NOTE: Normally, in the case.of a disconnect swilch,
the movable side of the knife blades is avall-
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 confains fuses, a voltage test
should be conducted at both the fine and load

" sides of each fuse, both between phases and
belween 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 satlsfactorily 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 incldent does
ocour. For existing electrical systems, it may be possi-
ble to improve electrical safety conditions for workers
by upgrading components and aiso 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.

A. Avoidance is the surest electrical
safefy measure.

If workers do not “work on or near” exposed energized
components, worker safety is snhanced. 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 demensirable
reasons:

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

B. 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.

NEPA 70E 110.8(8)(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 additfonal
hazards or infeasibility per 130.1) work to be performed
shall ba considered energlzed electrical work and shall
be performad by writlen permit only.

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

Work performed on or near live parts by qualified per-
sons relaled to tasks such as tesling, troubleshooting,
vollage measuring, elc., shall ba permiited to be per-
formed withoul an energized electrical work permil
provided appioprlate safe work practices and personal
proteciive equipment In accordance with Chapler 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 authorlzed per-
soh, 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 cenditions.
That is, the energized elactrical work permits rarely
get approved. Usually in the process of getting the
electrical work permit approved, management finds a
means io do the work under electrically safe work
conditions. NFPA 70E has an example energized work
permit form in Annex J.




C. “Vo.'tage testing - requires appropriate
work practices and PPE

If a worker is lroubleshooting an energized electrical
circuit, clearly the worker needs to use safe work
practices appropriaie for the clrcuit voltage and energy
level. This includes the worker wearing the appropriate
PPE for the arc-flash hazard. However, the same pre-
cautions shall be taken while checking voitage on
deenergized circuits that are not yet considered 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 deener-
gized (disconnect opened), it Is:

NFPA 70E 120.3(A)

...1hol 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 voitage testing device, and,
where exposure lo energized facliities 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 ulifize adequate personal
protective equipment for the voltage level and
arc-flash hazard level during the tests fo 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 inter-
ruption 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

Swilchboards, pansiboards, Induslrial control panefs,
and motor conirol centers in other than dwelling occu-
pancles, that are likely to require examination, adjust-
ment, servicing, or maintenance while energized, shall
be field marked to warn qualified psrsons of potential
electric arc-flash hazards. The marking shall be located
s0 as fo be clearly visible 1o qualified persons before
examinalion, adjustment, servicing, or maintenance of
the equipment,

FPN No. 1: NFPA 70E-2000, Elactrical Safety
Requirements for Employee Workplaces, provides assis-
fance in determining severily of potential exposurs, plan-
ning safé work praclicas, and selecting personal
proteclive equipment,

FPN No. 2: ANSI Z535,4-1998, Product Safely Slgns and
Labels, provides guldelines for the deslgn of safety slgns
and labels for application fo producis.

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
lahel should remind a qualified worker who intends to
open the equipment for analysis or work that a serlous
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 squipment).

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

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
hisfher management can more readily assess the risk
and better insure propet work practices, PPE and
tools. The example labet 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 caliom?

* PPE required

* Voltage shock hazard

wasam htlgemann cam

43



DA RRs

* Limited shock approach boundary
+ Restricted shock approach boundary
* Prohibited shock approach boundary

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

34 Inch Fiash Hazard Boundary
2 calflom?  Frash Hazard st 18 inches .
H Hazard Rick Category 4callom? shirt & pants
hard hat, safely giasses, FR raled faceshield
Shock Hazard
42 Inch Limited Approach
12 Inch Reslricted Approach
1 Inch Prohlblied Approath

480 VAC

500V Class 00 gloves,
leather profeciors

Equipment Hama: XYZ Motor Starier

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 hefshe know the level of arc-flash hazard
for that specific equipment? The more informative
label provides sufficlent information for a quaiified
electrician to use the proper level of PPE and appro-
priate work practices for the level of hazard.

