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Xl. 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 efiorts 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 fo 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
Gouncil estimate that the total occupational death and
injury cost In 1996 was $121 billion. This ligure
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 Compelitive
Environment” contains information on costs. This
paper, published in the |EEE Transactions in 1991,
is avaitable from the IEEE.

When an incldent 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 fail-
ure. Indirect costs include costs that are difficult to cal-
culate.

Direct costs assoclated with an incident or injury might
include:

» Equipment repair or replacement
+ Lost production and employee down time

Indirect cosis might Include the following:
« Citation costs
+ incident Investigation

« Creation and maintenance of documentation for
legal purposes

+ insurance

« Ineffective work as employees talk about the inci-
dent and poor general morale

+ Management reviews and reporis

+ Identification of procedural shortcornings 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 thelowendto {0 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 iden-
tify violations and assess fines. Most OSHA cilations
are small, in the hundreds of dollars. However, some
are cited as serious violations. The Act (OSHA) does
contain considerable “testh”. Seclion 666 provides that
an employer can be issued a civil penalty of $7,000
for a serious violation and up to $70,000 for each will-
ful or repeated violation of the Act. In addition, an
employer can be liable under the Act for criminal sanc-
tions, including monetary fines and imprisonment.

Lockoui/tagoult 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.

~ o this point, this document has discussed only costs.

Spending money now to avold safety incidents and
injuries avoids future expenditures. An effective safely
program is the best possible legal defense. Itis also
ihe 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 repottedly results in a
400 percent return on investment (RO1).

In one instance, an electrical contractor was neay
pankruptey. After a review of where the money was
going, the contractor established an effective safety
program, Although criticlzed for that “soft” expendilure,
the result was a significant improvement in profitability.
As the contractor's safely 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 incldent 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 calfem2.

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
govemn, in some predetermined manner, the electric
power delivered to the apparatus to which It is connected.

Dead Front. Without iive parts exposed {o a person
on the eperating 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 circult
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, Eloctrically 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 enclosures to the
system grounded conductor and/or the grounding
electrode conductor of the clrcult at the service equlp-
ment 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 are,

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 lovels of PPE.

Flash Protection Boundary. An approach limitat a
distance from exposed live parts within which a pet-
son could receive a second-degree burn if an eleciri-
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 ali grounded conduc-
tors are neutrals.

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

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

|solated. 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 circult, or ground fault.

Overload. Operation of equipmant in excess of nor-
mal, full-load rating, or of a condugctor In excess of
rated ampacity that, when it persisis for a sufficient
length of lime, would cause damage or dangerous
overheating. A fault, such as a short cireuit or ground
fault, is not an overioad.

Prohibited Approach Boundary {for shock). An
approach limlt at a distance from an exposed live part
within which work is considered the same as making
contact with the live part,

Era pEyeres

Qualified Person. A person who has sufficient train-
ing and experience on a particutar 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. Capabie of being reached
quickly for operation, renewal, or inspection, without
requiring those to whom ready access ls required to
climb over or remove obstacles or to resort 10 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
tive part.

Switches.

s General-Use Switch. A switch intended for use in
general distribution and branch circuits. 1t Is rated
in amps, and itis capable of interrupting Its rated
current at its rated voltage.

« |solation 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-Clreuit Switch. A switch, rated in horse-
power, capable of interrupting the maximum
locked-rotor current of a motor of the samo horse-
power rating as the switch at the rated voltage.

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

« Circult 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 clrcuit conditions, such as
those of shott 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.
» Interrupter Switch. A switch capable of making,
carrying, and interrupting specified currents.

Ungualified Person. A person who Is not gualified to
perform a certain work task.




AlV. 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 parson

1. When and where did the accidenf occur?

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

YES NO
O g 3. Did the victim come in direct contact with electricity?
0 8 Was an arc the source of electrical current exposure?
Explain.
| 0 4. Could the victlim have inhaled metal vapors or extremely hot air caused by arc-flash?
O (] 5. What was the duration of exposure to electricity? ’
{ O 6. Please identify the following as related to the incident:-

Valtage
Available short circuit current
Source of electrical hazard

{1 0 7. Did the victim fall? If “yes,” explain.
| 8. Was the victim wearing protective or insulated clothing, safety boots, or gloves?

If “yes,” what protective equipment?
0O i 9. Were others involved in the accident?
If “yes,” explain.

O 0 10. Before the accident, had the hazard been identified?

O £l 11. Did the victim seem dazed, confused, or lose consclousness at any point following the
accident? {f “yes," please elaborate.

0 0 12. Did the victim require CPR?

0 O 13. Was the victim treated as if bones might ba broken, especially in the neck?

W £ 14. Did the accident involve an exploslon?

