA 70E-2000, Electrical Safety
Requirements for Employee Workplaces, provides assis-
tance in determining severity of potential exposure, plan-
ning safe work practices, and selecting personal
protective equipment.

FPN No. 2: ANSI Z535.4-1998, Product Safety Signs
and Labels, provides guidelines for the design of safety
signs and labels for application to products.

This requirement, which is new per the NEC® 2002, is
intended to reduce the occurrence of serious injury or
death due to arcing faults to workers who work on or
near energized electrical equipment. The warning
label should remind a qualified worker who intends to
open the equipment for analysis or work that a serious
hazard exists and that the worker should follow appro-
priate work practices and wear appropriate personal
protective equipment (PPE) for the specific hazard (a
nonqualified worker must not open or be near open
energized equipment).

NEC® 110.16 only requires that this label state the
existence of an arc-flash hazard.

A WARNING

Arc-flash and Shock Hazards
Appropriate PPE Required
Failure to Comply Can Result in Death or Injury
Refer to NFPA 70E

It is suggested that the party responsible for the label
include more information on the specific parameters of
the hazard. In this way the qualified worker and
his/her management can more readily assess the risk
and better insure proper work practices, PPE and
tools. The example label that follows includes more of
the vital information that fosters safer work practices.
The specific additional information that should be
added to the label includes:

* Flash Protection Boundary

* Incident energy at 18 inches expressed

in cal/cm?
* PPE required
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« Voltage shock hazard

« Limited shock approach boundary

* Restricted shock approach boundary
* Prohibited shock approach boundary

A WARNING

Arc-flash and Shock Hazards
Appropriate PPE Required
Failure to Comply Can Result in Death or Injury

34 Inch Flash Hazard Boundary

3 cal/lcm?  Flash Hazard at 18 inches

1 Hazard Risk Category 4cal/cm?2 shirt & pants
hard hat, safety glasses, FR rated faceshield
Shock Hazard
Limited Approach
Restricted Approach
Prohibited Approach

480 VAC
42 inch
12 inch

1 inch

500V Class 00 gloves,
leather protectors

Equipment Name: XYZ Motor Starter

Put yourself in the place of an electrician who is given
the assignment to troubleshoot a circuit that is ener-
gized or to check for the absence of voltage while put-
ting equipment in an electrically safe work condition.
How does he/she know the level of arc-flash hazard
for that specific equipment? The more informative
label provides sufficient information for a qualified
electrician to use the proper level of PPE and appro-
priate work practices for the level of hazard.

Note: If the label includes the specific hazard level
data, the label must be updated when there are
any electrical system changes that result in dif-
ferent hazard levels.

E. Worker must be qualified for the task

This is especially important for tasks that involve
working on or near circuits that are not in an electri-
cally safe work condition.

NFPA 70E 110.6(D)(1) provides the training require-
ments for a qualified person. This clause is extensive
but some training requirements include:

« Construction and operation of equipment

« Specific work methods

« Recognition and avoidance of electrical hazards
 Special precautionary techniques

« Personal protective equipment

A person working inside the limited approach boundary
of exposed live parts must in addition be trained on:

« Identifying exposed energized parts

» Determining the voltage of exposed
energized parts

« Determining the approach boundaries
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» Decision making process to determine the hazard
(including shock and arc-flash), PPE, and job plan-
ning to perform task

It is important to note that a person can be qualified
for some equipment and methods but not others.

Before a qualified person is asked to perform work on
or near energized parts, the supervisor should be sure
the person is physically and mentally ready for the
task that day.

F. Do not reset a circuit breaker or
replace fuses until the cause is
known and rectified.

OSHA 1910.334(b)(2) & NFPA 70E 130.6(K)

Reclosing circuits after protective device operation.
After a circuit is deenergized by a circuit protective
device, the circuit may not be manually reenergized until
it has been determined that the equipment and circuit
can be safely energized. The repetitive manual reclosing
of circuit breakers or reenergizing circuits through
replaced fuses is prohibited. NOTE: When it can be
determined from the design of the circuit and the over-
current devices involved that the automatic operation of
a device was caused by an overload rather than a fault
condition, no examination of the circuit or connected
equipment is needed before the circuit is reenergized.

This is an important safety practice. If an overcurrent
protective device opened under fault conditions, there
is some damage at the point of the fault. If the fault is
not located and rectified, reclosing on the fault again
may result in an even more severe fault than the first
fault. Also, if the protective device is a circuit breaker,
it may have been damaged on the initial interruption.
Reclosing a degraded circuit breaker on a fault may
cause the circuit breaker to fail in an unsafe manner.
See the next section, follow procedures for fuses and
circuit breakers after interrupting a fault.

G. Follow procedures for fuses and circuit
breakers after interrupting a fault

Fuses: Fuses that interrupt a circuit should be
replaced with the proper fuse type and amps rating.
When using modern current-limiting fuses, new factory
calibrated fuses are installed in the circuit and the
original level of overcurrent protection is maintained
for the life of the circuit. Modern current-limiting fuses
are always recommended. In most newer systems,
the fuse mountings only accept modern current-limit-
ing fuses that have a high interrupting rating. For older
systems, where the fuse clips may accept older style
fuses, it is recommended to only store and use mod-
ern current-limiting style fuses that also can be used
in those clips. For example, if a facility has Class H
fuse clips, only store and use LOW-PEAK® LPN-
RK_SP and LPS-RK_SP fuses (Class RK1).




NFPA 70E 225.1

Fuses shall be maintained free of breaks or cracks in
fuse cases, ferrules, and insulators. Fuse clips shall be
maintained to provide adequate contact with fuses.

Fuses are typically used in conjunction with discon-
nects. Disconnects in most cases have no role in
overcurrent protection. Disconnects should be periodi-
cally inspected and maintained. In applications where
disconnects are used for interruption, such as when
equipped with a ground fault protection relay or a
feature that opens the disconnect when one fuse
opens, the disconnect should be inspected and, if
necessary, maintained after such an interruption.

Circuit Breakers: Circuit breakers need to be evalu-
ated for suitability before being placed back into service
by a person qualified for circuit breaker evaluations.
This should involve visual inspection and electrical
testing to specifications per manufacturer’s procedures.
It is advisable to electrically test a circuit breaker prior
to putting it back in service. Low voltage power circuit
breakers are designed so that a qualified person can
examine and replace the internal parts of the circuit
breaker. However, molded case circuit breakers and
insulated case circuit breakers are not designed so
that the internal parts can be examined and replaced
in the field. Therefore, for these circuit breakers, visual
inspection of the exterior and electrical testing are the
only means to assess the suitability to be placed back
in service.

NFPA 70E

225.2 Molded-Case Circuit Breakers. Molded-case circuit
breakers shall be maintained free of cracks in cases and
cracked or broken operating handles.

225.3 Circuit Breaker Testing. Circuit breakers that inter-
rupt faults approaching their ratings shall be inspected
and tested in accordance with the manufacturer’s
instructions.

After a circuit breaker interrupts a fault, it may not be
suitable for further service. UL 489, the product stan-
dard for molded case circuit breakers, only requires a
circuit breaker to interrupt two short-circuit currents at
its interrupting rating. Circuit breakers that are rated
100A or less do not have to operate after only one
short-circuit operation under “bus bar” short-circuit
conditions. It is possible for a fault to erode the circuit
breaker’s contacts, erode the arc chutes, or weaken
the circuit breaker’s case. If the fault current is high,
circuit breaker manufacturers recommend that a cir-
cuit breaker should receive a thorough inspection with
replacement, if necessary. Some difficulties in the
evaluation process are not knowing a circuit breaker’s
service history, what level of fault current a circuit
breaker interrupted, or what degradation occurred on

the inside of the circuit breaker. That is why proper
testing is recommended.

Another insightful quote is by Vince A. Baclawski,
Technical Director, Power Distribution Products,
NEMA; published in EC&M Magazine, pp. 10,
January 1995:

After a high level fault has occurred in equipment that is
properly rated and installed, it is not always clear to
investigating electricians what damage has occurred
inside encased equipment. The circuit breaker may well
appear virtually clean while its internal condition is
unknown. For such situations, the NEMA AB4 “Guidelines
for Inspection and Preventive Maintenance of MCCBs
Used in Commercial and Industrial Applications” may be of
help. Circuit breakers unsuitable for continued service may
be identified by simple inspection under these guidelines.
Testing outlined in the document is another and more defi-
nite step that will help to identify circuit breakers that are
not suitable for continued service.

After the occurrence of a short circuit, it is important that
the cause be investigated and repaired and that the condi-
tion of the installed equipment be investigated. A circuit
breaker may require replacement just as any other switch-
ing device, wiring or electrical equipment in the circuit that
has been exposed to a short circuit. Questionable circuit
breakers must be replaced for continued, dependable cir-
cuit protection.

H. Testing fuses

When a person suspects that a fuse has opened, he or
she should remove both indicating and non-indicating
fuses from the circuit and check them for continuity.

To minimize exposure to electrical hazards, trou-
bleshooting should be performed on de-energized
equipment, where possible. Resistance measure-
ments are as reliable as voltage measurements.

I. Properly test knife-blade fuses

Insulated Non
Caps for Insulated
Increased Caps

Safety —I: E

Always Test at
the Blade

A continuity test across any knife-blade fuse
should be taken only along the fuse blades. Do
not test a knife-blade fuse with meter probes to
the fuse caps.
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A common mistake when electricians are testing
knife-blade fuses (have blades on ends as shown in
illustration) is to touch the end caps of the fuse with
their probes. Contrary to popular belief, fuse manufac-
turers do not generally design their knife-blade fuses
to have electrically energized fuse caps during normal
fuse operation. Electrical inclusion of the caps into the
circuit occurs as a result of the coincidental mechanical
contact between the fuse cap and terminal extending
through it. In most brands of knife-blade fuses, this
mechanical contact is not guaranteed; therefore, elec-
trical contact is not guaranteed. Thus, a resistance
reading taken across the fuse caps is not indicative

of whether or not the fuse is open.

In a continuing effort to promote safer work environ-
ments, Bussmann® has introduced newly designed
versions of knife-blade FUSETRON® Fuses (Class
RKS5) and knife-blade LOW-PEAK® Fuses (Class RK1)
for some of the amps ratings. The improvement is that
the end caps are insulated to reduce the possibility of
accidental contact with a live part. With these
improved fuses, the informed electrician knows that
the end caps are isolated. With older style non-insu-
lated end caps, the electrician doesn’t really know if
the fuse is “hot” or not by simply taking readings at
the end caps. A portion of all testing-related injuries
could be avoided by proper testing procedures.
Bussmann® hopes to reduce such injuries by inform-
ing electricians of proper procedures.

J. Good housekeeping upon
completion of electrical work

When electrical workers have completed work on
equipment, it is important that prior to reenergization,
all tools, scrap wire, and other debris be removed.
This may avoid an incident when the doors are
opened in the future. There are incidents where a
worker opens an enclosure door on equipment and
a tool, skinned conductor, or knockout becomes dis-
lodged and falls across exposed energized parts
creating an arcing fault.

K. Under normal operation, keep electrical
equipment doors closed

When equipment is thermally affected by the ambient
temperature or electrical loading, the remedy is not
leaving the electrical equipment doors open. This is a
serious safety hazard for personnel and property.

L. Move people outside the flash
protection boundary

Numerous injuries and deaths occur when
workers rack circuit breakers or switch
medium voltage switches and circuit
breakers. Systems should be designed
with a remote open/close operating fea-
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ture for medium voltage switches and circuit breakers.
Let the worker remotely control a motorized unit so
he/she does not have to be directly in harms way.
Also, provide extended length racking tools as in the
illustration.

Extended Racking Tool

! standard Racking Tool

.

Tool extension to increase working
distance from potential arc-flash
hazard when racking a circuit breaker.
Tool moves worker many more feet from
potential arcing fault source.

M. Overcurrent protection reliability, main-
tenance requirements, and the effect
maintenance has on arc-flash hazard

NFPA 70E 210.5 Protective Devices

Protective devices shall be maintained to adequately
withstand and interrupt available fault current.

The reliability of overcurrent protective devices can
directly impact arc-flash hazards. The opening time of
overcurrent protective devices is critical in the result-
ant arc-flash energy released when an arcing fault
occurs. The longer an overcurrent protective device
takes to clear a given arcing fault current, the greater
the arc-flash hazard. When an arcing fault occurs, or
for that matter, when any fault current occurs, the
overcurrent protective device must be able to operate
as intended. Therefore, the reliability of overcurrent
protective devices is critical — they need to open as
originally specified, otherwise the flash hazard can
escalate to higher levels than expected.

Two different types of overcurrent protection technolo-
gies provide different choices in reliability and mainte-
nance requirements. This choice can impact the flash
hazard. Either:

(1) Use overcurrent protective devices that are reliable
and do not require maintenance, or

(2) If the overcurrent protective devices require peri-
odic maintenance, then maintenance must be per-
formed as required per the manufacturer’s
instructions and industry standards.

Current-limiting fuses

Modern fuses are reliable and retain their ability to
open as originally designed under overcurrent condi-
tions. When a fuse is replaced, a new factory cali-
brated fuse is put into service — the circuit has reliable
protection with performance equal to the original spec-
ification. Modern current-limiting fuses do not require




maintenance other than visual examination and insur-
ing that there is no damage from external thermal
conditions or liquids. Under overcurrent conditions,
fuse short-circuit element operation is reliable.