Note: If the label fncludes 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. Worlker must be qualified for the task

This Is especially important for tasks that involve work-
ing on or near circuits that are not in an electtically
safe work condition. :

NFFA 70E 110.6(D)({1) provides the iraining 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

s Personal protective equipment

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

* Ideniifying exposed energized parls

+ Determining the voltage of exposed energized
parts

+ Determining the approach boundaries

« Decision making process to determine the hazard
{including shock and arc-flash), PPE, and job plan-
ning to perform task

li 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 nof reset a circuif breaker or
replace fuses until the cause is
known and rectified.

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

Reclosing circults after protective device operation,
After a clrcuit Is deenergized by a clreuil proteciive
device, the circuit may not be manually reenergized until
it has been determined that the equipment and clrcuit
can be safely energized. The repstilive manual reclosing
of circuft breakers or reenergizing circuils through
replaced fuses is prohiblted. NOTE:! When it can be
determined from the design of the circuit and the over-
current devices Involved that the automalfc operation of
a device was caused by an overload rather than a fault
conditfon, no examination of ihe circuit or connected
equipment is needed before the circult Is reenergized.

This is an important safely 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 focated 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 circult breaker on a fault may
cause the circuit breaker to fail in an unsafe manner.
See ihe next section, follow procedurss 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-limiting
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 BK1).
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NFPA 70E 225.1

Fuses shall ba maintained free of breaks or cracks in
fuse cases, ferrulas, and Insulators, Fuse clips shall be
malriained to provide adequate conlact with fuses.

Fuses are typically used in conjunction with discon-
nects. Disconnects In most cases have no role in over-
current protection. Disconnects should be periodically
inspected and maintained. In applications where dis-
connects 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: Gircuit 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 paris 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. Therefors, 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,

NFFPA 70E

225,2 Molded-Case Circuit Breakers.l Molded-case clrcuit
breakers shall be maintained free of cracks In cases and
cracked or broken operating handles.

225,83 Circult Breaker Testing. Circuit breakers ihat inter-
rupt faults approaching their ratings shall be inspected
and tesled in accordance with the manufaclurer's
Instructions.

After a circuit breaker interrupts a fault, it may not be
suitable for further service. UL 489, ithe 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
conditlons. 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 circuit
breaker should recelve a thorough inspection with
reptacement, if hecessary. Some difficulties in the
evaluation process are not knowing a clreuit breaker's
service history, what level of fault current a circult
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 lo
invasligating electriclans what damage has occurred
inside encased equipment, The clrcuil breaker may well
appear virtually clean while its internal condilion is
unknown, For such situalions, the NEMA AB4 "Guidslines
for inspection and Preventive Mainlenance of MCCBs
Used in Commercial and Indusirial Applications” may be of
help. Circuit breakers unsuitable for confinued service may
be identified by simple inspecifon under these guidelines.
Testing oullined in the document /s another and more defi-
nite step that will help to ideniify clrcuit breakers that are
not suitable for confinued service,

After the occurrence of a short circuft, it is important that
tha cause be investigated and repaired and that the condi-
tion of the installed equipment be Investigaled, A circult
breaker may require replacement just as any other switch-
ing device, wiring or eleclrical equipment In the circuit that
has been exposed fo a short clrcuit. Questionabla circuit
breakers must ba replaced for conlintied, dependable cir-
culf 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 circult 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.

1. Properly test knife-blade fuses

Insulated
Caps lor
Inceased

A continuity test across any knife-blade fuse should be
laken only along the fuse biades. Do not {est a knife-blade
fuse with meter probes fo the fuse caps.
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blade fuses (have blades on ends as shown in illustra-
tion) is to touch the end caps of the fuse with their
probes, Contrary 1o popular belief, fuse manufacturers
- do not generally design their knife-blade fuses to have
electrically energized fuse caps during normal fuse
operation. Electrical incluslon of the caps into the cir-
cuit 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, & 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, Cooper 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 electri-
cian knows that the end caps are Isolated. With older
style non-insulated 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 Informing 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,
ali tools, scrap wire, and other debris be removed.
This may avoid an incident when the doors are
opened in the future. There are Incldents 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 faulit.

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 electiical 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 feature
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, pro-
vide extended length racking tools as in the illustra-
tion.