0O | 15. Did the accident oceur in a closed space? If “yes” please elaborate.

a 0 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 bgan adapted from one orliginally developed by the Electricat Trauma Research Program, University of Chicago,
Section of Plastic and Reconstructive Surgsry.
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Annex B: Sources of information

Where to Obtain Standards Information

Name of SDO

Address

Teleph?ne No.

internet URL

MNational Fire Protection
Association (NFPA)

1 Batierymarch Park
Quincy MA 02269-9101

1-800-344-3555

www.nfpa.org

Institute of Electrical and
Electronics Engineers
(IEEE)

445 Hoes Lane
0O Box 1331
Piscataway, NJ 08855-1331

1-800-678-IEEE

www.ieee,org

Occupational Safety and
Health Administration
(OSHA)

www.osha.gov

fnternational Electro-
technical Commission?

11 W. 42nd Strest
New York, NY 10038

1-2112-642-4900

www.lec.ch

National Electrical
Manufacturers
Assoclation

Giobal
15 Inverness Way East
Englewood, CO 80112-5776

1-800-854-7179

www.nema,org

American National
Standards Institute

i1 W, 42nd Street
New York, NY 10036

1-212-642-8908

www.ansl.org

National Standards
System Network®

WWW.NSSN.org

Underwriters Laboratory

333 Pfingsten Rd
Northbrook, IL 60062

1-847-272-8400

www.ul.com

i 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 |[EC Worldwide

Web home page will provide information on all available outlets.
3 The National Standards System Nelwork is a service provided by ANSI that supplles information on
all ANSI-related standards developing organizations. All American National Standards are available for

purchase through this network.



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
O8HA 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

*  1910.33%
» 1910332
* 1910333
*+ 1910.334
* 1910335

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

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

Subject Number and Title

Head Protection

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

Eye and Face Protection

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

Gloves

ASTM D120, Standard Specliication for Rubber Insulating Gloves, 2002

Slesves

ASTM D1051, Standard Specification for Rubber Insulating Slesves, 2002

Gloves and Slegves

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

Leather Proteclors

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

Footwear

ASTM F1117, Standard Specification for Dielectric Overshos Footwear, 1998

ASTM 741, Standard for Personnel Protection, Protective Footwear, 1991

Visual Inspection

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

Apparel

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

Face Protective Products

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

ANSI—American Natlonal Standards Institute
ASTM—American Soclety for Testing and Matetlals

fay ]



Subject Number and Title

Safety Slgns and Tags ANSI 7535, Series of Standards for Salely Signs and Tags, 2002

Blankets ASTM D1048 Standard Speclfication 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 Insulaling Blankets, 1985

Fiberglass Tools/Ladders ASTM F711, Slandard Specification for Fiberglass-Reinforced Plastlic (FRP) Rod and
Tube Used in Live Line Tools, 1297 _

Plastic Guards ASTM F712, Test Methods for Electrically nsulating Plastic Guard Equipment for
Protection of Workers, 1985

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

ANS|—American National Standards Institute ASTM—American Soclely for Tesling and Materlals

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 28 CFR 1910.269 (generation, transmis-

sion, and distribution).

Annex D: Listing of IEEE standards: coloy books

The Color Book Serles by the Institute of Efecirical and Electronic Engineers {IEEE) provides recommended praclices and
guldelines that go beyond the minimum requirements of the NEC®, NEMA, and UL standards. When desligning electrical
power systems for industrial and commercial facllities, consideralion should be given to the design and séfety requirements of

the following IEEE color books:

Red Book IEEE Recommended Practice for Efectrical Power Distribulion for Industrial Plants

Green Book IEEE Recommended Praclice for Grounding of Industrial and Commercial Power Systems

Gray Book . IEEE Recommended Praclice for Elecirical Power Syslems in Commercial Buildings

Brown Book IEEE Recommended Praclice for Power System Analysls

Buff Book JEEE Recommended Praciice Protection and Coordination of Industrial and Commerclal Power Systems

Orange Book IFEE Recommended Praciice for Emergency and Standby Fower Systems for Industiial and
Commercial Applications

Gold Book IFEE Recommended Practice for the Design of Reliable Industiial and Commercial Power

White Book IEEE Recommended Practice for Electrfcal Systems in Health Care Faclilities

Bronze Book IEEE Recommended Praclice for Electrical Conservatlion and Cosi-Effeciive Planning in Industrial Plants

Emerald Book IEEE Recommended Practlce for Powering and Grounding Sensitlve Electronic Equipment

Yellow Book IEEE Guide to Operation, Maintenance and Safety of indusirial and Commercial Power Systems

Blue Book IEEE Recommended Practice for Applving Low-Vbllage Circult Breakers Used in Industrial and

Commerclal Power Systems




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, 1060%
Which of the following is the National Electrical Code®?

A.NFFA 70 B, NFPA 70B C. NFFPA 70E
D. NFFA 73

. Compliance with the NEG® is all that is required to

assure a safe and dependable sysiem.
A.True B. False

. OSHA viofatlons can result in Jail ime for employers.

A. True B. Falss

. NFFA 70E suggests the following:

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

B. The best way to avold Injury or Incident Is to estab-
lish an electrically safe work condition.

C. Procedures and training are extremely important if
injury is to be avolded,

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 employes working with electricity must be able to

provide CPR. ‘

A. True B. False

Of those people who were electrocuted on low-voltage

syslems (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 reslstance goes down, exposing the body
{o greater cuprent.