Circuit breakers

Circuit breakers are mechanical overcurrent protective
devices, which require periodic exercise, mainte-
nance, testing, and possible replacement. A circuit
breaker’s reliability and operating speed are depend-
ent upon its original specification and its condition. A
specific circuit breaker’s condition is dependent on
many variables, some of which are not typically
recorded and saved; length of service, number of
manual operations under load, number of operations
due to overloads, number of fault interruptions, humid-
ity, condensation, corrosive substances in the air,
vibrations, invasion by foreign materials or liquids,
damage due to thermal conditions such as loose con-
nections, erosion of contacts, and erosion of arc
chutes. To help keep a circuit breaker within original
specification, a circuit breaker manufacturer’s instruc-
tions for maintenance must be followed.

Failure to do periodic maintenance on a circuit
breaker or maintenance after interrupting a fault may
result in longer interruption times or the inability to
interrupt overcurrents; this can drastically affect the
potential arc-flash energy that can be released.

Protective Devices Maintenance as It Applies to the
Arc-Flash Hazard, is a technical paper by Dennis
Neitzel, AVO Training Institute that is available on
www.bussmann.com under Electrical Safety. This
paper is a good resource on this topic. Excerpts from
this paper:

Where proper maintenance and testing (on circuit break-
ers) are not performed, extended clearing times could
occur creating an unintentional time delay that will effect
the results of flash hazard analysis...

Fuses, although they are protective devices, do not have
operating mechanisms that would require periodic main-
tenance; therefore, this article will not address them. ...

Circuit breakers installed in a system are often forgotten.
Even though the breakers have been sitting in place
supplying power to a circuit for years, there are several
things that can go wrong. The circuit breaker can fail to
open due to a burned out trip coil or because the mech-
anism is frozen due to dirt, dried lubricant, or corrosion.
The overcurrent device can fail due to inactivity or a
burned out electronic component. Many problems can
occur when proper maintenance is not performed and
the breaker fails to open under fault conditions. This
combination of events can result in fires, damage to
equipment or injuries to personnel.
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N. Designing systems: overcurrent
protective device selection

Use the most current-limiting overcurrent protective
devices possible. There are a variety of choices in the
market for overcurrent protective devices. A fuse or
circuit breaker that is not marked “current-limiting” has
not been tested and listed as a current-limiting over-
current protective device. For those that are marked
“current-limiting,” there are different degrees of cur-
rent-limitation to consider — some are considerably
more current-limiting than others.

One of the most important decisions for impacting the
flash hazard can be the type, amps rating, and cur-
rent-limiting ability of the overcurrent protective
devices. It has been demonstrated that the magnitude
of fault current and the length of time the current flows
is directly related to the energy released by an arcing
fault. Overcurrent protective devices that limit the
magnitude of the fault current that flows and reduce
the time duration of the fault current, can reduce the
energy that is released by an arcing fault. In the dis-
cussion that follows, the types of devices are divided
between (1) non current-limiting and (2) current-limit-
ing. The typical six general choices are shown in the
figure below and are discussed in the paragraph after
the figure.

Figure X(N)(1)

Choice of Overcurrent Protective Devices Can Make A Difference

Non
Current-Limiting |;

| i N
yiy )
!

Current-Limiting

FUSETRON®
FRN/S-R

C.L4
MCCB*

LOW-PEAK®
LPN/S-RK
LPJ
LP-CC
KRP-C
Best Current-
Limitation

MCCB?
w/Limiter
Oversized

Typical H
MCCB! |3
IccB? |1
LvPCB?

Renewable
& Class H
Fuses

Fair
But Not The Best

: ‘ Degree of Current Limitation ‘

1 MCCB - Molded Case Circuit Breaker
2 |CCB - Insulated Case Circuit Breaker
3 LVPCB - LV Power Circuit Breaker

4 C.L. - Current-Limiting

. Non current-limiting overcurrent
protective devices

Renewable & Class H fuses are outdated type fuses
that are not considered current-limiting that also have
a low interrupting rating. These fuses are not recom-
mended to assist in reducing arc-flash haz-
ards because they let-through too much
fault current for too long a time, and their
interrupting rating is too low.
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Non Current-limiting Circuit Breakers: The typical
molded case circuit breaker, insulated case circuit
breaker and low voltage power circuit breaker are
not listed as current-limiting and are much like the
renewable and Class H fuses. Therefore these
devices do not significantly reduce the level of fault
currents and they take longer to open. These devices
can permit large amounts of energy to be released
during an arcing fault. For instance, even if the fault
current is in the instantaneous setting range of a cir-
cuit breaker, the higher the fault current the more the
energy that is released. Circuit breakers require peri-
odic maintenance and/or replacement to better insure
they will operate as intended. If not maintained prop-
erly, circuit breaker clearing times can extend beyond
their specifications and the arc-fault energy can be
significantly greater than expected.

2. Current-limiting overcurrent protective
devices

The four types of devices depicted on the right in Figure
X(N)(2) are all current limiting. Current limiting devices
provide the benefit of reducing the arc-fault energy
released for higher fault currents by reducing both the
current magnitude and time duration (when the fault cur-
rent is within their current-limiting range). However, there
are different degrees of current-limitation. And different
devices become current-limiting at different levels of
fault current. If the fault current is in the current-limiting
range of current-limiting fuses, the energy released dur-
ing an arc-fault typically does not increase as the fault
current increases. This is a very important criterion.

Current-limiting molded case circuit breakers are

a better choice than standard molded case circuit break-
ers. The cost is three to four times as much as standard
molded case circuit breakers. The degree of current-limi-
tation is typically fair, but can vary significantly. UL 489,
the Molded Case Circuit Breaker Standard, does not
establish different short-circuit let-through Ip and 1%t val-
ues for various amps rated circuit breakers like UL 248,
the Fuse Standards. Periodic maintenance and testing
is necessary for all circuit breakers to help ensure that
they will operate as intended. If not maintained properly,
their clearing times can extend beyond their specifica-
tions and the arc-fault energy can be significantly
greater than expected.

Standard circuit breakers that incorporate fuses as
limiters are another current-limiting alternative. The cost
is higher than that of standard circuit breakers. The limiter
is intended only to provide current-limiting short circuit
protection. However, the fuse limiters are oversized; so
that the circuit breaker operates for lower

X X level short-circuit currents. Therefore, these
fuse limiters provide far less protection
Safety BASICs e .
than current-limiting fuses sized to the load
such as when the circuit is a fusible switch
system.
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The result with the circuit breaker/limiter alternative
is typically higher arcing fault energy releases. For
instance, the circuit breaker limiter may be sized at
two to ten times the equivalent current-limiting fuses
that would be used instead of a circuit breaker. As an
example, a 600A circuit breaker with fuse limiters may
have limiters that are equivalent to 1600A or greater
fuses. 600A LOW-PEAK® Fuses would typically pro-
vide much lower arc-flash incident energy than a lim-
iter that is equivalent to a 1600A fuse. Properly sized
LOW-PEAK® Fuses enter the current-limiting range
sooner and let-through less fault energy than a
1600A limiter.

FUSETRON® dual-element, time delay fuses FRS-R
and FRN-R (Class RK5) provide current-limiting protec-
tion. The level of current limiting ability is good. A better
choice for applications using Class R fuse clips is the
LOW-PEAK® LPS-RK_SP & LPN-RK_SP (Class RK1)
because these fuses are more current-limiting and enter
their current-limiting range at lower fault levels.

LOW-PEAK® fuses, LPJ_SP (Class J), LPS-RK_SP
& LPN-RK_SP (Class RK1), LP-CC (Class CC) and
KRP-C_SP (Class L) and TRON JJN/JJS fuses
(Class T), offer the best practical current-limiting pro-
tection. They have a significantly better degree of cur-
rent limitation than the other alternatives discussed.
In addition, they typically enter their current-limiting
range at lower currents than the other fuses or limiter
alternatives. The LOW-PEAK® family of fuses is the
most current-limiting type fuse family for general
protection and motor circuit protection.

The table below illustrates the potential benefits of
using fuses that have greater current-limiting ability. In
evaluating arc-flash protection, the overcurrent protec-
tive device’s It let-through is a direct indicator of the
arc-flash energy that would be released. This table
compares the UL 248 Fuse Standards and UL 489
Molded Case Circuit Breaker Standard maximum
permitted 12t let-through limits. These values shown
are the maximum limits. Commercially available
products will have values less than shown.

UL Standard Maximum I%t (amp?seconds) Let-Through Limits
for 50,000A Short-Circuit Test

Current
Limiting
Fuse Fuse Fuse Molded Molded
Device Class Class Class Case Case
Amps J RK1 RK5 Circuit Circuit
Rating 600V 600V 600V Breaker Breaker
600A 2,500,000 | 3,000,000 | 10,000,000 | 20,750,000 No Limit
400A 1,000,000 | 1,200,000 | 5,200,000 | 20,750,000 No Limit
200A 200,000 400,000 | 1,600,000 | 20,750,000 No Limit

Note: It is proportional to thermal energy. I°t is a measurable value
that is used to evaluate fault protection performance of overcurrent
protective devices. The lower the It that an overcurrent protective
device lets-through, the lower the thermal energy released.




The UL 248 Fuse Standards set short-circuit 1%t let-through limits for
current-limiting fuse types such as Classes J, RK1, and RKS5.
Different limits are set for each fuse major amps rating case size
such as 30, 60, 100, 200, 400, and 600A. Fuses that are tested
and listed as current-limiting are marked “current-limiting”.

UL 489 Standard for Molded Case Circuit Breakers does not have 1%
let-through limits for circuit breakers that are not tested and listed as
current limiting; these circuit breakers will not have a marking stating
“current-limiting”. Circuit breakers that are marked “current-limiting”
have 1% let-through limits, which is the lower of either what the manu-
facturer claims or the symmetrical short-circuit calibration wave for a
15 cycle without the circuit breaker in the circuit. UL 489 does not
require current-limiting circuit breaker 12t let-through limits to apply
when the circuit breakers are tested under “bus bar” test conditions.
UL 489 does not require different 12t let-through limits for different cir-
cuit breaker amps ratings or frame sizes.

Figure X(N)(2)

llustrates Different Levels of Protection
UL Ip Limits For 400A Rating

115,000 — o
Non-Current Limiting
Curcuit Breaker
Class RK5 400A
Peak
Amps Class RK1 400A Fuse

33,000

50,000 Sym. Amps Available
Figure X(N)(3)

Illustrates Different Levels of Protection
UL Ip Limits For 200A Rating

115,000 — -
Non-Current Limiting

Curcuit Breaker
Class RK5 200A
Peak
Amps Class RK1 200A Fuse

32,000 —
18,000 ]
16,000 ———

50,000 Sym. Amps Available
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Figures X(N)(2) and X(N)(3) illustrate another way to
gain an understanding of the importance of using
overcurrent protective devices that have better cur-
rent-limiting ability. The dotted line represents the
asymmetrical fault current that could flow with 50,000
symmetrical amps available — the peak current could
reach 115,000A. Figure X(N)(2) shows the UL Ip limit
for a 400A Class RKS5 fuse is 50,000A, for a 400A
RK1 fuse the Ip limit is 33,000A and for a 400 Class J
fuse it is 25,000A. The limits for 200A UL fuses are
less and illustrated in Figure X(N)(3).

Recommendation: Design new systems with
LOW-PEAK® Fuses and TRON Fuses. LPJ_SP Fuses
are Class J which provide an advantage in that Class
J fuses are physically size rejecting. No other class
fuse can be inserted in a Class J mounting. LPS-
RK_SP and LPN-RK_SP Fuses are Class RK1 and
should be installed in Class R clips that only accept
Class R fuses. Class RK5 fuses can also be inserted
in Class R clips. KRP-C_SP Fuses are Class L which
are physically size rejecting. TRON JJN or JJS Fuses
are Class T and are also physically size rejecting.

O. For circuits above 600A, specify
switches with shunt-trip that will
open the switch when a fuse opens

There are options for some fused switches that open
the switch when one of the fuses opens. This option
can be included on new switches or can be retrofitted
on some existing switches. Tests have shown on
larger amps rated circuits that this option may reduce
the arc-flash hazard level. This is an electro-mechani-

cal option, which may require maintenance after an
operation.

P. Improving existing fusible systems that
have class H, R, J, CC, or L fuse clips,
upgrade to LOW-PEAK® fuses

If the electrical system is an existing fusible system,
consider replacing the existing fuses with the
LOW-PEAK® family of fuses. If the existing fuses in
the clips are not the most current-limiting type fuses,
upgrading to the LOW-PEAK® family of fuses can
reduce the hazards associated with arc-flash. To
assist the process visit www.bussmann.com for the
LOW-PEAK® upgrade service. Submit the electronic
listing of 600V and less fuse part numbers for all man-
ufacturers at your facility and receive a listing of the
LOW-PEAK® fuse part numbers for the upgrade.

Owners of existing fusible systems should consider
upgrading to LOW-PEAK® fuses, Classes RK1, L, J and
CC. An assessment of many facilities will
uncover that the installed fuse types are not
as current-limiting as desired or that fuses
were installed decades ago and new, better
current-limiting fuses are now available.
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LOW-PEAK® Fuses LPS_ RK_SP/LPN-RK_SP (Class
RK1), LPJ_SP (Class J), LP-CC (Class CC) and KRP-
C_SP (Class L) offer the best practical current-limiting
protection. The LOW-PEAK® family of fuses are the
most current-limiting type fuse family for general pro-
tection and motor circuit protection.

Upgrade to LOW-PEAK® Fuses
"

£

2
§

| ai}

LOW-PEAK®Upgrade Example For 600V
Classes H & R Fuse Clips

g

LIMITRON® Fast Acting
(Class RK1)

.
H

FUSETRON® Dual Element
(Class RK5)

Renewables (Class H)

One-Time (Class H)

ABD
ABK-R
ABK-R
ABX type 1
ATS-DE
CHR
CTS-R
DES
DES-R
DLS
DLS-R
ECS-R
ERS
FLS
FLS-R
FRS
FRS-R
FTS-R
GDSs
HA
KLS-R
KOs

KTS-R
LES
LES-R
LES-RK
LKS
LLS-RK
LOS-RK
NLS
NOs
NRS
oTs
RES
RFS
RHS
RLS
SCLR
TRS
TRS-R
656
10KOTS
50KOTS

m
LPS-RK(amp)SP a -
2N

i

This is an upgrade example for 600V rated Class H and Class R fuse clips. All

of these part numbers in the two left columns that are 600V rated Class H and
Class R fuses from Bussmann® and other manufacturers can be replaced with the
LOW-PEAK® LPS-RK (amp)SP fuses. There are several benefits in upgrading in
this manner. One benefit is better arc-flash protection.

Q. Specify Type 2 (“no damage”)
protection for motor controllers

Motor starters are very susceptible to damage due to

short-circuit currents. If a worker needs to work within
a motor starter enclosure while energized, it can be a
serious safety hazard. Specifying Type 2 motor starter
protection can reduce the risk.

The engineer or person with the responsi-
bility to specify or choose the type of
equipment can choose the level of motor
starter protection desired: Type 1 or

Type 2.

i
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A choice of motor starter protection is available: both
UL 508E (outline of investigation) and IEC 60947-4-1
differentiate between two types of protection for motor
circuits. The overcurrent protective device makes the
difference.

Type 1 — “Requires that, under short-circuit conditions,
the contactor or starter shall cause no danger to per-
sons (with enclosure door closed) or installation and
might not be suitable for further service without repair
and replacement of parts.” Damage is allowed, requiring
partial or complete component replacement. It is possi-
ble for the overload devices to vaporize and the con-
tacts to weld. Short-circuit protective devices interrupt
the fault current, but are not required to provide compo-
nent protection. The requirements for Type 1 protection
are similar to the requirements for listing to UL 508. See
photos below. If a worker has any unprotected body
parts near such an event, he/she may be injured.

Photos of Type 1 Protection: Test photos of before, during and
after of: MCP intended to provide motor branch circuit protection for
10HP, IEC Starter with 22,000A available at 480V. The heater ele-
ments vaporized and the contacts were severely welded. This could
be a hazard if the door is open and a worker is near.

Type 2 — “Requires that, under short-circuit conditions,
the contactor or starter shall cause no danger to
persons (with enclosure door closed) or installation
and shall be suitable for further use.” No damage is
allowed to either the contactor or overload relay. Light
contact welding is permitted, but contacts must be
easily separable. “No damage” protection for NEMA
and IEC motor starters can only be provided by a
current-limiting device. See photos below.

Photos of Type 2 Protection: Test photos of before, during and
after of same test circuit and same type starter during short-circuit
interruption as in Photo 1, 2 and 3. The difference is LOW-PEAK®
LPJ_SP current-limiting fuses provide the motor branch circuit pro-
tection. This level of protection reduces the risk for workers.




The fuses that typically meet the requirements for
Type 2 “no damage” protection that are the result of
the controller manufacturers testing are LOW-PEAK®
LPJ_SP fuses (Class J), LP-CC fuses (Class CC) and
LPS-RK_SP/LPN-RK_SP fuses (Class RK1). As dis-
cussed in the two previous section, these are very
current-limiting fuses which can protect the sensitive
controller components.

For more discussion on this subject and some Type 2
Tables by motor starter manufacturers, see Cooper
Bussmann’s publication SPD, section Type 2

“No Damage” Motor Starter Protection which can

be found on www.bussmann.com.

R. Finger-safe products and terminal covers

Although most electrical workers and others are
aware of the hazard due to electrical shock, it still is a
prevalent cause of injury and death. One of the best
ways to help minimize the electrical shock hazard is to
utilize finger-safe products and non-conductive covers
or barriers. Finger-safe products and covers reduce
the chance that a shock or arcing fault can occur. If all
the electrical components are finger-safe or covered,
a worker has a much lower chance of coming in con-
tact with a live conductor (shock hazard). Also, the
risk that a conductive part falling across bare, live
conductive parts and creating an arcing fault is greatly
reduced (arc-flash hazard).

Shown below are several items to help minimize
shock hazard and minimize the initiation of an arcing
fault: the new Bussmann® CUBEFuse™ (1 to 100A)
that are 1P20 finger-safe and very current-limiting pro-
tective devices. SAMI™ fuse covers for covering fuses,
Safety J fuse holders for LPJ fuses, CH fuse holders
available for a variety of Bussmann® fuses and
Bussmann® disconnect switches, with fuse and termi-
nal shrouds. All these devices can reduce the chance
that a worker, tool or other conductive item will come
in contact with a live part.

!

- Terminal Shrouds

i

CH Holders

&

Disconnects

SAMI Covers

Safety J Holders

CUBEFuse™
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S. Isolate the circuit: install in-sight
fusible disconnect for each motor

Electrical systems must be designed to support pre-
ventive maintenance, with easy access to the equip-
ment. Designers must isolate equipment for repair
with a disconnecting means that provides for ade-
quate implementation of lockout/tagout procedures.
A sound design provides disconnecting means at all
motor loads in addition to the disconnecting means
required at the controller that can be locked in the
open position. Disconnecting means at the motor
provide improved isolation and safety for maintenance
and for use in case of an emergency.

Install HP-rated fusible disconnects (with permanently
installed lockout provision) within sight and within

50 feet of every motor or driven machine. This meas-
ure fosters safer work practices and can be used for
an emergency disconnect if there is an incident. An in
sight motor disconnect is more likely to be used by a
worker for the lockout procedure to put equipment in
an electrically safe work condition prior to doing work
on the equipment.

The 1999 NEC® required a disconnect in sight of a
motor or machine. However, there was an exception
that if the disconnect at the controller could be locked
out, then the in-sight disconnect could be omitted.
430.102 changed in the 2002 NEC®, resulting in a
tighter requirement that provides for better worker
safety. An in-sight motor disconnect is required even
if the disconnect ahead of the controller can be locked
out. There are exceptions for some specific industrial
applications.

In-Sight Motor Disconnect

In sight (of controller)

disconnecting means ahead of
In sight motor

controller required per NEC
disconnecting means

430.102(A) ‘ Barrier, wall or
required per NEC 430.102(B)

aisle with an
obstruction

;

i

%
%

~{ (M)

Revised NEC requirement,
good for safety shut-off

Safety BASICs]
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T. Isolate the circuit-selective coordination

Today, more than ever, one of the most important parts
of any installation is the electrical distribution system.
Nothing can stop all activity, paralyze production, incon-
venience and disconcert people, and possibly cause
a panic more effectively than a major power failure.

Isolation of a faulted circuit from the remainder of the
installation is mandatory in today’s modern electrical
systems. Power blackouts cannot be tolerated.

Isolating the faulted circuit can also be a serious
safety issue. According to the NEC?®, Article 240.12,
where an orderly shutdown is required to minimize
hazards to personnel and equipment, a system of
coordinated short-circuit protection shall be permitted.

Therefore, selecting protective devices based solely
on their ability to carry the system load current and
interrupt the maximum fault current at their respective
levels is not enough. A properly engineered system
allows only the protective device nearest the fault to
open, leaving the remainder of the system undis-
turbed and preserving continuity of service.

Selective coordination is considered the act of isolat-
ing a faulted circuit from the remainder of the electri-
cal system, thereby eliminating unnecessary power
outages. The faulted circuit is isolated by the selective
operation of only that overcurrent protective device
closest to the overcurrent condition. For more informa-
tion pick Selective Coordination under Application Info
at www.bussmann.com.

U. High impedance-grounded wye systems

Some users are designing their 480V electrical systems
with high impedance grounded wye systems. This type
of system can reduce the probability that arcing faults
will occur. With high-impedance-grounded wye sys-
tems, if a worker’s screwdriver slips, simultaneously
touching an energized bare phase termination and the
enclosure, a high energy arc-fault would not be initi-
ated. However, this type of system does not totally
eliminate the hazard. If the worker’s screwdriver
simultaneously touches the energized bare termina-
tions of two phases, an arcing fault may occur. If high
impedance grounded wye systems are being
designed or an existing solidly grounded wye system
is being retrofitted to this type system, it is imperative
to consider the single-pole interrupting capabilities of
any circuit breakers and self-protected starters that
may be considered or already installed. In addition,
any slash voltage-rated circuit breakers or other
mechanical devices may not be suitable.
For an in-depth discussion on this subject,
see Bussmann’s publication SPD, sec-
tions Single-Pole Interrupting Capability
and Slash Voltage Rating which can be
found on www.bussmann.com.

—N—
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V. Do not use short-time delay settings on
circuit breakers

Some circuit breakers are equipped with a short-time
delay mechanism, which is intended to delay operation
of the circuit breaker with an intentional delay under fault
conditions. Short time delay breakers are used on feed-
ers and mains so that downstream molded case break-
ers may clear a fault without tripping the larger upstream
circuit breaker. In many cases a circuit breaker with a
short-time delay setting will not have an instantaneous
setting. So a fault is permitted to flow for an extended
time. Under fault conditions, a short-time delay sensor
intentionally delays signaling the circuit breaker to open
for the time duration setting of the short-time delay. For
instance, a low voltage power circuit breaker with a
short-time delay and without instantaneous trip permits
a fault to flow for the length of time of the short-time
delay setting, which might be 6, 12, 18, 24, or 30 cycles.

There is an adverse consequence associated with
using circuit breakers with short-time delay settings. If
an arcing fault occurs on the circuit protected by a
short-time delay setting, a tremendous amount of
damaging fault energy can be released while the sys-
tem waits for the circuit breaker short-time delay to
time out. The longer an overcurrent protective device
takes to open, the greater the flash hazard due to
arcing faults. Research has shown that the arc-flash
hazard increases with the time duration the current is
permitted to flow.

System designers and users should understand that
using circuit breakers with short-time delay settings
can greatly increase the arc-flash energy. If an inci-
dent occurs when a worker is at or near the arc-flash,
the worker may be subjected to considerably more
arc-flash energy than if an instantaneous trip circuit
breaker or, better yet, a current-limiting circuit breaker
or current-limiting fuses were protecting the circuit.

Note: Designers typically use short-time delays to
achieve fault coordination with downstream cir-
cuit breakers. If selective coordination and fast
fault opening time are design objectives, there
are other, better alternatives. For instance, sys-
tems designed with current-limiting fuses can
usually achieve both objectives.




W. Specify a main on a service

Do not utilize the six disconnect rule for service
entrances permitted in the National Electrical Code in
lieu of a single main disconnect. Some designers use
the six disconnect rule to lower the cost of the service
equipment, but this can increase the hazards for
workers. With a main overcurrent protective device
and disconnect, the main bus and line terminals of the
feeders are provided better protection. See Figure
below.

For instance, if a worker must work in the enclosure
of one of the feeders, this compartment should be
placed in an electrically safe work condition. In
achieving that process, the main disconnect should
be locked out. In this way, the feeder device compart-
ment will have no energized conductors.

If a worker is in a feeder compartment while energized,
the main overcurrent protective device provides the
protection against arc-faults on the feeder device line
terminals and the equipment main bus. It is necessary
to assess the arc-fault hazard with the main device;
large amps rated overcurrent protective devices may
permit high arc-flash incident energies. But for most
cases, the main overcurrent protective device will pro-
vide better protection than the utility overcurrent protec-
tive device, which is located on the service transformer
primary (not shown in figure below).

No main leaves shaded area at
greater risk to worker:
1. No disconnect to
lockout
2. No premises
overcurrent

protectior\q i -
P RN

Main provides
shaded zone:
1. Disconnect to lockout
2. Overcurrent protection

Service Entrance
Main Design

Service Entrance
Six Disconnect Rule
No Main Design

X. Utilize cable limiters on service
conductors

Limit the arc-flash energy for faults ahead of the main.
Cable limiters can provide an added safety factor for
the service entrance conductors and where they ter-
minate to the service equipment.
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Primary Fuse / Primary fuse may be slow in reacting

N

Cable
Limiters

Service Conductors
Four Conductors per Phase

Cable limiters are most often used for
continuity of service where the service
has three or more conductors per
phase. Sometimes cable limiters are
used on single conductor per phase
services as a means to limit the short-
circuit current.

Cable
Limiters

Cable limiters may provide additional
arc-flash protection for the shaded
zone at the line side terminals of the
main. Or if the main overcurrent
protective device is not current-
limiting, cable limiters may provide
arc-flash protection for portions of

Service Equipment the premises system.

Y. Break up large loads into smaller
circuits.

In the design stage, it is suggested not to utilize large
amps-rated circuits. In some cases, larger amps-rated
fuses and circuit breakers let-through too much
energy for a practical PPE arc rating. As an example,
break up a 3000A circuit to three 1000A circuits. Or
another example, it is generally better to have two
800A circuits than one 1600A circuit. It is even better
to have the loads divided so that the circuits are pro-
tected by LOW-PEAK® fuses of 600A and less. For
specific situations, do an analysis of the arc-flash haz-
ard; there are variables that can affect the outcome.
This is especially beneficial when using current-limit-
ing protective devices; since the lower amps-rated
devices are typically more current-limiting and, thus,
can better reduce the arc-flash hazard. See the
following example.

—

| Split Large Feeders

28,000A

: KRP-C1600SP KRP-C800SP 18,000A 800A
A\_/a||§b|e Short 1600A 800A Available Short
Circuit Current Circuit Current
22.71 Callcm? 1.82 Cal/cm?
@18" Incident I:> @18" Incident
Energy Energy

MCC

iy
b O

If using current-limiting overcurrent protective device,
the smaller ampere rating may reduce the arc-flash
hazard. Analysis may be necessary to confirm.

Bussmann
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Z. If using circuit breakers, specify
zone-selective interlocking

If using circuit breakers, in order to achieve coordina-
tion, circuit breakers with short-time delay are typically
specified. However, short-time delay settings can
permit extremely hazardous incident energy levels.
Another option with circuit breakers is to use zone-
selective interlocking. In this scheme, the circuit
breakers with this option have communication wiring
between the circuit breakers and the circuit breakers’
sensing elements communicate. For instance, the
main and feeder circuit breakers might be equipped
with zone-selective interlocking. For faults on the load
side of the feeder circuit breaker. the main circuit
breaker, if signaled by the feeder circuit breaker,
might be set to have a short-time delay of 24 cycles.
This allows for the main circuit breaker to wait for

the feeder to open for faults on the feeder circuit.
However, if the fault is on the main circuit, then the
main circuit breaker will not receive a signal from a
feeder circuit breaker and the main circuit breaker
will open without an intentional delay.

AA. “Smart” equipment

By using digital technologies, remotely perform volt-
age testing and check current readings and other
parameters. Utilizing this design method shifts some
troubleshooting from “working on or near” exposed
energized components to the remote computer screen
with the equipment doors closed and latched. These
schemes can reduce the associated electrical hazards
and reduce the required PPE.

BB. Utilize arc resistant (arc diverting)
medium voltage switchgear

Some medium voltage switchgear is designed to
better withstand internal arcing faults than standard
equipment. This equipment is typically designed with
stronger door hinges and latches, better door gaskets
and hinged enclosure top panels. The concept is to
divert the resultant explosive hot gases and pressures
from an internal arcing fault via the hinged enclosure
top panels. If the switchgear is installed indoors then
ductwork or a similar means of exhausting the hot
gases to the outside of the building is required.

Note: This equipment is rated to withstand specific
levels of internal arc-faults with all the doors
closed and latched. The rating does not apply
with any door opened. So it is not applicable
when a worker is working on the equipment
with an open door or panel. Also, the term “arc

resistant” is a bit misleading. The internal
switchgear must withstand an internal arc-
.' ing fault and, therefore, the sheet metal,
etc., must resist or withstand a specified
arc-fault. However, a major feature of this
equipment is diverting the arc-fault
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byproducts (hot ionized gases and blast) via the
hinged enclosure top panels. This feature helps
to prevent the arc-fault from blowing open the
doors or side panels and venting the arc-fault
byproducts where a worker may be standing.

Before Arc Fault During Arc Fault

CC. Retrofit existing non-current-limiting
feeders that have high fault potential
with LOW-PEAK® fuses by cutting in
fusible switches

There is a large legacy of installed circuit breakers
that may be slow in operating, have not been main-
tained properly or may not even operate on overcur-
rents. It may be expensive to remove the existing
gear and install new fusible or circuit breaker gear.
A solution might be to use the circuit breaker as a
disconnect and retrofit LOW-PEAK® fuses properly
sized for the load.

Retrofit Potential: Feeders to MCCs, Busways, and Panels

) )

D000

Incident Energy* Install
KRP-C 800SP
& Fuses
*If the feeder circuit breaker has not

been maintained properly, the incident
energy may be much greater.

Use Circuit Breaker
As Disconnect

20,000A Available
Short Circuit
38.87 Cal/cm?

Incident Energy*

\

800A Low Voltage 20,000A Available
Power Circuit Short Circuit
Breaker with

Short-Time Delay

DD. Retrofit under-utilized circuits with
lower-amps rated LOW-PEAK® fuses

Sometimes circuits are under-utilized. In this case, it is
recommended to meter for the actual current under
the maximum load condition, then install LOW-PEAK®
fuses sized for this load (see typical fuse sizing calcu-
lation method on page 176 of the SPD publication).
For instance, if an 800A feeder to a motor control cen-
ter draws only 320A, install 400A LOW-PEAK® fuses.




Size Fuses for Actual Loads

Current Limiting
Fuses Sized to Load

:

800A MCC

T
i
POOOOO  BOOOOO

EE. Proper interrupting rating

Under Utilized MCC

|
é 800A
D—

LPS-RK400SP
400A

=)

Meter
320A

800A MCC

Interrupting rating is the maximum current that a fuse
or circuit breaker can safely interrupt under standard
test conditions. “Safely interrupts” pertains to the con-
dition of the fuse or circuit breaker during and after
the interruption.

Many people in the electrical industry still do not
understand what interrupting rating means, they do
not appreciate the consequences of improper inter-
rupting rating, or they have yet to figure out or care
that available short-circuit currents in electrical sys-
tems can increase beyond a device’s interrupting rat-
ing over time due to system changes. An overcurrent
protective device that attempts to interrupt a fault cur-
rent beyond its interrupting rating can violently rup-
ture. An overcurrent protective device applied with
inadequate interrupting rating is a serious safety haz-
ard. This in itself can be an arc-flash and arc-blast
hazard, plus the violent rupturing can cause an arcing
fault in other parts of the equipment.

Be absolutely sure to use overcurrent protective
devices that have adequate interrupting ratings at
their point of application for the maximum available
short-circuit current. Consideration for interrupting rat-
ing should be for the life of the system. All too often,
transformers are replaced or systems are upgraded
and the available short-circuit currents increase.

Modern current-limiting fuses have interrupting ratings
of 200,000 and 300,000A, which virtually eliminates
this hazard contributor. However, renewable and
Class H fuses only have a 10,000A interrupting rating.

Circuit breakers have varying interrupting ratings, so
they need to be assessed accordingly. If systems
changes occur, it is important to reassess whether the
installed circuit breakers still have sufficient interrupt-
ing ratings. Plus, circuit breakers must be periodically
maintained and, possibly, tested to verify their ability
to interrupt as intended.
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The photos above show what happens when Class H
fuses, which have an interrupting rating of only
10,000A, are subjected to a 50,000A fault. Obviously,
this is a misapplication, but this emphasizes how
important proper interrupting rating is for arc-flash pro-
tection and proper application of overcurrent protec-
tive devices. In a fraction of a second the fuses can
violently rupture. This could be a very serious safety
hazard for a worker. This is a violation of NEC 110.9.

The photos above show what happens when a circuit
breaker with an interrupting rating of 14,000A is sub-
jected to the same 50,000A fault. This also is a misap-
plication, but illustrates the sudden violence that
occurs. In a fraction of a second, the circuit breaker
violently ruptured, which could be a very serious
safety hazard for a worker. This violates NEC 110.9.

The photos below show a proper application that meets
NEC 110.9. Note there is no violence or emitted byprod-
ucts. In this case, LOW-PEAK® LPJ fuses safely inter-
rupt this the 50,000A available short-circuit current. The
LPJ fuses have an interrupting rating of 300,000A.

During and after test.

Before test.
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XI. Costs Associated with Safety

What are the costs associated with accidents, inci-
dents, injuries, and implementing a good safety pro-
gram?

In most cases, employer safety efforts are intended
for two purposes:

« As an inherent benefit to employees

* To build a legal defense, just in case an injury
occurs

Gathering and compiling information related to costs
of incidents and injuries is very difficult. Employers
and owners tend to avoid public access to that type of
information. However, the National Safety Council has
established some data associated with these costs in
an attempt to identify a cost/benefit ratio. Some injury
costs are in the public realm.

The most recent figures from the National Safety
Council estimate that the total occupational death and
injury cost in 1996 was $121 billion. This figure
includes wage and productivity losses of $60.2 billion,
medical costs of $19.0 billion, and administrative
expenses of $25.6 billion. While this dollar figure is
not specific to the electrical industry, it is staggering.

A paper presented at the IEEE Petroleum and
Chemical Industry Conference in 1990 entitled
“Maintaining Safe Work Practices in a Competitive
Environment” contains information on costs. This
paper, published in the IEEE Transactions in 1991,
is available from the IEEE.

When an incident involving injury occurs, associated
costs might be viewed as either direct costs or indirect
costs. Direct costs include repair or replacement of
the failed equipment and production loss due to the
failure. Indirect costs include costs that are difficult to
calculate.

Direct costs associated with an incident or injury might
include:

« Equipment repair or replacement
« Lost production and employee down time

Indirect costs might include the following:
« Citation costs
« Incident investigation

« Creation and maintenance of documentation for
legal purposes

* Insurance

« Ineffective work as employees talk about
the incident and poor general morale

Safety BASICs
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« Identification of procedural shortcomings and
enacting “fixes”

* Litigation expenses
» Medical costs

Estimates of the ratio of direct to indirect costs are
reported to vary from 1 to 4 on the low end to 1 to 8
on the upper end. Of course, legal expenses might be
extreme should litigation result from the injury.

Employers are subject to inspection by field represen-
tatives from OSHA. Frequently, OSHA inspectors
identify violations and assess fines. Most OSHA cita-
tions are small, in the hundreds of dollars. However,
some are cited as serious violations. The Act (OSHA)
does contain considerable “teeth”. Section 666 pro-
vides that an employer can be issued a civil penalty of
$7,000 for a serious violation and up to $70,000 for
each willful or repeated violation of the Act. In addition,
an employer can be liable under the Act for criminal
sanctions, including monetary fines and imprisonment.

Lockout/tagout citations have declined in recent years,
but every year the standard ranks as one of OSHA's
most violated rules. Between October 1994 and June
1997, 10,272 violations of the standard were recorded.
The total cost of these penalties: $15 million.

To this point, this document has discussed only costs.
Spending money now to avoid safety incidents and
injuries avoids future expenditures. An effective safety
program is the best possible legal defense. It is also
the best way to document the employer’s efforts,
should the employer experience an OSHA inspection.

Dollars expended in an effective safety program are
reported to be an excellent investment. In fact, money
invested in a safety program reportedly results in a
400 percent return on investment (ROI).

In one instance, an electrical contractor was near
bankruptcy. After a review of where the money was
going, the contractor established an effective safety
program. Although criticized for that “soft” expenditure,
the result was a significant improvement in profitability.
As the contractor’s safety experience improved, the
contractor’s business increased dramatically, and
overhead costs were significantly lowered. Safety is
good business. Another large electrical contractor
found that each serious electrical incident typically
costs $4 million.
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Accessible. Capable of being removed or exposed
without damaging the building structure or finish, or
not permanently closed in by the structure or finish of
the building.

Arc-blast. The release of concentrated energy associ-
ated with extreme pressure and rapid pressure
buildup resulting from an arcing fault.

Arc-flash. The release of concentrated (thermal)
energy that is the result of an arcing fault.

Arc-rating. The maximum incident energy resistance
demonstrated by a material (or a layered system of
materials) prior to breakopen or at the onset of a
second-degree skin burn. Arc rating is normally
expressed in cal/cm?.

Branch Circuit. The circuit conductor between the
final overcurrent protection device protecting the
circuit and the outlet(s).

Controller. A device or group of devices that serves to
govern, in some predetermined manner, the electric
power delivered to the apparatus to which it is connected.

Dead Front. Without live parts exposed to a person
on the operating side of the equipment.

De-energized. Free from any electrical connection to a
source of potential difference and from electrical charge;
not having a potential different from that of the earth.

Disconnecting Means. A device, or group of devices,
or other means by which the conductors of a circuit
can be disconnected from their source of supply.

Electrically Safe Work Condition. A state in which
the conductor or circuit part to be worked on or near
has been disconnected from energized parts,
locked/tagged in accordance with established stan-
dards, tested to ensure the absence of voltage, and
grounded if determined necessary.

Enclosure. The case or housing of apparatus, or the
fence or walls surrounding an installation to prevent per-
sonnel from accidentally contacting energized parts, or
to protect the equipment from physical damage.

Energized. Electrically connected to or having a
source of voltage.

Equipment Grounding Conductor. The conductor
used to connect the non-current-carrying metal parts
of equipment, raceways, and other enclo-
sures to the system grounded conductor
and/or the grounding electrode conductor
of the circuit at the service equipment or at
the source of a separately derived system.
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Exposed (live parts). Capable of being inadvertently
touched or approached nearer than a safe distance by
a person. It is applied to parts that are not suitably
guarded, isolated, or insulated.

Feeder. All circuit conductors between the service
equipment, the source of a separately derived system,
or other power supply source and the final branch-
circuit overcurrent device.

Flash Hazard. A dangerous condition associated with
the release of energy caused by an electric arc.

Flash Hazard Analysis. A study investigating a
worker’s potential exposure to arc-flash energy, con-
ducted for the purpose of injury prevention and the
determination of safe work practices and the appropri-
ate levels of PPE.

Flash Protection Boundary. An approach limit at a
distance from exposed live parts within which a per-
son could receive a second-degree burn if an electri-
cal arc-flash were to occur.

Grounded Conductor. A system or circuit conductor
that is intentionally grounded. Note that all neutrals
are grounded conductors but not all grounded conduc-
tors are neutrals.

Grounding Conductor. A conductor used to connect
equipment or the grounded circuit of a wiring system
to a grounding electrode or electrodes.

Guarded. Covered, shielded, fenced, enclosed, or
otherwise protected by means of suitable covers, cas-
ings, barriers, rails, screens, mats, or platforms to
remove the likelihood of approach or contact by per-
sons or objects to a point of danger.

Isolated. Not readily accessible to persons unless
special means for access are used.

Limited Approach Boundary (for shock). An
approach limit at a distance from an exposed live
part within which a shock hazard exists.

Overcurrent. Any current in excess of the rated current
of equipment or the ampacity of a conductor. It might
result from overload, short circuit, or ground fault.

Overload. Operation of equipment in excess of nor-
mal, full-load rating, or of a conductor in excess of
rated ampacity that, when it persists for a sufficient
length of time, would cause damage or dangerous
overheating. A fault, such as a short circuit or ground
fault, is not an overload.

Prohibited Approach Boundary (for

Qualified Person. A person who has sufficient train-
ing and experience on a particular type of electrical
equipment to demonstrate to supervision that he or
she is competent to complete the work to be done and
is fully aware of the hazards involved.

Readily Accessible. Capable of being reached
quickly for operation, renewal, or inspection, without
requiring those to whom ready access is required to
climb over or remove obstacles or to resort to portable
ladders, chairs, etc.

Restricted Approach Boundary (for shock). An
approach limit at a distance from an exposed live part
within which there is an increased risk of shock, due
to electrical arc-over combined with inadvertent move-
ment, for personnel working in close proximity to the
live part.

Switches.

* General-Use Switch. A switch intended for use in
general distribution and branch circuits. It is rated
in amps, and it is capable of interrupting its rated
current at its rated voltage.

* Isolation Switch. A switch intended for isolating
an electric circuit from the source of power. It has
no interrupting rating, and it is intended to be oper-
ated only after the circuit has been opened by
some other means.

» Motor-Circuit Switch. A switch, rated in horse-
power, capable of interrupting the maximum
locked-rotor current of a motor of the same horse-
power rating as the switch at the rated voltage.

Switching Device. A device designed to close and/or
open one or more electric circuits. Switching devices
include the following:

« Circuit Breakers. A switching device capable of
making, carrying, and breaking currents under nor-
mal circuit conditions, and also making, carrying
for a specified time, and breaking currents under
specified abnormal circuit conditions, such as
those of short circuit.

» Disconnecting (or isolating) Switch (disconnec-
tor, isolator). A mechanical switching device used
for isolating a circuit or equipment from a source of
power.

» Disconnecting Means. A device, group of
devices, or other means whereby the conductors
of a circuit can be disconnected from their source
of supply.

e Interrupter Switch. A switch capable of making,
carrying, and interrupting specified currents.

‘N~ shock). An approach limit at a distance Unaualified Person. A ho'i ; lified t
from an exposed live part within which work q : - A PETSON WNo IS not qualined to
is considered the same as making contact perform a certain work task.
with the live part.
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XIV. Annexes

Annex A: Checklist for victims of electrical incidents*

This list should be a part of a site’s emergency response plan for electrical injuries. A completed copy should
accompany the victim to the hospital or treatment center if at all possible. The information will ensure the best
possible evaluation and treatment by initial medical caregivers.

Name of injured person

1. When and where did the accident occur?

2. What was the victim doing at the time of the accident?

YES NO
O O 3. Did the victim come in direct contact with electricity?
O O Was an arc the source of electrical current exposure?
Explain.
O O 4. Could the victim have inhaled metal vapors or extremely hot air caused by arc-flash?
O O 5. What was the duration of exposure to electricity?
O O 6. Please identify the following as related to the incident:
Voltage
Available short circuit current
Source of electrical hazard
O O 7. Did the victim fall? If “yes,” explain.
O O 8. Was the victim wearing protective or insulated clothing, safety boots, or gloves?
If “yes,” what protective equipment?
O O 9. Were others involved in the accident?
If “yes,” explain.
O O 10. Before the accident, had the hazard been identified?
O O 11. Did the victim seem dazed, confused, or lose consciousness at any point following the
accident? If “yes,” please elaborate.
O O 12. Did the victim require CPR?
O O 13. Was the victim treated as if bones might be broken, especially in the neck?
O O 14. Did the accident involve an explosion?
O O 15. Did the accident occur in a closed space? If “yes,” please elaborate.
O O 16. Did other hazards exist at the time of the accident, such as combustibles, heavy loads,

moving or fixed machines, vehicles and equipment, or extreme ambient temperatures?
If “yes,” explain.

O O 17. Name and telephone number of person who can provide further information about the
accident events.

* This checklist has been adapted from one originally developed by the Electrical Trauma Research Program, University of Chicago,
Section of Plastic and Reconstructive Surgery.

Bussmann
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Annex B: Sources of information

Where to Obtain Standards Information

Name of SDO

Address

Telephone No.

Internet URL

National Fire Protection
Association (NFPA)

1 Batterymarch Park
Quincy MA 02269-9101

1-800-344-3555

www.nfpa.org

Institute of Electrical and
Electronics Engineers
(IEEE)

445 Hoes Lane
PO Box 1331
Piscataway, NJ 08855-1331

1-800-678-IEEE

www.ieee.org

Occupational Safety and
Health Administration
(OSHA)!

www.osha.gov

International Electro-
technical Commission?

11 W. 42nd Street
New York, NY 10036

1-212-642-4900

www.iec.ch

National Electrical
Manufacturers
Association

Global
15 Inverness Way East
Englewood, CO 80112-5776

1-800-854-7179

www.nema.org

American National
Standards Institute

11 W. 42nd Street
New York, NY 10036

1-212-642-8908

www.ansi.org

National Standards
System Network?®

WWW.Nssn.org

Underwriters Laboratory

333 Pfingsten Rd
Northbrook, IL 60062

1-847-272-8400

www.ul.com

1 OSHA maintains many offices throughout the United States. OSHA standards are available from many
organizations and commercial outlets. All OSHA standards and OSHA-related information are avail-
able on the Worldwide Web. The OSHA Web site contains interpretive information in addition to all

regulations.

2 |EC standards are available from several outlets in the United States. A visit to the IEC Worldwide
Web home page will provide information on all available outlets.

3 The National Standards System Network is a service provided by ANSI that supplies information on all
ANSI-related standards developing organizations. All American National Standards are available for
purchase through this network.

—N—
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Annex C: OSHA and other standards for protective equipment

Table XIV(C)(1). List of OSHA Standards for Protective Equipment

OSHA 1910.38

OSHA 1910.95

OSHA 1910.132
OSHA 1910.133
OSHA 1910.134
OSHA 1910.135
OSHA 1910.136
OSHA 1910.138
OSHA 1910.146
OSHA 1910.147
OSHA 1910.151

OSHA 1910.212
OSHA 1910.331-335
* 1910.331
* 1910.332
« 1910.333
« 1910.334
* 1910.335

Employee Emergency Plans and Fire Prevention Plans
Hearing Protection
Personal Protective Equipment-General Requirements
Eye and Face Protection
Respiratory Protection
Head Protection
Foot Protection
Hand Protection
Permit-Required Confined Spaces
Lockout/Tagout
Medical Services and First Aid
Machine Guarding
Electrical Protection
* Scope
e Training
« Selection and Use of Work Practices
e Use of Equipment
e Safeguards for Personnel Protection

Table XIV(C)(2). Standards on Protective Equipment (Table 130.7(C)(8) in NFPA 70E)

Subject Number and Title

Head Protection

ANSI Z89.1, Requirements for Protective Headwear for Industrial Workers, 1997

Eye and Face Protection

ANSI Z87.1, Practice for Occupational and Educational Eye and Face Protection, 1998

Gloves

ASTM D120, Standard Specification for Rubber Insulating Gloves, 2002

Sleeves

ASTM D1051, Standard Specification for Rubber Insulating Sleeves, 2002

Gloves and Sleeves

ASTM F496, Standard Specification for In-Service Care of Insulating Gloves and Sleeves,
2002

Leather Protectors

ASTM F696, Standard Specification for Leather Protectors for Rubber Insulating Gloves
and Mittens, 2002

Footwear

ASTM F1117, Standard Specification for Dielectric Overshoe Footwear, 1998

ASTM Z41, Standard for Personnel Protection, Protective Footwear, 1991

Visual Inspection

ASTM F1236, Standard Guide for Visual Inspection of Electrical Protective Rubber
Products, 1996

Apparel

ASTM F1506, Standard Specification for Protective Wearing Apparel for Use by Electrical
Workers When Exposed to Momentary Electric Arc and Related Thermal Hazards, 2002

Face Protective Products

ASTM F2178, Standard Test Method for Determining the Arc-Flash Rating of Face
Protective Products, 2002

ANSI—American National Standards Institute
ASTM—American Society for Testing and Materials
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Table XIV(C)(3). Standards on Other Protective Equipment (Table 130.7(F) in NFPA 70E)

Subject Number and Title

Safety Signs and Tags

ANSI Z535, Series of Standards for Safety Signs and Tags, 2002

Bussmann

Blankets ASTM D1048 Standard Specification for Rubber Insulation Blankets, 1998
Covers ASTM D1049, Standard Specification for Rubber Covers, 1998
Line Hoses ASTM D1050, Standard Specification for Rubber-Insulating Line Hoses, 1990

Line Hoses and Covers

ASTM F478, Standard Specification for In-Service Care of Insulating Line Hoses and
Covers, 1999

Blankets

ASTM F479, Standard Specification for In-Service Care of Insulating Blankets, 1995

Fiberglass Tools/Ladders

ASTM F711, Standard Specification for Fiberglass-Reinforced Plastic (FRP) Rod and
Tube Used in Live Line Tools, 1997

Plastic Guards

ASTM F712, Test Methods for Electrically Insulating Plastic Guard Equipment for
Protection of Workers, 1995

Temporary Grounding

ASTM F855, Standard Specification for Temporary Grounding Systems to Be Used on
Deenergized Electric Power Lines and Equipment, 1997

Insulated Hand Tools

ASTM F1505, Specification for Insulated Hand Tools, 1994

ANSI—American National Standards Institute ASTM—American Society for Testing and Materials

Note: The standards contained in Table XIV(C)(3) are the base standard used by OSHA to generate 29 CFR 1910.137-
Personal Protective Equipment. The same information served as the basis for 29 CFR 1910.269 (generation, transmis-
sion, and distribution).

Annex D: Listing of IEEE standards: color books

The Color Book Series by the Institute of Electrical and Electronic Engineers (IEEE) provides recommended practices and
guidelines that go beyond the minimum requirements of the NEC®, NEMA, and UL standards. When designing electrical
power systems for industrial and commercial facilities, consideration should be given to the design and safety requirements of
the following IEEE color books:

Red Book
Green Book
Gray Book
Brown Book
Buff Book
Orange Book

Gold Book
White Book
Bronze Book

Emerald Book
Yellow Book
Blue Book

IEEE Recommended Practice for Electrical Power Distribution for Industrial Plants

IEEE Recommended Practice for Grounding of Industrial and Commercial Power Systems

IEEE Recommended Practice for Electrical Power Systems in Commercial Buildings

IEEE Recommended Practice for Power System Analysis

IEEE Recommended Practice Protection and Coordination of Industrial and Commercial Power Systems

IEEE Recommended Practice for Emergency and Standby Power Systems for Industrial and
Commercial Applications

IEEE Recommended Practice for the Design of Reliable Industrial and Commercial Power
IEEE Recommended Practice for Electrical Systems in Health Care Facilities

IEEE Recommended Practice for Electrical Conservation and Cost-Effective Planning in Industrial
Plants

IEEE Recommended Practice for Powering and Grounding Sensitive Electronic Equipment
IEEE Guide to Operation, Maintenance and Safety of Industrial and Commercial Power Systems

IEEE Recommended Practice for Applying Low-Voltage Circuit Breakers Used in Industrial and
Commercial Power Systems
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Annex E: The Safety BASICs™ Safety

Awareness Quiz

Date:

Name:

Title:

Company:
1.

10.

11.

12.

The American National Standards Institute writes its
own standards.

A. True B. False

. The actions of people account for what percentage of

incidents that result in injury?
A. 25% B. 50% C. 75% D. 100%
Which of the following is the National Electrical Code®?

A.NFPA70 B. NFPA70B C. NFPA 70E
D. NFPA 73

. Compliance with the NEC? is all that is required to

assure a safe and dependable system.

A. True B. False
OSHA violations can result in jail time for employers.
A. True B. False

NFPA 70E suggests the following:

A. Electrical hazards include shock, arc-flash, and blast.

B. The best way to avoid injury or incident is to estab-
lish an electrically safe work condition.

C. Procedures and training are extremely important if
injury is to be avoided.

D. All of the above.

Which standard covers “electrical equipment mainte-

nance”?

A.NFPA 79 B. IEC 947-4-1

C. NESC D. NFPA 70B
Training records should be kept for legal reasons.
A. True B. False

Every employee working with electricity must be able to
provide CPR.

A. True B. False

Of those people who were electrocuted on low-voltage

systems (600V and below), approximately what per-

centage were working on energized equipment?

A. 25% B. 50% C. 75% D. 100%

In an electrical incident, what happens when the skin is

broken?

A. The body’s resistance goes down, exposing the body
to greater current.

B. The body'’s resistance goes down, exposing the body
to less current.

C. The body’s resistance goes up, exposing the body to
greater current.

D. The body’s resistance goes up, exposing the body to
less current.

The “let-go” threshold refers to which of the following?

A. The amount of current that causes the hand to let-go
of an energized part

B. The amount of voltage that causes the hand to let-go
of an energized part

C. The amount of current that causes the hand to be
unable to let-go of an energized part
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

D. The amount of voltage that causes the hand to be
unable to let-go of an energized part

Tissue and organs can burn at currents of 1.5 amps.
A. True B. False

The temperature at the terminal of an arc can reach
which of the following?

A. One-half the temperature of the surface of the sun
B. The temperature of the surface of the sun

C. Almost twice the temperature of the surface of the
sun

D. Almost four times the temperature of the surface of
the sun

Skin exposed to a temperature of 200°F for one second
will be unhurt.

A. True B. False

When it vaporizes, copper expands by a factor of which
of the following?

A. 1,670 times C. 167,000 times
B. 67,000 times D. None of the above

Facilities should know, before an electrical incident ever
occurs, which medical facilities specialize in electrical
trauma.

A. True B. False

When coming to the aid of an electrical incident victim,
which of the following is the first action of the rescuer
should perform?

A. Call OSHA.

B. Apply first aid.

C. Treat for shock.

D. Make sure the power is off.

If the victim’s pulse or breathing has stopped, in length
of time can brain damage occur?

A. One minute

B. Two to three minutes

C. Four to six minutes

D. Eight to ten minutes

Who must provide a safe workplace?
A. Employers

B. Employees

C. Both employers and employees

Who is responsible for implementing the safety program
and procedures?

A. Employers
B. Employees

In which of the following was the concept of an electri-
cally safe work condition introduced?

A. NFPA 70 B. NFPA70B C. NFPA 70E D. OSHA

After determining that the circuit is de-energized, it is
never necessary to use grounding straps.

A. True B. False

Any person within the prohibited approach boundary
must be qualified.

A. True
B. False

What is the maximum allowable product of overcurrent
protective device clearing time and avail-
able fault current to use the flash protection
boundary of 4 feet from 70E-130.3(A)?

A. 50kA B. 50KkA cycles

C. 300kA cycles  D. 5000KA cycles

Bussmann
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26. What is the maximum short-circuit current and overcur-
rent protective device clearing time that will allow the
use of 70E-Table 130.7(C)(9)(a) to determine the haz-
ard risk category for an MCC?

A. 25KkA short circuit current available, 0.03 second
(2 cycle) fault clearing time

B. 25kA short circuit current available, 0.33 second
(20 cycle) fault clearing time

C. 65KA short circuit current available, 0.03 second
(2 cycle) fault clearing time

D. 65kA short circuit current available, 0.33 second
(20 cycle) fault clearing time

27. For arcing faults within their current-limiting range,
current-limiting protective devices can:

A. Limit the magnitude and duration of arcing faults
B. Reduce the flash protection boundary

C. Reduce the incident energy

D. All of the above

28. If an arc could be initiated on the line side of a 30A
switch with 10A fuses, the Flash Hazard Analysis
should be based upon the device (and opening time) of
the overcurrent device that feeds the disconnect.

A. True B. False

29. For the circuit described in the previous question, the
Flash Hazard Analysis could be based upon the 10A
fuse if work were planned for a downstream controller
ten feet away.

A. True B. False

30. Flash protection boundary and incident energy needs
only to be considered at the maximum available fault
current.

A. True B. False

31. Any part of a person’s body within a flash protection
boundary must be protected with appropriate personal
protective equipment, such as flame resistant clothing.
A. True B. False

32. Tagout must be used unless the employer can demon-
strate that the use of a lockout system can provide full
employee protection.

A. True B. False

33. Acircuit can shock you even if all external sources of
power have been removed.
A. True B. False

34. Which rating provides the greater protection against
electrical shock?

A. IP1X B. IP2X C. IPOX D. IP3X

35. Sizing an equipment grounding conductor according to
Table 250.122 of the 2002 NEC® ensures an adequate,
safe ground return path.

A. True B. False

36. The use of a disconnecting means at every motor, even

where not required,

A. Is a waste of money

B. Creates confusion during an electrical incident
C. Provides a quick means of de-energizing

D. Creates confusion and provides a quick means of
de-energizing

37.

38.

39.

40.

41.

42.

43.

44,

45,

An Energized Electrical Work Permit shall include the
following:

A. The available fault current

B. The results of the Flash Hazard Analysis
C. Signed approval from an authorized person
D.Aand B

E.Band C

Which NEC® Section covers requirements for arc-flash
warning labels?

A. 110.9 B.110.16  C. 240.85 D. 430.52

For overcurrent protective devices that require mainte-
nance, failure to perform maintenance can lead to the
following:

A. Longer clearing times

B. Increased flash protection boundaries

C. Higher incident energies

D. All of the above

All current-limiting overcurrent protective devices pro-
vide the same level of protection

A. True B. False

Class RK1 fuses can replace Class H and Class RK5
fuses as a possible means to improve electrical safety.
A. True B. False

Short-time delay settings on circuit breakers should be
used to reduce the arc-flash hazard.

A. True B. False

Arc resistant switchgear can be used to prevent arcing
faults.

A. True B. False

What kind of costs are litigation expenses?

A. Direct costs B. Indirect costs

It is a violation of OSHA 1910.334(b)(2) for a machine
operator to reset a circuit breaker without knowing if it
was a short circuit or an overload that caused the
breaker to trip.

A. True B. False




Annex F: 3@ Short-Circuit Calculation Method

General Comments on Short-Circuit Calculations

Normally, short-circuit studies involve calculating a bolted 3-
phase fault condition. This can be characterized as all 3-phases “bol-
ted” together to create a zero impedance connection. This establishes
a “worst case” (highest current) condition that results in maximum three
phase thermal and mechanical stress in the system. This “worst case”
condition should be used for interrupting rating, component protection
and selective coordination. However, in doing an arc-flash hazard
analysis it is recommended to do the arc-flash hazard analysis at the
highest bolted 3 phase short-circuit condition and at the “minimum”
bolted three-phase short-circuit condition. There are several variables in
a distribution system that affect calculated bolted 3-phase short-cir-
cuit currents. It is important to select the variable values applicable for
the specific application analysis. The variables are utility source short-
circuit capabilities, motor contribution, transformer percent impedance
tolerance, and voltage variance; see notes and footnotes.

Procedures and Methods

The impedance tables include three-phase transformers,
cable, and busway. These tables can be used if information from
the manufacturers is not readily available.

It must be understood that short-circuit calculations are performed
without current-limiting devices in the system. Calculations are done as
though these devices are replaced with copper bars, to determine the
maximum “available” short-circuit current.

Also, multiple current-limiting devices do not operate in series
to produce a “compounding” current-limiting effect. The down-
stream or load side fuse will operate alone under a short-circuit
condition if properly coordinated.

This method can assume unlimited primary short-circuit cur-
rent (infinite bus) or it can be used with limited primary available
current.

Basic Point-to-Point Calculation Procedure
Step 1. Determine the transformer full load amperes (FL.A.) from
either the nameplate, the following formula or Table 3:

KVA x 1000
30 Transformer ey p = — —  —
FLA. E, X1.732
Step 2. Find the transformer multiplier. See Notes 1 and 2
Multiplier = —100
%Z

transformer

Note 1. Get %Z from nameplate or Table 3. Transformer impedance (Z) helps to
determine what the short circuit current will be at the transformer secondary.
Note 2. In addition, UL (Std. 1561) listed transformers 25KVA and larger have
a + 10% impedance tolerance. Short circuit amperes can be affected by this
tolerance. Therefore, for high end worst case, multiply %Z by 0.9. For low end
of worst case, multiply %Z by 1.1. Transformers constructed to ANSI stan-
dards have a +7.5% impedance tolerance (two-winding construction).

| = available short-circuit current in amperes at beginning
of circuit.

M=

Step 5. Calculate "M" (multiplier). T+1

Step 6. Calculate the available short-circuit symmetrical RMS current
at the point of fault. Add motor contribution, if applicable.

Is.c. symams = Isc. XM

Step 6A. Motor short-circuit contribution, if significant, may be added at all
fault locations throughout the system. A practical estimate of motor short-cir-
cuit contribution is to multiply the total motor current in amperes by 4. Values
of 4 to 6 are commonly accepted.

Calculation of Short-Circuit Currents at Second Transformer in System
Use the following procedure to calculate the level of fault cur-

rent at the secondary of a second, downstream transformer in a

system when the level of fault current at the transformer primary is

known.

Procedure for Second Transformer in System

Step A. Calculate the "f" factor (Is ¢, primary KNOWN)

MAIN
TRANSFORMER

3¢

i XX
IS.C. primary 5 E lS,C‘ secondary
H.V. UTILITY
CONNECTION
XX
lS,C‘ primary 3 E IS‘C‘ secondary

30 Transformer

(IS.C. primary and

S.C. secondary are
30 fault values)

_ |s.c. primary X Vprimary x1.73 (%Z)
100,000 x KVA transformer

1
Step B. Calculate "M" (multiplier). M= =7
Step C. Calculate the short-circuit current at the secondary of the

transformer. (See Note under Step 3.)

Vprimary

IS.C. secondary = XM x IS.C. primary

Vsecondary

Table 1. “C” Values for Busway

Ampacity Busway
Step 3. Determine by formula below or Table 3 the transformer let- Plug-In Feeder High Impedance
through short-circuit current. See Notes 3 and 4. Copper Aluminum __Copper Aluminum___ Copper
225 28700 23000 18700 12000 —
Is¢c. = Transformerg , X Multiplier 400 38900 34700 23900 21300 —
N _ _ 600 41000 38300 36500 31300 —
the 3. U.U.“ty voltaggs may vary +10% for power, therefore, for h|ghest short-cir- 800 26100 57500 29300 24100 —
cuit conditions, mu\tlply values as calculated in step 3 by 1.1. To find the lower 1000 69400 89300 62900 56200 15600
end worst case, mumPIy fesults .|n s.tep 3 by 09 1200 94300 97100 76900 69900 16100
Note.4. Motor short-circuit contribution, if S|_gmf|can_t, may be added at aII_fau!t 1350 119000 104200 90100 84000 17500
Iocat|lonsl thrpughout ‘the system. A practical eslumate of motor short-circuit 1600 129900 120500 101000 90900 19200
contribution is to multiply the total motor current in amperes by 4. Values of 4 2000 142900 135100 134200 125000 20400
to 6 are commonly accepted. 2500 143800 156300 180500 166700 21700
ngn 3000 144900 175400 204100 188700 23800
Step 4. Calculate the "f* factor for 3@ Faults. 2000 — = 577800 556400 =
f= M Note: These values are equal to one over the impedance per foot for imped-
Where: CxnxE ance in a survey of industry.
L = length (feet) of conductor to the fault. c
C = constant from Table 2 of “C” values for conductors (= “*‘
and Table 1 of “C” values for busway. @ satety BaSiCs]
n = number of conductors per phase (adjusts C value for E
parallel runs) 8
=
(-]
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Table 2. “C” Values for Conductors

Copper Aluminum
AWG  Three Single Conductors AWG  Three Single Conductors
or Conduit or Conduit
kemil  Steel Nonmagnetic kemil  Steel Nonmagnetic
600V 5kV 15kV 600V 5kV 15kV 600V 5kV 15kV 600V 5kV 15kV
14 389 - - 389 - - 14 237 - - 237 - -
12 617 - - 617 - - 12 376 - - 376 - -
10 981 - - 982 - - 10 599 - - 599 - -
8 1557 1551 - 1559 1555 - 8 951 950 - 952 951 -
6 2425 2406 2389 2430 2418 2407 6 1481 1476 1472 1482 1479 1476
4 3806 3751 3696 3826 3789 3753 4 2346 2333 2319 2350 2342 2333
3 4774 4674 4577 4811 4745 4679 3 2952 2928 2904 2961 2945 2929
2 5907 5736 5574 6044 5926 5809 2 3713 3670 3626 3730 3702 3673
1 7293 7029 6759 7493 7307 7109 1 4645 4575 4498 4678 4632 4580
1/0 8925 8544 7973 9317 9034 8590 1/0 5777 5670 5493 5838 5766 5646
2/0 10755 10062 9390 11424 10878 10319 2/0 7187 6968 6733 7301 7153 6986
3/0 12844 11804 11022 13923 13048 12360 3/0 8826 8467 8163 9110 8851 8627
4/0 15082 13606 12543 16673 15351 14347 4/0 10741 10167 9700 11174 10749 10387
250 16483 14925 13644 18594 17121 15866 250 12122 11460 10849 12862 12343 11847
300 18177 16293 14769 20868 18975 17409 300 13910 13009 12193 14923 14183 13492
350 19704 17385 15678 22737 20526 18672 350 15484 14280 13288 16813 15858 14955
400 20566 18235 16366 24297 21786 19731 400 16671 15355 14188 18506 17321 16234
500 22185 19172 17492 26706 23277 21330 500 18756 16828 15657 21391 19503 18315
600 22965 20567 17962 28033 25204 22097 600 20093 18428 16484 23451 21718 19635
750 24137 21387 18889 29735 26453 23408 750 21766 19685 17686 25976 23702 21437
1,000 25278 22539 19923 31491 28083 24887 1,000 23478 21235 19006 28779 26109 23482

Note: These values are equal to one over the impedance per foot and based upon resistance and reactance values found in IEEE Std 241-1990 (Gray Book), IEEE Recommended Practice for Electric Power Systems in Commerical Buildings &
IEEE Std 242-1986 (Buff Book), IEEE Recommended Practice for Protection and Coordination of Industrial and Commercial Power Systems. Where resistance and reactance values differ or are not available, the Buff Book values have been
used. The values for reactance in determining the C Value at 5 KV & 15 KV are from the Gray Book only (Values for 14-10 AWG at 5 KV and 14-8 AWG at 15 KV are not available and values for 3 AWG have been approximated).

TRANSFORMERS
Table 3. Short-Circuit Currents Available from Various Size Transformers
(Based upon actual field nameplate data or from utility transformer worst case impedance)

Voltage Full % Short Voltage Full % Short
and Load Impedancert Circuit and Load Impedance Circuit
Phase KVA Amps (Nameplate) Ampst Phase KVA Amps (Nameplate) Ampst
45 125 1.0 13879 75 90 1.00 10035
75 208 1.0 23132 112.5 135 1.00 15053
112.5 312 1.11 31259 150 181 1.20 16726
150 416 1.07 43237 225 271 1.20 25088

120/208 225 625 1.12 61960 300 361 1.20 33451
3 ph.** 300 833 1.11 83357 277/480 500 602 1.30 51463
500 1388 1.24 124364 3 ph.** 750 903 3.50 28672
750 2082 3.50 66091 1000 1204 3.50 38230
1000 2776 3.50 88121 1500 1806 3.50 57345
1500 4164 3.50 132181 2000 2408 4.00 66902
2000 5552 4.00 154211 2500 3011 4.00 83628

2500 6940 4.00 192764

**Three-phase short-circuit currents based on “infinite” primary.

TTUL listed transformers 25 KVA or greater have a +10% impedance tolerance. Short-circuit amps shown in Table 1 reflect —-10% condition. Transformers constructed to ANSI
standards have a £7.5% impedance tolerance (two-winding construction).

tFluctuations in system voltage will affect the available short-circuit current. For example, a 10% increase in system voltage will result in a 10% greater available short-circuit
currents than as shown in Table 1.

Example Fault X4 Fault X2
Available Utili
Infinite Assumtgtion Step 1. Iy = 1500 x 1000 _ 1804A Step 4. Use Is.c.sym rms @ Fault X1 to calculate “f”
1500 KVA Transformer, 480 x 1.732
480V, 30, 3.5%2, f=1.732x50X 49,803 _ 405,
3.45%X, -56%R Step2.  Multiplier =190 _ 28 57 22,185 x 480
It =1804A 3.5
) 1

26" - 500komil Step3.  Isc=1804 x 28.57 = 51,540A Steps. M= —s0 - 7117
Service Entrance .
Conductors in Steel Conduit Is.c. motor contrib = 4 X 1,804* = 7,216A Step 6. Is.c.sym rRms = 49,803 x .7117 = 35,445A
ﬁg{l}a%.sz‘g:]tggp Fuse hotal s.c. sym RMS = 51,504 + 7,216 = 58,720A Isym motor contrib = 4 X 1,804* = 7,216A

1.732 x 25 x 51,540 I = 35,445 + 7,216 = 42,661A
Fault X1 f=aed9€ R 29 R 97,90 _ total S.C. sym RMS B > )

T Step 4. 22,185 x6x 480~ 00349 (fault ;)
400A Switch
- 1 =

LPS-RK-400SP Fuse Step5. M= g35g = 9663

Step 6. Is.c.sym Rms = 51,540 x .9663 = 49,803A

50" - 500 kcmil

Feeder Cable
% in Steel Conduit Is.c.motor contrib = 4 X 1,804* = 7,216A
Safety BASICs = =

Fault Xz "l prm v = 49,803 + 7,216 = 57,0198

2

Motor Contribution
*Assumes 100% motor load. If 50% of this load was from motors, Isc. motor contrib. =4 x 1,804 x .5 = 3608A

Bussmann
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Annex G Arc-Flash Calculator

Steps necessary to conduct a Flash Hazard Analysis.

1. Determine the available bolted fault current on the
line side terminals of the equipment that will be

worked upon.

. Identify the amperage of the upstream LOW-PEAK®
fuse or circuit breaker that is protecting the equip-
ment where work is to be performed.

. Consult the table to determine the incident energy
exposure and the flash protection boundary.

. Identify the minimum requirements for PPE when
work is to be performed inside of the FPB by con-
sulting the requirements found in NFPA 70E.

Notes for Arc-Flash Calculation Tables:

Note 1: First and foremost, this information is not to
be used as a recommendation to work on energized
equipment. This information is to help assist in deter-
mining the proper PPE to help safeguard a worker
from the burns that can be sustained from an arc-flash
incident. This information does not take into account
the effects of pressure, shrapnel, molten metal spray,
or the toxic copper vapor resulting from an arc-fault.

Note 2: This data is based upon IEEE Guide for Arc-
flash Hazard Analysis, 1584. These methods were
created so that the PPE selected from the calculated
incident energy would be adequate for 98% of arc-
flash incidents. In up to 2% of incidents, incurable
burns to the body and torso could result. This was
based upon PPE with standard arc ratings of 1.2, 8,
25, 40 and 100cal/cm?. PPE with intermediate ATPV
values can be utilized, but at the next lower standard
ATPV rating.

Note 3: PPE must be utilized any time that work is to
be performed on or near energized electrical equip-
ment or equipment that could become energized.
Voltage testing, while completing the lockout/tagout
procedure (putting the equipment in an electrically
safe work condition), is considered as working on
energized parts per OSHA 1910.333(b).

Note 4: The data is based on 32mm (1%") electrode
spacing, 600V 3g ungrounded system, and 20" by 20"
by 20” box. The incident energy is based on a working
distance of 18 inches, and the flash protection bound-
ary is based on 1.2cal/cm?.

Note 5: The LOW-PEAK® fuse information is based
upon tests that were conducted at various fault cur-
rents for each Bussmann® KRP-C_SP and LPS-
RK_SP fuse indicated in the charts. Actual results
from incidents could be different for a number of rea-
sons, including different (1) system voltage, (2) short-
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circuit power factor, (3) distance from the arc, (4) arc
gap, (5) enclosure size, (6) fuse manufacturer, (7)
fuse class, (8) orientation of the worker and (9)
grounding scheme. 100A LPS-RK_SP fuses were the
smallest fuses tested. Data for the fuses smaller than
that is based upon the 100A data. Arc-flash values for
actual 30 and 60A fuses would be considerably less
than 100A fuses, however, it does not matter since the
values for the 100A fuses are already so low.

Note 6: The fuse incident energy values were chosen
not to go below 0.25cal/cm? even though many actual
values were below 0.25cal/cm?. This was chosen to
keep from encouraging work on energized equipment
without PPE because of a low FPB.

Note 7: This slide rule can also be used for LPJ_SP,
JJS, and LP-CC fuses to determine the incident
energy available and flash protection boundary.

Note 8: These values from fuse tests and calculations
for circuit breakers take into account the translation
from available 3-phase bolted fault current to the arc-
ing fault current.

Note 9: To determine the flash protection boundary
and incident energy for applications with other fuses,
use the equations in IEEE 1584 or NFPA 70E.

Note 10: The circuit breaker information comes from
equations in IEEE 1584 that are based upon how cir-
cuit breakers operate.

Note 11: Where the arcing current is less than the
instantaneous trip setting (IEEE 1584 calculation
methods), the value for incident energy is given as
>100cal/cm?.

Note 12: The data for circuit breakers up to 400A

is based on Molded Case Circuit Breakers (MCCB)
with instantaneous trip, for 401-600A it is based on
MCCBs with electronic trip units, and the data for cir-
cuit breakers from 601 up to 2000A is based on Low
Voltage Power Circuit Breakers (LVPCB) with a short
time delay. Per IEEE 1584 the short time delay is
assumed to be set at maximum.

Note 13: The data for circuit breakers is based upon
devices being properly maintained in accordance with
manufacturer’s instructions and industry standards.
Devices that are not properly maintained and tested
may have longer clearing times resulting in higher
incident energies.

For further explanation please consult the SPD
Electrical Protection Handbook available at
www.bussmann.com.

Bussmann
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Arc-Flash Incident Energy Calculator
Fuses: Bussmann® LOW-PEAK® LPS-RK_SP (0-600A), Circuit Breakers: Molded Case Circuit Breakers
Incident Energy (I.E.) values are expressed in cal/cm?. Flash Protection Boundary (FPB) values are expressed in inches.

Bolted Fault 1-100A 101-200A 201-400A 401-600A
Current (kA) Fuse MCCB Fuse MCCB Fuse MCCB Fuse MCCB
I.E. FPB | IE. FPB |.E. FPB I.E. FPB I.E. FPB I.E. FPB I.E. FPB | I.E. FPB
1 2.39 29 | >100 >120 | >100 >120 | >100 >120 | >100 >120 | >100 >120 | >100 >120 | >100 >120
2 0.25 6 0.25 6 520 49 >100 >120 | >100 >120 | >100 >120 | >100 >120 | >100 >120
3 0.25 6 0.27 7 093 15 >100 >120 | >100 >120 | >100 >120 | >100 >120 | >100 >120
4 0.25 6 0.35 8 0.25 6 0.35 8 20.60 124 |>100 »>120 | >100 >120 [ >100 >120
5 0.25 6 0.43 9 0.25 6 0.43 9 154 21 >100 >120 | >100 >120 | >100 >120
6 0.25 6 0.50 10 0.25 6 050 10 075 13 |>100 >120 | >100 >120 [ >100 >120
8 0.25 6 0.65 12 0.25 6 065 12 069 12 0.65 12 36.85 184 | >100 >120
10 0.25 6 0.81 14 0.25 6 081 14 063 12 0.81 14 12.82 90 | >100 >120
12 0.25 6 0.96 15 0.25 6 096 15 057 11 0.96 15 6.71 58 | 1.70 23
14 0.25 6 1.11 17 0.25 6 111 17 051 10 1.11 17 0.60 11 [ 196 25
16 0.25 6 1.26 19 0.25 6 126 19 045 9 1.26 19 0.59 11 | 222 27
18 0.25 6 1.41 20 0.25 6 141 20 039 8 1.4 20 0.48 10 | 248 29
20 0.25 6 156 22 0.25 6 156 22 033 7 156 22 0.38 8 274 32
22 0.25 6 1.72 23 0.25 6 1.72 23 027 7 1.72 23 0.28 7 3.00 34
24 0.25 6 1.87 24 0.25 6 187 24 025 6 187 24 0.25 6 326 36
26 0.25 6 2.02 26 0.25 6 202 26 025 6 2.02 26 0.25 6 353 37
28 0.25 6 217 27 0.25 6 217 27 025 6 217 27 0.25 6 3.79 39
30 0.25 6 2.32 28 0.25 6 232 28 025 6 2.32 28 0.25 6 405 41
32 0.25 6 2.47 29 0.25 6 247 29 025 6 247 29 0.25 6 431 43
34 0.25 6 263 31 0.25 6 263 31 025 6 2.63 31 0.25 6 457 45
36 0.25 6 278 32 0.25 6 278 32 025 6 278 32 0.25 6 483 46
38 0.25 6 293 33 0.25 6 293 33 025 6 2.93 33 0.25 6 509 48
40 0.25 6 308 34 0.25 6 308 34 025 6 3.08 34 0.25 6 536 50
42 0.25 6 323 35 0.25 6 323 35 025 6 3.23 35 0.25 6 562 51
44 0.25 6 3.38 36 0.25 6 3.38 36 025 6 338 36 0.25 6 588 53
46 0.25 6 354 37 0.25 6 354 37 025 6 3.54 37 0.25 6 6.14 55
48 0.25 6 369 39 0.25 6 369 39 025 6 369 39 0.25 6 6.40 56
50 0.25 6 384 40 0.25 6 384 40 025 6 384 40 0.25 6 6.66 58
52 0.25 6 399 4 0.25 6 399 M 025 6 399 M 0.25 6 6.92 59
54 0.25 6 414 42 0.25 6 414 42 025 6 414 42 0.25 6 718 61
56 0.25 6 429 43 0.25 6 429 43 025 6 429 43 0.25 6 745 62
58 0.25 6 445 44 0.25 6 445 44 025 6 445 44 0.25 6 771 64
60 0.25 6 460 45 0.25 6 460 45 025 6 460 45 0.25 6 797 65
62 0.25 6 475 46 0.25 6 475 46 025 6 475 46 0.25 6 8.23 67
64 0.25 6 490 47 0.25 6 490 47 025 6 490 47 0.25 6 8.49 68
66 0.25 6 505 48 0.25 6 505 48 025 6 505 48 0.25 6 8.75 69
68 0.25 6 520 49 0.25 6 520 49 025 6 520 49 0.25 6 9.01 7
70 0.25 6 536 50 0.25 6 536 50 025 6 536 50 0.25 6 928 72
72 0.25 6 5.51 51 0.25 6 551 51 025 6 5.51 51 0.25 6 954 74
74 0.25 6 566 52 0.25 6 566 52 025 6 566 52 0.25 6 980 75
76 0.25 6 5.81 53 0.25 6 581 53 025 6 5.81 53 0.25 6 [10.06 76
78 0.25 6 596 53 0.25 6 596 53 025 6 596 53 0.25 6 [1032 78
80 0.25 6 6.11 54 0.25 6 6.11 54 025 6 6.11 54 0.25 6 [1058 79
82 0.25 6 6.27 55 0.25 6 6.27 55 025 6 6.27 55 0.25 6 (1084 80
84 0.25 6 6.42 56 0.25 6 6.42 56 025 6 6.42 56 0.25 6 [11.10 82
86 0.25 6 6.57 57 0.25 6 6.57 57 025 6 6.57 57 0.25 6 [11.37 83
88 0.25 6 6.72 58 0.25 6 6.72 58 025 6 6.72 58 0.25 6 [11.63 84
90 0.25 6 6.87 59 0.25 6 6.87 59 025 6 6.87 59 0.25 6 [11.89 85
92 0.25 6 7.02 60 0.25 6 7.02 60 025 6 7.02 60 0.25 6 [1215 87
94 0.25 6 7.18 61 0.25 6 718 61 025 6 718 61 0.25 6 |1241 88
96 0.25 6 7.33 61 0.25 6 7.33 61 025 6 7.33 61 0.25 6 |12.67 89
98 0.25 6 7.48 62 0.25 6 748 62 025 6 748 62 0.25 6 [1293 90
100 0.25 6 7.63 63 0.25 6 763 63 025 6 7.63 63 0.25 6 [13.20 92
102 0.25 6 7.78 64 0.25 6 778 64 025 6 778 64 0.25 6 |[13.46 93
104 0.25 6 7.93 65 0.25 6 793 65 025 6 7.93 65 0.25 6 [13.72 94
106 0.25 6 809 66 0.25 6 809 66 025 6 809 66 0.25 6 [1398 95

Read attached notes. Fuse results are based on actual test data.
Circuit breaker results are based upon IEEE 1584 calculations; if circuit breakers are not properly maintained values can be considerably greater.

—y—
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Arc-Flash Incident Energy Calculator
Fuses: Bussmann® LOW-PEAK® KRP-C_SP (601-2000A), Circuit Breakers: Low Voltage Power Circuit Breakers (w/STD)
Incident Energy (I.E.) values are expressed in cal/cm?. Flash Protection Boundary (FPB) values are expressed in inches.

Bolted Fault 601-800A 801-1200A 1201-1600A 1601-2000A
Current (kA) Fuse LVPCB Fuse LVPCB Fuse LVPCB Fuse LVPCB
I.E. FPB | ILE. FPB I.LE. FPB LE. FPB ILE. FPB LE. FPB L.E. FPB | ILE. FPB
1 >100 >120| >100 >120 | >100 >120 | >100 >120 | >100 >120 | >100 >120 | >100 >120 | >100 >120
2 >100 >120| >100 >120 | >100 >120 [ >100 >120 | >100 >120 | >100 >120 | >100 >120 | >100 >120
3 >100 >120| >100 >120 | >100 >120 | >100 >120 | >100 >120 | >100 >120 | >100 >120 | >100 >120
4 >100 >120| >100 >120 | >100 >120 [ >100 >120 | >100 >120 | >100 >120 | >100 >120 | >100 >120
5 >100 >120| >100 >120 | >100 >120 | >100 >120 | >100 >120 | >100 >120 | >100 >120 | >100 >120
6 >100 >120| >100 >120 | >100 >120 | >100 >120 | >100 >120 | >100 >120 | >100 >120 | >100 >120
8 >100 >120| >100 >120 | >100 >120 [ >100 >120 | >100 >120 | >100 >120 | >100 >120 | >100 >120
10 7544 >120| >100 >120 | >100 >120 | >100 >120 | >100 >120 | >100 >120 | >100 >120| >100 >120
12 49.66 >120| >100 >120 | 73.59 >120 | >100 >120 | >100 >120 | >100 >120 | >100 >120 | >100 >120
14 23.87 >120| >100 >120 | 39.87 >120 | >100 >120 | >100 >120 | >100 >120 | >100 >120| >100 >120
16 1.94 25 | 3122 >120 | 11.14 82 >100 >120 | 24.95 >120 | >100 >120 | >100 >120| >100 >120
18 1.82 24 | 35.05 >120 ] 10.76 80 >100 >120 | 24.57 >120 | >100 >120 | >100 >120 | >100 >120
20 1.70 23 | 38.87 >120| 1037 78 >100 >120 | 24.20 >120 | >100 >120 | >100 >120 | >100 >120
22 1.58 22 | 4270 >120 | 998 76 >100 >120 | 23.83 >120 | >100 >120 | >100 >120| >100 >120
24 1.46 21 | 4653 >120| 888 70 |46.53 >120 | 23.45 >120 | >100 >120 | 29.18 >120 | >100 >120
26 1.34 19 | 50.35 >120 | 7.52 63 |50.35 >120 | 23.08 >120 | >100 >120 | 28.92 >120 | >100 >120
28 1.22 18 | 5418 >120 | 6.28 55 | 54.18 >120 | 22.71 >120 | >100 >120 | 28.67 >120| >100 >120
30 1.10 17 | 58.01 >120 | 516 48 |58.01 >120 | 22.34 >120 | >100 >120 | 28.41 >120 | >100 >120
32 0.98 16 | 61.83 >120 | 415 42 |61.83 >120 | 21.69 >120 |61.83 >120 | 28.15 >120 | >100 >120
34 0.86 14 | 6566 >120 | 3.25 35 |6566 >120 | 18.59 116 |65.66 >120 | 27.90 >120 | >100 >120
36 0.74 13 16949 >120 | 247 29 6949 >120 | 1549 102 [69.49 >120 | 27.64 >120| >100 >120
38 0.62 11 | 7331 >120 | 1.80 24 | 7331 >120 | 1239 88 |73.31 >120 | 27.38 >120 | >100 >120
40 0.50 10 | 7714 >120 | 125 18 | 7714 >120 | 929 72 |77.14 >120 | 2713 >120|77.14 >120
42 0.38 8§ 8097 >120| 0.81 14 [80.97 >120 | 6.19 55 |80.97 >120 | 26.87 >120 | 80.97 >120
44 0.25 6 |8479 >120| 049 10 |84.79 >120 | 3.09 34 |84.79 >120 | 26.61 >120|84.79 >120
46 0.25 6 | 88.62 >120 | 0.39 8 88.62 >120 | 293 33 |88.62 >120 | 26.36 >120|88.62 >120
48 0.25 6 9245 >120 | 0.39 8 9245 >120 | 293 33 (9245 >120 | 26.10 >120|92.45 >120
50 0.25 6 | 96.27 >120 | 0.39 8 96.27 >120 | 293 33 |96.27 >120 | 25.84 >120|96.27 >120
52 0.25 6 >100 >120 | 0.39 8 >100 >120 | 293 33 |>100 >120 | 2559 >120| >100 >120
54 0.25 6 >100 >120 | 0.39 8 >100 >120 | 293 33 |>100 >120 | 25.33 >120| >100 >120
56 0.25 6 >100 >120 | 0.39 8 >100 >120 | 293 33 |[>100 >120 | 25.07 >120| >100 >120
58 0.25 6 >100 >120 | 0.39 8 >100 >120 | 293 33 |>100 >120 | 24.81 >120| >100 >120
60 0.25 6 >100 >120 | 0.39 8 >100 >120 | 293 33 | >100 >120 | 24.56 >120| >100 >120
62 0.25 6 >100 >120 | 0.39 8 >100 >120 | 293 33 |>100 >120 | 24.30 >120| >100 >120
64 0.25 6 >100 >120 | 0.39 8 >100 >120 | 293 33 |>100 >120 | 24.04 >120| >100 >120
66 0.25 6 >100 >120 | 0.39 8 >100 >120 | 292 33 |>100 >120 | 23.75 >120| >100 >120
68 0.25 6 >100 >120 | 0.39 8 >100 >120 | 2.80 32 |>100 >120 | 22.71 >120| >100 >120
70 0.25 6 >100 >120 | 0.39 8 >100 >120 | 2.67 31 >100 >120 | 21.68 >120 | >100 >120
72 0.25 6 >100 >120 | 0.39 8 >100 >120 | 254 30 |>100 >120 | 20.64 >120| >100 >120
74 0.25 6 >100 >120 | 0.39 8 >100 >120 | 242 29 |>100 >120 | 19.61 120 | >100 >120
76 0.25 6 >100 >120 | 0.39 8 >100 >120 | 229 28 |>100 >120 | 1857 116 | >100 >120
78 0.25 6 >100 >120 | 0.39 8 >100 >120 | 217 27 | >100 >120 | 1754 111 | >100 >120
80 0.25 6 >100 >120 | 0.39 8 >100 >120 | 2.04 26 |>100 >120 | 16.50 107 | >100 >120
82 0.25 6 >100 >120 | 0.39 8 >100 >120 | 191 25 |>100 >120 | 15.47 102 | >100 >120
84 0.25 6 >100 >120 | 0.39 8 >100 >120 | 1.79 24 | >100 >120 | 1443 97 | >100 >120
86 0.25 6 >100 >120 | 0.39 8 >100 >120 | 1.66 22 |>100 >120 | 13.39 93 | >100 >120
88 0.25 6 >100 >120 | 0.39 8 >100 >120 | 1.54 21 >100 >120 | 1236 88 | >100 >120
90 0.25 6 >100 >120 | 0.39 8 >100 >120 | 141 20 |>100 >120 | 11.32 83 | >100 >120
92 0.25 6 >100 >120 | 0.39 8 >100 >120 | 1.28 19 |>100 >120 | 10.29 77 | >100 >120
94 0.25 6 >100 >120 | 0.39 8 >100 >120 | 116 18 |[>100 >120 | 925 72 | >100 >120
96 0.25 6 >100 >120 | 0.39 8 >100 >120 | 1.03 16 |>100 >120 | 822 66 | >100 >120
98 0.25 6 >100 >120 | 0.39 8 >100 >120| 090 15 |>100 >120 | 718 61 | >100 >120
100 0.25 6 >100 >120 | 0.39 8 >100 >120 | 0.78 13 |[>100 >120 | 6.15 55 | >100 >120
102 0.25 6 >100 >120 | 0.39 8 >100 >120 | 065 12 |>100 >120 | 5.11 48 | >100 >120
104 0.25 6 >100 >120 | 0.39 8 >100 >120 | 053 10 |>100 >120 | 4.08 41 | >100 >120
106 0.25 6 >100 >120 | 0.39 8 >100 >120 | 040 9 >100 >120 | 3.04 34 |>100 >120

Read attached notes. Fuse results are based on actual test data.
Circuit breaker results are based upon IEEE 1584 calculations; if circuit breakers are not properly maintained values can be considerably greater.
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Bussmann° LOW-PEAK® Upgrade

The left column represents Bussmanne and competitors’ part numbers. The right column represents the
Bussmanne LOW-PEAK® upgrades.

CLASS CC and MIDGET The Bussmann® LOW-PEAK® Upgrade offers CLASS R 600V
g superior performance while reducing the number ;o
Existing o) HATE of SKU's that need to be in stock. LOW-PEAK® Existing LS
Fuse UPGRADE fuses feature a high degree of current limitation, Fuse Alricislols
ABY type 28 LP-CC which will provide the best component protection ABD LPS-RK_sSP
ABU and may reduce the arc-flash hazard. Listings are AGK-R
AGU numerical-alpha by fuse class and fuse catalog ABK-R
ATDR symbol. Do you have a part that does not appear ABX type 1
ATM in the list? This list is only a consolidated cross- ATS-DE
ATMR reference to some of our most CHR
ATQ common products. For a much more extensive CTS-R
BAF database please consult the competitor DES
BAN - cross-reference on DES-R -
DLS .
o I www.bussmann.com BieR i
CCMR or contact Customer Satisfaction at ECS-R
cMm (636) 527-3877 ERS h
CMFE ID' H“ FLS
CNM CLASS R 250V FLS-R
CNQ Clues CC FRS
CTK 1ol Liminy Existing LOW-PEAK® FRS-R
CTK-R o= b Ao Fuse UPGRADE ETS-R
ELM WPLC-10 A2D LPN-RK_SP GDS i
FLM T A2D-R HA
FLQ ! AZK KLS-R
FNM AZK-R KOS SALF
FNQ A2Y type 1 KTS-R
FNW AT-DE LES u
GGU CHG LES-R
HCLR CRN-R type3 LES-RK
KLK CTN-R LKS
KLK-R DEN LLS-RK
KTK DLN LOS-RK
KTK-R DLN-R NLS
MCL ECN NOS —
MEN ECN-R NRS i
MEQ ERN oTS -
MOF FLN RES =
MOL FLN-R RFS -
OT™ FRN RHS
TRM FRN-R RLS
6JX LP-CC FTN-R SCLR
GDN TRS
HAC-R TRS-R
ATOR FNQ-R HB 656
FNO-R FNQ-R KLN-R - 10KOTS
KLDR FNQ-R KON a—— 50KOTS LPS-RK_SP
FNQ-R suggested on primary of control transformers EI-EFII\\II_RRK
KN CLASS L
CLASS J LLN-RK Existing LOW-PEAK®
Existing LOW-PEAK® LON-RK Fuses UPGRADE
Fuse UPGRADE NCLR A4BQ KRP-C_SP
A4J LPJ_SP NLN A4BT
AJT NON A4BY
cJ NRN L A4BY type 55
cis OTN — CLASS L
GF8B OTN CLF
HRCXXJ REN CLL
J REN CLU '
JA RFN HRC-L |
JCL RHN KLLU
JDL RLN KLPC
JFL TR KLU
JHC 655 KTU
JKS 660 L
JLS 10KOTN LCL
JTD LPJ_SP 50KOTN LPN-RK_SP LCU KRP-C_SP

The comparative catalog numbers shown were derived from the latest available published information from various manufacturers. Because competitors’ products may differ from Bussmann® products, it
is recommended that each application be checked for required electrical and mechanical characteristics before substitutions are made. Bussmann® is not responsible for misapplications of our products.

Overcurrent protection is application dependent. Consult latest catalogs and application literature, or contact our Application Engineering Department at (636) 527-1270.

COOPER Bussmann
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