Extended Racking Tool

;4 ........................................................... > '
H i Standard Racking Tool
Tool extension to Increase worklng

distance from potential arc-flash ! I
hazard when racking a circult breaker.
Tool moves worker many imore feet from

potentfal arcing fawlt source.

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

NFPA 70E 210.5 Proteclive Devices

Protective devices shall be malnialned fo 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
oceurs. 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 diiferent types of overcurrent protection technolo-
gies provide different cholces in reliability and mainte-
nance requirements. This choice can impact the flash
hazard. Either:

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

(2) If the overcurrent protective devices require perl-
odic maintenance, then maintenance must be per-
formed as required per the manufacturer's
instructlons and industiry standards,

Current-limiting fuses

Modern fuses are rellable and retain their ability to
open as originally designed under overcurrent condi-
tlons. 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-
Hication. Modern current-limiting fuses do not require
maintenance other than visual examination and
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Insuring that there is no damagse from exlernal thermal
conditions or liquids. Under overcurrent conditions,
fuse short-circult element operation Is rellable.

Circult breakers

Circuit breakers are mechanical overcurrent protective
devices, which require perlodic exercise, maintenance,
testing, and possible replacement. A circuit breaker’s
reliability and operating speed are dependent upon its
original specification and its condition. A specific cir-
cuit breaker's condition Is dependent on many vari-
ables, 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, humidity, condensation,
corrosive substances in the air, vibrations, invasion by
foreign materials or liguids, damage due to thermal
conditions such as loose connections, erosion of con-
tacts, and erosion of arc chutes. To help keep a cireuit
breaker within original specification, a circuit breaker
manufacturer's instructions 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 Davices 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 malntenance and testing (on circuit break-
ers) are not performed, extended clearing times could
occur crealing an unintentlonal ime delay that will effect
the resulls of flash hazard analysis...

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

Circult breakers installed in a system are often forgoften.
Even though the breakers havae been sitting in place sup-
plying power to a circuit for years, there are several
things that can go wrong. The circuit breaker can fail lo
open due to a burnad out trip coil or bacause the mech-
anism Is frozen due to dirt, dried lubricant, or corrosion.
The overcurrent device can fail due lo inactivity or a
burned out electronic component. Many problems can
oceur when proper maintenance is not performed and
the breaker fails to open under fault conditions. This
combination of events can resuit in fires, damage fo
equipment or injuries to personnel,

N. Designing systems: overcurrent
protective device selection

Use the most current-limiting overcurrent protective
devices possible, There are a varlely 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 thoss 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 curent flows
is directly related to the energy relsased by an arcing
fault. Overcurrent protective devices that limit the mag-

" nitude of the fault current that flows and reduce the

time duration of the fault current, can reduce the
eneygy that is released by an arcing fauit. 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)

Chofce of Overcurrent Proteolive Devices Can Make A Difference

Non
Current-Limiting

|
l)

Renewabla || Typlcal CLY | Mccp' | FUSETRON® || LOW:PEAKe
LGlass H | MCCBY |3 MCCBY| wilimiter | FAN/S-R i 1 PN/S-RK:)
Fuses GG Overskzed
LvpCB®
L - KR
Degres of Current Limitation fest Curfent-
Fair *Limitation;
Byt Not The Bast

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

4+ C.L. - Current-Limiting

1. Non current-limiting overcurrent
protective devices

Renewable & Class H fuses are ouldated 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 hazards
because they let-through too much fault current for too
long a time, and their interrupting rating is too low.




Non Current-limiting Circult Breakers: The typical
molded case circuit breaker, insulated case circult
breaker and low voltage power circuit breaker are
not listed as current-imiting 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 per-
mit 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 circuit breaker,
the higher the fault current the more the energy that is
released, Circuit breakers require periodic mainte-
nance and/or replacement to better insure they will
operate as intended. If not maintained properly, circuit
breaker clearing times can extend beyond their speci-
fications and the arc-fault energy can be significantly
greater than expected.

2. Current-limiting overcurrent protec-
tive devices

The four types of devices depicted on the right in Figure
X{N)(1) 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, thers
are different degrees of current-limilation. And different
devices become current-limiting at different levels of fault
current. I the fault current is in the current-miting range
of current-limiting fuses, the energy released during an
-arc-fault typically does not increase as the fault current
increases. This is a very important criterion.