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 reslstance 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 energlzed part

C. The amount of current that causes the hand to be
unable to let-go of an energlzed part

13.

14,

15.

6.

17.

18.

19.

20,

21.

22

23.

24,

25.

D. The amount of voltage that causes the hand to be
unable tc let-go of an energlzed part

Tissue and organs can burn at currents of 1.5 amps.

A, True B, False

The temparature at the terminal of an arc can reach

which of the following? -

A. One-half the temperalure of the surface of the sun

B. The temperature of tha 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 followlng?

A. 1,670 times €. 167,000 times

B. 67,000 times D. None of the above

Facilities should know, before an electrical Incident ever
oceurs, which medical facllities speclalize in electrical
trauma,

A. True B. False

When coming fo the aid of an elsctrical Incldent victim,
which of the following is the first action of the rescuer
should perform?

A, Call OSHA.

B, Apply first ald,

C. Treat for shock.

D. Make sure the power is off.

If the victim's pulse or breathing has stopped, in length
of {ime ¢an braln damage occur?

A. One minute

B. Two to three minutes

C. Four to six minutes

D. Elght to ten minutes

Who must provide a safe workplace? '
A, Employers

B. Employces

C. Both employers and employees-

Who is responsible for implementing the safely program
and progedures? )

A. Employers

B. Employses

In which of the following was the concept of an electii-
cally safe work condition Infroduced?

A.NFPA 70 B.NFPA 70B C. NFPA 70E D. OSHA
After determining that the clrcult is de-energized, it Is
never necessary {o 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 available fault cur-
rent to use the flash protectlon boundary of 4 feet from
7O0E-130.3(A)7
A. 50kA

C. 300KA cycles

B. 50kA cycles
D. 5000KkA cycles




26. What is the maximum shork-cireuit current and overcur-

27.

28,

29,

30.

31.

32,

33.

34.

35.

36.

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, 25kA short circuit current availabte, 0.03 second
(2 cycle) fault clearing time
B. 25KkA short clrcuit current available, 0.33 second
{20 cycle) fault clearing time
C. 65KA short clreult current available, 0.03 second
(2 cycle) fault clearing time
D. 65kA short clrcult current available, 0.33 second
(20 cycle} fault clearing time
For arcing faults within their current-limiting range,
current-limiting protective devices can:
A. Limit the magnituds and duration of arcing faults
B. Reducs the flash protection boundary
C. Reduce tha incident energy
0. All of the above
If an arc could be infiiated on the line side of a 30A
switch with 10A fuses, the Flash Hazard Analysis
shauld be based upon the device (and opening time) of
the overcurrent device that feeds the disconnect.
A.True B. False
For the clrcult described In the previous question, the
Flash Hazard Analysls could be based upon the 10A
fuse If work were planned for a downstream controller
ten feel away.
A. True B. False
Flash protection boundary and incident energy needs
only to be considered al the maximum available fault
current.
A, True B. False
Any part of a person's body within a flash protection
boundary must be protected with appropriate personal
protective equipment, such as flame reslstant clothing.
A, True B. False
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
A circuit can shock you even if all external sources of
power have been removed.’
A. True B. False .
Which rafing provides the greater pralection against
electrical shock?
A IP1X B. IP2X C. IPOX D. IP3X
Sizing an equipment grounding conductor according o
Table 250.122 of the 2002 NEC® ensures an adequate,
safe ground return path.
A.True B, False

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 incldent
C. Provides a quick means of de-energlzing

D, Creates confusion and provides a quick means of de-

energizing

37.

38,

39,

40.

41.

42.

43.

44.

45.

W E N I

An Energized Electrical Work Permit shall inctude the
following:

A. The avallable fault current

B. The resuits of the Flash Hazard Analysis

C. Signed approval from an authorized person
D.AandB

E.Band C

Which NEC® Section covers requirements for arc-flash
warning labels?

A 1109 B.110.16 C.240.85 D, 430.52

For overcurrent protective devices that require mainte-
nance, failure to perform malntenance can lead to the
following:

A. Longer clearing times

B. Increased flash protection boundaries

C. Higher incldent energles

D. All of the above

All current-limiting overcurrent protective devices pro-
vide the same level of proteclion

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 ba used to prevent arcing
faults.

A, True B. False

What kind of costs are Itigation expenses?