Current-limiting imolded case clrcult breakers are

a better choice than standard molded case circuit break-
ers. The cost is thres 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 Gase Circuit Breaker Standard, does not
establish different short-circuit let-through Ip and It val-
ues for various amps rated clrcuit breakers like UL 248,
the Fuse Standards. Periodic maintenance and testing is
necessary for all clrcuit breakers to help ensure that
they will operate as intended. if not maintained properly,
their clearing times can extend beyond their specifica-
tions and ihe arc-fault energy can be significantly
greater than expecied.

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 aperates for lower level short-cir-
cuit currents. Therefore, these fuse limiters provide far
less protection than current-imiiing fuses sized 1o the load
such as when the circuit Is a fusible switch system.

The result with the clrcult breakerftmiter alternative
is typically higher arcing faull 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 800A circuit breaker with fuse limiters may
have limiters that are equivalent fo 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 1800A 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 (Ciass RIK5} provide current-limiting protec-
tion. The level of current limiting abllity 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, thay 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 gensral
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 12t 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 maximuim
permitted I?t let-through limits. These values shown
are the maximum limits. Commercially available
products will have values less than shown.

UL Standard Maximum 4 (amp?seconds) Let-Through Limits
for 50,000A Short-Circult Test

Curren
Limiting
fuse Fuse Fuse Htolded lalded
Device Class Class Class Case Case
Amps J A1 RKS5 Elrcuit Circult
Rallng GO0V 6oV 600V Breaker Breaker
GO0A | 2,500,000 | 3,000,000 | 10,000,000 | 20,750,000 No Limit
460A | 1,000,000 [ 1,200,000 | 5,200,000 { 20,750,000 No Umit
2004 206,000 400,600 | 1,600,000 { 20,750,800 No Limit

MNote: Pils proportional to thermal energy. Ft Is a measurable value
thal Is used to evaluale fault protection performance of overcurrent
protective devices. The lowsr the Fi that an overcurrent protective
devica lets-through, the lower the tharmal ensrgy released,



The UL 248 Fuse Sitandards set short-clreuit Pt lel-through limils for
current-timiting fuse lypes such as Classes J, RK1, and RK5.
Different llmits are sef for each fuse major amps raling case size
stich as 30, 60, 100, 200, 400, and 600A. Fuses thal are lested and
listed as current-limiting are marked "current-limiting”.

UL 489 Standard for Moldad Case Circuit Breakers does nol have Pt
let-through limiis for cireuit breakers that are not lested and listed as
current imiting; these chcuit breakers will not have a marking stating
“currenl-limiting”. Circuit breakers that are marked "current-imiting”
have Pt lef-through limits, which Is the lower of either what the manu-
facturer clalms or the symmeirical short-cireult calibration wave for a
% ecycla without the cireult breaker in the circuit. UL 489 does not
require current-limiting clrcult breaker Pt let-through limits lo apply
when the circuit breakers are lested under "bus bar” test condilions.
UL 483 does not require different Pt let-through fimits for different cir-
cuit breaker amps ratings or frame sizes.

Figure X(N)(2)

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

115,000 “ 3
J %, Non-Current Limiting
& - %/ Curcult Breaker
H Class RK5 400A
.
Peak g
Amps H Class K1 400A Fuse
i
50,000 Class J 400A Fuse
33,000 £
25,000 %
[
l -
‘.“ ;
Y
Time ———s %~ &
%

50,000 Sym. Amps Avallable

Figure X(N)(3)

lliustrates 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
/ ] Class J 200A Fuse
A ,
32,000 o
18,000 ) ll
16,000 ' ll
i
L Y]
iy
LW

50,000 Sym. Amps Available

Figures X(N}{2) and X(N})(3) lllustrate another way to
gain an understanding of the importance of using
overcurrent protective devices that have better cur-
rent-limiting abllity. The dotted line represents the
asymmetrical fault current that could flow with 50,000
symmetrical amps available — the peak current could
Teach 115,000A. Figure X(N){2) shows the UL Ip limit
for a 400A Class RK5 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 RKt and
should be installed in Class R clips that only accept
Class R fuses. Ciass 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 repiacing the exisling 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/APN-RK_SP (Class
RK1), LPJ_SP (Class J), LP-CC (Class GC) 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.

LIMITRON® Fast Acting
{Class RK1)

#USETRON® Duai Element
(Class RK5)

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

6D KisA
ackm ] LES
atkR | LEsR
AsX type 1| LES-RK
ATS-DE | LKS
CHR 1LS-AK
cisR | LOSRK
nES nLe
pEsR | Nos
pLS HRS
oLS-R o1s £PS-RK{amp)SP
£es-A | RES
ERS fiFs
LS fH3
fisr | RS
FAS SCER
FASR | TRS
FISR | TRSA
GDS £56

HA 10KOTS
KtsR | soKOTS
Kos

This Is an upgrade exampla (or 600V tated Class H and Class R fuse clips. All

of these parl numbers In the fwo left calumns that are 600V rated Class H and
Class R luses fram Bussmann® and olher manufaciurers can be replaced with the
LOW-PEAK® LPS-AK [amp)SP luses, Thera ara several benetlls In upgrading in
this manner. One benefit [s better arc-flash protectfon.

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

Motor starters are very susceptible to damage due to
short-circult 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 responsibility to spec-
ify or choose the type of equipment can choose the
ievel of motor starter protection desired: Type 1 of
Type 2.

A cholce 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) o installation and
might not be suitable for further service without repair
and replacement of parts” Damage is allowed, requiring
partial or complete component replacement. Itis possi+
ble for the overload devices to vaporize and the contacts
to weld. Short-circuit protective devices interrupt the fault
current, but are not required to provide component pro-
taction. The requirements for Type 1 protection are simi-.
lar to the requirements for listing to UL 508. See photos
below. If & worker has any unprotected body parts near
such an event, he/she may be injured.

Photas of Type 1 Protection: Test photos of before, during and
after of: MCP Intended to provide motor branch clrcuit protection for
$0HP, 1EC Starler with 22,000A avaitable 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 condi-
tions, 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 overioad relay. Light
contact welding is permitted, but contacts must be
easlly separable. “No damage” protection for NEMA
and IEC motor starters can only be provided by a
current-limiting device. See photos below. R

Photos of Type 2 Proiection; Test photos of before, during and
after of sama test circult and same type starler during short-circull
Interruption as in Photo 1, 2 and 3. The difference is LOW-PEAK®
LPJ_SP current-imiting fuses provido the moflar branch clreult pro-
tection. This leve! of peotection reduces the risk for workers.



The fuses that typically mest the requirements for
Type 2 "no darnage” protection that are the resuit of
the controller manufaciurers 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 preva-
lent cause of injury and death. One of the best ways
to help minimize the electrical shock hazard Is to uti-
lize finger-safe producis 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 contact
with a live conductor (shock hazard). Also, the risk
that a conductive part falling across bare, live
conductive parls 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
fauit: the new Cooper Bussmann GUBEFuse™ (1 to
100A) that are IP-20 finger-safe and very current-limit-
ing protective devices. SAMI™ fuse covers for covering
fuses, Safety J fuse holders for LPJ fuses, CH fuse
holders available for a variety of Cooper Bussmann
fuses and Cooper Bussmann disconnect switches,
with fuse and terminal 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

CUBEFuse™

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

Electrical systems must be dosigned to support pre-
ventive malntenance, with easy access to the equlp-
ment. Designers must isolate equipment for repair with
a disconnecting means that provides for adequate
implementation of lockout/tagout procedures,

A sound design provides disconnecting means at all
motor loads in addition to the disconnecting means
required af 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 excsption
that If the disconnect at the controller could be locked
oult, then the in-sight disconnect could be omitled.
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 sTght {of controlier)
disconnecting means ahead of

controller required per NEC
430.102{A) ,
1

|

3

Barrler, wall or

aisle with an
/ obstruction

In sight motor
disconnectlng means
required per NEC 430.102(B)

Revised NEC requirement,
good for safety shut-off

S




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
instaliation 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 s 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
Jevels is not enough. A properly engineered system
allows only the protective device nearest the fault to
open, leaving the remainder of the system undisturbed
and preserving continuity of service.

Selective coordination is considered the act of isolat-
ing a faulted circuit from the remainder of the electrical
systemn, thereby eliminating unnecessary power out-
ages. The faulted circult is isolated by the seleclive
operation of only that overcurrent protective device
closest to the overcurrent condition. Far 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 probabifity 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 simul-
taneously touches the energized bare terminations of
two phases, an arcing fault may occur. If high Imped-
ance grounded wye systems are being designed or an

existing solidly grounded wye system is being refrofit- -

ted to this type system, it is imperative to consider the
single-pole interrupting capabilities of any circuit
breakers and seli-protected starters that may be
considered or already Instailed. In addition, any slash
voltage-rated circuit breakers or other rhechanical
devices may hot be suitable. For an in-depth
discussion on this subject, see Cooper Bussmann's
publication SPD, sections Single-Pole interrupting
Capabifity and Slash Vollage Rating which can be
found on www.bussmann.com.

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 inany cases a circuit breaker with a
short-time delay setting will not have an instantaneous
setling. 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 durafion setting of the short-time delay. for
instance, a low voltage power circult 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 assoclated with
using circuit breakers with short-time delay settings. If
an arcing fault occurs on the circuit protected by a
short-time delay setiing, a tremendous arount 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 1o
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 incl-
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 surrent-limiting circuit breaker
or current-limiting fuses were protecting the gircuit.

Note: Designers typically use short-time dslays fo
achieve faulft coordination with downstream cir-
cuit breakers. If seleciive coordination and fast
fault opening time are design objectives, there
are other, better afternatives. For instance, sys-
terns designed with current-limiting fuses can
usually achieve both objectives.




W. Specify a main on a service

Do not utllize 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 lowsr the cost of the service
equipment, but this can increase the hazards for work-
ers. With a main overcurrent protective device and dis-
connect, 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 fsaders, this compariment should be
placed in an electrically safe work condition. [n achiev-
ing that process, the main disconnect should

be locked out. In this way, the feeder device compart-
ment will have no energized conductors.

Ii a worker Is in a feeder compartment while energlzed,
the main overcurrent proteciive device provides the pro-
tectlon against arc-faults on the feeder device line ter-
minals 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 arec-flash incident energies. But for most cases, the
main overcurrent protective device will provide better
protection than the utility overcurrent protective device,
which is located on the service transformer primary (not
shown in figure below),

No maln leaves shaded area at
greater risk to worker:
1. No disconnect to

Maln provides
, shaded zone:

1. Disconnect to fockout
lackout

2, No premises

avercurrent

JPrE ¥ prolecllor%.- .-
g \ v N
CTTTTTT { -
hY ’

~ - [ - - A ~ - 4

Service Entrance Senvice Enirance
Maln Daslgn Six Disconnect Rule

No Maln Deslgn

X. Utilize cable limiters on service
conductors

Limit the arc-flash energy for faults ahead of the main.
Cable fimiters can provide an added safety factor for
the service entrance conductors and whers they ter-
minate to the service equipment.

Cahle
Service Conduclars

Four Conductors per Phase

Cable limiters are most often used for
continuity of service where the service
has thres or more conductors per
phase. Sometimes cable limtters ara
used on single condustor per phasa
services as a means {o mit the short-
clreuit current,

Cable limiters may provide additional
arc-fiash protection for the shaded
zone at the lins slde terminals of the
maln, Or if the main overcurrent
protective device Is notf current-
limiting, cable Emiters may provide
arg-flash protection for porlions of
Service Equipment the premises system.

e ]

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 generaily 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 betler reduce the arc-flash hazard, Ses the
following example,

| Split Large Feeders | |
28,0004 KRP-C16005P KHP-CBOOSP 18,0004 é 800A
Avallable Shurlé 16008 B0DA Avallable Short
Clrouil Current Clreuit Current
22.71 Calfemt 1.82 Calfert
18" Inchdent l:> &18* Incident
Energy
, !" Mog Energ{

MG
Husing ewrrent-Umitng overcurrest protuctive device,

the smatlar umpece relng may reduce the ere-flash
hazard, Analysls may ba nesessary o conflrm,
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Z. If using circuit breakers, specify
zone-selective interlocking

if using circult breakers, In order to achieve coordina-
tion, circuit breakers with short-time delay are typically
specified. However, short-time defay settings can
permit extremely hazardous incident energy levels,
Anocther option with circuit breakers is to use zone-
seleclive Interlocking. In this scheme, the circuit break-
ers with this opiion have communication wiring
between the circuit breakers and the clrcuit breakers'
sensing elements communicate. For instance, the
main and feeder circuit breakers might be equipped
with zone-selective Intertocking. 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 circult breaker to wait for

the feeder to open for faults on the feeder circuit.
However, if the fault s on the main circuit, then the
main circuit breaker will not recelve a signal from a
feeder circult breaker and the maln circuit breaker

will open without an intentional delay.

AA. "Smart” equipment

By using digitat technologies, remotely perform voit-
age testing and check current readings and other
parameters, Utilizing this design method shifis 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 assoclated 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 fauits 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 infernal 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 fo withstand specific
levels of internal arc-faults with all the doors
closed and laiched. 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 misfeading. The internal
switchgear must withstand an internal arcing
fault and, therefore, the sheet meial, elc., must
resist or withstand a specified arc-fault.
However, a mafor fealure of this equipment is
diverting the arc-fault byproducts (hot fonized

gases and blast) via the hinged enclosure fop
panels. This feature helps o prevent the arc-
fault from blowing open the doors or side panels
and venlting the arc-faulf byproducts where a
worker may be standing.

Before Arc Fault - " During Are Fa::lt
CC. Retrofit existing non-current-limiting
feeders that have high fault potential
with LOW-PEAK® fuses by cufting 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 circult breaker gear.
A solution might be o use the circuit breaker as a
disconnect and retrofit LOW-PEAK® fuses properly
sized for the load,

Reatrofit Polential: Feeders 1o MCCs, Busways, and Pansgls

20,0004 Available ™ 800A Low Voltags  20,000A Avallabla I Use Clreull Breaker
Short Circult Pawer Circult Short Cireuit As Dlsconnect
38,67 Callcm? Breaker with 1.7 Calfemn?

Ineldent Energy* Shor-Time Delay  incldent Energy*

Inslall
KRP-C BOBSP
Fuses

Frreni

Yf the feeder circuit breaker has not
been malntalned properly, the incident
energy may be much grealern

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

Sometimes circults are under-utilized. In this case, itis
recommended to mater 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 teeder to a motor control cen-
ter draws only 3204, install 400A LOW-PEAK® fuses.




Size Fuses for Actual Loads

2 Curgent Limiting
Under Utilized MCC Fises Sived oo

p]

_LPS'RK400SP
400A;

AR Y

800A MCC
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EE. Proper interrupfting rating

Interrupting rating is the maximum current that a fuse
or circult 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 eloctrical 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 rupture,
An overcuirent protective device applied with Inade-
guate Interrupting rating is a serious safely hazard.
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 thefr
point of application for the maximum available short-
circuit current. Consideration for interrupting rating
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, clrcuit breakers must be periodicafly
maintained and, possibly, tested to verify their abllity
to interrupt as Intended.

The photos above show what happens when Class H
fuses, which have an interrupting rating of only
10,000A, are subjected to a 50,0004 fauit. Obviously,
this Is a misapplication, but this emphasizes how |
important proper interrupting rating is for arc-flash pro-
tection and proper application of overcurrent protective
devices. In a fraction of a second the fuses can vio-
lently rupture. This could be a very serious safety haz-
ard for a worker, This is a violation 6f 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
safely hazard for a worker. This violates NEG 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® ILPJ fuses safely inter-
rupt this the 50,0004 available short-circuit current. The
LPJ fuses have an Interrupting rating of 300,000A.

At

Before test.
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