A, Direct cosis B. Indirect costs

it s a violation of OSHA 1910.334(b)(2) for a machine _
operator to reset a clreult breaker without knowlng if it

‘was a short clreuit or an overload that caused the

breaker to trip.
A, True B. False




General Comments on Shori-Circul! Calculations

Normally, short-clrcuit siudies Involve calculating a bolted. 3-
phase fault condition, This can be characlerized as all 3-phases "bol-
ted” together to creals a zero impadance connection. This establishes
a "worst cass” {highest current) condition that results in maximum three
phase thermal and mechanical stress in the system. This “worst caze”
condilion should be used for interrupting rating, componsnt protection
and seleclive coordination. However, In doing an arc-flash hazard
analysis [t Is recommended fo do the arc-flash hazard analysis at the
highest bolted 3 phass shori-gircult condition and at the "rinlmum®
bolted three-phase short-clreuit condition. There are several variables In
a distribution system that affect calcutated bolled 3-phase short-cir-
cuit currents. It is important to select the varlable values applicable for
the specific application analysis. The variables are utility source short-
clreuit capabiliities, motor conlribution, transformer parcent impedance
tolerance, and voltage variance; ses noles and footnotes.

Procedures and Methods

The impedance tables Include three-phase {ransformers,
cable, and busway. These tables can be used if Information from
the manufacturers Is nol readily avallable.

ltrrust be understood that short-circult calculations are performed
without current-limiting devices in the system. Calculations are done as
though these devices are replaced with copper bars, 1o determine the
maximum "availabls" short-clrouit current.

Also, multiple current-limiting devices do not operate in series
to produce a “compounding” current-fimiting effect, The down-
siream or load side fuse will operate alone under a short-circult
condition if propetly coordinated.

This mathod can assume unfimited primary short-circult cur-
rent {infinite bus) or it can be used with limlted primary avallable

current,

Basic Polnt-fo-Point Calcutalion Procedurs
Step 1. Determine the transformer full load ampares (FL.A.} from
either the nameplate, the following formula or Table 3:

T - KVA x 1009
3{!. ransformer era, E, %1757
Step 2. Find the transformer mulliplier. See Notes 1 and 2
Multiplier = - 100

= \ranstormar .

Nole 1. Get %Z from nameplate or Table 3, Transformer Impsdance {Z) helps to
determine what the short circult current will be at the transformer secondary,
Nole 2. In addition, UL {Std. 1561) listed transformers 25KVA and larger have
a + 10% Impedancs {clerance, Short clrcuit amperes can be affected by this
teterance. Therefore, for high end worst case, multiply %2 by 0.9, For low end
of worst case, multiply %Z by 1.1, Transformers constructed fo ANSI stan-
dards have a +7.5% Impadance tolerance (fwo-winding construction),

Step 3. Determine by formula below or Table 3 the transformer lot-
through short-clrcuit current. Sse Notes 3 and 4.

Is.c., = Translormerg, , X Multiplier

Note 3. Utiity voliagss may vary =10% for power, thetefors, for highest short-clr-
cuit conditions, mulliply values as calculaled In step 3 by 1.1. To find the lower
end worst case, multiply resulls in step 3 by 0.9,

Note 4. Molor sherl-cireuif contelbution, if significant, may ba added at ali fault
locations Lhroughout the system. A practical estimate of molor shorl-clrcuit
contribution s to multiply the totat mator current In amperss by 4, Values of 4
{o & are commonly accepted,

Slep 4, Calculate the 'f* factor for 3@ Faulls.
i 1.732 x L x lsp
“TXnxE
Where: bt
L = fengih {fest) of conducior to the faull,
G = constant from Table 2 of "C" valuses for conductors
and Table 1 of *C" values for busway.
1 = number of conductors per phase (adjusts C value for
parallef runs)

Annex F: 3@ Short-Circuit Calculation Method

| = avaifable short-circuit current in amperes at beginning
of clreuit.

1
Step 8. Caleulate "M* (multiplier). M= 377

Slep 6. Calculate the avaitable sherl-clrouit symmeliical RMS cur-
fent at tha point of fault. Add motor contribution, if applicable.

Is.c. sym Ams = fs.c, X M

Step 6A. Melor short-circuit contribution, if significant, may be added at all
fault locations throughout the system, A practical estimate of molor short-clr-
cult contribution Is to multiply the total motor current In amperes by 4. Values
of 4 (o 6 are commonly accepted. .

€alculation of Shorl-Circult Currents at Second Transfarmer in System
Use the following procedurs to calculate the level of fault cur-

fent at the secondary of a second, downstreant transformer In a

system when the level of fault current at the transformer primary is

known.

Procedure for Second Transformer fn System

Step A. Calculate the 'i* factor (Ig ¢, pilmary Known)

MAIN
TRANSFORMER

3
3¢

’S.c.ncand:ry

I ma.
H.V. UTILITY S-pmacy
CONNECTION
VT Y
rs_c.pllmary fs.c. sacondary
34 Transformer
{Isc, pilmary and _ Is.c. primary X Vormary X 1,73 (%2)
5.0, secondary 416 b 100,000 x KVA
34 fauit values) ; Vanstarmer
M= -
Step B. Calcutate "M* {multiplier). 1+(

Step C. Caleulate the short-cireult current at Lhe secondary of tha
transformer, {See Note under Step 3.)

Uprlmary
secondary
Table 1. "C” Values for Busway
Ampacily Busway

IS.G. sezandary = XMx [S.B. primary

Plug-In Feeder High Impedance
Copper Aluminum " Copper Aluminum Copper
225 28700 23000 18700 12000 e
400 38900 34700 238006 21300 —
600 41000 38300 36500 31300 c e
800 46100 57500 49300 44100 —
1000 69400 89300 62900 56200 15600
1200 94300 97100 76900 69900 16100
1350 112000 104200 80100 84000 17500
1600 129300 120500 161000 90800 19200
2600 142900 135100 134200 125000 20400
2500 143800 156300 180500 166700 21700
30060 144900 178400 204100 188700 23800
4000 — — 277800 255400 —

Note: These values are egual to one over the Impedance per foot for Imped-
ance in a survay of Industry.




Table 2, “C" Values for Conductors

Copper Aluminum
AWG  Three Single Conductors . AWG  Threa Single Gonductors
or Cendgil or Conduit
kemil  Slesl Honmapnelic - ket Steel Hanmaghetic
600V 5ky 15kY [ SkY 16kY GOQV 5KV 15KV 600V BkY 155V
14 389 - - 388 - - 14 237 - - 237 - -
12 617 - - 617 - - 12 376 - - 378 - -
10 981 - - 982 - - 10 599 - - 599 - -
8 1557 1551 - 1559 16556 - 8 951 a50 - a52 951 -
6 2425 2408 2389 2430 2418 2407 3] 1481 " 1476 1472 1482 1479 1476
4 3BO6 3751 3696 3826 3789 3753 4 2346 2333 2319 2350 2342 2333
3 4774 4674 4577 4811 4745 4679 3 2952 2928 2804 2961 2845 2929
2 5307 5736 5574 - 5044 5926 5809 2 3713 A670 3626 3730 3702 3673
1 7293 7029 6759 1493 7307 7309 1 4645 - 45756 4488 AG78 4532 4580
1/0 8925 8544 7973 9317 8034 8590 10 5777 5670 65493 5838 5768 5646
2/0 10765 10062 9390 11424 10878 10319 2/0 7187 6968 8733 7301 7163 6986
3/0 12844 11804 11022 13923 13048 12360 3/0 8026 8467 8163 9110 8851 8627
4/0 15082 13606 12543 16673 16351 14347 4/0 10741 10167 9700 11174 10749 10387
250 16483 14925 13644 18594 17121 156868 250 2122 11460 10849 12862 12343 11847
300 18177 16293 14769 20868 18375 17408 300 13910 13009 12193 . 14923 4183 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 166567 21391 19503 18315
600 22065 20567 17962 28043 25204 22097 600 20093 18428 16484 23451 23718 18635
760 24137 21387 18889 29735 26453 23408 760 24766 19885 17686 25976 23702 2437
1,000 25278 22539 19923 31491 28083 24887 1,000 23478 21235 19006 28779 256108 23482

Hete: Thesa valuzs are equal 19 one over [he mpadance per foet and based upon festsiancs and feaclancs values found In VEEE Std 2411990 (Gray Book), IEEE Recommendsd Practice for Blectric Fower Systems fn Corminerical Bulldings &
{EEE SId 242-1955 (Bull Book), iEEE Recommendsd Practics fof Protection and Coordination of Industrial and Commerclal Power Systems. Wnere resistancs and reaclance values diffes of are aod avallable, the Buff Book vzkues hava been
used. The valuss for rzactance [ delermintng the G Value al 5 KV & 15 KV aze from the Gray Book only {Vafues for 14-10 AWG 2l 51V and 14-8 AVG 2t 155V are nat avaTiztle 20 valoss for 3 AWG have bezn apptoximated),

TRANSFORMERS
Table 3. Short-Glrcuit Currents Available Irom Varlous Size Transformers
{Based upon actual fleld nameplate data or from utlity transformer worst case Impedance}

Vollage Full % Shorl Voilage full % Short
and Load Impedancer Clreull and Load Impedancey Gircutl
Phasa KVA Amps {Nameplate) Ampst Phase KVA Amps {Nameplaie) Ampst
45 125 1.0 13879 75 90 1.00 10035

75 208 1.0 23132 112.6 135 1.00 15053
ii2.5 312 1.4 31259 150 181 1.20 16726
160 A16 1.07 43237 225 271 1.20 25088

120/208 225 625 .12 61960 300 361 1.20 33451
3 pht* 360 . 833 1.11 83357 2771480 500 802 1.30 51463
500 1388 1.24 124364 3 pht** 750 an3 3.60 - 28672
750 2082 3.50 660G 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 5652 4.00 164211 2500 3011 4.00 83628
2500 6940 4.00 192764

“Thiee-phase short-clreult currents based on “Infinita” primary.
UL lisled transformers 25 KVA or grealer have a £10% impedance tolerance. Shortclicuil amps shown in Tabla 1 reflect -10% condition. Transformars construcied to ANSI

slandards have a £7.5% Impadance tolerance {two-winding censtruction).
{Flucluations i system voltage wii alfect the available short-clrcuit current. For exam
cuirents than as shown in Table 1,

pla, a 10% ingreass In system voitage will tesult In a 10% greater avallable short-clrcult

Example Fault X4 Fault Xz
Avallable UL ‘
Iniintte Assumption _ {500 % 1000 Stepd.  Use Is.c.ymars @ Faull X1 lo cafculate "t
Stap 1. 117} = IB0%1.732 = 1804A
1600 KVA Transformer, - .
SR 2 100 e e an 0%
A%, . Slep2.  Mulliplier =190 - 2a 57 185 X
fr1, =1804A 3B ;
251 - so0keml Step3.  lsc=1804 X 20.67 = 61,5408 Steps. M=y ame ~ 1
Searvice Enlrance
Conduclars in Steef Gendull 15.0. melor conlitn = 4 X 1,804* = 7.216A Slep 6. I5.6.55m Ris = 48,803 X 7117 = 35,4450
ﬁ%%q’é.szglllﬁgi’ Fuse liotal §.C. sym AIAS = 51,504 + 7,216 = 58,720A fsym matar contrly = 4 X 1,804* = 7,216A
1.732 x 25 x 51,540 | = 35,445 + 7,216 = 42,661A
man s Y e U Ly ] ] )
Fauil X1 ; Step 4. t 55.185'x B X 450 0.0349 'fr?dlfxc,]wm AtAs 7
40DA Swlleh
[ B
LPS-R¥-ACOSP Fuse Slep5. M= g = 9663

Step 6. 1s,¢.5ym Rias = 51,540  .9683 = 49,803A

50' - 600 kemil

Feedar Catle

In Steal Gendul Is.c.maler sonuts = 4 X 1,804* = 7,216A

Faull X2 |1ﬁ1a|]ﬁ.§.i§rm Ams = 49,803 + 7,216 = 57,0194

2
totor Contrikutlen y
* pssumes 100% motor load, If 50% af this load was {rem motors, 1. melor contrib, = 4 x 1,804 x .5 = 3608A




Annex G Arc-Flash Calculator
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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.

2. ldentify the amperage of the upstream LOW-PEAK®
fuse or circuit breaker that is protecting the equip-
ment where work is 1o be performed.

3. Consuilt the table to determine the Incident energy
exposure and the flash protection boundary.

4. Identify the minimum requirements for PPE when
work Is to be performed Inside of the FPB by con-
sulting the requirements found in NFFA 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 asslst in deter-
minirig the proper PPE to help safeguard a worker
from the burns that can be sustained from an arc-flash
incldent, This information does not take into account
the effects of pressure, shrapnel, moiten mietal spray,
or the toxic copper vapor resulting from an arc-fauit.

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 consldered as working on
energized parts per OSHA 1910.333(b).

Note 4: The data Is based on 32mm (14"} electrode
spacing, 600V 3@ 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 1.2calfcm2

Note 5; The LOW-PEAK® fuse information is based

1 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 incldents.could be different for a number of rea-
sons, including different (1) system voltage, (2) shorl-

circuit power factor, (3) distance from the arec, (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 vaiues for actual
30 and 60A fuses would be conslderably less than

" 100A fuses, however, it does not matter since the val-

ues 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 [EEE 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
>100¢al/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 Circult 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 maintalned in accordance with
manufacturer’s instructions and industry standards,
Devices that are not properly maintalned and tested
may have longer clearing times resulting In higher incl-
dent energies,

For turther explanation please consult the SPD
Electrical Protection Handbook available at
www.bussmann.com.




Arc-Flash Incident Energy Calculator
Fuses: Cooper Bussmann LOW-PEAK® LPS-RK_sP (0-600A), Clrouit Breakers: Molded Gase Circuil Breakers
Incident Energy {1.E.) vaiues are expressed In cal/cm?. Fiash Protection Boundaty (FPB) values are expressed in inches.

Bolted Fault 1-100A 101-200A 201-400A 401-600A
Current (kA) Fuse MCCB Fuse MGCCB MCCB
|E. FPB .E. JIE
1 239 29 |331007:5120:]510055120
2 0.25 6 0. 6 520 49
3 0.25 6 0.27 7 083 15 5100
4 0.25 6 0.35 8 025 B 0.35
5 0.25 6 0.43 9 0.25 6 0.43 9
] 0.25 ] 050 10 | 028 6 050 10 13 _
8 0.25 6 065 12 025 6 065 12 12 0f
10 0.25 6 081 14 | 025 6 081 14 i2 1282 90 {#100:31204
12 0.25 6 096 15 | 025 6 096 15 11 6.71 58 1 1.70
14 0.25 6 i1i 17 ] 025 6 i1t 17 10 060 11 | 1.96
16 0.2 6 1.26 19 0.25 6 26 19 9 0.59 A 222 21
18 0.25 ] 141 20 | 025 6 141 20 8 048 10 | 248 29
20 0.25 6 156 22 0.25 6 156 22 7 0.38 8 274 32
22 0.256 6 1,72 23 0.25 6 1.72 23 7 0.28 7 3.00 34
24 0.25 6 187 241025 6 187 24 6 0.25 6 326 36
26 0.25 6 2,02 26 0.25 6 202 26 6 0.25 6 353 37
28 0.25 6 217 27 0.25 6 217 27 6 0.25 6 3.79 39
30 0.25 6 2.32 28 0.25 6 232 28 6 0.25 6 405 41
32 0.25 6 247 29 0.256 6 247 29 6 0.25 6 431 43
34 0.25 (4] 263 31 0.25 6 263 31 6 0.25 6 4,57 45
36 0.25 B 278 32 {026 6 278 32 6 0.25 6 |483 46
38 0.25 6 203 33 1025 6 293 33 ] 0.25 6 | 509 48
40 0.25 6 308 34 025 6 308 34 6 0.25 6 {536 50
42 0.25 ] 3.23 35 0.25 6 323 35 6 0.25 6 562 51
44 0.25 6 338 36 0.25 6 338 36 8 0.25 6 588 53
46 0.25 6 354 37 102 6 354 37 6 0.25 6 {614 55
48 0.25 6 360 39 ] 02 6 369 39 6 (.25 6 1640 56
50 0.25 6 384 40 0.26 6 | 384 40 8 0.25 6 6,66 &8
52 0.25 6 389 A4 025 6 399 A 6 0.25 6 |692 59
54 0.25 ] 414 42 | 026 6 A14 42 ] 0.25 5§ | 7148 61
56 0.256 6 429 43 1025 6 429 43 6 0.25 6 | 745 62
58 0.25 8 445 44 | 026 G 445 44 ] 0.25 6 | 771 64
60 0.25 8 460 45 0.25 6 460 45 6 0.256 8 797 65
62 0.26 6 475 46 | 025 6 475 4B 6 0.25 6 1823 67
84 0.25 6 490 47 (025 6 490 47 6 0.25 6 | 843 68
66 0.25 6 5.05 48 0.25 6 505 48 6 0.25 6 875 69
68 0.25 6 520 49 | 025 6 520 - 49 6 0.25 6§ 901 7T
70 0.25 6 536 50 0.25 6 536 50 6 0.25 G 928 72
72 0.25 6 551 51 0.25 6 5561 51 ] 0.25 6 954 74
74 0.25 6 5.66 52 0.25 6 566 52 6 025 - 6 980 75
76 0.25 k] 5,81 53 0.25 6 581 53 6 0.25 6 11006 76
78 0.25 6 596 53 0.25 6 596 53 6 0,25 6 1032 78
80 0.25 6 6.11 54 0.25 6 6.1 54 6 0.25 6 (1058 79
82 0.25 6 627 55 | 025 B 627 55 ] 0.25 6 {1084 80
84 0.25 6 642 656 | 026 6 642 b6 8 0.25 6 }11.10 82
a6 0.25 6 6.57 57 025 & 657 57 6 0.25 6 [11.37 83
88 0.25 ] 672 58 | 025 6 572 58 6 0.25 8 |1163 84
90 0.25 6 6.87 59 0.25 6 6,87 59 6 0.25 6 111.89 85
92 0.25 6 7.02 60 0.25 6 7.02 60 6 0.25 6 1215 &7
94 0.25 6 7.18 &1 025 6 718 861 6 0.25 6 |1241 88
96 0.25 6 7.33 61 0.25 ] 7.33 61 6 (.25 6 1267 &9
98 0.25 5 7.48 62 0.25 G 748 62 6 0.25 6 11293 90
100 0.25 6 763 63 | 025 8 763 63 ] 0.25 6 11320 92
102 0.25 6 778 64 025 6 7.78 64 . 8 0.25 § |13.46 93
104 0.26 6 793 65 | 0256 6 793 865 . 6 0.25 6 |13.72 24
106 0,25 6 8.09 66 0.25 6 8.09 66 025 6 0.25 6 [13.98 95

Read attached notes. Fuse results are based on actual test data.
Clreuit breaker results are based upon IEEE 1584 calculations; If ¢l

www.busmann.com
For more on Electrical Safely.

rouit breakers are not properly maintalned vaiues can be consideradly greater.




Arc-Flash Incide
Fuses: Cooper Bussmann LOW-PEAK® KRP-C_SP {601-20004),
Incident Energy (1.E.) values are expressed in caljem?. Flash

=) e o 2

nt Energy Calculator

My P A s e e

Circult Breakers: Low Voltage Power Circuil Breakers (w/STD)
Proteclion Boundary (FPB) values are expressed in Inches.

Bolted Fault 601-800A 801-1200A 1201-1600A 1601-2000A
Current (kA) Fuse LVPCB Fuse
1

2

3

4

]

]

8

10

12

14

i6

18

20

22

24

26

28

30

32

34

36

38

40

42

44 6
46 6
48 6
50 . 6
52 0.25 6
54 0.25 ]
56 0.25 6
58 0.25 6
60 0.25 6
62 0.25 6
64 0.25 6
66 0.25 6
68 0.25 6
70 0.25 6
72 0.25 6
74 0.25 6
76 0.25 6
78 0.25 i
80 0.25 6
82 0.25 6
84 0.25 6
86 0.25 ]
88 0.25 6
90 0.25 B
92 0.25 ]
94 0.25 6
96 0.25 6
a8 0.25 ]
100 0.25 6
102 0,25 6
104 0.25 § 0
106 0.25 ] 1207 g

Read attached notes. Fuse results are based on

actual lest daté. |

Clreult breaker results are based upon IEEE 1584 calculations: If circult breakers are nat properly maintalned values can be conslderably greater.

www.husmann.com
For more on Electrical Safety.
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.. Gooper

ussmann LOW-PEAK® Upgrade

The left column represents Cooper Bussmann and competitors' part numbetrs. The right column represents the

Cooper Bussmann LOW-PEAK® upgrades.

Existing ExIsting
Fuse Fuse
ABY bpecs ABD
ABU ABK-R
AGU ABK-R
ATDR ABX npa 1
ATM ATS-DE
ATMR CHR
ATQ CTS-R
BAF DES
BAN DES-R
BLF DLS
BLMN DLS-R
CCMR ECS-R
CM ERS
CMF FLS
CNM FLS-R
CNQ FRS
CTK Existing FRS-R
CTK-R Fuse FTS-R
FLM AZD GDS
FLM A2D-R HA
FLQ AZK KL.S-R
FNM AZK-R KOS
ENQ AZY bpet KTSR
FNW AT-DE LES
GGU CHG LES-R
HCLR CRN-R e LES-RK
KiLK CTN-R LKS
KLK-R DEN " LLS-RK
KTK DLN LOS-RK
KTK-R DLM-R NLS
MCL ECN NOS
MEN ECN-R NRS
MEQ ERN oTs
MOF FLN RES
MOL, FLN-R RFS
OTM FRN _ RHS
TRM ‘ERN-R RLS
64X FTN-R SCLR
- GDN TRS
HAG-R TRSR
FNQ-R FNQ-R KLN-R 10KOTS
KLDR FNQ-R KON
FNQ-R suggested on primary of control transforiners KIN-R
LENRK
LKN
LLN-RK Existing
Exlsting LON-RK Fuses
Fuse NCLR A4BQ
Adlt NLHN A4BT
AJT NON A4BY
Ct NRN 2 A4BY tpass
CJS OTN sy CLASS L
GF8B OTN CLF
HRCXXJ REN CLL
J RFN clu
JA RFN HRC-L.
JCL RHN KLLU
JDL RLN KLPC
JEL TR KLU
JHC 655 KTU
JKS 660 T
JLS 1O0KOTN LOE
JTD 50KOTN LCU

‘,./' The comparativa catafog nurmbars shown were derived from (he lafest available pubished information from varlous manufacturers, Because compelilors' products may differ from Bussmann® praducts, it
" 1Is recommanded that each application be checked for required elesteical and mechanical characteristics before substitutions are made, Bussmann® Is not responsible for misapplications of our products,

Overcurren! protectlon Is application dependent. Consul Jalest catalogs and appiication lterature, or contasl our Application Enginzering Depaciment at (636} 527-1270,

www.bussmann.com 71



Cooper Bussmann Products And
Technical Support Delivered Worldwide

Customer Assistance Web Services

www.hussmann.com

The Cooper Bussmann web site makes
available free information and other
resources that include:

Customer Satisfaction Team

The Cooper Bussmann Customer Satisfaction Team iIs available
to answers questions regarding Cooper Bussmann products and

services. Calls should be made between 8:00 am, —4:30 p.m.
Central Tims for all US time zones.

The Customer Satisfaction Team can be reached via:
» Phone: 636-527-3877

« Toll-free fax: 800-544-2570

« E-mail: fusebox@buss.com

Emergency and After-Hours Orders

To accommodate time-critical needs, Cooper Bussmann offers
emergency and after-hours service for next flight out or will call.
Customers pay only standard price for the circuit protection device,
rush freight charges and a modest emergency fee for this service.
Emergency and after-hours orders should be placed through the
Customer Satisfaction Team. Call:

« 8:00 a.m.-4:30 p.m. Central Time 636-527-3877
+ After hours 314-095-1342

Application Engineering

Application Englneering assistance is avaitable to all customers,
The Application Engineering team is staffed by degreed electrical
engineers and available by phone with technical and application
suppurt-Monday — Friday, 8:00 a.m. — 5:00 p.m. Central Time.

Application Engineering can be reached via phone, fax or email;
» Phone: 636-527-1270 .
» E-mail: fusetech@buss.com

Product Data Sheets for complete
technical information on Bussmann
products

Onfline catalogs for the latest
United States and European products

Safety BASICs™ for the essentials of
electrical safety :

Training Modules for Increasing skifl
tevels of customers and end users

Fuse Cross Reference to find the
correct Bussmann replacement for a
competitive fuse

Arc-Flash Calculator to determine the

incident energy level and flash protection

boundary along with the recommends
the level of Personal Protective
Equipment (PPE)

Your Authorized Cooper Bussmann Distributor is:




