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Fuseology

Circuit Protection
Electrical distribution systems are often quite complicated. They
cannot be absolutely fail-safe. Circuits are subject to destructive
overcurrents. Harsh environments, general deterioration, acciden-
tal damage or damage from natural causes, excessive expansion
or overloading of the electrical distribution system are factors
which contribute to the occurrence of such overcurrents. Reliable
protective devices prevent or minimize costly damage to trans-
formers, conductors, motors, and the other many components and
loads that make up the complete distribution system. Reliable cir-
cuit protection is essential to avoid the severe monetary losses
which can result from power blackouts and prolonged downtime of
facilities. It is the need for reliable protection, safety, and freedom
from fire hazards that has made the fuse a widely used protective
device.

Fuses are constructed in an almost endless variety of configurations.
These photos depict the internal construction of Bussmann Dual-
Element, SEMI-TRON® and LOW-PEAK® Class L fuses.

Overcurrents
An overcurrent is either an overload current or a short-circuit cur-
rent. The overload current is an excessive current relative to nor-
mal operating current, but one which is confined to the normal
conductive paths provided by the conductors and other compo-
nents and loads of the distribution system. As the name implies, a
short-circuit current is one which flows outside the normal conduct-
ing paths.

Overloads
Overloads are most often between one and six times the normal
current level. Usually, they are caused by harmless temporary
surge currents that occur when motors start up or transformers are
energized. Such overload currents, or transients, are normal
occurrences. Since they are of brief duration, any temperature rise
is trivial and has no harmful effect on the circuit components. (It is
important that protective devices do not react to them.)

Continuous overloads can result from defective motors (such
as worn motor bearings), overloaded equipment, or too many
loads on one circuit. Such sustained overloads are destructive and
must be cut off by protective devices before they damage the dis-
tribution system or system loads. However, since they are of rela-
tively low magnitude compared to short-circuit currents, removal of
the overload current within a few seconds to many minutes will
generally prevent equipment damage. A sustained overload cur-
rent results in overheating of conductors and other components
and will cause deterioration of insulation, which may eventually
result in severe damage and short-circuits if not interrupted.

Short-Circuits
Whereas overload currents occur at rather modest levels, the
short-circuit or fault current can be many hundred times larger
than the normal operating current. A high level fault may be 50,000
amperes (or larger). If not cut off within a matter of a few thou-
sandths of a second, damage and destruction can become ram-
pant–there can be severe insulation damage, melting of conduc-
tors, vaporization of metal, ionization of gases, arcing, and fires.

Simultaneously, high level short-circuit currents can develop huge
magnetic-field stresses. The magnetic forces between bus bars
and other conductors can be many hundreds of pounds per linear
foot; even heavy bracing may not be adequate to keep them from
being warped or distorted beyond repair.

Fuses
The fuse is a reliable overcurrent protective device. A “fusible” link
or links encapsulated in a tube and connected to contact terminals
comprise the fundamental elements of the basic fuse. Electrical
resistance of the link is so low that it simply acts as a conductor.
However, when destructive currents occur, the link very quickly
melts and opens the circuit to protect conductors and other circuit
components and loads. Modern fuses have stable characteristics.
Fuses do not require periodic maintenance or testing. Fuses have
three unique performance characteristics:

1. Modern fuses have an extremely “high interrupting”
rating–can open very high fault currents without rup-
turing.

2. Properly applied, fuses prevent “blackouts.” Only the fuse
nearest a fault opens without upstream fuses (feeders or
mains) being affected–fuses thus provide “selective coordi-
nation.” (These terms are precisely defined in subsequent
pages.)

3. Fuses provide optimum component protection by keeping
fault currents to a low value. . .They are said to be “current-
limiting.”

The Louisiana Superdome in New Orleans is the world’s largest fully
enclosed stadium. The overall electrical load exceeds 30,000,000 VA.
Distribution circuits are protected with BUSS® LOW-PEAK® fuses.

Voltage Rating - General
This is an extremely important rating for overcurrent protective
devices (OCPDs).  The proper application of an overcurrent pro-
tective device according to its voltage rating requires that the volt-
age rating of the device be equal to or greater than the system
voltage.  When an overcurrent protective device is applied beyond
its voltage rating, there may not be any initial indicators.  Adverse
consequences typically result when an improperly voltage rated
device attempts to interrupt an overcurrent, at which point it may
self-destruct in an unsafe manner.  There are two types of OCPD
voltage ratings: straight voltage rated and slash voltage rated. 

The proper application is straightforward for overcurrent protective
devices with a straight voltage rating (i.e. 600V, 480V, 240V, etc.)
which have been evaluated for proper performance with full
phase-to-phase voltage used during the testing, listing and mark-
ing.  For instance, all fuses are straight voltage rated and there is
no need to be concerned about slash ratings.  However, some
mechanical overcurrent protective devices are slash voltage rated
(i.e. 480/277, 240/120, 600/347, etc.).  Slash voltage rated devices
are limited in their applications and extra evaluation is required
when they are being considered for use.  The next section covers
fuse voltage ratings followed by a section on slash voltage ratings
for other type devices.
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Voltage Rating-Fuses
Most low voltage power distribution fuses have 250V or 600V rat-
ings (other ratings are 125, 300, and 480 volts). The voltage rating
of a fuse must be at least equal to or greater than the circuit volt-
age. It can be higher but never lower. For instance, a 600V fuse
can be used in a 208V circuit. The voltage rating of a fuse is a
function of its capability to open a circuit under an overcurrent
condition. Specifically, the voltage rating determines the ability of
the fuse to suppress the internal arcing that occurs after a fuse link
melts and an arc is produced. If a fuse is used with a voltage rat-
ing lower than the circuit voltage, arc suppression will be impaired
and, under some overcurrent conditions, the fuse may not clear
the overcurrent safely. 300V rated fuses can be used to protect
single-phase line-to-neutral loads when supplied from three-phase,
solidly grounded, 480/277V circuits, where the single-phase line-
to-neutral voltage is 277V.  This is permissible because in this
application, a 300V fuse will not have to interrupt a voltage greater
than its 300V rating. Special consideration is necessary for semi-
conductor fuse applications, where a fuse of a certain voltage rat-
ing is used on a lower voltage circuit.

Slash Voltage Ratings
Some multiple-pole, mechanical overcurrent protective devices,
such as circuit breakers, self-protected starters, and manual motor
controllers, have a slash voltage rating rather than a straight volt-
age rating.  A slash voltage rated overcurrent protective device is
one with two voltage ratings separated by a slash and is marked
such as 480Y/277V or 480/277V.  Contrast this to a straight voltage
rated overcurrent protective device that does not have a slash volt-
age rating limitation, such as 480V.  With a slash rated device, the
lower of the two ratings is for overcurrents at line-to-ground volt-
ages, intended to be cleared by one pole of the device.  The high-
er of the two ratings is for overcurrents at line-to-line voltages,
intended to be cleared by two or three poles of the circuit breaker
or other mechanical overcurrent device. 

Slash voltage rated overcurrent protective devices are not intend-
ed to open phase-to-phase voltages across only one pole.  Where
it is possible for full phase-to-phase voltage to appear across only
one pole, a full or straight rated overcurrent protective device must
be utilized.  For example, a 480V circuit breaker may have to open
an overcurrent at 480V with only one pole, such as might occur
when Phase A goes to ground on a 480V, B-phase, corner ground-
ed delta system.

Slash voltage rated OCPDs must be utilized only on solidly grounded
systems.  This automatically eliminates their usage on impedance-
grounded and ungrounded systems.  They can be properly utilized
on solidly grounded, wye systems, where the voltage to ground does
not exceed the device’s lower voltage rating and the voltage
between any two conductors does not exceed the device’s higher
voltage rating.  Slash voltage rated devices cannot be used on cor-
ner-grounded delta systems whenever the voltage to ground
exceeds the lower of the two ratings.  Where slash voltage rated
devices will not meet these requirements, straight voltage rated over-
current protective devices are required. 

Overcurrent protective devices that may be slashed rated include,
but are not limited to:

Molded case circuit breakers – UL489
Manual motor controllers – UL508
Self protected Type E combination starters – UL508
Supplementary protectors – UL1077 (Looks like a small circuit

breaker and sometimes referred
to as mini-breaker.  However,
these devices are not a circuit
breaker, they are not rated for
branch circuit protection and can
not be a substitute where branch
circuit protection is required.)   

What about fuses, do they have slash voltage ratings?  No, fuses
do not have this limitation.  Fuses by their design are full voltage
rated devices; therefore slash voltage rating concerns are not an
issue when using fuses.  For instance, Bussmann® LOW-PEAK®

LPJ (Class J) fuses are rated at 600V.  These fuses could be uti-
lized on systems of 600V or less, whether the system is solidly
grounded, ungrounded, impedance grounded, or corner ground-
ed delta.

If a device has a slash voltage rating limitation, product standards
require these devices, such as circuit breakers, manual motor con-
trollers, self protected starters, or supplementary protectors to be
marked with the rating such as 480Y/277V.  If a machine or equip-
ment electrical panel utilizes a slash voltage rated device inside, it
is recommended that the equipment nameplate or label designate
this slash voltage rating as the equipment voltage rating.  UL508A
Industrial Control Panels requires the electrical panel voltage
marking to be slash rated if one or more devices in the panel are
slash voltage rated.  Slash voltage devices are limited in applica-
tion to solidly grounded, wye systems due to the nature of the way
that these devices are tested, listed and labeled.  Any piece of
equipment that utilizes a slash voltage rated overcurrent protective
device is therefore, limited to installation only in a solidly grounded,
wye system and should require marking that notes this limitation.  

A

B

C

480Y/277 Volt
three phase,
four wire,
solidly
grounded,
wye system

Circuit breaker 
480Y/277 slash voltage rating 480 volts

Line-to-line

Ground

N

277 volts
Line-to-ground

Fuses are a universal protective device. They are used in power distri-
bution systems, electronic apparatus, vehicles. . .and as illustrated, our
space program. The Space Shuttle has over 600 fuses installed in it pro-
tecting vital equipment and circuits.
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Equipment that utilizes straight voltage rated overcurrent protective
devices provides more value and utilization to the owner or poten-
tial future owners than equipment that utilizes slash voltage rated
devices.  In today’s business environment, machinery and equip-
ment may be moved several times during its useful life.  Equipment
utilizing slash voltage rated overcurrent devices is not suitable for
many electrical systems found in industrial environments.      

Ampere Rating
Every fuse has a specific ampere rating. In selecting the ampere
rating of a fuse, consideration must be given to the type of load
and code requirements. The ampere rating of a fuse normally
should not exceed the current carrying capacity of the circuit. For
instance, if a conductor is rated to carry 20 amperes, a 20 ampere
fuse is the largest that should be used. However, there are some
specific circumstances in which the ampere rating is permitted to
be greater than the current carrying capacity of the circuit. A typi-
cal example is motor circuits; dual-element fuses generally are
permitted to be sized up to 175% and non-time-delay fuses up to
300% of the motor full-load amperes. As a rule, the ampere rating
of a fuse and switch combination should be selected at 125% of
the continuous load current (this usually corresponds to the circuit
capacity, which is also selected at 125% of the load current).
There are exceptions, such as when the fuse-switch combination is
approved for continuous operation at 100% of its rating.

Testing Knife-Blade Fuses
A common practice when electricians are testing fuses is to touch
the end caps of the fuse with their probes. Contrary to popular
belief, fuse manufacturers do not generally design their knife-blade
fuses to have electrically energized fuse caps during normal fuse
operation.  Electrical inclusion of the caps into the circuit occurs as
a result of the coincidental mechanical contact between the fuse
cap and terminal extending through it. In most brands of knife-
blade fuses, this mechanical contact is not guaranteed; therefore,
electrical contact is not guaranteed. Thus, a resistance reading
taken across the fuse caps is not indicative of whether or not the
fuse is open.  

A Continuity Test Across Any Knife-Blade Fuse Should
Be Taken Only Along The Fuse Blades 

Do Not Test A Knife-Blade Fuse With Meter Probes To
The Fuse Caps

In a continuing effort to promote safer work environments,
Bussmann® has introduced newly designed versions of knife-
blade FUSETRON® Fuses (Class RK5) and knife-blade LOW
PEAK® Fuses (Class RK1) for some of the ampere ratings. The
improvement is that the end caps are insulated to reduce the pos-
sibility of accidental contact with a live part. With these improved
fuses, the informed electrician knows that the end caps are isolat-
ed. With older style non-insulated end caps, the electrician doesn’t
really know if the fuse is “hot” or not. A portion of all testing-related
injuries could be avoided by proper testing procedures.
Bussmann® hopes to reduce such injuries by informing electri-
cians of proper procedures.

Interrupting Rating
A protective device must be able to withstand the destructive ener-
gy of short-circuit currents. If a fault current exceeds a level
beyond the capability of the protective device, the device may
actually rupture, causing additional damage. Thus, it is important
when applying a fuse or circuit breaker to use one which can sus-
tain the largest potential short-circuit currents. The rating which
defines the capacity of a protective device to maintain its integrity
when reacting to fault currents is termed its “interrupting rating”.
The interrupting rating of most branch-circuit, molded case, circuit
breakers typically used in residential service entrance panels is
10,000 amperes. (Please note that a molded case circuit breaker’s
interrupting capacity will typically be lower than its interrupting rat-
ing.) Larger, more expensive circuit breakers may have interrupt-
ing ratings of 14,000 amperes or higher. In contrast, most modern,
current-limiting fuses have an interrupting rating of 200,000 or
300,000 amperes and are commonly used to protect the lower
rated circuit breakers. The National Electrical Code® 110.9,
requires equipment intended to break current at fault levels to
have an interrupting rating sufficient for the current that must be
interrupted. The subjects of interrupting rating and interrupting
capacity are treated later in more detail.
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This photograph vividly illustrates
the effects of overcurrents on
electrical components when 
protective devices are not sized
to the ampere rating of the 
component.

Considerable damage to electrical
equipment can result if the inter-
rupting rating of a protective
device is inadequate and is
exceeded by a short-circuit 
current.

Non 
Insulated

Caps

Always Test at 
the Blade

Insulated
Caps
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The table below depicts four different situations involving an
overcurrent device with a normal current rating of 100 amperes
and an interrupting rating of only 10,000 amperes.

Circuit with Overcurrent Circuit Application
Protective Device Conditions And Action
Current Rating= 100A and of Protective
Interrupting Rating= 10,000A Device

Normal Proper

Overload Proper-Safe
Current Interruption
Greater Than of Current
Devices
Ampere
Rating

Short-Circuit Proper-Safe
Current Interruption
Within Device of Current
Interrupting
Rating

Short-Circuit Improper:
Current Explosion or
Exceeds Rupture
Device Could Result
Interrupting
Rating

In the first three instances above, the circuit current condition
is within the safe operating capabilities of the overcurrent protec-
tive device. However, the fourth case involves a misapplication of
the overcurrent device. A short-circuit on the load side of the
device has resulted in a fault current of 50,000 amperes flowing
through the overcurrent device. Because the fault current is well
above the interrupting rating of the device, a violent rupture of the
protective device and resulting damage to equipment or injury to
personnel is possible. The use of high interrupting rated fuses (typ-
ically rated at 200,000 or 300,000 amperes) would prevent this
potentially dangerous situation.

The first paragraph of NEC® 110.9 requires that the overcur-
rent protective device be capable of interrupting the available fault
current at its line terminals.

As depicted in the diagram that follows, when using overcur-
rent protective devices with limited interrupting rating, it becomes
necessary to determine the available short-circuit currents at each
location of a protective device. The fault currents in an electrical
system can be easily calculated if sufficient information about the
electrical system is known. (See the Point-to-Point Method for
short-circuit calculations.) With modern fuses, these calculations
normally are not necessary since the 200,000 or 300,000 ampere
interrupting rating is sufficient for most applications.

Also, if using circuit breakers or self-protected starters, it may
be necessary to evaluate the devices’ individual pole interrupting
capability for the level of fault current that a single pole of a multi-
pole device may have to interrupt. This is covered in-depth in the
“Single-Pole Interrupting Capability” section.

50,000

Available fault current–50,000 amps

Fuse must have short-circuit
interrupting rating of at least
50,000 amperes.

75,000 Amperes

75,000 Amperes

30,000 Amperes

15,000 
Amperes

25,000 Amperes

Available short-circuit current (indicated by X) at
each panel location must be determined to assure
short-circuit interrupting rating of overcurrent
protective devices is not exceeded.

80

AMMETER
100

Amperes

LOAD

200

10,000

Available fault current–50,000 amps

Circuit breaker must have
capability of interrupting at least
50,000 amperes. 
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General Fuse Application Data For Compliance With NEC® 110.9
Guideline Features Benefits Commonly Used 

Fuse Types

New 1. Use modern, high interrupting 300,000 ampere interrupting Assures proper interrupting All modern current-limiting 
Install- rated fuses throughout electrical rating, on LOW-PEAK® YELLOW rating compliance currently fuses (most have 200,000
ations system. fuses. 200,000 ampere inter- and future. ampere interrupting

rupting rating on other classes of Usually a short-circuit rating). LOW-PEAK® YELLOW,
modern current-limiting fuses. current calculation study is Class R, J & L fuses have a 

unnecessary. 300,000 ampere interrupting rating.

2. Use current-limiting fuses to Correct type and size Compliance with NEC® LOW-PEAK® YELLOW 
protect low withstand rated current-limiting fuse can 110.10 and 240.86. Dual-Element
components. protect low withstand rated T-TRON® Fast-Acting

equipment against high LIMITRON Fast-Acting
short-circuit currents. (See CUBEFuse™

fuse protection of circuit
breakers).

System 3. Where available fault current 200,000 or 300,000 ampere Assures compliance with LOW-PEAK® YELLOW 
Up- has increased or is questionable, interrupting rating. interrupting rating requirements Dual-Element
Grading replace old style fuses such as with simple direct retrofit. FUSETRON® Dual-Element

One-Time and Renewable with Easily achieved since older LIMITRON Fast-Acting
modern high interrupting rated style fuses can physically be
fuses. replaced with modern fuses

with no system modification.

4. Where existing equipment may Correct type and size Improves the level of CUBEFuse™, T-TRON®

have questionable withstand current-limiting fuses can be short-circuit protection. Fast-Acting, LOW-PEAK®

rating due to deterioration, or the put in switch, cut-in system or Small size of CUBEFuse™ YELLOW Dual-Element,
available fault current has sometimes fuses can be cut in or T-TRON® fuse permits easy LIMITRON Fast-Acting,
increased, install modern current- bus structure. cut-in strategy. LOW-PEAK® YELLOW 
limiting fuses. Time-Delay

Fuseology

Interrupting Rating
It is the maximum short-circuit current that an overcurrent protec-
tive device can safely interrupt under standard test conditions.
The phrase “under standard test conditions” means it is important
to know how the overcurrent protective device is tested in order to
assure it is properly applied.  This can be very important when it
comes to the application of circuit breakers, mainly ratings of 100
amperes and less.  

Interrupting Capacity
The highest current at rated voltage that the device can interrupt.
This definition is from the IEEE Standard Dictionary of Electrical
and Electronic Terms.

Standard Test Conditions - Fuses
Branch circuit fuses are tested without any additional conductor in
the test circuit.  For instance, if a fuse has an interrupting rating of
300,000 amperes, the test circuit is calibrated to have at least
300,000 amperes at the rated fuse voltage.  During the test circuit
calibration, a bus bar is used in place of the fuse to verify the prop-
er short-circuit current.  Then the bus bar is removed and the fuse
is inserted; the test is then conducted.  If the fuse passes the test,
the fuse is marked with this interrupting rating (300,000 amperes).
In the procedures just outlined for fuses, there are no extra con-
ductors inserted into the test circuit after the short-circuit current is
calibrated.  A major point is that the fuse interrupts an available
short-circuit current at least equal to or greater than its marked
interrupting rating.  In other words, because of the way fuses are
short-circuit tested (without additional conductor impedance), their
interrupting capacity is equal to or greater than their marked inter-
rupting rating. 

“Standard” Test Conditions - Circuit Breakers
This is not the case with circuit breakers.  Because of the way cir-
cuit breakers are short circuit tested (with additional conductor

impedance), their interrupting capacity can be less than their inter-
rupting rating.  When the test circuit is calibrated for the circuit
breaker interrupting rating tests, the circuit breaker is not in the cir-
cuit.  After the test circuit has been verified to the proper level of
short-circuit current, the circuit breaker is placed into the circuit.
However, in addition to the circuit breaker, significant lengths of
conductor are permitted to be added to the circuit after the cali-
bration.  This additional conductor impedance can result in a sig-
nificantly lower short-circuit current.  So a circuit breaker marked
with an interrupting rating of 22,000 amperes may in fact have an
interrupting capacity of only 9,900 amperes.

To better understand this, it is necessary to review the standard
interrupting rating test procedures for circuit breakers: Molded
Case Circuit Breakers - UL 489 and CSA 5 Test Procedures.  UL
489 requires a unique test set-up for testing circuit breaker inter-
rupting ratings. The diagram below illustrates a typical calibrated
test circuit waveform for a 20 ampere, 240V, 2-pole molded case
circuit breaker, with a marked interrupting rating of 22,000
amperes, RMS symmetrical.

Am
ps

Time

P.F. = 20%
IRMS = 22,000 Amp

Ip = 48,026A

IRMS = 22,000A

Interrupting Rating vs. Interrupting Capacity
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The diagram below illustrates the test circuit as allowed by UL 489.
Standard interrupting rating tests for a 22,000 ampere sym. RMS

interrupting rated circuit breaker will allow for a maximum 4 ft.
rated wire on the line side for each lead, and 10 in. rated wire on
the load side for each lead of the circuit breaker. See the following
diagrams and table, that provide a short-circuit analysis of this test
circuit as seen by the circuit breaker. 

Test station source impedance is adjusted to achieve a calibrated
22,000 RMS symmetrical amps at 20% or less power factor. This
circuit can achieve a peak current of 48,026 amps. For the calibra-
tion test, a bus bar (shorting bar) is inserted between the test sta-
tion terminals.
After the circuit calibration is verified, the shorting bar is removed

and the circuit breaker is inserted. In addition, lengths of rated
conductor are permitted to be added as shown. This extra rated
conductor has a high impedance and effectively restricts the cur-
rent to 9,900 RMS symmetrical amps.  The power factor increases
to 88% due to small conductor high resistance versus its reac-
tance.

This circuit can now only achieve a peak current of 14,001 amps.

20A, 240V, 2-Pole
Molded Case Circuit RMS Maximum

Breaker With 22,000A Symmetrical Instantaneous Power Factor
Interrupting Rating Amps Peak

Calibrated Interrupting
Rating Circuit 22,000 48,026 20%

Actual Circuit With
Wire Impedance Added 9,900 14,001 88%

After Calibration

Conclusion (refer to table above and graphs below)
This 22,000 ampere (with short-circuit power factor of 20%) inter-
rupting rated circuit breaker has an interrupting capacity of 9,900
amperes at a short-circuit power factor of 88%. Unless there is a
guarantee that no fault will ever occur at less than 4' 10" from the
load terminals of the circuit breaker, this circuit breaker must only
be applied where there are 9,900 amperes or less available on its
line side.

A graphic analysis of this actual short-circuit follows.

Agency standards allow for a random close during the short-
circuit test, so the peak available current may be as low as
1.414 times the RMS symmetrical current.

Thus, the circuit breaker is actually tested to interrupt 9,900
amperes at 88% power factor, not 22,000 amperes at 20% power
factor.  The following graph shows the waveforms superimposed
for comparison. Henceforth, this RMS test value will be identified
as the circuit breaker interrupting capacity. (Don’t confuse this with
the circuit breaker marked interrupting rating.)

RLINE XLINE

RCB XCB

20A

RLOAD XLOAD
RS

XS

SOURCE: 4' Rated Wire (12 AWG Cu)

Note: For calculations, RCB and XCB are assum ed negligible.

10" Rated Wire (12 AWG Cu)

S.C.P.F. = 20%
S.C. Avail. = 22,000A

Test station 
source leads

Shorting bar

Test station 
source leads

Each
4 feet 12 AWG

Each
 10 inches 12 AWG

20 A

Shorting bar
removed, circuit

breaker &
conductors added

20A, 240V, 2-Pole
Circuit Breaker

marked 22,000 A.I.R.

Am
ps

Time

P.F. = 88%
IRMS = 9,900 Amp

IRMS = 9,900A

Ip = 14,001A

Am
ps

Time

P.F. = 88%
IRMS = 9,900 Amp

Ip = 48,026A

IRMS = 9,900A

Ip = 14,001A

IRMS = 22,000A P.F. = 20%
IRMS = 22,000A
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Equally important, the short-circuit power factor is greatly affected
due to the high R values of the small, rated wire. This results in a
lower peak value that the circuit breaker must tolerate during the
first one-half cycle.

Following is an example of a partial table showing the actual Ip and
I
RMS

values to which circuit breakers are tested.

240V - 2-Pole CB Interrupting Capacities (amps)

CB 10,000 RMS Sym. 14,000 RMS Sym. 18,000 RMS Sym. 

AMP Interrupting Rating Interrupting Rating Interrupting Rating
RATING Ip IRMS Ip IRMS Ip IRMS

15A 7,200 5,100 8,700 6,100 9,300 6,600

20A 8,900 6,300 11,400 8,100 12,600 8,900

25A 10,700 7,500 14,200 10,100 16,500 11,700

30A 10,700 7,500 14,200 10,100 16,500 11,700

40A 11,700 8,300 16,000 11,300 19,200 13,600

50A 11,700 8,300 16,000 11,300 19,200 13,600

60A 12,500 8,800 17,300 12,200 21,300 15,100

70A 13,000 9,200 18,100 12,800 22,600 16,000

80A 13,000 9,200 18,100 12,800 22,600 16,000

90A 13,200 9,300 18,300 12,900 23,000 16,300

100A 13,200 9,300 18,300 12,900 23,000 16,300

These values are known as the circuit breaker’s interrupting
capacities.

“Bus Bar Conditions”- Circuit Breakers
Beginning 10/31/2000, UL 489 requires circuit breakers rated 100A
and less to additionally be tested under “bus bar conditions.”
However, this does not assure that the circuit breaker’s interrupting
capacity equals its interrupting rating nor even that the circuit
breaker is reusable.  In this test, line and load terminals are con-
nected to 10" of rated conductor. For single pole circuit breakers,
these 10" leads are then connected to 4' of 1 AWG for connection to
the test station.  For multi-pole circuit breakers, the 10" line side
leads are connected to the test station through 4' of 1 AWG.  The
load side is shorted by 10" leads of rated conductor per pole.
These “bus bar condition” tests still do not fully address the situa-
tion where a fault can occur less than 4'10" from the circuit breaker.  

One point to be made is that acceptable bus shot test results per
the product standard do not meet the NEC® definition for a circuit
breaker.  For example, 7.1.11.6.3.1 of UL 489 states “The inability to
relatch, reclose, or otherwise reestablish continuity ... shall be con-
sidered acceptable for circuit breakers which are tested under bus
bar conditions”. In practical terms, this means the circuit breaker
doesn’t have to work after a fault near the circuit breaker occurs.
This is in violation of the 2002 NEC® definition for a circuit breaker:
“A device designed to open and close a circuit by nonautomatic
means and to open the circuit automatically on a predetermined
overcurrent without damage to itself when properly applied within
its rating.”  In addition, under “bus bar condition” tests the circuit
breaker is required to only interrupt one short-circuit current.  For
this one short-circuit test shot, the circuit breaker is in its closed
position and the short-circuit current is initiated by the test station
switch closing randomly.  The “bus bar conditions” test procedures
do not evaluate the circuit breaker for “closing-on” the short-circuit.
“Closing-on” a short-circuit is an important criteria for safety. 

Single-Pole Interrupting Capability
An overcurrent protective device must have an interrupting rating
equal to or greater than the fault current available at its line terminals
for both three-phase bolted faults and for one or more phase-to-
ground faults (110.9). Although most electrical systems are designed
with overcurrent devices having adequate three-phase interrupting
ratings, the single-pole interrupting capabilities are easily over-
looked.  This section will examine single-pole interrupting capability
(also referred to as individual pole interrupting capability).  

This section will show how single-pole interrupting capabilities must
be considered in some applications.  It will also show there are simple
solutions that exist to provide adequate interrupting ratings if molded
case circuit breakers, self protected starters and other overcurrent
protective devices are found to have insufficient single-pole interrupt-
ing capabilities.

A Fine Print Note was added to 240.85 of the 2002 NEC® to alert
users that circuit breakers have single-pole interrupting capabili-
ties that must be considered for proper application. It states:

240.85 FPN: Proper application of molded case circuit breakers
on 3-phase systems, other than solidly grounded wye, particu-
larly on corner grounded delta systems, considers the circuit
breakers’ individual pole interrupting capability.  

As will be shown, there are other overcurrent device types and
other grounding system types where individual pole interrupting
capability must be analyzed.

The single-pole interrupting capability of a circuit breaker, self pro-
tected starter and other similar mechanical overcurrent protective

device is its ability to open an overcurrent at a specified voltage uti-
lizing only one pole of the multi-pole device.  Multi-pole mechanical
overcurrent protective devices are typically marked with an interrupt-
ing rating.  This marked interrupting rating applies to all three poles
interrupting a three-phase fault for a three-pole device.  The marked
interrupting rating of a three-pole device does not apply to a single
pole that must interrupt a fault current at rated voltage.

Single-Pole Interrupting Capabilities For Overcurrent Devices
Current-limiting fuses: the marked interrupting rating is the tested
single-pole interrupting rating.  So single-pole interrupting capabili-
ty is not an issue with fuse applications.

Airframe/power circuit breaker: per ANSI C37.13 and C37.16 the sin-
gle-pole interrupting rating is 87% of its three-pole interrupting rating.  

Molded case circuit breakers: Listed three-pole molded case circuit
breakers have minimum single-pole interrupting capabilities accord-
ing to Table 7.1.7.2 of UL 489.  Table 1 on the next page indicates the
single-pole test value for various three-pole molded case circuit break-
ers taken from Table 7.1.7.2 of UL 489. A similar table is shown on

Single Pole Interrupting Capabilities

A circuit breaker’s, self protected starter’s, or other
mechanical protective device’s ability to open an overcurrent

at a specified voltage utilizing only one pole of the device.
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page 54 of the IEEE “Blue Book”, Recommended Practice for
Applying Low-Voltage Circuit Breakers Used in Industrial and
Commercial Power Systems, (Std 1015-1997).  

Self protected starters: UL 508, Table 82A.3 specifies the short circuit
test values on one pole as 4320 amps for 0 to 10 hp devices rated 200
to 250 volts and 8660 amperes for 0 to 200 hp devices rated 600 volts
maximum.  

Molded case circuit breakers and self protected starters may not be
able to safely interrupt single-pole faults above these respective values
shown in previous paragraphs. Per 110.9, all overcurrent protective
devices that are intended to interrupt fault currents must have single-
pole interrupting capabilities for the maximum single-pole fault current
that is available. And typically, engineers, contractors and inspectors
(AHJs) rely on the applicable product standard testing and listing crite-
ria to verify device ratings as being suitable for specific applications.

TABLE 1 “Standard” UL 489 Interrupting Tests For 3-Pole Molded Case 
Circuit Breakers

“Standard”
3-Pole “Standard” Single-Pole Interrupting 

Interrupting Tests Values
Values

FRAME RATING 240V 480/277V 480V 600/347V 600V

100A Maximum
250V Maximum 4,330 -- -- -- -- 5,000

100A Maximum
251-600V -- 10,000 8,660 10,000 8,660 10,000

101 – 800 8,660 10,000 8,660 10,000 8,660 14,000

801 – 1200 12,120 14,000 12,120 14,000 12,120 20,000

1201 – 2000 14,000 14,000 14,000 14,000 14,000 25,000

2001 – 2500 20,000 20,000 20,000 20,000 20,000 30,000

2501 – 3000 25,000 25,000 25,000 25,000 25,000 35,000

3001 – 4000 30,000 30,000 30,000 30,000 30,000 45,000

4001 – 5000 40,000 40,000 40,000 40,000 40,000 60,000

5001 – 6000 50,000 50,000 50,000 50,000 50,000 70,000

Note: This data is from UL 489 Table 7.1.7.2.

Molded Case Circuit Breaker Testing - UL 489
Devices must be applied within the limitations of their listing.  UL 489 is
the standard for molded case circuit breakers.  UL 489 has tests which
it refers to as “standard” interrupting tests for molded case circuit
breakers.  A more appropriate term would be “base” or “lowest” inter-
rupting level that any circuit breaker of a given rated voltage and
ampere rating must meet.  There are circuit breakers on the market
that just test to these “standard” or “base” interrupting tests.  However,
because these base interrupting ratings are rather modest values,
some circuit breakers are listed with higher interrupting ratings than
the standard or base levels; for these circuit breakers, there are addi-
tional procedures for higher level interrupting tests.  

These “standard” or “base” interrupting tests for three-pole circuit
breakers involve individual single-pole interrupting tests and multi-
pole interrupting tests.  Table 7.1.7.2 of UL 489 provides the single-
pole (individual) and multi-pole interrupting current values for various
voltage rating and ampere rating circuit breakers.  Table 1  shows
the single-pole short-circuit current values (from Table 7.1.7.2 of UL
489) for which all three-pole circuit breakers are tested and evaluat-
ed under single-pole interrupting capabilities.  The far right column of
Table 1 shows the three-phase short-circuit current values (from
Table 7.1.7.2 of UL 489) for which all three-pole circuit breakers are
tested and evaluated.  These “standard” circuit breakers would be
marked with an Interrupting Rating (if above 5,000 amperes) corre-
sponding to the three-phase short-circuit current value.  The “stan-
dard” circuit breaker is not marked with a single-pole interrupting rat-
ing which would correspond to the single-pole interrupting test value. 

Circuit breakers with interrupting ratings higher than the “standard”
interrupting values are needed in today’s systems, so additional provi-
sions are in UL 489.  Higher interrupting rated molded case circuit
breakers are additionally tested and evaluated per 7.1.11 of UL 489 to
a “High Short-Circuit Test” procedure in order to be marked with a
higher interrupting rating.  This test procedure does not include a sin-
gle-pole test of higher short-circuit current value than the “standard”
test provisions.  The three-pole test current value can be equal to any
value listed in Table 8.1 of UL 489, from 7,500A to 200,000A.  This
three-phase test value must be greater than the values in the far right
column of Table 1.  If a circuit breaker successfully tested to a higher
three-pole interrupting value per the “High Short-Circuit Tests”, the
molded case circuit breaker is marked with this higher interrupting rat-
ing which corresponds to the three-pole “high short-circuit” current test
value.  

As mentioned, a single-pole interrupting test at a higher value than
shown in Table 1 is not required in these optional “High Short-
Circuit Test” procedures.  Because of this, the marked three-pole
interrupting rating can be much higher than the tested individual
pole interrupting capability.  In addition, the single-pole capability
is not required to be marked on the molded case circuit breaker; it
can only be determined by reviewing the UL 489 standard.

Actual Example
The diagram below illustrates the UL 489 test procedure for a 100A,
480V, three phase circuit breaker that gets listed for a high interrupt-
ing rating.  Test A and B are the required standard or base interrupt-
ing tests. Test A is a three-pole interrupting test at 10,000 A (Table
1, right column), which is a modest three-phase available short-cir-
cuit current, and Test B is a single-pole interrupting test at a modest
single-phase available short-circuit current of 8660A (Table 1).
Then, in addition, to be listed and marked with the higher 65,000A
interrupting rating, the circuit breaker must pass the criteria for Test
C. Test C is a three-pole interrupting test at 65,000A three-phase
available short-circuit current. Test D is not conducted; it is not part
of the UL 489 evaluation procedure. This higher three-phase inter-
rupting rated circuit breaker does not have to undergo any test cri-
teria at a corresponding higher single-pole short-circuit current.

Three-Pole Interrupting Rating & Single-Pole Interrupting Capabilities
Test Procedures for Molded Case Circuit Breakers – UL 489

As an example of single-pole interrupting capability in a typical
installation, consider this three-pole, 100 amp, 480V circuit breaker
with a three-pole interrupting rating of 65,000 amperes.  Referring to
Table 1, this breaker has an 8,660 ampere single-pole interrupting
capability for 480V faults across one pole. If the available line-to-
ground fault current exceeds 8,660 amps at 480V, such as might
occur on the secondary of a 1000 KVA, 480V, corner-grounded,
delta transformer, the circuit breaker may be misapplied.

100A, 480V, 3-Pole CB
 Interrupting Rating = 65,000 A (3-Pole) 

Base Interrupting Rating Procedure

High Interrupting Rating Procedure

1-Pole Test
8,660A

From Table 1

1-Pole Test
NONE

Test D

Test B

3-Phase Test
65,000A

From Table 1

Test A

Test C

3-Phase Test
10,000A 
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Shown below are three still photos from a videotaping of a single-
pole fault interruption test on a three-pole circuit breaker rated
480V.  This circuit breaker is marked with a three-pole interrupting
rating of 35,000 amperes at 480V.  This marked interrupting rating is
per UL 489 test procedures.  This circuit breaker is tested for individ-
ual single-pole interrupting capabilities in UL 489 at an available
fault current of 8,660 amps (Table 1 prior page).  The test that is
shown below is with an available fault current of 25,000 amperes.  

Test set up prior to closure of test station switch. 

Photo of 3-pole circuit breaker during test of individual single-pole
interruption of a fault current beyond the value in Table 1.
Magnetic forces of short-circuit current caused test board to move.

Photo (later in sequence) of 3-pole circuit breaker during test of
individual single-pole interruption of a fault current beyond its 
single-pole interrupting capability - it violently exploded.

Possible Fault Currents During A Ground Fault Condition
The magnitude of a ground fault current is dependent upon the
location of the fault with respect to the transformer secondary.
Referring to Figure 2, the ground fault current flows through one
coil of the wye transformer secondary and through the phase con-
ductor to the point of the fault. The return path is through the enclo-
sure and conduit to the bonding jumper and back to the sec-
ondary through the grounded neutral. Unlike three-phase faults,
the impedance of the return path must be used in determining the
magnitude of ground fault current.  This ground return impedance
is usually difficult to calculate. If the ground return path is relatively
short (i.e. close to the center tap of the transformer), the ground
fault current will approach the three phase short-circuit current.  

Theoretically, a bolted line-to-ground fault may be higher than a
three-phase bolted fault since the zero-sequence impedance can
be less than the positive sequence impedance. The ground fault
location will determine the level of short-circuit current. The prudent
design engineer assumes that the ground fault current equals at
least the available three-phase bolted fault current and makes sure
that the overcurrent devices are rated accordingly.

TYPE OF GROUND SYSTEM AFFECT ON SINGLE-POLE INTERRUPTION
The method in which a system is grounded can be a significant
factor in the performance of multi-pole, mechanical overcurrent
protective devices used in three phase systems.  To illustrate this,
several different grounding systems with molded case circuit
breakers will be analyzed. 

Solidly Grounded WYE Systems
The solidly grounded, wye system shown in Figure 1 is by far the
most common type of electrical system. This system is typically
delta connected on the primary and has an intentional solid con-
nection between the ground and the center of the wye connected
secondary (neutral). The grounded neutral conductor carries sin-
gle-phase or unbalanced three-phase current. This system lends
itself well to commercial and industrial applications where 480V (L-
L-L) three-phase motor loads and 277V (L-N) lighting is needed.

Figure 1 - Solidly Grounded WYE System

If a fault occurs between any phase conductor and ground (Figure
2), the available short-circuit current is limited only by the com-
bined impedance of the transformer winding, the phase conductor
and the equipment ground path from the point of the fault back to
the source. Some current (typically 5%) will flow in the parallel
earth ground path. Since the earth impedance is typically much
greater than the equipment ground path, current flow through
earth ground is generally negligible.
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Figure 2 - Single-Pole Fault to Ground in Solidly Grounded Wye
System

In solidly grounded wye systems, the first low impedance fault to
ground is generally sufficient to open the overcurrent device on the
faulted leg.  In Figure 2, this fault current causes the branch circuit
overcurrent device to clear the 277V fault. This system requires
compliance with single-pole interrupting capability for 277V faults
on one pole.  If the overcurrent devices have a single-pole inter-
rupting capability adequate for the available short-circuit current,
then the system meets NEC® 110.9.  

Although not as common as the solidly grounded wye connection,
the following three systems are typically found in industrial installa-
tions where continuous operation is essential. Whenever these sys-
tems are encountered, it is absolutely essential that the proper
application of single-pole interrupting capabilities be assured. This
is due to the fact that full phase-to-phase voltage can appear
across just one pole.  Phase-to-phase voltage across one pole is
much more difficult for an overcurrent device to clear than the line-
to-neutral voltage associated with the solidly grounded wye sys-
tems.

Corner-Grounded-Delta Systems (Solidly Grounded)
The system of Figure 3 has a delta-connected secondary and is
solidly grounded on the B-phase. If the B-phase should short to
ground, no fault current will flow because it is already solidly
grounded. 

Figure 3 - Corner-Grounded Delta System (Solidly Grounded)

Fuseology
If either Phase A or C is shorted to ground, only one pole of the
branch-circuit overcurrent device will see the 480V fault as shown
in Figure 4. This system requires compliance with single-pole inter-
rupting capabilities for 480V faults on one pole because the
branch-circuit circuit breaker would be required to interrupt
480V with only one pole.

Figure 4 - Fault to Ground on a Corner-Grounded Delta System

A disadvantage of corner-grounded delta systems is the inability to
readily supply voltage levels for fluorescent or HID lighting (277V).
Installations with this system require a 480-120V transformer to
supply 120V lighting. Another disadvantage, as given on page 33
of IEEE Std 142-1991, Section 1.5.1(4) (Green Book) is “the possi-
bility of exceeding interrupting capabilities of marginally applied
circuit breakers, because for a ground fault, the interrupting duty
on the affected circuit breaker pole exceeds the three-phase fault
duty.”  A line-to-ground fault with this type grounding system is
essentially a line-to-line fault where the one line is grounded.  The
maximum line-to-line bolted short-circuit current is 87% of the three
phase bolted short-circuit current.  Review the prior page photo
sequence testing of the 225 amp, three phase circuit breaker with
a 35,000 ampere interrupting rating (three-pole rating).  87% of
35,000 amperes is 30,450 amperes.  The single-pole test was run
with an available of only 25,000 amperes.

Impedance Grounded System
“Low or High” impedance grounding schemes are found primarily
in industrial installations. These systems are used to limit, to vary-
ing degrees, the amount of current that will flow in a phase to
ground fault.  “Low” impedance grounding is used to limit ground
fault current to values acceptable for relaying schemes. This type
of grounding is used mainly in medium voltage systems and is not
widely installed in low voltage applications (600V or below).  The
“High” impedance grounded system offers the advantage that the
first fault to ground will not draw enough current to cause the over-
current device to open. This system will reduce the stresses, volt-
age dips, heating effects, etc. normally associated with high short-
circuit current. Referring to Figure 5, high impedance grounded
systems have a resistor between the center tap of the wye trans-
former and ground.  High impedance grounding systems are used
in low voltage systems (600V or less).  With high impedance
grounded systems, line-to-neutral loads are not permitted per
National Electrical Code®, 250.36(4).
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Figure 5 - Impedance Grounded System

When the first fault occurs from phase to ground as shown in
Figure 6, the current path is through the grounding resistor.
Because of this inserted resistance, the fault current is not high
enough to open protective devices. This allows the plant to contin-
ue “on line”. NEC® 250.36(3) requires ground detectors to be
installed on these systems, so that the first fault can be found and
fixed before a second fault occurs on another phase.

Figure 6 - First Fault in Impedance Grounded System

Even though the system is equipped with a ground alarm, the
exact location of the ground fault may be difficult to determine. The
first fault to ground MUST be removed before a second phase
goes to ground, creating a 480V fault across only one pole of the
affected branch circuit device. Figure 7 shows how the 480V fault
can occur across one pole of the branch circuit device. It is exact-
ly because of this possibility that single-pole interrupting capabili-
ties must be considered for mechanical overcurrent protective
devices.

Figure 7 - Second Fault in Impedance Grounded System

The magnitude of this fault current can approach 87% of the L-L-L
short-circuit current. Because of the possibility that a second fault
will occur, single-pole interrupting capability must be investigated.
The IEEE “Red Book”, Std 141-1993, page 367, supports this
requirement, “One final consideration for impedance-grounded
systems is the necessity to apply overcurrent devices based upon
their “single-pole” short-circuit interrupting rating, which can be
equal to or in some cases less than their ‘normal rating’.”

Ungrounded Systems 
The Ungrounded System of Figure 8 offers the same advantage for
continuity of service that is characteristic of high impedance
grounded systems.

Figure 8 - Ungrounded System

Although not physically connected, the phase conductors are
capacitively coupled to ground. The first fault to ground is limited by
the large impedance through which the current has to flow (Figure
9). Since the fault current is reduced to such a low level, the overcur-
rent devices do not open and the plant continues to “run”.

Figure 9 - First Fault to Conduit in Ungrounded System

As with High Impedance Grounded Systems, ground detectors
should be installed (but are not required by the 2002 NEC®), to
warn the maintenance crew to find and fix the fault before a sec-
ond fault from another phase also goes to ground (Figure 10).

The second fault from Phase B to ground (in Figure 10) will create a 480
volt fault across only one pole at the branch circuit overcurrent device.
Again, the values from Table 1 for single pole interrupting capabilities
must be used for molded case circuit breaker systems as the tradeoff
for the increased continuity of service. The IEEE “Red Book”, Std 141-
1993, page 366, supports this requirement, “One final consideration for
ungrounded systems is the necessity to apply overcurrent devices
based upon their “single-pole” short circuit interrupting rating, which
can be equal to or in some cases less than their normal rating.” 
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Figure 10 - Second Fault to Conduit in Ungrounded System

In the 2002 NEC® 250.4(B) Ungrounded Systems (4) Path for Fault
Current, it is required that the impedance path through the equip-
ment be low so that the fault current is high when a second fault
occurs on an ungrounded system.

What Are Single-Pole Interrupting Capabilities For Fuses?
By their inherent design a fuse’s marked interrupting rating is its
single-pole interrupting rating.  Per UL/CSA/ANCE 248 Fuse
Standards, fuses are tested and evaluated as single-pole devices.
Therefore, a fuse’s marked interrupting rating is its single-pole
interrupting rating.  So it is simple, fuses can be applied on single
phase or three phase circuits without extra concern for single-pole
interrupting capabilities.  There is no need to perform any special
calculations because of the grounding system utilized.  Just be
sure the fuses’ interrupting ratings are equal to or greater than the
available short-circuit currents.  Modern current-limiting fuses are
available with tested and marked single-pole interrupting ratings of
200,000 or 300,000 amperes. LOW-PEAK® LPJ_SP, KRP-C_SP,
LPS-RK_SP and LPN-RK_SP fuses all have UL Listed 300,000
ampere single-pole interrupting ratings. This is a simple solution to
assure adequate interrupting ratings for present and future sys-
tems no matter what the grounding scheme.  Review the three
drawings for a fusible, high impedance grounded system. 

Figure 11 - Fusible high impedance grounded system.

Figure 12 - Upon first fault, the fault current is low due to resistor.
As intended the fuse does not open. 

Figure 13- Upon the second fault, the fault is essentially a line-line
fault with the impedance of the conductors and the
ground path.  The fuse must interrupt this fault.  Since a
fuse’s interrupting rating is the same as its single-pole
interrupting capability, modern fuses with 200,000A or
300,000A interrupting rating can be applied without fur-
ther analysis for single pole interrupting capabilities.   
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Fuseology—Selective Coordination & Current-Limitation

Selective Coordination - Prevention of Blackouts
The coordination of protective devices prevents system power out-
ages or blackouts caused by overcurrent conditions. When only
the protective device nearest a faulted circuit opens and larger
upstream fuses remain closed, the protective devices are “selec-
tively” coordinated (they discriminate). The word “selective” is
used to denote total coordination. . .isolation of a faulted circuit by
the opening of only the localized protective device.

This diagram shows the minimum ratios of ampere ratings of LOW-
PEAK® YELLOW fuses that are required to provide “selective coordina-
tion” (discrimination) of upstream and downstream fuses.

Unlike electro-mechanical inertial devices (circuit breakers), it is
a simple matter to selectively coordinate fuses of modern design. By
maintaining a minimum ratio of fuse-ampere ratings between an
upstream and downstream fuse, selective coordination is achieved.
Minimum selectivity ratios for BUSS® fuses are presented in  the
Selectivity Ratio Guide in “Fuse Selective Coordination” section.
Adherence to the tabulated selectivity ratios normally proves ade-
quate.

This book has an indepth discussion on coordination. See sec-
tions “Fuse Selective Coordination” and “Circuit Breaker Coordination.”

This burnt-out switchboard represents the staggering monetary losses
in equipment and facility downtime that can result from inadequate or
deteriorated protective devices. It emphasizes the need for reliable pro-
tective devices that properly function without progressive deterioration
over time.

Current-Limitation - Component Protection

A non-current-limiting protective device, by permitting a short-circuit
current to build up to its full value, can let an immense amount of
destructive short-circuit heat energy through before opening the circuit.

In its current-limiting range, a current-limiting fuse has such a high
speed of response that it cuts off a short-circuit long before it can build
up to its full peak value.

If a protective device cuts off a short-circuit current in less than
one-half cycle, before it reaches its total available (and highly
destructive) value, the device limits the current. Many modern
fuses are current-limiting. They restrict fault currents to such low
values that a high degree of protection is given to circuit compo-
nents against even very high short-circuit currents. They permit
breakers with lower interrupting ratings to be used. They can
reduce bracing of bus structures. They minimize the need of other
components to have high short-circuit current “withstand” ratings.
If not limited, short-circuit currents can reach levels of 30,000 or
40,000 amperes or higher (even above 200,000 amperes) in the
first half cycle (.008 seconds, 60 hz) after the start of a short-
circuit. The heat that can be produced in circuit components by
the immense energy of short-circuit currents can cause severe
insulation damage or even explosion. At the same time, huge mag-
netic forces developed between conductors can crack insulators
and distort and destroy bracing structures. Thus, it is important
that a protective device limit fault currents before they reach their
full potential level.

Fuse opens and clears
short-circuit in less
than ⁄Ω™ cycle

Initiation of
short-circuit 
current

Normal
load current

Areas within waveform
loops represent destructive
energy impressed upon
circuit components

Circuit breaker trips
and opens short-circuit
in about 1 cycle2:1 (or more)

LPS-RK
600SP

LPS-RK
200SP

KRP-C
1200SP

2:1 (or more)
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Fuseology—Non-Time-Delay Fuse Operation

Operating Principles of BUSS® Fuses
The principles of operation of the modern, current-limiting BUSS®

fuses are covered in the following paragraphs.

Non-Time-Delay Fuses
The basic component of a fuse is the link. Depending upon the
ampere rating of the fuse, the single-element fuse may have one or
more links. They are electrically connected to the end blades (or
ferrules) (see Figure 1) and enclosed in a tube or cartridge sur-
rounded by an arc quenching filler material. BUSS® LIMITRON®

and T-TRON® fuses are both single-element fuses.
Under normal operation, when the fuse is operating at or near

its ampere rating, it simply functions as a conductor. However, as
illustrated in Figure 2, if an overload current occurs and persists for
more than a short interval of time, the temperature of the link even-
tually reaches a level that causes a restricted segment of the link
to melt. As a result, a gap is formed and an electric arc estab-
lished. However, as the arc causes the link metal to burn back, the
gap becomes progressively larger. Electrical resistance of the arc
eventually reaches such a high level that the arc cannot be sus-
tained and is extinguished. The fuse will have then completely cut
off all current flow in the circuit. Suppression or quenching of the
arc is accelerated by the filler material.

Single-element fuses of present day design have a very high
speed of response to overcurrents. They provide excellent short-
circuit component protection. However, temporary, harmless over-
loads or surge currents may cause nuisance openings unless
these fuses are oversized. They are best used, therefore, in cir-
cuits not subject to heavy transient surge currents and the tempo-
rary overload of circuits with inductive loads such as motors, trans-
formers, solenoids, etc. Because single-element, fast-acting fuses
such as LIMITRON and T-TRON® fuses have a high speed of
response to short-circuit currents, they are particularly suited for
the protection of circuit breakers with low interrupting ratings.

Whereas an overload current normally falls between one and
six times normal current, short-circuit currents are quite high. The
fuse may be subjected to short-circuit currents of 30,000 or 40,000
amperes or higher. Response of current-limiting fuses to such cur-
rents is extremely fast. The restricted sections of the fuse link will
simultaneously melt (within a matter of two or three-thousandths of
a second in the event of a high-level fault current).

The high total resistance of the multiple arcs, together with the
quenching effects of the filler particles, results in rapid arc sup-
pression and clearing of the circuit. (Refer to Figures 4 & 5) Short-
circuit current is cut off in less than a half-cycle, long before the
short-circuit current can reach its full value (fuse operating in its
current-limiting range).

Figure 1. Cutaway view of typical single-element fuse.

Figure 2. Under sustained overload, a section of the link melts and an
arc is established.

Figure 3. The “open” single-element fuse after opening a circuit over-
load.

Figure 4. When subjected to a short-circuit current, several sections of
the fuse link melt almost instantly.

Figure 5. The “open” single-element fuse after opening a shorted 
circuit.

With continued growth in electrical power generation, the higher levels
of short-circuit currents made available at points of consumption by
electrical utilities have greatly increased the need for protective
devices with high short-circuit interrupting ratings. The trend is lower
impedance transformers due to better efficiencies, lower costs, and
utility deregulation. Utilities routinely replace transformers serving cus-
tomers. These transformers can have larger KVA ratings and/or lower
impedance, which results in higher available short-circuit currents.
Devices that can interrupt only moderate levels of short-circuit cur-
rents are being replaced by modern fuses having the ability to cut-off
short-circuit currents at levels up to 300,000 amperes.



15

There are many advantages to using these fuses.  Unlike single-element fuses, the Bussmann® dual-element, time-delay fuses can be sized
closer to provide both high performance short-circuit protection and reliable overload protection in circuits subject to temporary overloads
and surge currents.  For ac motor loads, a single-element fuse may need to be sized at 300% of an a.c. motor current in order to hold the
starting current.  However, dual-element, time-delay fuses can be sized much closer to motor loads.  For instance, it is generally possible to
size FUSETRON® Dual-Element Fuses, FRS-R and FRN-R and LOW-PEAK® Dual-Element Fuses, LPS-RK_SP and LPN-RK_SP, at 125% and
130% of motor full load current, respectively.  Generally, the LOW-PEAK® Dual-Element Fuses, LPJ_SP, and CUBEFuseTM, TCF, can be sized
at 150% of motor full load amperes.  This closer fuse sizing may provide many advantages such as: (1) smaller fuse and block, holder or dis-
connect ampere rating and physical size, (2) lower cost due to lower ampere rated devices and possibly smaller required panel space, (3)
better short-circuit protection – less short-circuit current let-through energy, and (4) potential reduction in the arc flash hazard. 

Fuseology—Dual-Element Fuse Operation

Figure 6.  This is the LPS-RK100SP, a 100 ampere, 600V LOW-PEAK®, Class RK1, Dual-Element Fuse that has excellent time-delay, excellent current-limita-
tion and a 300,000 ampere interrupting rating.  Artistic liberty is taken to illustrate the internal portion of this fuse.  The real fuse has a non-transparent tube
and special small granular, arc-quenching material completely filling the internal space.   

Figure 7. The true dual-element fuse has distinct and separate overload ele-
ment and short-circuit element.  

Short-circuit element

Overload element

Spring

Filler quenches the arcs

Small volume of metal to vaporize

Filler material

Figure 8. Overload operation: Under sustained overload conditions, the trigger
spring fractures the calibrated fusing alloy and releases the “connector”.
The insets represent a model of the overload element before and after.  The
calibrated fusing alloy connecting the short-circuit element to the overload
element fractures at a specific temperature due to a persistant overload cur-
rent.  The coiled spring pushes the connector from the short-circuit 
element and the circuit is interrupted. 

Figure 9. Short-circuit operation: Modern fuses are designed with minimum
metal in the restricted portions which greatly enhance their ability to have
excellent current-limiting characteristics – minimizing the short circuit let-
through current.  A short-circuit current causes the restricted portions of the
short-circuit element to vaporize and arcing commences.  The arcs burn
back the element at the points of the arcing.  Longer arcs result, which
assist in reducing the current.  Also, the special arc quenching filler material
contributes to extinguishing the arcing current.  Modern fuses have many
restricted portions, which results in many small arclets – all working together
to force the current to zero.  

Figure 10. Short-circuit operation: The special small granular, arc-quenching
material plays an important part in the interruption process.  The filler assists
in quenching the arcs; the filler material absorbs the thermal energy of the
arcs, fuses together and creates an insulating barrier.  This process helps in
forcing the current to zero.  Modern current-limiting fuses, under short-circuit
conditions, can force the current to zero and complete the interruption within
a few thousandths of a second. 

When the short-circuit current is in the current-limiting range of a fuse, it is not possible for the full available short-circuit current to flow
through the fuse – it’s a matter of physics.  The small restricted portions of the short-circuit element quickly vaporize and the filler material
assists in forcing the current to zero.  The fuse is able to “limit” the short-circuit current.

Overcurrent protection must be reliable and sure.  Whether it is the first day of the electrical system or thirty or more years later, it is impor-
tant that overcurrent protective devices perform under overload or short-circuit conditions as intended.  Modern current-limiting fuses oper-
ate by very simple, reliable principles.   

Insulated end-caps to help prevent
accidental contact with live parts.

Bussmann® Dual-Element Fuses

Before

After
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Fuseology—Dual-Element Fuses

Advantages of Bussmann® Dual-Element, Time-Delay Fuses
Bussmann® Dual-Element, Time-Delay fuses have four distinct
advantages over single-element, non-time-delay fuses:

1. Provide motor overload, ground fault and short-circuit protection.
2. Permit the use of smaller and less costly switches.
3. Give a higher degree of short-circuit protection (greater current limi-

tation) in circuits in which surge currents or temporary overloads
occur.

4. Simplify and improve blackout prevention (selective coordination).

Motor Overload and Short-Circuit Protection

When used in circuits with surge currents such as those caused by
motors, transformers, and other inductive components, the
Bussmann® LOW-PEAK® YELLOW™ and FUSETRON® dual-element,
time-delay fuses can be sized close to full-load amperes to give
maximum overcurrent protection. Sized properly, they will hold until
surges and normal, temporary overloads subside. Take, for exam-
ple, a 10 HP, 200 volt, three-phase motor with a full-load current
rating of 32.2 amperes.

Fuse and Switch Sizing for 10 HP Motor (200V, 3Ø, 32.2 FLA)
Fuse Type Maximum Fuse Required Switch

Size (Amperes) Size (Amperes)
Dual-Element, Time-Delay

40A* 60A
(LOW-PEAK® YELLOW
LPS-RK_SP or LPN-RK_SP

or
FUSETRON® FRS-R or FRN-R) 
Single-Element, Non-Time-

100A† 100ADelay (LIMITRON)
*Per NEC® 430.32.
†Per NEC® 430.52.

The preceding table shows that a 40 ampere, dual-element
fuse will protect the 32.2 ampere motor, compared to the much
larger, 100 ampere, single-element fuse that would be necessary.
It is apparent that if a sustained, harmful overload of 200%
occurred in the motor circuit, the 100 ampere, single-element fuse
would never open and the motor could be damaged. The non-
time-delay fuse, thus, only provides ground fault and short-circuit
protection, requiring separate overload protection per the NEC®. In
contrast, the 40 ampere dual-element fuse provides ground fault,
short-circuit and overload protection. The motor would be protect-
ed against overloads due to stalling, overloading, worn bearings,
improper voltage, single-phasing, etc.

In normal installations, Bussmann® dual-element fuses of
motor-running, overload protection size, provide better short-circuit
protection plus a high degree of back up protection against motor
burnout from overload or single-phasing should other overload
protective devices fail. If thermal overloads, relays, or contacts
should fail to operate, the dual-element fuses will act independent-
ly and thus provide “back-up” protecton for the motor.

When secondary single-phasing occurs, the current in the
remaining phases increases to a value of 173% to 200% of rated
full-load current. When primary single-phasing occurs, unbalanced
voltages that occur in the motor circuit also cause excessive cur-
rent. Dual-element fuses sized for motor overload protection can
help protect motors against the overload damage caused by sin-
gle-phasing. See the section “Motor Protection–Voltage
Unbalance/Single-Phasing” for discussion of motor operation dur-
ing single-phasing.

Permit the Use of Smaller and Less Costly Switches
Aside from only providing short-circuit protection, the single-
element fuse also makes it necessary to use larger size switches
since a switch rating must be equal to or larger than the ampere
rating of the fuse. As a result, the larger switch may cost two or
three times more than would be necessary were a dual-element
LOW-PEAK® YELLOW or FUSETRON® fuse used. The larger, 
single-element fuse itself could generate an additional cost. Again,
the smaller size switch that can be used with a dual-element fuse
saves space and money. (Note: where larger switches already are
installed, fuse reducers can be used so that fuses can be sized for
motor overload or back-up protection.)

200V
3 Phase

Dual-Element
LOW-PEAK® YELLOW™
or FUSETRON® Fuse

32.2 Full Load Amperes
(10 HP)

M

*

32.2 F.L.A.
(10 HP)

200V
3 Phase

200V
3 Phase

100A
Non-Time-Delay
LIMITRON® Fuse

40A
Dual-Element
FUSETRON®

or
LOW-PEAK® YELLOW™
Fuse

32.2 F.L.A.
(10 HP)

100A Switch 60A Switch

M M
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Fuseology—Dual-Element Fuses

Better Short-Circuit Component Protection (Current-Limitation)
The non-time-delay, fast-acting fuse must be oversized in circuits
in which surge or temporary overload currents occur. Response of
the oversized fuse to short-circuit currents is slower. Current builds
up to a higher level before the fuse opens. . .the current-limiting
action of the oversized fuse is thus less than a fuse whose ampere
rating is closer to the normal full-load current of the circuit.
Therefore, oversizing sacrifices some component protection. 

Current-Limitation of Dual-Element Fuses Versus Non-Time-Delay Fuses
Used to Protect 10 HP Motor (32.2 FLA).
Fuse Type Fuse Let-Through Current Versus

Prospective Short-Circuit Currents
(RMS Symmetrical)
25,000A 50,000A 100,000A

Dual-Element FUSETRON® 2000A 3300A 4400A
(40A)

LOW-PEAK® 1800A 2200A 3000A
YELLOW

Non-Time-Delay LIMITRON 3100A 4100A 5000A
(100A)

In the table above, it can be seen that the 40 ampere LOW-
PEAK® YELLOW dual-element fuse used to protect a 10 HP (32.2
FLA) motor keeps short-circuit currents to approximately half the
value of the non-time-delay fuse.

Better Selective Coordination (Blackout Prevention)
The larger an upstream fuse is relative to a downstream fuse (for
example, feeder to branch), the less possibility there is of an over-
current in the downstream circuit causing both fuses to open (lack
of selective coordination). Fast-acting, non-time-delay fuses
require at least a 3:1 ratio between the ampere rating of a large
upstream, line-side LOW-PEAK® YELLOW time-delay fuse and that
of the downstream, loadside LIMITRON fuse in order to be selec-
tively coordinated. In contrast, the minimum selective coordination
ratio necessary for LOW-PEAK® YELLOW dual-element fuses is
only 2:1 when used with LOW-PEAK® YELLOW loadside fuses.

The use of time-delay, dual-element fuses affords easy selec-
tive coordination–coordination hardly requires anything more than
a routine check of a tabulation of required selectivity ratios. As

shown in the preceding illustration, close sizing of BUSS® dual-
element fuses in the branch circuit for motor overload protection
provides a large difference (ratio) in the ampere ratings between
the feeder fuse and the branch fuse, compared to the single-
element, non-time-delay LIMITRON fuse.

Better Motor Protection in Elevated Ambients
The derating of dual-element fuses based on increased ambient
temperatures closely parallels the derating curve of motors in an
elevated ambient. This unique feature allows for optimum protec-
tion of motors, even in high temperatures.

Affect of ambient temperature on operating characteristics of
FUSETRON® and LOW-PEAK® YELLOW™ Dual-Element Fuses.

M M

208V
3 Phase

150A Dual-
Element
LOW-PEAK®

YELLOW™
or LIMITRON®

Fuse

90A
Non-
Time-
Delay
LIMITRON®

Fuse

32.2 F.L.A.
(10 HP)

150/90 = 1.67:1
Inadequate
(Minimum 
ratio must be 
at least 3:1 for
Selective 
Coordination)

150/40 = 3.75:1
Adequate
(Minimum 
ratio need only 
be 2:1 for
Selective 
Coordination)

208V
3 Phase

150A
Dual-
Element
LOW-PEAK®

YELLOW™
Fuse

40A
Dual-
Element
LOW-PEAK®

YELLOW™
Fuse

32.2 F.L.A.
(10 HP)

Below is a rerating chart for single element fuses or non dual ele-
ment fuses.

Ambient Affect Chart for Non-Dual-Element Fuses
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Fuseology—Branch Circuit, Power Distribution Fuses

Classes of Fuses
Safety is the industry mandate. However, proper selection, overall
functional performance and reliability of a product are factors
which are not within the basic scope of listing agency activities. In
order to develop their safety test procedures, listing agencies
develop basic performance and physical specifications or stan-
dards for a product. In the case of fuses, these standards have
culminated in the establishment of distinct classes of low-voltage
(600 volts or less) fuses, Classes RK1, RK5, G, L, T, J, H and CC
being the more important.

The fact that a particular type of fuse has, for instance, a clas-
sification of RK1, does not signify that it has the identical function
or performance characteristics as other RK1 fuses. In fact, the
LIMITRON non-time-delay fuse and the LOW-PEAK® YELLOW
dual-element, time-delay fuse are both classified as RK1.
Substantial difference in these two RK1 fuses usually require con-
siderable difference in sizing. Dimensional specifications of each
class of fuse does serve as a uniform standard.

Class R Fuses
Class R (“R” for rejection) fuses are high performance, ⁄Ω¡º to 600
ampere units, 250V and 600V, having a high degree of current-lim-
itation and a short-circuit interrupting rating of up to 300,000
amperes (RMS symmetrical). BUSS® Class R’s include Classes
RK1 LOW-PEAK® YELLOW and LIMITRON fuses, and RK5
FUSETRON® fuses. They have replaced BUSS® K1 LOW-PEAK®

and LIMITRON fuses and K5 FUSETRON® fuses. These fuses are
identical, with the exception of a modification in the mounting con-
figuration called a “rejection feature”. This feature permits Class R
to be mounted in rejection type fuseclips. “R” type fuseclips pre-
vent older type Class H, ONE-TIME and RENEWABLE fuses from
being installed. Since Class H fuses are not current-limiting and
are recognized by regulatory agencies as having only a 10,000
ampere interrupting rating, serious damage could result if a Class
R fuse were replaced by a Class H fuse. The use of Class R fuse-
holders is thus an important safeguard. The application of Class R
fuses in such equipment as disconnect switches permits the
equipment to have a high short-circuit current rating. NEC® 110.9
requires that protective devices have adequate capacity to interrupt
short-circuit currents. NEC® 240.60(B) requires fuseholders for cur-
rent-limiting fuses to reject non-current-limiting type fuses.

In the above illustration, the fuse on the right has a grooved
ring in one ferrule, providing the rejection feature of the Class R
fuse in contrast to the lower interrupting rating, non-rejection type.

The illustration below shows Class R type fuse rejection clips
which accept only the Class R rejection type fuses.

Branch-Circuit Listed Fuses
Branch-circuit listed fuses are designed to prevent the installation
of fuses that cannot provide a comparable level of protection for
equipment.

The characteristics of branch-circuit fuses are:
1. They must have a minimum interrupting rating of 10,000 amps.
2. They must have a minimum voltage rating of 125V.
3. They must be size rejecting such that a fuse of a lower voltage

rating cannot be installed in the circuit.
4. They must be size rejecting such that a fuse with a current rating

higher than the fuseholder rating cannot be installed.

Bussmann® high performance fuses are used in tens of thousands of
industrial plants, commercial buildings, and homes throughout the
world.
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LOW-PEAK®

(Dual-Element, Time-Delay)
LPS-RK_SP (600Vac)
LPN-RK_SP (250Vac)
⁄Ω¡º to 600A
Current-Limiting
STD 248-12 CLASS RK1
LPN-RK_SP 0-60A (125Vdc, 
50,000AIR)
65-600A (250Vdc, 
50,000AIR)
LPS-RK_SP 0-600A (300Vdc, 
50,000AIR)
UL Guide #JFHR
UL File #E56412
300,000AIR ac
CSA® Class #1422-02
CSA® File #53787
200,000AIR ac

High performance, all-purpose
fuses. Provide the very high
degree of short-circuit limita-
tion of LIMITRON fuses plus
the overload protection of
FUSETRON® fuses in all types
of circuits and loads. Can be
closely sized to full-load motor
currents for reliable motor
overload protection, as well as
backup protection. Close siz-
ing permits the use of smaller
and more economical switch-
es (and fuses); better selective
coordination against black-
outs; and a greater degree of
current-limitation (component
protection), LOW-PEAK® YEL-
LOW fuses are rejection type
but also fit non-rejection type
fuseholders. Thus, can be
used to replace Class H, K1,
K5, RK5 or other RK1 fuses.

Data Sheet No. 1001,
1002,1003, 1004

For Data Sheets: www.bussmann.com or Fax Back 636-527-1450

Bussmann®, Branch Circuit, Power Distribution Fuses

LOW-PEAK®

(Time-Delay)
KRP-C_SP (600Vac)
601 to 6000A
Current-Limiting
STD 248-10 CLASS L
UL Guide #JFHR
UL File #E56412
300,000AIR ac
601-2000A (300Vdc
100,000AIR)
CSA® Class #1422-02
CSA® File #53787
200,000AIR ac 

The all-purpose fuse for both
overload and short-circuit pro-
tection of high capacity sys-
tems (mains and large feed-
ers). Time-delay (minimum of
four seconds at five times
amp rating) for close sizing.
Unlike fast-acting fuses, time-
delay fuses pass harmless
surge currents of motors,
transformers, etc., without
overfusing or any sacrifice of
short-circuit current limita-
tion (component protection).
The combination use of ⁄Ω¡º to
600 ampere LOW-PEAK®

YELLOW dual-element time-
delay fuses and 601 to 6000A
KRP-C LOW-PEAK® YEL-
LOW fuses is
recommended as a total system
specification. Easily selectively
coordinated for blackout pro-
tection. Size of upstream fuse
need only be twice that of
downstream LOW-PEAK®

YELLOW fuses (2:1 ratio).
LOW-PEAK® YELLOW fuses
can reduce bus bracing; pro-
tect circuit breakers with low
interrupting rating as well as
provide excellent overall pro-
tection of circuits and loads.

Data Sheet No. 1008, 1009

LOW-PEAK®

(Dual-Element, Time-Delay)
LPJ_SP (600Vac)
1 to 600A
Current-Limiting
STD 248-8 CLASS J
UL Guide #JFHR
UL File #E56412
300,000AIR ac
1 to 600A (300Vdc
100,000AIR)
CSA® Class #1422-02
CSA® File #53787
200,000AIR ac 
Space saving LPJ fuses have
the advantage of time- delay,
permitting them to pass tem-
porary overloads, offering
overload, back-up overload,
and short-circuit protection.
Ideal for IEC starter protection.

Data Sheet No. 1006, 1007

FUSETRON®

(Dual-Element, Time-Delay)
FRS-R (600Vac)
FRN-R (250Vac)
⁄Ω¡º to 600A
200,000AIR ac
FRN-R 0-600A (125Vdc, 
20,000AIR)
FRS-R 0-600A (300Vdc, 
20,000AIR)
Current-Limiting
STD 248-12 CLASS RK5
UL Guide #JDDZ
UL File #E4273
CSA® Class #1422-02
CSA® File #53787

Time-delay affords the same
excellent overload protection
as LOW-PEAK® YELLOW
fuses of motors and other
type loads and circuits having
temporary inrush currents
such as those caused by
transformers and solenoids.
(In such circuits, LIMITRON
fuses can only provide short-
circuit protection).
FUSETRON® fuses are not as
fast-acting on short-circuits as
LOW-PEAK® YELLOW fuses
and therefore cannot give as
high a degree of component
short-circuit protection. Like
the LOW-PEAK® YELLOW
fuse, FUSETRON® fuses per-
mit the use of smaller size
and less costly switches.
FUSETRON® fuses fit rejec-
tion type fuseholders and can
also be installed in holders for
Class H fuses. They can
physically and electrically
replace Class H, K5, and
other Class RK5 fuses.

Data Sheet No. 1017, 1018,
1019, 1020

LOW-PEAK®

Time-Delay)
LP-CC  (600Vac)
⁄Ω™ to 30A Current-Limiting
200,000AIR ac   
STD 248-4 CLASS CC
UL Guide #JDDZ
UL File #E4273
⁄Ω™ -2.25A (300Vdc
20,000AIR)
3-15A (150Vdc
20,000AIR)
20-30A (300Vdc
20,000AIR)
CSA® Class #1422-02
CSA® File #53787

The Bussmann® LOW-PEAK®

YELLOW Class CC fuse 
(LP-CC) was developed specifi-
cally for a growing need in the
industry - a compact, space sav-
ing branch circuit fuse for motor
circuits. Its superior performance
characteristics of both time-delay
and current-limitation make it the
newest member of the LOW-
PEAK® YELLOW family of fuses.

Data Sheet No. 1023

CUBEFuse™
(Dual-Element, Time-Delay)
TCF (600Vac)
1 to 60A
Current-Limiting
UL Listed Special Purpose
Fuse
STD 248-8 Class J
Performance 
UL Guide # JFHR
UL File # E56412
300,000AIR ac
(300VDC – 100,000AIR)
CSA Class #1422-02
CSA File #53787
200,000AIR ac
(300VDC – 100,000AIR)

TCF fuses meet UL Class J
Time-Delay electrical perfor-
mance requirements.  It is the
world’s first-finger safe fuse
with the smallest installed foot-
print of any power class fuse
including Class J, CC, T and R
fuses.  Satisfies requirements
of IEC 60529 for IP-20 finger
safe rating and provides TYPE
2 “no damage” protection for
motor starters when sized
properly.  The TCF provides
open fuse indication and is
35mm DIN rail and panel
mountable.  

(Data Sheet No. 9000)
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Bussmann®, Branch Circuit, Power Distribution Fuses

LIMITRON
(Fast-Acting)
KTU (600Vac)
601 to 6000A
200,000AIR ac
Current-Limiting
STD 248-10 CLASS L
UL Guide #JDDZ
UL File #E4273
CSA® Class #1422-02
CSA® File #53787

Single-element fuses with no
intentional time-delay. Very
fast-acting with a high degree
of current limitation; provide
excellent component protec-
tion. Can be used for short-
circuit protection in circuits
with inrush currents. Must be
oversized to prevent opening
by the temporary harmless
overloads with some sacrifice
of current limitation. In motor
circuits, is sized at approxi-
mately 300% of motor full-
load current. 

Data Sheet No. 1010

LIMITRON
(Time-Delay)
KLU (600Vac)
601 to 4000A
200,000AIR ac
Current-Limiting
STD 248-10 CLASS L
UL Guide #JDDZ
UL File #E4273
CSA® Class #1422-02
CSA® File #53787

5 second delay (minimum) at
500% of rated current. Not as
current-limiting as KRP-C_SP
or KTU fuses.

Data Sheet No. 1013

LIMITRON
(Fast-Acting)
KTK-R (600Vac)
⁄Ω¡º to 30A
200,000AIR ac
Current-Limiting
STD 248-4 CLASS CC
UL Guide #JDDZ,
UL File #E4273

CSA
®

Class #1422-02
CSA

®
File #53787

A very small, high perfor-
mance, fast-acting, single-ele-
ment fuse for protection of
branch circuits, motor control
circuits, lighting ballasts, street
lighting fixtures. . .A diameter
of only ⁄‹Ω£™∑ and a length of
1⁄Ω™∑ give cost and space sav-
ings. A grooved ferrule permits
mounting in “rejection” type
fuseholders as well as standard
non-rejection type holders.

Data Sheet No. 1015

For Data Sheets: www.bussmann.com or Fax Back 636-527-1450

DURALAG
(Time-Delay)
Construction Grade Fuses
DLS-R (600Vac)
DLN-R (250Vac)
1 to 600A
200,000AIR ac
Current-Limiting
STD 248-12 CLASS RK5
UL Guide #JDDZ
UL File # E4273
CSA® Class #1422-02
CSA® File #53787

Designed for contractor needs.
Protects industrial equipment
and large motors.
Recommended for ac power
distribution system mains,
feeders and branch circuits.
Industry standard time delay of
10 seconds at 5 times the fuse
rating.

Data Sheet No. 1021, 1022

CC-TRON™

(Time-Delay)
FNQ-R (600Vac)
⁄Ω¢ to 30A
200,000AIR ac
Current-Limiting
STD 248-4 CLASS CC
UL Guide #JDDZ
UL File #E4273
CSA® Class #1422-01
CSA® File #53787

Ideal for control transformer
protection. Can be sized to
meet requirements of NEC®

430.72 and UL 508. Its minia-
ture design and branch circuit
rating allow it to be used for
motor branch circuit and short
circuit protection required by
NEC® 430.52.

Data Sheet No. 1014

LIMITRON
(Fast-Acting)
KTS-R (600Vac)
KTN-R (250Vac)
1 to 600A
200,000AIR ac
Current-Limiting
STD 248-12 CLASS RK1
UL Guide #JDDZ
UL File #E4273
CSA® Class #1422-02
CSA® File #53787

Single-element, fast-acting
fuses with no intentional time-
delay. The same basic perfor-
mance of the 601-6000A KTU
fast-acting LIMITRON fuses.
Provide a high degree of short-
circuit current limitation (com-
ponent protection). Particularly
suited for circuits and loads
with no heavy surge currents of
motors, transformers,
solenoids, and welders. LIM-
ITRON fuses are commonly
used to protect circuit-breakers
with lower interrupting ratings.
If used in circuits with surge
currents (motors, etc.), must be
oversized to prevent opening
and, thus, only provide short-
circuit protection. Incorporate
Class R rejection feature. Can
be inserted in non-rejection
type fuseholders. Thus, can
physically and electrically
replace fast-acting Class H, K1,
K5, RK5, and other RK1 fuses.

Data Sheet No. 1044, 1043
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Plug Fuses
125V 10,000AIR ac 
0 to 30A 

STD 248-11 Plug Fuse
0-6⁄Ω¢A
UL Guide #JFHR 
UL File #E56412 
7-30A
UL Guide #JEFV
UL File #E12112
CSA® Class #1423-01
CSA® File #53787
FUSTAT® Type S fuses have
a size limiting feature which
prevents “overfusing.” Dual
element construction provides
the time-delay necessary for
motor running protection.
Sizes from ⁄Ω¢ thru 30 amps.

STD 248-11 Plug Fuse

UL Guide #JEFV
UL File #E12112

FUSETRON® Type T fuses
are similar to Type S fuses
except for the Edison® (light
bulb type) base.

0 to 12A
STD 248-11 Plug Fuse
UL Guide #JEFV
UL File #E12112

Type W fuses are non-time
delay, used with non-induc-
tive loads. They have an
Edison® (light bulb) base.

Data Sheet No. 1032, 1034,
1036

Bussmann®, Branch Circuit, Power Distribution Fuses

Type SC
(Fast-Acting) 1/2-6A
(Time-Delay) 8-60A 
SC 100,000AIR ac
⁄Ω™ -20A (600Vac )
25-60A (480Vac)
STD 248-5 CLASS G

UL Guide #JDDZ
UL File #E4273
0-20A (170Vdc
10,000AIR)
25-30A (300Vdc
10,000AIR)
35-60A (300Vdc
10,000AIR)

CSA® Class #1422-01
CSA® File #53787

A high performance general-
purpose branch circuit fuse
for lighting, appliance, and
motor branch circuits. Fuse
diameter is ⁄‹Ω£™∑ ; lengths
vary with ampere rating from
1fiΩ¡§ to 2⁄Ω¢∑ (serves as
rejection feature and, thus,
prevents oversizing).
Data Sheet No. 1024

For Data Sheets: www.bussmann.com or Fax Back 636-527-1450

ONE-TIME
(General Purpose)
NOS (600Vac) NON (250Vac)
⁄Ω• to 600A
Non-Current-Limiting
(NON ⁄Ω•-60A) 50,000AIR ac
(NOS 1-60A) 50,000AIR ac
STD 248-9 CLASS K5
UL Guide #JDDZ
UL File #E4273
CSA® Class #1421-01
CSA® File #53787
(NON 65-600A) 10,000AIR ac
(NOS 70-600A) 10,000AIR ac
STD 248-6 CLASS H
UL Guide #JDDZ
UL File #E4273
CSA® Class #1421-01
CSA® File #53787

With an interrupting rating of
10,000 amperes, and generally
not considered current-limiting,
Class H ONE-TIME fuses are
used in circuits with low avail-
able short-circuit currents.
Single-element ONE-TIME
fuses do not incorporate inten-
tional time-delay.

Data Sheet No. 1030

LIMITRON
(Fast-Acting)
JKS (600Vac)
1 to 600A
200,000AIR ac
Current-Limiting
STD 248-8 CLASS J
UL Guide #JDDZ 
UL File #E4273
CSA® Class #1422-02
CSA® File #53787

JKS LIMITRON fuses are basi-
cally the same as RK1 LIM-
ITRON fuses but smaller in
physical size. JKS fuses are
single-element units with no
intentional time-delay and are
thus best applied in circuits
free of the temporary over-
loads of motor and transformer
surges. The smaller dimen-
sions of Class J fuses prevent
their replacement with conven-
tional fuses.

T-TRON
(Fast-Acting)
JJS (600Vac) 1-800A
JJN (300Vac) 1-1200A
200,000AIR ac
Current-Limiting
STD 248-15 CLASS T
UL Guide #JDDZ
UL File #E4273
JJN 15-600A (160Vdc
20,000AIR)
JJN 601-1200A (170Vdc
100,000AIR)
CSA® Class #1422-02
CSA® File #53787

The space-savers. Counter-
part of the KTN-R/KTS-R
LIMITRON fuses, but only
one-third the size; thus, par-
ticularly suited for critically
restricted space. A single-ele-
ment fuse; extremely fast-act-
ing. Provides a high degree
of current limitation on short-
circuits for excellent compo-
nent protection. Must be
oversized in circuits with
inrush currents common to
motors, transformers, and
other inductive components
(will give only short-circuit
protection). Commonly
applied in electric heat cir-
cuits, load centers, discon-
nect switches, meters,
stacks, etc. The small size of
T-TRON® fuses permits them
to be installed in panelboards
and control centers for sys-
tem upgrading to protect
static equipment with lower
withstand ratings.

Data Sheet No. 1029, 1025
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Bussmann® Fuseblocks, Holders, and Disconnect Switches

Fuseblocks

Buss® fuseblocks are available
in a wide range of sizes for
power distribution, high speed
semi-conductor protection
and electronic applications.
UL Listed, CSA® certified.
Classes H (K), R, T, J and CC
fuses. Standard module and
pyramid styles available.

SAMI™ Fuse Covers
with Option/Open
Fuse Indication

Dead front protection, optional
open fuse indication. The
SAMI™ fuse covers fit most
fuses and fuseblocks. Covers
snap on in seconds - no special
wiring required.

Data Sheet No. 1204

Optima™ Overcurrent
Protection Modules

Compact, full-featured mod-
ules that deliver Type 2 coordi-
nated protection, with properly
sized fuses. Available in a
broad range of combinations
for process control panel appli-
cations. Hold Class CC and
midget style fuses.

Data Sheet No. 1102, 1103,
1109

Fusible and Non-
Fusible Disconnect
Switches

Feature packed line of fusible
and non-fusible disconnect
switches for virtually every
industrial application.

Data Sheet No. 1139

Modular Fuseholder
CH Series

Excellent for panels, control
consoles, small motors, trans-
formers and similar applica-
tions. Fingersafe design with
optional open fuse indication
lights. For Class CC, midget,
and several IEC size fuses.

Data Sheet No. 1151

Power Distribution
Blocks

For industrial controls, HVAC
and other control automation
panel applications. Available
in 1, 2, or 3-pole versions and
a wide range of input/output
terminations.

Data Sheet No. 1148

Compact Disconnect
Switches

Bussmann® disconnect switch-
es used in manual control of
single-phase or three-phase
AC motors and other loads.

Data Sheet No. 1120

Panel-Mount
Fuseholders

Shown above is a typical
Buss® panel-mount fuseholder.
This HPS-RR holder is a
rejection type which accepts
rejection type branch circuit
fuses such as the Buss® LP-
CC, KTK-R and FNQ-R.

Data Sheet No. 2113

Safety•J Fuseholder
for Class J Fuses

Compact and finger-safe
design that meets IP 20
requirements. Fuse is
removed/installed external to
circuit. Open fuse indication
available. Integral 35mm DIN
Rail adapter.

Data Sheet No. 1152

22

Surge3

Overvoltage protection for
Industrial Electronics from
harmful transients. Smallest
package available and modu-
lar design allows two choices
of protection, MOV or a
patented Diode configuration.
Each protection technology
has its value.   Local and
remote status indication.
Available in voltages from
12Vdc – 240Vac

Data Sheet No. 9006

The Busbar System

BUSS® Bar System increases
productivity in panel-building
by reducing component
wiring.  Pre-mount motor
starters and other compo-
nents on adapters then simply
plug them onto the copper
busbars.  Available through
1600A at 690Vac, this is the
fastest, most reliable way to
build a control panel. UL rec-
ognized and CE approved.

Data Sheet Nos. 1048 to 1060
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Circuit Load Ampere Fuse Symbol Voltage Interrupting Remarks
Rating Type Rating (AC) Class Rating

(kA)

Conventional Dimensions—Class RK1, RK5 (0-600A), L (601-6000A)

All type loads 0 LOW-PEAK® LPN-RK_SP 250V RK1†† 300 All-purpose fuses.
(optimum to (dual-element, LPS-RK_SP 600V Unequaled for combined
overcurrent 600A time-delay) short-circuit and
protection). 601 to LOW-PEAK® KRP-C_SP 600V L 300 overload protection.

6000A (time-delay) (Specification grade product)

Motors, welder, 0 FUSETRON® FRN-R 250V RK5†† 200 Moderate degree of
transformers, to (dual-element, FRS-R 600V current-limitation. Time-delay
capacitor banks 600A time-delay) passes surge-currents.
(circuits with heavy 0 DURA-LAG DLN-R 250V RK5 200
inrush currents). to (dual-element, DLS-R 600V

600A time-delay)

601 to LIMITRON KLU 600V L 200 All-purpose fuse. Time-
Main, 4000A (time-delay) delay passes surge-currents.
Feeder Non-motor loads KTN-R 250V RK1†† 200 Same short-circuit protection
and (circuits with no 0 KTS-R 600V as LOW-PEAK® fuses but
Branch heavy inrush to must be sized larger for

currents). 600A LIMITRON circuits with surge-currents;
LIMITRON fuses _____ (fast-acting) i.e., up to 300%.
particularly suited 601 to KTU 600V L 200 A fast-acting, high
for circuit breaker 6000A performance fuse.
protection.

Reduced Dimensions For Installation in Restricted Space—CUBEFuse™ (0-60A+), Class J(0-600A), T(0-1200A), CC(0-30A), G(0-60A)

All type loads 0 to 60A+ CUBEFuse™ TCF 600V J*** 300 Finger-safe. All-purpose fuses.
(optimum (finger-safe, Unequaled for combined
overcurrent dual-element, short-circuit and overload
protection). time-delay) protection. (Specification 

grade product)

All type loads LOW-PEAK® LPJ_SP 600V J 300 All-purpose fuses.
(optimum (dual-element, Unequaled for combined
overcurrent 0 time-delay) short-circuit and overload
protection). to protection. (Specification 
__________ 600A grade product)

Non-motor loads LIMITRON JKS 600V J 200 Very similar to KTS-R
(circuits with no (quick-acting) LIMITRON, but smaller.
heavy inrush 0 to T-TRON JJN 300V T 200 The space saver (1⁄3 the size
currents). 1200A (fast-acting) JJS 600V of KTN-R/KTS-R).

Motor loads 0 LOW-PEAK LP-CC 600V CC 200 Very compact (13⁄32˝ x 11⁄2˝);
(circuits with to (time-delay) rejection feature. Excellent for motor
heavy inrush 30A circuit protection.
currents.)

Non-motor loads 0 LIMITRON KTK-R 600V CC 200 Very compact (13⁄32˝ x 11⁄2˝);
(circuits with no to (fast-acting) rejection feature. Excellent for outdoor
heavy inrush 30A highway lighting.

Branch currents.)

Control transformer 0 TRON FNQ-R 600V CC 200 Very compact (13⁄32˝ x 11⁄2˝);
circuits and lighting to (time-delay) rejection feature. Excellent for control
ballasts; etc. 30A transformer protection.

General purpose; 0 SC SC 0-20A 600V G 100 Current limiting;
i.e., lighting to 21-60A 480V 13⁄32˝ dia. x varying
panelboards. 60A lengths per amp rating.

Miscellaneous 0 ONE-TIME NON 250V H or K5† 10 Forerunners of
to NOS 600V the modern
600A cartridge fuse.

General Plug fuses can FUSTAT® S 125V S 10 Base threads of Type S
Purpose be used for (dual-element, differ with amp ratings (size rejecting). 
(non- branch circuits 0 time-delay) T and W have Edison® base. 
current and small to FUSETRON®

T 125V ** 10 T & S fuses recommended 
limiting component 30A (dual-element, for motor circuits. W not
fuses) protection. time-delay) recommended for circuits

1⁄2 to 12A Buss® Type W W 125V ** 10
with motor loads.

** UL Listed as Edison® Base Plug Fuse.
†Some ampere ratings are available as U.L. Class K5 with a 50,000A interrupting rating.

††RK1 and RK5 fuses fit standard switches, equipped for non-rejection fuses (K1, K5 and H) fuseblocks and holders; however, the rejection feature of Class R switches and fuse-
blocks designed specifically for rejection type fuses (RK1 and RK5) prevent the insertion of the non-rejection fuses (K1, K5, and H).

+ Higher ampering ratings planned.
***Class J performance, special finger-safe dimensions.
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General Data — Dimensions (Inches)*

.81∑

1.75∑ 1.38∑

.88∑

.88∑

1.75∑ 1.38∑

1.63∑

6
0

1
A

to
8

0
0

A

8
0

1
A

to
1

2
0

0
A

1
3

5
0

A
to

1
6

0
0

A

1
8

0
0

A
to

2
0

0
0

A

2001A
to

2500A
3000A

3500A
to

4000A

4500A
to

5000A
6000A

6.75∑

3.75∑

1∑1∑.75∑
.75∑.75∑

.5∑

2.75∑

.44∑

2.38∑

.38∑.38∑

2∑

2.5∑

2∑

2.5∑ 3∑ 3.5∑    

3.5∑

5∑

4∑

5∑

4.75∑

5.75∑

5.25∑

6.25∑

5.75∑

7.13∑

10.75∑

8.63∑

6.75∑ 5.75∑

.63∑ All Slots and Holes

3.98∑
2.95∑
1.78∑

1.25∑

450A to 600A

3.63∑
2.72∑
1.73∑1∑

225A to 400A

601A to 800A

4.33∑
3.17∑
1.88∑

1.75∑

.88∑

3.25∑
2.5∑

1.66∑

110A to 200A

.75∑

2.95∑
2.36∑
1.64∑

70A to 100A

.81∑

35A to 60A

1.56∑

.56∑

1A to 30A

1.5∑

1.08∑
2.53∑

4∑

2∑

801A to 1200A

.92∑
2.22∑
3.38∑

1.75∑

601A to 800A

.88∑

450A to 600A

2.03∑

1.25∑

3.06∑

35A to 60A

.56∑Dia.

.88∑
1A to 30A

.41∑ Dia.

.88∑

.84∑ .75∑

2.16∑
1.56∑

70A to100A

.84∑

2.44∑
1.69∑

.88∑

110A to 200A

.86∑

2.75∑
1.84∑

1∑

225A to 400A

6.0∑
8.0∑

3.75∑

.74∑ 2.13∑ .38∑

.53∑

2∑450A to
600A 2.5∑

7.13∑
5.25∑
3.38∑

.58∑

1.63∑

1.88∑

.41∑

2∑

.25∑

225A to
400A

4.63∑
3.63∑
2.63∑

70A to 100A

.28∑

.75∑ 1.13∑

.13∑1∑.43∑

2.38∑
.63∑

35A to 60A

1.06∑

.5∑

1A to 30A

.81∑

2.25∑

5.75∑

4.38∑
3.0∑

.43" 1.38"

1.13∑
.28∑

  .19"

1.63∑110A to
200A

A

B

CLASS T
T-TRON™ Fuses
JJN (300V) JJS (600V)

CLASS J
LOW-PEAK® & LIMITRON® Fuses
LPJ & JKS (600V)

CLASS L LOW-PEAK® & LIMITRON Fuses
KRP-C, KTU, & KLU (601 - 4000A) (600V)

NOTE :  KRP-CL  ( 150A  t o  600A )
f u ses  have  same  d imens i ons  as
601A to 800A case size. KTU (400A
to  600A)  have  same d imens ions ,
except tube 3∑ lgth. ≈ 2∑ dia.; termi-
nal 1fi/•∑ width ≈ 1⁄/¢∑ thick.

CLASS RK5 & RK1
FUSETRON®, LOW-PEAK® &
LIMITRON Fuses (250V & 600V)
FRN-R & FRS-R; LPN-RK & 
LPS-RK; KTN-R & KTS-R
Basic dimensions are same as Class H (for-
merly NEC®) ONE-TIME (NON & NOS) and
SUPERLAG Renewable RES & REN fuses.

NOTE: These fuses can be used to replace
existing Class H, RK1 and RK5 fuses relating
to dimensional compatibility.

250V 600V
Ampere A B A B
⁄Ω¡º-30 2∑ .56∑ 5∑ .81∑

35-60 3∑ .81∑ 5.5∑ 1.06∑

FRN-R, KTN-R KTS-R

250V 600V
Ampere A B A B
70-100 5.88∑ 1.06∑ 7.88∑ 1.34∑

110-200 7.13∑ 1.56∑ 9.63∑ 1.84∑

225-400 8.63∑ 2.06∑ 11.63∑ 2.59∑

450-600 10.38∑ 2.59∑ 13.38∑ 3.13∑

LPN-RK      LPS-RK, FRS-R  

250V 600V
Ampere A B A B
70-100 5.88∑ 1.16∑ 7.88∑ 1.16∑

110-200 7.13∑ 1.66∑ 9.63∑ 1.66∑

225-400 8.63∑ 2.38∑ 11.63∑ 2.38∑

450-600 10.38∑ 2.88∑ 13.38∑ 2.88∑

A

B

*See Data Sheets for tolerances.



Conductor & Termination Considerations
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The middle, line-side conductor to this disconnect became loose.  The loose
connection created an excessive thermal condition that caused excessive
damage to the device termination, the middle conductor and the adjacent
conductors.

Conductor & Termination Considerations
A fuse, as well as a circuit breaker, is part of a system where there
are electrical, mechanical and thermal considerations.  All three of
these are interrelated.  If there is too much electrical current for the
circuit, the components can overheat.  If a conductor termination is
not properly torqued, the termination can be a “hot spot” and con-
tribute excess heat.  This additional heat is detrimental to the
integrity of the termination means, conductor insulation and even
the overcurrent protective device.  If the conductor size is too
small for the circuit load or for how the fuse/termination or circuit
breaker/termination has been rated, the undersized conductor will
be a source of detrimental excess heat, which bleeds into the
devices through the terminals.  This excess heat can cause integri-
ty issues.   

How important is the proper conductor size and proper termination
methods?  Very!  Many so called “nuisance” openings of overcur-
rent protective devices or device failures can be traced to these
root causes. Improper electrical connections can result in fire or
other damage to property and can cause injury and death.  If there
are loose terminal connections, then:
• The conductor overheats and the conductor insulation may
break down.  This can lead to a fault; typically line to ground.  Or, if
conductors of different potential are touching, the insulation of both
may deteriorate and a phase-to-neutral or phase-to-phase fault
occurs. 

• Arcing can occur between the conductor and lug.  Since a poor
connection is not an overload or a short-circuit, the overcurrent
protective device does not operate.
• The excessive thermal condition of the conductor termination
increases the temperature beyond the thermal rating of the fuse
clip material.  The result is that the fuse clip can lose its spring ten-

sion, which can result in a hot spot at the interface surface of the
fuse and clip.
• These excessive thermal conditions described above may
cause the device (block, switch, fuse, circuit breaker, etc.) insulat-
ing system to deteriorate, which may result in a mechanical and/or
electrical breakdown.  For instance, the excessive thermal condi-
tion of a conductor termination of a circuit breaker can degrade
the insulating case material.  Or a fuse block material may car-
bonize due to the excessive thermal conditions over a long time.

Normally, a fuse is mounted in a fuse clip or bolted to a metal sur-
face.  It is important that the two surfaces (such as fuse to clip) are
clean and mechanically tight so that there is minimal electrical
resistance of this interface.  If not, this interface is a high resis-
tance spot, which can lead to a hot spot.  With a fuse to clip appli-
cation, the temperature rise from a poor clip can cause even fur-
ther deterioration of the clip tension.  This results in the hot spot
condition getting worse.   

The fuse clip on the right has excellent tension that provides a good mechanical
and electrical interface (low resistance) between the fuse and clip.  The clip on
the left experienced excessive thermal conditions due to an improper conductor
termination or undersized conductor. As a result, the clip lost its tension.
Consequently, the mechanical and electrical interface between the fuse and clip
was not adequate which further accelerated the unfavorable thermal condition.

Some causes of loose terminal connections
Below are some possible causes for loose terminal connections for
various termination methods and possible causes of excessive
heating of the overcurrent protective device / termination / conduc-
tor system:

1. The conductor gauge and type of conductor, copper or alu-
minum, must be within the connector’s specifications.  The ter-
minals for a fuse block, terminal block, switch, circuit breaker,
etc. are rated to accept specific conductor type(s) and size(s).
If the conductor is too large or too small for the connector, a
poor connection results, and issues may arise.  Additionally, it
must be verified that the terminal is suitable for aluminum con-
ductor, copper conductor, or both.  Usually the termination
means is rated for acceptable conductor type(s) and range of
conductor sizes; this is evidenced by the ratings being
marked on the device (block, switch, circuit breaker, etc.) or
specified on the data sheet. 

2. The connector is not torqued to the manufacturer’s recommen-
dation.  Conductors loosen as they expand and contract with
changes in temperature due to equipment running and not
running.  If the connections are not torqued appropriately,
loose connections may result.  For a mechanical screw, nut,
bolt or box lug type connection, follow the manufacturer’s rec-
ommended torque.  Typically the specified torque for a con-
nector is marked on the device.  For a specific connector, the
specified torque may be different for different wire sizes.

3. The conductor is not crimped appropriately.  A poor crimp could
be between the conductor and a ring terminal.  It could be
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between the conductor and the quick connect terminal.  Or, it
could be between the conductor and an in-line device.  If using
a compression connection, use the manufacturer’s recommend-
ed crimp tool with the proper location and number of crimps.

4. The quick connect terminal is not seated properly.  If the male-
female connections are not fully seated, a hot spot may be
created.  

5. The quick connect terminal is being used beyond its ampere
rating.  Quick connects typically have limited continuous cur-
rent ratings that must not be exceeded.  Typical maximum rat-
ings possible for a quick connect are 16 or 20 amperes (some
are less); this is based on a proper conductor size, too.  If the
quick connect is used beyond its ampere rating, excessive
temperature will result which can degrade the quick connect’s
tension properties and further overheating issues result.

6. The conductor is not properly soldered to a solder terminal.
Again, if there is not a good connection between the two, a hot
spot will be created.

7. The terminal is only rated to accept one conductor, but multi-
ple conductors are being used.  Again, the product specifica-
tions must be checked to see if the terminal is rated for dual
conductors.  If the product is not marked suitable for dual con-
ductors, then only one conductor can be used for this termina-
tion.  Inserting too many conductors will cause a poor connec-
tion, which can result in heat or other problems.

Other important aspects in the electrical and thermal relationship
for circuit components in a circuit are the conductor size, conductor
rated ampacity, the conductor insulation temperature rating and the
permissible connector device conductor temperature limits.
Conductors have specified maximum ampacities that are based on
many variables including the size of the conductor and its insulation
temperature rating.  The NEC® establishes the allowable ampacity
of conductors for various variables and applications.  In addition,
there are some overriding requirements in the NEC® and product
standards that dictate the ampacity of conductors when connected
to terminals.  For instance, the ampacity for a conductor with 90°C
insulation is generally greater than the ampacity of a conductor of
the same size but with 60°C insulation.  However, the greater
ampacity of a conductor with 90°C insulation is not always permit-
ted to be used due to limitations of the terminal temperature rating
and/or the requirements of the NEC®.  (Reference 110.14 in the
NEC® for specific requirements.) However, there are some simple
rules to follow for circuits of 100 amperes and less.  These simple
rules generally should be followed because these are the norms for
the device component product standards and performance evalua-
tion to these standards for fuses, blocks, disconnects, holders, cir-
cuit breakers, etc. 

Simple rules for 100 amps and less:
1. Use 60°C rated conductors [110.14(C)(1)(a)(1)].  This

assumes all terminations are rated for 60°C rated conductors.
2. Higher temperature rated conductors can be used, but the

ampacity of these conductors must be as if they are 60°C
rated conductors.  In other words, even if a 90°C conductor is
used, it has to be rated for ampacity as if it were a 60°C con-
ductor [110.14(C)(1)(a)(2)]. 

For instance, assume an ampacity of 60 amperes is needed in
a circuit that has terminations that are rated for 60°C conduc-
tors.  If a 90°C conductor is to be used, what is the minimum
conductor size required? 

Wire Size 60°C Ampacity 90°C Ampacity
6 AWG 55 75
4 AWG 70 95

The answer is 4 AWG, 90°C conductor.  A 6 AWG, 90°C con-
ductor has an ampacity of 75 amps per (NEC® Table 310.16);
but this ampacity can not be used for a 60°C termination.  For
this circuit, if a 90°C, 6 AWG conductor is evaluated, the
ampacity of this conductor must be according to the 60°C
conductor ampacity, which is 55 amperes.  Ampacities are
from NEC® Table 310.16.

3. Conductors with higher temperature ratings can be used at
their rated ampacities if the terminations of the circuit devices
are rated for the higher temperature rated conductor
[110.14(C)(1)(a)(3)].  However, the industry norm is that most
devices rated 100 amperes or less, such as blocks, discon-
nects and circuit breakers, have 60°C or 75°C rated termina-
tions. 

4. For motors with design letters B, C, D, or E, conductors with
insulation rating of 75°C of higher are permitted as long as the
ampacity of the conductors is not greater than the 75°C rating
[110.14(C)(1)(a)(4)].

5. If a conductor is run between two devices that have terminals
rated at two different temperatures, the rules above must be
observed that correlate to the terminal with the lowest temper-
ature rating.

For circuits greater than 100 amperes, use conductors with at least
a 75°C insulation rating at their 75°C ampacity rating.

So why would anyone ever want to use a conductor with a 90°C or
a 105°C rating if they can’t be applied at their ampacity ratings for
those temperatures?  The answer lies in the fact that those higher
ampacity ratings can be utilized when derating due to ambient
conditions or due to exceeding more than 3 current carrying con-
ductors in a raceway.  

Example (ampacity and derating table next page)
Assume that an ampacity of 60 amperes is needed in a circuit with
a 75°C termination at one end and a 60°C termination at the other
end, where the ambient is 45°C.  First, since one termination tem-
perature rating is higher than the other, the lowest one must be
used, which is 60°C.  The first choice might be a 4 AWG TW con-
ductor with an ampacity of 70 amperes at 60°C.  However, in the
NEC® the Correction Factors table at the bottom of conductor
ampacity Table 310.16 reveals that the 70 ampere ampacity must
be derated, due to the 45°C ambient, by a factor of .71.  This
yields a new ampacity of 49.7, which is less than the required 60.
This is where a conductor with a higher temperature rating
becomes useful.  A 4 AWG THHN conductor has a 90°C ampacity
of 95 amperes.  Again, looking at the table at the bottom of Table
310.16, a factor of .87 must be used, due to the 45°C ambient.
This yields a new ampacity of 82.65, which is adequate for the
required 60 ampere ampacity.  

Could a 6 AWG THHN conductor be used in this application?  
Its 90°C ampacity is 75 amperes.  Using the factor of .87 for the
45°C ambient gives a new ampacity of 65.25, which seems ade-
quate for a required ampacity of 60 amperes.  However, a 6 AWG
conductor of any insulation rating could never be used in this
application because the 60°C terminal requires that the smallest
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amount of copper is a 4 AWG for a 60 ampere ampacity (simple
rule 2 in previous paragraphs).  The amount of copper associated
with a 4 AWG conductor is required to bleed the right amount of
heat away from the terminal.  The use of less copper won’t bleed
enough heat away, and therefore overheating problems could
result. 

Allowable Ampacities
The table below shows the allowable ampacities of insulated cop-
per conductors rated 0 through 2000 volts, 60°C through 90°C, not
more than three current-carrying conductors in a raceway, cable,
or earth (directly buried), based on ambient of 30°C (86°F) (data
taken from NEC® Table 310.16).  The note for 14, 12, and 10 AWG
conductors is a very important note that limits the protection of
these conductors.

Conductor Ampacity For Temperature Rated
Size AWG Copper Conductors (NEC® Table 310.16)

60°C 75°C 90°C

14* 20* 20* 25*

12* 25* 25* 30*

10* 30* 35* 40*

8 40 50 55

6 55 65 75

4 70 85 95

3 85 100 110

2 95 115 130

1 110 130 150

*See NEC® 240.4(D) which essentially limits (with several exceptions)
the overcurrent protection of copper conductors to the following rat-
ings after any correction factors have been applied for ambient tem-
perature or number of conductors:  14 AWG  - 15 amps, 12 AWG - 20
amps, 10 AWG - 30 amps.  Depending on the circumstances of a
specific application, the ampacity determined due to the correction
factors may be less than the values in Table 310.16.  In those cases,
the lower value is the ampacity that must be observed.  For instance,
a 75°C, 10AWG in 50°C ambient would have a derating factor of
0.75, which results in an ampacity of 26.25 (35A x 0.75).  So in this
case, the ampacity would be 26.25.  Since 26.25 is not a standard
size fuse per NEC® 240.6, NEC® 240.4(B) would allow the next stan-
dard fuse, which is a 30 ampere fuse.  The 30 ampere fuse is in com-
pliance with 240.4(D).  In a 35°C ambient, the correcting factor for
this same conductor is 0.94, so the new ampacity is 32.9 amperes
(35A x 0.94).  However, a 35 ampere fuse can not be utilized
because NEC® 240.4(D) limits the protection to 30 amperes.

Ambient Derating
Conductor allowable ampacities must be derated when in temper-
ature ambient greater than 30°C.  The correction factors for the
conductor allowable ampacities in NEC® Table 310.16.are below.

Conductor Ampacity Correction Factors For Ambient Temperatures

Ambient For ambient other than 30°C, multiply conductor allowable Ambient
Temp. °C ampacities by factors below (NEC® Table 310.16) Temp. °F

60°C 75°C 90°C

21-25 1.08 1.05 1.04 70-77

26-30 1.00 1.00 1.00 78-86

31-35 0.91 0.94 0.96 87-95

36-40 0.82 0.88 0.91 96-104

41-45 0.71 0.82 0.87 105-113

46-50 0.58 0.75 0.82 114-122

51-55 0.41 0.67 0.76 123-131

56-60 – 0.58 0.71 132-140

61-70 – 0.33 0.58 141-158

71-80 – – 0.41 159-176

Conduit Fill Derating
Also, conductor ampacity must be derated when there are more
than three current-carrying conductors in a raceway or cable per
NEC® 310.15(B)(2).  There are several exceptions; the derating
factors are:

# Of Current-Carrying % Values in NEC® Ampacity Tables
Conductors 310.16 to 310.19 As Adjusted for 

Ambient Temperature if Necessary
4 – 6 80
7 – 9 70

10 – 20 50
21 – 30 45
31 – 40 40

41 & greater 35

Termination Ratings
As discussed above, terminations have a temperature rating that
must be observed and this has implications on permissible con-
ductor temperature rating and ampacity.  Shown below are three
common termination ratings and the rules.  Remember, from the
example above, the conductor ampacity may also have to be der-
ated due to ambient, conduit fill or other reasons.

60°C    Can use 60°C, 75°C, 90°C or higher temperature
rated conductor, but the ampacity of the conductor
must be based as if conductor is rated 60°C.  

75°C    Can use 75°C, 90°C or higher temperature rated con-
ductor, but the ampacity of the conductor must be
based as if conductor is rated 75°C.  A 60°C conduc-
tor not permitted to be used. 

60°C/75°C Dual temperature rated termination.  Can use either
60°C conductors at 60°C ampacity or 75°C conduc-
tors at 75°C ampacity.  If 90°C or higher temperature
rated conductor is used, the ampacity of the conduc-
tor must be based as if conductor is rated 75°C.  
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Fuseology–High Speed Fuses & Applications

The protection needs for solid-state power equipment often differ
from conventional electrical equipment; hence, the high speed
fuse evolved. The protection of power diodes and SCR’s requires
ultra current-limiting short-circuit fuses; semiconductor devices
cannot withstand heavy short-circuit current. The circuits in which
fuses are installed place certain requirements upon high speed
fuses. These requirements are generally more stringent than the
fuse requirements for typical 60 cycle AC power distribution sys-
tems in commercial buildings or industrial plants.

The diodes or SCR’s are at the heart of the solid-state power
equipment. These semiconductor devices have relatively low
short-circuit current withstand capabilities. The thin silicon chip
imbedded in the semiconductor device package has a very low
transient thermal capacity. The heating effect produced by low,
moderate and high fault currents can quickly cause permanent
damage to the device. Damage to a semiconductor device can
occur in a very short time period; the current-limiting fuse protec-
tion is one of the fastest protection means available. Under fault
conditions, restricting the short-circuit energy by a high speed fuse
is essential to the protection of SCR’s, diodes, and other semicon-
ductor devices in the system.

NEC® 430.52 recognizes the use of these types of fuses in
motor applications; see the section motor circuits with adjustable
speed drives in this bulletin.

There are several criteria that can be used to judge the per-
formance of high speed fuses (also referred to as semiconductor
fuses). Among these are the current-limiting short-circuit capability
and DC interrupting capability. From a design standpoint, I2t is
most often used to evaluate the current-limiting short-circuit perfor-

mance. I2t (RMS amperes- squared seconds) is a parameter that
indicates the heating effect associated with a current pulse.
Typically the semiconductor data sheet specifies a maximum I2t
withstand for a semiconductor device. To offer short-circuit protec-
tion to the semiconductor device, the fuse selected should have an
I2t let-through less than the I2t withstand rating of the semiconduc-
tor device. High speed fuses have excellent current-limiting ability,
as indicated by their low I2t let-through and peak current let-
through.

High speed fuses are often applied where DC interrupting
capabilities are required. Some high speed fuses have been
designed and rigorously tested in developing their excellent DC
characteristics.

The type circuits often employed require specialized knowl-
edge. Included in the following data are the current and voltage
relationships for many of the common circuits.

Ratios Of Circuit Currents (Diagrams on next page)
Circuit Relative Circuit Currents
Diagram* I1RMS I2RMS I3RMS I2RMS
No. I1average I1average I1average I1RMS
1 1.57 – – –
2 1.11 0.79 – 0.71
3 1.11 0.79 1.11 0.71
4 1.02 0.59 – 0.58
5 1.00 0.58 0.82 0.58
6 1.00 0.41 – 0.41
7 – – – 0.71
8 – – – 0.71

*For example, in Diagram No. 1: 

Square-Body
170M####

10 to 7500A, 690V to 1250V
200,000AIR AC, UL Recognized

Designed and tested to:
• IEC 60269:Part 4 

Complete range of Square Body
style high-speed fuses and acces-
sories. Easy to provide custom
products.

High power applications which
require a compact design with
superior performance.  Different
end fittings options include:

• DIN 43 653
• DIN 43 620
• Flush End (Metric/U.S.)
• French Style
• US Style

North American
FWA, FWX, FWH, KAC, KBC,
FWP, FWJ

1 to 4000A, 130V to 1000V
200,000AIR AC, UL Recognized

Bussmann® offers a complete
range of North American blade
and flush-end style high-speed
fuses and accessories.  Their
design and construction were
optimized to provide:

• Low energy let-through (I2t)
• Low watts loss
• Superior cycling capability
• Low Arc Voltage
• Excellent DC performance

Medium power applications.
While there are currently no pub-
lished standards for these fuses,
the industry has standardized on
mounting centers that accept
Bussmann fuses.

Ferrule
FWA, FWX, FWH, FWC, FWP,
FWK, FWJ, FWL, FWS

1 to 100A, 150V to 2000V
200,000AIR AC, UL Recognized

Designed and tested to:
• IEC 60269:Part 4

Bussmann® offers a full line of
ferrule style (cylindrical and clip-
mounted) high-speed fuses,
designed and tested to meet
standards and requirements in
various locations around the
world.  Their unique design and
construction provide:

• Superior cycling 
• Low energy let-through (I2t)

Ferrule high-speed fuses provide
an excellent solution for small
UPS, small AC drives and other
low power applications where
space is at a premium.

British Style BS 88
LET, LMMT, CT, FE, FM, MT 

6 to 900A, 240V to 690V
200,000AIR AC, UL Recognized

Designed and tested to:
• BS 88:Part 4
• IEC 60269:Part 4

Widest range of British style semi-
conductor fuses and accessories.
Use innovative arc quenching
techniques and high grade mate-
rials to provide:

• Minimal energy let-through (I2t)
• Excellent DC performance
• Good surge withstand profile

Found in equipment manufac-
tured in the United Kingdom or
British Commonwealth countries.
North American manufacturers
have begun to specify British
style fuses - particularly in UPS
applications at 240 volts or less –
to take advantage of their size,
performance and cost benefits.

I1RMS = 1.57
I1average

For DC Ratings see High Speed Fuse Catalog or Datasheets on www.bussmann.com
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TYPICAL CIRCUITS

6. Six-Phase, Single-Wave.
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Fuseology–High Speed Fuses & Applications

1. Single-Phase, Half-Wave.

2. Single-Phase, Full-Wave, Center-Tap.

3. Single-Phase, Full-Wave, Bridge.

4. Three-Phase, Half-Wave.

5. Three-Phase, Full-Wave.

7. Single-Phase, Anti-Parallel, AC Control.

8. Three-Phase, Anti-Parallel, AC Control.

3. Protect The Device (Short-Circuits)–In this case the fuse is
selected to protect the diode or SCR against short-circuits
external to the SCR or diode. Typically, the fuse has to be
selected to give a much lower let-through current than that
required in applications (1 ) or (2) above.

Not all systems are designed to have the fuse provide full
protection for a diode or SCR. There are several degrees of pro-
tection:

1. Prevent Device Rupture–Fuse merely needs to interrupt current
before SCR or diode ruptures.

2. Isolate Failed Device–Typically, used only where three or more
diodes or SCR’s (devices) are used per conduction path. An
individual fuse is not intended to protect an individual device.
Rather, the purpose of the fuse is to remove the diode or SCR
after it shorts out and permit the overall circuit to continue oper-
ating. At this level, the fuse must be able to protect the diodes
or SCR’s that are splitting the fault current in another leg, as
illustrated in the following diagram.
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Fuseology–Medium Voltage

Medium Voltage Fuseology

General
Fuses above 600V are classified under one of three classifications
as defined in ANSI/IEEE C37.40.
1. GENERAL PURPOSE CURRENT-LIMITING FUSES

A fuse capable of interrupting all currents from the rated inter-
rupting current down to the current that causes melting of the
fusible element in one hour.

2. BACK-UP CURRENT-LIMITING FUSE
A fuse capable of interrupting all currents from the maximum
rated interrupting current down to the rated minimum interrupt-
ing current.

3. EXPULSION FUSE
A vented fuse in which the expulsion effect of gasses produced
by the arc and lining of the fuseholder, either alone or aided by
a spring, extinguishes the arc.

One should note that in the definitions above, the fuses are
defined as either expulsion or current-limiting. A current-limiting fuse
is a sealed, non-venting fuse that, when melted by a current within
its interrupting rating, produces arc voltages exceeding the system
voltage, which in turn forces the current to zero. The arc voltages are
produced by introducing a series of high resistance arcs within the
fuse. The result is a fuse that typically interrupts high fault currents
within the first 1/

2
cycle of the fault. In contrast, an expulsion fuse

depends on one arc to initiate the interruption process. The arc acts
as a catalyst, causing the generation of de-ionizing gas from its
housing. The arc is then elongated, either by the force of the gasses
created or a spring. At some point, the arc elongates far enough to
prevent a restrike after passing through a current zero. Therefore, an
expulsion fuse may take many cycles to clear.

Construction
Current-limiting fuses have four parts common to all designs: tube,
end ferrules, element, and arc quenching filler.

The tube must have a high burst strength to withstand the
pressures generated during interruption. The most common mate-
rials used are fiberglass reinforced epoxy and melamine tubing.

End ferrule designs are usually dictated by the application.
For example, a clip mounted fuse would have a silver-plated fer-
rule with a large surface area to insure good contact. In contrast, a
stud mounted fuse may be cast bronze with very little surface area.
In both designs it is very important that a good seal be provided
between the tube and end ferrules. This is most commonly done
with a gasket and magna-forming process, or with epoxy and
screws.

Fuse elements are typically made from silver. Silver is the
most common material used for high voltage fuse elements
because of its predictable melting properties. To achieve this low
current operation, it is necessary to either add a series element of
different material or reduce the melting temperature of the silver by
adding an “M” spot.

Finally, an arc quenching filler is added to aid in the interrup-
tion process. During interruption the arc quenching filler is
changed into an insulating material called a fulgurite.

Application
Many of the rules for applying expulsion fuses and current-limiting
fuses are the same, but because the current-limiting fuse operates
much faster on high fault currents, some additional rules must be
applied.

Three basic factors must be considered when applying any
fuse. These are: VOLTAGE, CONTINUOUS CURRENT CARRYING
CAPACITY, AND INTERRUPTING RATING.

Voltage
The fuse must have a voltage rating equal to or greater than the
normal frequency recovery voltage which will be seen across the
fuse under all conditions. On three-phase systems, it is a good rule
of thumb that the voltage rating of the fuse be greater than or
equal to the line-to-line voltage of the system.

Continuous Current-Carrying Capacity
Continuous current values that are shown on the fuse represent the
level of current the fuse can carry continuously without exceeding
the temperature rises as specified in ANSI C37.46. An application
that exposes the fuse to a current slightly above its continuous rat-
ing but below its minimum interrupting rating, may damage the
fuse due to excessive heat. This is the main reason overload relays
are used in series with back-up current-limiting fuses for motor 
protection.

Interrupting Rating
All fuses are given a maximum interrupting rating. This rating is the
maximum level of fault current that the fuse has been tested to
safely interrupt. Back-up current-limiting fuses are also given a
minimum interrupting rating. When using back-up current-limiting
fuses, it is important that other protective devices are used to inter-
rupt currents below this level.

Additional Rules
EXPULSION FUSES: When choosing a fuse, it is important that the
fuse be properly coordinated with other protective devices located
upstream and downstream. To accomplish this, one must consider
the melting and clearing characteristics of the devices. Two
curves, the minimum melting curve and the total clearing curve,
provide this information. To insure proper coordination, the follow-
ing rules should be used.
1. The total clearing curve of any downstream protective device

must be below a curve representing 75% of the minimum melt-
ing curve of the fuse being applied.

2. The total clearing curve of the fuse being applied must lie below
a curve representing 75% of the minimum melting curve for any
upstream protective device.

Current-Limiting Fuses
To insure proper application of a current-limiting fuse it is important
that the following additional rules be applied.
1. As stated earlier, current-limiting fuses produce arc voltages

that exceed the system voltage. Care must be taken to make
sure that the peak voltages do not exceed the insulation level of
the system. If the fuse voltage rating is not permitted to exceed
140% of the system voltage, there should not be a problem. This
does not mean that a higher rated fuse cannot be used, but
points out that one must be assured that the system insulation
level (BIL) will handle the peak arc voltage produced.

2. As with the expulsion fuse, current-limiting fuses must be prop-
erly coordinated with other protective devices on the system.
For this to happen the rules for applying an expulsion fuse must
be used at all currents that cause the fuse to interrupt in 0.01
seconds or greater.

When other current-limiting protective devices are on the sys-
tem it becomes necessary to use I2t values for coordination at
currents causing the fuse to interrupt in less than 0.01 seconds.
These values may be supplied as minimum and maximum val-
ues or minimum melting and total clearing I2t curves. In either
case, the following rules should be followed.

1. The minimum melting I2t of the fuse should be greater than 
the total clearing I2t of the downstream current-limiting device.
2. The total clearing I2t of the fuse should be less than the min-
imum melting I2t of the upstream current-limiting device.
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Medium Voltage
Fuse Links-27kV

FL11H: 1 to 8
FL11K: 1 to 200
FL11T: 1 to 200
FL3K: 1 to 200
FL3T: 1 to 200

Boric Acid

BBU17: 17kV, 14kAIR
E 5 to 200

SE 15 to 200
K 3 to 200

BBU27: 27kV, 12.5kAIR
E 5 to 200

SE 15 to 200
K 3 to 200

BBU38: 38kV, 10kAIR
E 5 to 200

SE 15 to 200
K 3 to 200

E (Standard), K (Fast) &
SE (Slow)

Boric acid fuses vent during
clearing process; for indoors,
use muffler option.

See description for “E-Rated
Transformer & Feeder
Protection” fuses

Data Sheet No. 1123

Bussmann® Medium Voltage Fuses

E-Rated
(Transformer & Feeder
Protection)

JCX: 2400V, 1⁄2-250E
JCY: 4800V, 1⁄2-450E
JCU: 4800V, 10-750E
JDZ: 7200V, 20-350E
JCZ: 7200V, 15-200E
JDN: 14.4kV, 15-250E
JCN: 14.4kV, 20-300E

IR:  63,000AIR ac

Bussmann® E-Rated medium
voltage fuses are general pur-
pose current limiting fuses.
The E-rating defines the melt-
ing-time-current characteristic
of the fuse.  The ratings are
used to allow electrical inter-
chaneablity among different
manufacturers.  For a general
purpose fuse to have an E-
Rating, the following condition
must be met:
• The current responsive ele-

ment shall melt in 300 sec-
onds at a rms current within
the range of 200% to 240%
of the continuous current
rating of the fuse unit (ANSI
C37.46).

• The current responsive ele-
ment above 100 amperes
shall melt in 600 seconds at
a rms current within the
range of 220% to 264% of
the continuous current rating
of the fuse unit (ANSI
C37.46).

Bussmann® E-Rated fuses are
designed to provide primary
protection of transformers,
feeders, and branch circuits.
They are non-venting fuses
which must be mounted
indoors or in an enclosure.
Their current limiting aiblity
reduces the short circuit cur-
rent energy (I2t) that the sys-
tem components must with-
stand.

R-Rated
(Motor Circuit)

JCK, JCK-A, JCK-B, JCH,
JCL, JCL-A, JCL-B, JCG,
JCR-A, JCR-B

2R to 24R
2400V: JCK, JCH
4800V: JCL, JCG
7200V: JCR-A, JCR-B
IR: 50,000AIR ac

R-Rated medium voltage
fuses are back-up current lim-
iting fuses used in conjunction
with medium voltage motors
and motor controllers.
Current limiting fuses may be
designated as R-Rated if they
meet the following require-
ments:
• The fuse will safely interrupt

all currents between its min-
imum and maximum inter-
rupting ratings.

• The fuse will melt in a range
of 15 to 35 seconds at a
value of 100 times the “R’
number (ANSI C37.46).

Bussmann® R-Rated current
limiting fuses are designed for
use with medium voltage
starters to provide short-cir-
cuit protection for the motor
and motor controller.  These
fuses offer a high level of fault
current interruption in a self-
contained, non-venting pack-
age which can be mounted
indoors or in an enclosure.
Available styles are:
• Standard 
• Ampgard Hookeye
• Haz. Location
• Bolt-in
Open fuse indication is on all
fuses.

Data Sheet No. 6001

E-Rated
(Full Range)

MV055: 5E-450E
MV155: 5E-200E

5.5kV & 15.5kV
IR: 50,000AIR ac

See description for “E-Rated
Transformer & Feeder
Protection” fuses.

Satisfies additional ANSI
C37.40 for full-range protec-
tion fuse.

A full-range fuse is capable of
interrupting all currents from
the rated interrupting rating
down to the minimum continu-
ous current that causes melt-
ing of the fusible element.

Data Sheet No. 6700
6701

E-Rated
(Potential & Small
Transforms)

JCD: 2400V, 1⁄2-5E
JCW: 5500V, 1⁄2-5E 
JCQ: 4800V, 1⁄2-10E 
JCI: 7200V, 1⁄2-10E 
JCT: 14.4kV, 1⁄2-10E 

IR: 80,000AIR ac

Low amperage, E-Rated
medium voltage fuses are
general purpose current limit-
ing fuses.  The E-rating
defines the melting- time-cur-
rent characteristic of the fuse
and permits electrical inter-
changeability of fuses with the
same E-Rating.  For a general
purpose fuse to have an 
E-Rating, the following
condition must be met:
• The current responsive ele-

ment shall melt in 300 sec-
onds at a rms current within
the range of 200% to 240%
of the continuous current
rating of the fuse, fuse refill,
or link. (For fuses rated
100E or less)(ANSI
C37.46).

Bussmann® low amperage, 
E-Rated fuses are designed
to provide primary protection
for potential, small service,
and control transformers.
These fuses offer a high level
of fault current interruption in
a self-contained non-venting
package which can be mount-
ed indoors or in an enclosure.

Data Sheet No. 6002

CL-14 
(Clip-Lock)

ECL055: 10E-600E
ECL155: 10E-300E

5.5kV & 15.5kV
Interrupting rating
ECL055: 63ka
ECL155:
10-200E:   63kA
250-300E: 50kA 

See description for E-Rated
“Transformer & Feeder
Protection” fuses.

Data Sheet No. 9002
9004
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Conductor Protection

General
All conductors must be protected against overcurrents in accor-
dance with their ampacities, as set forth in NEC® 240.4. They must
also be protected against short-circuit current damage, as
required by 240.1 (Note) and 110.10. The safest, most economical
way to meet these requirements is through the use of current-limit-
ing fuses.

Fuse ampere ratings must not be greater than the ampacity of
the conductor. 240.3(B) states that if such conductor rating does
not correspond to a standard size fuse, the next larger size fuse
may be used, provided its rating does not exceed 800 amperes
and the conductor is not part of a multi-outlet branch
circuit supplying receptacles for cord and plug connected
portable loads. 

Standard fuse sizes per NEC® 240.6 are: 1, 3, 6, 10, 15, 20,
25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 110, 125, 150, 175, 200,
225, 250, 300, 350, 400, 450, 500, 600, 601, 700, 800, 1000, 1200,
1600, 2000, 2500, 3000, 4000, 5000, and 6000 amperes.

Note: The small fuse ampere ratings of 1, 3, 6, and 10 were
added to provide more effective short-circuit and ground-fault pro-
tection for motor circuits, in accordance with 430.40 and 430.52
and listing agency requirements for protecting the overload relays
in controllers for very small motors. 

Per NEC® 240.4
Flexible cords and extension cords shall have overcurrent protec-
tion rated at their ampacities. Supplementary fuse protection is an
acceptable method of protection. For 18 AWG fixture wire of 50
feet or more, a 6 amp fuse would provide the necessary protec-
tion. For 16 AWG fixture wire of 100 feet or more, an 8 amp fuse
would provide the necessary protection. For 18 AWG extension
cords, a 10 amp fuse would provide the necessary protection for a
cord where only two conductors are carrying current, and a 7 amp
fuse would provide the necessary protection for a cord where only
three conductors are carrying current.

Location of Fuses in Circuit (NEC® 240.21)
Fuses must be installed at the point where the conductor receives
its supply, i.e., at the beginning or lineside of a branch circuit or
feeder (240.21). 
A) Fuses are not required at the conductor supply if a feeder tap

conductor is not over ten feet long; is enclosed in raceway;
does not extend beyond the switchboard, panelboard or con-
trol device which it supplies; and has an ampacity not less than
the combined computed loads supplied, and not less than the
rating of the device supplied, unless the tap conductors are ter-
minated in a fuse not exceeding the tap conductor ampacity.
For field installed taps, the ampacity of the tap conductor must
be at least 10% of the overcurrent device rating [240.21(B)(1)].

B) Fuses are not required at the conductor supply if a feeder tap
conductor is not over 25 feet long; is suitably protected from
physical damage; has an ampacity not less than 1/3 that of the
device protecting the feeder conductors and terminate in a sin-
gle set of fuses sized not more that the tap conductor ampacity
[240.21(B)(2)].

C) Fuses are not required at the conductor supply if a transformer
feeder tap has primary conductors at least 1/3 the ampacity of
the overcurrent device protecting the feeder, and secondary
conductors are at least 1/3 the ampacity of the overcurrent
device protecting the feeder, when multiplied by the trans-
former turns ratio. The total length of one primary plus one sec-
ondary conductor (excluding any portion of the primary con-
ductor that is protected at its ampacity) is not over 25 feet in
length; the secondary conductors terminate in a set of fuses
rated at the ampacity of the tap conductors; and if the primary
and secondary conductors are suitably protected from physical
damage [240.21(B)(3)].

D) Fuses are not required at the conductor supply if a feeder tap
is not over 25 feet long horizontally and not over 100 feet long
total length in high bay manufacturing buildings where only
qualified persons will service such a system. Also, the ampacity
of the tap conductors is not less than 1/3 of the fuse rating from
which they are supplied. The size of the tap conductors must
be at least 6 AWG copper or 4 AWG aluminum. They may not
penetrate walls, floors, or ceilings, and the taps are made no
less than 30 feet from the floor. The tap conductors terminate in
a single set of fuses that limit the load to the ampacity of the tap
conductors. They are physically protected and contain no
splices.[240.21(B)(4)].

Note: Smaller conductors tapped to larger conductors can be a
serious hazard. If not adequately protected against short-circuit
conditions (as required in NEC® 110.10 and 240.1), these unpro-
tected conductors can vaporize or incur severe insulation damage.
Molten metal and ionized gas created by a vaporized conductor
can envelop other conductors (such as bare bus), causing equip-
ment burndown. Adequate short-circuit protection is recommend-
ed for all conductors. When a tap is made to a switchboard bus for
an adjacent panel, such as an emergency panel, the use of BUSS®

cable limiters is recommended for protection of the tapped con-
ductor. These current-limiting cable limiters are available in sizes
designed for short-circuit protection of conductors from 12 AWG to
1000 kcmil. BUSS® cable limiters are available in a variety of termi-
nations to make adaption to bus structures or conductors relatively
simple. 
E) Fuses are not required at the supply for an outside tap of

unlimited length where all of the following are met:
1) The conductors are outdoors except at the point of

load termination.
2) The conductors are protected from physical damage.
3) The conductors terminate in a single set of fuses that limit the

load to the ampacity of the conductors.
4) The fuses are a part of or immediately adjacent to the

disconnecting means.
5) The disconnecting means is readily accessible and is

installed outside or inside nearest the point of entrance
or where installed inside per 230.6 nearest the point of
conductor entrance. [240.21 (B)(5)]

F) Fuses are not required on the secondary of a single phase 2-
wire or three phase, three wire, delta-delta transformer to pro-
vide conductor protection where all of the following are met:
1) The transformer  is protected in accordance with 450.3.
2) The overcurrent protective device on the primary of the

transformer does not exceed the ampacity of the secondary
conductor multiplied by the secondary to primary voltage
ratio. [240.21 (C)(1)]
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Conductor Protection

Branch Circuits–Lighting And/Or Appliance Load (No Motor Load)
The branch circuit rating shall be classified in accordance with the 
rating of the overcurrent protective device. Classifications for those 
branch circuits other than individual loads shall be: 15, 20, 30, 40, 
and 50 amperes (210.3).

Branch circuit conductors must have an ampacity of the rat-
ing of the branch circuit and not less than the load to be served 
(210.19).

The minimum size branch circuit conductor that can be used
is 14 AWG (210.19). For exceptions to minimum conductor size,
see 210.19.

Branch circuit conductors and equipment must be protected 
by a fuse with an ampere rating which conforms to 210.20. 
Basically, the branch circuit conductor and fuse must be sized for 
non-continuous load (as calculated per Article 220) plus 125% of 
the continuous load. The fuse size must not be greater than the 
conductor ampacity (for exceptions, see 210.20). Branch circuits 
rated 15, 20, 30, 40, and 50 amperes with two or more outlets 
(other than receptacle circuits of 220.3(B) must be fused at their 
rating and the branch circuit conductor sized according to Table 
210.24 (see 210.24).

Feeder Circuits (No Motor Load)
The feeder fuse ampere rating and feeder conductor ampacity
must be at least 100% of the non-continuous load plus 125% of the
continuous load as calculated per Article 220. The feeder conduc-
tor must be protected by a fuse not greater than the conductor
ampacity (for exceptions, see 240.3). Motor loads shall be comput-
ed in accordance with Article 430; see subsection on Motor
Feeder Protection. For combination motor loads and other loads on
feeders, see subsection on feeder combination motor, power, and
lighting loads.

Service Equipment
Each ungrounded service entrance conductor shall have a fuse in
series with a rating not higher than the ampacity of the conductor
(for exceptions, see 230.90(A). The service fuses shall be part of
the service disconnecting means or be located immediately adja-
cent thereto (230.91).

Service disconnecting means can consist of one to six switch-
es for each service (230.71) or for each set of service entrance
conductors permitted in 230.2. When more than one switch is
used, the switches must be grouped together (230.71).

Service equipment must have adequate short-circuit ratings
for the short-circuit currents available. 

Transformer Secondary Conductors
Secondary conductors need to be protected from damage by the
proper overcurrent protective device. Although 240.3(F) provides
an exception for conductors supplied by a single phase trans-
former with a 2-wire secondary, or a three-phase delta-delta trans-
former with a 3-wire, single voltage secondary, it is recommended
that these conductors be protected. Primary overcurrent devices
cannot adequately provide protection during internal transformer
faults.

Motor Circuit Conductor Protection
Motors and motor circuits have unique operating characteristics
and circuit components and therefore must be dealt with differently
than other type loads. Generally, two levels of overcurrent protec-
tion are required for motor branch circuits:
1. Overload protection–Motor running overload protection is

intended to protect the system components and motor from
damaging overload currents.

2. Short-circuit protection (includes ground fault protection)–Short-
circuit protection is intended to protect the motor circuit compo-
nents such as the conductors, switches, controllers, overload
relays, etc. against short-circuit currents or grounds. This level
of protection is commonly referred to as motor branch circuit
protection.

Frequently, due to inherent limitations in various types of over-
current devices for motor application, two or more separate protec-
tive devices are used to provide overload protection and short-
circuit protection. An exception is the dual-element fuse. For most
motor applications, the beneficial features of dual-element fuse
characteristics allow sizing of the FUSETRON®  Class RK5 and 
LOW-PEAK® YELLOW Class RK1 fuses to provide both protection
functions for motor circuits.

G) Fuses are not required on the secondary of a transformer to
provide conductor protection where all of the following are met:
1) The secondary conductors are not over 10 ft. long.
2) The secondary conductors’ ampacity is not less than the

combined computed loads.
3) The secondary conductor ampacity is not less than the rating

of the device they supply or the rating of the overcurrent
device at their termination.

4) The secondary conductors do not extend beyond the enclo-
sure(s) of the equipment they supply and they are enclosed
in a raceway. [240.21(C)(2)]

H) Transformer secondary conductors do not require fuses at the
transformer terminals when all of the following conditions are
met.
1) Must be an industrial location.
2) Secondary conductors must not be more than 25 feet long.
3) Secondary conductor ampacity must be at least equal to

the secondary full-load current of transformer and sum of
terminating, grouped, overcurrent devices.

4) Secondary conductors must be protected from physical
damage. [240.21(C)(3)]

Note: Switchboard and panelboard protection (408.16) and trans-
former protection (450.3) must still be observed.
I) Outside conductors that are tapped to a feeder or connected to

the secondary terminals of a transformer do not require fuse
protection when all of the following are met:
1) The conductors are protected from physical damage.
2) The conductors terminate in a single set of fuses, no larger

than the ampacity of the conductors.
3) The conductors are outside, except for point of load termi-

nation.
4) The overcurrent device is near or a part of the disconnect-

ing means.
5) The disconnecting means is readily accessible outdoors or,

if indoors, nearest the point of the entrance of the conduc-
tors or where installed inside per 230.6 nearest the point of
conductor entrance. [240.21(C)(4)]
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Equipment Protection
Listed or Labeled Equipment
Listed or labeled equipment must be installed in accordance with
instructions included in the listing or labeling [110.3(B)]. Be sure to
observe maximum branch circuit fuse size labels. When the equipment
label is marked with a Maximum Fuse Ampere Rating rather than
marked with Maximum Overcurrent Device Ampere Rating, only fuses
can be used for protection of this equipment.

Panelboards
A maximum of 42 fuses (excluding main fuses) are permitted to be
installed in a lighting and appliance branch circuit panelboard
(408.15). Each lighting and appliance branch circuit panelboard
must be individually protected on the supply side by not more than
two sets of fuses having a combined rating not greater than that of
the panelboard (408.16). Exception No. 1: Individual protection is not
required when the panelboard feeder has overcurrent protection not
greater than that of the panelboard. Exception No. 2: Individual pro-
tection in existing installations is not required for individual residential
occupancy service entrance panelboards [408.16(A)]. A power pan-
elboard having supply conductors which include a neutral and hav-
ing more than 10% of its overcurrent devices protecting branch cir-
cuits of 30 amperes or less, shall have individual protection on the
line side not greater than the rating of the panelboard. Individual pro-
tection is not required when the power panel is used as service
equipment in accordance with 230.71 [408.16(B)].  Panels with snap
switches rated at 30 amperes or less must be protected by fuses not
larger than 200 amperes [408.16(C)]. Fusible panelboards are avail-
able with heavy duty toggle switches rated more than 30 amperes;
these panelboards are not restricted by this 200 ampere requirement.

When the load continues for more than 3 hours under normal opera-
tion, the total load on any fuse in the panelboard should not exceed 80% of
the fuse rating [408.16(D)]. Exception No. 1: Where the assembly including
the overcurrent device is approved for continuous duty at 100% of its rating.

If the panelboard is supplied through a transformer, the fuses for
the protection of the panelboard must be located on the transformer
secondary [408.16(E)] except when the fuse on the primary complies
with 240.2(C)(1). [408.16(E) Exception].

Appliances
Appliance branch circuits shall be protected in accordance with 240.4.
If a fuse rating is marked on an appliance, the branch circuit fuse rating
cannot exceed that rating marked on the appliance [422.11(A)]. See
430.6(A)(1) exception No.3 for situations where the appliance is marked
with both a horsepower rating and an ampere rating.

For branch circuits which supply a single non-motor operated
appliance rated more than 13.3 amperes, the fuse rating shall not
exceed 150% of the appliance rating [422.11(E)(3)].

Electric heating appliances using resistance heating elements rated
more than 48 amperes shall have the heating elements subdivided such
that each subdivision does not exceed 48 amps and each subdivision shall
be protected by a branch circuit listed fuse not to exceed 60 amperes in rat-
ing. These fuses shall be factory installed by the heater manufacturer, be
accessible, and be suitable for branch circuit protection [422.11(F)(1)].

Fixed appliances are considered protected when supplied from 15,
20, 25, or 30 ampere branch circuits. Fixed cooking appliances are permit-
ted to be protected by 40 or 50 ampere branch circuits (210.23). Household
appliances with surface heating elements that have a maximum rating
greater than 60 amperes must be divided into two or more circuits, each of
which is protected by a fuse of no greater than 50 amperes [422.11(B)].

Portable appliances are considered as protected when supplied
from a 15, 20, or 30 ampere branch circuit (210-23).

Supplementary Protection
Supplementary overcurrent protection is permitted by the National
Electrical Code® for specific uses such as in lighting fixtures, appli-
ances, and other equipment or for certain internal control circuits and
components of equipment.  This type of protection must not be used as
a substitute for branch circuit protection as described in Article 210.
This type of protection is not required to be readily accessible as are
branch circuit devices.  There are a wide variety of supplementary fuses
and fuseholders, which have small physical dimensions and are easily

installed in or on equipment, appliances, or fixtures. The advantages of
supplementary protection are closer fuse sizing for better individual pro-
tection, isolation of equipment on overcurrents so that the branch circuit
fuse is not disturbed, ease in locating troubled equipment, and general-
ly direct access to the fuse at the location of the equipment.  For
instance, the in-line fuse and holder combination, such as the Type HLR
fuseholder with Type GLR or GMF fuses, protects and isolates fluores-
cent lighting fixtures in the event of an overcurrent.  

The Tri-National Standard for supplementary fuses is UL/
CSA/ANCE 248-14.  When supplementary overcurrent protective
devices are considered for proper use, it is important (1) not to use 
these devices as a substitute for branch circuit protection and (2) to be
sure that the device’s interrupting rating equals or exceeds the available
short-circuit current (see the discussion for 110.9 in this booklet). 

AIR CONDITIONING AND REFRIGERATION
Air conditioning and refrigeration equipment requirements are covered
in Article 440 of the National Electrical Code®. Hermetic motor-compres-
sors are not rated in “full-load amperes” as are standard motors.
Instead, different terms are used, such as Rated Load Current, Branch
Circuit Selection Current, Maximum Continuous Current, Minimum
Circuit Ampacity, and Maximum Overcurrent Protection. This equipment
has overcurrent protection requirements that differ from that for ordinary
motors covered in Article 430. Some highlights are presented here.

Branch Circuit Protection HVAC
Individual Motor-Compressor(s) and HVAC Equipment Having Motor-
Compressor(s) and Other Loads (Such as Fan Motors, Electric Heaters,
Coils, etc.).
Fuses sized for branch circuit protection only must not exceed 175%
of the hermetic motor-compressor rated-load current or branch circuit
selection current (whichever is larger). If this size fuse cannot with-
stand the motor starting current, a higher ampere rating is permitted,
but in no case can the fuse size exceed 225% [440.22(A)].

LOW-PEAK® YELLOW dual-element and FUSETRON® dual-
element fuses are recommended for branch circuit protection of air
conditioning and refrigeration hermetic motor-compressors because
these fuses have an adequate time-delay for motor starting surges.

Refer to the nameplate on the equipment. The sizing (ampere rat-
ing) for the overcurrent protection has been determined by the manu-
facturer of the equipment. It is not necessary to apply any further multi-
pliers to arrive at the proper size. This has already been done by the
manufacturer. The nameplate will indicate MAXIMUM SIZE FUSE. . .
or. . .MAXIMUM SIZE FUSE OR HACR TYPE CIRCUIT BREAKER.

The marked protective device rating is the maximum protective
device rating for which the equipment has been investigated and found
acceptable by nationally recognized testing laboratories. Where the mark-
ing specifies fuses, or “HACR” type circuit breakers, the equipment is
intended to be protected only by the type of protective device specified.

See “Listed or Labeled Equipment” for requirement when nameplate
states MAXIMUM SIZE FUSE. This is a critical requirement, and must be
followed without exception to be in compliance with 110.3(B) of the Code.
NEC® 110.3(B) requires that listed or labeled equipment must be installed
in accordance with any instructions included in the listing or labeling.

Disconnecting Means (Individual hermetic motor compressor)
The ampere rating of the disconnect shall be at least 115% of the com-
pressors rated load current or branch-circuit selection current, whichev-
er is greater [440.12(A)(1)]. 440.12(A)(1) Exception permits a nonfused
disconnect rated less than 115% of the specified current if this discon-
nect has a horsepower rating not less than the equivalent horsepower
rating per 440.12(A)(2).

The equivalent horsepower rating to comply with 430.109 can be
obtained by taking the larger horsepower value from: (1) NEC® Tables
430.148. 430.149 or 430.150 using the greater of either the rated load
current or the branch circuit selection current to select the correspond-
ing horsepower rating, or (2) horsepower rating from Tables 430.151(A)
and 430.151(B) corresponding to the locked-rotor current.  For both pre-
ceding (1) and (2), if the value falls between two horsepower ratings in a
table, the equivalent horsepower rating to use is the larger of the two; i.e.
round up to the larger hp. [430.12(A)(2)].
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Equipment Protection
Disconnecting Means (Equipment that has hermetic motor-compressor
and other loads)
The ampere rating of the disconnecting means must be at least
115% of the sum of all of the individual loads within the equipment
at rated load conditions [440.12(B)(2)]. 440.12(B)(2) Exception per-
mits a nonfused disconnect rated less than 115% of the sum of all the
individual loads if the disconnect has a horsepower rating not less
than the equivalent horsepower rating per 440.12(B)(1).

The horsepower rating of the disconnecting means must be at
least equal to the equivalent horsepower determined per
440.12(B)(1) which accounts for all the individual loads with the
equipment at rated load conditions.

Controller
The controller for a hermetic motor-compressor must have a continu-
ous duty full-load current rating not less than the nameplate rated cur-
rent or branch circuit selection current (whichever is larger) (440.41)
and the controller must also have a locked rotor current rating equal to
or greater than the locked rotor current of the compressor [440.41(A)].
Where the controller serves a hermetic motor-compressor(s) plus other
loads, the controller rating is determined according to 440.12(B), in
much the same manner as determining the disconnecting means rat-
ing. It may be necessary to refer to Tables 430.151(A) and 430.151(B)
to convert locked rotor current values to horsepower.

The branch circuit protective device rating shall not exceed the
maximum protective device rating shown on a manufacturer’s heater
table for use with a given motor controller [440.22(C)]. Where the
equipment is marked MAXIMUM SIZE FUSE ampere rating rather
than stating MAXIMUM OVERCURRENT DEVICE ampere rating,
only fuses can be used for the branch circuit protection.

Component Protection & Available Short-Circuit Current
As with most electrical equipment, HVAC equipment is listed
based upon circuits capable of delivering specific maximum val-
ues of short-circuit current.  Because of this, it is important that the
available fault current at the line side terminals of the equipment
does not exceed these values. For further discussion, see section
“Component Protection - HVAC Equipment”.

Room Air Conditioners
Room air conditioners (hermetic refrigerant motor-compressor)
installed in the conditioned room are considered as single-motor
units when the conditions of 440.62 are met. This condition also
applies to conditioners containing a heating unit. Branch circuit
requirements are determined by nameplate rating (440.62).

Because of all the fires caused by mistreated cords, single
phase cord-and-plug connected room air cnditioners are now
required to have either an AFCI (arc fault circuit interrupter) or a
LCDI (leakage current detection and interruption) attached to the
plug. 

Electric Heat
Electric space heating equipment employing resistance type heat-
ing elements, rated more than 48 amperes, must have heating ele-
ments subdivided. Each subdivided load must not exceed 48

amperes, and the fuse for each load should not exceed 60
amperes [424.22(B)]. If a subdivided load is less than 48 amperes,
the fuse rating should be 125% of that load.

Exception: Boilers employing resistance type immersion elec-
tric heating elements in an ASME rated and stamped vessel may
be subdivided into circuits not exceeding 120 amperes, and pro-
tected by a fuse at not more than 150 amperes [424.22(B) and
424.72(A)]. If a subdivided load is less than 120 amperes, the fuse
rating should be 125% of that load.

FUSETRON® dual-element fuses in the sizes required above
provide protection for electric heat applications (their lower internal
resistance offers cooler operation than ordinary fuses).

T-TRON® fast-acting fuses (JJN and JJS) in the sizes required
above provide protection for electric heat applications and offer
small physical size to reduce space and material cost.

Capacitors
The purpose of fusing capacitors is for short-circuit protection.
When a capacitor fails, it shorts out.  Proper fusing is intended to
remove the shorted capacitor from the circuit, prevent the shorted
capacitor from rupturing and protect the conductors from damage
due to short-circuit current.  However, proper fusing must also be
sized such that the capacitor can operate normally; that is the fuse
should not open due to the normal steady state current or the
inrush current when voltage is applied.  For example, when the cir-
cuit is switched on, a capacitor in the circuit can draw a very high
inrush current for a very brief time.  Therefore, a capacitor fuse
must have the characteristics to not open due to the initial inrush
current.  Also, the steady state current of a capacitor is directly
proportional to the applied voltage; when the voltage increases the
capacitor current increases.

A fuse must be provided in each ungrounded conductor (no
protection is required for a capacitor connected on the load-side
of a motor running overcurrent device). The fuse rating must be as
low as practical [460.8(B)]. Generally, size dual-element, current-
limiting fuses at 150% to 175% of the capacitor rated current and
size non-time-delay, fast-acting, current-limiting fuses at 250% to
300% of the capacitor rated current.

Conductor ampacity must be at least 135% of the capacitor
rated current [460.8(A)]. The ampacity of conductors for a capaci-
tor connected to a motor circuit must be 1/3 the ampacity of the
motor circuit conductors [460.8(A)].

Welders
Arc Welders must be protected by a fuse rated at not more than
200% of the rated primary current. The fuse protecting the supply
conductor can serve as the welder protection, if the fuse is rated at
not more than 200% of I1max or the welder rated primary current
[630.12(A)]. Conductors supplying one or more welders must be
protected by a fuse rated at not more than 200% of the conductor
rating [630.12(B)].

Resistance welders must be protected by a fuse rated at not
more than 300% of the rated primary current of the welder. The
fuse protecting the supply conductor can serve as the welder pro-
tection if the fuse is rated at not more than 200% of the welder
rated primary current [630.32(A)]. Conductors supplying one or
more welders must be protected by a fuse rated at not more than
300% of the conductor rating [630.32(B)].

For arc welder and resistance welder protection, FUSETRON®

and LOW-PEAK® YELLOW dual-element fuses can be sized much
closer than the above limits of 200% and 300%, respectively.
Generally, the ampere rating of these dual-element fuses can be
sized at 100% of the conductor ampacity as determined according to
the respective duty cycle multipliers found in 630.11(A), and
630.31(A)(2). As an example, for a resistance welder rated on a 50%
duty cycle, FUSETRON® or LOW-PEAK® YELLOW dual-element fuses
can be sized at 71% of the welder rated primary current.

/
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Equipment Protection
Hazardous (Classified) Locations
The characteristics of various atmospheric mixtures of hazardous
gases, vapors and dusts depend on the specific hazardous mate-
rial involved. It is necessary therefore that equipment be approved
not only for the class of location but also for the specific gas, vapor
or dust that will be present (500.5).

Class I, Divisions 1 and 2 [501.6(A) and 501.6(B)(3)]–Fuses
may be used provided they are within enclosures approved for the
purpose and location. In Division 2 locations, fuses are permitted
in general enclosures if they are non-indicating, filled and 
current-limiting. [501.6(B)(3)]. For a list of fuses meeting Class 1,
Div 2 requirements get Datasheet 8003 from www.bussmann.com.

Listed cartridge fuses shall be permitted in lighting fixtures
[501.6(B)(4)].

Class II, Division 1–Fuses must be provided with enclosures
approved for Class II locations [502.6(A)(1)].

Class II, Division 2–Fuses must be provided with dust tight
metal enclosures [502.6(B) and 502.10(B)(3)].

Class III, Fuses must be provided with dust tight enclosures
(503.4).

Mobile Homes
The branch circuit equipment may be combined with the disconnect-
ing means as a single assembly. Such a combination may be desig-
nated as a distribution panel. Plug fuses must be Type S (550.11).

Branch circuit overcurrent devices must be rated [550.11(B)]:
1. Not more than the circuit conductors,
2. Not more than 150% of the rating of a single appliance rated

13.3 amperes or more supplied by an individual branch circuit.
3. Not more than the fuse size marked on the air conditioner or

other motor-operated appliance.

Ballasts
Each light fixture ballast should be individually protected by fuses.
Fusing each fixture provides protection and isolation of a faulted bal-
last. When a ballast does fail, only the fuse for that fixture opens, and
the remaining fixtures continue in normal operation. Without this indi-
vidual ballast protection, a faulted ballast could cause the branch cir-
cuit protective device to open, thereby blacking out all fixtures.
Additionally, special integrally protected ballasts, known as Class P
Ballasts, are UL Listed under a 200A short-circuit test condition. This
test is conducted utilizing a fuse as the branch protection. The start-
ing current and continuous current characteristics for lighting ballast
can vary considerably for various manufacturers. For proper fuse
ampere rating, observe ballast manufacturer’s recommendation.

There is a wide variety of supplementary and branch circuit
fuses available for protection of light fixture ballasts including fluo-
rescent lighting, mercury vapor lighting, and sodium lighting,
indoor and outdoor.

See additional information under Component Protection–Ballasts

Transformers–600V or Less
The requirements of 450.3 cover only transformer protection. In
practice, other components must be considered in applying circuit
overcurrent protection. For circuits with transformers, requirements
for conductor protection per Articles 240 and 310 and for panel-
boards per Article 408, must be observed. Refer to 240.3(F),
240.21(B)(3), 240.21(C), 408.16(A), and 408.16(B).

Primary Fuse Protection Only [450.3(B)] (See Figure below) If
secondary fuse protection is not provided (as discussed in the
next Section) then the primary fuses must not be sized larger than
as shown below.

Individual transformer primary fuses are not necessary where
the primary circuit fuse provides this protection.

Primary Fuse Only
Primary Current Primary Fuse Rating
9 amps or more 125% or next higher standard rating if 

125% does not correspond to a standard fuse 
size.

2 amps to 9 amps 167% maximum
Less than 2 amps 300% maximum

Note: Section 450.3 requirements pertain only to transformer protec-
tion. Additional circuit overcurrent protection for conductors or panel-
boards may be required per Articles 240, 310, 408, 430.72.

Primary Fuse (600V or less) and Secondary Fuse (600V or less). If
secondary (600V or less) fuses are sized not greater than 125% of
transformer secondary current, individual transformer fuses are not
required in the primary (600V or less) provided the primary feeder
fuses are not larger than 250% of the transformer rated primary
current. [See Note 3 of Table 450.3(B) for overcurrent protection
requirements of thermally protected transformers].

Primary and Secondary Fuses
Secondary Current Primary Fuse Rating Secondary Fuse Rating
9 amps or more 250% max. 125% or next higher standard 

rating if 125% does not corre-
spond to a standard fuse size

Less than 9 amps 250% max. 167% max.

*

Fuse must not be larger than 125% of transformer primary F.L.A.
When no transformer secondary protection is provided
(exceptions as noted above).

Primary
600V

Or Less

Secondary
600V

Or Less

TRANSFORMER No Secondary
Protection

Individual primary transformer fuse or primary feeder fuse
must not be larger than 250% of primary full-load current
when secondary fuses are provided at 125%, except
as noted above.

Primary
600V

Or Less

Secondary
600V

Or Less

TRANSFORMER

Secondary Fuses at 125%
of secondary F.L.A. except
as noted above.

Transformer Protection                 
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If dual-element fuses are utilized as branch circuit protection,
the transformer can continue to be loaded with the five 83 amp
motors because 5 ≈ 110 = 550 amps, (less than the maximum 600
amps). If additional loads are improperly added in the future, over-
load protecton will be lost because the primary device can be sized
at 250%.

Design 3: If the single secondary overcurrent device is elimi-
nated and MCP’s are utilized as branch circuit protection, the
transformer will be seriously under-utilized because only one motor

can be connected. For one motor, 1 ≈ 700% of 83 = 581 amps. For
two motors, 2 ≈ 700% of 83 = 1162 amps. Since the sum of the
devices cannot exceed 600 amps, only one motor can be connect-
ed when the motor circuit is protected by an MCP.

Design 4: Using the same procedure, if the single secondary
main is eliminated and thermal magnetic circuit breakers are uti-
lized as branch circuit protection per 430.52, only three of the
motors can be connected because the thermal magnetic breakers
will have been sized at approximately 250% of the motor F.L.A. (83
≈ 250% = 207.5A.)
Note: If sized less than permitted by 430.52, nuisance tripping
may result since the new energy efficient motors have higher
inrush currents.

Note: Transformer overload protection will be sacrificed by using
overcurrent protective devices sized much greater than the trans-
former F.L.A. The limits of 150%, 167%, 250% and 300% may not
adequately protect transformers. It is suggested that for the high-
est degree of transformer overload protection the fuse size should
be within 125% of the transformer full-load amperes.

Normal magnetizing inrush currents for power transformers
can range from 10 times to 12 times the transformer full load cur-
rent, for up to 6 cycles, and as high as 25 times transformer full
load current at .01 seconds. Some transformers may have inrush
magnitudes substantially greater. Severe inrush should be com-
pared with melting times to assure that unnecessary opening of
the device does not occur.

There is a wide fuse ampere rating range available to
properly protect transformers. FUSETRON® Class RK5 and
LOW-PEAK® YELLOW Class RK1 dual-element fuses can be
sized on the transformer primary and/or secondary rated at
125% of the transformer F.L.A. These dual-element fuses have suf-
ficient time-delay to withstand the high magnetizing inrush currents
of transformers. There is a wide ampere rating selection in the 0 to
15 ampere range for these dual-element fuses to provide protec-
tion for even small control transformers.

The required secondary protection may be satisfied with mul-
tiple overcurrent devices that protect feeders fed from the trans-
former secondary. The total ampere rating of these multiple
devices may not exceed the allowed value of a single secondary
overcurrent device. If this method is chosen, dual-element, time-
delay fuse protection offers much greater flexibility. Note the fol-
lowing examples: 

Design 1 utilizes a single secondary overcurrent device. It
provides the greatest degree of selective coordination, transformer
protection, secondary cable protection, and switchboard/panel-
board/load center protection. The transformer cannot be overload-
ed to a significant degree if future loads are added (improperly).
With this arrangement the transformer’s full capacity is utilized.

Design 2: In this case the single secondary overcurrent device
is eliminated, much of the protection described in Design 1 will be
reduced.

M M M M M

250%

480/277V 150 KVA

208/120V IFLA = 417A

This fuse or circuit breaker may
be sized at 1.25 x 417A = 522A.
The exception allows the next 
standard size of 600A to be used.

200A
Switch

LPN-RK
110SP

LPN-RK
110SP

LPN-RK
110SP

LPN-RK
110SP

LPN-RK
110SP

83A 83A 83A 83A 83A

200A
Switch

200A
Switch

200A
Switch

200A
Switch

M M M M M

250%

480/277V 150 KVA

208/120V IFLA = 417A

200A
Switch

LPN-RK
110SP

LPN-RK
110SP

LPN-RK
110SP

LPN-RK
110SP

LPN-RK
110SP

83A 83A 83A 83A 83A

200A
Switch

200A
Switch

200A
Switch

200A
Switch

No Single Secondary Device

M

250%

480/277V 150 KVA

208/120V IFLA = 417A

Only one motor can be connected when 
the MCP is utilized, and this assumes the 
motor will start when the MCP is sized at 
700%. Higher settings will result in current 
rating higher than the maximum allowable 
600 amps.

83A

581A MCP

No Single Secondary Device

Design 1

Design 2

Design 3



38

Transformer Protection

Primary Protection Only
In supervised locations, the primary fuses can be sized at a maxi-
mum of 250%, or the next larger standard size if 250% does not
correspond to a standard fuse size.
Note: The use of “Primary Protection Only” does not remove the
requirements for compliance with Articles 240 & 408. See (FPN) in
Section 450.3, which references 240.4, 240.21, 240.100 and
240.101 for proper protection for secondary conductors.

E-Rated Fuses for Medium Voltage Potential & Small Power
Transformers
Low amperage, E-Rated medium voltage fuses are general 
purpose current-limiting fuses. A general purpose current-limiting
fuse is capable of interrupting all current from the rated interrupting
current down to the current that causes melting of the fusible element
in 1 hour (ANSI C37.40). The E rating defines the melting-time-current
characteristic of the fuse and permits electrical interchangeability of
fuses with the same E Rating. For a general purpose fuse to have 
an E Rating the following condition must be met: 

The current responsive element shall melt in 300 seconds at
an RMS current within the range of 200% to 240% of the continu-
ous current rating of the fuse, fuse refill, or link (ANSI C37.46).

Bussmann® low amperage, E-Rated fuses are designed to
provide primary protection for potential, small service, and control
transformers. These fuses offer a high level of fault current inter-
ruption in a self-contained non-venting package which can be
mounted indoors or in an enclosure.

Application
As for all current-limiting fuses, the basic application rules found in
the fuseology section of this brochure should be adhered to. In
addition, potential transformer fuses must have sufficient inrush
capacity to successfully pass through the magnetizing inrush cur-
rent of the transformer. If the fuse is not sized properly, it will open
before the load is energized. The maximum magnetizing inrush
currents to the transformer at system voltage, and the duration of
this inrush current varies with the transformer design. Magnetizing
inrush currents are usually denoted as a percentage of the trans-
former full-load current, i.e., 10≈, 12≈, 15≈, etc. The inrush current
duration is usually given in seconds. Where this information is
available, an easy check can be made on the appropriate
Bussmann minimum melting curve to verify proper fuse selection.
In lieu of transformer inrush data, the rule of thumb is to select a
fuse size rated at 300% of the primary full-load current and round
up to the next larger standard size.

Using a 200 ampere circuit breaker would allow only three
(600 ÷ 200) motors to be connected. To add two additional motors
of the same type as shown in Design 1 and Design 2 requires a
larger transformer - one that would have a 1000 ampere or more
secondary capability. A 300 KVA 208V transformer has a 830
ampere secondary rating which is not sufficient. Therefore, the
next standard size 3Ø transformer is a 400 KVA with a 1110
ampere capacity to meet the new rule.

Transformers–Over 600 Volts
Primary and Secondary Protection
In unsupervised locations, with primary over 600V, the primary fuse
can be sized at a maximum of 300%. If the secondary is also over
600V, the secondary fuses can be sized at a maximum of 250% for
transformers with impedances not greater than 6% or 225% for trans-
formers with impedances greater than 6% and not more than 10%. If
the secondary is 600V or below, the secondary fuses can be sized at a
maximum of 125%. Where these ratings do not correspond to a stan-
dard fuse size, the next higher standard size is permitted.

In supervised locations, the maximum ratings are as shown in
the next diagram. These are the same maximum settings as the
unsupervised locations except for secondary voltages of 600V or
less, where the secondary fuses can be sized at maximum of
250%.
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Design 4
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A fuse with an ‘X’ rating does not meet the electrical inter-
changeability for an ‘E’ rated fuse but offers the user other ratings
that may provide better protection for a particular application.

Application
Transformer protection is the most popular application of E-Rated
fuses. The fuse is applied to the primary of the transformer and is
used solely to prevent rupture of the transformer due to short-
circuits. It is important, therefore, to size the fuse so that it does not
clear on system inrush or permissible overload currents. See sec-
tion on transformers over 600V for applicable sizing recommenda-
tions. Magnetizing inrush must also be considered when sizing a
fuse. In general, power transformers have a magnetizing inrush
current of 12≈ the full-load rating for a duration of ⁄Ω¡º second.

Example:
The transformer manufacturer states that an 800VA 2400V, single
phase potential transformer has a magnetizing inrush current of
12≈ lasting for 0.1 second. 
A. I

FL
= 800VA/2400V = 0.333 ampere 

Inrush Current = 12 ≈ 0.333 = 4 amperes 
Since the voltage is 2400 volts we can use either a JCW-1E or
JCD-1 E. 
B. Using the rule of thumb–300% of 0.333 amperes is 0.999

amperes. 
Therefore we would choose a JCW-1E or JCD-1E.
Typical Potential Transformer Connections
The typical potential transformer connections encountered in
industry can be grouped into two categories:

E-Rated Fuses for Medium Voltage Transformers & Feeders
Bussmann® E-Rated medium voltage fuses are general purpose
current-limiting fuses. A general purpose current-limiting fuse is
capable of interrupting all currents from the rated interrupted cur-
rent down to the current that causes melting of the fusible element
in 1 hour (ANSI C37.40). The fuses carry either an ‘E’ or an ‘X’ rat-
ing which defines the melting-time-current characteristic of the
fuse. The ratings are used to allow electrical interchangeability
among different manufacturers’ fuses.

For a general purpose fuse to have an E rating, the following
conditions must be met:
1. 100E and below - the fuse element must melt in 300 seconds at

200% to 240% of its rating (ANSI C37.46).
2. Above 100E - the fuse element must melt in 600 seconds at

220% to 264% of its rating (ANSI C37.46).

1. Those connections which 
     require the fuse to pass
     only the magnetizing inrush 
     of one potential transformer.

2. Those connections which 
     must pass the magnetizing 
     inrush of more than one 
     potential transformer.

Three-Phase Transformers (Or Transformer Bank)
Transformer System Voltage
KVA Rating 2.4 kV 4.16 kV 4.8 kV

Full-load Fuse Full-load Fuse Full-load Fuse
Amperes Amperes Amperes

9 2.17 JCX-7E 1.25 JCY-5E 1.08 JCY-5E
15 3.6 JCX-10E 2.08 JCY-7E 1.8 JCY-7E
30 7.3 JCX-20E 4.2 JCY-15E 3.6 JCY-10E
45 10.8 JCX-25E 6.2 JCY-15E 5.4 JCY-15E
75 18.0 JCX-40E 10.4 JCY-25E 9.0 JCY-20E
112.5 27.0 JCX-65E 15.6 JCY-40E 13.5 JCY-30E
150 36.0 JCX-65E 20.8 JCY-40E 18.0 JCY-40E
225 54.0 JCX-100E 31.2 JCY-65E 27.0 JCY-65E
300 72.0 JCX-125E 41.6 JCY-80E 36.0 JCY-65E
500 120.0 JCX-200E 69.4 JCY-125E 60.0 JCY-100E
750 — — 104.0 JCY-150E 90.0 JCY-125E
1000 — — 139.0 JCY-200E 120.0 JCY-200E
Single-Phase Transformers
3 1.25 JCX-5E 0.72 JCY-3E 0.63 JCY-3E
5 2.08 JCX-7E 1.20 JCY-5E 1.04 JCY-5E
10 4.17 JCX-15E 2.40 JCY-7E 2.08 JCY-7E
15 6.25 JCX-15E 3.61 JCY-10E 3.13 JCY-10E
25 10.4 JCX-25E 6.01 JCY-15E 5.21 JCY-15E
37.5 15.6 JCX-40E 9.01 JCY-20E 7.81 JCY-20E
50 20.8 JCX-40E 12.0 JCY-25E 10.4 JCY-25E
75 31.3 JXC-65E 18.0 JCY-40E 15.6 JCY-30E
100 41.7 JCX-80E 24.0 JCY-80E 20.8 JCY-40E
167 70.0 JCX-100E 40.0 JCY-100E 35.0 JCY-65E
250 104.0 JCX-150E 60.0 JCY-125E 52.0 JCY-100E
333 139.0 JCX-200E 80.0 JCY-125E 69.5 JCY-100E
500 — — 120.0 JCY-200E 104.0 JCY-150E
667 — — — — 139.0 JCY-200E

Bussmann® Medium Voltage Fuse. E-Rated
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Elevator Circuits and Required Shunt Trip Disconnect — 
A Simple Solution.
When sprinklers are installed in elevator hoistways, machine
rooms, or machinery spaces, ANSI/ASME A17.1 requires that the
power be removed to the affected elevator upon or prior to the
activation of these sprinklers. This is an elevator code requirement
that affects the electrical installation. The electrical installation
allows this requirement to be implemented at the disconnecting
means for the elevator in NEC® 620.51(B). This requirement is
most commonly accomplished through the use of a shunt trip dis-
connect and its own control power. To make this situation even
more complicated, interface with the fire alarm system along with
the monitoring of components required by NFPA 72 must be
accomplished in order to activate the shunt trip action when
appropriate and as well as making sure that the system is function-
al during normal operation. This requires the use of interposing
relays that must be supplied in an additional enclosure. Other
requirements that have to be met include selective coordination for
multiple elevators (620.62) and hydraulic elevators with battery
lowering [620.91(C)].    

There is a simple solution available for engineering consultants,
contractors, and inspectors to help comply with all of these
requirements in one enclosure called the Bussmann® POWER
MODULE™.  

The POWER MODULE™ contains a shunt trip fusible switch togeth-
er with the components necessary to comply with the fire alarm sys-
tem requirements and shunt trip control power all in one package.
For engineering consultants this means a simplified specification.
For contractors this means a simplified installation because all that
has to be done is connecting the appropriate wires. For inspectors
this becomes simplified because everything is in one place with the
same wiring every time. The fusible portion of the switch utilizes
LOW-PEAK® LPJ-(amp)SP fuses that protect the elevator branch
circuit from the damaging effects of short-circuit currents as well as
helping to provide an easy method of selective coordination when
supplied with an upstream LOW-PEAK fuse with at least a 2:1 amp
rating ratio. More information about the Bussmann POWER MOD-
ULE™ can be found at www.bussmann.com. 

Elevator Selective Coordination Requirement
In the 2002 NEC®, 620.62 states: 

Where more than one driving machine disconnecting means is supplied
by a single feeder, the overcurrent protective devices in each disconnect-
ing means shall be selectively coordinated with any other supply side
overcurrent protective devices.

A design engineer must specify and the contractor must install
main, feeder, sub-feeder, and branch circuit protective devices
that are selectively coordinated for all values of overloads and
short-circuits. 

To better understand how to assess if the overcurrent protective
devices in an electrical system are selectively coordinated refer to
the Selective Coordination Section of this booklet.  Below is a brief
coordination assessment of an elevator system in a circuit breaker
system (example 1) and in a fuse system (example 2). 

Using the one-line diagram above, a coordination study must be
done to see that the system complies with the 620.62 selective
coordination requirement if EL-1, EL-2, and EL-3 are elevator
motors.

Go to the Selective Coordination section for a more indepth dis-
cussion on how to analyze systems to determine if selective coor-
dination can be achieved.

NEC®

• Selective Coordination

• Hydraulic Elevators

NFPA 72

• Fire Safety Interface

• Component Monitoring

ANSI/ASME A17.1

• Shunt Trip

Requirement

POWER MODULE™ Elevator Disconnect

All-in-One Solution for Three Disciplines
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Example 1 Circuit Breaker System
In this example, molded case circuit breakers (MCCB) will be used
for the branch and feeder protective devices and an insulated
case circuit breaker (ICCB) will be used for the main protective
device.

Looking at the time current curves for the circuit breaker in the fig-
ure above, where any two circuit breaker curves overlap is a lack
of selective coordination. The overlap indicates both devices open.
If any fault current greater than 750 amps and less than 3100
amps occurs at EL-1, EL-2 or EL-3, the 200A circuit breaker will
open as well as the 100A branch circuit breaker - this is not a
selectively coordinated system and does not meet the require-
ments of 620.62.  Fault currents above 3100 amps will open the
400A circuit breaker as well and faults above approximately
16,000 amperes will open the 1600 ampere circuit breaker - which
further illustrates the lack of coordination.  For a better understand-
ing of how to assess circuit breaker coordination, see the section
on Circuit Breaker Coordination in this book.
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Example 2 Fusible System
In our second example, LPJ-(amp)SP fuses will be used for the
branch protection, LPS-RK-(amp)SP fuses will be used for the
feeder protection, and KRP-C-(amp)SP fuses will be used for the
main protection.  

To verify selective coordination, go no further than the Fuse
Selectivity Ratio Guide in the Fuse Selective Coordination section
in this book.  The LOW-PEAK® fuses just require a 2:1 ampere rat-
ing ratio to assure selective coordination.  In this example, there is
a 4:1 ratio between the main fuse (1600A) and the first level feeder
fuse (400A) and a 2:1 ratio between the first level feeder fuse and
the second level feeder fuse (200A).  As well, there is a 2:1 ratio
between the second level feeder fuse and the branch circuit fuse
(100A).  Since a minimum of a 2:1 ratio is satisfied at all levels for
this system, selective coordination is achieved and 620.62 is met.

As just demonstrated in the prior paragraph, the fuse time current
curves do not have to be drawn to assess selective coordination.
For illustrative purposes, the time current curves for this example
are shown above.  
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Cable Limiter Applications

In residential systems, the cable limiters are normally installed
on a single cable per phase basis at the source end of the lateral
feeder to each residence.

RESIDENTIAL SERVICE ENTRANCE (Single cables per phase)
Cable limiters may be located on the supply side of the ser-

vice disconnecting means. The advantages of using cable limiters
on the supply side of the service disconnect are multi-fold:
1. Isolation of one or more faulted cables. Only the affected
cable(s) are removed from service by the cable limiters at each
end opening, (assuming 3 or more cables per phase, with cable
limiters on each end).
2. The isolation of a faulted cable permits the convenient schedul-
ing of repair service.
3. The hazard of equipment burndown due to a fault on the line-
side of the main overcurrent protective device is greatly reduced.
Typically, without cable limiters, a fault between the transformer
and service switchboard is given little or no protection.
4. Their current-limiting feature can be used to minimize arc flash
hazards by reducing the magnitude of the arc flash current and the
time of the arc flash exposure. There are many different cable limiters
available for cables from 12 AWG to 1,000 kcmil and many different
type terminations. Below is the listing of those most commonly used.

Copper Cable Limiter — 600V
Catalog Cable Catalog Cable
Symbol Size Symbol Size

KCY 4 AWG KCF 4/0 AWG
KCZ 3 AWG KCH 250 kcmil
KCA 2 AWG KCJ 350 kcmil
KCB 1 AWG KCM 500 kcmil
KCC 1/0 AWG KCV 600 kcmil
KCD 2/0 AWG KCR 750 kcmil
KCE 3/0 AWG KCS 1000 kcmil
Tubular Terminal and Offset Bolt-Type Terminal
KQV 12 AWG KDD 2/0 AWG
KQT 10 AWG KDE 3/0 AWG
KFZ 8 AWG KDF 4/0 AWG
KIG 6 AWG KDH 250 kcmil
KDY 4 AWG KDJ 350 kcmil
KDA 2 AWG KDM 500 kcmil
KDB 1 AWG KDU 600 kcmil
KDC 1/0 AWG KDR 750 kcmil
Compression Connector Rod Terminal and Tubular Terminal
KEX 4/0 AWG KQO 350 kcmil
KFH-A 250 kcmil KDT 500 kcmil
*Center Bolt-Type Terminal and Off-Set Bolt-Type Terminal
KPF 4/0 AWG KDP 500 kcmil
KFT 250 kcmil KFM 750 kcmil
KEW 350 kcmil
*Copper or aluminum cable; sizes of all other limiters pertain to copper only.

Cable Limiter Data Sheet No. 1042

Cable Limiters
Cable limiters are distinguished from fuses by their intended pur-
pose of providing only short-circuit response: they are not
designed to provide overload protection. Typically, cable limiters
are selected based on conductor size. They are available in a wide
range of types to accommodate the many conductor sizes, copper
or aluminum conductors, and a variety of termination methods.
There are two broad categories of cable limiters:
1. 600V or less rated-for large commercial, institutional and indus-

trial applications.
2. 250V or less rated-for residential and light commercial applica-

tions .
In institutional, commercial, and industrial systems, cable lim-

iters are used at both ends of each cable on 3 or more cables per
phase applications between the transformer and switchboard, as
illustrated in the diagram and photographs.

COMMERCIAL/INDUSTRIAL SERVICE ENTRANCE
(Multiple cables per phase)

Service
Disconnect

(Open) (Open)

Faulted cable isolated; only the cable
limiters in faulted cable open; others
remain in operation.

CABLE LIMITERS

Open
Faulted cable isolated; the other services continue
in operation without being disturbed

RESIDENCES

#4

#3

#2

#1
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3Ø Short-Circuit Calculations

Why Short-Circuit Calculations
Several sections of the National Electrical Code® relate to proper
overcurrent protection. Safe and reliable application of overcurrent
protective devices based on these sections mandate that a short-
circuit study and a selective coordination study be conducted.
These sections include, among others: 

110.9 Interrupting Rating
110.10 Component Protection
240.1 Conductor Protection
250.95 Equipment Grounding Conductor Protection
517.17 Health Care Facilities - Selective Coordination
620.62 Selective Coordination for Elevator Circuits

Compliance with these code sections can best be accom-
plished by conducting a short-circuit study as a start to the analysis.
The protection for an electrical system should not only be safe under
all service conditions but, to insure continuity of service, it should be
selectively coordinated as well. A coordinated system is one where
only the faulted circuit is isolated without disturbing any other part of
the system. Once the short-circuit levels are determined, the engi-
neer can specify proper interrupting rating requirements, selectively
coordinate the system and provide component protection. See the
various sections of this book for further information on each topic. 

Low voltage fuses have their interrupting rating expressed in
terms of the symmetrical component of short-circuit current, IS. They
are given an RMS symmetrical interrupting rating at a specific power
factor. This means that the fuse can interrupt the asymmetrical cur-
rent associated with this rating. Thus only the symmetrical compo-
nent of short-circuit current need be considered to determine the
necessary interrupting rating of a low voltage fuse. For listed low
voltage fuses, interrupting rating equals its interrupting capacity.

Low voltage molded case circuit breakers also have their inter-
rupting rating expressed in terms of RMS symmetrical amperes at a
specific power factor. However, it is necessary to determine a molded
case circuit breaker’s interrupting capacity in order to safely apply it.
See the section Interrupting Rating vs. Interrupting Capacity in this
book.

110.16 now requires arc-flash hazard warning labeling on
certain equipment. A flash hazard analysis is required before a
worker approaches electrical parts that have not been put into a
safe work condition. To determine the incident energy and flash
protection boundary for a flash hazard analysis the short-circuit
current is typically the first step. 

General Comments on Short-Circuit Calculations
Sources of short-circuit current that are normally taken under con-
sideration include:

- Utility Generation - Local Generation
- Synchronous Motors - Induction Motors
- Alternate Power Sources

Short-circuit calculations should be done at all critical points in the
system. These would include:

- Service Entrance - Transfer Switches
- Panel Boards - Load Centers
- Motor Control Centers - Disconnects
- Motor Starters - Motor Starters

Normally, short-circuit studies involve calculating a bolted 3-
phase fault condition. This can be characterized as all 3-phases “bolt-
ed” together to create a zero impedance connection. This establishes
a “worst case” (highest current) condition that results in maximum
three phase thermal and mechanical stress in the system. From this
calculation, other types of fault conditions can be approximated. This
“worst case” condition should be used for interrupting rating, compo-

nent protection and selective coordination. However, in doing an arc-
flash hazard analysis it is recommended to do the arc flash hazard
analysis at the highest bolted 3 phase short-circuit condition and at
the “minimum” bolted three-phase short-circuit condition. There are
several variables in a distribution system that affect calculated bolted
3-phase short-circuit currents. It is important to select the variable val-
ues applicable for the specific application analysis. In the Point-to-
Point method presented in this section there are several adjustment
factors given in Notes and footnotes that can be applied that will affect
the outcomes. The variables are utility source short-circuit capabilities,
motor contribution, transformer percent impedance tolerance, and
voltage variance.

In most situations, the utility source(s) or on-site energy
sources, such as on-site generation, are the major short-circuit cur-
rent contributors. In the Point-to-Point method presented in the next
few pages, the steps and example assume an infinite available
short-circuit current from the utility source. Generally this is a good
assumption for highest worst case conditions and since the property
owner has no control over the utility system and future utility
changes. And in many cases a large increase in the utility available
does not increase the short-circuit currents a great deal for a build-
ing system on the secondary of the service transformer. However,
there are cases where the actual utility medium voltage available
provides a more accurate short-circuit assessment (minimum bolted
short-circuit current conditions) that may be desired to assess the
arc flash hazard. 

When there are motors in the system, motor short-circuit contribu-
tion is also a very important factor that must be included in any short-cir-
cuit current analysis. When a short-circuit occurs, motor contribution
adds to the magnitude of the short-circuit current; running motors con-
tribute 4 to 6 times their normal full load current. In addition, series rated
combinations can not be used in specific situations due to motor short-
circuit contributions (see the section on Series Ratings in this book).

For capacitor discharge currents, which are of short time
duration, certain IEEE (Institute of Electrical and Electronic
Engineers) publications detail how to calculate these currents if they
are substantial.

Procedures and Methods
To determine the fault current at any point in the system, first draw
a one-line diagram showing all of the sources of short-circuit cur-
rent feeding into the fault, as well as the impedances of the circuit
components.

To begin the study, the system components, including those
of the utility system, are represented as impedances in the 
diagram.

The impedance tables include three-phase and single-phase
transformers, cable, and busway. These tables can be used if
information from the manufacturers is not readily available.

It must be understood that short-circuit calculations are per-
formed without current-limiting devices in the system. Calculations are
done as though these devices are replaced with copper bars, to deter-
mine the maximum “available” short-circuit current. This is necessary to
project how the system and the current-limiting devices will perform.

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

The application of the point-to-point method permits the
determination of available short-circuit currents with a reasonable
degree of accuracy at various points for either 3Ø or 1Ø electrical
distribution systems. This method can assume unlimited primary
short-circuit current (infinite bus) or it can be used with limited pri-
mary available current.



3Ø Short-Circuit Calculations

Basic Point-to-Point Calculation Procedure
Step 1. Determine the transformer full load amperes (F.L.A.) from
either the nameplate, the following formulas or Table 1:

3Ø Transformer IF.L.A. = KVA x 1000
EL-L

x 1.732

1Ø Transformer IF.L.A.= KVA x 1000
EL-L

Step 2. Find the transformer multiplier. See Notes 1 and 2

Multiplier = 100
*%Ztransformer

Note 1. Get %Z from nameplate or Table 1. Transformer impedance (Z) helps to
determine what the short circuit current will be at the transformer secondary.
Transformer impedance is determined as follows: The transformer secondary is
short circuited. Voltage is increased on the primary until full load current flows in
the secondary. This applied voltage divided by the rated primary voltage (times
100) is the impedance of the transformer.
Example: For a 480 Volt rated primary, if 9.6 volts causes secondary full load
current to flow through the shorted secondary, the transformer impedance is
9.6/480 = .02 = 2%Z.
Note 2. In addition, UL (Std. 1561) listed transformers 25KVA and larger
have a ± 10% impedance tolerance. Short circuit amperes can be affected
by this tolerance. Therefore, for high end worst case, multiply %Z by .9. For
low end of worst case, multiply %Z by 1.1. Transformers constructed to ANSI
standards have a ±7.5% impedance tolerance (two-winding construction).

Step 3. Determine by formula or Table 1 the transformer let-through
short-circuit current. See Notes 3 and 4.

IS.C. = TransformerF.L.A. x Multiplier

Note 3. Utility voltages may vary ±10% for power and ±5.8% for 120 Volt lighting
services. Therefore, for highest short-circuit conditions, multiply values as calcu-
lated in step 3 by 1.1 or 1.058 respectively. To find the lower end worst case,
multiply results in step 3 by .9 or .942 respectively.
Note 4. Motor short-circuit contribution, if significant, may be added at all fault
locations throughout the system. A practical estimate of motor short-circuit
contribution is to multiply the total motor current in amperes by 4. Values of 4
to 6 are commonly accepted.

Step 4. Calculate the "f" factor.

3Ø Faults f = 1.732 x L x I3Ø
C x n x EL-L

1Ø Line-to-Line (L-L) Faults 
2 x L x IL-LSee Note 5 & Table 3 f =
C x n x EL-L

1Ø Line-to-Neutral (L-N) Faults
2 x L x IL-N

†

See Note 5 & Table 3 f =
C x n x EL-N

Where:
L = length (feet) of conductor to the fault.
C = constant from Table 4 of “C” values for conductors and

Table 5 of “C” values for busway.  
n = Number of conductors per phase (adjusts C value for

parallel runs)
I = available short-circuit current in amperes at beginning

of circuit.

Note 5. The L-N fault current is higher than the L-L fault current at the sec-
ondary terminals of a single-phase center-tapped transformer. The short-cir-
cuit current available (I) for this case in Step 4 should be adjusted at the
transformer terminals as follows: At L-N center tapped transformer terminals,
IL-N = 1.5 x IL-L at Transformer Terminals.
At some distance from the terminals, depending upon wire size, the L-N fault
current is lower than the L-L fault current. The 1.5 multiplier is an approxima-
tion and will theoretically vary from 1.33 to 1.67. These figures are based on
change in turns ratio between primary and secondary, infinite source avail-
able, zero feet from terminals of transformer, and 1.2 x %X and 1.5 x %R for
L-N vs. L-L resistance and reactance values. Begin L-N calculations at
transformer secondary terminals, then proceed point-to-point.

Step 5. Calculate "M" (multiplier) or take from Table 2.

M = 1
1 + f

Step 6. Calculate the available short-circuit symmetrical RMS cur-
rent at the point of fault. Add motor contribution, if applicable.

IS.C. sym RMS = IS.C. x M

Step 6A. Motor short-circuit contribution, if significant, may be added at all
fault locations throughout the system. A practical estimate of motor short-cir-
cuit contribution is to multiply the total motor current in amperes by 4. Values
of 4 to 6 are commonly accepted.

Calculation of Short-Circuit Currents at Second Transformer in System
Use the following procedure to calculate the level of fault cur-

rent at the secondary of a second, downstream transformer in a
system when the level of fault current at the transformer primary is
known.

Procedure for Second Transformer in System

Step A. Calculate the "f" factor (IS.C. primary known)

3Ø Transformer
(IS.C. primary and

f =
IS.C. primary x Vprimary x 1.73 (%Z)

IS.C. secondary are 100,000 x KVA transformer
3Ø fault values)

1Ø Transformer
(IS.C. primary and 
IS.C. secondary are f = 

IS.C. primary x Vprimary x (%Z)

1Ø fault values: 100,000 x KVA transformer

IS.C. secondary is L-L)

Step B. Calculate "M" (multiplier).

M = 1
1 + f

Step C. Calculate the short-circuit current at the secondary of the
transformer. (See Note under Step 3 of "Basic Point-to-Point
Calculation Procedure".)

IS.C. secondary =
Vprimary x M x IS.C. primaryVsecondary

*

*
MAIN

TRANSFORMER

H.V. UTILITY
CONNECTION

IS.C. primary IS.C. secondary

IS.C. secondaryIS.C. primary

†
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Fault X2

Step 4. f = 1.732 x 20 x 33,215 = .1049
2 x 11,424 x 480

Step 5. M = 1   
= .905

1 + .1049

Step 6. IS.C.sym RMS = 33,215 x .905 = 30,059A

Fault X3

Step A. f = 30,059 x 480 x 1.732 x 1.2 = 1.333
100,000 x 225

Step B. M = 1         = .4286
1 + 1.333

Step C. IS.C. sym RMS = 480 x .4286 x 30,059 = 29,731A
208

3Ø Short-Circuit Calculations

Available Utility 
Infinite Assumption

1500 KVA Transformer,
480V, 3Ø, 3.5%Z,
3.45%X, .56%R

If.l. =1804A

25' - 500kcmil
6 Per Phase
Service Entrance
Conductors in Steel Conduit

2000A Switch

KRP-C-2000SP Fuse

Fault X1

400A Switch

LPS-RK-400SP Fuse

50' - 500 kcmil
Feeder Cable
in Steel Conduit

Fault X2

Motor Contribution M

Fault X1

Step 1. If.l. = 1500 x 1000 = 1804A
480 x 1.732

Step 2. Multiplier = 100 = 28.57
3.5

Step 3. IS.C.=1804 x 28.57 = 51,540A

IS.C. motor contrib = 4 x 1,804* = 7,216A

Itotal S.C. sym RMS = 51,504 + 7,216 = 58,720A

Step 4. f = 1.732 x 25 x 51,540 = 0.0349
22,185 x 6 x 480

Step 5. M = 1 = .9663
1 + .0349

Step 6. IS.C.sym RMS = 51,540 x .9663 = 49,803A 

IS.C.motor contrib = 4 x 1,804* = 7,216A

ItotalS.C. sym RMS = 49,803 + 7,216 = 57,019A
(fault X1)

One-Line DiagramSystem A

System B Fault X1

Step 1. If.l. = 1000 x 1000 = 1203A
480 x 1.732

Step 2. Multiplier = 100 = 28.57
3.5

Step 3. IS.C. = 1203 x 28.57 = 34,370A

Step 4. f = 1.732 x 30 x 34,370 = .0348
26,706 x 4 x 480

Step 5. M = 1     = .9664
1 + .0348

Step 6. IS.C.sym RMS = 34,370 x .9664 = 33,215A

Available Utility 
Infinite Assumption

1000 KVA Transformer,  
480V, 3Ø,
3.5%Z

If.l.= 1203A

30’ - 500 kcmil 
4 Per Phase 
Copper in PVC Conduit

1600A Switch 

KRP-C-1500SP Fuse

Fault X1

400A Switch

LPS-RK-350SP Fuse

20’ - 2/0 
2 Per Phase
Copper in PVC Conduit 

Fault X2

225 KVA transformer,
208V, 3Ø
1.2%Z

Fault X3

One-Line Diagram

1

1

3

2

2

Fault X2

Step 4. Use IS.C.sym RMS @ Fault X1 to calculate “f”

f = 1.732 x 50 x 49,803 = .4050
22,185 x 480

Step 5. M = 1 = .7117
1 + .4050

Step 6. IS.C.sym RMS = 49,803 x .7117 = 35,445A

Isym motor contrib = 4 x 1,804* = 7,216A

Itotal S.C. sym RMS
(fault X2)

= 35,445 + 7,216 = 42,661A

*Assumes 100% motor load. If 50% of this load was from motors, IS.C. motor contrib. = 4 x 1,804 x .5 = 3608A
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1Ø Short-Circuit Calculations

Short-circuit calculations on a single-phase center tapped trans-
former system require a slightly different procedure than 3Ø faults
on 3Ø systems.

1. It is necessary that the proper impedance be used to represent
the primary system. For 3Ø fault calculations, a single primary con-
ductor impedance is only considered from the source to the trans-
former connection. This is compensated for in the 3Ø short-circuit
formula by multiplying the single conductor or single-phase
impedance by 1.73.

However, for single-phase faults, a primary conductor
impedance is considered from the source to the transformer and
back to the source. This is compensated in the calculations by
multiplying the 3Ø primary source impedance by two.

2. The impedance of the center-tapped transformer must be
adjusted for the half-winding (generally line-to-neutral) fault condi-
tion.

The diagram at the right illustrates that during line-to-neutral
faults, the full primary winding is involved but, only the half-winding
on the secondary is involved. Therefore, the actual transformer
reactance and resistance of the half-winding condition is different
than the actual transformer reactance and resistance of the full
winding condition. Thus, adjustment to the %X and %R must be
made when considering line-to-neutral faults. The adjustment mul-
tipliers generally used for this condition are as follows:

1.5 times full winding %R on full winding basis.
1.2 times full winding %X on full winding basis.

Note: %R and %X multipliers given in “Impedance Data for Single
Phase Transformers” Table may be used, however, calculations
must be adjusted to indicate transformer KVA/2.

3. The impedance of the cable and two-pole switches on the sys-
tem must be considered “both-ways” since the current flows to the
fault and then returns to the source. For instance, if a line-to-line
fault occurs 50 feet from a transformer, then 100 feet of cable
impedance must be included in the calculation.

The calculations on the following pages illustrate 1Ø fault cal-
culations on a single-phase transformer system. Both line-to-line
and line-to-neutral faults are considered.

Note in these examples:
a. The multiplier of 2 for some electrical components to account

for the single-phase fault current flow,
b. The half-winding transformer %X and %R multipliers for the line-

to-neutral fault situation, and

PRIMARY

SECONDARY

SHORT
CIRCUIT

PRIMARY

SECONDARY

SHORT CIRCUIT

L2 N L1

SHORT CIRCUIT

L1

N

L2

A

B

C

50 feet
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1Ø Short-Circuit Calculations

Line-to-Line Fault @ 240V — Fault X1

Line-to-Neutral Fault @ 120V — Fault X1

Available Utility
Infinite Assumption

75KVA, 1Ø Transformer,
1.22%X, .68%R
1.40%Z 
120/240V

Negligible Distance

400A Switch

LPN-RK-400SP Fuse

25' - 500kcmil

Magnetic Conduit

One-Line Diagram

1

Fault X1

Step 1. If.l. = 75 x 1000 = 312.5A240

Step 2. Multiplier = 100 = 71.43
1.40

Step 3. IS.C. = 312.5 x 71.43 = 22,322A

Step 4. f = 2 x 25 x 22,322 = .2096
22,185 x 240

Step 5. 1 = .8267M =
1 + .2096

Step 6. IS.C. L-L (X1) = 22,322 x .8267 = 18,453A

*

Fault X1

Step 1. If.l. = 75 x 1000 = 312.5A
240

Step 2. Multiplier = 100 = 71.43
1.40

Step 3. IS.C. (L-L) = 312.5 x 71.43 = 22,322A

IS.C. (L-N) = 22,322 x 1.5 = 33,483A

Step 4. f = 2*x 25 x 22,322 x 1.5 = .6288
22,185 x 120

Step 5. 1 = .6139M =
1 + .6288

Step 6. IS.C. L-N (X1) = 33,483 x .6139 = 20,555A

Assumes the neutral conductor and the line conductor are the
same size.

Available Utility
Infinite Assumption

75KVA, 1Ø Transformer,
1.22% X, .68%R,
1.40%Z 
120/240V

Negligible Distance

400A Switch

LPN-RK-400SP Fuse

25' - 500kcmil

Magnetic Conduit

One-Line Diagram

1
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Table 3.
Various Types of Short Circuit Currents as a Percent of Three Phase
Bolted Faults (Typical).
Three Phase Bolted Fault 100%

Line-to-Line Bolted Fault 87% 

Line-to-Ground Bolted Fault 25-125%* (Use 100% near trans-

former, 50% otherwise)

Line-to-Neutral Bolted Fault 25-125% (Use 100% near tans-

former, 50% otherwise)

Three Phase Arcing Fault 89% (maximum)

Line-to-Line Arcing Fault 74% (maximum)

Line-to-Ground Arcing Fault (minimum) 38% (minimum)

*Typically much lower but can actually exceed the Three Phase Bolted Fault   
if it is near the transformer terminals. Will normally be between 25% to 125%
of three phase bolted fault value.

Short-Circuit, Impedance and Reactance Data

Impedance Data for Single-Phase Transformers
Suggested Normal Range Impedance Multipliers**
X/R Ratio of Percent For Line-to-Neutral 

kVA for Impedance (%Z)* Faults
1Ø Calculation for %X  for %R
25.0 1.1 1.2–6.0 0.6 0.75
37.5 1.4 1.2–6.5 0.6 0.75
50.0 1.6 1.2–6.4 0.6 0.75
75.0 1.8 1.2–6.6 0.6 0.75

100.0 2.0 1.3–5.7 0.6 0.75
167.0 2.5 1.4–6.1 1.0 0.75
250.0 3.6 1.9–6.8 1.0 0.75
333.0 4.7 2.4–6.0 1.0 0.75
500.0 5.5 2.2–5.4 1.0 0.75
National standards do not specify %Z for single-phase transformers. Consult
manufacturer for values to use in calculation.
Based on rated current of the winding (one–half nameplate KVA divided by
secondary line-to-neutral voltage).

Note: UL Listed transformers 25 KVA and greater have a ± 10%
tolerance on their impedance nameplate.

This table has been reprinted from IEEE Std 242-1986 (R1991),
IEEE Recommended Practice for Protection and Coordination of
Industrial and Commercial Power Systems, Copyright© 1986 by
the Institute of Electrical and Electronics Engineers, Inc. with the
permission of the IEEE Standards Department.

.Impedance Data for Single-Phase and Three-Phase Transformers-
Supplement†

kVA Suggested
1Ø 3Ø %Z X/R Ratio for Calculation
10 — 1.2 1.1
15 — 1.3 1.1

75 1.11 1.5
150 1.07 1.5
225 1.12 1.5
300 1.11 1.5

333 — 1.9 4.7
500 1.24 1.5

500 — 2.1 5.5
†These represent actual transformer nameplate ratings taken from field
installations.

Note: UL Listed transformers 25KVA and greater have a ±10% tol-
erance on their impedance nameplate.

Table 1.  Short-Circuit Currents Available from Various Size Transformers
(Based Upon actual field nameplate data or from utility transformer worst
case impedance)
Voltage Full % Short
and Load Impedance†† Circuit
Phase KVA Amps (Nameplate) Amps†

25 104 1.5 12175
37.5 156 1.5 18018

120/240 50 208 1.5 23706
1 ph.* 75 313 1.5 34639

100 417 1.6 42472
167 696 1.6 66644
45 125 1.0 13879
75 208 1.0 23132

112.5 312 1.11 31259
150 416 1.07 43237

120/208 225 625 1.12 61960
3 ph.** 300 833 1.11 83357

500 1388 1.24 124364
750 2082 3.50 66091

1000 2776 3.50 88121
1500 4164 3.50 132181
2000 5552 4.00 154211
2500 6940 4.00 192764

75 90 1.00 10035
112.5 135 1.00 15053
150 181 1.20 16726
225 271 1.20 25088
300 361 1.20 33451

277/480 500 602 1.30 51463
3 ph.** 750 903 3.50 28672

1000 1204 3.50 38230
1500 1806 3.50 57345
2000 2408 4.00 66902
2500 3011 4.00 83628

Single-phase values are L-N values at transformer terminals. These figures
are based on change in turns ratio between primary and secondary, 100,000
KVA primary, zero feet from terminals of transformer, 1.2 (%X) and 1.5 (%R)
multipliers for L-N vs. L-L reactance and resistance values and transformer
X/R ratio = 3.

Three-phase short-circuit currents based on “infinite” primary.

UL listed transformers 25 KVA or greater have a ±10% impedance toler-
ance. Short-circuit amps shown in Table 1 reflect –10% condition. Trans-
formers constructed to ANSI standards have a ±7.5% impedance tolerance
(two-winding construction).

Fluctuations in system voltage will affect the available short-circuit current.
For example, a 10% increase in system voltage will result in a 10% greater
available short-circuit currents than as shown in Table 1.

**

†

*

††

TRANSFORMERS

**

*

f M 
0.01 0.99
0.02 0.98
0.03 0.97
0.04 0.96
0.05 0.95
0.06 0.94
0.07 0.93
0.08 0.93
0.09 0.92
0.10 0.91
0.15 0.87
0.20 0.83
0.25 0.80
0.30 0.77
0.35 0.74
0.40 0.71

f M 
0.50 0.67
0.60 0.63
0.70 0.59
0.80 0.55
0.90 0.53
1.00 0.50
1.20 0.45
1.50 0.40
1.75 0.36
2.00 0.33
2.50 0.29
3.00 0.25
3.50 0.22
4.00 0.20
5.00 0.17
6.00 0.14

f M 
7.00 0.13
8.00 0.11
9.00 0.10

10.00 0.09
15.00 0.06
20.00 0.05
30.00 0.03
40.00 0.02
50.00 0.02
60.00 0.02
70.00 0.01
80.00 0.01
90.00 0.01

100.00 0.01

Table 2.  “M” (Multiplier)
1

1 + f
M =



49

“C” Values for Conductors and Busway

Table 4. “C” Values for Conductors 
Copper
AWG Three Single Conductors Three-Conductor Cable
or Conduit Conduit
kcmil Steel Nonmagnetic Steel Nonmagnetic

600V 5kV 15kV 600V 5kV 15kV 600V 5kV 15kV 600V 5kV 15kV
14 389 - - 389 - - 389 - - 389 - -
12 617 - - 617 - - 617 - - 617 - -
10 981 - - 982 - - 982 - - 982 - -
8 1557 1551 - 1559 1555 - 1559 1557 - 1560 1558 -
6 2425 2406 2389 2430 2418 2407 2431 2425 2415 2433 2428 2421
4 3806 3751 3696 3826 3789 3753 3830 3812 3779 3838 3823 3798
3 4774 4674 4577 4811 4745 4679 4820 4785 4726 4833 4803 4762
2 5907 5736 5574 6044 5926 5809 5989 5930 5828 6087 6023 5958
1 7293 7029 6759 7493 7307 7109 7454 7365 7189 7579 7507 7364

1/0 8925 8544 7973 9317 9034 8590 9210 9086 8708 9473 9373 9053
2/0 10755 10062 9390 11424 10878 10319 11245 11045 10500 11703 11529 11053
3/0 12844 11804 11022 13923 13048 12360 13656 13333 12613 14410 14119 13462
4/0 15082 13606 12543 16673 15351 14347 16392 15890 14813 17483 17020 16013

250 16483 14925 13644 18594 17121 15866 18311 17851 16466 19779 19352 18001
300 18177 16293 14769 20868 18975 17409 20617 20052 18319 22525 21938 20163
350 19704 17385 15678 22737 20526 18672 22646 21914 19821 24904 24126 21982
400 20566 18235 16366 24297 21786 19731 24253 23372 21042 26916 26044 23518
500 22185 19172 17492 26706 23277 21330 26980 25449 23126 30096 28712 25916
600 22965 20567 17962 28033 25204 22097 28752 27975 24897 32154 31258 27766
750 24137 21387 18889 29735 26453 23408 31051 30024 26933 34605 33315 29735

1,000 25278 22539 19923 31491 28083 24887 33864 32689 29320 37197 35749 31959
Aluminum

14 237 - - 237 - - 237 - - 237 - -
12 376 - - 376 - - 376 - - 376 - -
10 599 - - 599 - - 599 - - 599 - -
8 951 950 - 952 951 - 952 951 - 952 952 -
6 1481 1476 1472 1482 1479 1476 1482 1480 1478 1482 1481 1479
4 2346 2333 2319 2350 2342 2333 2351 2347 2339 2353 2350 2344
3 2952 2928 2904 2961 2945 2929 2963 2955 2941 2966 2959 2949
2 3713 3670 3626 3730 3702 3673 3734 3719 3693 3740 3725 3709
1 4645 4575 4498 4678 4632 4580 4686 4664 4618 4699 4682 4646

1/0 5777 5670 5493 5838 5766 5646 5852 5820 5717 5876 5852 5771
2/0 7187 6968 6733 7301 7153 6986 7327 7271 7109 7373 7329 7202
3/0 8826 8467 8163 9110 8851 8627 9077 8981 8751 9243 9164 8977
4/0 10741 10167 9700 11174 10749 10387 11185 11022 10642 11409 11277 10969

250 12122 11460 10849 12862 12343 11847 12797 12636 12115 13236 13106 12661
300 13910 13009 12193 14923 14183 13492 14917 14698 13973 15495 15300 14659
350 15484 14280 13288 16813 15858 14955 16795 16490 15541 17635 17352 16501
400 16671 15355 14188 18506 17321 16234 18462 18064 16921 19588 19244 18154
500 18756 16828 15657 21391 19503 18315 21395 20607 19314 23018 22381 20978
600 20093 18428 16484 23451 21718 19635 23633 23196 21349 25708 25244 23295
750 21766 19685 17686 25976 23702 21437 26432 25790 23750 29036 28262 25976

1,000 23478 21235 19006 28779 26109 23482 29865 29049 26608 32938 31920 29135
Note:  These values are equal to one over the impedance per foot and based upon resistance and reactance values found in IEEE Std 241-1990 (Gray Book), IEEE Recommended Practice for Electric Power
Systems in Commerical Buildings & IEEE Std 242-1986 (Buff Book), IEEE Recommended Practice for Protection and Coordination of Industrial and Commercial Power Systems.  Where resistance and reac-
tance values differ or are not available, the Buff Book values have been used.  The values for reactance in determining the C Value at 5 KV & 15 KV are from the Gray Book only (Values for 14-10 AWG at 5 kV
and 14-8 AWG at 15 kV are not available and values for 3 AWG have been approximated).

Table 5. “C” Values for Busway
Ampacity Busway

Plug-In Feeder High Impedance
Copper Aluminum Copper Aluminum Copper

225 28700 23000 18700 12000 — 
400 38900 34700 23900 21300 — 
600 41000 38300 36500 31300 — 
800 46100 57500 49300 44100 — 

1000 69400 89300 62900 56200 15600
1200 94300 97100 76900 69900 16100
1350 119000 104200 90100 84000 17500
1600 129900 120500 101000 90900 19200
2000 142900 135100 134200 125000 20400
2500 143800 156300 180500 166700 21700
3000 144900 175400 204100 188700 23800
4000 — — 277800 256400 —
Note: These values are equal to one over the impedance per foot for
impedance in a survey of industry.
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Popular Methods of Performing a Selective Coordination Study
Currently three methods are most often used to perform a coordi-
nation study:

1. Overlays of time-current curves, which utilize a light table
and manufacturers’ published data, then hand plot on log-log
paper.

2. Computer programs that utilize a PC and allow the design-
er to select time-current curves published by manufacturers and
transfer to a plotter or printer, following proper selections.

3. For fuse systems, 600V or less, merely use the published
selectivity ratios.

This text will apply to all three methods.

Overloads and Low Level Fault Currents
In the sections ahead, information is presented as an aid to under-
standing time-current characteristic curves of fuses and circuit
breakers. There are simple methods that will be presented to ana-
lyze coordination for most systems 600V or less.

It should be noted that the study of time-current curves indi-
cates performance during overload and low level fault conditions.
The performance of overcurrent devices that operate under medi-
um to high level fault conditions are not reflected on standard
curves. Other engineering methods may be necessary.

Coordination Analysis
The next several pages cover coordination from various perspec-
tives. The major areas include:

Fuse curves
Fuse selective coordination analysis
Circuit breaker curves
Circuit breaker coordination analysis
Ground Fault Protection–coordination

The section on ground fault protection is included immediate-
ly after the fuse and circuit breaker coordination sections because
GFP systems can cause coordination issues. The ground fault pro-
tection section discusses GFP requirements and then discusses
coordination considerations.

Selective Coordination

What Is Selective Coordination?
Today, more than ever, one of the most important parts of any
installation - whether it is an office building, an industrial plant, a
theater, a high-rise apartment or a hospital - is the electrical distri-
bution system. Nothing will stop all activity, paralyze production,
inconvenience and disconcert people and possibly cause a panic
more effectively than a major power failure.

ISOLATION of a faulted circuit from the remainder of the
installation is MANDATORY in today’s modern electrical systems.
Power BLACKOUTS CANNOT be tolerated.

It is not enough to select protective devices based solely on
their ability to carry the system load current and interrupt the maxi-
mum fault current at their respective levels. A properly engineered
system will allow ONLY the protective device nearest the fault to
open, leaving the remainder of the system undisturbed and pre-
serving continuity of service.

We may then define selective coordination as “THE ACT OF
ISOLATING A FAULTED CIRCUIT FROM THE REMAINDER OF
THE ELECTRICAL SYSTEM, THEREBY ELIMINATING UNNECES-
SARY POWER OUTAGES. THE FAULTED CIRCUIT IS ISOLATED
BY THE SELECTIVE OPERATION OF ONLY THAT OVERCURRENT
PROTECTIVE DEVICE CLOSEST TO THE OVERCURRENT
CONDITION.”

The two one line diagrams in the figure below demonstrate
the concept of selective coordination.  

The system represented by the one line diagram to the left is
a system without selective coordination. A fault on the load side of
one overcurrent protective device unnecessarily opens other
upstream overcurrent protective device(s). The result is unneces-
sary power loss to loads that should not be affected by the fault. 

The system represented by the one line diagram to the right is
a system with selective coordination. For the full range of overload
or fault currents possible, only the nearest upstream overcurrent
protective device opens. All the other upstream overcurrent pro-
tective devices do not open. Therefore, only the circuit with the
fault is removed and the remainder of the power system is unaf-
fected. The other loads in the system continue uninterrupted.

Selective coordination can be a critical aspect for electrical
systems. Quite often in the design or equipment selection phase, it
is ignored or overlooked. And when it is evaluated many people
misinterpret the information thinking that selective coordination has
been achieved when in fact, it has not. The following sections
explain how to evaluate systems as to whether the overcurrent pro-
tective devices provide selective coordination for the full range of
overcurrents.

WithoutWithout Selective Coordination WithWith Selective Coordination

Selective Coordination: Avoids BlackoutsSelective Coordination: Avoids BlackoutsSelective Coordination: Avoids BlackoutsSelective Coordination: Avoids Blackouts

OPENS

NOT AFFECTED

UNNECESSARY

POWER LOSS

OPENS

NOT AFFECTED

Fault Fault



Fuse Curves
The figure to the right illustrates the time-current characteristic
curves for two sizes of time-delay, dual-element fuses in series, as
depicted in the one-line diagram. The horizontal axis of the graph
represents the RMS symmetrical current in amperes. The vertical
axis represents the time, in seconds.

For example: Assume an available fault current level of 1000
amperes RMS symmetrical on the load side of the 100 ampere
fuse. To determine the time it would take this fault current to open
the two fuses, first find 1000 amperes on the horizontal axis (Point
A), follow the dotted line vertically to the intersection of the total
clear curve of the 100 ampere time-delay dual-element fuse (Point
B) and the minimum melt curve of the 400 ampere time-delay dual-
element fuse (Point C). Then, horizontally from both intersection
points, follow the dotted lines to Points D and E. At 1.75 seconds,
Point D represents the maximum time the 100 ampere time-delay
dual-element fuse will take to open the 1000 ampere fault. At 90
seconds, Point E represents the minimum time at which the 400
ampere time-delay dual-element fuse could open this available
fault current. Thus, coordination operation is assured at this current
level.

The two fuse curves can be examined by the same procedure
at various current levels along the horizontal axis (for example, see
Points F and G at the 2000 ampere fault level). It can be deter-
mined that the two fuses are coordinated, for the overcurrents 
corresponding to the fuse curves on the graph. The 100 ampere
time-delay dual-element fuse will open before the 400 ampere
time-delay dual-element fuse can melt. However, it is neccessary
to assess coordination for the full range of overloads and fault cur-
rents that are possible.

For analyzing fuse selective coordination for higher level fault
currents see the next page, “Medium to High Level Fault
Currents–Fuse Coordination”. When using the published Fuse
Selectivity Ratios, drawing time current curves is not necessary.
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Medium to High Level Fault Currents–Fuse Coordination
The illustration on the next page shows the principles of selective
coordination when fuses are properly applied. The available short-
circuit current will reach a peak value of Ip during the first half
cycle unless a protective device limits the peak fault current to a
value less than Ip. A current-limiting fuse will reduce the available
peak current to less than Ip, namely I'p, and will clear the fault in
approximately one-half cycle or less. Note that tc is the total clear-
ing time of the fuse, tm the melting time and ta the arcing time of
the fuse. Where high values of fault current are available, the sub-
cycle region becomes the most critical region for selective opera-
tion of current-limiting fuses.

The area under the current curves is indicative of the energy
let-through. If no protective device were present, or if mechanical
type overcurrent devices with opening times of one-half cycle or

Selectivity Ratio Guide (Line-Side to Load-Side) for Blackout Prevention
Circuit Load-Side Fuse

Current Rating 601-6000A 601-4000A 0-600A 601-6000A 0-600A 0-1200A 0-600A 0-60A
Type Time- Time- Dual-Element Fast-Acting Fast-Acting Time-

Delay Delay Time-Delay Delay
Trade Name LOW-PEAK® LIMITRON LOW-PEAK® FUSETRON® LIMITRON LIMITRON T-TRON® LIMITRON SC

YELLOW YELLOW
Class (L) (L) (RK1) (J) (RK5) (L) (RK1) (T) (J) (G)
Buss® KRP-C_SP KLU LPN-RK_SP LPJ-SP FRN-R KTU KTN-R JJN JKS SC
Symbol LPS-RK_SP FRS-R KTS-R JJS

601 to Time- LOW-PEAK® KRP-C_SP 2:1 2.5:1 2:1 2:1 4:1 2:1 2:1 2:1 2:1 N/A
6000A Delay YELLOW

(L)
601 to Time- LIMITRON KLU 2:1 2:1 2:1 2:1 4:1 2:1 2:1 2:1 2:1 N/A
4000A Delay (L)

LOW-PEAK® LPN-RK_SP – – 2:1 2:1 8:1 – 3:1 3:1 3:1 4:1
YELLOW

0 Dual- (RK1) LPS-RK_SP
to Ele- (J) LPJ-SP – – 2:1 2:1 8:1 – 3:1 3:1 3:1 4:1
600A ment FUSETRON® FRN-R – – 1.5:1 1.5:1 2:1 – 1.5:1 1.5:1 1.5:1 1.5:1

(RK5) FRS-R
601 to LIMITRON KTU 2:1 2.5:1 2:1 2:1 6:1 2:1 2:1 2:1 2:1 N/A
6000A (L)
0 to Fast- LIMITRON KTN-R – – 3:1 3:1 8:1 – 3:1 3:1 3:1 4:1
600A Acting (RK1) KTS-R
0 to T-TRON ® JJN – – 3:1 3:1 8:1 – 3:1 3:1 3:1 4:1
1200A (T) JJS
0 to LIMITRON JKS – – 2:1 2:1 8:1 – 3:1 3:1 3:1 4:1
600A (J)
0 to Time- SC SC – – 3:1 3:1 4:1 – 2:1 2:1 2:1 2:1
60A Delay (G)

Note: At some values of fault current, specified ratios may be lowered to permit closer fuse sizing. Plot fuse curves or consult with Bussmann®.
General Notes: Ratios given in this Table apply only to Buss® fuses. When fuses are within the same case size, consult Bussmann®.

longer were present, the full available short-circuit energy would
be delivered to the system. The amount of energy delivered is
directly proportionate to the square of the current. So we can see
how important it is to have fuses which can limit the current being
delivered to the system to a value less than the available current.
The amount of energy being produced in the circuit while the fuse
is clearing is called the total clearing energy and is equal to the
melting energy plus the arcing energy.

Selectivity between two fuses operating under short-circuit
conditions exists when the total clearing energy of the load side
fuse is less than the melting energy of the line side fuse.

An engineering tool has been developed to aid in the proper
selection of Bussmann® fuses for selective coordination. This
Selectivity Ratio Guide (SRG) is shown below.
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Ip
Available
Short-Circuit 
Current

tc

tm
tc

tc

LPJ-60SP 
Amp Fuse
Let-Through Energy*

LPS-RK-200SP 
Amp Fuse
Let-Through Energy*

480/277
Volts

LOW-PEAK®

Time-Delay Fuse
KRP-C-1000SP

LOW-PEAK®

LPS-RK-200SP
Dual-Element Fuse

LOW-PEAK®

LPJ-60SP
Dual-Element Fuse

Fault

Line Side
Load Side

Load Side

Line Side

KRP-C-1000SP Amp Fuse
Let-Through Energy*

tm ta

I'p

Requirements for selectivity—Total clearing energy of load side fuse is less than melting energy of line side fuse.

*Area under the curves is not actual energy but is indicative of let-through energy. Actual let-through energy is I2rt.

For the next example, the Selectivity Ratio Guide suggests
that the minimum ratio between line side and load side fuse
should be at least 2:1. The one-line shows LOW-PEAK® fuses KRP-
C-1000SP feeding a LPS-RK-200SP. The ratio of ampere ratings is

5:1 (1000:200) which indicates coordination between these fuses.
Continuing further into the system the LPS-RK-200SP feeds a LPJ-
60SP. This ratio of ampere ratings is 3.33:1 (200:60), which also
indicates a selectively coordinated system.



54

Fuse Selective Coordination

Example — Fuse Selective Coordination
Review the one-line diagram of the fusible system. All the fuses are
LOW-PEAK® Fuses. The Selectivity Ratio Guide provides the mini-
mum ampere ratio that must be observed between a line-side fuse
and a load-side fuse in order to achieve selective coordination
between the two fuses. If the entire electrical system maintains at
least these minimum fuse ampere rating ratios throughout the sys-
tem, the entire electrical system will be selectively coordinated.
Notice, time current curves do not even need to be drawn.

Check the LPJ 100SP fuse coordination with the LPJ-400SP
fuse. The ampere rating ratio of these fuses is 400:100 which
equals 4:1 ratio. Checking the Selectivity Ratio Guide, line-side
LPJ (vertical left column) to load-side LPJ (horizontal), yields a ratio
of 2:1. This indicates selective coordination for these two sets of
fuses. This means for any overcurrent on the load-side of the 
LPJ-100SP fuse, only the LPJ-100SP fuses open. The LPJ-400SP
fuses remain in operation as well as the remainder of the system.  

Check the LPJ-400SP fuse coordination with the KRP-C-
1200SP fuse. Use the same steps as in the previous paragraph.
The ampere rating ratio of the two fuses in the system is 1200:400,
which yields an ampere rating ratio of 3:1. The Selectivity Ratio
Guide shows that the ampere rating ratio must be maintained at
2:1 or more to achieve selective coordination. Since the fuses used
have a 3:1 ratio, and all that is needed is to maintain a 2:1 ratio,
these two fuses are selectively coordinated. See the following dia-
gram.

Summary — Fuse Coordination
Selective coordination is an important system criteria that is often
overlooked or improperly analyzed. With modern current-limiting
fuses, all that the design engineer, contractor or user needs to do
is adhere to these ratios. It is not necessary to draw the time cur-
rent curves. Just maintain at least the minimum ampere rating
ratios provided in the Bussmann® Selectivity Ratio Guide and the
system will be selectively coordinated. This simple method is easy
and quick. 

One-Line For Fuse
System Coordination

Analysis

LOW-PEAK®

KRP-C 1200SP Fuses

Any Fault Level !

LOW-PEAK®

LPJ 400SP Fuses

LOW-PEAK®

LPJ 100SP Fuses

OPENS

NOT

AFFECTED

LOW-PEAK®

KRP-C 1200SP Fuses

LOW-PEAK®

LPJ 400SP Fuses

LOW-PEAK®

LPJ 100SP Fuses

Selective Coordination
Only Faulted Circuit

Cleared

Any Fault Level !
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Circuit Breaker Coordination

Circuit Breaker Curves
The following curve illustrates a typical thermal magnetic molded
case circuit breaker curve with an overload region and an instanta-
neous trip region (two instantaneous trip settings are shown).
Circuit breaker time-current characteristic curves are read similar
to fuse curves. The horizontal axis represents the current, and the
vertical axis represents the time at which the breaker interrupts the
circuit.

When using molded case circuit breakers of this type, there
are four basic curve considerations that must be understood.
These are:

1. Overload Region
2. Instantaneous Region
3. Unlatching Time
4. Interrupting Rating

1. Overload Region — The opening of a molded case circuit break-
er in the overload region is generally accomplished by a thermal
element, while a magnetic coil is generally used on power breakers.
Electronic sensing breakers will utilize CT’s. As can be seen, the
overload region has a wide tolerance band, which means the break-
er should open within that area for a particular overload current.

2. Instantaneous Region — The instantaneous trip setting indi-
cates the multiple of the full load rating at which the circuit breaker
will open as quickly as possible. The instantaneous region is repre-
sented in the following curve and is shown to be adjustable from
5≈ to 10≈ the breaker rating. When the breaker coil senses an
overcurrent in the instantaneous region, it releases the latch which
holds the contacts closed.

The unlatching time is represented by the curve labeled
“average unlatching time for instantaneous tripping”. After unlatch-
ing, the overcurrent is not halted until the breaker contacts are
mechanically separated and the arc is extinguished.
Consequently, the final overcurrent termination can vary over a
wide range of time, as is indicated by the wide band between the
unlatching time curve and the maximum interrupting time curve.

The instantaneous trip setting for larger molded case and
power breakers can usually be adjusted by an external dial. Two
instantaneous trip settings for a 400 amp breaker are shown. The
instantaneous trip region, drawn with the solid line, represents an
I.T. = 5≈, or five times 400 amperes = 2000 amperes. At this set-
ting, the circuit breaker will trip instantaneously on currents of
approximately 2000 amperes or more. The ± 25% band represents
the area in which it is uncertain whether the overload trip or the
instantaneous trip will operate to clear the overcurrent. 

The dashed portion represents the same 400 ampere breaker
with an I.T. = 10≈, or 10 times 400 amperes = 4000 amperes. At
this setting the overload trip will operate up to approximately 4000
amperes (±10%). Overcurrents greater than 4000 amperes (±10%)
would be cleared by the instantaneous trip.

3. Unlatching Times — As explained above, the unlatching time
indicates the point at which the breaker senses an overcurrent in
the instantaneous region and releases the latch holding the con-
tacts. However, the fault current continues to flow through the
breaker and the circuit to the point of fault until the contacts can
physically separate and extinguish the arc. Once the unlatching
mechanism has sensed an overcurrent and unlatched, the circuit
breaker will open. The final interruption of the current represented
on the breaker curve in the instantaneous region occurs after
unlatching, but within the maximum interruption time.

The relatively long time between unlatching and the actual
interruption of the overcurrent in the instantaneous region is the
primary reason that molded case breakers are very difficult to
coordinate. This is an inherent problem since the breaking of cur-
rent is accomplished by mechanical means.

4. Interrupting Rating — The interrupting rating of a circuit break-
er is a critical factor concerning protection and safety. The inter-
rupting rating of a circuit breaker is the maximum fault current the
breaker has been tested to interrupt in accordance with testing
laboratory standards. Fault currents in excess of the interrupting
rating can result in destruction of the breaker and equipment and
possible injury to personnel. In other words, when the fault level
exceeds the circuit breaker interrupting rating, the circuit breaker
is no longer a protective device.

In the example graph below, the interrupting rating at 480
volts is 30,000 amperes. The interrupting ratings on circuit break-
ers vary according to breaker type and voltage level.

When drawing circuit breaker time-current curves, determine
the proper interrupting rating from the manufacturer’s literature
and represent this interrupting rating on the drawing by a vertical
line at the right end of the curve.
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Medium to High Level Fault Currents–Circuit Breakers
The following curve illustrates a 400 ampere circuit breaker ahead
of a 90 ampere breaker. Any fault above 1500 amperes on the
load side of the 90 ampere breaker will open both breakers. The
90 ampere breaker will generally unlatch before the 400 ampere
breaker. However, before the 90 ampere breaker can separate its
contacts and clear the fault current, the 400 ampere breaker has
unlatched and also will open.

Assume a 4000 ampere short-circuit exists on the load side of
the 90 ampere circuit breaker. The sequence of events would be
as follows:

1. The 90 ampere breaker will unlatch (Point A) and free the
breaker mechanism to start the actual opening process.

2. The 400 ampere breaker will unlatch (Point B) and it, too,
would begin the opening process. Once a breaker unlatches, it will
open. At the unlatching point, the process is irreversible.

3. At Point C, the 90 ampere breaker will have completely
interrupted the fault current.

4. At Point D, the 400 ampere breaker also will have com-
pletely opened the circuit.

Consequently, this is a non-selective system, causing a com-
plete blackout to the other loads protected by the 400 ampere
breaker.

As printed by one circuit breaker manufacturer, “One should
not overlook the fact that when a high fault current occurs on a cir-
cuit having several circuit breakers in series, the instantaneous trip
on all breakers may operate. Therefore, in cases where several
breakers are in series, the larger upstream breaker may start to
unlatch before the smaller downstream breaker has cleared the
fault. This means that for faults in this range, a main breaker may
open when it would be desirable for only the feeder breaker to
open.”

Typically circuit breaker manufacturers do not publish the
unlatching times or unlatching curves for their products.
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Simple Method To Check Circuit Breaker Coordination
The previous discussion and curve illustrated two molded case cir-
cuit breakers (90A and 400A) with the unlatching characteristics
for both shown on one curve. This illustrated that two circuit break-
ers with instantaneous trips can not be selectively coordinated for
fault currents above a certain level. That level is the fault current at
which the upstream circuit breaker operates in its instantaneous
trip region. When a fault above that level occurs, the lower circuit
breaker (90A in this case) unlatches. However, before it clears the
circuit, the upstream circuit breaker(s) (400A in this case) also
unlatches. Once a circuit breaker unlatches, it will open, thereby
disconnecting the circuit from the power source. In the case
shown, the curves show the 400A circuit breaker needlessly opens
for a fault on the load side of the 90A circuit breaker. For any fault
current greater than where the two circuit breaker curves intersect
(in this case 1,500 amperes) the upstream circuit breaker does not
coordinate with the down stream circuit breaker. 

However, in most cases, manufacturers do not publish
unlatching times or unlatching curves for their circuit breakers. So
then, how can coordination of circuit breakers be assessed when
all the circuit breakers used in a system have instantaneous trip
settings? There is a very simple method that does not even require
drawing the circuit breaker time current curves. The following
paragraphs present this method. 

(1) This simple method will be shown with the time current curves
(but without the unlatching time curves included). 
(2) However, normally it is not even necessary to draw the time
current curves in order to evaluate coordination of circuit breakers
having instantaneous trip units. So another section provides this
simplified method without needing a time current curve. 

Below is the one line diagram that will be used for learning
these simple methods. Review the one-line diagram below that has
three molded case circuit breakers in series: from the main 1200A
to the 100A branch circuit with the 400A feeder in between. The
other circuit breakers on the one-line diagram supply other circuits
and loads. The fault current path from the power source is depict-
ed by the red arrows/lines superseded on the one-line diagram. 

Circuit Breaker Coordination — Simplified Method With Time Current
Curve
With the simplified method, there is no need to have the unlatching
times or draw the unlatching curves. The following curve illustrates
the time current characteristics for the 1200A circuit breaker, the
400A circuit breaker and 100A circuit breaker. The instantaneous trip

settings for each of these three molded case circuit breakers are pro-
vided on the one-line diagram. The 100A circuit breaker has a non-
adjustable instantaneous trip setting and the curve is as depicted.
The 400A circuit breaker has an instantaneous trip set at 10 times its
ampere rating (10X) which is 10 times 400A or 4,000 amperes. The
1200A circuit breaker has an instantaneous trip set at 6 times its
ampere rating (6X) which is 6 times 1200A rating or 7,200 amperes.
Remember from a previous section “2. Instantaneous Region” that
there is a tolerance associated with the instantaneous trip region for
adjustable instantaneous trip settings; the curve shown for the 400A
and 1200A circuit breakers are drawn with the tolerances included.

When the curves of two circuit breakers cross over in their instanta-
neous trip region, then the drawing indicates that the two circuit break-
ers do not coordinate for fault currents greater than this cross over point. 

For instance, interpreting the coordination curves for the 100A
circuit breaker and the 400A circuit breaker: their curves intersect in
the instantaneous region starting at approximately 3,600 amperes.
That means for a fault current greater than 3,600 amperes on the load
side of the 100A circuit breaker, the 400A circuit breaker will open as
well as the 100A circuit breaker. This demonstrates a lack of coordina-
tion.

This curve also shows that for any fault greater than approxi-
mately 6,500 amperes on the load side of the 100A circuit breaker,
the 400A and 1200A circuit breakers will open as well as the 100A
circuit breaker. The reason: for a fault of greater than 6,500
amperes, all three of these circuit breakers are in their instanta-
neous trip region. Both the 400A and 1200A circuit breakers can
unlatch before the 100A circuit breaker clears the fault current. If
this is not understood, re-read the previous section “Circuit
Breaker Coordination - Medium to High Level Fault Currents”.

One-Line For Circuit
Breaker System

Coordination Analysis

1200 A. MCCB
IT @ 6 X = 7,200 A

400 A. MCCB
IT @ 10X = 4,000 A

100 A. MCCB
IT Non-Adjustable

Fault > 7200 A
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How does this affect the electrical system? Look at the one-
line diagram below. For any fault current greater than approximate-
ly 6,500 amperes on the load side of the 100A circuit breaker, the
1200A and 400A circuit breakers open as well as the 100A circuit
breaker. The yellow shading indicates that all three circuit breakers
opened - 100A branch circuit, 400A feeder and the 1200A main. In
addition, all the loads fed by the other circuit breakers, denoted by
the hash shading, are blacked out unnecessarily. This is due to the
lack of coordination between the 100A, 400A and 1200A circuit
breakers.

Circuit Breaker Coordination — Simplified Method Without Time Current
Curve
It is not even necessary to draw the curves to assess circuit break-
er coordination. All that is necessary is to use some simple multipli-
cation. Multiply the instantaneous trip setting times the circuit
breaker ampere rating (the instantaneous trip setting is usually
adjustable but can vary depending upon frame size and circuit
breaker type - some have adjustable settings of 4 to 10 times the
ampere rating - check specifications of specific circuit breaker).
The product of these two is the approximate point at which a cir-
cuit breaker enters its instantaneous trip region. (As explained in a
previous section “2. Instantaneous Region”, there is a tolerance
associated with where the instantaneous trip initially picks up. A
vertical band depicts the instantaneous trip pickup tolerance. For
this easy method, we will ignore the tolerance band; therefore the
results differ somewhat from the time current curve example just
given.) 

For instance, the 400A circuit breaker in this example has its
instantaneous trip (IT) set at 10 times its ampere rating (10X).
Therefore for fault currents above 10 x 400A or 4000 amperes, the
400A circuit breaker will unlatch in its instantaneous trip region,
thereby opening. 

The same could be determined for the 1200A circuit breaker,
which has its instantaneous trip set at 6X its ampere rating.
Therefore, for fault currents above 7200 amps, the 1200A circuit
breaker unlatches in its instantaneous trip region, thereby opening. 

The coordination analysis of the circuit breakers merely
requires knowing what the numbers mean: 

1. Any fault on the loadside of the 100A circuit breaker
greater than 4,000 amperes will open the 400A circuit
breaker as well as the 100A circuit breaker. Reason: the
400A circuit breaker with an instantaneous trip set at 10
times opens instantaneously for any fault current greater
than 4,000A.

2. Any fault on the loadside of the 100A circuit breaker
greater than 7,200 amperes will open the 1200A circuit
breaker as well as the 100A and 400A circuit breakers.
Reason: the 1200A circuit breaker with an instantaneous
trip set at 6 times opens instantaneously for any fault cur-
rent greater than 7,200A.

3. Any fault on the loadside of the 400A circuit breaker
greater than 7,200 amperes will open the 1200A circuit
breaker as well as the 400A circuit breaker. Reason: the
1200A circuit breaker with an instantaneous trip set at 6
times opens instantaneously for any fault current greater
than 7,200A.

So it becomes apparent, to evaluate coordination of circuit
breakers with instantaneous trips, the time current curves do not
have to be drawn. All that is necessary is to use simple multiplica-
tion of the instantaneous trip settings times the circuit breaker
ampere ratings,and evaluate this in conjunction with the available
fault current.

Note: Circuit breakers that provide the use of a short time delay do
not always assure coordination. The reason is that molded case
circuit breakers and insulated case circuit breakers that have a
short-time delay will also have an instantaneous trip setting that
overrides the short-time delay at some fault level. Molded case cir-
cuit breakers with short time delay settings will have an instanta-
neous trip that overrides the short time delay, typically at a maxi-
mum of 10 times the ampere rating. These instantaneous overrides
are necessary to protect the circuit breakers for higher faults. The
same simple procedure for evaluating circuit breakers with instan-
taneous trips can be used for this type circuit breaker, also. Merely
read the manufacturer’s literature to determine this instantaneous
trip override setting. However, be certain to establish if the instan-
taneous trip pickup is given in symmetrical amperes or asymmetri-
cal amperes. Some manufacturers specify the instantaneous over-
ride in asymmetrical amperes which for practical evaluation pur-
poses moves the instantaneous trip pickup setting to the left (picks
up at lower symmetrical fault currents than perceived).

See the next two pages for a brief discussion and curves of
short-time delay settings and instantaneous overrides.
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Caution: Use of Circuit Breaker Short-Time Delay Settings May Negate Protection and Increase Arc Flash Hazard

Circuit Breaker Coordination

Short-Time-Delay And Instantaneous Override — Some circuit
breakers are equipped with short-time delay settings for the sole
purpose of improving system coordination. Review the three
curves on this page and the next page.

Circuit breaker short-time-delay (STD) mechanisms allow an
intentional delay to be installed on low voltage power circuit break-
ers. Short-time-delays allow the fault current to flow for several
cycles, which subjects the electrical equipment to unnecessarily
high mechanical and thermal stress. Most equipment ratings, such
as short-circuit ratings for bus duct and switchboard bus, do not
apply when short-time-delay settings are employed. The use of
short-time-delay settings on circuit breakers requires the system
equipment to be reinforced to withstand the available fault current
for the duration of the short-time-delay. Ignoring equipment ratings
in relation to the protective device opening time and let-through
characteristics can be disastrous. Shown to the right is a time-cur-
rent curve for a low voltage power circuit breaker with short-time
delay set at 21 cycles.

An insulated case circuit breaker (ICCB) may also be
equipped with short-time-delay. However, ICCB’s will have a built-
in override mechanism. This is called the instantaneous override
function, and will override the STD for medium to high level faults.
This override may “kick in” for faults as low as 12 times (12x) the
breaker’s ampere rating. (See curve in left column on next page.)
This can result in non-selective tripping of the breaker and load
side breakers where overlaps occur. This can be seen in the
example. (See curve in right column on next page.) As the overlap
suggests, for any fault condition greater than 21,000 amperes,
both devices will open, causing a blackout.
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Low Voltage Power Circuit Breaker with Short-Time-Delay

The longer an overcurrent is permitted to flow the greater the
potential for component damage.  The primary function of an over-
current protective device is to provide protection to circuit compo-
nents and equipment.  A short-time delay (STD) setting on a circuit
breaker can negate the function of protecting the circuit compo-
nents.  A low voltage power circuit breaker with a short-time delay
and without instantaneous trip, permits a fault to flow for the length
of time of the STD setting, which might be 6, 12, 18, 24 or 30
cycles.  This typically is done to achieve fault coordination with
downstream circuit breakers.  However, there is an adverse conse-
quence associated with using circuit breaker short-time delay set-
tings.  If a fault occurs on the circuit protected by a short time
delay setting, a tremendous amount of damaging fault energy can
be released while the system waits for the circuit breaker short-
time delay to time out.  

In addition, circuit breakers with short-time delay settings can
drastically increase the arc flash hazard for a worker.  The longer
an overcurrent protective device takes to open, the greater the
flash hazard due to arcing faults.  Research has shown that the arc
flash hazard can increase with the magnitude of the current and
the time duration the current is permitted to flow.  System design-

ers and users should understand that using circuit breakers with
short-time delay settings will greatly increase the arc flash energy
if an arcing fault incident occurs.  If an incident occurs when a
worker is at or near the arc flash, the worker may be subjected to
considerably more arc flash energy than if an instantaneous trip
circuit breaker or better yet a current-limiting circuit breaker or cur-
rent-limiting fuses were protecting the circuit.  The requirements for
doing flash hazard analysis for worker safety are found in NFPA
70E “Electrical Safety Requirements for Employee Workplaces”.  

As an example, compare the photos resulting from investiga-
tive testing of arcing faults. Further information is provided in
“Electrical Safety & Arc Flash Protection” in this bulletin.  A couple
of comparison photos are shown on the next page.  These tests
and others are detailed in “Staged Tests Increase Awareness of
Arc-Fault Hazards in Electrical Equipment”, IEEE Petroleum and
Chemical Industry Conference Record, September, 1997, pp. 313-
322.  This paper can be found on the Cooper Bussmann web site
at www.bussmann.com/services/safetybasics.   One finding of this
IEEE paper is that current-limiting overcurrent protective devices
reduce damage and arc-fault energy (provided the fault current is
within the current-limiting range). 
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Insulated Case Circuit Breaker–Instantaneous Override Instantaneous Override Opens at 21,000 Amps

Test 4 shows sequential photos of a circuit protected by a circuit
breaker with a short-time delay: interrupted at 6 cycles, so this inci-
dent lasted 1/10 of a second. The arcing fault was initiated on a
three phase, 480V system with 22,600 amperes short-circuit avail-
able.

Current-limiting fuses or current-limiting circuit breakers can
reduce the risks associated with arc flash hazards by limiting the
magnitude of the fault currents (provided the fault current is within
the current-limiting range) and reducing the time duration of the
fault.  Test 3 photos, to the right, are from tests with the same test
setup as shown in Test 4 above, except that KRP-C-601SP 
LOW-PEAK® current-limiting fuses protect the circuit and clear the
arcing fault in less than 1/2 cycle.  The arc flash was greatly
reduced because these fuses were in their current-limiting range.
Also, the thermal and mechanical stresses on the circuit compo-

nents that conducted the fault current were greatly reduced.
Recent arc flash research has shown that arc flash energy is linear-
ly proportional to the time duration of the fault (given the fault cur-
rents are the same).  Ignoring the fact that the KRP-C-601SP LOW-
PEAK® Fuses in Test 3 limited the current let-through, the arc flash
energy released in Test 3 was approximately 1/12 that of Test 4 just
due to the faster operation of the KRP-C-601SP LOW-PEAK® Fuses
(less than 1/2 cycle clearing in Test 3 vs. 6 cycles clearing in Test
4).  The actual arc flash energy was reduced even more in Test 3
because of the current-limiting effect of the KRP-C-601SP LOW-
PEAK® Fuses.

Test 3 – Same test circuit as the prior photos, to the left, except the
circuit is protected by KRP-C-601SP LOW-PEAK® Current-Limiting
Fuses.  In this case these fuses limited the current and the fuses
cleared in less than a 1/2 cycle.

Caution: Use of Circuit Breaker Short-Time Delay Settings May Negate Protection and Increase Arc Flash Hazard



This system offers:
1. Some degree of arcing and
low magnitude ground fault pro-
tection by the ground fault relay
operating the switch.
2. Current-l imitation for high
magnitude ground faults and
short-circuits by current-limiting
fuses, which provides component
protection for the switchgear.

This system offers:
1. Some degree of arcing and
low magnitude ground fault pro-
tection by the ground fault relay
operating the circuit breaker.
Note: This system DOES NOT
provide current-limitation for high
magnitude ground faults and
short-circuits.

Where Ground Fault Relays are NOT Required
There are many services and feeders where 230.95, 215.10, and
240.13 do not require ground fault protection including:
1. Continuous industrial process where a non-orderly shut down
would increase hazards.
2. All services or feeders where the disconnect is less than 1000 amperes.
3. All 208Y/120 Volt, 3ø, 4W (wye) services or feeders.
4. All single-phase services or feeders including 240/120 Volt.
5. High or medium voltage services or feeders. (See NEC® 240.13
and 215.10 for feeder requirements.) 
6. All services or feeders on delta systems (grounded or
ungrounded) such as 240 Volt, 3ø, 3W delta, or 240 Volt, 3ø, 4W
delta with midpoint tap.
7. Service with six disconnects or less (230.71) where each dis-
connect is less than 1000 amperes. A 4000 ampere service could
be split into 5-800 ampere switches.
8. Resistance or impedance grounded systems.
9. Fire Pumps
10. For feeders where Ground Fault Protection is provided on the
service (except for Health Care Facilities. See 517.17.)

For instance, ground fault relays are not required on these systems. 

480V/ 277V

Six Service Disconnects
800 amperes or Less

480V
3Ø 3W
Delta

Any Size
Service 
Disconnect

Service 
Disconnect
less than 
1000 Amperes

480Y/277V. 208Y/120V.

Any Size
Service
Disconnect

Ground Fault Protection–Requirements
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Ground fault protection is equipment protection from the
effects of ground faults. The National Electrical Code® (NEC®) has
specific ground fault equipment protection requirements in 215.10,
230.95, 240.13 and 517.17. Ground fault relays (or sensors) are
used to sense low magnitude ground faults. When the ground fault
current magnitude and time reach the G.F. relay pick up setting,
the control scheme signals the circuit disconnect to open.

Ground fault relays can only offer protection for equipment
from the effects of low magnitude ground faults. Equipment pro-
tection against the effects of higher magnitude ground faults is
dependent on the speed of response of the conventional overcur-
rent protective devices (fuses or circuit breakers.)

What It Is Not
Ground Fault Protection IS NOT:

- People protection. It will not prevent shock
- Ground fault prevention
- Protection from 3-phase, phase-phase, or phase-neutral

faults
- Protection from high level ground faults
- A guarantee of a selectively coordinated system. In fact,

coordination may be compromised.

Reliability
Ground fault relays are not simple and the ultimate reliability
depends on the reliability of each element such as solid state sen-
sor, monitor, control wiring, control power source, shunt trip, and
circuit disconnecting means. If one element is incorrectly wired,
inoperative, miscalibrated, or damaged, the low level ground fault
protection may be negated. If the system neutral is incorrectly or
accidentally grounded on the load side of the sensor, a ground
fault can have a return path over the neutral and never trip the
relay. Unfortunately, a nuisance outage often encourages the
building owner or maintenance crew to disconnect the ground fault
relay so that the power “stays on”.

Ground fault relays are not maintenance free devices. Ground
fault relay equipment relies on sensing equipment, shunt trips,
switching devices, control circuits, etc. Complete periodic mainte-
nance and electrical testing of the equipment by qualified person-
nel is necessary since it has components and mechanisms that
can fail, malfunction, and/or lose calibration.

NATIONAL ELECTRICAL CODE® — SECTION 230.95

230.95. Ground Fault Protection of Equipment
This Section means that 480Y/277V, solidly grounded “wye” only
connected service disconnects, 1000 amperes and larger, must
have ground fault protection in addition to conventional overcur-
rent protection. Ground fault protection, however, is not required
on a service disconnect for a continuous process where its open-
ing will increase hazards. All delta connected services are not
required to have ground fault protection. The maximum setting for
the ground fault relay (or sensor) can be set to pick up ground
faults at a maximum of 1200 amperes and actuate the main switch
or circuit breaker to disconnect all phase conductors. A ground
fault relay with a deliberate time-delay characteristic of up to 1
second, may be specified, for currents greater than or equal to
3000 amperes. (The use of such a relay greatly enhances system
coordination and minimizes power outages).

Ground fault protection in itself will not limit the line-to-ground
or phase-to-phase short-circuit current. When non-current-limiting
mechanical protective devices such as conventional circuit break-
ers are used with GFP, all of the available short-circuit current will
flow to the point of fault, limited only by circuit impedance.
Therefore, it is recommended that current-limiting overcurrent pro-
tective devices be used in conjunction with GFP relays.

480Y/277V.
3Ø/4W

G.F.
Relay

1000 Ampere or
Larger Switch

Current-
Limiting Fuses

SWBD

SWBD

480Y/277V.
3Ø/4W

G.F.
Relay

1000 Ampere
Circuit Breaker
or Larger
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215.10. Ground Fault Protection of Equipment
Equipment classified as a feeder disconnect must have ground
fault protection as specified in 230.95.

GFP will not be required on feeder equipment when it is pro-
vided on the supply side of the feeder (except for certain Health
Care facilities requirements, Article 517).

This requirement for GFP on feeders may subject the system
to blackouts due to downstream ground faults as discussed previ-
ously. A selective coordination analysis is required to assure that
needless blackouts do not occur.

240.13. Ground Fault Protection of Equipment
Equipment ground fault protection of the type required in 230.95 is
now required for each disconnect rated 1000A or more, 480Y/277V
systems, that will serve as a main disconnect for a separate build-
ing or structure. Refer to 215.10 and 230.95.

Note: GFP without current-limitation may not protect system components.
See 110.10 and 250.1(FPN).

This requirement for GFP on equipment may subject the sys-
tem to blackouts due to downstream ground faults, as discussed
previously. A selective coordination analysis is required to assure
that needless blackouts do not occur.

FOR HEALTH CARE FACILITIES

517.17. Ground Fault Protection
If ground fault protection is placed on the main service of a health
care facility, ground fault relays must also be placed on the next
level of feeders. The separation between ground fault relay time
bands for any feeder and main ground fault relay must be at least
6 cycles in order to achieve coordination between these two
ground fault relays. In health care facilities where no ground fault

relay is placed on the main, no ground fault relays are required on
the feeders. Therefore, if the requirements of 230.95 do not require
a ground fault relay and no ground fault relay is placed on the
main service disconnect, then no ground fault relays are required
on the feeders either (unless required by Sections 215.10 and
240.13).

A ground fault relay time band includes the disconnect oper-
ating time and any tolerances in the G.F. relay control signal.

Health Care Facility
1. When a ground fault relay is placed on the main service of

a health care facility then,
2. Ground fault relays must also be placed on the feeders,

and the feeder ground fault relay time band must have a 6 cycle
separation from the main ground fault relay. 

Note: Merely providing coordinated ground fault relays does not
prevent a main service blackout caused by feeder ground faults.
The overcurrent protective devices must also be selectively coordi-
nated. The intent of 517.17 is to achieve “100 percent selectivity”
for all magnitudes of ground fault current and overcurrents. 100%
selectivity requires that the overcurrent protective devices also be
selectively coordinated for medium and high magnitude ground
fault currents because the conventional overcurrent devices may
operate at these levels.

COMPLIANCE
480Y/277V

Feeder of any rating
no G.F.P. Required
(Except Per Article 517)

G.F.P.

1000A
or
Greater

High Voltage
Service

Building A Service

800A
480Y/277V

Building B Service

1000A or Greater
480Y/277V

G.F.P. Not
Required

G.F.P. Not
Required

G.F.P. 
Required

VIOLATION

COMPLIANCE

High Voltage
Service 4160V

480Y/277V

Feeder
Provided
w/G.F.P.

1000A
or Greater

High Voltage
Service 4160V

480Y/277V

Feeder w/o
G.F.P.

1000A
or Greater
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Analysis of Ground Fault Relay Curves and Overcurrent Device Curves
To a fuse or circuit breaker, ground fault current is sensed just as
any other current. If the ground fault current is high enough, the
fuse or circuit breaker responds before the ground fault relay (this
depends on the ground fault relay setting, overcurrent device
characteristics, speed of response of the overcurrent device, and
ground fault current magnitude). Therefore, when analyzing
ground fault protection it is necessary to study the characteristics
of the ground fault relay and overcurrent protective device as a
combination.

The combination of the ground fault relay and overcurrent
device have a ground fault “effective curve”. This is a composite of
the ground fault relay and overcurrent protective device curves.
When analyzing line-to-ground faults, the “effective” curve of the
ground fault relay and conventional overcurrent protective device
must be examined.

“Effective” time current curve for line to ground fault with 1600 ampere
fuse and ground fault protection scheme set at 1200 amperes (switch
clearing time of 4 cycles).

The graph above is the “effective” ground fault curve for a
1600 ampere fuse in combination with a ground fault relay scheme
set at 1200 amperes pick-up and 12 cycle delay.

The graph below is the “effective” ground fault curve for a
1600 ampere circuit breaker in combination with a ground fault
relay scheme set at 1200 amperes and 12 cycle delay.

Notice that for ground faults above approximately 14,000
amperes the fused bolted pressure switch combination has the
advantage of faster response and above 22,000 amperes the
fused switch has the advantage of current-limitation.

“Effective” time current curve for line to ground fault with 1600 ampere
circuit breaker and ground fault sensor setting at 1200 amperes.

Ground Fault Protection & OCPDs
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Coordination is the act of isolating a faulted circuit from the
remainder of the electrical system, thereby eliminating unneces-
sary power outages. However, the term coordination is sometimes
interpreted to mean a “degree of coordination” where more than
one protective device is allowed to open under a given short-
circuit condition. Therefore, the term selective coordination or
selectivity is used to mean positive coordination over the entire
range of possible fault currents, assuring that the faulted circuit is
cleared and that other parts of the system are not affected. 

Modern current-limiting fuses can be selectively coordinated
simply by maintaining at least a minimum ampere rating ratio
between two fuses in series. This ratio is dependent on the fuse
types used.

When ground fault relays are used in a system, selective coor-
dination considerations are more difficult. The relay curve must be
studied in reference to the overcurrent protective devices in the sys-
tem. The topic of selective coordination that follows has been sepa-
rated into two parts:

A. One step ground fault relaying (this page).
B. Two step ground fault relaying (page 67).

A. One Step Ground Fault Relaying
When a ground fault occurs on a feeder or branch circuit it is high-
ly desirable for the feeder or branch circuit overcurrent device to
clear that fault before the main device opens, thus preventing an
unnecessary system blackout. However, this is not always the
case when a ground fault relay is located on the main or when the
overcurrent protective devices are not selectively coordinated.

To avoid unnecessary service disruptions (or BLACKOUTS):
1. the characteristics of the feeder and/or branch circuit over-

current devices must be analyzed with relation to the main ground
fault relay characteristics and;

2. the characteristics of the main overcurrent device must be
analyzed with relation to the feeder and branch circuit overcurrent
protective devices.

Selective coordination should be investigated for low and
high magnitude ground faults. Generally on low magnitude ground
faults the feeder overcurrent device must be selective with the
main ground fault relay. For high magnitude ground faults it is nec-
essary also to consider selective coordination between the main
overcurrent device and feeder overcurrent device.

Main Overcurrent
Device

Feeder 
Overcurrent
Device

Branch Circuit
Overcurrent Device 

Short-Circuit 

Opens

Opens

Opens

Blackout!

Main Overcurrent
Device

Feeder 
Overcurrent
Device

Branch Circuit
Overcurrent Device 

Short-Circuit 

Not
Open

Not
Open

Opens

Selective
Coordination

G.F.
Relay

Feeder

Branch
Circuit

G.F.
Relay

Feeder

Branch
Circuit

Feeder
Ground
Fault

Branch Circuit
Ground Fault

OR

This system does not have selective
coordination. A short-circuit on a branch
circuit causes the main overcurrent
device to open thereby causing a
BLACKOUT.

This system has selective coordina-
tion. Only the nearest overcurrent
device opens on any short-circuit.



Low Magnitude Ground Faults on Feeders — One Step Ground
Fault Relaying. 
For low magnitude feeder ground faults, the feeder overcurrent
protective device can clear the circuit without disrupting the main
service if the feeder overcurrent device lies to the left of the ground
fault relay and does not cross at any point.

In the following two graphs, the ground fault relay located on
the main has an operating time-delay of 18 cycles and 1200
ampere pickup. It’s inverse-time characteristic with the maximum 1
second opening time at 3000 amperes improves selective coordi-
nation with downstream devices.

Fuse System

Selective coordination considerations for low magnitude feeder ground
faults. Longer G.F. relay delay permits larger feeder fuse to coordinate
with main relay.

The graph above illustrates that an inverse-time main ground
fault relay may permit a larger size feeder fuse to selectively coor-
dinate with the ground fault relay. In this case the inverse time
ground fault relay is set at 1200 amperes, 18 cycle delay. A 
LPS-RK-200SP ampere feeder fuse coordinates with this main
ground fault relay.

Ground Fault Protection-Coordination Considerations

65

MAIN  GFR

LPS-RK200SP

T
IM

E
 IN

 S
E

C
O

N
D

S

1,000
800

600

400
300

200

100
80
60

40

30

20

10
8
6

4

3

2

1
.8
.6

.4

.3

.2

.1
.08
.06

.04

.03

.02

.01

CURRENT IN AMPERES

10
0,

00
0

80
,0

00
60

,0
00

10
,0

00

40
,0

00
30

,0
00

20
,0

00

8,
00

0
6,

00
0

4,
00

0

3,
00

0

2,
00

0

1,
00

0
80

0
60

0

40
0

30
0

20
0

10
0

LPS-RK200SP

Circuit Breaker System

Coordination considerations for low magnitude feeder ground faults.
Consider main ground fault relay and feeder overcurrent device. A lack of
coordination exists for ground faults between 1200 amperes and 1800
amperes.

The graph above illustrates that for some low magnitude
ground faults a 200 ampere circuit breaker will not coordinate with
the ground fault relay. This and circuit breakers of larger sizes will
not be selective with the ground fault relay and total service dis-
ruption can be caused by a feeder or branch circuit ground fault.
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High Magnitude Ground Faults on Feeders — One Step
Ground Fault Relaying 
For higher magnitude ground faults, it is generally necessary to
consider the characteristics of the main overcurrent protective
device as well as the ground fault relay. Conventional overcurrent
protective devices, fuses or circuit breakers, cannot differentiate
between a high magnitude ground fault or a high magnitude
phase-to-phase short-circuit. Therefore, when a high magnitude
feeder ground fault occurs the main overcurrent device must be
considered in relation to the feeder overcurrent device. To achieve
selective coordination and prevent a blackout for high magnitude
ground faults, the feeder overcurrent device must be selective with
the main overcurrent device.

Fuse System 

Selective coordination considerations for high magnitude feeder ground
faults requires analysis of main and feeder overcurrent devices. In this
case the fuses are selectively coordinated so that an unnecessary black-
out does not occur.

The graph above illustrates that for high magnitude feeder
ground faults the LPS-RK-200SP ampere fuse opens before the
main service KRP-C-1200SP ampere fuse. This is referred to as
selective coordination for ground faults. This assures that any high
magnitude ground faults on the branch circuits or feeders will be
isolated without disrupting the main service.

Circuit Breaker System

Selective coordination considerations for high magnitude feeder ground
faults requires analysis of main and feeder overcurrent devices. In this
case feeder ground faults greater than 11,000 amperes will cause the main
circuit breaker to open unnecessarily creating a BLACKOUT! Thus the
entire service is blacked-out because of a lack of coordination. The ground
fault relay is not of concern because it has an 18 cycle delay.

The graph above illustrates that for feeder ground faults
above 11,000 amperes the main service 1200 ampere circuit
breaker as well as the 200 ampere circuit breaker will open. This is
because an 11,000 ampere or greater fault current unlatches both
the 200 ampere and 1200 ampere circuit breakers. This condition
will create a service blackout when a feeder ground fault occurs.

In addition, ground faults between approximately 1200 and
1800 amperes on the load side of the 200 ampere circuit breaker
will open the main circuit breaker, thereby blacking out the entire
service.
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This fact is commonly overlooked when applying ground fault
relays. Generally, the short-time-delay on the ground fault relay is
thought to provide coordination for higher magnitude feeder
ground faults. However, as shown by this example the main circuit
breaker operates to cause an unnecessary blackout.

Note: Circuit breakers with short-time-delay trip settings were
not considered in this section. The reason is that a short-time-delay
on a circuit breaker defeats the original purpose of protection.
Short-circuit currents and high magnitude ground fault currents,
when intentionally permitted to flow for several cycles, dramatically
increase the burn time and damage to the system as well as
increasing the arc flash hazards to personnel.

Electrical systems are not designed to withstand, for long
periods, the torturous forces that fault currents produce. Circuit
breaker short-time-delay trip settings with typical delays of 6, 18,
24, or 30 cycles can greatly exceed the short-circuit withstandabili-
ty of system components. According to industry standards, the
duration for equipment short-circuit current testing is three cycles
for switchboard bus (UL891) and three cycles for busway (BU1-
1999). The short-circuit current withstandability for insulated con-
ductors decreases as the overcurrent device operating time
increases (reference Insulated Cable Engineers Association
Publication P-32-382, “Short-Circuit Characteristics of Cable”).
Short-circuit currents and high magnitude ground fault currents
must be interrupted as rapidly as possible (preferably with current-
limiting devices) to minimize equipment damage.

Whenever insulated case and molded case circuit breakers
have a short-time-delay feature they also have an instantaneous
override This requires the sensing mechanism to override the
short-time-delay feature for high ground fault or line-line faults. The
result is a lack of coordination with the feeder breakers for any fault
current above the instantaneous override setting. Selective coordi-
nation is therefore very difficult to achieve.

B. Two Step Ground Fault Relaying
Two step ground fault relaying includes ground fault relays on the
main service and feeders.

In many instances, this procedure can provide a higher
degree of ground fault coordination to prevent unnecessary ser-
vice blackouts. Yet it is mistakenly believed by many that two step
ground fault relays assure ground fault coordination. For complete
selective coordination of all ground faults, the conventional over-
current protective devices must be selectively coordinated as well
as the ground fault relays. The fact is that even with this two step
relay provision, ground fault coordination is not assured on many
systems designed with mechanical overcurrent protective devices
which incorporate instantaneous unlatching mechanisms.

The system above illustrates the typical problem concerning
this point. The main ground fault relay is set at 1200 amperes, 18
cycle delay and the feeder ground fault relay is set at 100 amperes,
6 cycle delay. These ground fault relay settings could mistakenly
be interpreted to mean that feeder ground faults would be cleared
by only the feeder ground fault relay opening the feeder discon-
nect. But the analysis must also include the phase overcurrent
device characteristics since these devices also respond to current.

The two step ground fault relays give a false sense of securi-
ty. The graph above illustrates that the ground fault relays are
coordinated, but overcurrent devices are not coordinated for feed-
er or branch circuit ground faults above 11,000 amperes. This is
indicated as the BLACKOUT AREA on the curve. In this case the
main overcurrent device and the feeder overcurrent device both
open on a feeder circuit fault. Thus the entire system is blacked
out; even though two step ground fault relays are provided.

WARNING!
For Health Care Facilities — Section 517.17 requires the main
and feeders to be 100% selectively coordinated for all magnitudes
of ground fault current - including low, medium, and high ground
fault currents.

Feeder
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In many cases two step relays do provide a higher degree of
ground fault coordination. When properly selected, the main fuse
can be selectively coordinated with the feeder fuses. Thus on all
feeder ground faults or short-circuits the feeder fuse will always
open before the main fuse. When selectively coordinated main and
feeder fuses are combined with selectively coordinated main and
feeder ground fault relays, ground fault coordination between the
main and feeder is predictable.

The above figure illustrates a selectively coordinated main
and feeder for all levels of ground faults, overloads and short-
circuits. Any fault on the feeder will not disrupt the main service.

This system offers full selective coordination for all levels of
ground faults or short-circuits.

1. The feeder ground fault relay is set at a lower time band
than the main ground fault relay, therefore the relays are coor-
dinated.

2. The feeder fuses are selectively coordinated with the main
fuses for all ground faults, short-circuits, or overloads on the load
side of the feeder. The feeder fuses would clear the fault before
the main fuses open.

Conclusion: This system is completely selective for all levels
of ground faults and short-circuits. This system meets the intent of
NEC® 517.17 for 100% selectivity.

Complete Ground Fault Selective Coordination Is Necessary To Prevent
Blackouts!
To assure complete selective coordination for all ground faults, it is
essential that the conventional overcurrent protective devices be
selectively coordinated as well as the ground fault relays’ require-
ment. The intent of 517.17 is to achieve “100 percent selectivity”
for all magnitudes of ground fault current.
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The Need for Current-Limitation 
If ground fault protection is required, then the best protection is a
switch equipped with a ground fault relay scheme, a shunt trip
mechanism, and current-limiting fuses. The reason is that this sys-
tem will offer protection for high magnitude ground faults as well as
low magnitude ground faults. Ground fault relay schemes and
shunt trip mechanisms on switches or circuit breakers can protect
equipment against extensive damage from low magnitude ground
faults - this is their intended purpose. However, burn downs still
occur in switchboards, large motor control centers, and large dis-
tribution panels generally located in equipment rooms where high
available ground fault currents are present.

Clearing characteristic for a 1600 ampere fuse. A 20,000 ampere fault is
cleared by the KRP-C-1600SP fuse in .019 to .039 seconds (between one
and two cycles). For currents greater than 25,000 amperes the fuse
enters its current-limiting range. Then the clearing time is less than one
half cycle (less than .008 seconds).

The National Electrical Code® requires ground fault protection
for intermediate and high ground faults as well as low grade
ground faults. For high magnitude ground faults, ground fault relay
schemes operate too slowly to prevent extensive equipment dam-
age. The main or feeder overcurrent devices, such as fuses or cir-
cuit breakers must clear the circuit. Current-limiting fuses substan-
tially limit the energy let-through for higher magnitude ground faults
and thereby offer a higher degree of protection. Conventional cir-
cuit breakers are not current-limiting protective devices and during
higher magnitude ground faults can let-through large amounts of
damaging energy. 

Clearing characteristic for 1600 ampere circuit breaker. A 20,000 ampere
fault is cleared by the 1600 ampere circuit breaker in .05 seconds. The
circuit breaker has a fixed operating time for high values of current. This
time is approximately .05 seconds (3 cycles). Therefore, high magnitude
ground faults and short-circuits are permitted to flow for at least 3 cycles.
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The previous two figures illustrate the time-current character-
istics for a 1600 ampere current-limiting fuse and a 1600 ampere
circuit breaker. The higher the fault current the faster the fuse
operates. Notice, the mechanical overcurrent protective device
reaches an irreducible operating time. For large conventional ser-
vice entrance circuit breakers this fixed operating time varies from
1⁄Ω™ cycles to 5 cycles depending on the type and size. (If short-
time-delay trip settings are used, the operating time can be as
long as 30 cycles.)

Of importance is the fact that modern, rejection type fuses are
current-limiting protective devices. For faults above approximately
25,000 amperes, the 1600 ampere fuse operates in its current-
limiting range; clearing the circuit in less than ⁄Ω™ cycle and limiting
the peak current and energy let-through to the circuit components.

Current-Limitation

Current-Limitation
The effect of a fuse protecting the circuit is to limit the instanta-
neous peak current and thermal or heating effect current to a value
less than that which would flow in the first half cycle had the fuse
not been in the circuit. Current-limitation for high level ground
faults can substantially reduce the damaging effect. 

The large conventional mechanical overcurrent protective
device reaches an irreducible minimum clearing time and there-
fore permits the full fault current flow for several cycles. The dam-
aging peak current and thermal or heating effect current flow unre-
stricted without limitation for several cycles. At higher magnitude
fault currents, large amounts of heating energy and magnetic
forces are permitted to flow and the equipment must absorb the
full available fault current energy.

No Current-Limitation

Available current that would flow
without a fuse. 

Fuse Current-
Limiting Effect

Available current  flows for 
operating time of circuit breaker. 

3 Cycle Clearing Time

Compare the Difference

Arc flash when circuit protected by 601 Amp Class L 
current-limiting fuses.

Arc flash when circuit protected by a 1600 Amp non-current limiting
circuit breaker set at 640 Amp with short time delay: circuit interrupt-
ed in 6 cycles.
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Component Protection

Introduction
This issue analyzes the protection of electrical system components
from fault currents. It gives the specifier the necessary information
regarding the short-circuit current or withstand rating of electrical
circuit components, such as wire, bus, motor starters, etc. Proper
protection of circuits will improve reliability and reduce the possi-
bility of injury. Electrical systems can be destroyed if the overcur-
rent devices do not limit the short-circuit current to within the with-
stand rating of the system’s components. Merely matching the
ampere rating of a component with the ampere rating of a protec-
tive device will not assure component protection under short-cir-
cuit conditions.

The Nat ional Electr ical  Code® covers COMPONENT
PROTECTION in several sections. The first section to note
is 110.10.

Component Protection and the National Electrical Code®

110.10 Circuit Impedance and Other Characteristics. The
overcurrent protective devices, the total impedance, the compo-
nent short-circuit current ratings, and other characteristics of the
circuit to be protected shall be selected and coordinated to permit
the circuit-protective devices used to clear a fault to do so without
extensive damage to the electrical components of the circuit. This
fault shall be assumed to be either between two or more of the cir-
cuit conductors or between any circuit conductor and the ground-
ing conductor or enclosing metal raceway. Listed products
applied in accordance with their listing shall be considered to
meet the requirements of this section.

This requires that overcurrent protective devices, such as
fuses and circuit breakers be selected in such a manner that the
short-circuit current (withstand) ratings of the system components
will not be exceeded should a short-circuit occur.

The “short-circuit withstand rating” is the maximum short-
circuit current that a component can safely withstand. Failure to
provide adequate protection may result in component destruction
under short-circuit conditions.

After calculating the fault levels throughout the electrical sys-
tem, the next step is to check the withstand rating of wire and
cable, circuit breakers, transfer switches, starters, etc., under
short-circuit conditions.

Note: The let-through energy of the protective device must be
equal to or less than the short-circuit withstand rating of the com-
ponent being protected.

CAUTION: Choosing overcurrent protective devices strictly on
the basis of voltage, current, and interrupting rating alone will
not assure component protection from short-circuit currents.
High interrupting capacity electro-mechanical overcurrent pro-
tective devices (circuit breakers), especially those that are not
current-limiting, may not be capable of protecting wire, cable
or other components within high short-circuit ranges. The
interrupting rating of a protective device pertains only to that
device and has absolutely no bearing on its ability to protect
connected downstream components. Quite often, an improper-
ly protected component is completely destroyed under short-
circuit conditions while the protective device is opening the
faulted circuit.

Before proceeding with the study of component withstand-
ability, the technology concerning “current-limitation” will be
reviewed.

CURRENT-LIMITATION
A Definition of Current-Limitation
Today, most electrical distribution systems are capable of deliver-
ing very high short-circuit currents, some in excess of 200,000
amperes. Many circuit components have relatively low short-circuit
withstandability of a few thousand amperes. If the components are
not capable of handling these short-circuit currents, they could
easily be damaged or destroyed. The current-limiting ability of
today’s modern fuses allows components with low short-circuit
withstand ratings to be specified in spite of high available fault cur-
rents.

NEC® 240.2 offers the following definition of a current-limiting
device:

Current-Limiting Overcurrent Protective Device. A device
that, when interrupting currents in its current-limiting range,
reduces the current flowing in the faulted circuit to a magnitude
substantially less than that obtainable in the same circuit if the
device were replaced with a solid conductor having comparable
impedance.

The concept of current-limitation is pointed out in the following
graph, where the prospective available fault current is shown in
conjunction with the limited current resulting when a current-limit-
ing fuse clears. The area under the current curve is representative
of the amount of short-circuit energy being dissipated in the circuit.
Since both magnetic forces and thermal energy are directly pro-
portional to the square of the current, it is important to limit the
short-circuit current to as small a value as possible. The maximum
magnetic forces vary as the square of the “PEAK” current and ther-
mal energy varies as the square of the “RMS” current.

Current-Limiting Effect of Fuses

Thus, the current-limiting fuse in this example (above wave-
form) would limit the let-through energy to a fraction of the value
which is available from the system. In the first major loop of fault
current, standard non-current-limiting, electro-mechanical protec-
tive devices would let-through approximately 100 times* as much
destructive energy as the fuse would let-through.

(100,000)2
= 100

10,000

Prospective available short-circuit
current that would flow when a 
fuse is not used.

100,000

Peak Let-Through
Current of Fuse

tc

10,000

Time 

Total Clearing Time of Fuse

0

Cu
rr

en
t

*
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Component Protection: Current-Limitation

Analysis of Current-Limiting Fuse Let-Through Charts
The degree of current-limitation of a given size and type of fuse
depends, in general, upon the available short-circuit current that
can be delivered by the electrical system. Current-limitation of
fuses is best described in the form of a let-through chart that, when
applied from a practical point of view, is useful to determine the
let-through currents when a fuse opens.

Fuse let-through charts are plotted from actual test data. The
test circuit that establishes line A-B corresponds to a short-circuit
power factor of 15%, that is associated with an X/R ratio of 6.6. The
fuse curves represent the cutoff value of the prospective available
short-circuit current under the given circuit conditions. Each type
or class of fuse has its own family of let-through curves.

The let-through data has been generated by actual short-
circuit tests of current-limiting fuses. It is important to understand
how the curves are generated, and what circuit parameters affect
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Analysis of a Current-Limiting Fuse

the let-through curve data. Typically, there are three circuit param-
eters that can affect fuse let-through performance for a given avail-
able short-circuit current. These are:

1. Short-circuit power factor
2. Short-circuit closing angle
3. Applied voltage

Current-limiting fuse let-through curves are generated under
worst case conditions, based on these three variable parameters.
The benefit to the user is a conservative resultant let-through cur-
rent (both Ip and IRMS). Under actual field conditions, changing
any one or a combination of these will result in lower let-through
currents. This provides for an additional degree of reliability when
applying fuses for equipment protection.

Current-Limiting Let-Through Charts for Bussmann® fuses are
near the back of this book.

Prior to using the Fuse Let-Through Charts, it must be deter-
mined what let-through data is pertinent to equipment withstand
ratings.

Equipment withstand ratings can be described as: How
Much Fault Current can the equipment handle, and for How
Long? Based on standards presently available, the most important
data that can be obtained from the Fuse Let-Through Charts and
their physical effects are the following:

A. Peak let-through current: mechanical forces
B. Apparent prospective RMS symmetrical let-through

current: heating effect
C. Clearing time: less than 1/2 cycle when fuse is in it’s cur-

rent-limiting range (beyond where fuse curve intersects A-
B line).

This is a typical example showing the short-circuit current
available to an 800 ampere circuit, an 800 ampere LOW-PEAK®

current-limiting time-delay fuse, and the let-through data of
interest.

800 Ampere LOW-PEAK® Current-Limiting Time-Delay Fuse and
Associated Let-Through Data

KRP-C800SP
Ampere Fuse86,000 Amps

RMS Sym.
Available

Short-Circuit

A. Peak Let-Through Current
B. Apparent Prospective RMS Sym. 
    Let-Through Current
C. Clearing Time
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Most electrical equipment has a withstand rating that is
defined in terms of an RMS symmetrical-short-circuit current, and
in some cases, peak let-through current. These values have been
established through short-circuit testing of that equipment accord-
ing to an accepted industry standard. Or, as is the case with con-
ductors, the withstand rating is based on a mathematical calcula-
tion and is also expressed in an RMS short-circuit current.

If both the let-through currents (IRMS and Ip) of the cur-
rent-limiting fuse and the time it takes to clear the fault are less
than the withstand rating of the electrical component, then that
component will be protected from short-circuit damage.

The following Table shows typical assumed short-circuit cur-
rent ratings for various unmarked components.

TYPICAL SHORT-CIRCUIT CURRENT RATINGS FOR UNMARKED
COMPONENTS*                                                                                              

Component Short- Circuit 
Rating, kA  

Industrial Control Equipment:
a. Auxiliary Devices                                                                                     5
b. Switches (other than Mercury Tube Type)                                               5
c. Mercury Tube Switches

Rated over 60 amperes or over 250 volts 5
Rated 250 volts or less, 60 amperes or less, and over 2kVA 3.5
Rated 250 volts or less and 2kVa or less 1

Meter Socket Base                                                                                         10
Photoelectric Switches                                                                                     5
Receptacle (GFCI Type)                                                                                10
Receptacle (other than GFCI Type) 2
Snap Switch                                                                                                     5
Terminal Block                                                                                             10
Thermostat                                                                                                      5

*Based upon information in UL 891 (Dead-Front
Switchboards)

The following components will be analyzed by establishing
the short-circuit withstand data of each component and then
selecting the proper current-limiting fuses for protection:

• Wire and Cable
• Bus (Busway, Switchboards, Motor Control Centers and

Panelboards)
• Transfer Switches
• HVAC Equipment
• Ballasts
• Circuit Breakers

A detailed analysis of motor circuit component protection is provid-
ed later in the section on motor circuits.

C. Clearing time
If the RMS Symmetrical available is greater than the point where
the fuse characteristic curve intersects with the diagonal A-B line,
then the fuse clearing time is 1/2 cycle or less. In this example, the
intersection is approximately 9500 amperes; so for short-circuit
currents above approximately 9500 amperes, this KRP-C-800SP
fuse is current-limiting.

The current-limiting charts and tables for Bussmann® fuses
are in the rear of this book under “Current-Limiting Let-Through
Charts.” Refer to these tables when analyzing component protec-
tion in the following sections.

Component Protection: Current–Limitation

How to Use the Let-Through Charts
Using the example given, one can determine the pertinent let-
through data for the KRP-C-800SP ampere LOW-PEAK® fuse. The
Let-Through Chart pertaining to the 800 ampere LOW-PEAK® fuse
is illustrated.

A. Determine the PEAK LET-THROUGH CURRENT.

Step 1. Enter the chart on the Prospective Short-Circuit current
scale at 86,000 amperes and proceed vertically until the 800
ampere fuse curve is intersected.

Step 2. Follow horizontally until the Instantaneous Peak Let-
Through Current scale is intersected.

Step 3. Read the PEAK LET-THROUGH CURRENT as 49,000
amperes. (If a fuse had not been used, the peak current would
have been 198,000 amperes.)

B. Determine the APPARENT PROSPECTIVE RMS SYMMETRI-
CAL LET-THROUGH CURRENT.

Step 1. Enter the chart on the Prospective Short-Circuit current
scale at 86,000 amperes and proceed vertically until the 800
ampere fuse curve is intersected.

Step 2. Follow horizontally until line A-B is intersected.

Step 3. Proceed vertically down to the Prospective Short-Circuit
Current.

Step 4. Read the APPARENT PROSPECTIVE RMS SYMMETRICAL
LET-THROUGH CURRENT as 21,000 amperes. (The RMS SYM-
METRICAL LET-THROUGH CURRENT would be 86,000 amperes if
there were no fuse in the circuit.)

Current-Limitation Curves — Bussmann® LOW-PEAK® Time-Delay Fuse
KRP-C-800SP
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Component Protection — Wire and Cable

The circuit shown originates at a distribution panel where
40,000 amperes RMS symmetrical is available. To determine the
proper fuse, first establish the short-circuit withstand data for the
10 AWG THW copper cable shown in the diagram.

Short-Circuit Protection of Wire and Cable

The following table shows the short-circuit withstand of cop-
per cable with 75°C thermoplastic insulation based on Insulated
Cable Engineers Association (ICEA) formulae.

The short-circuit withstand of the 10 AWG THW copper con-
ductor is 4,300 amperes for one cycle (.0167 seconds). Short-cir-
cuit protection of this conductor requires the selection of an over-
current device which will limit the 40,000 amperes RMS symmetri-
cal available to a value less than 4,300 amperes, and clear the
fault in one cycle or less.

The LOW-PEAK® dual-element fuse let-through chart shows
that the LPS-RK30SP LOW-PEAK® dual-element fuse will let-
through an apparent prospective RMS current of less than 1,800
amperes, when 40,000 amperes is available (and would clear the
fault in less than 1/2 cycle).

Short-Circuit Currents for Insulated Cables
The increase in KVA capacity of power distribution systems has
resulted in possible short-circuit currents of extremely high magni-
tude. Conductor insulation may be seriously damaged by fault
induced, high conductor temperatures. As a guide in preventing
such serious damage, maximum allowable short-circuit tempera-
tures, which damage the insulation to a slight extent only, have
been established for various insulation as follows:

Paper, rubber and varnished cloth 200°C.
Thermoplastic 150°C.

The chart at the top of next column shows the currents which,
after flowing for the times indicated, will produce these maximum
temperatures for each conductor size. The system short-circuit
capacity, the conductor cross-sectional area and the overcurrent
protective device opening time should be such that these maxi-
mum allowable short-circuit currents are not exceeded.

Using the formula shown on the ICEA protection table will
allow calculating withstand ratings of conductors. It may be advan-
tageous to calculate withstand ratings below one cycle, when the
opening time of the current-limiting device is known; see table
below.

Copper, 75° Thermoplastic Insulated Cable Damage (based on 60 HZ)
Copper Maximum Short-Circuit Withstand Current in Amperes
Wire Size 75°C 1/8 1/4 1/2 1 2 3
Thermoplastic Cycles* Cycles* Cycles* Cycle Cycles Cycles
18* 1,850 1,300 900 700 500 400
16* 3,000 2,100 1,500 1,100 700 600
14* 4,800 3,400 2,400 1,700 1,200 1,000
12* 7,600 5,400 3,800 2,700 1,900 1,550
10 12,000 8,500 6,020 4,300 3,000 2,450
8 19,200 13,500 9,600 6,800 4,800 3,900
6 30,400 21,500 16,200 10,800 7,600 6,200
4 48,400 34,200 24,200 17,100 12,100 9,900
* Extrapolated data.

LOW-PEAK® Dual-Element
Fuse LPS-RK30SP

40,000 Amps
RMS Sym.
Available

Short-Circuit

Distribution
Panel

To Load

10 AWG THW Copper

Protecting Equipment Grounding Conductors
Safety issues arise when the analysis of equipment grounding con-
ductors (EGC) is discussed. Table 250.122 of the NEC® offers min-
imum sizing for equipment grounding conductors.

Equipment grounding conductors are much more difficult to
protect than phase conductors because the overcurrent protective
device is most often several sizes larger than the ampacity of
equipment grounding conductor.

The problem of protecting equipment grounding conductors
was recognized more than 30 years ago when Eustace Soares,
wrote his famous grounding book “Grounding Electrical
Distribution Systems for Safety”. In his book he states that the
“validity” rating corresponds to the amount of energy required to
cause the copper to become loose under a lug after the conductor
has had a chance to cool back down. This validity rating is based
upon raising the copper temperature from 75°C to 250°C.

In addition to this and the ICEA charts, a third method pro-
moted by Onderdonk allows the calculation of the energy neces-
sary to cause the conductor to melt (75°C to 1,083°C).

The table on the next page offers a summary of these values
associated with various size copper conductors.
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Allowable Short-Circuit Currents for Insulated Copper Conductors*

*Copyright 1969 (reaffirmed March, 1992) by the Insulated Cable Engineers
Association (ICEA). Permission has been given by ICEA to reprint this chart.

Short-Circuit Current Withstand Chart for Copper Cables with
Thermoplastic Insulation

CONDUCTOR: COPPER
INSULATION: THERMOPLASTIC
CURVES BASED ON FORMULA:

[ I ]2    
t = .0297 log [ T2 + 234 ]A T1 + 234

WHERE:
I = SHORT-CIRCUIT CURRENT - AMPERES
A = CONDUCTOR AREA - CIRCULAR MILS
t = TIME OF SHORT-CIRCUIT - SECONDS
T1 = MAXIMUM OPERATING TEMPERATURE -

75°C
T2 = MAXIMUM SHORT-CIRCUIT TEMPERATURE -

150°C
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Component Protection — Wire and Cable

Comparison of Equipment Grounding Conductor Short-Circuit Withstand Ratings
5 Sec. Rating (Amps) I2t Rating x106 (Ampere Squared Seconds)
ICEA Soares Onderdonk ICEA Soares Onderdonk
P32-382 1 Amp/30 cm Melting P32-382 1 Amp/30 cm Melting
Insulation Validity Point Insulation Validity Point

Conductor Damage Damage
Size 150°C 250°C 1,083°C 150°C 250°C 1,083°C
18 38 55 99 .007 .015 .049
16 61 88 158 .019 .039 .124
14 97 137 253 .047 .094 .320
12 155 218 401 .120 .238 .804
10 246 346 638 .303 .599 2.03
8 391 550 1,015 .764 1.51 5.15
6 621 875 1,613 1.93 3.83 13.0
4 988 1,391 2,565 4.88 9.67 32.9
3 1,246 1,754 3,234 7.76 15.4 52.3
2 1,571 2,212 4,078 12.3 24.5 83.1
1 1,981 2,790 5,144 19.6 38.9 132.0
1/0 2,500 3,520 6,490 31.2 61.9 210.0
2/0 3,150 4,437 8,180 49.6 98.4 331.0
3/0 3,972 5,593 10,313 78.9 156.0 532.0
4/0 5,009 7,053 13,005 125.0 248.0 845.0
250 5,918 8,333 15,365 175.0 347.0 1,180.0
300 7,101 10,000 18,438 252.0 500.0 1,700.0
350 8,285 11,667 21,511 343.0 680.0 2,314.0
400 9,468 13,333 24,584 448.0 889.0 3,022.0
500 11,835 16,667 30,730 700.0 1,389.0 4,721.0
600 14,202 20,000 36,876 1,008.0 2,000.0 6,799.0
700 16,569 23,333 43,022 1,372.0 2,722.0 9,254.0
750 17,753 25,000 46,095 1,576.0 3,125.0 10,623.0
800 18,936 26,667 49,168 1,793.0 3,556.0 12,087.0
900 21,303 30,000 55,314 2,269.0 4,500.0 15,298.0
1,000 23,670 33,333 61,460 2,801.0 5,555.0 18,867.0

Take the example below. The EGC must be protected from
damage. It can withstand 4,300 amperes of current for 1 cycle.
The 1 cycle opening time of the circuit breaker will cause damage
to the 10 AWG EGC. However, a current-limiting fuse will limit the

50,000A RMS

60A Non-Current-Limiting Circuit
Breaker with 1 cycle opening
time under short-circuit
conditions

Service Equipment
Metal enclosure

Non-Metallic
Raceway

Grounded
Service
Neutral

Grounding
Electrode

 10 AWG Equipment
Grounding
Conductor
(Copper)

3Ø
Load

Metal Enclosure

VIOLATION

Would need to increase Equipment Grounding
Conductor to 2/0, per ICEA Std. P-32-382.

50,000A RMS

60A Current-Limiting
Fuse with 1/4 cycle opening
time under short-circuit
conditions

Service Equipment
Metal enclosure

Non-Metallic
Raceway

Grounded
Service
Neutral

Grounding
Electrode

10 AWG Equipment
Grounding
Conductor
(Copper)

3Ø
Load

Metal Enclosure

COMPLIANCE

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

current to within the withstand rating of the EGC. An LPS-RK60SP
will limit the line to ground current to approximately 3300 amperes,
providing protection.

It becomes obvious that the word “Minimum” in the heading of NEC®

Table 250.122 means just that - the values in the table are a minimum - they
may have to be increased due to the available short-circuit current and the
current-limiting, or non-current-limiting ability of the overcurrent protective
device. 250.4(A)(5) and 250.4(B)(4) require grounding conductors sized
adequately for the short-circuit current that could be let-through. This
means that based on the available short-circuit current, the overcurrent pro-
tective device characteristics (it’s let-thru current), the grounding conductor
may have to be sized larger than the minimum size in Table 250.122.

Good engineering practice requires the calculation of the available
short-circuit currents (3-phase and phase-to-ground values) wherever
equipment grounding conductors are used. Overcurrent protective
device (fuse or circuit breaker) manufacturers’ literature must be consult-
ed. Let-through energies for these devices should be compared with the
short-circuit ratings of the equipment grounding conductors. Wherever
let-through energies exceed the “minimum” equipment grounding con-
ductor withstand ratings, the equipment grounding conductor size must
be increased until the withstand ratings are not exceeded.
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Component Protection — Small Wire, NFPA 79

16 and 18 AWG Conductors For Industrial Machinery Power Circuits
The 2002 edition of NFPA 79, Electrical Standard for Industrial
Machinery, allows the use of 16 and 18 AWG as branch circuit
conductors if specific protection requirements are met. Note, in
general 14 AWG is the smallest branch circuit conductor allowed
in the NEC® 2002; 16 and 18 AWG branch circuit conductors are
not allowed per the NEC® 2002 for building system conductors. 

Why the change to permit 16 and 18 AWG conductors? One
of the major objectives of NFPA 79-2002 was to harmonize, where
possible, with IEC60204. This IEC standard allows for smaller con-
ductors. 

What is the challenge with using smaller conductors? Small
conductors are a challenge to protect under short-circuit condi-
tions; some overcurrent protective devices are unable to provide
protection. The smaller the conductor size, the lower the short-cir-
cuit current withstand. 16 and 18 AWG conductors have extremely
low short-circuit current withstandability. Based on the ICEA
(Insulated Cable Engineers Association) conductor withstand
equation presented in a previous section, copper conductors,
75°C thermoplastic insulation have these short-circuit withstands: 

Conductor Gauge 1/2 Cycle Short-Circuit Short- Circuit 
(AWG) Current Withstand Current Withstand

(amperes) (amperes2 seconds)

16 1,500 19,000

18 900 7,000

The NFPA 79 proposal for allowing 16 and 18 AWG for
branch circuits was accepted based on a study conducted by the
Small Wire Working Group formed by the NFPA 79 Committee. The
Small Wire Working Group studied the critical application consider-
ations for small conductors in industrial machinery, proposed the
requirements and conducted UL witnessed tests to prove the pro-
posed requirements are acceptable. After considering several
damage criteria, the group decided to use the ICEA damage lev-
els because they were the most conservative. All other methods
allowed certain amounts of damage.

The Small Wire Working Group had to determine the require-
ments for a proposal to NFPA 79 on how the conductors would be
protected. Their analysis and testing resulted in proposing differ-
ent approaches or requirements for different type overcurrent pro-
tective devices. This allowance is conditional and limited to certain
requirements such as: limited ampacity circuits, specific overcur-
rent protective device criteria, and limits for physical damage.
Specific overcurrent protective devices must be selected in order
to use 16 and 18 AWG for branch circuit conductors. These
devices are:

Fuse Protection
1. Class CC, J, or T fuses, or 
2. Other fuses listed and marked for protection of 16 or 18 AWG

wire

Circuit Breaker Protection
3. Circuit breakers listed and marked for protection of 16 or 18

AWG conductors

They chose to segregate the Class J, CC and T fuses
because the published UL/CSA/ANCE 248 Fuse Standards for
these fuses (for applicable ampere ratings) have established per-
formance short-circuit let-through limits that are lower than the
ICEA conductor short-circuit withstand limits. This means that
these fuses will let-through less energy than the ICEA damage
threshold, so conductor protection is assured. Therefore, the task
in this case was to prove this hypothesis. Testing was performed
using special “umbrella” fuses with let through values above the
UL/CSA/ANCE fuse standard limits. The results: these fuses pro-
tected the 16 and 18 AWG conductors, passing both visual
inspections and dielectric testing. UL issued a Special Service
Investigation, An Investigation of the use of 16 and 18 AWG
Conductors for Power Branch Circuits in Industrial Machinery
Applications, file number E4273 to verify the test results. The anal-
ysis, test program and results can also be viewed in an IEEE paper
presented at the 2002 IEEE Industrial and Commercial Power
Systems Technical Conference titled, An Investigation of the Use
of 16 and 18 AWG Conductors for Branch Circuits in Industrial
Machinery Built to NFPA 79 2002. The report and paper can be
found on www.bussmann.com

What about overcurrent protective devices other than Class J,
CC, and T fuses? Other Classes of fuses, or circuit breakers must
be evaluated, tested and listed to protect 16 and 18 AWG conduc-
tors in branch circuits. The electrical industry will revise the appro-
priate standards with procedures that evaluate these other over-
current protective devices to the application considerations that
the NFPA 79 Small Wire Working Group utilized.

The Small Wire Working Group noted some of the specific cri-
teria that is necessary to evaluate overcurrent protection for pro-
tection of 16 and 18 AWG conductors for industrial machinery
applications:

1. Conductor length can vary greatly: 1 foot, 4 feet and 100 feet
lengths of conductor were tested to cover a wide variety of
installations. 

2. Short-circuit current tests with full L-L voltage on one pole of
a circuit to insure the overcurrent protective device can pro-
tect conductors for various types of grounding schemes. L-G
faults are very prevalent fault conditions. And full L-L system
voltage can be present for single or multiple L-G faults on
some grounding systems. For example, the let-through I2t for
a 480 volt fault opened by only one pole is much greater
than that same fault opened by two poles of that same
device.

3. The damage level for conductors was selected as the ICEA
Allowable Short-Circuit Currents For Insulated Conductors.
After the overcurrent tests, to assess the conductor insulation
integrity, a reliable test method (not just visual inspection) via
dielectric insulation testing was used.

4. It is necessary to protect these small conductors for all levels
of short-circuit current. Tests were conducted with 5,000,
10,000 and 50,000 amps of available short-circuit current to
ensure protection at low, intermediate and high fault levels. 

At the time of this updated publication, a new SPD for
Industrial Control Panels and Industrial Machinery is being written.
The specifics on the small wire requirements and sizing will be in
this new publication. When completed this new publication will be
available at www.bussmann.com.
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Component Protection — Busway

Bus Short-Circuit Rating Requirements When Protected by Current-
Limiting Fuses
NEMA Standards require that busways have a symmetrical short-
circuit withstand rating at least as great as the average available
symmetrical short-circuit current.

Since the short-circuit ratings of busways are established on
the basis of minimum three-cycle duration tests, these ratings will
not apply unless the protective device used will remove the fault
within three cycles or less.

BUSWAYS MAY BE USED ON CIRCUITS HAVING AVAIL-
ABLE SHORT-CIRCUIT CURRENTS GREATER THAN THE THREE
CYCLE RATING OF THE BUSWAY RATING WHEN PROPERLY
COORDINATED WITH CURRENT-LIMITING DEVICES. (NEMA Pub.
No. BU1-1999)

If a busway has been listed or labeled for a maximum short-
circuit current with a specific overcurrent device, it cannot be used
where greater fault currents are available without violating the list-
ing or labeling. If a busway has been listed or labeled for a maxi-
mum short-circuit current without a specific overcurrent device
(i.e., for three cycles), current-limiting fuses can be used to reduce
the available short-circuit current to within the withstand rating of
the busway.

Refer to Figure below for an analysis of the short-circuit rating
requirements for the 800 ampere plug-in bus.

Determining the Short-Circuit Ratings of Busway

The 800 ampere plug-in bus could be subjected to 65,000
amperes at its line side; however, the KRP-C800SP ampere 
LOW-PEAK® time-delay fuse would limit this available current.
When protected by KRP-C800SP ampere LOW-PEAK® time-delay
fuses, the 800 ampere bus need only be braced for 19,000
amperes RMS symmetrical. This is derived by using the KRP-C_SP
Fuse Let-Through Chart (found in another section). The table in the
adjacent column can also be used; it shows the minimum required
bracing to be 20,000 amperes RMS symmetrical when potected by
KRP-C 800SP fuses with 75,000 amperes available short-circuit
current. This would allow a standard 22,000 ampere RMS symmet-
rical (3-cycle) rated bus to be specified, whereas, if a non-current-
limiting type protective device were specified, the bracing require-
ments would have been 65,000 amperes for three cycles.

CURRENT-LIMITING FUSES GENERALLY REDUCE BUS
BRACING REQUIREMENTS TO ALLOW A STANDARD SHORT-
CIRCUIT RATED BUSWAY TO BE SPECIFIED.

When applying air frame circuit breakers with short-time-delay
(STD), the engineer must specify additional short-circuit bracing
based on the STD time setting. For example, an 800 ampere air
frame circuit breaker may have an intentional 18 cycle STD to
selectively coordinate with downstream breakers. It is imperative
that the 800 ampere busway also be braced for this 18 cycles to
avoid damage or destruction [110.10 and 110.3(B)].

The busway short-circuit short-time rating has a mechanical
limit. Exceeding this limit invites mechanical damage due to the
high magnetic forces associated with the peak current of the fault.
The mechanical limit typically applies for high faults near and
below the busway short-circuit rating. Allowable durations of short-
circuit current, longer than the 3-cycles at 60 Hz (0.05 seconds)
required at the maximum short-circuit rating, are obtained from a
constant I2t “mechanical damage limit” curve.

Typically, for currents below one-half of the short-circuit cur-
rent rating, where mechanical stresses are reduced to one-quarter
of those at the maximum rating, the mechanical capabilities
become less important than the thermal capability. The lower limit
duration at one-half the busway rating is determined by the
busway thermal (I2t) capabilities.

The following examples compare busway short-circuit over-
current protection by low voltage circuit breakers and current-
limiting fuses. This study looks at the development of the busway
mechanical withstand curves and the time-current curves of the
breakers and fuses.

In this example, the 800 ampere plug-in busway has a 65 kA
short-circuit rating for 3 cycles.

Look at the two curves on the next page.
A plot of the busway mechanical limit characteristic on log-log

paper passes through the short-circuit rating at (65 kA, 0.05 sec-
onds) and is a constant I2t down to 32.5 kA (one-half the short-
circuit rating of 65 kA).

Assume the available short-circuit current at the busway is
equal to the 65 kA rating. The overcurrent devices are assumed to
have the proper interrupting rating.

In order to coordinate selectively with circuit breakers that are
instantaneously tripped, the power circuit breaker protecting the
busway does not have an instantaneous trip.

There is a problem with the protection of this busway. The 6
cycle short-time-delay needed to achieve coordination results in a
lack of protection of the 800 ampere busway. A short-circuit on this
busway can result in damage. As noted on the curve, a 65,000
ampere fault will intersect the mechanical damage curve before
the 800 amp breaker trips.

This busway would have to be braced to withstand 65,000
amperes of short-circuit current for a minimum of 12 cycles.

A plot of the same system utilizing LOW-PEAK® Class L and
Class RK1 fuses is also shown. Current-l imitation by the 
KRP-C800SP will offer short-circuit protection for the busway, as it
lets through 19,000 amperes in less than 1/2 cycle.

Note: The busway is protected by the fast speed of response in
the high short-circuit region. Protection is achieved, as is selective
coordination, with the downstream LPS-RK400SP fuse.

Minimum Bracing Required for Bus Structures at 480V.
(Amperes RMS Symmetrical)
Rating*
Busway Fuse Available Short-Circuit Amperes RMS Sym.

25,000 50,000 75,000 100,000 200,000
100 100 3,400 4,200 4,800 5,200 6,500
225 225 6,000 7,000 8,000 9,000 12,000
400 400 9,200 11,000 13,000 14,000 17,000
600 600 12,000 15,000 17,000 19,000 24,000
601 601 11,000 14,500 17,000 18,000 24,000
800 800 14,200 17,500 20,000 23,000 29,000

1200 1200 16,000 22,500 26,000 28,000 39,000
1600 1600 22,500 28,500 33,000 36,000 46,000
2000 2000 25,000 32,000 37,000 40,000 52,000
3000 3000 25,000 43,000 50,000 58,000 73,000
4000 4000 25,000 48,000 58,000 68,000 94,000
*Fuses are: 100-600 Ampere—LOW-PEAK® YELLOW Dual-Element Fuses—LPS-RK_SP

(Class RK1) or LPJ_SP (Class J); 800-4000 Ampere—LOW-PEAK®

YELLOW Time-Delay Fuses—KRP-C_SP (Class L). (LOW-PEAK®

YELLOW fuses are current-limiting fuses.)

UL Standard 891 details short-circuit durations for busway
within switchboards for a minimum of three cycles, unless the main
overcurrent device clears the short in less than three cycles.

800 Amp Switch

65,000 Amps
RMS Sym.
Available

Short-Circuit

800 Amp Plug-in Bus
Bracing Required?

KRP-C800SP Amp LOW-PEAK® 
Time-Delay Fuses
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Transfer switches are designed to transfer power sources
under load in order to feed a system, typically an emergency sys-
tem, consisting of critical loads. These devices are tested to meet
basic short-circuit testing requirements. Transfer switches are
often tested per UL Standard 1008.

Transfer switches should always be evaluated on the basis of
the maximum available short-circuit currents. The automatic trans-
fer switch must withstand: a) the magnetic stresses imposed by
the instantaneous peak current available at the point of applica-
tion, and b) the thermal stresses imposed by the available RMS
short-circuit current. The short-circuit current withstand rating of
the transfer switch must be equal to or greater than the available
short-circuit current at the point of application.

When properly coordinated with current-limiting devices,
automatic transfer switches can be used on circuits having avail-
able short-circuit currents greater than their unprotected withstand
short-circuit current rating. Modern current-limiting fuses, when
properly sized, limit the short-circuit current to within the withstand
rating of a transfer switch.

Transfer switches must withstand minimum short-circuit cur-
rents at specified power factors, as listed in UL Standard 1008,
until the overcurrent protective devices open.

Transfer switch manufacturers generally publish the withstand
rating data for their products. When the available short-circuit cur-
rent exceeds the withstand rating of the transfer switch, current-
limitation is required. Properly sized modern current-limiting fuses
ahead of the transfer switch limit the available short-circuit current
to within the withstand rating of a transfer switch, thereby protect-
ing the transfer switch. 

UL 1008 Minimum Withstand Test Requirement

Automatic Transfer UL Minimum UL Test Current
Switch Rating Current Amps Power Factor

100 Amps or less 5,000 40% to 50%

101-400 Amps 10,000 40% to 50%

401 Amps and greater 20 times rating 40% to 50% for
but not less current of 10,000
than 10,000 Amps Amps.

or
25% to 30% for
currents of 20,000
Amps or less.
or
20% or less for
current greater
than 20,000 Amps.

At the option of the transfer switch manufacturer, their transfer
switches can be evaluated and if successfully pass, listed for
available short-circuit currents greater than the values in table “UL
1008 Minimum Withstand Test Requirement”. This can be
achieved with fuse protection. The transfer switch manufacturer
will mark the equipment with the fuse class and rating required to
achieve these higher short-circuit current ratings (withstand rating)
as well as the withstand rating without current-limiting fuses (3-
cycle withstand rating). Below is an example of a typical transfer
switch label. For instance, the 100A transfer switch has a 100,000A
withstand rating with LPJ-300SP fuses (Class J) and only a
22,000A 3 cycle withstand rating (without current-limitation).

3-Cycle
Switch Max. Fuse Withstand Withstand

Size (Amps) Amp/Class RMS Sym. RMS Sym.

100 300A Class J 100,000A 22,000A

400 800A Class J 200,000A 35,000A

600 1200A Class L 200,000A 42,000A

800 1200A Class L 200,000A 42,000A

1000 2000A Class L 200,000A 65,000A

1200 2000A Class L 200,000A 65,000A

If a transfer switch has been listed or labeled for a maximum
short-circuit current with specific overcurrent protective devices, it
can not be used with those protective devices where there are
greater available fault currents. If a transfer switch utilizes circuit
breakers for the transfer mechanism, it can not be used where the
available short-circuit current exceeds its short-circuit current 
rating.
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Component Protection — HVAC Equipment 
Heating and cooling equipment must meet short-circuit test evalu-
ation requirements in UL Standard 1995 and CSA-C22.2 No. 236-
M90. However, there is some limitation with this approach. The fol-
lowing gives information on this approach using UL 1995 as well
as another useful, new approach.

HVAC equipment is evaluated and listed per UL 1995
depending on the unit’s rated current and voltage, at various levels
of short-circuit current from 200 amperes up to a maximum of 5000
amperes (see table below). Because of these modest values, it is
important that the designer, contractor, inspector and owner inves-
tigate and insure that the available fault current at the line side ter-
minals of the equipment does not exceed these values [110.10 &
110.3(B)]. Just as series rated combinations must be installed per
listing specifics of the various manufacturers’ equipment in order
to meet the intent of the NEC® 110.3(B) and 240.86(A), so must
HVAC equipment be properly installed to “Meet Code”. To connect
HVAC equipment in locations where the available fault current
exceeds the listed short-circuit current levels (table below) could
present a real hazard to property as well as personnel trouble-
shooting the equipment.  

What can be done if the available short-circuit current
exceeds the value in the table? Additional testing or evaluation
must be completed to assure proper application and protection of
this type of equipment at higher fault levels. 

Short-Circuit Currents to Which HVAC Units are Tested or Evaluated
Based on Unit’s Voltage and Curent Rating

SINGLE-PHASE Short-Circuit 
Capacity

110-120V 200-208V 220-240V 254-277V In Amperes
9.8A or less 5.4A or less 4.9A or less – 200
9.9A - 16.0A 5.5A - 8.8A 5.0A - 8.0A 6.65A or less 1000
16.1A - 34.0A 8.9A - 18.6A 8.1A -17.0A – 2000
34.1A - 80.0A 18.7A - 44.0A 17.1A - 40.0A – 3500
Over 80.0A Over 44.0A Over 40.0A Over 6.65A 5000

THREE-PHASE
200-208V 220-240V 440-480V 550-600V
2.12A or less 2.0A or less – – 200
2.13A - 3.7A 2.1A- 3.5A 1.8A or less 1.4A or less 1000
3.8A - 9.5A 3.6A - 9.0A – – 2000
9.6A - 23.3A 9.1A - 22.0A – – 3500
Over 23.3A Over 22.0A Over 1.8A Over 1.4A 5000

*Taken from Table 55.1 of UL Standard 1995.

HVAC Short-Circuit Current Rating Not Marked
Note: UL 1995 does not have provisions to mark HVAC units with
their short-circuit current ratings; that is why the short circuit cur-
rent rating is not on the equipment. Without a short-circuit current
rating marked on the unit, the suitability of the unit at its point of
installation or proposed point of installation is not possible just by
looking at the label and comparing that to the available short-cir-
cuit current.

Heating and Cooling Equipment that is listed and marked to
UL 1995 does not assure that the equipment has actually been
tested to the short circuit current rating implied in the standard.
There are several options where a manufacturer can waive the
short circuit current testing that is required in UL 1995 clause “55.
Limited short-circuit test” procedures. Consequently, most HVAC
equipment has not been tested for a short-circuit current rating;
rather  the equipment gets “evaluated”. 

Means to Mark HVAC Short-Circuit Current Rating 
So is there a practical solution for the electrical community
(designer, contractor, inspector, and HVAC manufacturer) that has
to perform their respective functions with a reasonable assurance
of complying with local codes in an efficient, cost effective man-
ner?

Yes. It is recommended that HVAC units, for other than single-
family residences, have the HVAC electrical panels listed to UL
508A Industrial Control Panels. UL 508A has a specific procedure
for Air Conditioning and Refrigeration Equipment. Any electrical
panel can be evaluated to UL 508A. Most important to this discus-
sion is that the general procedures for UL 508A require a short-cir-
cuit current rating be marked on the nameplate.

Clause SB5.1.1. states:
“SB5.1.1 The nameplate rating of an industrial control panel shall
include: ‘Short circuit current:____kA rms symmetrical, ____V maxi-
mum’ or the equivalent.”

Clause SB5.1.2 states:
“SB5.1.2  An industrial control panel marked with a high fault short-
circuit current rating and is not provided with the required branch
circuit protective device as specified in the Exception to SB4.2.3
shall be marked with the type and size of branch circuit protection
required to be installed in the field. This marking shall be included
as part of the marking in SB5.1.1.” 

With this system, it is as straightforward as the AHJ (Authority
Having Jurisdiction) requiring: Electrical panels of the HVAC
equipment (this is not the electrical distribution panel, but rather
the electrical panel that is part of the HVAC equipment) shall be
listed and marked to UL 508A and the unit short circuit current rat-
ing shall be marked on the nameplate. The short circuit current rat-
ing of the HVAC unit, which is on the nameplate, shall be equal to
or greater than the available short circuit current at the terminals of
the HVAC unit. If the UL 508A listed HVAC unit nameplate speci-
fies a specific type and size overcurrent protective device (not
supplied integral with the unit), then that specific size (as a maxi-
mum) and type overcurrent protective device shall be in the build-
ing distribution system that supplies the unit. 

Note: UL 508A is a new standard with clauses having various effec-
tive dates. Clauses SB5.1.1 and SB5.1.2 have an effective date of
April 25, 2006. However, manufacturers can have their equipment
evaluated, listed and marked to these clauses today if the specific
request is made to the National Recognized Testing Laboratory.
But it is important for the AHJ to explicitly mandate that the HVAC
electrical panel be marked with a short-circuit current rating and
that it be evaluated, listed, and marked to UL 508A Clauses
SB5.1.1 and SB5.1.2. 

Nameplate Specifies Overcurrent Protective Device
Per UL 1995, the HVAC nameplate can specify the type of overcur-
rent protective device that must be used. When the nameplate
does not specify the type overcurrent device, then either a circuit
breaker or fuse is permitted. A typical nameplate will show the
“Maximum Size Fuse” or “Maximum Size Fuse or HACR Type
Breaker”. If only fuses are specified on the nameplate, then fuse
protection must be present in accordance with the label. If a HACR
type breaker is allowed, then the circuit breaker must be marked
“HACR”. 
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Underwriters’ Laboratories Short-Circuit Test for Ballast  Protectors

Fusing Fixture Ballasts to Provide Short-Circuit Protection and Isolation
of Faulted Ballast. Good Ballasts Remain on the Line

Component Protection — Ballasts

Component Protection — Circuit Breaker Protection

Thermal Protector Short
Ballast

Ballast Winding20 Amp Fuse

200A
0.9-1.0 P.F.

20' 10 AWG THW Wire
2,000 Amperes Available

Row of Lighting
Fixtures

Fuse
Opens

Fixture
Faulted Ballast Ballasts

277 Volt
Lighting
Panel

The National Electrical Code® requires integral thermal pro-
tection for ballasts in 410.73(E).

Testing agencies list ballasts for general use in lighting fix-
tures which pass specific thermal and short-circuit tests. The bal-
last must incorporate a thermal protector to sense certain over-
temperature conditions and must also be able to withstand 200
amperes of short-circuit current when tested with a 20 ampere
fuse. See the figure at right for a typical test for ballasts.

Most systems today will deliver more than 200 amperes of
short-circuit current to a row of fixtures. Based upon the last sen-
tence of NEC® 110.10, it is imperative that the ballasts be applied
in accordance with their listing and therefore the fixtures must be
specified to incorporate individual ballast fusing within the fixture
and external to the ballast.

Fusing each fixture will also provide isolation of the faulted
ballast and reduce costly and dangerous blackouts. When a bal-
last does fail, only the fuse protecting that individual fixture opens -
the remaining fixtures continue in normal operation. Without this
individual ballast protection, a faulted ballast could cause the
branch circuit protective device to open, thereby shutting off all the
lights. With individual fusing, the maintenance electrician can trou-
ble shoot the problem much more quickly because only one fixture
is “out”. And this trouble shooting can be  performed as part of a
scheduled maintenance procedure. It doesn’t have to become an
“emergency” because employees are left in the dark.

There is a reference in NFPA 70B (Electrical Equipment
Maintenance), in the second paragraph of 15.5.1, which states “In

line fuseholders and fuses sized to lighting fixture manufacturers’
recommendations will provide supplementary ballast protection
and branch circuit selectivity.”

Note: Refer to fixture manufacturer for recommended fuse size.
Bussmann® has in-line holder/fuses specifically for light fixtures.

Generally, a circuit breaker should not be applied where the
available short-circuit current at its line side terminals exceeds the
circuit breaker’s interrupting rating.  This is a requirement per
110.9.  However, 240.86 has an allowance for fuses or circuit
breakers to protect downstream circuit breakers where the avail-
able short-circuit current exceeds the downstream circuit breaker’s
interrupting rating.  The term given to this is a series rated combi-
nation, series rating, or series combination rating.  The application
of series ratings has many technical limitations and additional
NEC® requirements that must be met for proper application.
Series rated combinations allowed per 240.86 should be used
sparingly.  The most suitable and often the only proper application
of series rated combinations is for branch circuit, lighting panels.
At the end of this section are tables of commercially available
fuse/circuit breaker series rated combinations published by panel-
board and switchboard manufacturers.  These tables, along with a
compliance check list for evaluating a series rated combination for
a specific installation can be viewed or downloaded from
www.bussmann.com.

First, it is best to understand the definitions of fully rated and
series rated.  As far as interrupting ratings are concerned, fully
rated systems are recommended and can be used everywhere, as
long as individual interrupting ratings are in compliance with 110.9.
On the other hand, series rated combinations have limited applica-
tions and have extra NEC® requirements that must be met.

Fully Rated
A fully rated system is one in which all of the overcurrent protective
devices have an individual interrupting rating equal to or greater
than the available short-circuit current at their line terminals per
110.9.  Fully rated systems can consist of all fuses, all circuit
breakers, or a combination of fuses and circuit breakers.  The
interrupting rating of a branch circuit fuse is required by 240.60 to

be marked on the fuse (unless its interrupting rating is 10,000 A).
The interrupting rating of a branch circuit circuit breaker is
required by 240.83 to be marked on the circuit breaker (unless its
interrupting rating is 5,000 A).  In this section, “individual” or
“stand-alone” interrupting rating is used to denote the interrupting
rating of a circuit breaker or fuse.  It is the “individual” or “stand-
alone” interrupting rating that is marked on a fuse or circuit break-
er.  See Figure 1.  A major advantage with modern current-limiting
fuses is that they have interrupting ratings of 200,000 or 300,000
amperes.

Figure 1

Series Rated Combinations
A series rated combination is a specific combination of circuit
breakers or fuses and circuit breakers, that can be applied at
available short-circuit current levels above the interrupting rating of
the load side (protected) circuit breaker, but not above the inter-
rupting rating of the line-side (protecting) device.  A series rated

Up to ISC= 300,000 Amp

Available Short Circuit

LPJ-200SP Fuse

300,000 A Interrupting Rating

LPJ-20SP Fuse

300,000 A Interrupting Rating

Fully Rated Fuse System

Up to ISC= 300,000 Amp

Available Short Circuit



82

Component Protection — Circuit Breaker Protection

combination can consist of fuses protecting circuit breakers, or cir-
cuit breakers protecting circuit breakers.  Figure 2 illustrates a
fuse/circuit breaker series rated combination.  Testing to UL 489
determines the series combination interrupting rating, but this inter-
rupting rating is not marked on circuit breakers or fuses.  As will be
shown in this section, the manufacturer of the panelboard, load-
center, switchboard or other equipment in which the protected cir-
cuit breaker is installed must mark the equipment with the details
of a tested series rated combination.

CAUTION: A series rated combination allows a load side (protect-
ed) circuit breaker to be applied where the available short circuit
current exceeds the interrupting rating marked on that circuit
breaker. 

Figure 2

How Is A Series Rated Combination Listed?
The industry has devised a method for a National Recognized
Testing Laboratory (NRTL) to test a combination of a manufactur-
er’s specific type and size circuit breaker beyond its marked inter-
rupting rating when protected by specific type line side fuses of a
maximum ampere rating.  A National Recognized Testing
Laboratory (NRTL) does not list the fuse/circuit breaker combina-
tion by itself as a series rated combination.  The listing for a series
combination has to be evaluated and found suitable for a specific
manufacturer’s panelboard, loadcenter, switchboard or other
equipment. 

Section 240.86(A) requires that, when a series rating is used,
the switchboard, panelboard, loadcenter, or other equipment be
marked by the manufacturer for use with the series rated combina-
tions to be utilized.  This indicates that the appropriate switch-
board, panelboard or loadcenter assembly has been investigated
for such use with the specific series rated combination.  For
instance, the series rated combination shown in Figure 2 is tested
and marked for use in a particular manufacturer’s panelboard type
as shown in Figure 3.  Notice in these two figures that the load side
circuit breaker has an individual marked interrupting rating of only
10,000A.  But with the series rated combination testing and mark-
ing, it may be possible to use it where 200,000A of available short-
circuit current are available.  Also, note that this rating applies to
(1) a specific manufacturer’s type and size circuit breaker, (2)
when used in a specific manufacturer’s type panelboard, switch-
board line, or other equipment, (3) when protected on the line side
by a specific maximum ampere rating and class fuse and (4) the
panelboard is factory marked with the necessary series combina-
tion rating specifics.  The line side (protecting) fuse can be
installed in the same panelboard or a separate enclosure.

Figure 3

Because there is often not enough room in the equipment to
show all of the legitimate series rated combinations, UL 67
(Panelboards) allows for a bulletin to be referenced and supplied
with the panelboard.  These bulletins typically provide all of the
acceptable series rated combinations for that panelboard. 

Unfortunately, using manufacturers’ literature, it is often diffi-
cult to determine which combinations go with which panelboards.
In order to clear the confusion, Bussmann® has researched the
major manufacturers’ application literature and published the
tables at the end of this section.  These tables show, by manufac-
turer, the various series rated combinations of fuses and breakers
that are acceptable by panelboard and switchboard type.  Note
more combinations may be available for loadcenters and meter-
centers; refer to the equipment manufacturer’s literature.

Although series rated combinations save a small percentage
of the initial equipment costs, there are many issues about design-
ing and utilizing series rated combinations. If series rated combi-
nations are considered for use, there are other NEC® requirements
that must be met!  Since series rated combinations are evaluated
by laboratory testing under specific conditions, these other
requirements are extremely important to make sure a series rated
combination is, in fact, applied per its testing, listing and marking
[110.3(B)].  

Requirements In Applying Series Rated Combinations

240.86(A) Factory Labeling Requirement
As just discussed, 240.86(A) requires that, when a series rated
combination is used, the switchboard, panelboard or other equip-
ment be tested, listed and factory marked for use with the series
rated combinations to be utilized.  See Figure 4 for the 110.22 &
240.86(A) labeling requirements illustration.

110.22 Field Labeling Requirement
This section places responsibility on the installer (electrical con-
tractor) to affix labels on the equipment enclosures, which note the
series combination interrupting rating, and calls out the specific
replacement overcurrent protective devices to be utilized.  If the
upstream overcurrent protective device protecting the downstream
circuit breaker is in a different enclosure, then both enclosures
need to have field-installed labels affixed.  See Figure 4 for the
110.22 & 240.86(A) labeling requirements illustration.

Up to ISC= 200,000 Amp

Available Short Circuit

Up to ISC= 300,000 Amp

Available Short Circuit

LPJ-400SP Fuse

300,000 A Interrupting Rating

20 A XYZ Circuit Breaker

CB Company

  10,000 A Interrupting Rating

Series Combination
 Interrupting Rating 

200,000 A. *

Series Rated System Fuse/CB

* Listed only for use in specific panelboard, loadcenter, or switchboard

Panel Mfr’s Label

  240.86(A) Labeling 

NRTL Listing of Series
Combination Rating of

200,000 amperes when CB Co.
XYZ Circuit Breaker

Protected by Maximum
400 A Class J Fuse
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240.86(A) Factory Labeling Requirement
110.22 Field Labeling Requirement

Figure 4

240.86(B) Motor Contribution Limitations
This is a major limitation.  It is critical for initial installations but in
addition, future system changes can negate the series combina-
tion rating.  Where motors are connected between the line side
(protecting) device and the load side (protected) circuit breaker,
240.86(B) has a critical limitation on the use of series rated combi-
nations.  This section requires that a series rated combination shall
not be used where the sum of motor full load currents exceeds 1% of
the load side (protected) circuit breaker’s individual interrupting rating.
See Figure 5.  The reason is that when a fault occurs, running
motors momentarily contribute current to the short-circuit (usually
about four to six times their full load rating).  This added motor
contribution results in a short-circuit current in excess of what the
loadside (protected) circuit breaker was tested to handle in rela-
tion to the lineside (protecting) device per the series rated combi-
nation testing.  See Figure 6.

Figure 5

Figure 6

This is one of the major reasons that series rated combina-
tions are generally recommended only for lighting panel applica-
tions.  Lighting panels typically do not have significant motor loads
so the motor contribution between the feeder overcurrent device
and lighting panel branch-circuit circuit breakers is not an issue
upon initial installation or in the future.  However, series rated com-
binations used for power panel or main/feeder applications can
often pose a problem upon initial installation or if the loads change
in the future.  

Example 1
As an example of the implications of 240.86(B) look at Figure 7.
On an installation with a 1000 amp total load, 50% motor load
(which is motor load of 500 amperes), the motor contribution could
be an issue in selecting a series rated combination.  If a
main/feeder series rating were to be considered, the feeder circuit
breaker must have at least a 50,000 ampere individual or stan-
dalone interrupting rating per 240.86(B) (1% of 50,000 = 500).  If
the protected circuit breaker has to have an individual interrupting
rating of at least 50,000 A, it negates the reason that series rated
combinations are utilized for most applications.

Figure 7

Contractor Installed Label

CAUTION
Series Rated Combination with 

LPJ-200SP Class J Fuses in MDP1
Rated 200,000 Amperes

Replace with Only CB Co. 
XYZ Circuit Breaker 

CAUTION
Series Rated Combination

with panel LDP1
Rated  200,000 Amperes

Replace with Only
LPJ-200SP Class J Fuses

Panel LDP1

Panel
MDP1

Contractor Installed Label

NRTL Listing of Series
Combination Rating of

200,000 amperes when CB Co.
XYZ Circuit Breaker

Protected by Maximum
400 A Class J Fuse

Panel Mfr’s Label

110.22 & 240.86(A) Labeling 
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Total Calculated Load: 1000 Amps
System Motor Load

500 Amps: MCC 1& 2Main

Feeder

MCC 1 MCC 2

This circuit breaker is
the protected circuit
breaker in a series
rated combination.

What is the minimum
individual
interrupting rating
required for this
circuit breaker?

Series Rated Systems

Series Combination
Interrupting Rating
22,000 A.

C.B. Standalone
Interrupting Rating
10,000 A.

Motor F.L.A. > 100A (1% I.R.)

This does not
comply with NEC“

240.86(B)

Motor Contribution

UL 489 testing circuit for series
combination ratings does not include

short-circuit contribution from system
motors, which in practical applications

can contribute fault current on the
loadside of the series combination

protecting device

Fuse or
Circuit
Breaker

M M

Test Set-Up
Series Rated

Motor Contribution In Practical Applications
Not Part of Series Rating Testing & Listing

When a short-circuit occurs in actual
systems, motors contribute approximately

4 to 6 times their full load amps
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Example 2
Below is an easy to use table to evaluate the “protected” (load-
side) circuit breaker in a series rated combination for meeting the
motor contribution limits in 240.86(B). In the Figure 7 example, the
motors that are connected that could contribute current where the
feeder circuit breaker (“protected” device of the series combina-
tion) would have to interrupt but that the main circuit breaker (“pro-
tecting” device of the series combination) would not have to inter-
rupt is represented by 500 amperes of normal full load current.
Reading the table below, it is seen that 500 amperes full load
motor current exceeds 420A in column A. Therefore, a series rat-
ing with a “protected” circuit breaker having a standalone inter-
rupting rating of 42,000 A.I.R. is insufficient to meet 240.86(B). A
series combination that uses a “protected” circuit breaker with a
standalone interrupting rating of at least 50,000A would be
required to meet 240.86(B). Note; do not confuse the standalone
interrupting rating of the “protected” circuit breaker with the series
combination interrupting rating. The series combination interrupt-
ing rating is the rating for both devices working together to inter-
rupt short-circuit currents. The series combination interrupting rat-
ing is much greater than the standalone interrupting rating of the
“protected” circuit breaker.

Example 3
Assess the series combination rating for motor contribution limits in
the following system.

Main Switchboard  480 Volts

Power Distribution Panel PDP1
600 Amp Main Lug Only
All Circuit Breakers Have Standalone
Interrupting Rating of 22,000 A.I.R.

All Circuit Breakers in PDP1 Are
Series Rated With LPJ-600SP
Fuses.  The Series Combination
Interrupting Rating is 100,000 A.

PDP1 Load Schedule
  Circuit           Load
     1  25 HP  Air Handler
     2  25 HP  Air Handler
     3  75 A     Static
     4 100 A    Compressor
     5 100 A    Compressor
     6           10 HP  Pump
     7   75 A     Static
     8  Spare
     9  Spare
   10  Spare 

37,000 A Available
Short-Circuit Current

58,000 A Available
Short-Circuit Current

LPJ-600SP Fuse

Step 1: Motor Load
(2) 100A Compressors 200A
(2) 25 HP Motors @ 34A ea. 68A
(1) 10 HP Pump @ 14A 14A

Total Motor Load Connected 282A
Between Series Rated Devices   

Step 2: Is the Series Rated Combination Shown Acceptable?
No. The series combination shown has a series combination inter-
rupting rating of 100,000A, which is sufficient for the 37,000
amperes available short-circuit current at PDP1. And the 
LPJ-600SP fuses have an interrupting rating of 300,000 amperes,
which is sufficient for the 58,000 amperes available short-circuit
current at the main switchboard. However, the “protected” circuit
breakers of the series combination, which are located in PDP1,
have a standalone or individual rating of 22,000 amperes. The
motor load connected between the protecting and protected
devices in the series rated combination can not exceed 1% of the
protected circuit breaker’s standalone interrupting rating. The
motor load is 282 amperes, which exceeds 1% of 22,000 amperes
(220A). So this series rated combination applied as shown does
not comply with 240.86(B).

Then consider the uncertain future of building spaces. For
instance, many building spaces, such as office buildings, manu-
facturing facilities, institutional buildings, and commercial spaces,
by their nature, incur future changes. A properly designed and ini-
tially installed series combination rating could be compromised if
the building loads change to a larger percentage of motor loads. 

As just illustrated, it is not enough to only check the available
short-circuit current against the series combination interrupting rat-
ing. 240.86(B) also requires that the designer, contractor, and AHJ
investigate the individual or standalone interrupting rating of the
protected circuit breaker of a series combination. This is neces-
sary for series rated combinations for new installations as well as
existing series rated combinations when existing systems are
refurbished or upgraded. 

Selective Coordination Requirement Limitations
Inherently, series rated combinations cannot be selectively coordi-
nated. In order to protect the loadside circuit breaker, the lineside
(protecting) device must open in conjunction with the loadside
(protected) circuit breaker. This means that the entire panel can
lose power because the device feeding the panel must open even
under relatively low-level short-circuit conditions. 

Therefore, in health care facilities where selective coordina-
tion for ground faults is required per 517.17 between the main and
feeders, the application of series rated combinations does not
meet this requirement. Also, the application of series rated combi-
nations violate the selective coordination requirements for elevator
circuits per 620.62. The application of series rated combinations
reduces emergency circuit overall system reliability as presented
in 700.25 FPN because of their inherent lack of fault current coordi-
nation. See Figure 8.
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Figure 8

Component Protection 
Using series rated combinations does not assure protection for the
circuit components. The series rating only pertains to the overcur-
rent protective devices. Specifically, it means that the load side cir-
cuit breaker of lower interrupting rating can be used in an applica-
tion with higher available short circuit currents. In practical appli-
cations, the other circuit components, such as conductors,
busway, contactors, etc., should independently be assessed for
protection under the worst-case short circuit conditions. 

Which Is Best: Fully Rated or Series Rated?
Fully rated systems are the preferred choice for many reasons. If
fully rated fuses are used and the proper choices are made, the
systems will not have any of the limitations described in the previ-
ous paragraphs. In addition, if a fully rated system uses modern
current-limiting fuses with interrupting ratings of 200,000A and
higher, the system will likely remain fully rated over the life of the
system even if changes or additions occur that increase the avail-
able short-circuit current. 

Series rated combinations should be used sparingly. The most
suitable application for series rated combinations is for branch cir-
cuit, lighting panel circuit breaker protection.  In today’s market
place, lighting panelboards are only commercially available utilizing
circuit breakers for the branch circuits. Also, lighting panels typical-
ly do not have significant motor loads so the motor contribution limi-
tation [240.86(B)] is not an issue for series rated combinations in
lighting panelboard applications. However, series rated combina-
tions used for power panel or main/feeder applications can pose a
problem upon initial installation or if the loads change in the future. 

A recommendation is to use lighting panels with circuit break-
ers that are series rated with feeder fuses. Then for the remainder
of the system, use fully rated fuses for all power panelboards, dis-
tribution panelboards, motor control centers, motor branch circuits,
emergency circuits, elevator circuits and switchboards.  

Series rated combinations inherently can not be selectively
coordinated. This is a major limitation that most building owners or
tenets do not want to incur. To unneccessarily blackout a portion of
an electrical system in todays business evnironment, technology
driven health care systems, or emergency circuits is unaccept-
able. Consider the consequences if there is a disaster to a portion
of the building; it is important for safety egress to have as much of
the electrical system in service as possible.

If Using Series Ratings, What Line Side Choice Considerations Are
There?
Remember that with a series rated combination, the load side cir-
cuit breaker is applied beyond its individual interrupting rating.
Because of this, if a series rated combination is to be used, the

designer and contractor should select the tested and marked line
side protection that will assure reliable performance over the life-
time of the electrical system. If the line side (protecting) overcur-
rent protective device does not react as intended, due to lack of
maintenance or loss of calibration, the load side circuit breaker
may be on its own to interrupt the short-circuit current. 

For the reasons mentioned in the previous paragraph, if series
rated combinations are going to be used, it is recommended to use
fuses as the line side (protecting) devices. Modern current-limiting
fuses are the most reliable overcurrent protective devices available.
Periodic maintenance of fuses is not required. It is recommended
that disconnects and all conductor and fuse terminations be period-
ically assessed and maintained. However, whether it is the first day
of service or thirty years later, modern current-limiting fuses will
respond to protect the circuit components as originally designed. 

If and when fuses are called upon to open on an overcurrent,
installing the same type and ampere rated fuses provide the circuit
with new factory-calibrated fuses. The original design integrity can
be maintained throughout the life of the electrical system. With
fuses there is typically no worry about putting an incorrect one in
per the series rating. Modern current-limiting fuses have mountings
that only accept the same class fuse. All the testing, listing and
marking of series rated combinations that utilize fuses as the line
side (protecting) device are tested with the maximum ampere
rated fuse that fits into the fuse clip. For instance, all the series rat-
ings with line side fuses are at the maximum ampere ratings for
standard fuse clips of 100A, 200A, 400A, and etc.  

In contrast, if circuit breakers are used as the line side (pro-
tecting) devices in a circuit breaker/circuit breaker series rated
combination, periodic maintenance and periodic testing are
required per the circuit breaker manufacturers’ recommendations,
NFPA 70B, and NEMA. If and when the line side (protecting) circuit
breaker is called upon to interrupt a fault current to protect the load
side (protected) circuit breaker, it is absolutely necessary that this
line side circuit breaker operate with the same or better speed and
let-through characteristics as if it were newly manufactured.
Therefore, owners must periodically examine and electrically test
their circuit breakers to the manufacturer’s stated maintenance and
testing recommendations. If and when the line side circuit breaker
is called upon to interrupt a fault, per the manufacturers’ recom-
mendations, the circuit breaker should be examined for damage
and electrically tested for calibration and operation. Molded case
circuit breakers and insulated case circuit breakers cannot be
repaired if they are damaged, inoperative, or out of calibration, they
must be replaced.  If a circuit breaker that is part of a series combi-
nation rating is replaced, it is absolutely imperative to install the
exact same type and size circuit breaker as the originally installed
series rated combination. Circuit breakers of different voltage rat-
ings, different interrupting ratings and potentially different let-
through characteristics are physically interchangeable; therefore,
the installer must be sure to install the proper replacement circuit
breaker. 

Caution: Even with diligent field maintenance of a circuit breaker,
mid to high level short circuit currents can drastically reduce the life
and change the performance of a circuit breaker, specifically the
line side (protective) circuit breaker, and possibly require replace-
ment. There is no field maintenance or testing procedures that can
verify a circuit breaker meets the original manufactured specifica-
tion for speed of operation or let-through characteristics under
medium to high-level short circuit currents at rated voltage. Consult
the appropriate device manufacturer for verification of the proper
performance of the series rated combination following a fault condi-
tion; replacement of one or both devices may be required.

Component Protection — Circuit Breaker Protection
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What about the consistency of short-circuit current performance for the
commercially available line side (protecting) devices?  
The line side fuses used for testing for series rated combinations
are special “umbrella” fuses that intentionally exceed the maximum
short circuit current let-through values for specific fuse classes
and ampere ratings per UL/CSA/ANCE 248 Fuse Standards. This
adds an extra safety factor; these special “umbrella” fuses insure
that the short-circuit current let-through energy represents the
worst case for all the commercially available fuses of that ampere
rating and class. (Umbrella fuses are not commercially available.
They are sold only to electrical equipment manufacturers for test-
ing purposes.) And as mentioned previously, it is an umbrella fuse
of the largest ampere rating that fits in a given ampere rated fuse
clip. In addition, the commercially available fuses undergo period-
ic follow up testing witnessed by the NRTL listing agency to verify
that the products continue to have short circuit let-through values
under the umbrella limits. Circuit breaker industry standards for the
majority of the circuit breakers used (non current-limiting circuit
breakers), do not have established short-circuit current let-through
limits (umbrella let-through values) as do the fuse industry stan-
dards for current-limiting fuses. Consequently, during the testing to
establish circuit breaker/circuit breaker series combination ratings,
commercially available line side (protecting) circuit breakers are
utilized rather than “umbrella” circuit breakers. Granted there is a
difference with circuit breaker/circuit breaker series rating require-
ments. Circuit breaker/circuit breaker series ratings are marked
with the specific manufacturer’s type circuit breakers while fuses
are marked with the fuse industry class. That means when using
circuit breaker/circuit breaker series ratings, there are no options
to use a different manufacturer’s circuit breaker. However, since
the circuit breaker industry does not have “umbrella” circuit break-
ers, there is no provision for variance in the short circuit current let-
through energies that might occur due to normal circuit breaker
manufacturing tolerances.

Also, if a fuse/circuit breaker series combination is chosen,
the designer or contractor has much greater flexibility to mix panel-
board/switchboard manufacturers. For instance, the lighting panel
could be from one manufacturer with that manufacturer’s circuit
breakers installed and the distribution panel equipped with switch-
es can be from another manufacturer. However, if a circuit break-
er/circuit breaker series combination is selected, then the lighting
panelboard and distribution panelboard must come from the same
manufacturer with their circuit breakers installed in both. There are
no circuit breaker/circuit breaker series combinations that mix cir-
cuit breakers of different manufacturers.

Example of Practical Application of Series Rated Combination
See Figure 9. The 208Y/120V, 200 amp, lighting panel LDP1 has
25,000 amperes available short-circuit current. The distribution
panel MDP1 has 45,000 amperes available. The lighting panel has
all single pole, 20 amp circuit breakers. The typical standard 20 A
lighting panel circuit breaker has a 10,000 ampere interrupting rat-
ing, which is insufficient for the 25,000A available. The options are
(1) to use a higher interrupting rated circuit breaker for the lighting
panel, which may cost more and require more space or (2) to use
a series rated combination. The series rated combination option
can be investigated by looking at the fuse/circuit breaker tables by
panelboard manufacturer that follow at the end of this section. 

Every major panelboard manufacturer has a suitable fuse/cir-
cuit breaker series rated solution. The example that follows uses
Square D equipment, so review their table at the end of this sec-
tion. The following is selected: Square D panelboard type NQOD
with Square D QO single pole, 20 amp, circuit breakers (which
have an individual interruption rating of 10,000 amperes) protected

by Bussmann® LPJ-200SP Fuses (which have a 300,000 amp
interrupting rating). From the table it is seen that this series combi-
nation interrupting rating is 200,000 amperes. That means if all the
other requirements are met, these QO circuit breakers in this type
panelboard can be applied in a system which has an available
short-circuit current up to 200,000A at the point where the panel-
board is installed. The requirements that must be met are:
1. The series combination interrupting rating must be equal to or

greater than the available short-circuit current at the circuit
breaker location, X2. Remember, the load side circuit breaker
in a series rated combination can be applied beyond its indi-
vidual interrupting rating (a QO circuit breaker in this case has
an individual interrupting rating of 10,000A).

2. In this example, the series rated combination interrupting rat-
ing is 200,000 amps and there is 25,000 amps available short-
circuit current. The interrupting rating of the protecting over-
current protective device must have an individual interrupting
rating equal to or greater than the available short-circuit cur-
rent at its point of application, X1.  In this example, the LPJ-
200SP fuses have an individual interrupting rating of 300,000
amperes and there is 45,000 amps available short-circuit cur-
rent available.

3. The load side (protected) circuit breaker’s individual interrupt-
ing rating must meet the minimum required in 240.86(B) due to
motor contribution. In this case, it is a lighting panel applica-
tion and there are no motor loads on the load side of the LPJ-
200SP fuses.

4. Selective coordination requirements. Selective coordination in
this application is not required per the NEC® since this is nei-
ther a health care application, an elevator circuit nor a part of
an emergency circuit. However, the owner and designer
should consider the consequences of a lack of selective coor-
dination. If selective coordination were considered to be nec-
essary, another approach would have to be taken.

5. Labeling requirements. The panelboard must be marked by
the manufacturer providing sufficient details about the listed
series combination rating. The installer must field install a label
on the panelboard and the distribution panelboard providing
specific details of the installed series combination rating, the
devices and their respective locations. These are critical for
verifying the proper ratings for the initial installation and during
the life of the system.

Tables by Manufacturer of Available Fuse / Circuit Breaker
Series Combination Ratings on following pages:

Square D Co. 87 to 88
Cutler-Hammer 89 to 91
General Electric 92 to 95
Siemens 96 to 97

Figure 9
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Fuse Protection of Circuit Breakers 

Square D Series Rating Chart

Maximum Line Side Max Fuse

System Voltage
SCIR*

Fuse Current Rating Circuit Breaker Amp s Poles

LPN-RK 600 FH, KA, KH, LA, LH, MA, MH, MX ALL 2, 3

JJS 600 FA ALL 2, 3

JJS 800 FH, KA, KH, LA, LH, MA, MH, MX ALL 2, 3

LPJ 600
FA, FH, KA, KH, LA, LH, MA, MH,  

MX
ALL 2, 3

KRP-C 800 KA ALL 2, 3

KRP-C 1200 FH, LA, LH ALL 2, 3

KRP-C 2000 KH, MA, MH, MX ALL 2, 3

LPN-RK 600
FH, FC, KH, KC, LA, LH, LC, LX,  

MA, MH, MX, NA, NC, NX
ALL 2, 3

JJS 600 FA ALL 2, 3

JJS 800
FH, FC, KA, KH, KC, LA, LH, LC, 

LX, MA, MH, MX, NA, NC, NX
ALL 2, 3

LPJ 600
FA, FH, FC, KA, KH, KC, LA, LH, 

LC, LX, MA, MH, MX, NA, NC, NX
ALL 2, 3

KRP-C 800 FH, LA, LH ALL 2, 3

KRP-C 1200 FC, KH, KC, LC, LX, MA, MH, MX ALL 2, 3

KRP-C 2000 NA, NC, NX ALL 2, 3

LPS-RK 600
FC, KA, KH, KC, LA, LH, LC, LX, 

MA, MH, MX, NA
ALL 2, 3

JJS 600 FA, FH ALL 2, 3

JJS 800
FC, KA, KH, KC, LA, LH, LC, LX, 

MA, MH, MX, NA
ALL 2, 3

LPJ 600
FA, FH, FC, KA, KH, KC, LA, LH, 

LC, LX, MA, MH, MX, NA
ALL 2, 3

KRP-C 800 KA

KRP-C 1200 KH, LA, LH

KRP-C 1600 MA

KRP-C 2000 FC, KC, LC, LX, MH, MX, NA

JJS 400 FA, FH ALL 2, 3

JJS 800
FC, KA, KH, KC, LA, LH, LC, LX, 

MA, MH, MX, NA, NC, NX
ALL 2, 3

LPJ 400 FA, FH ALL 2, 3

LPJ 600
FC, KA, KH, KC, LA, LH, LC, LX, 

MA, MH, MX, NA, NC, NX
ALL 2, 3

KRP-C 800 LA, LH ALL 2, 3

KRP-C 1200 FC, KC, LC, LX, MA, MH, MX ALL 2, 3

KRP-C 2000 NA, NC, NX ALL 2, 3

200kA

200kA

ALL 2, 3

ALL 2, 3

100kA

FC, KC, LA, LH, LC, LX, MA, MH,  

MX, NA, NC, NX
LPS-RK

I-Line Switchboard/Panelboard

240 Vac

100kA

480 Vac

600

          (See Notes on Next Page)

Load Side

*Series Combination Interrupting Rating
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Fuse Protection of Circuit Breakers 

Square D Series Rating Chart

Maximum Line Side Max Fuse

System Voltage
SCIR*

Fuse Current Rating Circuit Breaker Amp s Poles

QO, QOB ALL 1, 2, 3

QO, QOB (AS) ALL 1, 2, 3

QO, QOB (GF I) ALL 1, 2, 3

QO, QOB ALL 1, 2, 3

QO, QOB (AS) ALL 1, 2, 3

QO, QOB (GF I) ALL 1, 2, 3

Note for NQOD Panelboards: 1P for use at 120V Only

Maximum Line Side Max Fuse

System Voltage Fuse Current Rating Circuit Breaker Amp s Poles

480Y/277Vac 100kA JJS, LPJ 200 EH, EHB ALL 1, 2, 3

Note for NEHB Panelboards: 1P for use at 277V Only

Maximum Line Side Max Fuse

System Voltage Fuse Current Rating Circuit Breaker Amp s Poles

100kA JJS, LPJ 400

200kA JJS, LPJ 200

Note for NF Panelboards: 1P for use at 277V Only

Maximum Line Side Max Fuse

System Voltage Fuse Current Rating Circuit Breaker Amp s Poles

120/240Vac 42kA JJS 400 QO-VH, QOB-VH ALL 1 (120V)

QO-VH, QOB-VH, FA, Q4 ALL 2, 3 

Q2-H ALL 2

50kA JJS 800 FA, FH ALL

65kA JJS 800 KA, KH, LA, LH ALL
480Vac

EDB, EGB, EJB

JJS

ALL480Y/277Vac 1, 2, 3

240Vac

SF Switchboards with I-Line or NQOD Distribution        (See Notes Below)

Load Side

Load Side

Load Side

NEHB Panelboards

240Vac 200kA

NOTE (1): The data in these charts was compiled from information in Square D, Series Rating Data Bulletin 

No. 2700DB9901 and Square D Digest 171.  Cooper Bussmann assumes no responsibility for the accuracy 

or reliability of the information.  The information contained in the tables may change without notice due to

 

equipment design modifications

.

JJS, LPJ

NQOD Panelboards

Load Side

NF Panelboard

2, 3

800

200

400JJN

NOTE (2): The line-side fused switch may be in a separate enclosure or in the same enclosure as the load-

side circuit breaker.  A line-side fused switch may be integral or remote. 

 

NOTE (3): Max fuse current rating denotes the largest amperage fuse that may be used for that series rated 

combination.  A lower amperage fuse may be substituted for the listed fuse.

          (See Notes Below)

          (See Notes Below)

           (See Notes Below)

42kA

SCIR*

SCIR*

SCIR*

*Series Combination Interrupting Rating
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Fuse Protection of Circuit Breakers 

Cutler-Hammer Series Rating Chart

Panelboards: PRL 5P, PRL 4, PRL 3A & Pow-R-Command Panelboards
Line Side Max Fuse

Fuse Current Rating Circuit Breaker Amps Poles

LPN-RK 200 GB, GHB ALL 1,2

JJN, LPJ 400
BA, BAB, HQP, QBHW, 

QPHW
ALL 1,2

JJN, LPJ 400 GB, GHB ALL 1,2

GHB ALL 1,2,3

GB, CA ALL 2,3

JJN, LPJ 400
BAB_H, QBHW_H, HQP_H, 

QPHW_H
ALL 2,3

JJN 600 CA, CAH, HCA ALL 2,3

KRP-C 6000 EHD, FD ALL 1,2,3

KRP-C 6000
FDB, ED, JDB, JD, DK, KDB, 

KD
ALL 2,3

GHB ALL 1,2,3

BAB_H, QBHW_H, HQP_H, 

QPHW_H, CAH, HCA, GB
ALL 2,3

LPN-RK 200 GB, GHB ALL 2,3

JJN, LPJ 200
BAB_H, HQP_H, QBHW_H, 

QPHW_H, CA, CAH, HCA
ALL 2,3

GHB ALL 1,2,3

GB ALL 2,3

65kA JJS, LPJ 200 GHBS ALL 1,2

JJS, LPJ 100 GHBS ALL 1,2

LPS-RK 200 GHB ALL 1,2,3

LPJ 600 EHD, FD, HFD, FDC ALL 2,3

JJS 600
GHB, EHD, FD, HFD, FDC, 

JD, HJD, JDC
ALL 2,3

LPS-RK 100

JJS, LPJ 400

LPS-RK 100 EHD ALL 2,3

JJS, LPJ 200 EHD, FD, HFD,FDC ALL 2,3

KRP-C 1200 MC, HMC, NC, HNC ALL 2,3

200kA KRP-C 800 MC, HMC ALL 2,3

FD, HFD ALL 2,3

FDC ALL 2,3

200 JD, HJD, JDC ALL 2,3

400 KD, HKD, KDC ALL 2,3

600 LC ALL 2,3

FD, HFD ALL 2,3

FDC ALL 2,3

400 JD, HJD, JDC ALL 2,3

KRP-C 1200 LC ALL 2,3

LPS-RK 400 LC ALL 2,3

JJS, LPJ 600 KD, HKD, KDC, LC ALL 2,3

240

100kA

LPN-RK

100LPN-RK120/240

Switchboards: PRL-C / PRL-i 

100kA

JJN, LPJ 200
200kA

Max System 

Voltage
SCIR*

LPN-RK 100

200kA

200

JJN, LPJ 400

1,2,3GHB ALL

200

LPS-RK

JJS, LPJ

100

(See Notes on Page 91) 

ALL
BA, BAB, HQP, QBHW, 

QPHW

1,2ALL
BA, BAB, HQP, QBHW, 

QPHW, GB, GHB 

200kA

480/277
100kA

Load Side

1,2

480

600

100kA

200kA

100kA

*Series Combination Interrupting Rating
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Fuse Protection of Circuit Breakers 

Cutler-Hammer Series Rating Chart

Line Side Max Fuse

Fuse Current Rating Circuit Breaker Amps Poles

LPN-RK 200 GB, GHB ALL 1,2

JJN, LPJ 400
BA, BAB, HQP, QBHW, 

QPHW
ALL 1,2

JJN, LPJ 400 GB, GHB ALL 1,2

GHB ALL 1,2,3

GB, CA ALL 2,3

JJN, LPJ 400
BAB_H, QBHW_H, HQP_H, 

QPHW_H
ALL 2,3

JJN 600 CA, CAH, HCA ALL 2,3

KRP-C 6000 EHD, FD ALL 1,2,3

KRP-C 6000
FDB, ED, JDB, JD, DK, KDB, 

KD
ALL 2,3

GHB ALL 1,2,3

BAB_H, QBHW_H, HQP_H, 

QPHW_H, CAH, HCA, GB
ALL 2,3

LPN-RK 200 GB, GHB ALL 2,3

JJN, LPJ 200
BAB_H, HQP_H, QBHW_H, 

QPHW_H, CA, CAH, HCA
ALL 2,3

GHB ALL 1,2,3

GB ALL 2,3

65kA JJS, LPJ 200 GHBS ALL 1,2

JJS, LPJ 100 GHBS ALL 1,2

LPS-RK 200 GHB ALL 1,2,3

LPJ 600 EHD, FD, HFD, FDC ALL 2,3

JJS 600
GHB, EHD, FD, HFD, FDC, 

JD, HJD, JDC
ALL 2,3

LPS-RK 100

JJS, LPJ 400

Notes for above Table:

1) The HQP & QPHW are not listed for use in the PRL1A-LX Panel.

5) PRL2A & PRL2A-LX, branch breakers include:  GHB, GHBS & GB.

6) PRL1A-LX & PRL2A-LX Main & Sub-feed breakers include:   ED, FD, HFD, FDC.

ALL 1,2,3

4) Branch breakers for maximum 240V systems include: BAB_H, HQP_H, QBHW_H & QPHW_H.

480/277 100kA

200kA GHB

3) Branch breakers for maximum 120/240V systems include: BAB, HQP, QBHW & QPHW.

2) PRL1A & PRL1A-LX are for use at 240V maximum

.

240

100kA

LPN-RK 200

200kA

LPN-RK 100

JJN, LPJ 400

100

JJN, LPJ 200

120/240

100kA

200kA

LPN-RK
BA, BAB, HQP, QBHW, 

QPHW, GB, GHB 
ALL 1,2

BA, BAB, HQP, QBHW, 

QPHW
ALL 1,2

Load SideMax System 

Voltage
SCIR*

7) PRL1A & PRL2A Main & Sub-feed breakers include: CA, CAH, HCA, ED, FD, HFD, FDC, JD, HJD, JDC, KD, HKD & KDC

.

Panelboards: PRL 1A, PRL 2A, PRL 1A-LX, PRL 2A-LX (See Notes Below & Page 91)

*Series Combination Interrupting Rating
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Fuse Protection of Circuit Breakers 

Cutler-Hammer Series Rating Chart

Line Side Tenant

Fuse Main Type Circuit Breaker Amps Poles

DK, KDB, KD GB, GHB ALL 1,2

JD, JDB GB, GHB ALL 1,2

FD GB, GHB ALL 1,2

HQP 15-70 1,2

BA, BAB ALL 1,2

EHD BA, BAB, HQP ALL 1,2

GHB ALL 1,2,3

GB, EHD ALL 2,3

CA, CAH, HCA ALL 2,3

FD, FDB ALL 2,3

JD, JDB ALL 2,3

GHB ALL 1,2,3

GB ALL 2,3

GHB ALL 1,2,3

GB ALL 2,3

FD, FDB
BAB_H, QBHW_H, HQP_H, 

QPHW_H
ALL 2,3

EHD BAB_H, HQP_H ALL 2,3

FD, FDB

JD, JDB

Branch Type

Triple Series Rating - Switchboards: PRL-C & PRL-i 

SCIR*
Max System 

Voltage

KRP-C           

(Max Fuse        

Size - 6000A)

100kA

& Pow-R-Command Panels

120/240

FD

NOTE (3): Max fuse current rating denotes the largest amperage fuse that may be used for that series rated 

combination.  A lower amperage fuse may be substituted for the listed fuse.

DK, KDB, KD

KRP-C           

(Max Fuse        

Size - 6000A)

100kA240

*Series Combination Interrupting Rating

NOTE (1): The data in these charts was compiled from information in Cutler-Hammer, Series Rating Information 

Manual, catalog reference number 1C96944H01 Rev. E, pages 18-24, and Cutler-Hammer Consulting Application 

Catalog 12th Edition, pages F1-11 - F1-12.  Cooper Bussmann assumes no responsibility for the accuracy or 

reliability of the information.  The information contained in the tables may change without notice due to equipment

 

design modifications. 

 

NOTE (2): The line-side fused switch may be in a separate enclosure or in the same enclosure as the load-side 

circuit breaker.  A line-side fused switch may be integral or remote. 

 

          (See Notes Below)

Panelboard Types: PRL 5P, PRL 4, PRL 3A, PRL 2A, PRL 2A-LX, PRL 1A, PRL 1A-LX                       
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Fuse Protection of Circuit Breakers 

GE Series Rating Chart

Spectra Series (See Notes on Page 95)

Maximum Line Side Max Fuse

System Voltage
SCIR*

Fuse Current Rating Circuit Breaker Amps Poles

JJN, LPJ 600 TJD 250-400 2, 3

KRP-C 2000 TJD 250-400 2, 3

400 TQD 125-225 2, 3

THHQB 40-100 3

TQD 100-225 2

TQD 125-225 3

800 TJD 250-400 2, 3

1200 SFH 70-250 2, 3

2000 TJD 250-400 2, 3

2500 THJK 250-600 2, 3

TEB, TED 15-100 1, 2, 3 

SFH, SFL 70-250 2, 3

SED, SEH, SEL 15-150 2, 3

TEB 15-100 1, 2

TEB, TED 15-100 2, 3 

TJD 250-400 2, 3

SFH, SFL 70-250 2, 3

600 SED, SEH, SEL 15-150 2, 3

KRP-C 2000 SGD, SGH, SGL 125-600

TED 15-50 1

THED 15-30 1

TEY 15-100 1

SED, SEH, SEL 15-150 2, 3

TEY 15-100 1

TED 15-50 1

TED 15-50 1

THED 15-30 1

SED, SEH, SEL 15-150 2, 3

TEY 15-100 1

SED, SEH, SEL 15-150

65kA LPJ 600 TED, THED 15-150 2, 3

100 TED, THED6 15-100 2, 3

TEY 15-100 2, 3

SED, SEH, SEL 15-150 2, 3

TED 15-50 1

TED, THED6 15-100 2, 3

SFH, SFL 70-250 2, 3

SGH, SGL 125-600 2, 3

TEY 15-100 2, 3

SED, SEH, SEL 15-150 2, 3

JJS 800 SKH, SKL 300-1200 2, 3

1200 THJK 125-600 2, 3

SKH, SKL 300-1200 2, 3

SGH, SGL 125-600 2, 3

2000 TPV, THPV 800A FRAME (1) 3

2500 TPV, THPV 2500A FRAME (1) 3

2000 TPV, THPV 800A FRAME (1) 3

2500 TPV, THPV 2500A FRAME (1) 3

*Series Combination Interrupting Rating

(1) Includes all sensor/rating plug or setting values within stated frame size.

KRP-C

600Vac 200kA KRP-C

480Vac
100kA

LPS-RK

KRP-C

200

LPJ, JJS

400

600

2000

200kA

277Vac 100kA

LPS-RK

100

200

LPJ, JJS

400

600

KRP-C

200kA

LPN-RK 200

LPJ, JJN
400

Load Side

240Vac

42kA

100kA

LPJ, JJN 600

2, 3
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Fuse Protection of Circuit Breakers 

GE Series Rating Chart

AL / AQ PANELBOARD (See Notes on Page 95)

Maximum Line Side Max Fuse

System Voltage Fuse

THQL-GF 15-30 1

THQL 15-100 (2) 1, 2, 3

JJN, LPJ 600 TJD 250-400 2, 3

KRP-C 2000 TJD 250-400 2, 3

THHQL 15-70 1

THHQL 15-125 2

JJN, LPJ, LPN-RK 600 TFJ 70-225 2, 3

KRP-C 3000 TFJ 70-225 2, 3

LPN-RK 200 THQL 15-100 (2) 1, 2, 3

JJN 200 THQP 15-50 1, 2

THQL 15-100 (2) 1, 2, 3

TQD 125-225 2, 3

THHQL, THHQB 40-100 3

TFJ 70-225 2, 3

TQD 100-225 2

TQD 125-225 3

800 TJD 250-400 2, 3

TFJ 70-225 2, 3

SFH 70-250 2, 3

2000 TJD 250-400 2, 3

THQL 15-100 (2) 1, 2

TFJ 70-200 2, 3

SFH, SFL 70-250 2, 3

SED, SEH, SEL 15-150 2, 3

THQL 15-100 (2) 1, 2

TFJ 70-225 2, 3

TJD 250-400 2, 3

SFH, SFL 70-250 2, 3

600 SED, SEH, SEL 15-150 2, 3

KRP-C 2000 SGD, SGH, SGL 125-600

ALC / AQC Panelboard (See Notes on Page 95)

Maximum Line Side Max Fuse

System Voltage Fuse

THQL-GF 15-30 1

THQL 15-100 (2) 1, 2, 3

THHQL 15-70 1

THHQL 15-125 2

JJN, LPJ, LPN-RK 600 TFJ 70-225 2, 3

KRP-C 3000 TFJ 70-225 2, 3

LPN-RK 200 THQL 15-100 (2) 1, 2, 3

JJN 200 THQP 15-50 1, 2

THQL 15-100 (2) 1, 2, 3

TQD 125-225 2, 3

THHQL, THHQB 40-100 3

TFJ 70-225 2, 3

TQD 100-225 2

TQD 125-225 3

TFJ 70-225 2, 3

SFH 70-250 2, 3

THQL 15-100 (2) 1, 2

TFJ 70-200 2, 3

SFH, SFL 70-250 2, 3

SED, SEH, SEL 15-150 2, 3

THQL 15-100 (2) 1, 2

TFJ 70-225 2, 3

SFH, SFL 70-250 2, 3

600 SED, SEH, SEL 15-150

KRP-C 1200

100kA LPJ, JJN

400

200kA

LPN-RK

Load Side

600240Vac

42kA JJN 600

65kA

JJN 600

200

LPJ, JJN
400

200kA

LPN-RK 200

LPJ, JJN
400

Load Side

100kA
LPJ, JJN

400

600

KRP-C
1200

600

65kA

JJN 600

240Vac

42kA

JJN

(2) THQL 1 pole rating is 70 amperes maximum.  Maximum system voltage is 120/240Vac.                  

THQL 2 pole 110-125A ratings are also series rated on 120/240Vac maximum services.

*Series Combination Interrupting Rating

(2) THQL 1 pole rating is 70 amperes maximum.  Maximum system voltage is 120/240Vac.                  

THQL 2 pole 110-125A ratings are also series rated on 120/240Vac maximum services.

SCIR*

SCIR* Current Rating

Circuit Breaker Amps PolesCurrent Rating

Circuit Breaker Amps Poles
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Fuse Protection of Circuit Breakers 

GE Series Rating Chart

AE / AD PANELBOARD (See Notes on Page 95)

Maximum Line Side Max Fuse

System Voltage Fuse

TED 15-50 1

THED 15-30 1

TEY 15-100 1

SED, SEH, SEL 15-150 2, 3

TEY 15-100 1

TED 15-50 1

TED 15-50 1

THED 15-30 1

SED, SEH, SEL 15-150 2, 3

TEY 15-100 1

SED, SEH, SEL 15-150

65kA LPJ 600 TED, THED 15-150 2, 3

100 TED, THED6 15-100 2, 3

TEY 15-100 2, 3

SED, SEH, SEL 15-150 2, 3

TED 15-50 1

TED, THED6 15-100 2, 3

TFJ 70-225 2, 3

TJJ 125-400 2, 3

SFH, SFL 70-250 2, 3

SGH, SGL 125-600 2, 3

TEY 15-100 2, 3

SED, SEH, SEL 15-150 2, 3

JJS 800 SKH, SKL 300-1200 2, 3

1200 TJJ 125-400 2, 3

SKH, SKL 300-1200 2, 3

SGH, SGL 1

AEC PANELBOARD (See Notes on Page 95)

Maximum Line Side Max Fuse

System Voltage

TED 15-50 1

TEY 15-100 1

SED, SEH, SEL 15-150 2, 3

TEY 15-100 1

TED 15-50 1

TED 15-50 1

SED, SEH, SEL 15-150 2, 3

TEY 15-100 1

SED, SEH, SEL 15-150

65kA LPJ 600 TED 15-150 2, 3

100 TED 15-100 2, 3

TEY 15-100 2, 3

SED, SEH, SEL 15-150 2, 3

TED 15-50 1

TED 15-100 2, 3

TFJ 70-225 2, 3

SFH, SFL 70-250 2, 3

SGH, SGL 125-600 2, 3

TEY 15-100 2, 3

SED, SEH, SEL 15-150

Load Side

Load Side

277Vac 100kA

LPS-RK

100

200

LPJ, JJS

400

600

480Vac
100kA

LPS-RK
200

LPJ, JJS

400

600

KRP-C
2000

277Vac 100kA

LPS-RK

100

200

LPJ, JJS

400

600

480Vac
100kA

LPS-RK
200

LPJ, JJS

400

600

SCIR*
Circuit Breaker Amps PolesCurrent Rating

Circuit Breaker Amps PolesFuse
SCIR*

Current Rating

*Series Combination Interrupting Rating

*Series Combination Interrupting Rating
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Fuse Protection of Circuit Breakers 

GE Series Rating Chart

Breaker

THQL

THHQL

THQL-GF

TED

SED

SEH

SEL

TQD

TFJ

SFH

SFL

TJJ

THJK

SGD

SGH

SGL

SKH

SKL

TPV

THPV

NOTE 2: The line-side fused switch may be in a separate enclosure or in the same enclosure as the load-

side circuit breaker.  A line-side fused switch may be integral or remote.  

NOTE 3: Max fuse current rating denotes the largest amperage fuse that may be used for that series rated 

combination.  A lower amperage fuse may be substituted for the listed fuse.

TJK, THJK, TJ4V, THJ4V, THJ9V, TJH

SFP

THJ4V, THJ9V, TJH, TJL

TFK, THFK

SFL, SFP

SH, THP, THC, THCV

SS, SH, TP, TC, TCV, THP, THC, THCV

SEH, SEL, SEP

SEL, SEP

THQD

SEP

SGH, SGL, SGP

SGL, SGP

SGP

SKL, SKP

Note: The following circuit breakers may be substituted for the circuit breakers shown in the series rating 

tabulations.  Devices with MicroVersaTrip Plus and PM trip units may also be substituted, provided the short 

circuit rating is equal to or greater than series connected rating.  Ref. GE publication DET-008A.  

NOTE 1: The data in these charts was compiled from information in GE Electrical 

Distribution & Control publication, catalog reference number GEP-1100P and GE 

Electrical Distribution & Control publication - UL Component Recognized Series 

Ratings, publication reference number DET-008A.  Cooper Bussmann assumes no 

responsibility for the accuracy or reliability of the information.  The information contained 

in the tables may change without notice due to equipment design modifications.   

Substitute Breaker(s)

THHQB, THHQC

THQB-GF, THQC-GF

THED

THQB, THQC, THQE, THHQL, THHQB, THHQC

SKP
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Fuse Protection of Circuit Breakers 

Siemens Series Rating Chart

(See Notes on Next Page)

Line Side Max Fuse

Fuse Current Rating Circuit Breaker Amps Poles

LPJ, LPN-RK 600 15-70 1 (120V)

JJN (300V) 1200 15-125 2

KRP-C 6000 15-100 3

15-70 1 (120V)

15-125 2

15-100 3

HQP, HBQ, HBL, QPH, 

BQH, BLH
15-100 3

QPF, BQF, BLF, QE, BE, 

BLE, QEH, BLEH, BLHF, 

QPHF, BQHF

15-30 1 (120V)

QEH, BLEH, QE, QPHF, 

BLHF, BLE, QPF, BLF
15-60 2

QT 15-50 1 (120V),2

15-70 1 (120V)

15-125 2

15-100 3

ED4, HED4 15-100 1 (120V)

ED4, ED6, HED4, HED6 15-125 2,3

FD6-A, FXD6-A 70-250 2,3

JD6-A, JXD6-A, JXD2-A, 

SJD6-A
200-400 2,3

LD6-A 200-600 2,3

SLD6-A 300-600 3

LXD6-A 450-600 2,3

ED4, HED4 15-100 1 (120V)

ED4, ED6, HED4, HED6 15-125 2,3

FD6-A, FXD6-A 70-250 2,3

JD6-A, JXD6-A, JXD2-A, 

SJD6-A
200-400 2,3

LD6-A 200-600 2,3

SLD6-A 300-600 3

LXD6-A 450-600 2,3

ED4, HED4 15-100 1 (120V)

ED4, ED6, HED4, HED6 15-125 2,3

FD6-A, FXD6-A 70-250 2,3

JD6-A, JXD6-A, JXD2-A, 

SJD6-A
200-400 2,3

LD6-A 200-600 2,3

SLD6-A 300-600 3

LXD6-A 450-600 2,3

SMD6 500-800 3

SND6 500-1200 3

PD6, PXD6, SPD6 1200-1600 3

RD6, RXD6 1600-2000 3

LPN-RK 200 QJH2, QJ2H, QJ2 125-200 2,3

400 QJ2 125-225 2,3

600 QJH2, QJ2H 125-225 2,3

LPJ, LPN-RK 600 HFD6, HFXD6 70-250 2,3

JJN (300V) 1200 HFD6, HFXD6 70-250 2,3

HFD6, HFXD6 70-250 2,3

MD6, MXD6, HMD6, 

HMXD6
500-800 2,3

ND6, NXD6, HND6, 

HNXD6
500-1200 2,3

Switchboards SB1, SB2, SB3 
 

Panelboard S1

Max System 

Voltage
SCIR*

100kA

120/240Vac

LPJ, LPN-RK

240Vac

200kA

JJN (300V)  

LPJ

KRP-C 6000

65kA QPH, BQH, BLH

600

JJN         

(300V)
1200

Load side

KRP-C 6000

QPH, BQH, BLH, HQP, 

HBQ, HBL

100kA
JJN       

(300V)

200

QP, BQ, BL

600

*Series Combination Interrupting Rating
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Fuse Protection of Circuit Breakers 

Siemens Series Rating Chart

(See Notes Below)

Line Side Max Fuse

Fuse Current Rating Circuit Breaker Amps Poles

60-100 1 (277V)

15-100 2,3

LPJ 400 ED4 15-50 1 (277V)

JJS, LPJ 600 FD6-A, FXD6-A 70-250 2,3

LPJ, LPS-RK 600 HFD6, HFXD6 70-250 2,3

JD6-A, JXD6-A, HJD6-A, 

HJXD6-A
200-400 2,3

LD6-A, HLD6-A 200-600 2,3

LXD6-A, HLXD6-A 450-600 2,3

JJS 800 HFD6, HFXD6 70-250 2,3

JD6-A, JXD6-A, HJD6-A, 

HJXD6-A
200-400 2,3

LD6-A, HLD6-A 200-600 2,3

LXD6-A, HLXD6-A 450-600 2,3

HFD6, HFXD6 70-250 2,3

MD6, MXD6, HMD6, 

HMXD6
500-800 2,3

ND6, NXD6, HND6, 

HNXD6
500-1200 2,3

BQD, CQD 15-100 1 (277V)

BQD**, CQD ** 20-30 2,3

BQD, CQD 15-100 1 (277V)

BQD**, CQD ** 20-30 2,3

Max System 

Voltage SCIR*

Switchboards SB1, SB2, SB3 

Panelboards S2, SE, S3, S4, S5

200kA

LPS-RK

KRP-C

100kA

JJS, LPJ,    

LPS-RK

NOTE (3): Max fuse current rating denotes the largest amperage fuse that may be used for that series 

rated combination.  A lower amperage fuse may be substituted for the listed fuse.

Load side

600

JJS, KRP-C 1200

100

JJS, LPJ 200

NOTE (2): The line-side fused switch may be in a separate enclosure or in the same enclosure as the load-

side circuit breaker.  A line-side fused switch may be integral or remote.  

50kA 400 ED4LPJ

NOTE (1): The data in these charts was compiled from information in Siemens SpeedFax 2000 Electrical 

Products publication, catalog reference number GNPC-01000.  Cooper Bussmann assumes no 

responsibility for the accuracy or reliability of the information. The information contained in the tables may 

change without notice due to equipment design modifications.  

** BQD and CQD breakers are series rated from 15-100A for Series 7A, S2 and S3 panelboard applications only.

6000

480Vac

480/277V

*Series Combination Interrupting Rating
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OVERLOAD PROTECTION
Overcurrents
An overcurrent exists when the normal load current for a circuit is
exceeded. It can be in the form of an overload or short-circuit.
When applied to motor circuits an overload is any current, flowing
within the normal circuit path, that is higher than the motor’s normal
full load amperes (F.L.A.). A short-circuit is an overcurrent which
greatly exceeds the normal full load current of the circuit. Also, as
its name infers, a short-circuit leaves the normal current carrying
path of the circuit and takes a “short cut” around the load and
back to the power source. Motors can be damaged by both types
of currents.

Single-phasing, overworking and locked rotor conditions are
just a few of the situations that can be protected against with the
careful choice of protective devices. If left unprotected, motors will
continue to operate even under abnormal conditions. The exces-
sive current causes the motor to overheat, which in turn causes the
motor winding insulation to deteriorate and ultimately fail. Good
motor overload protection can greatly extend the useful life of a
motor. Because of a motor’s characteristics, many common over-
current devices actually offer limited or no protection.

Motor Starting Currents
When an AC motor is energized, a high inrush current occurs.

Typically, during the initial half cycle, the inrush current is often
higher than 20 times the normal full load current. After the first half-
cycle the motor begins to rotate and the starting current subsides
to 4 to 8 times the normal current for several seconds. As a motor
reaches running speed, the current subsides to its normal running
level. Typical motor starting characteristics are shown in Curve 1.

Because of this inrush, motors require special overload pro-
tective devices that can withstand the temporary overloads associ-
ated with starting currents and yet protect the motor from sus-
tained overloads. There are four major types. Each offers varying
degrees of protection.

Fast Acting Fuses
To offer overload protection, a protective device, depending on its
application and the motor’s service factor (S.F.), should be sized at
115% or less of motor F.L.A. for 1.0 S.F. or 125% or less of motor
F.L.A. for 1.15 or greater S.F. However, as shown in Curve 2, when
fast-acting, non-time-delay fuses are sized to the recommended
level the motors inrush will cause nuisance openings.

A fast-acting, non-time-delay fuse sized at 300% will allow the
motor to start but sacrifices the overload protection of the motor.
As shown by Curve 3 below, a sustained overload will damage the
motor before the fuse can open.
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MCP’S and Thermal Magnetic Breakers
Magnetic only breakers (MCP’s) and thermal magnetic breakers
are also unsatisfactory for the protection of motors. Once again to
properly safeguard motors from overloads, these devices should
be sized at 115% or less of motor F.L.A. for 1.0 S.F. or 125% or
less of motor F.L.A. for 1.15 or greater S.F. When sized this close
to the F.L.A. the inrush causes these breakers to open needlessly.

Curve 4 shows an MCP opening from motor inrush and an
unaffected 15 amp thermal magnetic circuit breaker (the minimum
standard size).

To allow the motor to start, the MCP must be sized at about
700-800% of the F.L.A. and the thermal magnetic breaker must be
sized at about 250% of F.L.A. Curve 5 clearly shows that breakers
sized to these levels are unable to protect motors against over-
loads.

Overload Relays
Overload relays, or heaters, installed in motor starters are usually
the melting alloy or bi-metallic type. When properly sized and
maintained, the relay can offer good overload protection. When
operating properly, overload relays allow the motor to start, but
when a sustained overload occurs the overload relays cause the
contacts to open (Curve 6).

However, if the overload relays are oversized or if the contacts
fail to open for any reason (i.e., welded contacts), the motor is left
unprotected. Also, overload relays cannot offer any protection for
short-circuits, and in fact must be protected by fuses or circuit
breakers under short-circuit conditions Curve 7 .
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Dual-Element Fuses
The dual-element fuse is unaffected by the motor inrush current
(Curve 8), but opens before a sustained overload can reach the
motor damage curve (Curve 9).

The NEC® allows dual-element fuses to be used by themselves
for both overload and short-circuit protection, (see NEC® sections
430.36, 430.37, 430.55, 430.57, & 430.90). Curve 9 shows that the
dual-element fuse offers excellent overload protection of motors.

Motor Overload Protection
Given a motor with 1.15 service factor or greater, size the FRN-R or
FRS-R fuse at 125% of the motor full load current or the next smaller
available fuse size. With a motor having a service factor of less than
1.15, size these same fuses at 115% of the motor’s F.L.A. or the
next smaller size.

Motor Backup Overload Protection
By using the following “backup” method of fusing, it is possible

to have two levels of overload protection. Begin by sizing the over-
load relays according to the manufacturers directions. Then, size
the fuse at 125%-130% or the next larger size. With this combina-
tion you have the convenience of being able to quickly reset the
overload relay after solving a minor problem, while the fuses
remain unopened. However, if the overload relays are sized too
large, if the contacts fail to open for any reason or the heaters lose
calibration, the fuses will open before the motor damage curve is
reached.

Typically LPN-RK_SP, and LPS-RK_SP or FRN-R, and FRS-R
fuses have sufficient delay and thermal capacity to be sized for
motor backup overload protection.

Curve 10 below shows the backup protection available with
this method.
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Motor Circuit Branch Circuit Protection
Is Resettability of Value?
Motor Circuits – Choice of Overcurrent Protection
Motor circuits have unique characteristics and several functions,
such as short-circuit protection, overload protection and automat-
ic/remote start/stop, that may be required. Sometimes the com-
ment is made that users prefer circuit breakers because they can
be reset.  Let’s examine the choice of either circuit breakers or cur-
rent-limiting fuses for motor branch circuit protection. 

In the case to be examined, fuses and circuit breakers
(includes magnetic only circuit breakers which are called MCPs or
motor circuit protectors) are sized with the intent to provide only
short-circuit and ground fault protection for the motor branch circuit
protection per 430.52. Other means, such as overload relays, pro-
vide the motor overload protection. Typical thermal magnetic circuit
breakers can only be sized for motor branch circuit protection (typi-
cally 200% - 250% of motor current) because if they are sized clos-
er, the motor starting current trips the circuit breaker’s instanta-
neous mechanism. Magnetic only circuit breakers (MCPs) are
intentionally not provided with overload capability; they only oper-
ate on short-circuit currents. There are some fuses such as the
FRS-R and LPS-RK fuses that can be sized close enough for motor
running overload protection or backup motor running protection.
But for the discussion in this section, assume current-limiting fuses
are sized only for motor short-circuit and ground fault protection.

It is important to note that in this protection level being dis-
cussed, a circuit breaker or fuses should only open if there is a
fault on the motor circuit. A separate overload protective device,
such as an overload relays, provides motor overload protection
per 430.32. Here are some important considerations:

1.  OSHA regulation 1910.334(b)(2) Use of Equipment states

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

So the speed of reclosing a circuit breaker after a fault is not
an advantage.  The law requires that if the condition is a fault (that
is the only reason the circuit breaker or fuses should open on a
motor circuit), then the fault must be corrected prior to replacing
fuses or resetting the circuit breaker.  

2. The typical level of short-circuit protection for the motor starter
provided by circuit breakers and MCPs is referred to as Type 1.
This is because most circuit breakers are not current-limiting.  So,
for a loadside fault, the starter may sustain significant damage
such as severe welding of contacts and rupturing of the heater ele-
ments.  Or the heater / overload relay system may lose calibration.
This is an acceptable level of performance per UL508, which is the
product standard for motor starters.   Current-limiting fuses can be
selected that can provide Type 2 “no damage” short-circuit protec-
tion for motor starters.

Consequently, with circuit breaker protection, after a fault con-
dition, significant downtime and cost may be incurred in repairing or
replacing the starter.  With properly selected fuses for Type 2 pro-
tection, after the fault is repaired, only new fuses need to be inserted
in the circuit; the starter does not have to be repaired or replaced.

3. Circuit breakers must be periodically tested to verify they
mechanical operate and electrically tested to verify they still are
properly calibrated within specification.  The circuit breaker manu-
facturers recommend this.  Typically circuit breakers should be
mechanically operated at least every year and electrically tested
every 1 to 5 years, depending on the service conditions.  Modern
current-limiting fuses do not have to be maintained or electrically
tested to verify they still will operate as intended.  The terminations
of both circuit breakers and fusible devices need to be periodically
checked and maintained to prevent thermal damage.  Plus fuse
clips should be periodically inspected and if necessary maintained.  

4. After a circuit breaker interrupts a fault, it may not be suitable for
further service.  UL489, the product standard 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 100
amperes or less do not have to operate after only one short-circuit
operation under “bus bar” short-circuit conditions.  If the fault current
is high, circuit breaker manufacturers recommend that a circuit
breaker should receive a thorough inspection with replacement, if
necessary.  How does one know a circuit breaker’s service history or
what level of fault current that a circuit breaker interrupts?  
With modern current-limiting fuses, if the fuse interrupts a fault,
new factory calibrated fuses are installed in the circuit.  The origi-
nal level of superior short-circuit protection can be there for the life
of the motor circuit.

5. After a fault, the electrician has to walk back to the storeroom to
get new fuses; that is if spare fuses are not stored adjacent to the
equipment.  This does require some additional down time.
However, if fuses opened under fault conditions, there is a fault
condition that must be remedied.  The electrician probably will be
going back to the storeroom anyway for parts to repair the fault.  If
properly selected current-limiting fuses are used in the original cir-
cuit, the starter will not sustain any significant damage or loss of
overload calibration. 

With circuit breaker protection on motor circuits, after a fault
condition, it may be necessary to repair or replace the starter, so a
trip to the storeroom may be necessary.  And if the starter is not
significantly damaged, it may still need to be tested to insure the
let-through energy by the circuit breaker has not caused the loss
of starter overload calibration. Also, the circuit breaker needs to be
evaluated for suitability before placing it back into service.  Who is
qualified for that evaluation?  How much time will that take? 

In summary, resettability is not an important feature for motor
branch circuit (short-circuit) protection and resettability of the
branch circuit protective device is not a benefit for motor circuits.
As a matter of fact, resettability of the motor branch circuit overcur-
rent protective device may encourage an unsafe practice.  The
function of motor branch circuit protection is fault protection: short-
circuit and ground fault protection.  Faults do not occur on a regu-
lar basis.  But when a fault does occur, it is important to have the
very best protection.  The best motor branch circuit protection can
be judged by (1) reliability - its ability to retain its calibration and
speed of operation over its lifetime, (2) current-limiting protection -
its ability to provide Type 2 “no damage” protection to the motor
starter, and (3) safety - its ability to meet a facility’s safety needs.
Modern current-limiting fuses are superior to circuit breakers for
motor branch circuit protection.  

After a heavy fault on a motor branch circuit, you may need to
(1) replace the fuses or (2) reset the circuit breaker and replace the
starter (and maybe the circuit breaker, too).  



Motor Protection — Voltage Unbalance/Single-Phasing

102

Historically, the causes of motor failure can be attributed to:
Overloads 30%
Contaminants 19%
Single-phasing 14%
Bearing failure 13%
Old age 10%
Rotor failure 5%
Miscellaneous 9%

100%

From the above data, it can be seen that 44% of motor failure
problems are related to HEAT.

Allowing a motor to reach and operate at a temperature 10°C
above its maximum temperature rating will reduce the motor’s
expected life by 50%. Operating at 10°C above this, the motor’s
life will be reduced again by 50%. This reduction of the expected
life of the motor repeats itself for every 10°C. This is sometimes
referred to as the “half life” rule.

Although there is no industry standard that defines the life of
an electric motor, it is generally considered to be 20 years.

The term, temperature “rise”, means that the heat produced in
the motor windings (copper losses), friction of the bearings, rotor
and stator losses (core losses), will continue to increase until the
heat dissipation equals the heat being generated. For example, a
continuous duty, 40°C rise motor will stabilize its temperature at
40°C above ambient (surrounding) temperature.

Standard motors are designed so the temperature rise pro-
duced within the motor, when delivering its rated horsepower, and
added to the industry standard 40°C ambient temperature rating,
will not exceed the safe winding insulation temperature limit.

The term, “Service Factor” for an electric motor, is defined as:
“a multiplier which, when applied to the rated horsepower, indi-
cates a permissible horsepower loading which may be carried
under the conditions specified for the Service Factor of the motor.”

“Conditions” include such things as operating the motor at
rated voltage and rated frequency.

Example: A 10 H.P. motor with a 1.0 S.F. can produce 10
H.P. of work without exceeding its temperature rise requirements.
A 10 H.P. motor with a 1.15 S.F. can produce 11.5 H.P. of work
without exceeding its temperature rise requirements.

Overloads, with the resulting overcurrents, if allowed to con-
tinue, will cause heat build-up within the motor. The outcome will
be the eventual early failure of the motor’s insulation. As stated
previously for all practical purposes, insulation life is cut in half for
every 10°C increase over the motor’s rated temperature.

Voltage Unbalance
When the voltage between all three phases is equal (balanced),
current values will be the same in each phase winding.

The NEMA standard for electric motors and generators rec-
ommends that the maximum voltage unbalance be limited to 1%.

When the voltages between the three phases (AB, BC, CA)
are not equal (unbalanced), the current increases dramatically in
the motor windings, and if allowed to continue, the motor will be
damaged.

It is possible, to a limited extent, to operate a motor when the
voltage between phases is unbalanced. To do this, the load must
be reduced.

Voltage Unbalance Derate Motor to These
in Percent Percentages of the Motor’s Rating*

1% 98%
2% 95%
3% 88%
4% 82%
5% 75%

*This is a general “rule of thumb”, for specific motors consult the motor
manufacturer.

Some Causes of Unbalanced Voltage Conditions
• Unequal single-phase loads. This is why many consulting

engineers specify that loading of panelboards be balanced to
± 10% between all three phases.

• Open delta connections.
• Transformer connections open - causing a single-phase

condition.
• Tap settings on transformer(s) not proper.
• Transformer impedances (Z) of single-phase transformers

connected into a “bank” not the same.
• Power factor correction capacitors not the same. . .or off the

line.

Insulation Life
The effect of voltage unbalance on the insulation life of a typical T-
frame motor having Class B insulation, running in a 40°C ambient,
loaded to 100%, is as follows:

Insulation Life
Voltage Service Factor Service Factor

Unbalance 1.0 1.15
0% 1.00 2.27
1% 0.90 2.10
2% 0.64 1.58
3% — 0.98
4% — 0.51

Note that motors with a service factor of 1.0 do not have as
much heat withstand capability as does a motor that has a service
factor of 1.15.

Older, larger U-frame motors, because of their ability to dissi-
pate heat, could withstand overload conditions for longer periods
of time than the newer, smaller T-frame motors.
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Insulation Classes
The following shows the maximum operating temperatures for dif-
ferent classes of insulation.

Class A Insulation 105°C
Class B Insulation 130°C
Class F Insulation 155°C
Class H Insulation 180°C

How to Calculate Voltage Unbalance and the Expected Rise in Heat

Step 1: Add together the three voltage readings:
248 + 236 + 230 = 714V

Step 2: Find the “average” voltage.
714 

= 238V3
Step 3: Subtract the “average” voltage from one of the voltages
that will indicate the greatest voltage difference. In this example:

248 – 238 = 10V
Step 4:

100 ≈
greatest voltage difference

average voltage

= 100 ≈
10

= 4.2 percent voltage unbalance238 
Step 5: Find the expected temperature rise in the phase winding
with the highest current by taking. . .

2 ≈ (percent voltage unbalance)2

In the above example:
2 ≈ (4.2)2 = 35.28 percent temperature rise.

Therefore, for a motor rated with a 60°C rise, the unbalanced
voltage condition in the above example will result in a temperature
rise in the phase winding with the highest current of:

60°C ≈ 135.28% = 81.17°C

The National Electrical Code
The National Electrical Code®, in Table 430.37, requires three over-
load protective devices, one in each phase, for the protection of all
three-phase motors.

Prior to the 1971 National Electrical Code®, three-phase
motors were considered to be protected from overload (overcur-
rent) by two overload protective devices. These devices could be
in the form of properly sized time-delay, dual-element fuses, or
overload heaters and relays (melting alloy type, bimetallic type,
magnetic type, and solid-state type.) 

Diagram showing two overload devices protecting a three-phase motor.
This was acceptable by the National Electrical Code® prior to 1971.

Two motor overload protective devices provide adequate pro-
tection against balanced voltage overload conditions where the
voltage between phases is equal. When a balanced voltage over-
load persists, the protective devices usually open simultaneously.
In some cases, one device opens, and shortly thereafter, the sec-
ond device opens. In either case, three-phase motors are protect-
ed against balanced voltage overload conditions.

Three-phase motors protected by two overload protective
devices are not assured protection against the effect of single-phas-
ing. For example, when the electrical system is WYE/DELTA or
DELTA/WYE connected, all three phases on the secondary side of
the transformer bank will continue to carry current when a single-
phasing caused by an open phase on the primary side of the trans-
former bank occurs. As will be seen later, single-phasing can be
considered to be the worst case of unbalanced voltage possible.

Diagram of a WYE/DELTA transformation with one primary phase open.
The motor is protected by two overload devices. Note that one phase to
the motor is carrying two times that of the other two phases. Without an
overload device in the phase that is carrying two times the current in the
other two phases, the motor will burn out.

The National Electrical Code®, Section 430.36 requires that
when fuses are used for motor overload protection, a fuse shall be
inserted in each phase. Where thermal overload devices, heaters,
etc. are used for motor overload protection, Table 430.37 requires
one be inserted in each phase. With these requirements, the num-
ber of single-phasing motor burnouts are greatly reduced, and are
no longer a serious hazard to motor installations. The following fig-
ure shows three overload protective devices protecting the three-
phase motor.

Since 1971, The National Electrical Code® has required three overload
protective devices for the protection of three-phase motors, one in each
phase.
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Motor Branch Circuit, Short-Circuit and Ground Fault Protection
When sized according to NEC® 430.52, a 3-pole common trip cir-
cuit breaker or MCP can not protect against single-phasing dam-
age.

It should be emphasized, the causes of single-phasing can-
not be eliminated. However, motors can be protected from the
damaging effects of single-phasing through the use of proper
overcurrent protection.

Dual-element, time-delay fuses can be sized at or close to the
motor’s nameplate full-load ampere rating without opening on nor-
mal motor start-up. This would require sizing the fuses at 100-
125% of the motors full-load current rating. Since all motors are not
necessarily fully loaded, it is recommended that the actual current
draw of the motor be used instead of the nameplate rating. This is
possible for motor’s that have a fixed load, but not recommended
where the motor load varies.*

Thus, when single-phasing occurs, FUSETRON® FRS-R and
FRN-R and LOW-PEAK® LPS-RK_SP and LPN-RK_SP dual-
element, time-delay fuses will sense the overcurrent situation and
respond accordingly to take the motor off the line.

For motor branch-circuit protection only, the following sizing
guidelines† per 430.52 of the National Electrical Code® are
allowed.

Normal Maximum
• Dual-element, time- 175% 225%

delay fuses
• Non-time-delay fuses 300% 400%

and all Class CC fuses
• Inverse-time circuit 250% 400% for motors

breaker 100 amperes
or less.
300% for motors
more than
100 amperes.

• Instantaneous only trip** 800%†† 1300%†††

circuit breakers 
(sometimes referred to as MCPs.
These are motor circuit protectors,
not motor protectors.)

† See NEC® 430.52 for specifics and exceptions.
†† 1100% for design E motors
††† 1700% for design E motors & energy efficient design B motors

Note: When sized according to table 430.52, none of these over-
current devices can provide single-phasing protection.

Single-Phasing
The term single-phasing, means one of the phases is open. A
secondary single-phasing condition subjects an electric motor to
the worst possible case of voltage unbalance.

If a three-phase motor is running when the “single-phase”
condition occurs, it will attempt to deliver its full horsepower
…enough to drive the load. The motor will continue to try to drive
the load…until the motor burns out…or until the properly sized
overload elements and/or properly sized dual-element, time-delay
fuses take the motor off the line.

*When sizing to the actual running current of the motor is not practical, an
economic analysis can determine if the addition of one of the electronic
“black boxes” is financially justified. These electronic “black boxes” can
sense voltage and current unbalance, phase reversal, single-phasing, etc.

**Instantaneous only trip breakers are permitted to have time-delay. This could
result in more damaging let-through current during short-circuits.

For lightly loaded three-phase motors, say 70% of normal full-
load amperes, the phase current will increase by the square root of
three (√3) under secondary single-phase conditions. This will result
in a current draw of approximately 20% more than the nameplate
full load current. If the overloads are sized at 125% of the motor
nameplate, circulating currents can still damage the motor. That is
why it is recommended that motor overload protection be based
upon the actual running current of the motor under its given load-
ing, rather than the nameplate current rating.

Single-Phasing Causes Are Numerous
One fact is sure: Nothing can prevent or eliminate all types of sin-
gle-phasing.

There are numerous causes of both primary and secondary
single-phasing. A device must sense and respond to the resulting
increase in current when the single-phasing condition
occurs…and do this in the proper length of time to save the motor
from damage.

The term “single-phasing” is the term used when one phase
of a three-phase system opens. This can occur on either the pri-
mary side or secondary side of a distribution transformer. Three-
phase motors, when not individually protected by three time-delay,
dual-element fuses, or three overload devices, are subject to dam-
aging overcurrents caused by primary single-phasing or sec-
ondary single-phasing.

Single-Phasing on Transformer Secondary – Typical Causes
1. Damaged motor starter contact–one pole open. The number of

contact kits sold each year confirms the fact that worn motor
starter contacts are the most common cause of single-phas-
ing. Wear and tear of the starter contacts can cause contacts
to burn open, or develop very high contact resistance, result-
ing in single-phasing. This is most likely to occur on automati-
cally started equipment such as air conditioners, compressors,
fans, etc.

2. Burned open overload relay (heater) from a line-to-ground fault
on a 3 or 4 wire grounded system. This is more likely to occur
on smaller size motor starters that are protected by non-
current-limiting overcurrent protective devices.

3. Damaged switch or circuit breaker on the main, feeder, or
motor branch circuit.

4. Open fuse or open pole in circuit breaker on main, feeder, or
motor branch circuit.

5. Open cable or bus on secondary of transformer terminals.
6. Open cable caused by overheated lug on secondary side con-

nection to service.
7. Open connection in wiring such as in motor junction box

(caused by vibration) or any pull box. Poor connections, par-
ticularly when aluminum conductors are not properly spliced to
copper conductors, or when aluminum conductors are insert-
ed into terminals and lugs suitable for use with copper con-
ductors or copper-clad conductors only.

8. Open winding in motor.
9. Open winding in one phase of transformer.

10. ANY open circuit in ANY phase ANYWHERE between the
secondary of the transformer and the motor.
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Hazards of Secondary Single-Phasing for a Three-Phase Motor
When one phase of a secondary opens, the current to a motor in
the two remaining phases theoretically increases to 1.73 (173%)
times the normal current draw of the motor. The increase can be
as much as 2 times (200%) because of power factor changes.
Where the motor has a high inertia load, the current can approach
locked rotor values under single-phased conditions. Three proper-
ly sized time-delay, dual-element fuses, and/or three properly
sized overload devices will sense and respond to this overcurrent.

SINGLE-PHASING ON SECONDARY

NORMAL CONDITION SINGLE-PHASING CONDITION

Delta-Connected Motor
FLA = 10 Amperes

(Delta-Connected Motor) Diagram showing the increase in current in the
two remaining phases after a single-phasing occurs on the secondary of
a transformer.

NORMAL CONDITION SINGLE-PHASING CONDITION

WYE-Connected Motor

FLA = 10 Amperes

(WYE-Connected Motor) Diagram showing the increase in current in the
two remaining phases after a single-phasing occurs on the secondary of
a transformer.
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SINGLE-PHASING ON SECONDARY

NORMAL CONDITION SINGLE-PHASING CONDITION

Delta-connected three-phase motor loaded to only 65% of its rated
horsepower. Normal FLA = 10 amperes. Overload (overcurrent) protection
should be based upon the motor’s actual current draw for the underload-
ed situation for optimum protection. If load varies, overload protection is
difficult to achieve. Temperature sensors, phase failure relays and cur-
rent differential relays should be installed.

When a motor is single-phased, the current in the remaining
two phases increases to 173% of normal current. Normally the
overload relays will safely clear the motor from the power supply.
However, should the overload relays or controller fail to do so,
LOW-PEAK® or FUSETRON® time-delay, dual-element fuses, prop-
erly sized to provide back-up overload protection, will clear the
motor from its power supply. 

If the overload relays were sized at 12 amperes, based upon
the motor nameplate F.L.A. of 10 amperes, they would not “see”
the single-phasing. However, if they were sized at 8 amperes (6.5A
x 1.25 = 8.13 amperes), they would “see” the single-phasing con-
dition.

0A 11.2A 11.2A

7.
4A

3.8A

3.8A

Contact Open

6.5A 6.5A 6.5A

3.
8A

3.8A

3.8A

Single-Phasing on Transformer Primary – Typical Causes
1. Primary wire broken by:

a. Storm – wind
b. Ice – sleet – hail
c. Lightning
d. Vehicle or airplane striking pole or high-line
e. Falling trees or tree limbs
f. Construction mishaps

2. Primary wire burned off from short-circuit created by birds or
animals.

3. Defective contacts on primary breaker or switch – failure to
make up on all poles.

4. Failure of 3-shot automatic recloser to make up on all 3 poles.
5. Open pole on 3-phase automatic voltage tap changer.
6. Open winding in one phase of transformer.
7. Primary fuse open.

Hazards of Primary Single-Phasing for a Three-Phase Motor
Probably the most damaging single-phase condition is when one
phase of the primary side of WYE/DELTA or DELTA/WYE trans-
former is open. Usually these causes are not within the control of
the user who purchases electrical power. When primary single-
phasing occurs, unbalanced voltages appear on the motor circuit,
causing excessive unbalanced currents. This was covered earlier
in this bulletin.

When primary single-phasing occurs, the motor current in one
secondary phase increases to 230% of normal current. Normally,
the overload relays will protect the motor. However, if for some rea-
son the overload relays or controller fail to function, the LOW-
PEAK® or FUSETRON® dual-element fuses properly sized to
provide backup overload protection will clear the motor from the
power supply.

Effect of Single-Phasing on Three-Phase Motors
The effects of single-phasing on three-phase motors varies with
service conditions and motor thermal capacities. When single-
phased, the motor temperature rise may not vary directly with the
motor current. When single-phased, the motor temperature rise
may increase at a rate greater than the increase in current. In
some cases, protective devices which sense only current may not
provide complete single-phasing protection. However, PRACTI-
CAL experience has demonstrated that motor running overload
devices properly sized and maintained can greatly reduce the
problems of single-phasing for the majority of motor installations. In
some instances, additional protective means may be necessary
when a higher degree of single-phasing protection is required.
Generally, smaller horsepower rated motors have more thermal
capacity than larger horsepower rated motors and are more likely
to be protected by conventional motor running overload devices. 



SINGLE-PHASING ON PRIMARY
Delta-Connected Motor; FLA = 10 Amperes

NORMAL CONDITION

SINGLE-PHASING CONDITION

(Delta-Connected Motor) Diagram showing how the phase currents to a three-phase motor increase when a single-phasing occurs on the primary. For
older installations where the motor is protected by two overload devices, the phase winding having the 230% current will burn up. However, properly sized
overload relays or LOW-PEAK® or FUSETRON® dual-element, time-delay fuses will clear the motor from the power supply.

SINGLE-PHASING ON PRIMARY
Wye-Connected Motor; FLA = 10 Amperes

NORMAL CONDITION

SINGLE-PHASING CONDITION

(Wye-Connected Motor) Diagram showing how the phase currents to a three-phase motor increase when a single-phasing occurs on the primary. For older
installations where the motor is protected by two overload devices, the phase winding having the 230% current will burn up. However, properly sized over-
load relays or LOW-PEAK® or FUSETRON® dual-element, time-delay fuses, will clear the motor from the power supply.
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MOTOR CIRCUIT PROTECTION TABLES FOR MOTORS COVERED IN NEC®

ARTICLE 430

Columns 1 & 2
Motor horsepower ratings are listed in Column 1. Full load amps
from Tables 430.147 through 430.150 are provided in Column 2.

Column 3
Various fuse types are listed in Column 3. The LPJ_SP is a 
600Vac, 0-600 ampere, time-delay, Class J, “LOW-PEAK®

YELLOW fuse, with a 300,000 ampere interrupting rating. The TCF
is a 600Vac, 1-60 ampere (higher amp ratings are planned), dual-
element, time-delay, IP20 finger-safe fuse with Class J perfor-
mance. The LP-CC is a 600Vac, 0-30 ampere, time-delay, Class
CC, “LOW-PEAK® YELLOW fuse with a 200,000 ampere interrupt-
ing rating. The LPS-RK_SP and LPN-RK_SP are 600 and 250Vac,
0-600 ampere, time-delay, Class RK1, “LOW-PEAK® YELLOW
fuses with interrupting ratings of 300,000 amperes. FRS-R and
FRN-R are 600 and 250Vac, 0-600 ampere, time-delay, Class RK5,
FUSETRON® Dual-Element fuses with interrupting ratings of
200,000 amperes. The KRP-C_SP is a 600Vac, 601-6000 ampere,
time-delay, Class L, “LOW-PEAK® YELLOW fuse, with a 300,000
ampere AC interrupting rating. The DC listed ratings for these
fuses are:

LPJ 1 to 600SP 300Vdc LPN-RK 0 to 60SP 125Vdc
TCF 1 to 60 300Vdc LPN-RK 70 to 600SP 250Vdc
LP-CC ⁄Ω™ to 2°Ω¡º 300Vdc LPS-RK 0 to 600SP 300Vdc
LP-CC 3 to 15 150Vdc FRN-R 0 to 600 125Vdc
LP-CC 20 to 30 300Vdc FRS-R 0 to 600 300Vdc

Column 4 - Optimal Branch Circuit Protection 
There are two distinct levels of protection philosophy provided in
this Column. LPS-RK_SP, LPN-RK_SP, FRS-R and FRN-R fuses are
sized for motor running “back-up” protection and provide superb
short-circuit protection at the same time. LPJ_SP, TCF, and LP-CC
fuses are sized a little larger but are even more current limiting,
providing an even greater degree of short-circuit protection for the
motor circuit. 

All the fuses selected from this column provide short-circuit
and ground-fault protection for motor branch circuits (430.52), but
typically are not the maximum allowed. Fuses sized in accordance
with Column 4 must be used in conjunction with properly sized
motor overload protection such as overload relays or solid state
motor controllers (430.32). This fuse sizing is normally large
enough to allow the overload protective device to operate on over-
loads without opening the fuse. Yet for many cases, this fuse
ampere rating selection is smaller than the maximums allowed per
Columns 5 or 6 (430.52). In some cases, this smaller ampere rat-
ing selection may provide the benefits of a smaller size disconnect
and better short-circuit protection. If a motor has a long starting
time, high starting current profile or is cycled frequently, it may be
necessary to use Column 5 or 6. 

The LPS-RK_SP, LPN-RK_SP, FRS-R and FRN-R fuses sized per
this column provide short-circuit and ground-fault protection for
motor branch circuits (430.52) as discussed in the previous para-
graph. In addition, these dual-element fuses exhibit longer time-
delay characteristics and can therefore be sized to provide back-
up motor overload protection. The fuse sizing in Column 4 for LPS-
RK_SP, LPN-RK_SP, FRS-R and FRN-R fuses provides a degree of
motor and circuit overload protection to back-up the normal motor
overload protective device. Note: This level of protection requires a
well-designed, true dual-element fuse. The FUSETRON® Fuses,
FRS-R and FRN-R, and LOW-PEAK® Fuses, LPS-RK_SP and 
LPN-RK_SP, are the industry leading dual-element fuses with
excellent overload time-delay characteristics and current-limiting
short-circuit ability. The LOW-PEAK® Dual-Element Fuses have bet-
ter current-limiting ability than FUSETRON® Dual-Element Fuses. 

The ampere ratings in Column 4 are determined by using
Column 2 motor ampacity values and the following: 

LPJ_SP & TCF: 150% or the next larger Bussmann® ampere rating if
150% does not correspond to a Bussmann® fuse ampere rat-
ing. 

LP-CC 1/2 to 15A: 200% (150% for DC) or the next larger
Bussmann® size if 200% (150% for DC) does not correspond
to a Bussmann® fuse ampere rating. 

LP-CC 20 to 30A: 300% (150% for DC) or the next larger Bussmann®

size if 300% (150% for DC) does not correspond to a
Bussmann® fuse ampere rating.

LPS-RK_SP and LPN-RK_SP: 130% or the next larger Bussmann®

ampere rating if 130% does not correspond to a Bussmann®

fuse ampere rating.

FRS-R and FRN-R: 125% or the next larger Bussmann® ampere rat-
ing if 125% does not correspond to a Bussmann® fuse
ampere rating. 

Column 5 - Branch Circuit Protection, Max. General Applications 
Fuses selected from this column are intended to provide short-cir-
cuit and ground-fault protection for motor branch circuits.  Fuses
sized in accordance with Column 5 must be used in conjunction
with properly sized motor overload protection such as overload
relays or solid state motor controllers (430.32). Column 5 fuse siz-
ing provides the maximum NEC® Table 430.52 ampere ratings for
general purpose applications.  It takes into account 430.52(C)(1)
Exception No. 1, which allows the next standard ampere rating
fuse (per standard fuse ampere ratings in 240.6) to be used if the
maximum percentage in Table 430.52 does not correspond to a
standard fuse ampere rating.  If this Column 5 fuse sizing does not
allow the motor to start, then Column 6 may provide a larger
ampere rating.  The ampere ratings in Column 5 are determined by
using Column 2 motor ampacity values and the following: 

LPJ_SP, TCF, LPS-RK_SP, LPN-RK_SP, FRS-R, FRN-R and KRP-C_SP:
175% (150% for DC motors) or the next larger 240.6 standard
fuse ampere rating if 175% (150% for DC motors) does not
correspond to a standard fuse ampere rating. 

LP-CC:  300% (150% for DC motors) or the next larger 240.6 stan-
dard fuse ampere rating if 300% (150% for DC motors) does
not correspond to a standard fuse ampere rating. 

Sizes shown for the LP-CC can also be used for non-time delay
fuses such as JKS, KTN-R, KTS-R, JJN, JJS, and KTK-R.

Column 6 - Branch Circuit Protection, Max. Heavy Start 
When the ampere rating shown in Column 5 is not sufficient to start a
motor, a larger ampere rating is often available by utilizing
430.52(C)(1) Exception No. 2.  The ampere ratings in Column 6 are the
larger of the ampere rating allowed by 430.52(C)(1) Exception No. 1, or
430.52(C)(1) Exception No. 2. These ampere ratings will often be
required when acceleration times are greater than 5 seconds, when
plugging or jogging applications exist, or where there are high inrush
currents (such as Design E or energy efficient Design B motors).  (In
a few cases, the ampere rating in Column 6 may be smaller than the
maximum permitted due to the limitation of the fuse type, such as LP-
CC, Class CC fuses that are only available in ratings up to 30
amperes.  In these cases, if the ampere rating shown is not sufficient
to start the motor, select a different family of fuses that meet the
requirements.)  The ampere ratings in Column 6 are determined by
using Column 2 motor ampacity values and the following:

LPJ_SP, TCF, LPS-RK_SP, LPN-RK_SP, FRS-R, and FRN-R: 225% or
the next smaller Bussmann® ampere rating if 225% does not
correspond to a Bussmann® fuse ampere rating. 

LP-CC: 400% or the next smaller Bussmann® ampere rating if 400%
does not correspond to a Bussmann® fuse ampere rating. 

KRP-C_SP: 300% or the next smaller Bussmann® ampere rating, if
300% does not correspond to a Bussmann® ampere rating.  



Three-Phase, 200 Volt Motors & Circuits 
1 2 3 4 5 6 7 8 9 10

Motor Motor Fuse Optimal NEC® NEC® Max Minimum Minimum Minimum Minimum
Size FLA Branch Ckt Max for for Heavy Switch NEMA Copper Wire Rigid Metallic

Protection Gen.Applic Start Size Starter THWN or THHN AWG Conduit
Table Table 430.52(C)(1) 430.52(C)(1) 430.110 Nema ICS 2- or KCMIL Annex C
430.150 430.150

Type Class
Exc. No. 1 Exc. No. 2 2000 Table 310.16 Table C8

HP AMPS AMPS1 AMPS1 AMPS1 AMPS Size Size Inches

LPJ_SP J 4 6 6
TCF J® 6 6 6

⁄Ω™ 2.5 LP-CC CC 5 10 10 30 00 14 ⁄Ω™
LPN-RK_SP RK1 3⁄Ω™ 6 6
FRN-R RK5 3¤Ω¡º 6 6

LPJ_SP J 5flΩ¡º 10 10
TCF J® 6 10 10

‹Ω¢ 3.7 LP-CC CC 7⁄Ω™ 15 15 30 00 14 ⁄Ω™
LPN-RK_SP RK1 5 10 10
FRN-R RK5 5 10 10

LPJ_SP J 8 10 10
TCF J® 10 10 10

1 4.8 LP-CC CC 10 15 15 30 00 14 ⁄Ω™
LPN-RK_SP RK1 6⁄Ω¢ 10 10
FRN-R RK5 6 10 10

LPJ_SP J 12 15 15
TCF J® 15 15 15

1⁄Ω™ 6.9 LP-CC CC 15 25 25 30 00 14 ⁄Ω™
LPN-RK_SP RK1 9 15 15
FRN-R RK5 9 15 15

LPJ_SP J 12 15 17⁄Ω™
TCF J® 15 15 17⁄Ω™

2 7.8 LP-CC CC 25 25 30 30 0 14 ⁄Ω™
LPN-RK_SP RK1 12 15 17⁄Ω™
FRN-R RK5 10 15 17⁄Ω™

LPJ_SP J 17⁄Ω™ 20 20

30 0 14 ⁄Ω™
LP-CC CC 25 – –

3 11
LPN-RK_SP RK1 15 20 20
FRN-R RK5 15 20 20

LPJ_SP J 30 35 35

30* 1 12 ⁄Ω™
TCF J® 30 35 35

5 17.5
LPN-RK_SP RK1 25 35 35
FRN-R RK5 25 35 35

7⁄Ω™ 25.3

LPJ_SP J 40 45 50

60 1 10** ⁄Ω™**
TCF J® 40 45 50
LPN-RK_SP RK1 35 45 50
FRN-R RK5 35 45 50

Sizes shown for the LP-CC can also be used for non-time delay
fuses such as JKS, KTN-R, KTS-R, JJN, JJS, AND KTK-R.

Column 7
Horsepower-rated switch sizes given in Column 7 are based on
115% (430.110) of Column 2. Switch sizes need to be increased
when, because of starting requirements, the fuses are sized above
the rating of the switch shown in this column.

A disconnect switch for a Design E motor above 2 HP must
be marked for use with a Design E motor or it must have a HP rat-
ing not less than 1.4 times the rating of the motor for motors rated 
3 through 100 HP or not less than 1.3 times the rating of the motor
for motors rated over 100 HP.

Column 8
Sizes listed are for general-purpose magnetic controllers (single
speed, full-voltage for limited plugging and jogging-duty) as shown
in NEMA Standards Publication ICS-2-2000.

A motor controller for a Design E motor above 2 HP must be
marked for use with a Design E motor or it must have a HP rating
not less than 1.4 times the rating of the motor for motors rated 
3 through 100 HP or not less than 1.3 times the rating of the motor
for motors rated over 100 HP.

Column 9
Copper wire sizes are based upon 125% (430.22) of values shown
in Column 2 and ampacities listed in Table 310.16 for 75°C termi-
nals. Although the NEC® allows 60°C terminations for equipment
rated 100 ampere or less, most equipment terminations have been
rated for 75°C conductors. If equipment terminations are rated for
60°C conductors only, the 60°C ampacities must be utilized and
therefore larger conductor sizes may be required than those
shown in this column. See 110.14(C) (1)(a)(4).

Column 10
These rigid metallic conduit sizes are based upon copper conduc-
tors with THWN or THHN insulation, Table C8 of Annex C, and
75°C equipment terminals.

Conduit sizes are for three conductors per circuit for three
phase motors and two conductors per circuit for single phase and
DC motors. Conduit sizes may need to be increased if equipment
grounding conductors or neutrals are also installed in the conduit.

If equipment terminations are rated for 60°C conductors only,
the 60˚C ampacities must be utilized and therefore larger conduc-
tor sizes and conduit sizes may be required.

Conductors operated in a high ambient temperature may
need to be derated. (See correction factor table at the bottom of
Table 310.16.)
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*Switch size must be increased if the ampere rating of the fuse exceeds the ampere rating of the switch.
1Per 430.52(C)(2), if the motor controller manufacturer’s overload relay tables state a maximum branch circuit protective device of a lower rating, that lower rating must be used in lieu of the sizes
shown in Columns 4, 5, or 6.

**If equipment terminations are rated for 60°C conductors only, the 60°C conductor ampacities must be utilized and therefore larger conductor sizes or conduit sizes may be required.
® Class J performance, special finger-safe dimensions.



Three-Phase, 200 Volt Motors & Circuits (continued)
1 2 3 4 5 6 7 8 9 10
Motor Motor Fuse Optimal NEC® NEC® Max Minimum Minimum Minimum Minimum
Size FLA Branch Ckt Max for for Heavy Switch NEMA Copper Wire Rigid Metallic

Protection Gen.Applic Start Size Starter THWN or THHN AWG Conduit
Table Table 430.52(C)(1) 430.52(C)(1) 430.110 Nema ICS 2- or KCMIL Annex C
430.150 430.150 Type Class Exc. No. 1 Exc. No. 2 2000 Table 310.16 Table C8
HP AMPS AMPS1 AMPS1 AMPS1 AMPS Size Size Inches

10 32.2

LPJ_SP J 50 60 70

60* 2 8** ⁄Ω™**
TCF J® 50 60 –
LPN-RK_SP RK1 45 60 70
FRN-R RK5 45 60 70

LPJ_SP J 80 90 100
15 48.3 LPN-RK_SP RK1 70 90 100 100 3 6** ‹Ω¢**

FRN-R RK5 70 90 100

LPJ_SP J 100 110 125
20 62.1 LPN-RK_SP RK1 90 110 125 100* 3 4** 1

FRN-R RK5 80 110 125

LPJ_SP J 125 150 175
25 78.2 LPN-RK_SP RK1 110 150 175 100* 3 3** 1**

FRN-R RK5 100 150 175

LPJ_SP J 150 175 200
30 92 LPN-RK_SP RK1 125 175 200 200 4 2** 1**

FRN-R RK5 125 175 200

LPJ_SP J 200 225 250
40 120 LPN-RK_SP RK1 175 225 250 200* 4 1/0 1⁄Ω¢

FRN-R RK5 150 225 250

LPJ_SP J 225 300 300
50 150 LPN-RK_SP RK1 200 300 300 200* 5 3/0 1⁄Ω™

FRN-R RK5 200 300 300

LPJ_SP J 300 350 350
60 177 LPN-RK_SP RK1 250 350 350 400 5 4/0 2

FRN-R RK5 225 350 350

75 221

LPJ_SP J 350 400 450

400* 5 300 2
LPN-RK_SP RK1 300 400 450
FRN-R RK5 300 400 450
KRP-C_SP L – – 650

100 285

LPJ_SP J 450 500 600

400* 6 500 3
LPN-RK_SP RK1 400 500 600
FRN-R RK5 400 500 600
KRP-C_SP L – – 800

125 359

LPJ_SP J 600 – –

600* 6 4/0 (2)2
LPN-RK_SP RK1 500 – –

2/PHASE
FRN-R RK5 450 – –
KRP-C_SP L – 700 1000

LPN-RK_SP RK1 600 – –
600* 6 300 (2)2150 414 FRN-R RK5 600 – –

2/PHASEKRP-C_SP L – 800 1200

200 552 KRP-C_SP L – 1000 1600 1200 72 500
(2)32/PHASE

*Switch size must be increased if the ampere rating of the fuse exceeds the ampere rating of the switch.
1Per 430.52(C)(2), if the motor controller manufacturer’s overload relay tables state a maximum branch circuit protective device of a lower rating, that lower rating must be used in lieu of the sizes
shown in Columns 4, 5, or 6.

**If equipment terminations are rated for 60°C conductors only, the 60°C conductor ampacities must be utilized and therefore larger conductor sizes or conduit sizes may be required.
2These sizes are typical. They are not shown in NEMA ICS 2-2000.
® Class J performance, special finger-safe dimensions.
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Three-Phase, 208 Volt Motors & Circuits 
1 2 3 4 5 6 7 8 9 10
Motor Motor Fuse Optimal NEC® NEC® Max Minimum Minimum Minimum Minimum
Size FLA Branch Ckt Max for for Heavy Switch Nema Copper Wire Rigid Metallic

Protection Gen.Applic Start Size Starter THWN or THHN AWG Conduit
Table Table 430.52(C)(1) 430.52(C)(1) 430.110 Nema ICS 2- or KCMIL Annex C
430.150 430.150 Type Class Exc. No. 1 Exc. No. 2 2000 Table 310.16 Table C8
HP AMPS AMPS1 AMPS1 AMPS1 AMPS Size2 Size Inches

LPJ_SP J 4 6 6
TCF J® 6 6 6

⁄Ω™ 2.4 LP-CC CC 5 10 10 30 00 14 ⁄Ω™
LPN-RK_SP RK1 3⁄Ω™ 6 6
FRN-R RK5 3 6 6
LPJ_SP J 5flΩ¡º 10 10
TCF J® 6 10 10

‹Ω¢ 3.5 LP-CC CC 7 15 15 30 00 14 ⁄Ω™
LPN-RK_SP RK1 5 10 10
FRN-R RK5 4⁄Ω™ 10 10
LPJ_SP J 7 10 10
TCF J® 10 10 10

1 4.6 LP-CC CC 10 15 15 30 00 14 ⁄Ω™
LPN-RK_SP RK1 6 10 10
FRN-R RK5 6 10 10
LPJ_SP J 10 15 15
TCF J® 10 15 15

1⁄Ω™ 6.6 LP-CC CC 15 20 25 30 00 14 ⁄Ω™
LPN-RK_SP RK1 9 15 15
FRN-R RK5 9 15 15
LPJ_SP J 12 15 15
TCF J® 15 15 15

2 7.5 LP-CC CC 15 25 30 30 0 14 ⁄Ω™
LPN-RK_SP RK1 10 15 15
FRN-R RK5 10 15 15

3 10.6

LPJ_SP J 17⁄Ω™ 20 20

30 0 14 ⁄Ω™
TCF J® 17⁄Ω™ 20 20
LPN-RK_SP RK1 15 20 20
FRN-R RK5 15 20 20

5 16.7

LPJ_SP J 30 30 35

30* 1 12 ⁄Ω™
TCF J® 30 30 35
LPN-RK_SP RK1 25 30 35
FRN-R RK5 25 30 35

7⁄Ω™ 24.2

LPJ_SP J 40 45 50

60 1 10** ⁄Ω™
TCF J® 40 45 50
LPN-RK_SP RK1 35 45 50
FRN-R RK5 35 45 50

10 30.8

LPJ_SP J 50 60 60

60 2 8 ⁄Ω™**
TCF J® 50 60 60
LPN-RK_SP RK1 45 60 60
FRN-R RK5 40 60 60
LPJ_SP J 70 90 100

15 46.2 LPN-RK_SP RK1 70 90 100 60* 3 6** ‹Ω¢**
FRN-R RK5 60 90 100
LPJ_SP J 90 110 125

20 59.4 LPN-RK_SP RK1 80 110 125 100* 3 4** 1
FRN-R RK5 80 110 125
LPJ_SP J 125 150 150

25 74.8 LPN-RK_SP RK1 100 150 150 100* 3 3** 1**
FRN-R RK5 100 150 150
LPJ_SP J 150 175 175

30 88 LPN-RK_SP RK1 125 175 175 200 4 2** 1**
FRN-R RK5 110 175 175
LPJ_SP J 175 200 250

40 114 LPN-RK_SP RK1 150 200 250 200* 4 1/0 1⁄Ω¢
FRN-R RK5 150 200 250
LPJ_SP J 225 300 300

50 143 LPN-RK_SP RK1 200 300 300 200* 5 3/0 1⁄Ω™
FRN-R RK5 200 300 300
LPJ_SP J 300 300 350

60 169 LPN-RK_SP RK1 225 300 350 400 5 4/0 2
FRN-R RK5 225 300 350

75 211

LPJ_SP J 350 400 450

400* 5 300 2
LPN-RK_SP RK1 300 400 450
FRN-R RK5 300 400 450
KRP-C_SP L – – 601

100 273

LPJ_SP J 450 500 600

400* 6 500 3
LPN-RK_SP RK1 400 500 600
FRN-R RK5 350 500 600
KRP-C_SP L – – 800

125 343

LPJ_SP J 600 – –

600* 6 4/0 (2)2
LPN-RK_SP RK1 450 – –

2/PHASE
FRN-R RK5 450 – –
KRP-C_SP L – 601 1000

150 396

LPJ_SP J 600 – –

600* 6 250 (2)2
LPN-RK_SP RK1 600 – –

2/PHASE
FRN-R RK5 500 – –
KRP-C_SP L – 700 1100

200 528 KRP-C_SP L – 1000 1500 1200* 7 400 (2)2-2⁄Ω™
2/PHASE

*Switch size must be increased if the ampere rating of the fuse exceeds the ampere rating of the switch.
1Per 430.52(C)(2), if the motor controller manufacturer’s overload relay tables state a maximum branch circuit protective device of a lower rating, that lower rating must be used in lieu of the sizes
shown in Columns 4, 5, or 6.

**If equipment terminations are rated for 60°C conductors only, the 60°C conductor ampacities must be utilized and therefore larger conductor sizes or conduit sizes may be required.
2These sizes are typical. They are not shown in NEMA ICS 2-2000.
® Class J performance, special finger-safe dimensions.
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Three-Phase, 230 Volt Motors & Circuits (220 - 240V System)
1 2 3 4 5 6 7 8 9 10
Motor Motor Fuse Optimal NEC® NEC® Max Minimum Minimum Minimum Minimum
Size FLA Branch Ckt Max for for Heavy Switch NEMA Copper Wire Rigid Metallic

Protection Gen.Applic Start Size Starter THWN or THHN AWG Conduit
Table Table 430.52(C)(1) 430.52(C)(1) 430.110 NEMA ICS 2- or KCMIL Annex C
430.150 430.150 Type Class Exc. No. 1 Exc. No. 2 2000 Table 310.16 Table C8
HP AMPS AMPS1 AMPS1 AMPS1 AMPS Size Size Inches

LPJ_SP J 3⁄Ω™ 6 6
TCF J® 6 6 6

⁄Ω™ 2.2 LP-CC CC 4⁄Ω™ 10 10 30 00 14 ⁄Ω™
LPN-RK_SP RK1 3 6 6
FRN-R RK5 2°Ω¡º 6 6
LPJ_SP J 5 6 7
TCF J® 6 6 6

‹Ω¢ 3.2 LP-CC CC 7 10 12 30 00 14 ⁄Ω™
LPN-RK_SP RK1 4⁄Ω™ 6 7
FRN-R RK5 4 6 7
LPJ_SP J 7 10 10
TCF J® 10 10 10

1 4.2 LP-CC CC 9 15 15 30 00 14 ⁄Ω™
LPN-RK_SP RK1 5flΩ¡º 10 10
FRN-R RK5 5flΩ¡º 10 10
LPJ_SP J 9 15 15
TCF J® 10 15 15

1⁄Ω™ 6 LP-CC CC 12 20 20 30 00 14 ⁄Ω™
LPN-RK_SP RK1 8 15 15
FRN-R RK5 7⁄Ω™ 15 15
LPJ_SP J 12 15 15
TCF J® 15 15 15

2 6.8 LP-CC CC 15 25 25 30 0 14 ⁄Ω™
LPN-RK_SP RK1 9 15 15
FRN-R RK5 9 15 15
LPJ_SP J 15 20 20
TCF J® 15 20 20

3 9.6 LP-CC CC 30 30 30 30 0 14 ⁄Ω™
LPN-RK_SP RK1 15 20 20
FRN-R RK5 12 20 20
LPJ_SP J 25 30 30
TCF J® 25 30 305 15.2
LPN-RK_SP RK1 20 30 30

30 1 14 ⁄Ω™

FRN-R RK5 20 30 30
LPJ_SP J 35 40 45
TCF J® 35 40 457⁄Ω™ 22
LPN-RK_SP RK1 30 40 45

30* 1 10 ⁄Ω™

FRN-R RK5 30 40 45
LPJ_SP J 45 50 60
TCF J® 45 50 6010 28
LPN-RK_SP RK1 40 50 60

60 2 10** ⁄Ω™

FRN-R RK5 35 50 60
LPJ_SP J 70 80 90

15 42 LPN-RK_SP RK1 60 80 90 60* 2 6 ‹Ω¢
FRN-R RK5 60 80 90
LPJ_SP J 90 100 110

20 54 LPN-RK_SP RK1 80 100 110 100* 3 4 1
FRN-R RK5 70 100 110
LPJ_SP J 110 125 150

25 68 LPN-RK_SP RK1 90 125 150 100* 3 4** 1
FRN-R RK5 90 125 150

30 80
LPJ_SP J 125 150 175
LPN-RK_SP RK1 110 150 175 100* 3 3** 1**
FRN-R RK5 100 150 175

40 104
LPJ_SP J 175 200 225
LPN-RK_SP RK1 150 200 225 200* 4 1** 1⁄Ω¢**
FRN-R RK5 150 200 225

50 130
LPJ_SP J 200 250 250
LPN-RK_SP RK1 175 250 250 200* 4 2/0 1⁄Ω™
FRN-R RK5 175 250 250

60 154
LPJ_SP J 250 300 300
LPN-RK_SP RK1 225 300 300 200* 5 3/0 1⁄Ω™
FRN-R RK5 200 300 300

75 192
LPJ_SP J 300 350 400
LPN-RK_SP RK1 250 350 400 400 5 250 2
FRN-R RK5 250 350 400

100 248

LPJ_SP J 400 450 500

400* 5 350 2⁄Ω™
LPN-RK_SP RK1 350 450 500
FRN-R RK5 350 450 500
KRP-C_SP L – – 700

125 312

LPJ_SP J 500 600 –

400* 6 3/0 (2)1⁄Ω™
LPN-RK_SP RK1 450 600 –

2/PHASE
FRN-R RK5 400 600 –
KRP-C_SP L – – 900

150 360

LPJ_SP J 600 – –

600* 6 4/0 (2)2
LPN-RK_SP RK1 500 6004 –

2/PHASE
FRN-R RK5 450 6004 –
KRP-C_SP L – 700 1000

200 480
FRN-R RK5 600 – –

600* 6
350

(2)2⁄Ω™KRP-C_SP L – 1000 1400 2/PHASE

*Switch size must be increased if the ampere rating of the fuse exceeds the ampere rating of the switch.
1Per 430.52(C)(2), if the motor controller manufacturer’s overload relay tables state a maximum branch circuit protective device of a lower rating, that lower rating must be used in lieu of the sizes
shown in Columns 4, 5, or 6.

**If equipment terminations are rated for 60°C conductors only, the 60°C conductor ampacities must be utilized and therefore larger conductor sizes or conduit sizes may be required.
® Class J performance, special finger-safe dimensions.

4 Limited by 600 amp being the largest amp rating for FRN-R and LPN-RK_SP.
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Three-Phase, 460 Volt Motors & Circuits (440 - 480V System)
1 2 3 4 5 6 7 8 9 10
Motor Motor Fuse Optimal NEC® NEC® Max Minimum Minimum Minimum Minimum
Size FLA Branch Ckt Max for for Heavy Switch NEMA Copper Wire Rigid Metallic

Protection Gen.Applic Start Size Starter THWN or THHN AWG Conduit
Table Table 430.52(C)(1) 430.52(C)(1) 430.110 NEMA ICS 2- or KCMIL Annex C
430.150 430.150 Type Class Exc. No. 1 Exc. No. 2 2000 Table 310.16 Table C8
HP AMPS AMPS1 AMPS1 AMPS1 AMPS Size Size Inches

LPJ_SP J 1°Ω¡º 3 3
TCF J® 3 3 3

⁄Ω™ 1.1 LP-CC CC 2⁄Ω¢ 6 6 30 00 14 ⁄Ω™
LPS-RK_SP RK1 1⁄Ω™ 3 3
FRS-R RK5 1›Ω¡º 3 3

LPJ_SP J 2⁄Ω™ 3 3⁄Ω™
TCF J® 3 3 3

‹Ω¢ 1.6 LP-CC CC 3¤Ω¡º 6 6⁄Ω¢ 30 00 14 ⁄Ω™
LPS-RK_SP RK1 2⁄Ω¢ 3 3⁄Ω™
FRS-R RK5 2 3 3⁄Ω™

LPJ_SP J 3¤Ω¡º 6 6
TCF J® 6 6 6

1 2.1 LP-CC CC 4⁄Ω™ 10 10 30 00 14 ⁄Ω™
LPS-RK_SP RK1 2°Ω¡º 6 6
FRS-R RK5 2°Ω¡º 6 6

LPJ_SP J 4⁄Ω™ 6 6
TCF J® 6 6 6

1⁄Ω™ 3 LP-CC CC 6 10 12 30 00 14 ⁄Ω™
LPS-RK_SP RK1 4 6 6⁄Ω¢
FRS-R RK5 4 6 6⁄Ω¢

LPJ_SP J 5flΩ¡º 6 7
TCF J® 6 6 6

2 3.4 LP-CC CC 7 15 15 30 00 14 ⁄Ω™
LPS-RK_SP RK1 4⁄Ω™ 6 7
FRS-R RK5 4⁄Ω™ 6 7⁄Ω™

LPJ_SP J 8 10 10
TCF J® 10 10 10

3 4.8 LP-CC CC 10 15 15 30 0 14 ⁄Ω™
LPS-RK_SP RK1 6⁄Ω¢ 10 10
FRS-R RK5 6 10 10

LPJ_SP J 12 15 15
TCF J® 15 15 15

5 7.6 LP-CC CC 25 25 30 30 0 14 ⁄Ω™
LPS-RK_SP RK1 10 15 15
FRS-R RK5 10 15 15

7⁄Ω™ 11

LPJ_SP J 17⁄Ω™ 20 20

30 1 14 ⁄Ω™
TCF J® 17⁄Ω™ 20 20
LPS-RK_SP RK1 15 20 20
FRS-R RK5 15 20 20

10 14

LPJ_SP J 25 25 30

30 1 14 ⁄Ω™
TCF J® 25 25 30
LPS-RK_SP RK1 20 25 30
FRS-R RK5 17⁄Ω™ 25 30

LPJ_SP J 35 40 45
TCF J® 35 40 4515 21
LPS-RK_SP RK1 30 40 45

30* 2 10 ⁄Ω™

FRS-R RK5 30 40 45

LPJ_SP J 45 50 60
TCF J® 45 50 6020 27
LPS-RK_SP RK1 40 50 60

60 2 10** ⁄Ω™

FRS-R RK5 35 50 60

LPJ_SP J 60 60 70
TCF J® 60 60 –

25 34
LPS-RK_SP RK1 45 60 70

60* 2 8** ⁄Ω™**

FRS-R RK5 45 60 70
LPJ_SP J 60 70 90
TCF J® 60 – –

30 40
LPS-RK_SP RK1 60 70 90

60* 3 8** ⁄Ω™**

FRS-R RK5 50 70 90

LPJ_SP J 80 100 110
40 52 LPS-RK_SP RK1 70 100 110 100* 3 6** ‹Ω¢**

FRS-R RK5 70 100 110

LPJ_SP J 100 125 125
50 65 LPS-RK_SP RK1 90 125 125 100* 3 4** 1

FRS-R RK5 90 125 125

LPJ_SP J 125 150 150
60 77 LPS-RK_SP RK1 110 150 150 100* 4 3** 1**

FRS-R RK5 100 150 150

LPJ_SP J 150 175 200
75 96 LPS-RK_SP RK1 125 175 200 200 4 1** 1⁄Ω¢**

FRS-R RK5 125 175 200

*Switch size must be increased if the ampere rating of the fuse exceeds the ampere rating of the switch.
1Per 430.52(C)(2), if the motor controller manufacturer’s overload relay tables state a maximum branch circuit protective device of a lower rating, that lower rating must be used in lieu of the sizes
shown in Columns 4, 5, or 6.

**If equipment terminations are rated for 60°C conductors only, the 60°C conductor ampacities must be utilized and therefore larger conductor sizes or conduit sizes may be required.
® Class J performance, special finger-safe dimensions.
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Three-Phase, 460 Volt Motors & Circuits (440 - 480V System) (continued)
1 2 3 4 5 6 7 8 9 10
Motor Motor Fuse Optimal NEC® NEC® Max Minimum Minimum Minimum Minimum
Size FLA Branch Ckt Max for for Heavy Switch NEMA Copper Wire Rigid Metallic

Protection Gen.Applic Start Size Starter THWN or THHN AWG Conduit
Table Table 430.52(C)(1) 430.52(C)(1) 430.110 NEMA ICS 2- or KCMIL Annex C
430.150 430.150 Type Class Exc. No. 1 Exc. No. 2 2000 Table 310.16 Table C8
HP AMPS AMPS1 AMPS1 AMPS1 AMPS Size Size Inches

LPJ_SP J 200 225 250
100 124 LPS-RK_SP RK1 175 225 250 200* 4 2/0 1⁄Ω™

FRS-R RK5 175 225 250

LPJ_SP J 250 300 350
125 156 LPS-RK_SP RK1 225 300 350 200* 5 3/0 1⁄Ω™

FRS-R RK5 200 300 350

LPJ_SP J 300 350 400
150 180 LPS-RK_SP RK1 250 350 400 400 5 4/0 2

FRS-R RK5 225 350 400

200 240

LPJ_SP J 400 450 500

400* 5 350 2⁄Ω™
LPS-RK_SP RK1 350 450 500
FRS-R RK5 300 450 500
KRP-C_SP L – – 700

250 302

LPJ_SP J 500 600 –

400* 6 3/0 (2)1⁄Ω™
LPS-RK_SP RK1 400 600 –

2/PHASE
FRS-R RK5 400 600 –
KRP-C_SP L – – 900

300 361

LPJ_SP J 600 – –

600* 6 4/0 (2)2
LPS-RK_SP RK1 500 6004 –

2/PHASE
FRS-R RK5 500 6004 –
KRP-C_SP L – 700 1000

350 414
LPS-RK_SP RK1 600 – –

600* 6 300 (2)2FRS-R RK5 600 – –
2/PHASEKRP-C_SP L – 800 1200

400 477 KRP-C_SP L – 1000 1400 6 350 (2)2⁄Ω™
FRS-R RK5 600 – –

600*
2/PHASE

450 515 KRP-C_SP L – 1000 1500 1200* 7
400

(2)2⁄Ω™2/PHASE

500 590 KRP-C_SP L – 1200 1600 1200* 7
500

(2)32/PHASE

*Switch size must be increased if the ampere rating of the fuse exceeds the ampere rating of the switch.
1Per 430.52(C)(2), if the motor controller manufacturer’s overload relay tables state a maximum branch circuit protective device of a lower rating, that lower rating must be used in lieu of the sizes
shown in Columns 4, 5, or 6.

**If equipment terminations are rated for 60°C conductors only, the 60°C conductor ampacities must be utilized and therefore larger conductor sizes or conduit sizes may be required.
® Class J performance, special finger-safe dimensions.

4 Limited by 600 amp being the largest amp rating for FRS-R and LPS-RK_SP.
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*Switch size must be increased if the ampere rating of the fuse exceeds the ampere rating of the switch.
1Per 430.52(C)(2), if the motor controller manufacturer’s overload relay tables state a maximum branch circuit protective device of a lower rating, that lower rating must be used in lieu of the sizes
shown in Columns 4, 5, or 6.

**If equipment terminations are rated for 60°C conductors only, the 60°C conductor ampacities must be utilized and therefore larger conductor sizes or conduit sizes may be required.
2These sizes are typical. They are not shown in NEMA ICS 2-2000.
® Class J performance, special finger-safe dimensions.

Three-Phase, 575 Volt Motors & Circuits (550 - 600V System) 
1 2 3 4 5 6 7 8 9 10
Motor Motor Fuse Optimal NEC® NEC® Max Minimum Minimum Minimum Minimum
Size FLA Branch Ckt Max for for Heavy Switch NEMA Copper Wire Rigid Metallic

Protection Gen.Applic Start Size Starter THWN or THHN AWG Conduit
Table Table 430.52(C)(1) 430.52(C)(1) 430.110 NEMA ICS 2- or KCMIL Annex C
430.150 430.150

Type Class
Exc. No. 1 Exc. No. 2 2000 Table 310.16 Table C8

HP AMPS AMPS1 AMPS1 AMPS1 AMPS Size2 Size Inches

LPJ_SP J 1›Ω¡º 3 3
TCF J® 3 3 3

⁄Ω™ 0.9 LP-CC CC 1°Ω¡º 3 3⁄Ω™ 30 0 14 ⁄Ω™
LPS-RK_SP RK1 1⁄Ω¢ 3 3
FRS-R RK5 1⁄Ω• 3 3

LPJ_SP J 2 3 3
TCF J® 3 3 3

‹Ω¢ 1.3 LP-CC CC 2°Ω¡º 6 6 30 0 14 ⁄Ω™
LPS-RK_SP RK1 1°Ω¡º 3 3
FRS-R RK5 1°Ω¡º 3 3

LPJ_SP J 2°Ω¡º 3 3⁄Ω™
TCF J® 3 3 3

1 1.7 LP-CC CC 3⁄Ω™ 6 6⁄Ω¢ 30 0 14 ⁄Ω™
LPS-RK_SP RK1 2⁄Ω¢ 3 3⁄Ω™
FRS-R RK5 2⁄Ω¢ 3 3⁄Ω™

LPJ_SP J 4 6 6
TCF J® 6 6 6

1⁄Ω™ 2.4 LP-CC CC 5 10 10 30 0 14 ⁄Ω™
LPS-RK_SP RK1 3¤Ω¡º 6 6
FRS-R RK5 3 6 6

LPJ_SP J 4⁄Ω™ 6 6
TCF J® 6 6 6

2 2.7 LP-CC CC 5flΩ¡º 10 10 30 0 14 ⁄Ω™
LPS-RK_SP RK1 4 6 6
FRS-R RK5 3⁄Ω™ 6 6

LPJ_SP J 6 10 10
TCF J® 6 10 10

3 3.9 LP-CC CC 5 15 15 30 0 14 ⁄Ω™
LPS-RK_SP RK1 5flΩ¡º 10 10
FRS-R RK5 5 10 10

LPJ_SP J 10 15 15
TCF J® 10 15 15

5 6.1 LP-CC CC 15 20 20 30 0 14 ⁄Ω™
LPS-RK_SP RK1 8 15 15
FRS-R RK5 8 15 15

LPJ_SP J 15 20 20
TCF J® 15 20 20

7⁄Ω™ 9 LP-CC CC 30 30 30 30 1 14 ⁄Ω™
LPS-RK_SP RK1 12 20 20
FRS-R RK5 12 20 20

10 11

LPJ_SP J 17⁄Ω™ 20 20

30 1 14 ⁄Ω™
TCF J® 17⁄Ω™ 20 20
LPS-RK_SP RK1 15 20 20
FRS-R RK5 15 20 20

LPJ_SP J 30 30 35
TCF J® 30 30 3515 17
LPS-RK_SP RK1 25 30 35

30* 2 12 ⁄Ω™

FRS-R RK5 25 30 35

LPJ_SP J 35 40 45
TCF J® 35 40 4520 22
LPS-RK_SP RK1 30 40 45

30* 2 10 ⁄Ω™

FRS-R RK5 30 40 45

LPJ_SP J 45 50 60
TCF J® 45 50 6025 27
LPS-RK_SP RK1 40 50 60

60 2 10** ⁄Ω™**

FRS-R RK5 35 50 60
LPJ_SP J 50 60 70
TCF J® 50 60 –30 32
LPS-RK_SP RK1 45 60 70

60* 3 8 ⁄Ω™

FRS-R RK5 40 60 70
LPJ_SP J 70 80 90

40 41 LPS-RK_SP RK1 60 80 90 60* 3 6 ‹Ω¢
FRS-R RK5 60 80 90
LPJ_SP J 80 100 110

50 52 LPS-RK_SP RK1 70 100 110 100* 3 6** ‹Ω¢**
FRS-R RK5 70 100 110
LPJ_SP J 100 110 125

60 62 LPS-RK_SP RK1 90 110 125 100* 4 4** 1
FRS-R RK5 80 110 125
LPJ_SP J 125 150 150

75 77 LPS-RK_SP RK1 110 150 150 100* 4 3** 1**
FRS-R RK5 100 150 150
LPJ_SP J 150 175 200

100 99 LPS-RK_SP RK1 150 175 200 200 4 1** 1⁄Ω¢**
FRS-R RK5 125 175 200
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Three-Phase, 575 Volt Motors & Circuits (550 - 600V System) (continued)
1 2 3 4 5 6 7 8 9 10
Motor Motor Fuse Optimal NEC® NEC® Max Minimum Minimum Minimum Minimum
Size FLA Branch Ckt Max for for Heavy Switch NEMA Copper Wire Rigid Metallic

Protection Gen.Applic Start Size Starter THWN or THHN AWG Conduit
Table Table 430.52(C)(1) 430.52(C)(1) 430.110 NEMA ICS 2- or KCMIL Annex C
430.150 430.150

Type Class
Exc. No. 1 Exc. No. 2 2000 Table 310.16 Table C8

HP AMPS AMPS1 AMPS1 AMPS1 AMPS Size2 Size Inches

LPJ_SP J 200 225 250
125 125 LPS-RK_SP RK1 175 225 250 200* 5 2/0 1⁄Ω™

FRS-R RK5 175 225 250

LPJ_SP J 225 300 300
150 144 LPS-RK_SP RK1 200 300 300 200* 5 3/0 1⁄Ω™

FRS-R RK5 200 300 300

LPJ_SP J 300 350 400
200 192 LPS-RK_SP RK1 250 350 400 400 5 250 2

FRS-R RK5 250 350 400

250 242

LPJ_SP J 400 450 500

400* 6 350 2⁄Ω™
LPS-RK_SP RK1 350 450 500
FRS-R RK5 350 450 500
KRP-C_SP L – – 700

300 289

LPJ_SP J 450 600 600

400* 6 500 3
LPS-RK_SP RK1 400 600 600
FRS-R RK5 400 600 600
KRP-C_SP L – – 800

350 336

LPJ_SP J 600 600 –

600* 6 4/0 (2)2
LPS-RK_SP RK1 450 600 –

2/PHASE
FRS-R RK5 450 600 –
KRP-C_SP L – 601 1000

400 382

LPJ_SP J 600 – –

600* 6 250 (2)2
LPS-RK_SP RK1 500 – –

2/PHASE
FRS-R RK5 500 – –
KRP-C_SP L – 700 1100

LPS-RK_SP RK1 600 – –
300450 412 FRS-R RK5 600 – – 600* 7

2/PHASE
(2)2

KRP-C_SP L – 800 1200

500 472
FRS-R RK5 600 – –

600* 7
350

(2)2⁄Ω™KRP-C_SP L – 1000 1400 2/PHASE

*Switch size must be increased if the ampere rating of the fuse exceeds the ampere rating of the switch.
1Per 430.52(C)(2), if the motor controller manufacturer’s overload relay tables state a maximum branch circuit protective device of a lower rating, that lower rating must be used in lieu of the sizes
shown in Columns 4, 5, or 6.

**If equipment terminations are rated for 60°C conductors only, the 60°C conductor ampacities must be utilized and therefore larger conductor sizes or conduit sizes may be required.
2These sizes are typical. They are not shown in NEMA ICS 2-2000.
® Class J performance, special finger-safe dimensions.
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Single-Phase, 115 Volt Motors & Circuits (110-120V System)
1 2 3 4 5 6 7 8 9 10
Motor Motor Fuse Optimal NEC® NEC® Max Minimum Minimum Minimum Minimum
Size FLA Branch Ckt Max for for Heavy Switch Nema Copper Wire Rigid Metallic

Protection Gen.Applic Start Size Starter THWN or THHN AWG Conduit
Table Table 430.52(C)(1) 430.52(C)(1) 430.110 Nema ICS 2- or KCMIL Annex C
430.148 430.148 Type Class Exc. No. 1 Exc. No. 2 2000 Table 310.16 Table C8
HP AMPS AMPS1 AMPS1 AMPS1 AMPS Size Size Inches

LPJ_SP J 8 10 10
TCF J® 10 10 10

⁄Ω§ 4.4 LP-CC CC 9 15 15 30 00 14 ⁄Ω™
LPN-RK_SP RK1 6 10 10
FRN-R RK5 5flΩ¡º 10 10

LPJ_SP J 9 15 15
TCF J® 10 15 15

⁄Ω¢ 5.8 LP-CC CC 12 20 20 30 00 14 ⁄Ω™
LPN-RK_SP RK1 8 15 15
FRN-R RK5 7⁄Ω™ 15 15

LPJ_SP J 12 15 15
TCF J® 15 15 15

⁄Ω£ 7.2 LP-CC CC 15 25 25 30 00 14 ⁄Ω™
LPN-RK_SP RK1 10 15 15
FRN-R RK5 9 15 15

LPJ_SP J 15 20 20
TCF J® 15 20 20

⁄Ω™ 9.8 LP-CC CC 30 30 30 30 0 14 ⁄Ω™
LPN-RK_SP RK1 15 20 20
FRN-R RK5 15 20 20

LPJ_SP J 25 25 30
TCF J® 25 25 30

‹Ω¢ 13.8 LPN-RK_SP RK1 20 25 30 30 0 14 ⁄Ω™
FRN-R RK5 17⁄Ω™ 25 30

1 16

LPJ_SP J 25 30 35

30* 0 14 ⁄Ω™
TCF J® 25 30 35
LPN-RK_SP RK1 25 30 35
FRN-R RK5 20 30 35

1⁄Ω™ 20

LPJ_SP J 30 35 45

30* 1 12 ⁄Ω™
TCF J® 30 35 45
LPN-RK_SP RK1 30 35 45
FRN-R RK5 25 35 45

2 24

LPJ_SP J 40 45 50

30* 1 10 ⁄Ω™
TCF J® 40 45 50
LPN-RK_SP RK1 35 45 50
FRN-R RK5 30 45 50

3 34

LPJ_SP J 60 60 70

60* 2 8** ⁄Ω™**
TCF J® 60 60 –
LPN-RK_SP RK1 45 60 70
FRN-R RK5 45 60 70

LPJ_SP J 90 100 125
5 56 LPN-RK_SP RK1 80 100 125 100* 3 4 ‹Ω¢**

FRN-R RK5 70 100 125

LPJ_SP J 125 150 175
7⁄Ω™ 80 LPN-RK_SP RK1 110 150 175 100* 3 3** 1**

FRN-R RK5 100 150 175

LPJ_SP J 150 175 225
10 100 LPN-RK_SP RK1 150 175 225 200* 42 1 1⁄Ω¢

FRN-R RK5 125 175 225

*Switch size must be increased if the ampere rating of the fuse exceeds the ampere rating of the switch.
1Per 430.52(C)(2), if the motor controller manufacturer’s overload relay tables state a maximum branch circuit protective device of a lower rating, that lower rating must be used in lieu of the sizes
shown in Columns 4, 5, or 6.

**If equipment terminations are rated for 60°C conductors only, the 60°C conductor ampacities must be utilized and therefore larger conductor sizes or conduit sizes may be required.
2These sizes are typical. They are not shown in NEMA ICS 2-2000.
® Class J performance, special finger-safe dimensions.
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Single-Phase, 230 Volt Motors & Circuits (220-240V System)
1 2 3 4 5 6 7 8 9 10
Motor Motor Fuse Optimal NEC® NEC® Max Minimum Minimum Minimum Minimum
Size FLA Branch Ckt Max for for Heavy Switch NEMA Copper Wire Rigid Metallic

Protection Gen.Applic Start Size Starter THWN or THHN AWG Conduit
Table Table 430.52(C)(1) 430.52(C)(1) 430.110 Nema ICS 2- or KCMIL Annex C
430.148 430.148 Type Class Exc. No. 1 Exc. No. 2 2000 Table 310.16 Table C8
HP AMPS AMPS1 AMPS1 AMPS1 AMPS Size Size Inches

LPJ_SP J 3⁄Ω™ 6 6
TCF J® 6 6 6

⁄Ω§ 2.2 LP-CC CC 4⁄Ω™ 10 10 30 00 14 ⁄Ω™
LPN-RK_SP RK1 3 6 6
FRN-R RK5 2°Ω¡º 6 6

LPJ_SP J 4⁄Ω™ 6 6
TCF J® 6 6 6

⁄Ω¢ 2.9 LP-CC CC 6 10 10 30 00 14 ⁄Ω™
LPN-RK_SP RK1 4 6 6⁄Ω¢
FRN-R RK5 4 6 6⁄Ω¢

LPJ_SP J 5flΩ¡º 10 10
TCF J® 6 10 10

⁄Ω£ 3.6 LP-CC CC 7 15 15 30 00 14 ⁄Ω™
LPN-RK_SP RK1 5 10 10
FRN-R RK5 4⁄Ω™ 10 10

LPJ_SP J 8 10 10
TCF J® 10 10 10

⁄Ω™ 4.9 LP-CC CC 10 15 15 30 00 14 ⁄Ω™
LPN-RK_SP RK1 8 10 10
FRN-R RK5 6⁄Ω¢ 10 10

LPJ_SP J 12 15 15
TCF J® 15 15 15

‹Ω¢ 6.9 LP-CC CC 15 25 25 30 00 14 ⁄Ω™
LPN-RK_SP RK1 9 15 15
FRN-R RK5 9 15 15

LPJ_SP J 12 15 17⁄Ω™
TCF J®® 15 15 17⁄Ω™

1 8 LP-CC CC 25 25 30 30 00 14 ⁄Ω™
LPN-RK_SP RK1 12 15 17⁄Ω™
FRN-R RK5 10 15 17⁄Ω™

LPJ_SP J 15 20 20
TCF J® 15 20 20

1⁄Ω™ 10 LPCC CC 30 30 30 30 0 14 ⁄Ω™
LPN-RK_SP RK1 15 20 20
FRN-R RK5 15 20 20

LPJ_SP J 20 25 25
TCF J® 20 25 25

2 12 LPCC CC 25 – – 30 0 14 ⁄Ω™
LPN-RK_SP RK1 17⁄Ω™ 25 25
FRN-R RK5 15 25 25

3 17

LPJ_SP J 30 30 35

30* 1 12
TCF J® 30 30 35
LPN-RK_SP RK1 25 30 35
FRN-R RK5 25 30 35

5 28

LPJ_SP J 45 50 60

60 2 10** ⁄Ω™
TCF J® 45 50 60
LPN-RK_SP RK1 40 50 60
FRN-R RK5 35 50 60

7⁄Ω™ 40

LPJ_SP J 60 70 90

60* 2 8** ⁄Ω™**
TCF J® 60 – –
LPN-RK_SP RK1 60 70 90
FRN-R RK5 50 70 90

LPJ_SP J 80 90 110

100* 3 6** ⁄Ω™**
10 50 LPN-RK_SP RK1 70 90 110

FRN-R RK5 70 90 110

*Switch size must be increased if the ampere rating of the fuse exceeds the ampere rating of the switch.
1Per 430.52(C)(2), if the motor controller manufacturer’s overload relay tables state a maximum branch circuit protective device of a lower rating, that lower rating must be used in lieu of the sizes
shown in Columns 4, 5, or 6.

**If equipment terminations are rated for 60°C conductors only, the 60°C conductor ampacities must be utilized and therefore larger conductor sizes or conduit sizes may be required.
® Class J performance, special finger-safe dimensions.
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Direct-Current3, 90 Volt Motors & Circuits
1 2 3 4 5 6 7 8 9 10
Motor Motor Fuse Optimal NEC® NEC® Max Minimum Minimum Minimum Minimum
Size FLA Branch Ckt Max for for Heavy Switch NEMA Copper Wire Rigid Metallic

Protection Gen.Applic Start Size Starter THWN or THHN AWG Conduit
Table Table 430.52(C)(1) 430.52(C)(1) 430.100 NEMA ICS 2- or KCMIL Annex C
430.147 430.147 Type Class Exc. No. 1 Exc. No. 2 2000 Table 310.16 Table C8
HP AMPS AMPS1 AMPS1 AMPS1 AMPS Size2 Size Inches

LPJ_SP J 6 6 6
TCF J® 6 6 6

⁄Ω¢ 4.0 LPC_CC CC 6 6 15 30 1 14 ⁄Ω™
LPN-RK_SP RK1 6 6 9
FRN-R RK5 5 6 9

LPJ_SP J 8 10 10
TCF J® 10 10 10

⁄Ω£ 5.2 LP-CC CC 10 10 20 30 1 14 ⁄Ω™
LPN-RK_SP RK1 8 10 10
FRN-R RK5 7 10 10

LPJ_SP J 12 15 15
TCF J® 15 15 15

⁄Ω™ 6.8 LP-CC CC 15 15 25 30 1 14 ⁄Ω™
LPN-RK_SP RK1 9 15 15
FRN-R RK5 9 15 15

LPJ_SP J 15 15 20
TCF J® 15 15 20

‹Ω¢ 9.6 LP-CC CC 15 15 30 30 1 14 ⁄Ω™
LPN-RK_SP RK1 15 15 20
FRN-R RK5 12 15 20

LPJ_SP J 20 20 25
TCF J® 20 20 25

1 12.2 LP-CC CC 20 20 30
LPN-RK_SP RK1 17⁄Ω™ 20 25 30 1 14 ⁄Ω™
FRN-R RK5 17⁄Ω™ 20 25

Direct-Current3, 180 Volt Motors & Circuits
1 2 3 4 5 6 7 8 9 10
Motor Motor Fuse Optimal NEC® NEC® Max Minimum Minimum Minimum Minimum
Size FLA Branch Ckt Max for for Heavy Switch NEMA Copper Wire Rigid Metallic

Protection Gen.Applic Start Size Starter THWN or THHN AWG Conduit
Table Table 430.52(C)(1) 430.52(C)(1) 430.110 NEMA ICS 2- or KCMIL Annex C
430.147 430.147 Type Class Exc. No. 1 Exc. No. 2 2000 Table 310.16 Table C8
HP AMPS AMPS1 AMPS1 AMPS1 AMPS Size2 Size Inches

LPJ_SP J 3 3 4⁄Ω™
TCF J® 3 3 3⁄Ω¢ 2.0
LPS-RK_SP RK1 2°Ω¡º 3 4⁄Ω™

30 1 14 ⁄Ω™

FRS-R RK5 2⁄Ω™ 3 4⁄Ω™

LPJ_SP J 4 6 6
TCF J® 6 6 6⁄Ω£ 2.6
LPS-RK_SP RK1 3⁄Ω™ 6 6

30 1 14 ⁄Ω™

FRS-R RK5 3⁄Ω™ 6 6

LPJ_SP J 56Ω¡º 6 6
TCF J® 6 6 6⁄Ω™ 3.4
LPS-RK_SP RK1 4⁄Ω™ ⁄Ω™ 6 6⁄Ω¢

30 1 14 ⁄Ω™

FRS-R RK5 4⁄Ω™ 6 7⁄Ω™

LPJ_SP J 8 10 10
TCF J® 10 10 10‹Ω¢ 4.8
LPS-RK_SP RK1 6⁄Ω¢ 10 10

30 1 14 ⁄Ω™

FRS-R RK5 6 10 10

1Per 430.52(C)(2), if the motor controller manufacturer’s overload relay tables state a maximum branch circuit protective device of a lower rating, that lower rating must be used in lieu of the sizes
shown in Columns 4, 5, or 6.

**If equipment terminations are rated for 60°C conductors only, the 60°C conductor ampacities must be utilized and therefore larger conductor sizes or conduit sizes may be required.
2These sizes are typical. They are not shown in NEMA ICS 2-2000.
3All equipment manufacturers should be consulted about DC voltage ratings of their equipment.

® Class J performance, special finger-safe dimensions.
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Direct-Current3, 180 Volt Motors & Circuits
1 2 3 4 5 6 7 8 9 10
Motor Motor Fuse Optimal NEC® NEC® Max Minimum Minimum Minimum Minimum
Size FLA Branch Ckt Max for for Heavy Switch NEMA Copper Wire Rigid Metallic

Protection Gen.Applic Start Size Starter THWN or THHN AWG Conduit
Table Table 430.52(C)(1) 430.52(C)(1) 430.110 NEMA ICS 2- or KCMIL Annex C
430.147 430.147 Type Class Exc. No. 1 Exc. No. 2 2000 Table 310.16 Table C8
HP AMPS AMPS1 AMPS1 AMPS1 AMPS Size2 Size Inches

LPJ_SP J 10 10 12
TCF J® 10 10 101 6.1
LPS-RK_SP RK1 8 10 12

30 1 14 ⁄Ω™

FRS-R RK5 8 10 12

LPJ_SP J 15 15 17⁄Ω™
TCF J® 15 15 15

1⁄Ω™ 8.3 LP-CC CC – – 30
LPS-RK_SP RK1 12 15 17⁄Ω™

30 1 14 ⁄Ω™

FRS-R RK5 12 15 17⁄Ω™

LPJ_SP J 15 20 20
TCF J® 15 20 20

2 10.8 LP-CC CC 20 20 30 30 1 14 ⁄Ω™
LPS-RK_SP RK1 15 20 20
FRS-R RK5 15 20 20

LPJ_SP J 25 25 35
TCF J® 25 25 35

3 16 LP-CC CC 25 25 30 30* 1 14 ⁄Ω™
LPS-RK_SP RK1 20 25 35
FRS-R RK5 20 25 35

LPJ_SP J 40 45 60
TCF J® 40 45 605 27
LPS-RK_SP RK1 40 45 60

60 2 10** ⁄Ω™

FRS-R RK5 35 45 60

*Switch size must be increased if the ampere rating of the fuse exceeds the ampere rating of the switch.
1Per 430.52(C)(2), if the motor controller manufacturer’s overload relay tables state a maximum branch circuit protective device of a lower rating, that lower rating must be used in lieu of the sizes
shown in Columns 4, 5, or 6.

**If equipment terminations are rated for 60°C conductors only, the 60°C conductor ampacities must be utilized and therefore larger conductor sizes or conduit sizes may be required.
2These sizes are typical. They are not shown in NEMA ICS 2-2000.
3All equipment manufacturers should be consulted about DC voltage ratings of their equipment.
® Class J performance, special finger-safe dimensions.

Motor Circuit Protection Tables
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Direct-Current3, 120 Volt Motors & Circuits
1 2 3 4 5 6 7 8 9 10
Motor Motor Fuse Optimal NEC® NEC® Max Minimum Minimum Minimum Minimum
Size FLA Branch Ckt Max for for Heavy Switch NEMA Copper Wire Rigid Metallic

Protection Gen.Applic Start Size Starter THWN or THHN AWG Conduit
Table Table 430.52(C)(1) 430.52(C)(1) 430.110 NEMA ICS 2- or KCMIL Anex C
430.147 430.147 Type Class Exc. No. 1 Exc. No. 2 2000 Table 310.16 Table C8
HP AMPS AMPS1 AMPS1 AMPS1 AMPS Size2 Size Inches

LPJ_SP J 5 6 6
TCF J® 6 6 6

⁄Ω¢ 3.1 LP-CC CC 6 6 12 30 1 14 ⁄Ω™
LPN-RK_SP RK1 4⁄Ω™ 6 6⁄Ω¢
FRN-R RK5 4 6 6⁄Ω¢

LPJ_SP J 7 10 10
TCF J® 10 10 10

⁄Ω£ 4.1 LP-CC CC 9 10 15 30 1 14 ⁄Ω™
LPN-RK_SP RK1 5flΩ¡º 10 10
FRN-R RK5 5flΩ¡º 10 10

LPJ_SP J 9 10 12
TCF J® 10 10 10

⁄Ω™ 5.4 LP-CC CC 10 10 20 30 1 14 ⁄Ω™
LPN-RK_SP RK1 7⁄Ω™ 10 12
FRN-R RK5 7 10 12

LPJ_SP J 12 15 15
TCF J® 15 15 15

‹Ω¢ 7.6 LP-CC CC 15 15 30 30 1 14 ⁄Ω™
LPN-RK_SP RK1 10 15 15
FRN-R RK5 10 15 15

LPJ_SP J 15 15 20
TCF J® 15 15 20

1 9.5 LP-CC CC 15 15 305 30 1 14 ⁄Ω™
LPN-RK_SP RK1 15 15 20
FRN-R RK5 12 15 20

LPJ_SP J 20 20 25
TCF J® 20 20 25

1⁄Ω™ 13.2 LP-CC CC 20 20 305 30 1 14 ⁄Ω™
LPN-RK_SP RK1 17⁄Ω™ 20 25
FRN-R RK5 17⁄Ω™ 20 25

LPJ_SP J 30 30 35
TCF J® 30 30 35

2 17 LP-CC CC 30 30 305 30* 1 12 ⁄Ω™
LPN-RK_SP RK1 25 30 35
FRN-R RK5 25 30 35

LPJ_SP J 40 40 50
TCF J® 40 40 503 25
LPN-RK_SP RK1 35 40 50

60 1 10** ⁄Ω™

FRN-R RK5 35 40 50

LPJ_SP J 60 60 90
TCF J® 60 60 605 40
LPN-RK_SP RK1 60 60 90

60* 2 8** ⁄Ω™**

FRN-R RK5 50 60 90

LPJ_SP J 90 90 125
7⁄Ω™ 58 LPN-RK_SP RK1 80 90 125 100* 3 4** ‹Ω¢**

FRN-R RK5 80 90 125

LPJ_SP J 125 125 150
10 76 LPN-RK_SP RK1 100 125 150 100* 3 3** 1

FRN-R RK5 100 125 150

*Switch size must be increased if the ampere rating of the fuse exceeds the ampere rating of the switch.
1Per 430.52(C)(2), if the motor controller manufacturer’s overload relay tables state a maximum branch circuit protective device of a lower rating, that lower rating must be used in lieu of the sizes
shown in Columns 4, 5, or 6.

**If equipment terminations are rated for 60°C conductors only, the 60°C conductor ampacities must be utilized and therefore larger conductor sizes or conduit sizes may be required.
2Reduced voltage magnetic controller ratings.
3All equipment manufacturers should be consulted about DC voltage ratings of their equipment.
5Largest LP-CC Fuse 30 Amp. With another type fuse, could use larger ampere rating in this application.
® Class J performance, special finger-safe dimensions.



Direct-Current3, 240 Volt Motors & Circuits
1 2 3 4 5 6 7 8 9 10
Motor Motor Fuse Optimal NEC® NEC® Max Minimum Minimum Minimum Minimum
Size FLA Branch Ckt Max for for Heavy Switch NEMA Copper Wire Rigid Metallic

Protection Gen.Applic Start Size Starter THWN or THHN AWG Conduit
Table Table 430.52(C)(1) 430.52(C)(1) 430.110 NEMA ICS 2- or KCMIL Annex C
430.147 430.147 Type Class Exc. No. 1 Exc. No. 2 2000 Table 310.16 Table C8
HP AMPS AMPS1 AMPS1 AMPS1 AMPS Size2 Size Inches

LPJ_SP J 2⁄Ω™ 3 3⁄Ω™
TCF J® 3 3 3⁄Ω¢ 1.6
LPS-RK_SP RK1 2⁄Ω¢ 3 3⁄Ω™

30 1 14 ⁄Ω™

FRS-R RK5 2 3 3⁄Ω™

LPJ_SP J 3 3 4⁄Ω™
TCF J® 3 3 3⁄Ω£ 2.0
LPS-RK_SP RK1 2°Ω¡º 3 4⁄Ω™

30 1 14 ⁄Ω™

FRS-R RK5 2⁄Ω™ 3 4⁄Ω™

LPJ_SP J 4⁄Ω™ 6 6
TCF J® 6 6 6⁄Ω™ 2.7
LPS-RK_SP RK1 4 6 6

30 1 14 ⁄Ω™

FRS-R RK5 3⁄Ω™ 6 6

LPJ_SP J 6 6 8
TCF J® 6 6 6

‹Ω¢ 3.8 LP-CC CC – – 15 30 1 14 ⁄Ω™
LPS-RK_SP RK1 5 6 8
FRS-R RK5 5 6 8

LPJ_SP J 8 10 10
TCF J® 10 10 101 4.7
LPS-RK_SP RK1 6⁄Ω¢ 10 10

30 1 14 ⁄Ω™

FRS-R RK5 6 10 10

LPJ_SP J 10 10 12
TCF J® 10 10 101⁄Ω™ 6.6
LPS-RK_SP RK1 9 10 12

30 1 14 ⁄Ω™

FRS-R RK5 9 10 12

LPJ_SP J 15 15 17⁄Ω™
TCF J® 15 15 15
LPS-RK_SP RK1 12 15 17⁄Ω™2 8.5

FRS-R RK5 12 15 17⁄Ω™

30 1 14 ⁄Ω™

LPJ_SP J 20 20 25
TCF J® 20 20 25

3 12.2 LP-CC CC 20 20 30 30 1 14 ⁄Ω™
LPS-RK_SP RK1 17⁄Ω™ 20 25
FRS-R RK5 17⁄Ω™ 20 25

LPJ_SP J 30 30 45
TCF J® 30 30 45

5 20 LP-CC CC 30 30 30 30* 1 12 ⁄Ω™
LPS-RK_SP RK1 30 30 45
FRS-R RK5 25 30 45

LPJ_SP J 45 45 60
TCF J® 45 45 607⁄Ω™ 29
LPS-RK_SP RK1 40 45 60

60 2 8 ⁄Ω™

FRS-R RK5 40 45 60

LPJ_SP J 60 60 80
TCF J® 60 60 6010 38
LPS-RK_SP RK1 50 60 80

60* 2 8** ⁄Ω™**

FRS-R RK5 50 60 80

LPJ_SP J 90 90 110
15 55 LPN-RK_SP RK1 80 90 110 100* 3 4 ‹Ω¢**

FRS-R RK5 70 90 110

LPJ_SP J 110 110 150
20 72 LPN-RK_SP RK1 100 110 150 100* 3 3** 1

FRS-R RK5 90 110 150

LPJ_SP J 150 150 200
25 89 LPN-RK_SP RK1 125 150 200 200 3 2** 1**

FRS-R RK5 125 150 200

LPJ_SP J 175 175 225
30 106 LPN-RK_SP RK1 150 175 225 200* 4 1/0** 1⁄Ω¢

FRS-R RK5 150 175 225

LPJ_SP J 225 225 300
40 140 LPN-RK_SP RK1 200 225 300 200* 4 2/0** 1⁄Ω¢**

FRS-R RK5 175 225 300

LPJ_SP J 300 300 350
50 173 LPN-RK_SP RK1 225 300 350 400 5 4/0** 1⁄Ω™**

FRS-R RK5 225 300 350

LPJ_SP J 350 350 450
60 206 LPN-RK_SP RK1 300 350 450 400* 5 300** 2**

FRS-R RK5 300 350 450

LPJ_SP J 400 400 500
75 255 LPN-RK_SP RK1 350 400 500 400* 5 400** 2**

FRS-R RK5 350 400 500

LPJ_SP J 600 600 –
100 341 LPN-RK_SP RK1 450 600 – 600 6 4/0 (2)1⁄Ω™**

FRS-R RK5 450 600 – 2/PHASE

*Switch size must be increased if the ampere rating of the fuse exceeds the ampere rating of the switch.
1Per 430.52(C)(2), if the motor controller manufacturer’s overload relay tables state a maximum branch circuit protective device of a lower rating, that lower rating must be used in lieu of the sizes
shown in Columns 4, 5, or 6.

**If equipment terminations are rated for 60°C conductors only, the 60°C conductor ampacities must be utilized and therefore larger conductor sizes or conduit sizes may be required.
2Reduced voltage magnetic DC controller ratings.
3All equipment manufacturers should be consulted about DC voltage ratings of their equipment.
® Class J performance, special finger-safe dimensions.
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Recommendations for Electrician and Maintenance Crews
Often, for various reasons, motors are oversized for applications. For
instance, a 5 HP motor is installed when the load demand is only 3
HP. In these cases a much higher degree of protection can be
obtained by sizing the overload relay elements and/or FUSETRON®

and LOW-PEAK® YELLOW dual-element, time-delay fuses based on
the actual full-load current draw.

1. Preferable – With a clamp-on meter, determine running RMS cur-
rent when the motor is at normal full-load. (Be sure this current
does not exceed nameplate current rating.) The advantage of this
method is realized when a lightly loaded motor (especially those
over 50 HP) experiences a single-phase condition. Even though
the relays and fuses may be sized correctly based on motor
nameplate, circulating currents within the motor may cause dam-
age.

Alternate – If unable to meter the motor current, then take the cur-
rent rating off the nameplate.

2. Then size the overload relay elements and FUSETRON® FRS-R and
FRN-R or LOW- PEAK® YELLOW LPS-RK_SP and LPN-RK_SP
dual-element fuses based on this current. For optimum motor cir-
cuit protection offering a high degree of “back-up overload” protec-
tion, use the table that follows to assist in sizing dual-element
fuses. The other fuses in the table LPJ_SP, TCF and LP-CC can
provide excellent short-circuit protection when sized for Optimum
Motor Circuit Protection. However, they typically can not be sized
close enough to provide motor back-up overload protection.

3. Use a labeling system to mark the type and ampere rating of the
fuse that should be in the fuse clips, such as FRS-R 6⁄Ω¢. This simple
step makes it easy to run spot checks for proper fuse replacement.

When installing the proper fuses in the switch to give the desired
level of protection, it often is advisable to leave spare fuses on top
of the disconnect, the starter enclosure or in a cabinet adjacent to
the motor control center. In this way, should the fuses open, the
problem can be corrected and proper size fuses easily reinstalled.

*Abnormal installations may require FUSETRON® or LOW-PEAK® YELLOW dual-element
fuses of a larger size than shown providing only short-circuit protection. These applications
include:
(a) FUSETRON® or LOW-PEAK® YELLOW dual-element fuses in high ambient temperature

environments.
(b) A motor started frequently or rapidly reversed.
(c) Motor is directly connected to a machine that cannot be brought up to full speed quickly

(large fans, centrifugal machines such as extractors and pulverizers, machines having
large fly wheels such as large punch presses.)

(d) Motor has a high Code Letter (or possibly no Code Letter) with full voltage start.
(e) Wye delta open transition start.
(f) Motor has a large inrush current, such as a Design B or E motor.

Selection of FUSETRON® or LOW-PEAK® YELLOW Dual-Element Fuses
based upon Motor FULL Load Amps for Optimum Motor Circuit Protection.
FUSETRON® or
LOW-PEAK® Motor Current
YELLOW 
Dual- FRN-R LPN-RK_SP
Element FRS-R LPS-RK_SP LPJ_SP LP-CC
Fuse Size Class RK5 Class RK1 Class J Class CC
⁄Ω¡º 0-0.08 0.0000-0.0769 — —
⁄Ω• 0.09-0.10 0.0770-0.0961 — —
⁄fiΩ¡ºº 0.11-0.12 0.0962-0.1153 — —
¤Ω¡º 0.13-0.16 0.1154-0.1538 — —
⁄Ω¢ 0.17-0.20 0.1539-0.1923 — —
‹Ω¡º 0.21-0.24 0.1924-0.2307 — —
›Ω¡º 0.25-0.32 0.2308-0.3076 — —
⁄Ω™ 0.33-0.40 0.3077-0.3846 — 0.0000-0.2500
flΩ¡º 0.41-0.48 0.3847-0.4615 — 0.2501-0.3000
°Ω¡º 0.49-0.64 0.4616-0.6153 — 0.3001-0.4000
1 0.65-0.80 0.6154-0.7692 0.0-0.6666 0.4001-0.5000
1⁄Ω• 0.81-0.90 0.7693-0.8653 0.6667-0.7500 0.5001-0.5625
1⁄Ω¢ 0.91-1.00 0.8654-0.9615 0.7501-0.8333 0.5626-0.6250
1›Ω¡º 1.01-1.12 0.9616-1.076 0.8334-0.9333 0.6251-0.7000
1⁄Ω™ 1.13-1.20 1.077-1.153 0.9334-1.000 0.7001-0.7500
1flΩ¡º 1.21-1.28 1.154-1.230 1.001-1.066 0.7501-0.8000
1°Ω¡º 1.29-1.44 1.231-1.384 1.067-1.200 0.8001-0.9000
2 1.45-1.60 1.385-1.538 1.201-1.333 0.9001-1.000
2⁄Ω¢ 1.61-1.80 1.539-1.730 1.334-1.500 1.001-1.125
2⁄Ω™ 1.81-2.00 1.731-1.923 1.501-1.666 1.126-1.250
2°Ω¡º 2.01-2.24 1.924-2.153 1.667-1.866 1.251-1.400
3 2.25-2.40 2.154-2.307 1.867-2.000 1.401-1.500
3¤Ω¡º 2.41-2.56 2.308-2.461 2.001-2.133 1.501-1.600
3⁄Ω™ 2.57-2.80 2.462-2.692 2.134-2.333 1.601-1.750
4 3.81-3.20 2.693-3.076 2.334-2.666 1.751-2.000
4⁄Ω™ 3.21-3.60 3.077-3.461 2.667-3.000 2.001-2.250
5 3.61-4.00 3.462-3.846 3.001-3.333 2.251-2.500
5flΩ¡º 4.01-4.48 3.847-4.307 3.334-3.733 2.501-2.800
6 4.49-4.80 4.308-4.615 3.734-4.000 2.801-3.000
6⁄Ω¢ 4.81-5.00 4.616-4.807 — 3.001-3.125
7 5.01-5.60 4.808-5.384 4.001-4.666 3.126-3.500
7⁄Ω™ 5.61-6.00 — — 3.501-3.750
8 6.01-6.40 5.385-6.153 4.667-5.333 3.751-4.000
9 6.41-7.20 6.154-6.923 5.334-6.000 4.001-4.500
10 7.21-8.00 6.924-7.692 6.001-6.666 4.501-5.000
12 8.01-9.60 7.693-9.230 6.667-8.000 5.001-6.000
15 9.61-12.00 9.231-11.53 8.001-10.00 6.001-7.500
17⁄Ω™ 12.01-14.00 11.54-13.46 10.01-11.66 7.501-8.750
20 14.01-16.00 13.47-15.38 11.67-13.33 8.751-10.00
25 16.01-20.00 15.39-19.23 13.34-16.66 10.01-12.50
30 20.01-24.00 19.24-23.07 16.67-20.00 12.51-15.00
35 24.01-28.00 23.08-26.92 20.01-23.33 —
40 28.01-32.00 26.93-30.76 23.34-26.66 —
45 32.01-36.00 30.77-34.61 26.67-30.00 —
50 36.01-40.00 34.62-38.46 30.01-33.33 —
60 40.01-48.00 38.47-46.15 33.34-40.00 —
70 48.01-56.00 46.16-53.84 40.01-46.66 —
75 56.01-60.00 — — —
80 60.01-64.00 53.85-61.53 46.67-53.33 —
90 64.01-72.00 61.54-69.23 53.34-60.00 —
100 72.01-80.00 69.24-76.92 60.01-66.66 —
110 80.01-88.00 76.93-84.61 66.67-73.33 —
125 88.01-100.00 84.62-96.15 73.34-83.33 —
150 100.01-120.00 96.16-115.3 83.34-100.0 —
175 120.01-140.00 115.4-134.6 100.1-116.6 —
200 140.01-160.00 134.7-153.8 116.7-133.3 —
225 160.01-180.00 153.9-173.0 133.4-150.0 —
250 180.01-200.00 173.1-192.3 150.1-166.6 —
300 200.01-240.00 192.4-230.7 166.7-200.0 —
350 240.01-280.00 230.8-269.2 200.1-233.3 —
400 280.01-320.00 269.3-307.6 233.4-266.6 —
450 320.01-360.00 307.7-346.1 266.7-300.0 —
500 360.01-400.00 346.2-384.6 300.1-333.3 —
600 400.01-480.00 384.7-461.5 333.4-400.0 —

READ NAMEPLATE

460V.

5 Amperes

460V.

FRS-R 61/4

5 Amperes
460V.

*  
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Motor Starter Protection
Motor controllers are highly susceptible to damage due to short-cir-
cuits. Even for moderate or low-level faults, extensive damage may
occur if the short-circuit protective device is not carefully selected.
The most vulnerable parts are the starter contacts and heater ele-
ments. Fault currents can weld the contacts and cause the heater
elements to vaporize or be critically damaged. The metallized vapors
from such damage then can initiate further starter destruction in the
enclosure.

Often, after a fault, no apparent damage is visible (i.e., the con-
tacts are not welded and the heater elements are not burnt up).
However, the heat energy from the fault may have caused too high of
a heat excursion for the heater elements or overload relay sensing
element to withstand, with the result being a permanently altered and
degradated level of overload protection.

The question is, what can be done to obtain the highest degree
of short-circuit protection for motor controllers? The solution is to use
short-circuit protective devices that are current-limiting and size them
as close as practical. A current-limiting fuse can cut off the short-
circuit current before it reaches damaging levels. Even for potentially
high short-circuit currents, the quick clearing of the fuse can limit the
current passed through the starter to safe levels. Dual-element Class
RK5 and RK1 fuses are recommended since they can be sized at
125% of the motor full-load current, rather than 300% sizing for non-
time-delay fuses.

The branch circuit protective device size cannot exceed the
maximum rating shown on equipment labels or controller manufactur-
er’s tables. 430.53 requires observance of the requirements of
430.52 plus, for circuits under 430.53(C) the motor running overload
device and controller must be approved for group installation with a
specified maximum rating protective device. Under 430.54 for multi-
motor and combination-load equipment, the rating of the branch cir-
cuit protective device cannot exceed the rating marked on the equip-
ment. Therefore, be sure to check labels, controller overload relay
tables, equipment nameplates, etc. In no case can the manufactur-
er’s specified rating be exceeded. This would constitute a violation of
NEC® 110.3(B). When the label, table, etc. is marked with a
“Maximum Fuse Ampere Rating” rather than marked with a
“Maximum Overcurrent Device” this then means only fuses can be
used for the branch circuit protective device.

Achieving Short-Circuit Protection
In order to properly select an overcurrent device for a motor starter,
four areas require particular attention:

1. Withstand rating of the contactor.
2. Wire Damage, 
3. Cross-over point of the fuse and relay curve,
4. Motor Damage. 
Please refer to the following graph.

Contactor Withstand Rating
The first area of concern is the withstand rating of the contactor. In
order to prevent damage to the contactor, the maximum peak let-
through current (Ip) and maximum clearing energy (I2t) (amperes2 sec-
onds) of the fuse must be less than the equivalent ratings for the con-
tactor. The clearing time and let-through characteristics of the fuse
must be considered when verifying adequate protection of the con-
tactor.

Wire Damage
Secondly, motor circuit conductors have a withstand rating that must
not be exceeded. If the overcurrent protective device is not capable
of limiting the short-circuit current to a value below the wire with-
stand, the wire may be damaged, or destroyed.

Cross Over Point
Thirdly, the cross-over point (Ic) is the point where the fuse curve
intersects the overload relay curve. For current levels less than the
cross-over point the overload relay opens the circuit. For current val-
ues greater than the cross-over point the fuses open the circuit and
prevent thermal damage to the overload relay, contacts, and the
motor circuit. This point of intersection should be approximately 7-10
times Ie, where Ie is rated current. Ideally the fuse should allow the
overload relay to function under overload conditions, and operate
before the overcurrent reaches the contactor’s breaking capacity.

Motor Damage
Finally, all motors have an associated motor damage curve. Single
phasing, overworking, and locked rotor conditions are just a few of
the situations that cause excessive currents in motor circuits.
Excessive currents cause motors to overheat, which in turn causes
the motor winding insulation to deteriorate and ultimately fail.
Overload relays and dual-element, time-delay fuses, are designed to
open the motor circuit before current levels reach the motor damage
curve.

IEC and U.L. Standards for Allowable Damage
IEC 947-4-1 and UL 508E differentiate between two different types of
coordination, or damage levels.

—Type “1” Considerable damage, requiring replacement.
No external damage to the enclosure. Short-
circuit protective devices interrupt intermediate
to high short-circuit currents which exceed the
withstand rating of the motor starter. A non-
current-limiting device will interrupt these high
currents, but this type of damage will typically
result.

—Type “2” “No Damage” is allowed to either the contactor 
or overload relay. Light contact welding is
allowed, but must be easily separable. (Note: If
access is not possible and the contacts cannot
be separated, Type “2” protection cannot be
achieved.) This level of protection typically can
only be provided by a current-limiting device,
that is, one which limits the available short-
circuit current to a significantly lower value.
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Five Choices—1 Solution
IEC Motor Starter Protection

Five methods of providing motor starter overcurrent protection
are delineated in the five examples that follow. In noting the levels
of protection provided by each method, it becomes apparent that
the use of dual-element, time-delay fuses (Example 5) is the only
one that gives protection at all levels whether it be “Type 2”, 
“Back-up Overload”, “Back-up Single-Phase”, etc.

These examples are based on a typical motor circuit consist-
ing of an IEC Starter, and a 10 HP, 460V motor (Service factor =
1.15). These “Level of Protection” examples reflect the branch cir-
cuit protective device operating in combination with the IEC starter
overload relays sized at approximately 115% of motor FLA and
contactor Ie = 18 amperes.
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Example 1 Example 2

Example 3 Example 4
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Protection of Motor Starters – Graphic Explanation

It should be noted that these are basic short-circuit require-
ments. Higher, combination ratings are attainable if tested to an
applicable standard. However, damage is usually allowed.

430.52 of the National Electrical Code® allows dual-
element, time-delay fuses and other overcurrent protective devices
to be sized for branch circuit protection (short-circuit protection
only). Controller manufacturers often affix labels to the inside of the
motor starter cover which recommend the maximum size fuse for
each overload relay size.

A paragraph in NEC® 430.52 states:

Where maximum branch circuit short-circuit and ground fault
protective device ratings are shown in the manufacturer’s overload
relay table for use with a motor controller or are otherwise marked
on the equipment, they shall not be exceeded even if higher val-
ues are allowed as shown above.**

** “Above” refers to other portions of 430-52 not shown here.

This paragraph means that the branch circuit overcurrent pro-
tection for overload relays in motor controllers must be no greater
than the maximum size as shown in the manufacturer’s overload
relay table. These maximum branch circuit sizes must be observed
even though other portions of 430.52 allow larger sizing of branch
circuit overcurrent protection.

The reason for this maximum overcurrent device size is to
provide short-circuit protection for the overload relays and motor
controller. 

Type 1 vs. Type 2 Protection
UL has developed a short-circuit test procedure designed to verify
that motor controllers will not be a safety hazard and will not cause
a fire.

Compliance to the standard allows deformation of the enclo-
sure, but the door must not be blown open and it must be possible
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Level of Protection:
Type "2"   
Single-Phase 
Back-up Single-Phase 
Overload
Back-up Overload 
Meets 110.10 
Meets 430.52 

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Example 5

Motor Controller Protection
The diagram below shows a Size 2, combination motor controller
supplying a 460 volt, 3Ø, 20HP motor. The short-circuit withstand
of this and other motor controllers are established so that they may
be properly protected from short-circuit damage.

Short-Circuit Protection of Motor Controller

There are several independent organizations engaged in reg-
ular testing of motor controllers under short-circuit conditions. One
of these, Underwriter’s Laboratories, tests controllers rated one
horsepower or less and 300V or less with 1000 amperes short-cir-
cuit current available to the controller test circuit. Controllers rated
50HP or less are tested with 5000 amperes available and con-
trollers rated above 50HP to 200HP are tested with 10,000
amperes available. See the table below for these values.*

Motor Controller Test Short-Circuit
HP Rating Current Available*
1HP or less and 300V or less 1,000A
50HP or less 5,000A
Greater than 50HP to 200HP 10,000A
201HP to 400HP 18,000A
401HP to 600HP 30,000A
601HP to 900HP 42,000A
901HP to 1600HP 85,000A

* From Industrial Control Equipment, UL 508.

M

Typical Size 2 ControllerLOW-PEAK®

Dual-Element,
Time-Delay Fuse

20HP
3Ø, 460V
27 F.L.A.

40,000 RMS 
Symmetrical 
Available
3Ø, 460V

Component Protection — Low Voltage Motor Controllers
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Component Protection — Low Voltage Motor Controllers

to open the door after the test. In the standard short-circuit tests,
the contacts must not disintegrate, but welding of the contacts is
considered acceptable. Tests allow the overload relay to be dam-
aged with burnout of the current element completely acceptable.

For short-circuit ratings in excess of the standard levels listed
in UL 508, the damage allowed is even more severe. Welding or
complete disintegration of contacts is acceptable and complete
burnout of the overload relay is allowed. Therefore, a user cannot
be certain that the motor starter will not be damaged just because
it has been UL Listed for use with a specific branch circuit protec-
tive device. UL tests are for safety, with the doors closed but do
allow a significant amount of damage as long as it is contained
within the enclosure.

Photo 1 Before Test: MCP as motor branch circuit protection for
10HP, IEC Starter with 22,000 amps available at 480V.  

Photo 2: Same as Photo 1, but during the test with MCP as the
motor branch circuit protection. The heater elements vaporized and
the contacts were severely welded. Extensive starter repair or total
starter replacement would be required. This level of damage is per-
missible by UL508 or UL508E/IEC60947-4-1 Type 1 protection.

Photo 3 During Test: same test circuit and same type starter during
short-circuit interruption. The difference is current-limiting fuses
provide the motor branch circuit protection.  This illustrates the
level of protection required by UL 508E and IEC 60947-4-1 for
Type 2 “no damage” protection. The heaters and overload relays
maintained calibration, which is extremely important to retain cir-
cuit overload protection. This starter could be put back into service
without any repair.

In order to properly select a branch circuit protective device
that not only provides motor branch circuit protection, but also pro-
tects the circuit components from damage, the designer must look
beyond mere safety standards. Coordination (protection) of the
branch circuit protective device and the motor starter is necessary
to insure that there will be no damage or danger to either the
starter or the surrounding equipment. There is an “Outline of
Investigation”, (UL508E) and an IEC (International Electrotechnical
Commission) Standard IEC Publication 60947, “Low Voltage
Switchgear and Control, Part 4-1: Contactors and Motor Starters”,
that offer guidance in evaluating the level of damage likely to occur
during a short-circuit with various branch circuit protective
devices. These standards address the coordination (protection)
between the branch circuit protective device and the motor starter.
They provide a method to measure the performance of these
devices should a short-circuit occur. They define two levels of pro-
tection (coordination) for the motor starter:

Type 1. Considerable damage to the contactor and overload
relay is acceptable. Replacement of components or a completely
new starter may be needed. There must be no discharge of parts
beyond the enclosure.

Type 2. No damage is allowed to either the contactor or over-
load relay. Light contact welding is allowed, but must be easily
separable.

Where Type 2 protection is desired, the controller manufactur-
er must verify that Type 2 protection can be achieved by using a
specified protective device. U.S. manufacturers have both their
NEMA and IEC motor controllers verified to meet the Type 2
requirements outlined in UL508E and IEC 60947-4. As of this writ-
ing only current-limiting devices have been able to provide the cur-
rent-limitation necessary to provide verified Type 2 protection. In
many cases, Class J, Class RK1, or Class CC fuses are required,
because Class RK5 fuses and circuit breakers aren’t fast enough
under short-circuit conditions to provide Type 2 protection.

Tables: Type 2 Motor Starter / Bussmann® Fuses
On the following pages are motor starters of several manufacturers
that have been verified by testing for Type 2 protection using the
fuses denoted. These are maximum fuse sizes; for specific appli-
cations, it may be desirable to size closer. In some cases, the fuse
type/ampere rating shown is greater than that permitted for branch
circuit protection for a single motor per 430.52 (footnoted); howev-
er, the size may be applicable for group motor protection applica-
tions. In a few cases, the fuse type/ampere rating may be too small
for typical motor starting applications (footnoted).  It is recom-
mended to use these fuse types/ampere ratings in conjunction with
the fuse type/sizing philosophy (backup motor overload, optimal or
maximum branch circuit protection - see Motor Protection Table
explanation in Motor Circuit Protection Section of this book.) This
data was obtained from the manufacturers or their web sites.

The following pages have Fuse/Starter (IEC & NEMA) Type 2 “no 
damage” Tables for:

General Electric 128 to 132
Rockwell Automation/Allen-Bradley 133 to 134
Square D Co. 135 to 136
Siemens 137 to 138
Cutler-Hammer 139 to 141



Bussmann®/General 
Electric Co.
IEC 

200 Volt, Three-Phase Motors 

MAX. FUSE 

HP(FLC) CONTACTOR OLR LPJ_SP
CLASS J 

.5(2.5) CL00, CL01, CL02, CL03, CL04, RT*1J 4
CL25, CL45

.5(2.5) CL00, CL01, CL02, CL03, CL04, RT*1K 8†

CL25, CL45
.75(3.7) CL00, CL01, CL02, CL03, CL04, RT*1K 8

CL25, CL45 
1(4.8) CL00, CL01, CL02, CL03, CL04, RT*1L 10

CL25, CL45 
1.5(6.9) CL00, CL01, CL02, CL03, CL04, RT*1M 12

CL25, CL45 
2(7.8) CL00, CL01, CL02, CL03, CL04, RT*1N 20†

CL25, CL45 
3(11.0) CL00, CL01, CL02, CL03, CL04, RT*1P 20

CL25, CL45
5(17.5) CL02, CL03, CL04, CL25, CL45 RT*1S 35 
5(17.5) CL06, CL07, CL08, CL09, CL10 RT*2B 35 
5(17.5) CL03, CL04, CL45 RT*1T 45†

7.5(25.3) CL04, CL05 RT*1U 45 
7.5(25.3) CL06, CL07, CL08, CL09, CL10 RT*2D 60†

7.5(25.3) CL04, CL45 RT*1V 60†

10(32.2) CL45 RT*1W 70 
10(32.2) CL06, CL07, CL08, CL09, CL10 RT*2E 70 
15(48.3) CL07, CL08, CL09, CL10 RT*2G 100 
20(62.1) CL08, CL09, CL10 RT*2H 125 
20(62.1) CK08, CK09, CK95 RT*3B 125 
25(78.2) CK08, CK09 RT*3C 150 

* Replace * with “A” or “M”

† Sized larger than code max for single motor.
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230 Volt, Three-Phase Motors 

MAX. FUSE 

HP(FLC) CONTACTOR OLR LPJ_SP 
CLASS J 

.5(2.2) CL00, CL01, CL02, CL03, CL04, RT*1J 4
CL25, CL45 

.75(3.2) CL00, CL01, CL02, CL03, CL04, RT*1K 8†

CL25, CL45 
1(4.2) CL00, CL01, CL02, CL03, CL04, RT*1L 10

CL25, CL45 
1.5(6.0) CL00, CL01, CL02, CL03, CL04, RT*1L 10

CL25, CL45 
2(6.8) CL00, CL01, CL02, CL03, CL04, RT*1M 12 

CL25, CL45
3(9.6) CL00, CL01, CL02, CL03, CL04, RT*1N 20

CL25, CL45 
5(15.2) CL02, CL03, CL04, CL25, CL45 RT*1S 35†

5(15.2) CL06, CL07, CL08, CL09, CL10 RT*2B 35†

7.5(22.0) CL03, CL04, CL45 RT*1T 45 
7.5(22.0) CL06, CL07, CL08, CL09, CL10 RT*2C 45 
7.5(22.0) CL03, CL04, CL45 RT*1U 45 
10(28.0) CL04 RT*1V 60 
10(28.0) CL45 RT*1V 60 
10(28.0) CL06, CL07, CL08, CL09, CL10 RT*2D 60 
15(42.0) CL06, CL07, CL08, CL09, CL10 RT*2F 90 
20(54.0) CL07, CL08, CL09, CL10 RT*2G 100 
20(54.0) CL07, CL08, CL09, CL10 RT*2H 125†

25(68.0) CK08, CK09, CK95 RT*3B 125 
25(68.0) CL08, CL09, CL10 RT*2J 125 
30(80.0) CK08, CK09, CK95 RT*3B 125 
25(68.0) CK08, CK09 RT*3C 150 

MOTOR CONTROLLER AND FUSE 
SELECTION TABLE FOR TYPE 2 PROTECTION

(UL & CSA VERIFIED)
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MOTOR CONTROLLER AND FUSE 
SELECTION TABLE FOR TYPE 2 PROTECTION
(UL & CSA VERIFIED)

460 Volt, Three-Phase Motors 

MAX. FUSE 

HP(FLC) CONTACTOR OLR LPJ_SP
CLASS J 

.5(1.1) CL00, CL01, CL02, CL03, CL04, RT*1F 1.5♦

CL25, CL45 
.5(1.1) CL00, CL01, CL02, CL03, CL04, RT*1G 2

CL25, CL45 
.75(1.6) CL00, CL01, CL02, CL03, CL04, RT*1H 4†

CL25, CL45
1(2.1) CL00, CL01, CL02, CL03, CL04, RT*1J 4 

CL25, CL45
1.5(3.0) CL00, CL01, CL02, CL03, CL04, RT*1K 8†

CL25, CL45 
2(3.4) CL00, CL01, CL02, CL03, CL04, RT*1K 8†

CL25, CL45 
3(4.8) CL00, CL01, CL02, CL03, CL04, RT*1L 10 

CL25, CL45
5(7.6) CL00, CL01, CL02, CL03, CL04, RT*1N 20†

CL25, CL45
7.5(11.0) CL00, CL01, CL02, CL03, CL04, RT*1P 20 

CL25, CL45
10(14.0) CL02, CL03, CL04, CL25, CL45 RT*1R 25 
10(14.0) CL06, CL07, CL08, CL09, CL10 RT*2A 30 
15(21.0) CL03, CL04, CL45 RT*1T 45 
15(21.0) CL06, CL07, CL08, CL09, CL10 RT*2C 45 
20(27.0) CL04, CL45 RT*1V 60 
20(27.0) CL06, CL07, CL08, CL09, CL10 RT*2D 60 
25(34.0) CL45 RT*1W 70 
25(34.0) CL06, CL07, CL08, CL09, CL10 RT*2E 70 
30(40.0) CL06, CL07, CL08, CL09, CL10 RT*2E 70 
30(40.0) CL06, CL07, CL08, CL09, CL10 RT*2F 90 
40(52.0) CL07, CL08, CL09, CL10 RT*2G 100
50(65.0) CL08, CL09, CL10 RT*2H 125 
50(65.0) CL08, CL09, CL10 RT*3B 125 
50(65.0) CL08, CL09, CL10 RT*2J 125 
60(77.0) CL09, CL10 RT*3B 125 
60(77.0) CL09, CL10 RT*2K 150 

* Replace * with “A” or “M”

♦ May be too small to allow some motors to start.

† Sized larger than code max for single motor.

575 Volt, Three-Phase Motors 

MAX. FUSE 

HP(FLC) CONTACTOR OLR LPJ_SP
CLASS J 

.5(0.9) CL00, CL01, CL02, CL03, CL04, RT*1F 1.5 
CL25, CL45

.75(1.3) CL00, CL01, CL02, CL03, CL04, RT*1G 2
CL25, CL45 

.75(1.3) CL00, CL01, CL02, CL03, CL04, RT*1H 4†

CL25, CL45 
1(1.7) CL00, CL01, CL02, CL03, CL04, RT*1H 4†

CL25, CL45 
1.5(2.4) CL00, CL01, CL02, CL03, CL04, RT*1J 4

CL25, CL45 
2(2.7) CL00, CL01, CL02, CL03, CL04, RT*1J 4

CL25, CL45 
2(2.7) CL00, CL01, CL02, CL03, CL04, RT*1K 8†

CL25, CL45 
3(3.9) CL00, CL01, CL02, CL03, CL04, RT*1K 8 

CL25, CL45
5(6.1) CL00, CL01, CL02, CL03, CL04, RT*1L 10

CL25, CL45 
5(6.1) CL00, CL01, CL02, CL03, CL04, RT*1M 12

CL25, CL45 
7.5(9.0) CL00, CL01, CL02, CL03, CL04, RT*1N 20

CL25, CL45 
10(11.0) CL00, CL01, CL02, CL03, CL04, RT*1P 20 

CL25, CL45
15(17.0) CL02, CL03, CL04, CL25, CL45 RT*1S 35 
15(17.0) CL06, CL07, CL08, CL09, CL10 RT*2B 35 
20(22.0) CL03, CL04, CL45 RT*1T 45 
20(22.0) CL06, CL07, CL08, CL09, CL10 RT*2C 45 
20(22.0) CL03, CL04, CL45 RT*1U 45 
25(27.0) CL04, CL45 RT*1V 60 
25(27.0) CL06, CL07, CL08, CL09, CL10 RT*2D 60 
30(32.0) CL04, CL45 RT*1V 60 
30(32.0) CL06, CL07, CL08, CL09, CL10 RT*2D 60 
30(32.0) CL45 RT*1W 70 
30(32.0) CL06, CL07, CL08, CL09, CL10 RT*2E 70 
40(41.0) CL06, CL07, CL08, CL09, CL10 RT*2E 70 
40(41.0) CL06, CL07, CL08, CL09, CL10 RT*2F 90 
50(52.0) CL07, CL08, CL09, CL10 RT*2G 100 
60(62.0) CL07, CL08, CL09, CL10 RT*2H 125 
60(62.0) CK08, CK09, CK95 RT*3B 125 
75(77.0) CK08, CK09, CK95 RT*3B 125 
75(77.0) CK08, CK09 RT*3C 150 

Bussmann®/General 
Electric Co.
IEC 
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575 Volt, Three-Phase Motors

MAX. Fuse
LPJ_SP

HP(FLC) OLR Class J
.5(0.9) CR123C109A 2

.5(0.9) CR324CXD 3

.75(1.3) CR324CXD 3

.75(1.3) CR123C163A 3
1(1.7) CR324CXD 3.5
1(1.7) CR123C196A 3.5
1(1.7) CR324CXE 3.5

1.5(2.4) CR324CXE 6
1.5(2.4) CR123C301A 6
2(2.7) CR324CXE 6
2(2.7) CR123C326A 6
3(3.9) CR324CXF 10
3(3.9) CR123C419A 10
5(6.1) CR324CXF 15
5(6.1) CR123C695A 15

7.5(9.0) CR324CXG 20
7.5(9.0) CR324DXG 20
7.5(9.0) CR123C104B 20
7.5(9.0) CR123C955A 20
10(11.0) CR123C125B 20
10(11.0) CR324CXG 20
10(11.0) CR324DXG 20
15(17.0) CR234DXH 35
15(17.0) CR234FXK 35
15(17.0) CR123C180B 35
20(22.0) CR324DXH 45
20(22.0) CR324FXK 45
20(22.0) CR123C228B 45
20(22.0) CR123C250B 45
20(22.0) CR123C270B 45

230 Volt, Three-Phase Motors

MAX. Fuse
LPJ_SP

HP(FLC) OLR Class J
.5(2.2) CR123C268A 5
.5(2.2) CR324CXE 6
.75(3.2) CR324CXF 7
.75(3.2) CR123C356A 7
1(4.2) CR324CXF 10
1(4.2) CR123C466A 10

1.5(6.0) CR324CXF 15
1.5(6.0) CR123C695A 15
2(6.8) CR324CXG 15
2(6.8) CR324DXG 15
2(6.8) CR123C778A 15
3(9.6) CR324CXG 20
3(9.6) CR324DXG 20
3(9.6) CR123C104B 20
5(15.2) CR234CXH 30
5(15.2) CR234DXH 30
5(15.2) CR123C163B 30

7.5(22.0) CR324DXH 45
7.5(22.0) CR324FXK 45
7.5(22.0) CR123C228B 45
7.5(22.0) CR123C250B 45
7.5(22.0) CR123C270B 45

MOTOR CONTROLLER AND FUSE 
SELECTION TABLE FOR TYPE 2 PROTECTION

(UL & CSA VERIFIED)

Bussmann®/General Electric Co.
NEMA

200 Volt, Three-Phase Motors

MAX. Fuse
LPJ_SP

HP(FLC) OLR Class J
.5(2.5) CR324CXE 6
.5(2.5) CR123C326A 6
.75(3.7) CR123C356A 8
.75(3.7) CR324CXF 10
1(4.8) CR324CXF 10
1(4.8) CR123C526A 10

1.5(6.9) CR324CXG 15
1.5(6.9) CR123C778A 15
1.5(6.9) CR123C695A 15
2(7.8) CR324CXG 17.5
2(7.8) CR123C867A 17.5
3(11.0) CR324CXG 20
3(11.0) CR123C125B 20
5(17.5) CR234CXH 35
5(17.5) CR234FXK 35
5(17.5) CR123C180B 35
5(17.5) CR123C198B 35
5(17.5) CR123F233B 35

460 Volt, Three-Phase Motors

MAX. Fuse
LPJ_SP

HP(FLC) OLR Class J
.5(1.1) CR123C131A 2.5
.5(1.1) CR324CXD 3
.75(1.6) CR324CXD 3.5
.75(1.6) CR123C196A 3.5
1(2.1) CR123C268A 5
1(2.1) CR324CXE 6

1.5(3.0) CR324CXE 6
1.5(3.0) CR123C356A 6
2(3.4) CR324CXF 7
2(3.4) CR123C379A 7
3(4.8) CR324CXF 10
3(4.8) CR123C526A 10
5(7.6) CR324CXG 15
5(7.6) CR324DXG 15
5(7.6) CR123C867A 15

7.5(11.0) CR324CXG 20
7.5(11.0) CR324DXG 20
7.5(11.0) CR123C125B 20
10(14.0) CR234CXH 30
10(14.0) CR234DXH 30
10(14.0) CR123C163B 30
15(21.0) CR324CXH 45
15(21.0) CR324DXH 45
15(21.0) CR324FXK 45
15(21.0) CR123C228B 45
15(21.0) CR123F243B 45
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230 Volt, Three-Phase Motors

MAX. Fuse
LPJ_SP KRP-C_SP

HP(FLC) OLR Class J Class L
10(28.0) CR324DXJ 60
10(28.0) CR324FXK 60
10(28.0) CR123C303B 60
10(28.0) CR123F327B 60
15(42.0) CR324DXJ 90
15(42.0) CR324FXL 90
15(42.0) CR123F567B 90
15(42.0) CR123F487B 90
15(42.0) CR123F440B 90
20(54.0) CR324FXL 110
20(54.0) CR123F719B 110
25(68.2) CR324FXL 150
25(68.2) CR324FXM 150
25(68.2) CR324GXP 150
25(68.2) CR123F848B 150
25(68.2) CR123F914B 150
30(80.0) CR234FXM 175
30(80.0) CR324GXP 175
30(80.0) CR123F104C 175
40(104.0) CR234FXM 225
40(104.0) CR324GXP 225
40(104.0) CR123F133C 225
50(130.0) CR234FXM 250
50(130.0) CR324GXP 250
50(130.0) CR123F161C 250
60(145.0) CR324GXQ 300
60(145.0) CR324HXS 300
75(192.0) CR324GXQ 400
75(192.0) CR324HXS 400
100(248.0) CR324GXQ 500
100(248.0) CR324HXS 500
125(312.0) CR324HXT 900
150(360.0) CR324HXT 1000
200(480.0) CR324HXT 1000

MOTOR CONTROLLER AND FUSE 
SELECTION TABLE FOR TYPE 2 PROTECTION
(UL & CSA VERIFIED)

Bussmann®/General Electric Co.
NEMA

200 Volt, Three-Phase Motors

MAX. Fuse
LPJ_SP KRP-C_SP

HP(FLC) OLR Class J Class L
7.5 (25.3) CR324DXH 50
7.5 (25.3) CR324FXK 50
7.5 (25.3) CR123C273B 50
7.5 (25.3) CR123C303B 50
7.5 (25.3) CR123F300B 50
10 (32.2) CR324DXJ 70
10 (32.2) CR324FXK 70
10 (32.2) CR123C330B 70
10 (32.2) CR123F395B 70
15 (48.3) CR324DXJ 100
15 (48.3) CR324FXL 100
15 (48.3) CR123F614B 100
20 (62.1) CR324FXL 125
20 (62.1) CR123F772B 125
25 (78.2) CR234FXM 175
25 (78.2) CR324GXP 175
25 (78.2) CR123F104C 175
30 (92.0) CR234FXM 200
30 (92.0) CR324GXP 200
30 (92.0) CR123F118C 200
40 (120.0) CR234FXM 250
40 (120.0) CR324GXP 250
40 (120.0) CR123F161C 250
50(150.0) CR324GXQ 300
50(150.0) CR324HXS 300
60(177.0) CR324GXQ 350
60(177.0) CR324HXS 350
75(221.0) CR324GXQ 450
75(221.0) CR324HXS 450
100(285.0) CR324HXT 600
125(359.0) CR324HXT 1000
150(414.0) CR324HXT 1000
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Bussmann®/General Electric Co.
NEMA

460 Volt, Three-Phase Motors

MAX. Fuse
LPJ_SP KRP-C_SP

HP(FLC) OLR Class J Class L
20(27.0) CR324DXH 60
20(27.0) CR324DXJ 60
20(27.0) CR324FXK 60
20(27.0) CR123C303B 60
20(27.0) CR123F327B 60
20(27.0) CR123C330B 60
25(34.0) CR324DXJ 70
25(34.0) CR324FXK 70
25(34.0) CR123C366B 70
25(34.0) CR123F430B 70
30(40.0) CR324DXJ 90
30(40.0) CR324FXL 90
30(40.0) CR123C400B 90
30(40.0) CR123F487B (SIZE 3) 90
30(40.0) CR123F487B (SIZE 4) 90
40(52.0) CR324FXL 110
40(52.0) CR123F658B (SIZE 3) 110
40(52.0) CR123F658B (SIZE 4) 110
50(65.0) CR324FXL 125
50(65.0) CR123F772B 125
50(65.0) CR324FXM 125
50(65.0) CR324GXP 125
50(65.0) CR123F848B 125
60(77.0) CR324FXM 150
60(77.0) CR324GXP 150
60(77.0) R123F104C (SIZE 3) 150
60(77.0) R123F104C (SIZE 4) 150
75(96.0) CR234FXM 200
75(96.0) CR324GXP 200
75(96.0) CR123F118C 200

100(124.0) CR234FXM 250
100(124.0) CR324GXP 250
100(124.0) CR123F161C 250
125(156.0) CR324GXQ 350
125(156.0) CR324HXS 350
150(180.0) CR324GXQ 400
150(180.0) CR324HXS 400
200(240.0) CR324GXQ 500
200(240.0) CR324HXS 500
250(302.0) CR324HXT 900
300(361.0) CR324HXT 1000
350(414.0) CR324HXT 1000
400(477.0) CR324HXT 1000
450(515.0) CR324HXT 1000

575 Volt, Three-Phase Motors

MAX. Fuse
LPJ_SP KRP-C_SP

HP(FLC) OLR Class J Class L
25(27.0) CR324DXH 60
25(27.0) CR324DXJ 60
25(27.0) CR324FXK 60
25(27.0) CR123C303B 60
25(27.0) CR123F327B 60
25(27.0) CR123C330B 60
30(32.0) CR324DXJ 70
30(32.0) CR324FXK 70
30(32.0) CR123C330B 70
30(32.0) CR123F395B 70
40(41.0) CR324DXJ 90
40(41.0) CR324FXL 90
40(41.0) CR123C400B 90
40(41.0) CR123F567B 90
40(41.0) CR123F487B 90
50(52.0) CR324FXL 110
50(52.0) CR123F658B (SIZE 3) 110
50(52.0) CR123F658B (SIZE 4) 110
60(62.0) CR324FXL 125
60(62.0) CR123F772B 125
75(77.0) CR324FXM 150
75(77.0) CR324GXP 150
75(77.0) R123F104C (SIZE 3) 150
75(77.0) R123F104C (SIZE 4) 150
100(99.0) CR234FXM 200
100(99.0) CR324GXP 200
100(99.0) CR123F118C 200
125(125.0) CR234FXM 250
125(125.0) CR324GXP 250
125(125.0) CR123F161C 250
150(144.0) CR324GXQ 300
150(144.0) CR324HXS 300
200(192.0) CR324GXQ 400
200(192.0) CR324HXS 400
250(242.0) CR324GXQ 500
250(242.0) CR324HXS 500
300(289.0) CR324HXT 800
350(336.0) CR324HXT 1000
400(382.0) CR324HXT 1000
450(412.0) CR324HXT 1000
500(472.0) CR324HXT 1000



Bussmann®/Rockwell
Automation, Allen-Bradley
IEC 

200 Volt, Three-Phase Motors

Contactor Overload Relay Max. Fuse Rating 
Basic Cat. No. Basic Cat. No. LPJ_SP LP-CC 

HP(FLC) (a) (b) Class J Class CC 
0.5(2.5) 100-C09 193-E**EB 6 6 
0.75(3.7) 100-C09 193-E**EB 10 10 

1(4.8) 100-C09 193-E**FB 15† 15 
1.5(6.9) 100-C09 193-E**FB 15 15 
2(7.8) 100-C09 193-E**FB 15 15♦

3(11) 100-C12 193-E**FB 20 20♦

5(17.5) 100-C23 193-E**GB 30 30♦

7.5(25.3) 100-C30 193-E**HC 40
10(32.2) 100-C37 193-E**HC 50
15(48.3) 100-C60 193-E**KE 80
20(62.1) 100-C72 193-E**KE 100
25(78.2) 100-C85 193-E**KE 100♦

460 Volt, Three-Phase Motors

Contactor Overload Relay Max. Fuse Rating 
Basic Cat. No. Basic Cat. No. LPJ_SP LP-CC 

HP(FLC) (a) (b) Class J Class CC 
0.5(1.1) 100-C09 193-E**DB 3 3 
0.75(1.6) 100-C09 193-E**DB 6† 6 

1(2.1) 100-C09 193-E**DB 6 6 
1.5(3) 100-C09 193-E**EB 10† 10 
2(3.4) 100-C09 193-E**EB 10† 10 
3(4.8) 100-C09 193-E**FB 15† 15 
5(7.6) 100-C09 193-E**FB 15 15♦

7.5(11) 100-C12 193-E**FB 20 20♦

10(14) 100-C16 193-E**GB 20♦ 20♦

15(21) 100-C23 193-E**GB 30♦ 30♦

20(27) 100-C30 193-E**HC 40
25(34) 100-C37 193-E**HC 50
30(40) 100-C43 193-E**JD 50♦

40(52) 100-C60 193-E**KE 80
50(65) 100-C72 193-E**KE 100
60(77) 100-C85 193-E**KE 100♦

(a) Catalog number is not complete, add coil voltage code and auxiliary contact descrip-
tion. 

(b) Catalog number is not complete, replace ** with trip class and reset mode.

♦ May be too small to allow some motors to start.

† Sized larger than code max for single motor.
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230 Volt, Three-Phase Motors 

Contactor Overload Relay Max. Fuse Rating 
Basic Cat. No. Basic Cat. No. LPJ_SP LP-CC 

HP(FLC) (a) (b) Class J Class CC 
0.5(2.2) 100-C09 193-E**DB 6 6 
0.75(3.2) 100-C09 193-E**EB 10† 10 

1(4.2) 100-C09 193-E**FB 15† 15 
1.5(6) 100-C09 193-E**FB 15 15 
2(6.8) 100-C09 193-E**FB 15 15 
3(9.6) 100-C12 193-E**FB 20 20 
5(15.2) 100-C16 193-E**GB 20♦ 20♦

7.5(22) 100-C23 193-E**GB 30♦ 30♦

10(28) 100-C30 193-E**HC 40♦

15(42) 100-C43 193-E**JD 50♦

20(54) 100-C60 193-E**KE 80♦

25(68) 100-C72 193-E**KE 100
30(80) 100-C85 193-E**KE 100♦

575 Volt, Three-Phase Motors

Contactor Overload Relay Max. Fuse Rating 
Basic Cat. No. Basic Cat. No. LPJ_SP LP-CC 

HP(FLC) (a) (b) Class J Class CC 
0.5(0.9) 100-C09 193-E**DB 3 3 
0.75(1.3) 100-C09 193-E**DB 3 3 

1(1.7) 100-C09 193-E**DB 6† 6 
1.5(2.4) 100-C09 193-E**DB 6 6 
2(2.7) 100-C09 193-E**EB 10† 10 
3(3.9) 100-C09 193-E**FB 10 10 
5(6.1) 100-C09 193-E**FB 15 15 
5(7.6) 100-C09 193-E**FB 15 15♦

7.5(9) 100-C09 193-E**FB 15 15♦

10(11) 100-C12 193-E**FB 20 20♦

15(17) 100-C23 193-E**GB 30 30♦

20(22) 100-C30 193-E**HC 40
25(27) 100-C37 193-E**HC 50
30(32) 100-C37 193-E**HC 50
40(41) 100-C60 193-E**KE 80
50(52) 100-C72 193-E**KE 100
60(62) 100-C85 193-E**KE 100

MOTOR CONTROLLER AND FUSE 
SELECTION TABLE FOR TYPE 2 PROTECTION
(UL & CSA VERIFIED)
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Bussmann®/Rockwell
Automation, Allen-Bradley
NEMA

200 Volt, Three-Phase Motors
MAXIMUM

STARTER(1) HEATER LPN-RK_SP/LPJ_SP
HP(FLC) SIZE CAT. # ELEMENT CLASS RK1/J
1.5(6.9) 0 509-A W48 15
2(7.8) 0 509-A W50 15
3(11.0) 0 509-A W53 20
5(17.5) 1 509-B W59 30

7.5(25.3) 2 509-C W63 50
10(32.2) 3 509-D W65 60
15(48.3) 3 509-D W68 100
20(62.1) 3 509-D W71 100
25(78.2) 3 509-D W75 150
30(92.0) 4 509-E W77 175
40(120.0) 4 509-E W81 200
50(150.0) 5 509-F W37 200♦

60(177.1) 5 509-F W39 250♦

75(221.0) 5 509-F W41 350

460 Volt, Three-Phase Motors
MAXIMUM

STARTER(1) HEATER LPS-RK_SP/LPJ_SP
HP(FLC) SIZE CAT. # ELEMENT CLASS RK1/J
5(7.6) 0 509-A W49 15

7.5(11.0) 1 509-B W53 20
10(14.0) 1 509-B W56 30
15(21.0) 2 509-C W61 45
20(27.0) 2 509-C W63 60
25(34.0) 3 509-D W66 60
30(40.0) 3 509-D W66 90
40(52.0) 3 509-D W69 100
50(65.0) 3 509-D W72 100
60(77.0) 4 509-E W74 125
75(96.0) 4 509-E W77 175

100(124.0) 4 509-E W82 200
125(156.0) 5 509-F W37 200♦

150(180.0) 5 509-F W39 250♦

200(240.0) 5 509-F W42 400

(1) Catalog number is not complete. Refer to Bulletin 509 Section of A-B Industrial Control
Catalog to specify complete catalog starter number.

♦ May be too small to allow some motors to start.

230 Volt, Three-Phase Motors
MAXIMUM

STARTER(1) HEATER LPN-RK_SP/LPJ_SP
HP(FLC) SIZE CAT. # ELEMENT CLASS RK1/J
2(6.8) 0 509-A W48 15
3(9.6) 0 509-A W52 20
5(15.2) 1 509-B W57 30

7.5(22.0) 2 509-C W61 45
10(28.0) 3 509-C W64 60
15(42.0) 3 509-D W66 90
20(54.0) 3 509-D W69 100
25(68.2) 3 509-D W73 100♦

30(80.0) 3 509-D W75 150
40(104.0) 4 509-E W79 175
50(130.0) 4 509-E W83 200
60(154.0) 5 509-F W37 200♦

75(192.0) 5 509-F W40 300
100(248.0) 5 509-F W43 400

575 Volt, Three-Phase Motors
MAXIMUM

STARTER(1) HEATER LPS-RK_SP/LPJ_SP
HP(FLC) SIZE CAT. # ELEMENT CLASS RK1/J
5(6.1) 0 509-A W47 12

7.5(9.0) 1 509-B W51 20
10(11.0) 1 509-B W53 20
15(17.0) 2 509-C W58 35
25(27.0) 2 509-C W63 60
30(32.0) 3 509-D W64 70
40(41.0) 3 509-D W66 90
50(52.0) 3 509-D W69 100
60(62.0) 4 509-E W71 100
75(77.0) 4 509-E W74 125
100(99.0) 4 509-E W78 175
125(125.0) 5 509-F W35 200
150(144.0) 5 509-F W36 200♦

200(192.0) 5 509-F W40 300

MOTOR CONTROLLER AND FUSE 
SELECTION TABLE FOR TYPE 2 PROTECTION

(UL & CSA VERIFIED)
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460 Volt, Three Phase Motors 
MAXIMUM FUSE

HP(FLC) CONTACTOR OLR LPJ_SP LPS-RK_SP KRP-C_SP 
CLASS J CLASS RK1 CLASS L 

.5(1.1) LC1D09 LR2D 1306 3 
.75(1.6) LC1D09 LR2D 1306 3 
1(2.1) LC1D09 LR2D 1307 4 

1.5(3.0) LC1D09 LR2D 1308 6 
2(3.4) LC1D09 LR2D 1308 6 
3(4.8) LC1D09 LR2D 1310 10 
5(7.6) LC1D09 LR2D 1312 15 
5(7.6) LC1D09 LR2D 1314 15 

7.5(11.0) LC1D012 LR2D 1316 20 
10(14.0) LC1D018 LR2D 1321 25 
15(21.0) LC1D032 LR2D 1322 35 
20(27.0) LC1D032 LR2D 2353 40 
25(34.0) LC1D040 LR2D 3355 60 
30(40.0) LC1D040 LR2D 3355 60 
30(40.0) LC1D050 LR2D 3357 70 
40(52.0) LC1D050 LR2D 3359 80 
40(52.0) LC1D065 LR2D 3359 100 
50(65.0) LC1D050 LR2D 3359 80♦

50(65.0) LC1D065 LR2D 3359 100 
75(96.0) LC1F115 LR2F 5367 200 200 

100(124.0) LC1F150 LR2F 5569 250 250 
125(156.0) LC1F185 LR2F 5569 300 250 
125(156.0) LC1F185 LR2F 5571 350 350 
150 (180.0) LC1F265 LR2F 6571 400 350 
150 (180.0) LC1F265 LR2F 6573 400 400 
200 (240.0) LC1F400 LR2F 6573 450 500 
200 (240.0) LC1F400 LR2F 6575 500 500 
250 (302.0) LC1F400 LR2F 6575 500 500 
250 (302.0) LC1F400 LR2F 6577 600 650 
300 (361.0) LC1F500 LR2F 6577 600 800 
350 (414.0) LC1F500 LR2F 7579 800 
400 (477.0) LC1F500 LR2F 7579 1000 
500 (590.0) LC1F630 LR2F 7581 1350 
600 (720.0) LC1F630 LR2F 8583 1600

♦ May be too small to allow some motors to start.

575 Volt, Three Phase Motors 
MAXIMUM FUSE

HP(FLC) CONTACTOR OLR LPJ_SP LPS-RK_SP KRP-C_SP 
CLASS J CLASS RK1 CLASS L 

.75(1.3) LC1D09 LR2D 1306 3 
1(1.7) LC1D09 LR2D 1306 3 

1.5(2.4) LC1D09 LR2D 1307 4 
2(2.7) LC1D09 LR2D 1308 6 
3(3.9) LC1D09 LR2D 1308 6 
5(6.1) LC1D09 LR2D 1312 10 

7.5(9.0) LC1D012 LR2D 1314 15 
7.5(9.0) LC1D018 LR2D 1316 20 
10(11.0) LC1D018 LR2D 1316 20 
15(17.0) LC1D025 LR2D 1321 25 
15(17.0) LC1D032 LR2D 1322 35 
20(22.0) LC1D032 LR2D 1322 35 
30(32.0) LC1D040 LR2D 3355 45♦

40(41.0) LC1D050 LR2D 3357 70 
50(52.0) LC1D065 LR2D 3359 80 
50(52.0) LC1D080 LR2D 3359 90 
60(62.0) LC1D065 LR2D 3359 80♦

60(62.0) LC1D080 LR2D 3359 90♦

75(77.0) LC1F115 LR2D 3363 150 125 
100(99.0) LC1F115 LR2F 5367 200 200 
125(125.0) LC1F150 LR2F 5569 250 250 
150(144.0) LC1F185 LR2F 5569 300 250 
150(144.0) LC1F185 LR2F 5571 300 300 
200(192.0) LC1F265 LR2F 5571 400 350 
200(192.0) LC1F265 LR2F 6573 400 400 
250(242.0) LC1F400 LR2F 6575 500 500 
300(289.0) LC1F400 LR2F 6575 500 500 
300(289.0) LC1F400 LR2F 6577 600 601 
350(336.0) LC1F500 LR2F 6577 600 700 
400(382.0) LC1F500 LR2F 6577 600 800 
500(472.0) LC1F500 LR2F 7579 1000 
600(576.0) LC1F630 LR2F 7581 1200 
800(770.0) LC1F630 LR2F 8583 1600

Bussmann®/Square D Co. IEC 

200 Volt, Three Phase Motors 

MAXIMUM FUSE

HP(FLC) CONTACTOR OLR LPJ_SP LPN-RK_SP KRP-C_SP 
CLASS J CLASS RK1 CLASS L 

.5(2.5) LC1D09 LR2D 1307 4 
.75(3.7) LC1D09 LR2D 1308 6 
1(4.8) LC1D09 LR2D 1310 10 

1.5(6.9) LC1D09 LR2D 1312 15 
2(7.8) LC1D09 LR2D 1312 15 
2(7.8) LC1D09 LR2D 1314 15 
3(11.0) LC1D012 LR2D 1316 20 
5(17.5) LC1D018 LR2D 1321 25♦

5(17.5) LC1D025 LR2D 1322 35 
7.5(25.3) LC1D032 LR2D 2353 40 
10(32.2) LC1D040 LR2D 3355 60 
15(48.3) LC1D050 LR2D 3357 70♦

15(48.3) LC1D050 LR2D 3359 80 
15(48.3) LC1D065 LR2D 3359 100 
20(62.1) LC1D050 LR2D 3359 80♦

20(62.1) LC1D065 LR2D 3359 100 
30(92.0) LC1F115 LR2F 5367 200 200 
40(120.0) LC1F150 LR2F 5569 250 250 
50(150.0) LC1F185 LR2F 5569 300 250 
50(150.0) LC1F185 LR2F 5571 300 300 
60(177.0) LC1F265 LR2F 6573 350 
60(177.0) LC1F265 LR2F 5571 350 350 
75(221.0) LC1F400 LR2F 6575 450 
100(285.0) LC1F400 LR2F 6575 500 500 
100(285.0) LC1F400 LR2F 6577 600 601 
125(359.0) LC1F500 LR2F 6577 600 800

230 Volt, Three Phase Motors 

MAXIMUM FUSE

HP(FLC) CONTACTOR OLR LPJ_SP LPN-RK_SP KRP-C_SP 
CLASS J CLASS RK1 CLASS L 

.5(2.2) LC1D09 LR2D 1307 4 
.75(3.2) LC1D09 LR2D 1308 6 
1(4.2) LC1D09 LR2D 1310 10

1.5(6.0) LC1D09 LR2D 1310 10 
1.5(6.0) LC1D09 LR2D 1312 15
2(6.8) LC1D09 LR2D 1312 15 
3(9.6) LC1D09 LR2D 1314 15 
3(9.6) LC1D012 LR2D 1316 20 
5(15.2) LC1D018 LR2D 1321 25 

7.5(22.0) LC1D032 LR2D 1322 35 
10(28.0) LC1D032 LR2D 2353 40♦

15(42.0) LC1D050 LR2D 3357 70 
20(54.0) LC1D050 LR2D 3359 80♦

20(54.0) LC1D065 LR2D 3359 100 
40(104.0) LC1F115 LR2F 5367 225 200 
40(104.0) LC1F115 LR2F 5369 225 225 
50(130.0) LC1F150 LR2F 5569 250 250 
60(154.0) LC1F185 LR2F 5569 300 250 
60(154.0) LC1F185 LR2F 5571 300 300 
75(192.0) LC1F265 LR2F 6571 400 350 
75(192.0) LC1F265 LR2F 6573 400 400 
100(248.0) LC1F400 LR2F 6575 500 500 
125(312.0) LC1F400 LR2F 6575 500 500 
125(312.0) LC1F400 LR2F 6577 600 700 
150(360.0) LC1F500 LR2F 6577 600 800 
200(480.0) LC1F500 LR2F 7579 1000 
250(600.0) LC1F630 LR2F 7581 1350 
300(720.0) LC1F630 LR2F 8583 1600
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Bussmann®/Square D Co.
NEMA

200 Volt, Three-Phase Motors

MAXIMUM FUSE

HP(FLC) STARTER CATALOG # HEATER LPN-RK_SP LPJ_SP
SIZE CLASS RK1 CLASS J

1.5(6.9) 0 SB02V02S B11.5* 12 15 
2(7.8) 0 SB02V02S B12.8 15 15 
3(11.0) 0 SB02V02S B19.5 17.5 20 
5(17.5) 1 SC03V02S B32 25 30 

7.5(25.3) 1 SC03V02S B50 40 45 
10(32.2) 2 SD01V02S B62 50 60 
15(48.3) 3 SE01V02S CC81.5 70 80 
20(62.1) 3 SE01V02S CC112 100 100 
25(78.2) 3 SE01V02S CC180 125 125 
30(92.0) 4 SF01V02S CC156 150 150 
40(120.0) 4 SF01V02S CC208 175 200 
50(150.0) 5 SG01V02S** B3.70 225 250 
60(177.0) 5 SG01V02S** B4.15 300 300 
75(221.0) 5 SG01V02S** B5.50 350 400 

230 Volt, Three Phase Motors

MAXIMUM FUSE

HP(FLC) STARTER CATALOG # HEATER LPN-RK_SP LPJ _SP
SIZE CLASS RK1 CLASS J

1.5(6.0) 0 SB02V02S B10.2 10 12 
2(6.8) 0 SB02V02S B11.5* 12 15 
3(9.6) 0 SB02V02S B15.5 17.5 17.5 
5(15.2) 1 SC03V02S B28.0 25 30 

7.5(22.0) 1 SC03V02S B45 35 50†

10(28.0) 2 SD01V02S B50 45 50 
15(42.0) 3 SE01V02S CC68.5 70 70 
20(54.0) 3 SE01V02S CC94.0 80 90 
25(68.0) 3 SE01V02S CC132 110 125 
30(80.0) 3 SE01V02S CC196 125 150 
40(104.0) 4 SF01V02S CC180 175 175 
50(130.0) 5 SG01V02S** B3.30 200 200 
60(154.0) 5 SG01V02S** B3.70 225 250 
75(192.0) 5 SG01V02S** B4.15 300 300 

100(248.0) 5 SG01V02S** B6.25 400 400 

460 Volt, Three Phase Motors

MAXIMUM FUSE

HP(FLC) STARTER CATALOG # HEATER LPS-RK_SP LPJ _SP
SIZE CLASS RK1 CLASS J 

3(4.8) 0 SB02V02S B7.70* 8 9 
5(7.6) 0 SB02V02S B12.8 15 15 

7.5(11.0) 1 SC03V02S B19.5 17.5 20 
10(14.0) 1 SC03V02S B25 20 25 
15(21.0) 2 SD01V02S B36 30 35 
20(27.0) 2 SD01V02S B45 40 45 
25(34.0) 2 SD01V02S B70 50 60 
30(40.0) 3 SE01V02S CC64.3 60 70 
40(52.0) 3 SE01V02S CC87.7 80 90 
50(65.0) 3 SE01V02S CC121 100 110 
60(77.0) 4 SF01V02S CC121 125 125 
75(96.0) 4 SF01V02S CC167 150 175 

100(124.0) 5 SG01V02S** B3.00 200 200 
125(156.0) 5 SG01V02S** B3.70 225 250 
150(180.0) 5 SG01V02S** B4.15 300 300 
200(240.0) 5 SG01V02S** B6.25 400 400 

* These overloads were not tested. Maximum fuse sizes are for the lower value of over-
load which was tested. 

** Y500
† Sized larger than code max for single motor.

575 Volt, Three Phase Motors

MAXIMUM FUSE

HP(FLC) STARTER CATALOG # HEATER LPS-RK_SP LPJ _SP
SIZE CLASS RK1 CLASS J 

3(3.9) 0 SB02V02S B6.25 6 8
5(6.1) 0 SB02V02S B10.2 10 12 

7.5(9.0) 1 SC03V02S B15.5 15 17.5 
10(11.0) 1 SC03V02S B19.5 17.5 20 
15(17.0) 2 SD01V02S B28.0 25 30 
20(22.0) 2 SD01V02S B40 35 40 
25(27.0) 2 SD01V02S B45 40 45 
30(32.0) 3 SE01V02S CC50.1 50 50 
40(41.0) 3 SE01V02S CC68.5 60 70 
50(52.0) 3 SE01V02S CC87.7 80 90 
60(62.0) 4 SF01V02S CC103 100 100 
75(77.0) 4 SF01V02S CC121 125 125 
100(99.0) 4 SF01V02S CC167 150 175 
125(125.0) 5 SG01V02S** B3.00 200 200 
150(144.0) 5 SG01V02S** B3.70 225 250 
200(192.0) 5 SG01V02S** B4.15 300 300 
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MOTOR CONTROLLER AND FUSE 
SELECTION TABLE FOR TYPE 2 PROTECTION
(UL & CSA VERIFIED)

Bussmann®/Siemens
IEC

200 Volt, Three-Phase Motors

MAXIMUM FUSE

HP(FLC) STARTER OLR LPN-RK_SP LPJ_SP LP-CC
CLASS RK1 CLASS J CLASS CC

.5(2.5) 3TF30/40 3UA5000-1D 6 6 6
.75(3.7) 3TF30/40 3UA5000-1E 6 6 6♦

1(4.8) 3TF30/40 3UA5000-1F 8 8 10
1(4.8) 3TF30/40 3UA5000-1G 10 10 10

1.5(6.9) 3TF30/40 3UA5000-1H 15 15 20
2(7.8) 3TF30/40 3UA5000-1J 15 15 20
3(11.0) 3TF31/41 3UA5000-1K 20 20 30
3(11.0) 3TF31/41 3UA5000-2S 25† 25† 30
5(17.5) 3TF32/42 3UA5200-2B 30 30 30♦

7.5(25.3) 3TF34/44 3UA5500-2D 50 50
10(32.2) 3TF46 3UA5800-2E 60 60
15(48.3) 3TF46 3UA5800-2T 90 90
20(62.1) 3TF47 3UA5800-2V 125 125
25(78.2) 3TF48 3UA5800-8W 175 175
30(92.0) 3TF50 3UA6000-2X 200 200
40(120.0) 3TF50 3UA6000-3J 250 250
50(150.0) 31T52 3UA6200-3L 300 300
75(221.0) 3TF54 3UA6600-3C 400 400
75(221.0) 3TF54 3UA6600-3D 450 450
100(285.2) 3TF56 3UA6600-3D 500 500
125(359.0) 3TF56 3UA6600-3E 500 500♦

460 Volt, Three-Phase Motors

MAXIMUM FUSE

HP(FLC) STARTER OLR LPS-RK_SP LPJ_SP LP-CC
CLASS RK1 CLASS J CLASS CC

.5(1.1) 3TF30/40 3UA5000-1A 1.6 2 2.25
.75(1.6) 3TF30/40 3UA5000-1A 1.6♦ 2♦ 2.25♦

1(2.1) 3TF30/40 3UA5000-1C 2.8 3♦ 3♦

1.5(3.0) 3TF30/40 3UA5000-1D 6 6 6
2(3.4) 3TF30/40 3UA5000-1E 6 6 6♦

3(4.8) 3TF30/40 3UA5000-1F 8 8 10
3(4.8) 3TF30/40 3UA5000-1G 10 10 10
5(7.6) 3TF30/40 3UA5000-1H 15 15 20
5(7.6) 3TF30/40 3UA5000-1J 15 15 20

7.5(11.0) 3TF31/41 3UA5000-1K 20 20 30
7.5(11.0) 3TF31/41 3UA5000-2S 25† 25† 30
10(14.0) 3TF32/42 3UA5200-2A 25 25 30
15(21.0) 3TF33/43 3UA5200-2C 40 40 30♦

20(27.0) 3TF34/44 3UA5500-2D 50 50
25(34.0) 3TF46 3UA5800-2E 60 60
30(40.0) 3TF46 3UA5800-2F 70 70
40(52.0) 3TF46 3UA5800-2T 90 90
50(65.0) 3TF47 3UA5800-2V 125 125
60(77.0) 3TF48 3UA5800-8W 175† 175†

75(96.0) 3TF50 3UA6000-2X 200 200
100(124.0) 3TF50 3UA6000-3J 250 250
125(156.0) 31T52 3UA6200-3L 300 300
150(180.0) 3TF54 3UA6600-3B 300 300
200(240.0) 3TF54 3UA6600-3C 400 400
250(302.0) 3TF56 3UA6600-3D 500 500
300(361.0) 3TF56 3UA6600-3E 500 500♦

♦ May be too small to allow some motors to start.

† Sized larger than code max for single motor.

230 Volt, Three-Phase Motors

MAXIMUM FUSE

HP(FLC) STARTER OLR LPN-RK_SP LPJ_SP LP-CC
CLASS RK1 CLASS J CLASS CC

.5(2.2) 3TF30/40 3UA5000-1C 2.8 3♦ 3♦

.75(3.2) 3TF30/40 3UA5000-1E 6 6 6♦

1(4.2) 3TF30/40 3UA5000-1F 8 8 10
1.5(6.0) 3TF30/40 3UA5000-1G 10 10 10♦

2(6.8) 3TF30/40 3UA5000-1H 15 15 20
3(9.6) 3TF30/40 3UA5000-1J 15 15 20
3(9.6) 3TF31/41 3UA5000-1J 15 15 20
5(15.2) 3TF32/42 3UA5200-2A 25 25 30

7.5(22.0) 3TF33/43 3UA5200-2C 40 40 30♦

10(28.0) 3TF34/44 3UA5500-2D 50 50
15(42.0) 3TF46 3UA5800-2F 70 70
20(54.0) 3TF46 3UA5800-2T 90 90
25(68.0) 3TF47 3UA5800-2V 125 125
30(80.0) 3TF48 3UA5800-8W 175 175
40(104.0) 3TF50 3UA6000-2X 200 200
50(130.0) 3TF50 3UA6000-3J 250 250
60(154.0) 31T52 3UA6200-3L 300 300
75(192.0) 3TF54 3UA6600-3C 400 400
100(248.0) 3TF54 3UA6600-3D 450 450
125(312.0) 3TF56 3UA6600-3D 500 500
150(360.0) 3TF56 3UA6600-3E 500 500♦



Bussmann®/Siemens
NEMA

200 Volt, Three-Phase Motors

MAXIMUM FUSE

HP(FLC) STARTER OLR LPN-RK_SP LPJ_SP LP-CC
CLASS RK1 CLASS J CLASS CC

.5(2.5) SXLA 3UA5000-1D 6 6 6
.75(3.7) SXLA 3UA5000-1E 6 6 6♦

1(4.8) SXLA 3UA5000-1F 8 8 10
1.5(6.9) SXLA 3UA5000-1H 15 15 20
2(7.8) SXLB 3UA5400-1J 15 15 20
3(11.0) SXLB 3UA5400-1K 20 20 30
5(17.5) SXLC 3UA5400-2B 30 30 30♦

7.5(25.3) SXLC 3UA5400-2D 50 50
10(32.2) SXLD 3UA5800-2E 60 60
15(48.3) SXLE 3UA5800-2T 90 90
20(62.1) SXLE 3UA5800-2V 125 125
25(78.2) SXLE 3UA5800-8W 175 175
30(92.0) SXLF 3UA6200-2X 200 200
40(120.0) SXLF 3UA6200-3J 250 250
50(150.0) SXLG 3UA6600-3B 300 300
60(177.0) SXLG 3UA6600-3C 400† 400†

75(221.0) SXLG 3UA6600-3D 500† 450

460 Volt, Three-Phase Motors

MAXIMUM FUSE

HP(FLC) STARTER OLR LPS-RK_SP LPJ_SP LP-CC
CLASS RK1 CLASS J CLASS CC

.5(1.1) SXLA 3UA5000-1A 1.6 2 2.25
.75(1.6) SXLA 3UA5000-1A 1.6 2♦ 2.25♦

1(2.1) SXLA 3UA5000-1C 2.8 3♦ 3♦

1.5(3.0) SXLA 3UA5000-1D 6 6 6
2(3.4) SXLA 3UA5000-1E 6 6 6♦

3(4.8) SXLB 3UA5400-1G 10 10 10
5(7.6) SXLB 3UA5400-1H 15 15 20

7.5(11.0) SXLC 3UA5400-1K 20 20 30
10(14.0) SXLC 3UA5400-2A 25 25 30
15(21.0) SXLD 3UA5800-2C 40 40 30♦

20(27.0) SXLD 3UA5800-2D 50 50
25(34.0) SXLD 3UA5800-2E 60 60
30(40.0) SXLE 3UA5800-2F 70 70
40(52.0) SXLE 3UA5800-2T 90 90
50(65.0) SXLE 3UA5800-2V 125 125
60(77.0) SXLF 3UA6200-2W 175† 175†

75(96.0) SXLF 3UA6200-2X 200 200
100(124.0) SXLF 3UA6200-3J 250 250
125(156.0) SXLG 3UA6600-3B 300 300
150(180.0) SXLG 3UA6600-3C 400 400
200(240.0) SXLG 3UA6600-3D 500 450

♦ May be too small to allow some motors to start.

† Sized larger than code max for single motor.
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230 Volt, Three-Phase Motors

MAXIMUM FUSE

HP(FLC) STARTER OLR LPN-RK_SP LPJ_SP LP-CC
CLASS RK1 CLASS J CLASS CC

.5(2.2) SXLA 3UA5000-1C 2.8 3♦ 3♦

.75(3.2) SXLA 3UA5000-1E 6 6 6♦

1(4.2) SXLA 3UA5000-1F 8 8 10
1.5(6.0) SXLA 3UA5000-1G 10 10 10♦

2(6.8) SXLB 3UA5400-1H 15 15 20
3(9.6) SXLB 3UA5400-1K 20 20 30
5(15.2) SXLC 3UA5400-2B 30 30 30

7.5(22.0) SXLC 3UA5400-2C 40 40 30♦

10(28.0) SXLD 3UA5800-2D 50 50
15(42.0) SXLD 3UA5800-2F 70 70
20(54.0) SXLE 3UA5800-2T 90 90
25(68.0) SXLE 3UA5800-2U 150 150
30(80.0) SXLE 3UA5800-8W 175 175
40(104.0) SXLF 3UA6200-3H 225 225
50(130.0) SXLF 3UA6200-3J 250 250
60(154.0) SXLG 3UA6600-3B 300 300
75(192.0) SXLG 3UA6600-3C 400 400
100(248.0) SXLG 3UA6600-3D 500 450

MOTOR CONTROLLER AND FUSE 
SELECTION TABLE FOR TYPE 2 PROTECTION

(UL & CSA VERIFIED)
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Bussmann®/Cutler-Hammer
Freedom Series
IEC

200 Volt, Three-Phase Motors

MAX. FUSE
STARTER HEATER LPJ_SP LP-CC

HP(FLC) NUMBER ELEMENT CLASS J CLASS CC

.5(2.5) AE16ANSO_C H2106B-3 6 6
.75(3.7) AE16ANSO_C H2107B-3 6 6♦

1(4.8) AE16ANSO_C H2108B-3 10 15
1.5(6.9) AE16ANSO_C H2109B-3 15 20
2(7.8) AE16BNSO_C H2110B-3 17.5 25
3(11.0) AE16CNSO_C H2111B-3 20
5(17.5) AE16DNSO_C H2112B-3 35

7.5(25.3) AE16ENSO_B H2114B-3 50
10(32.2) AE16HNSO_B H2115B-3 70
15(48.3) AE16JNSO_B H2116B-3 100
20(62.1) AE16KNSO_B H2117B-3 110
25(78.2) AE16LNSO_ H2022-3 150
30(92.0) AE16MNSO_ H2023-3 200
40(119.6) AE16NNSO_ H2024-3 200

460 Volt, Three-Phase Motors

MAX. FUSE
STARTER HEATER LPJ_SP LP-CC

HP(FLC) NUMBER ELEMENT CLASS J CLASS CC

.5(1.1) AE16ANSO_C H2104B-3 3 3
.75(1.6) AE16ANSO_C H2105B-3 3 3♦

1(2.1) AE16ANSO_C H2106B-3 6 6
1.5(3.0) AE16ANSO_C H2106B-3 6 6
2(3.4) AE16ANSO_C H2107B-3 6 6♦

3(4.8) AE16ANSO_C H2108B-3 10 15
5(7.6) AE16BNSO_C H2110B-3 15 25

7.5(11.0) AE16CNSO_C H2111B-3 20
10(14.0) AE16DNSO_C H2111B-3 30
15(21.0) AE16ENSO_C H2113B-3 45
20(27.0) AE16FNSO_B H2114B-3 50
25(34.0) AE16GNSO_B H2115B-3 70
30(40.0) AE16HNSO_B H2116B-3 90
40(52.0) AE16JNSO_B H2116B-3 100
50(65.0) AE16KNSO_B H2117B_3 110
60(77.0) AE16LNSO_ H2022-3 150
75(96.0) AE16MNSO_ H2023-3 200

100(124.0) AE16NNSO_ H2024-3 200

“-” - Empty space designates where coil suffix must be added.

♦ May be too small to allow some motors to start.

230 Volt, Three-Phase Motors

MAX. FUSE
STARTER HEATER LPJ_SP LP-CC

HP(FLC) NUMBER ELEMENT CLASS J CLASS CC

.5(2.2) AE16ANSO_C H2106B-3 6 6
.75(3.2) AE16ANSO-C H2107B-3 6 6♦

1(4.2) AE16ANSO-C H2108B-3 10 15
1.5(6.0) AE16ANSO-C H2109B-3 15 20
2(6.8) AE16BNSO_C H2109B-3 15 20
3(9.6) AE16BNSO_C H2110B-3 20
5(15.2) AE16DNSO_C H2112B-3 30

7.5(22.0) AE16ENSO_C H2113B-3 45
10(28.0) AE16FNSO_B H2114B-3 50
15(42.0) AE16HNSO_B H2116B-3 90
20(54.0) AE16JNSO_B H2117B-3 110
25(68.2) AE16KNSO_B H2117B-3 110
30(80.0) AE16LNSO_ H2022-3 150
40(104.0) AE16MNSO_ H2023-3 200
50(130.0) AE16NNSO_ H2024-3 200

575 Volt, Three-Phase Motors

MAX. FUSE
STARTER HEATER LPJ_SP LP-CC

HP(FLC) NUMBER ELEMENT CLASS J CLASS CC

.75(1.3) AE16ANSO_C H2104B-3 3 3
1(1.7) AE16ANSO_C H2105B-3 3 3♦

1.5(2.4) AE16ANSO_C H2106B-3 6 6
2(2.7) AE16ANSO_C H2107B-3 6 6
3(3.9) AE16ANSO_C H2108B-3 10 15
5(6.1) AE16ANSO_C H2109B-3 15 20

7.5(9.0) AE16BNSO_C H2110B-3 20
10(11.0) AE16CNSO_C H2111B-3 20
15(17.0) AE16DNSO_C H2112B-3 35
20(22.0) AE16ENSO_C H2113B-3 45
25(27.0) AE16FNSO_B H2114B-3 50
30(32.0) AE16GNSO_B H2115B-3 70
40(41.0) AE16HNSO_B H2116B-3 90
50(52.0) AE16KNSO_B H2116B-3 100
60(62.0) AE16LNSO_ H2021-3 110
75(77.0) AE16LNSO_ H2022-3 150
100(99.0) AE16MNSO_ H2023-3 200
125(125.0) AE16NNSO_ H2024-3 200

MOTOR CONTROLLER AND FUSE 
SELECTION TABLE FOR TYPE 2 PROTECTION
(UL & CSA VERIFIED)



Bussmann®/Cutler-Hammer
Freedom Series
IEC

200 Volt, Three-Phase Motors

STARTER MAX. FUSE
NUMBER LPJ_SP LP-CC

HP(FLC) (Fixed Heaters) CLASS J CLASS CC
.5(2.5) AE17ANSO_FJ 6 6
.75(3.7) AE17ANSO_FK 6 6
1(4.8) AE17ANSO_FL 10 15

1.5(6.9) AE17ANSO_FM 15 15
2(7.8) AE17BNSO_FP 17.5 25
3(11.0) AE17CNSO_FQ 20 20♦

5(17.5) AE17DNSO_FR 35
7.5(25.3) AE17FNSO_FT 50
10(32.2) AE17HNSO_KC 70
15(48.3) AE17JNSO_KE 100
20(62.1) AE17KNSO_KF 110

460 Volt, Three-Phase Motors

STARTER MAX. FUSE
NUMBER LPJ_SP LP-CC

HP(FLC) (Fixed Heaters) CLASS J CLASS CC
.5(1.0) AE17ANSO_FF 2 2
.75(1.6) AE17ANSO_FG 3 3
1(2.1) AE17ANSO_FH 3 3♦

1.5(3.0) AE17ANSO_FJ 6 6
2(3.4) AE17ANSO_FK 6 6♦

3(4.8) AE17ANSO_FM 10 15
5(7.6) AE17BNSO_FN 15 15

7.5(11.0) AE17CNSO_FQ 20 20♦

10(14.0) AE17DNSO_FR 30 30♦

15(21.0) AE17ENSO_FS 45
20(27.0) AE17FNSO_FT 60
25(34.0) AE17GNSO_KC 70
30(40.0) AE17HNSO_KD 90
40(52.0) AE17JNSO_KE 110
50(65.0) AE17KNSO_KF 110

“-” - Empty space designates where coil suffix must be added.

♦ May be too small to allow some motors to start.
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230 Volt, Three-Phase Motors

STARTER MAX. FUSE
NUMBER LPJ_SP LP-CC

HP(FLC) (Fixed Heaters) CLASS J CLASS CC
.5(2.2) AE17ANSO_FH 3♦ 3♦

.75(3.2) AE17ANSO_FK 6 6♦

1(4.2) AE17ANSO_FK 6♦ 6♦

1.5(6.0) AE17ANSO_FM 15 15
2(6.8) AE17BNSO_FN 15 15
3(9.6) AE17CNSO_FP 20 20♦

5(15.2) AE17DNSO_FR 30 30♦

7.5(22.0) AE17ENSO_FS 45
10(28.0) AE17FNSO_FT 60
15(42.0) AE17HNSO_KD 90
20(54.0) AE17JNSO_KE 110
25(68.2) AE17KNSO_KF 110

575 Volt, Three-Phase Motors

STARTER MAX. FUSE
NUMBER LPJ_SP LP-CC

HP(FLC) (Fixed Heaters) CLASS J CLASS CC
.75(1.3) AE17ANSO_FF 2 2♦

1(1.7) AE17ANSO_FG 3 3♦

1.5(2.4) AE17ANSO_FH 3♦ 3♦

2(2.7) AE17ANSO_FJ 6 6
3(3.9) AE17ANSO-FL 10 15
5(6.1) AE17ANSO_FM 15 15

7.5(9.0) AE17BNSO-FP 20 20♦

10(11.0) AE17CNSO_FQ 20 20♦

15(17.0) AE17DNSO_FR 35
20(22.0) AE17ENSO_FS 45
25(27.0) AE17FNSO_FT 60
30(32.0) AE17GNSO_KC 70
40(41.0) AE17HNSO_KD 90
50(52.0) AE17KNSO_KE 110

MOTOR CONTROLLER AND FUSE 
SELECTION TABLE FOR TYPE 2 PROTECTION

(UL & CSA VERIFIED)



Bussmann®/Cutler-Hammer
Freedom Series
NEMA

200 Volt, Three-Phase Motors
MAX. FUSE

STARTER HEATER LPN-RK_SP
HP(FLC) SIZE CAT. # ELEMENT CLASS RK1
.5(2.5) 00 AN16AN0_C H2006B-3 4.5
.75(3.7) 00 AN16ANO_C H2008B-3 8
1(4.8) 00 AN16ANO_C H2009B-3 10

1.5(6.9) 0 AN16NDO_C H2010B-3 15
2(7.8) 0 AN16BNO_C H2010B-3 17.5
3(11.0) 0 AN16BNO_C H2011B-3 20

7.5(25.3) 1 AN16DNO_B H2013B-3 45
10(32.2) 2 AN16GNO_B H2015B-3 70
15(48.3) 3 AN16KNO_ H2021-3 100
20(62.1) 3 AN16KNO_ H2021-3 110
25(78.2) 3 AN16KNO H2022-3 175
40(119.6) 4 AN16NNO_ H2024-3 200
50(149.5) 5 AN16SNO_B H2007B-3 300
60(166.8) 5 AN16SNO_B H2007B-3 350
75(220.8) 5 AN16SNO_B H2008B-3 400

460 Volt, Three-Phase Motors
MAX. FUSE

STARTER HEATER LPS-RK_SP
HP(FLC) SIZE CAT. # ELEMENT CLASS RK1
.5(1.1) 00 AN16ANO_C H2004B-3 2
.75(1.6) 00 AN16ANO_C H2005B-3 2.8
1(2.1) 00 AN16ANO_C H2006B-3 4.5

1.5(3.0) 00 AN16ANO_C H2007B-3 5.6
2(3.4) 00 AN16ANO_C H2008B-3 7
3(4.8) 0 AN16BNO_C H2009B-3 10
5(7.6) 0 AN16BNO_C H2010B-3 15

7.5(11.0) 1 AN16DNO_B H2011B-3 20
10(14.0) 1 AN16DNO_B H2012B-3 30
15(21.0) 2 AN16GNO_B H2013B-3 45
20(27.0) 2 AN16GNO_B H2014B-3 60
25(34.0) 2 AN16GNO_B H2015B-3 70
30(40.0) 3 AN16KNO_ H2020-3 80
40(52.0) 3 AN16KNO_ H2021-3 110
50(65.0) 3 AN16KNO_ H2022-3 125
60(77.0) 4 AN16NNO_ H2022-3 150
75(96.0) 4 AN16NNO_ H2023-3 200

100(124.0) 4 AN16NNO_ H2024-3 200
125(156.0) 5 AN16SNO_B H2007B-3 350
150(180.0) 5 AN16SNO_B H2007B-3 400
200(240.0) 5 AN16SNO_B H2008B-3 400

“_” - Empty space designates where coil suffix must be added.
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230 Volt, Three-Phase Motors
MAX. FUSE

STARTER HEATER LPN-RK_SP
HP(FLC) SIZE CAT. # ELEMENT CLASS RK1
.5(2.2) 00 AN16ANO_C H2006B-3 4.5
.75(3.2) 00 AN16ANO_C H2007B-3 5.6
1(4.2) 00 AN16ANO_C H2008B-3 8

1.5(6.0) 00 AN16ANO_C H2009B-3 12
2(6.8) 0 AN16BNO_C H2009B-3 12
3(9.6) 0 AN16BNO_C H2011B-3 20
5(15.2) 1 AN16DNO_B H2012B-3 30

7.5(22.0) 1 AN16DNO_B H2013B-3 45
7.5(22.0) 2 AN16GNO_B H2013B-3 45
10(28.0) 2 AN16GNO_B H2014B-3 60
15(42.0) 2 AN16GNO_B H2015B-3 70
20(54.0) 3 AN16KNO_ H2021-3 110
25(68.2) 3 AN16KNO_ H2022-3 150
30(80.0) 3 AN16KNO_ H2022-3 175
30(92.0) 4 AN16NNO_ H2023-3 200
40(104.0) 4 AN16NNO_ H2023-3 200
50(130.0) 4 AN16NNO_ H2024-3 200
60(145.0) 5 AN16SNO_B H2007B-3 300
75(192.0) 5 AN16SNO_B H2007B-3 400
100(248.0) 5 AN16SNO_B H2008B-3 400

575 Volt, Three-Phase Motors

MAX. FUSE
STARTER HEATER LPS-RK_SP

HP(FLC) SIZE CAT. # ELEMENT CLASS RK1
.75(1.3) 00 AN16ANO_C H2005B-3 2.8
1(1.7) 00 AN16ANO_C H2005B-3 2.8

1.5(2.4) 00 AN16ANO_C H2006B-3 4.5
2(2.7) 00 AN16ANO_C H2007B-3 5.6
3(3.9) 0 AN16BNO_C H2008B-3 8
5(6.1) 0 AN16BNO_C H2009B-3 12

7.5(9.0) 1 AN16DNO_B H2010B-3 17.5
10(11.0) 1 AN16DNO_B H2011B-3 20
15(17.0) 2 AN16GNO_B H2012B-3 35
20(22.0) 2 AN16GNO_B H2013B-3 45
25(27.0) 2 AN16GNO_B H2014B-3 60
30(32.0) 3 AN16KNO_ H2019-3 60
40(41.0) 3 AN16KNO_ H2020-3 80
50(52.0) 3 AN16KNO_ H2021-3 110
60(62.0) 4 AN16NNO_ H2021-3 110
75(77.0) 4 AN16NNO_ H2022-3 150
100(99.0) 4 AN16NNO_ H2023-3 200
125(125.0) 5 AN16SNO_B H2006B-3 250
150(144.0) 5 AN16SNO_B H2007B-3 300
200(192.0) 5 AN16SNO_B H2007B-3 400

MOTOR CONTROLLER AND FUSE 
SELECTION TABLE FOR TYPE 2 PROTECTION
(UL & CSA VERIFIED)



violently rupture and emit conductive gases that can lead to other
faults. 

Motor and motor circuit disconnecting means provide the func-
tion of isolating the motor or motor circuit from the source of supply
for maintenance work.  Motor controllers serve as an On/Off function
for the motor and, as the name implies, serves as control of the motor. 

In addition to these functional blocks, there are various require-
ments for motor control circuit components and other specialized
components. This discussion will focus on the motor (power) branch
circuit requirements and the devices corresponding thereto. Various
devices are available on the market to provide these functions.
Some devices perform only one of these functions and some per-
form multiple functions.   Some devices, such as UL508 disconnects
and Manual Motor Protectors have spacing requirements that are
less than UL98 disconnects or UL489 molded case circuit breakers,
and therefore, have limitations on their application. Below is an
overview of such devices:

Motor Circuit Devices

Branch Circuit Fuses
As listed to UL/CSA/ANCE 248 series of standards.

These are fuses that cannot be replaced with fuses having a lower
voltage rating. When installed in rejection style clips, current-limit-
ing branch circuit fuses cannot be replaced with fuses which are
not current-limiting. Examples of branch circuit fuses are Class L,
RK1, RK5, T, J, K1, K5, G, H, CC, and plug fuses. Interrupting rat-
ings range from 10,000 amperes to 300,000 amperes.  These fuses
are listed for branch, feeder, and main protection.  In a motor circuit
they provide branch circuit, short-circuit, and ground fault protec-
tion.  In addition, enhanced overcurrent protection such as back-up
overload and Type 2 “No Damage” protection can be provided with
the selection of certain fuse sizes and types.

Allowed Uses:
Motor Branch Short-circuit and Ground Fault Protection
Motor Overload Protection (some fuse types based upon
amount of time delay)
Group Motor Protection as the short-circuit and ground fault
protective device
Motor Branch Circuit and “at the motor” Disconnecting Means
when used in conjunction with a UL98 fusible switch
Motor Controller when used in conjunction with a UL98 fusible
switch, UL508 Manual Motor Controller, or UL1429 pullout.

Identification
Fuses listed to UL/CSA/ANCE 248 will contain a marking near the
agency symbol.  This marking should read listed fuse.
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OVERCURRENT PROTECTIVE DEVICES AND DISCONNECTING MEANS
FOR MOTOR & MOTOR CIRCUIT PROTECTION

Figure 1

Of all the branch circuits encountered in the electrical industry,
motor branch circuits remain as one of the most unique. Listed here
are a few reasons why motor branch circuits are so unique: 
• The harsh demand of motor loads, such as inrush and locked

rotor currents, 
• The desire for various levels of functionality, such as remote push

button control 
• The multitude of devices used in motor circuits 

In order to provide a reliable motor branch circuit installation,
a thorough understanding of the requirements for various function-
al parts of motor branch circuits, and their intended purpose, is
required. Motor branch circuits can be broken down into 4 and
sometimes  5  major functional blocks for motor operation as seen
in figure 1.

They include:
• Motor Circuit and Controller Disconnecting Means
• Motor Branch Short-Circuit and Ground Fault Protection
• Motor Controller
• Motor Overload Protection
• And sometimes Motor Disconnecting Means, often referred to as

the “At the Motor” Disconnecting Means

Overcurrent protection for motor circuits can be broken into two
parts: 
• motor overload protection
• motor branch circuit short-circuit and ground fault protection

Motor overload protective devices provide protection from low
level, long time overcurrent conditions which generally cause over-
heating of motor or motor branch circuit components over a long peri-
od of time(10 seconds or longer).  Motor branch circuit devices
provide short-circuit and ground fault protection for motor branch cir-
cuits and the components of the circuit, i.e. motor starters, conductors,
equipment grounding conductors, etc. The proper selection of over-
current protection is extremely important.  If not properly protected for
short-circuit currents, motor circuit components can be extensively
damaged under fault conditions. It is possible for the component to

Motor 

Overload

Motor

Controller

Motor Branch Short

Circuit and Ground

Fault Protection

Motor 

Disconnect*

Motor Circuit

and Controller

Disconnect
NEC® 430 Part IX
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NEC® 430 Part VII

NEC® 430 Part III

NEC® 430 Part IX

*See 430.102(B) for details
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LISTED FUSE FP07-34
INT. RAT. 200kA



Fuse Holders
As listed to UL 512
When used with a motor disconnecting means and properly sized
branch circuit fuses, fuseholders may provide main, feeder, branch
circuit, motor, motor circuit, and group motor protection. They can-
not be used alone as a motor disconnecting means to meet NEC®

430.109, nor can they be used alone as a motor controller (On-Off
function) to meet NEC® Article 430, Part VII.  

Identification
Fuse holders as listed to UL 512 will
contain a marking near the agency
listing symbol.  This marking should
read Listed Fuse Holder.

Disconnect Switches-Fused and Non-Fused
As listed to UL 98
These are disconnect switches from 30 through 6000 amperes, that
may be used on service equipment, panelboards, switchboards,
industrial control equipment, motor control centers, motor branch
circuits, etc. These switches may be used as a motor disconnect-
ing means to meet NEC® 430.109. They may also be used as a
motor controller (on-off function) to meet NEC® article 430, Part VII,
and may be used as both a motor disconnecting means and a
motor controller (NEC® 430.111). 

Allowed Uses:
Motor Branch Circuit and “at the motor” Disconnecting Means
Motor Controller  

Identification
Disconnect switches as
listed to UL98 will con-
tain a marking near the
agency symbol. This
marking should read
Listed Misc. Sw.

Motor Switches (Manual Motor Controllers)
As listed to UL 508
These switches may be used as a motor controller (On-Off function)
to meet NEC® Article 430 Part VII. As motor controllers, they have
creepage and clearance distances that are less than those
required by UL 98. As a result, they cannot be used as a motor dis-
connecting means to meet NEC® 430.109. If the device is listed as
a “manual motor controller” and is additionally marked “Suitable as
Motor Disconnect” it shall be permitted to serve as a motor discon-
necting means if it is located between the final motor branch-circuit
short-circuit and ground-fault protective device and the motor.  This
marking and listing is optional, so a review of the device markings
will be required if intended to be used for this purpose.

Allowed Uses:
Motor Controller
“At the Motor” Disconnect if marked “Suitable as motor
Disconnect” and located between the motor branch circuit
short-circuit and ground fault protective device and the motor.

Identification
Motor Switches/Manual motor con-
trollers as listed to UL508 will con-
tain a marking near the agency
symbol.  This marking should read
manual motor controller or an
abbreviation such as Man. Mtr.
Cntlr.  Manual motor controllers list-
ed for use as a motor disconnect-
ing means will be marked “Suitable
as Motor Disconnect.”

Pullout Switches
As listed to UL 1429
These are switches from 30 through 200 amperes at 600V or less.
Pullout switches with horsepower ratings are suitable for motor dis-
connecting means to meet NEC® 430.109, as motor controllers to
meet NEC® Article 430 Part VII (if rated 100 HP or less), and in gen-
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GENERAL PURPOSE SWITCH
INTERRUPTEUR USAGE GENERAL

LISTED 3E73
MISC. SW.

R

Suitable as Motor Disconnect
40A 600Vac

LISTED
MAN. MTR. CNTLR

R

LISTED
FUSE HOLDER

R



Devices for Motor Circuits
eral use for panelboards, switchboards, etc. They may be used as
both a motor disconnecting means and a motor controller to meet
NEC® 430.111. Pullout switches with ampere ratings only (no HP
ratings) are suitable for general use only, not motor circuits. If they
are marked “Motor circuit pullout switch” they may be used only in
a motor circuit. When used with properly sized branch circuit fuses,
pullout switches may be used for motor, motor circuit, and group
motor protection.

Allowed Uses:
Motor Branch Circuit and “at the motor” Disconnecting Means
Motor Controller

Identification
Pullout switches as listed to UL1429
will contain a marking near the agen-
cy symbol. This marking should read
Listed Pullout Switch. 

Molded Case Switches
As listed to UL 489
These switches are very similar to molded case thermal magnetic
circuit breakers except that they have no thermal overload protec-
tion. They may or may not be equipped with a “magnetic” instanta-
neous trip as a self-protect mechanism. They may be used on
service equipment, panelboards, switchboards, industrial control
equipment, motor control centers, motor branch circuits, etc. They
are suitable for use as a motor circuit disconnect per NEC®

430.109.  They may be used as a motor controller (On-Off function)
to meet NEC® Article 430 Part VII, and as both a motor disconnect-
ing means and motor controller to meet NEC® 430.111. 

Allowed Uses:
Motor Branch Circuit and “at the motor” Disconnecting Means
Motor Controller

Identification
Molded Case Switches as listed to UL489 will contain a marking
near the agency listing symbol.  This marking should read Listed
Molded Case Switch.

Thermal Magnetic (Inverse Time) Circuit Breakers
As listed to UL 489
These circuit breakers are intended to provide branch, feeder, and
main protection, with interrupting ratings from 5,000 to 200,000
amperes. Properly sized inverse time circuit breakers are intended
to provide motor branch circuit short-circuit and ground fault pro-
tection. They may be used for group motor protection only when the
circuit breaker is tested, listed and marked {430.53(C)} for group
installation (see 430.53(A) & (B) for exceptions). There are no circuit
breakers listed for group motor protection except for HVAC appli-
cations, in which case they are marked HACR. They are suitable for
use as a motor disconnecting means per NEC® 430.109, as a motor

controller (On-Off Function) per NEC® Article 430, Part VII, and as
both a motor disconnecting means and motor controller per NEC®

430.111. 

Allowed Uses:
Motor Branch Short-circuit and Ground Fault Protection
Motor Overload Protection
Group Motor Protection as the short-circuit and ground fault
protective device only when the circuit breaker is tested, listed
and marked for group installation. (See 430.53(A) & (B) for
exceptions)
Motor Branch Circuit Disconnecting Means
Motor Controller

Identification
Circuit Breakers listed to UL489 will
contain a marking near the agency
symbol.  This marking should read
circuit breaker or an abbreviation
such as Cir. Bkr.

Instantaneous Trip Circuit Breakers (MCPs)
As recognized to UL 489

These are circuit breakers without overload (thermal) protection
capability. They are intended to provide only branch circuit,  short-
circuit and ground protection for individual motor branch circuits.
They may not be used to provide main, motor feeder, motor over-
load, general branch circuit or group motor protection.  Because
they are recognized, not listed, they cannot be used with loose con-
trol.  NEC® 430.52 requires that they shall only be used as part of a
listed combination controller. MCPs are short-circuit tested only in
combination with a motor controller and overload device. They are
not labeled with an interrupting rating by themselves. Per NEC®

430.109 exception 7, they may be used as a motor disconnecting
means when part of a listed combination motor controller. 

Allowed Uses:
Motor Branch Short-circuit and Ground Fault Protection only
when listed for use in combination  with a specific motor con-
troller/overload device..
Motor Branch Circuit Disconnecting Means
Motor Controller

Identification
Instantaneous Trip Circuit Breakers
recognized to UL489 will contain a
recognized or component accep-
tance marking.  This marking indi-
cates that the product can not be
used “stand alone” and is limited to
certain conditions of use.
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Manual Motor Controllers (Manual Motor Protectors)
As listed to UL 508

These manual motor starters, sometimes called MMPs, often com-
bine a magnetic short-circuit trip and adjustable motor overload
protection. They are intended to provide motor overload protection
per NEC® 430.32. Creepage and clearance distances are typically
not as great as required in UL 489, and therefore they cannot be
listed as a circuit breaker.  MMPs cannot provide motor branch circuit
short-circuit and ground fault protection. They need a branch circuit
overcurrent device and a motor disconnecting means on the line
side for both single motor and group motor applications. Some IEC
manual motor protectors have been tested and listed for group
motor applications [as the protected (downstream) device, not the
protecting (upstream) device] so that several of them may be able
to be protected by one larger upstream fuse sized not to exceed
the maximum size allowed per the device listing. Devices listed for
use in group motor installations will be marked for such use to indi-
cate that the device has undergone the appropriate testing to deem
it suitable for such use.  Some of these devices are rated with slash
voltage limitations (such as 480Y/277V).  This limits their use to
solidly grounded wye type systems only. Manual motor controllers
may be used as a motor controller (On-Off Function) to meet NEC®

Article 430 Part VII.  Unless otherwise marked, MMPs do not meet
requirements for a motor disconnecting means as required in NEC®

430.109. If it is marked “Suitable as Motor Disconnect” it shall be
permitted to serve as a motor disconnecting means if it is located
between the final motor branch-circuit, short-circuit and ground
fault protective device and the motor. This marking and listing is
optional, so a review of the device markings will be required if it is
intended to be used for this purpose. 

Allowed Uses:
Motor Overload Protection
Group motor applications as the protected (downstream)
device only when the device is tested, listed and marked and
the upstream fuse (protecting device) is sized within the maxi-
mum allowed per the device’s listing.
Motor Controller
“At the Motor” Disconnect if marked “Suitable as motor
Disconnect” and located between the motor branch circuit
short-circuit and ground fault protective device and the motor.

Identification
Manual motor protectors as listed to UL508 will contain a marking
near the agency symbol.  This marking should read manual motor
controller or an abbreviation such as Man. Mtr. Cntlr.  Manual motor
controllers listed for use within group motor applications, as the down-
stream, protected overload/controller device, will be marked for such

use along with the required maximum size for the upstream fuses.
Manual motor controllers, additionally listed for use as a motor dis-
connecting means, will be marked “Suitable as Motor Disconnect.”

Integrated Starters
As listed to UL 508
Integrated starters are a factory assembled combination of an IEC
manual motor controller (manual motor protector), as just previous-
ly discussed, and an IEC contactor.  Application requirements are
the same as manual motor controllers including the need for a
branch circuit overcurrent protective device and disconnecting
means upstream. See the description above, for manual motor con-
trollers, for application requirements and device identification.

Self-Protected Type E Combination Starters
As listed to UL 508

Self-protected combination starters are often called “Coordinated
protected starters” and “Type E” starters. They are intended to pro-
vide motor overload and motor branch circuit short-circuit and
ground fault protection by combining a magnetic short-circuit trip
and adjustable motor overload in one package.  A “Type E” starter is
a listed combination starter suitable for use without additional branch
circuit short-circuit protection and is limited to single motor circuits.
A self protected, type E, combination starter marked with a slash
voltage rating is limited to use on solidly grounded wye type systems
only per the device listing.  Creepage and clearance on the line ter-
minals has to be to branch circuit dimensions as UL 489 and UL 98
devices. A self protected type E combination motor starter marked
for use with a terminal kit, shall be installed with a terminal kit to
ensure line terminal spacings are adequate.  Accessory parts may
need to be added to off-the-shelf, self-protected type E combination
motor starters, in order for the device to be suitable for use. Self-
Protected Type E Combination Starters are suitable for use as a
motor disconnecting means per NEC® 430.109, as a motor controller
(On-Off Function) per NEC® Article 430, Part VII, and as both a motor
disconnecting means and motor controller per NEC® 430.111. 

Allowed Uses:
Motor Branch Circuit Short-circuit and Ground Fault Protection
Motor Overload Protection
Motor Branch Circuit and “at the motor” Disconnecting Means
Motor Controller
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MANUAL MOTOR CONTROLLER 600Vac / SUITABLE AS MOTOR
DISCONNECT WITH THE LOCKABLE KNOB
SUITABLE FOR GROUP INSTALLATION, 225 A MAX
S.C. RATING, RMS, SYM: 65 kA, 480V 5 kA, 600V

LISTED



Identification
Self-Protected Type E combination starters as listed to UL 508 will
contain a marking near the agency symbol.  This marking should
read self-protected combination motor controller. In addition, Self-
Protected Type E combination starters which are limited in applica-
tion to solidly grounded wye type systems will be marked with a
slash voltage rating such as 480Y/277 or 600Y/347.

Supplementary Overcurrent Protective Devices
for use in Motor Control Circuits

Branch Circuit vs. Supplemental Overcurrent Protective Devices
Branch circuit overcurrent protective devices (OCPD) can be used
everywhere OCPD are used, from protection of motors and motor
circuits and group motor circuits, to protection of distribution and uti-
lization equipment. Supplemental OCPD can only be used where
proper protection is already being provided by a branch circuit
device, by exception [i.e., 430.72(A)], or if protection is not required.
Supplemental OCPD can often be used to protect motor control cir-
cuits but they cannot be used to protect motors or motor circuits.  A
very common misapplication is the use of a supplementary overcur-
rent protective device such as a UL 1077 mechanical overcurrent
device for motor branch circuit short-circuit and ground fault pro-
tection. Supplementary OCPDs are incomplete in testing compared
to devices that are evaluated for branch circuit protection. THIS IS A
SERIOUS MISAPPLICATION AND SAFETY CONCERN!! Caution should be
taken to assure that the proper overcurrent protective device is
being used for the application at hand.  Below is a description of
popular supplementary overcurrent protective devices.

Most supplemental overcurrent protective devices have very
low interrupting ratings. Just as any other overcurrent protective
device, supplemental OCPDs must have an interrupting rating
equal to or greater than the available short-circuit current.

Supplemental Fuses
As listed or recognized to the UL/CSA/ANCE Trinational 248-14 Standard

These are fuses that can have many voltages and interrupting rat-
ings within the same case size. Examples of supplemental fuses are
13/32'' X 1 1/2'', 5 x 20mm, and 1/4'' x 1 1/4'' fuses. Interrupting rat-
ings range from 35 to 100,000 amperes.

Supplementary Protectors (Mini-Breakers)
As recognized to UL 1077

With applications similar to supplemental fuses, these supplemen-
tary protectors, often referred to as mini-circuit breakers, cannot be
used as a branch circuit protective device. As such they cannot provide
motor, motor circuit, or group motor protection. They can only be
used for protecting an appliance or other electrical equipment
where branch circuit overcurrent protection is already provided, or
is not required. They typically have creepage and clearance dis-
tances that are less than those in UL 489, so they cannot be listed
as a circuit breaker or used as a motor disconnecting means to
meet the requirements of NEC® 430.109. Interrupting ratings are
quite low. Those devices that are short-circuit tested in series with
a fuse must be applied with a fuse on their line side. 

Identification
Supplemental protectors as recognized
to UL 1077 will contain a recognition
mark rather than a listing mark.  
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MANUAL SELF-PROTECTED COMBINATION
MOTOR CONTROLLER WHEN TERMINAL KIT
INSTALLED:
240V, 480Y/277V  600Y/347V
S.C. RATING, RMS, SYM:65kA, 480V
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Motor Circuit Protection
Motor circuit protection describes the short-circuit protection of
conductors supplying power to the motor, the motor controller, and
motor control circuits/conductors.

430.52 provides the maximum sizes or settings for overcurrent
devices protecting the motor branch circuit.  A branch circuit is
defined in Article 100 as “The circuit conductors between the final
overcurrent device protecting the circuit and the outlet(s).”

Note that the branch circuit extends from the last branch circuit
overcurrent device to the load.

Table 430.52 lists the maximum sizes for Non-Time-Delay
Fuses, Dual Element (Time-Delay) Fuses, Instantaneous Trip Circuit
Breakers, and Inverse Time Circuit Breakers.  Sizing is based on full
load amp values shown in Table 430.147 through 430.150, not
motor nameplate values.

For example, the maximum time-delay fuse for a 10 HP, 460
volt, 3 phase motor with a nameplate FLA of 13 amps would be
based on 175% of 14 amperes, not 175% of 13 amps.

Standard sizes for fuses and fixed trip circuit breakers, per
240.6, are 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 110,
125, 150, 175, 200, 225, 250, 300, 350, 400, 450, 500, 600, 700,
800, 1000, 1200, 1600, 2000, 2500, 3000, 4000 5000, and 6000
amperes.  Additional standard fuse sizes are 1, 3, 6, 10, and 601
amperes.

The exceptions in 430.52 allow the user to increase the size of
the overcurrent device if the motor is not able to start.  All Class CC
fuses can be increased to 400%, along with non-time-delay fuses
not exceeding 600 amperes.  Time-delay (dual-element) fuses can
be increased to 225%.  All Class L fuses can be increased to 300%.
Inverse time (thermal-magnetic) circuit breakers can be increased
to 400% (100 amp and less) or 300% (larger than 100 amps).
Instant trip circuit breakers may be adjusted to 1300% for other than
Design E motors and 1700% for Design E motors and energy effi-
cient Design B motors.

430.52(C)(2) reminds the user that the maximum device rat-
ings which are shown in a manufacturer’s overload relay table must
not be exceeded even if higher values are allowed by other parts of
430.52.

430.52(C)(3) details the requirements that instant-trip cb’s can
only be used if part of a listed combination motor controller.

Motor Branch Circuit Protection–430.52 Explanation
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Table 430.52. Maximum Rating or Setting of Motor Branch Circuit, Short-
Circuit and Ground Fault Protective Devices

Percent of Full-Load Current
Dual-

Element Instan-
Non-Time- (Time- taneous Inverse

Delay Delay) Trip Time
Type of Motor Fuse** Fuse** Breaker Breaker*

Single-phase motors 300 175 800 250

AC polyphase motors other than
wound-rotor

Squirrel Cage:
Other than Design E 300 175 800 250
Design E 300 175 1100 250

Synchronous† 300 175 800 250

Wound Rotor 150 150 800 150

Direct-current (constant voltage) 150 150 250 150

For certain exceptions to the values specified, see 430.52 through 430.54.

* The values given in the last column also cover the ratings of non-adjustable inverse
time types of circuit breakers that may be modified as in 430.52.

** The values in the Non-Time-Delay Fuse Column apply to Time-Delay Class CC fuses.

† Synchronous motors of the low-torque, low-speed type (usually 450 rpm or lower),
such as are used to drive reciprocating compressors, pumps, etc., that start unload-
ed, do not require a fuse rating or circuit-breaker setting in excess of 200 percent of
full-load current.

NEC® Motor Circuit Protection Requirements



GROUP FUSING
430.53 covers the requirements for group motor installations.  Two
or more motors, or one or more motors and other loads may be pro-
tected by the same branch circuit overcurrent protective device if:

(A) all motors are 1 HP or less, protected at not over 20A at
120V or at 15A at 600V or less, the full load amp rating of
each motor does not exceed 6 amperes, the device rating
marked on the controller is not exceeded, and individual
overload protection conforms to 430.32.

or (B) the circuit for the smallest motor is protected per 430.52;
i.e. the branch circuit overcurrent protective device pro-
tecting the group meets 430.52 for the circuit with the
smallest motor.

or (C) the complete assembly of properly sized branch circuit
overcurrent protective device, controller, and overload
devices is tested, listed, and marked for a group installation.  

and one of the following:

(D)(1) the ampacity of conductors to motors are no less than
the ampacity of the branch circuit conductors 

or (D)(2) the conductors to motors have at least 1/3 the ampaci-
ty of the branch circuit conductors, are protected from physi-
cal damage and are not more than 25 feet long before being
connected to the motor overload device.

or (D)(3) The tap conductors from the branch circuit overcurrent
protective device (OCPD) to each manual motor controller*
marked “Suitable for Tap Conductor Protection in Group Installations”
shall have an ampacity of at least 1/10** the ampere rating of the
branch circuit OCPD.  These tap conductors shall be 10 feet or
less, enclosed and protected from physical damage; if not, then
these conductors shall have an ampacity of at least the same as
the branch circuit conductors.  The conductor ampacity from the
controller to the motor shall be per 430.22.  

Another approach:
Typically, group motor installations protected by one branch circuit
OCPD and group switching are considered for cost savings.
However, caution should be taken where a conductor is expected
to be protected by an overcurrent protective device significantly
greater than the conductor ampacity. The NEC® implies this caution
in 430.53(C) FPN, referring back to 110.10. Under short-circuit con-
ditions, smaller conductors are difficult to protect, especially by non
current-limiting protective devices. Also, group protection sacrifices
selective coordination; a fault on one circuit shuts down all the loads
on the group circuit. As a better alternative, consider group switch-
ing with fuses/fuse holders for each motor or other type load. See
the next page on group switching. Use holders such a OPM-NG,
OPM1038SW, OPM1038, CH Series, JT Series or TCFH & TCF.

Group Motor Protection
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Group Motor Installation (Group Fusing) NEC® 430.53
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[430.53 (D)(2)]
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conductors to
each overload
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Group Motor
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[430.53 (B)]
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protected according
to 430.52?

[430.53 (A)]
Are all motors
1 HP or less?

Group Motor
Application

(Group Fusing)
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NO

[430.53(D)(3)]
Do tap conductors from branch 

circuit OCPD that supply
manual motor controller* which 

is marked "Suitable for Tap
Conductor Protection in Group 
Installations" have an ampacity
of at least 1/10** the rating of 

the branch circuit OCPD?

[430.53(D)(3)]
Are these tap conductors 

(lineside of controller) 10 feet
or less, enclosed, and 
protected from physical

damage?

[430.53(D)(3)]
Is the ampacity of each tap

conductor from controller to 
motor per 430.22?

YES

YES

YES

NO

NO

NO

NO

NO

NO

NO

YES

YES

YES

YES

NO

NO

YES

[430.53(D)(1)
Do conductors to motors have  

same ampacity as branch  
circuit conductors?

NO
YES

* If a manual motor controller is utilized for this application, it must:
1. be marked “Suitable for Tap Conductor Protection in Group Installations”.  
2. be applied within its voltage limitations (slash voltage rating), if applicable.  
3. be protected by a branch circuit protective device that meets all limitations of the manual motor controller listing criteria.  For instance,

it may be required to be protected by a fuse no greater than a specified ampere rating.

** Even though permitted by this section, the branch circuit overcurrent protective device may not be able to provide adequate short-circuit
protection for a conductor having an ampacity 1/10 the rating of the branch circuit overcurrent protective device.  This is especially the case
with non current-limiting branch circuit protective devices.  It is suggested an engineering conductor protection analysis be conducted for
this application (110.10).



Motors Served by a Single Disconnecting Means (Group Switching)
430.112 covers the requirements for serving two or more motors
with the same disconnecting means. Each motor must be provided
with an individual disconnecting means unless:

(a) all motors drive parts of a single machine

or (b) all motors are 1 HP or less as permitted by 430.53(A)

or (c) all motors are in a single room and within sight (visible
and not more than 50 feet) of the disconnecting means.

Group Switching
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M

Motor controller/Starter
listed for group
motor protection with
the branch circuit fuses*

MMP listed for group
motor protection with 
the branch circuit fuse
above*

M

Branch Circuit Fuses or Circuit Breaker✝ 

Branch Circuit Conductors

Disconnect which meets
Motor Disconnecting
means requirements of
NEC® Article 430, Part IX
(430.112)

Contactor/controller** listed
for group motor protection
with the branch circuit
fuse above.

Overload
Relays

Tap Conductors

Motor Controller* does not
need to be listed for group
motor protection because
these are individual branch
circuits

Branch Circuit Fuses
in Fuseblock 
such as blocks 
R Series, J Series, 
G Series, BC Series, etc.

Feeder Fuse

Feeder Conductor

Disconnect which meets
Motor Disconnecting
means requirements of
NEC® Article 430, Part IX
(430.112)

Branch Circuit
Fuses in UL 512
Fuseholder such as
OPM-NG-MC3, OPM1038R,
CHCC Series, JH Series

M M M

Branch Circuit
Conductors

UL 508 Controller

Branch Circuit Fuses
OPM1038RSW with
LP-CC Fuses

Motor Controller* does not
need to be listed for group
motor protection because
these are individual branch
circuits

Motor Controller* does not
need to be listed for group
motor protection because
these are individual branch
circuits

[430.112 Exc. (c)]
Are all motors in a
single room and

within sight of the
disconnecting means?

Type of
Motor Circuit

Switching

Group Switching
(Motors served by a
single disconnecting

means)

Must meet
430.112

[430.112 Exc. (a)]
Do all motors drive

parts of same or
single machine?

[430.112 Exc. (b)]
Are all motors
1 HP or less?

Group motor switching
not possible because
these multiple motor
circuits may not be
served by a single

disconnecting means.

OK to use
Group Switching

Group Switching

YES

YES

YES

NO

NO

NO

Individual motor
disconnecting

means
Must meet
Article 430,

Part I (430.109)

*Must be within sight of the branch circuit disconnecting means

®Must meet both group motor protection (430.53) and group switching requirements
(430.112). Often limited in application. See prior page.

**Often used in addition to MMP for automatic/remote control.
†Unless all motors are 1 horsepower or less, or unless the smallest motor is protected
according to 430.52, circuit breakers are required by 430.53(C) to be listed for this
purpose. There are no circuit breakers listed for group motor installations except for
HVAC equipment. Fuses are not required to be listed for this purpose (current-limiting
fuses have maximum short-circuit current let-through Ip and I2t umbrella limits that cir-
cuit breakers do not have).

*Must be within sight of the branch circuit disconnecting means

OPM-NG OPM1038 CH Series JT Series TCFH & TCF OPM1038SW

Group Switching with Group Motor Protection Application®

Group Switching Application
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Disconnecting Means for Motor Circuits
Notes:
1. “In Sight From” means that the motor must be visible and not

more than 50 feet distant. (Definitions in Article 100.)
2. “Controller” includes any switch or device normally used to start

or stop a motor by making and breaking the motor circuit current
(430.81).

3. A disconnecting means must be located in sight of the controller
(430.102). For exceptions see 430.102.

4. A switch can serve both as a controller and disconnecting means
if properly rated in accordance with 430.111 and 430.83.

Switches for Motor Circuits
The Code requirements for switches used as controllers and dis-
connect switches are as follows (430.81, 430.83, 430.109, 430.110,
430.111):

For 0 to 300 volt stationary motors:
2 HP or Less – Use horsepower rated switch, or general use switch
having ampere rating at least twice the ampere rating of the motor,
or general use AC (only) snap switch having ampere rating at least
125% of motor current rating.
Greater than 2 HP to 100 HP – Switch must have horsepower rating.
Larger than 100 HP – Disconnect purposes–switch must have an
ampere rating at least 115% of the motor full load current from
Tables 430.147 through 430.150.
Controller purposes–switch must have horsepower rating.

For 301 to 600 volt stationary motors:
Less than 100 HP – Switch must have horsepower rating.
Larger than 100 HP – Disconnect purposes–switch must have an
ampere rating at least 115% of the motor full load current from
Tables 430.147 through 430.150.
Controller purposes–switch must have horsepower rating.

For portable motors:
An attachment plug and receptacle may serve as disconnect on all
sizes.
⁄Ω£ HP or Less – An attachment plug and receptacle may serve as
controller.
Larger than ⁄Ω£ HP – Controller must meet requirements as outlined
for stationary motors (shown above).

Size of HP Rated Switches (Switch Size Savings)
LOW-PEAK® YELLOW and FUSETRON® dual-element fuses rather
than non-time-delay fuses are recommended for motor branch cir-
cuit protection because normally dual-element fuses permit the use
of a smaller switch size, give better protection, reduce cost, and
require less space.

For motors, oversized switches must be used with non-time-
delay fuses because this type of fuse has very little time-lag. Non-
time-delay fuses are generally sized at 300% of the motor rating to
hold normal motor starting current. Consequently, the switch also
has be be oversized to accommodate these fuses.

The dual-element fuse can be sized close to the motor full-load
amperes and a smaller switch used, as shown in the following 
illustrations.

Branch circuit (short-circuit) protection can be provided for the given
motor by either a 150 ampere dual-element, time-delay fuse or a 300
ampere non-time-delay fuse. The dual-element fuse selection above pro-
vides these advantages: (1) Backup overload protection, (2) smaller
switch size, resulting in lower cost, (3) smaller fuse ampere case size,
resulting in lower cost, (4) short-circuit protection that is comparable or
better than non-time-delay (fast-acting) fuse.

Most switches are listed with two HP ratings. The Standard
horsepower rating is based on the largest non-time-delay (non-
dual-element) fuse rating (1) which can be used in the switch, and
(2) which will normally permit the motor to start. The Maximum
horsepower rating is based on the largest rated time-delay LOW-
PEAK® YELLOW or FUSETRON® dual-element fuse (1) which can be
used in the switch, and (2) which will normally permit the motor to
start. Thus when LOW-PEAK® YELLOW or FUSETRON® dual-ele-
ment fuses are used, smaller size switches can be used (430.57
Exception). 

CONDUCTORS FOR MOTOR BRANCH AND FEEDER CIRCUITS
Motor Branch Circuit Conductors
The ampacity of branch circuit conductors supplying a single motor
must be at least 125% of the motor full-load current rating
[430.22(A)].

Exceptions: For conductors supplying motors used for short-
time, intermittent, periodic, or varying duty refer to 430.22(B).

Any motor application must be considered continuous duty
unless the nature of the apparatus it drives is such that the motor
will not operate continuously with load under any conditions of use.

FEEDER CIRCUITS FOR MOTORS
Feeder Conductor Ampacity
The ampacity of a conductor supplying two or more motors must be
at least equal to the sum of (1) 125% of the largest motor (if there
are two or more motors of the largest size, one of them is consid-
ered to be the largest), and (2) the total of the full-load ampere rat-
ings for all other motors and other loads.

Where different voltages exist, the current determined per the
above shall be multiplied by the ratio of output to input voltage.

Feeder Fuse Size
On normal installations, size FUSETRON® dual-element fuses or
LOW-PEAK® YELLOW dual-element fuses equal to the combined
ampere rating of (1) 150% to 175% F.L.A. of the largest AC motor
(if there are two or more motors of the same size, one of them is
considered to be the largest), and (2) the sum of all the F.L.A. for all
other motors.

This dual-element fuse size should provide feeder protection
without unnecessary fuse openings on heavy motor startings.

WHEN USING DUAL-ELEMENT, TIME-DELAY FUSES

200 Amp Switch
Motor Starter with
Overload Relay

F.L.A. = 100

LPS-RK150SP

WHEN USING NON-TIME-DELAY FUSES

400 Amp Switch
Motor Starter with
Overload Relay

F.L.A. = 100

KTS-R 300

M

M



Motor Control Circuit Protection

Where conditions are severe, as where a high percentage of
motors connected must be started at one time, a larger size may be
necessary. In that event, use the maximum size permitted by the
Code as follows. 

The Maximum Motor Circuit Feeder Fuse (430.62)
1. For the one motor in the group with the highest starting current
—Find the largest fuse permitted for branch circuit protection using
Table 430.52 or 440.22(A). The fuse capacity permitted for the
motor with the heaviest starting current may be considered for only
one motor. If two or more motors can each have a fuse of the same
maximum size, only one of them can be considered. Then add:

2. The Ampere Rating of All other Motors on that feeder.

Feeder Motor Schedule – Example
No. of
Units HP Amps* Multiplier†
1 3 4.8 13/4

1 5 7.6 13/4

1 15 21 13/4

1 40 52 13/4

1 75 96 13/4

*Per Table 430.150.
†Per Table 430.52.

Calculations:
Maximum.
1. Largest motor (96A ≈ 175% = 168A) (Round up to 175A)
2. F.L.A. all other motors (85.4A)
3. Total (175A + 85.4A = 260.4A) (Round down to 250A)

Choose 250 ampere dual-element fuse.

General
A motor control circuit is a circuit of a control apparatus or system
that carries the electric signal directing the performance of the con-
troller (430.71). It does not carry the main power current.

A control circuit tapped on the load-side of the motor branch
circuit fuse which controls the motor on that branch circuit shall be
protected against overcurrent as in 430.72. Such a circuit is not
considered a branch circuit and may be protected by a supple-
mentary fuse or a branch circuit fuse. In either case, the fuse must
have an adequate interrupting rating for point of application.

A standards requirement pertinent to motor controllers listed
for available fault currents greater than 10,000 amperes, states that
the control circuit fuse must be a branch circuit fuse with a sufficient
interrupting rating. (The use of Buss® KTK-R, FNQ-R, LP-CC,
JJS, JJN, or LPJ_SP fuses are recommended—these fuses have
branch circuit listing status, high interrupting rating, and small size.)

The Control Fuse may
be a Branch Circuit Fuse
or a Supplementary Fuse [(430.72(A)].

MOTOR
BRANCH CIRCUIT
FUSE

CONTROL
CIRCUIT

M
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Feeder Circuit-Combination Motor, Power and Lighting Loads
Where a feeder supplies motor load and power and/or lighting load,
the permitted feeder fuse size calculation is the sum of that calcu-
lated for the motor load in accordance with 430.62, plus that calcu-
lated for the other loads in accordance with Articles 210 and 220
(430.63). The conductor ampacity supplying motors and other
loads must be at least the sum of that calculated for the motor load
in accordance with 430.22 and 430.24, plus that calculated for the
other loads in accordance with Article 220 (430.25). (For exceptions
see 430.25.)

Example of Sizing of Dual-Element Fuses for Combination Load Feeder
Motor Load (Use “Motor Schedule” in preceding example).
Continuous Heating and Lighting Load ……………………… 135A
Non-Continuous Loads ……………………………………………110A

Calculations:
1. Motor Load: (Use calculation in preceding example) …260.4A
2. Continuous Non-Motor Load 135A ≈ 125% ………………168.8A
3. Non-Continuous, Non-Motor Load …………………………110.0A

Total 539.2A
(Round down to 500A)

Choose 500 ampere dual-element fuse. 

MOTOR CONTROL CIRCUIT CONDUCTORS
Control Circuits Tapped on Load-Side of Branch Circuit Fuse [430.72(B)]
1. Control circuit conductors 18 AWG and larger shall be protected

against overcurrent in accordance with Table 430.72(B), Column
A, as applicable.

430.72(B)(2)
Control conductors not extending beyond the enclosure shall be
considered protected by the branch circuit fuse if in accordance
with Table 430.72(B), Column B.

MCONTROL
ENCLOSUREMOTOR

BRANCH 
CIRCUIT FUSE 
OVERCURRENT 
DEVICE

CONTROL CONDUCTORS
DO NOT EXTEND BEYOND
ENCLOSURE

Conductors 18 AWG and larger refer
to Column A of Table 430.72(B).

MOTOR
BRANCH CIRCUIT
OVERCURRENT DEVICE

CONTROL
CIRCUIT

M



M

MOTOR
BRANCH 
CIRCUIT FUSE

CONTROL 
TRANSFORMER

Secondary
Conductors
Protected by
Primary
Circuit

2-Wire
Secondary
Control
Circuit

For control conductors extending beyond the enclosure, the motor
branch circuit overcurrent device shall be considered to protect the
conductors if in accordance with Table 430.72(B), Column C.

Table 430.72(B). Maximum Rating of Overcurrent Protective Device-Amperes
Column A Column B Column C
Basic Rule Exception No. 1 Exception No. 2

Control Alum. or Alum. or Alum. or
Circuit Copper- Copper- Copper-
Conductor Clad Clad Clad
Size, AWG Copper Alum. Copper Alum. Copper Alum.

18 7 – 25 – 7 –
16 10 – 40 – 10 –
14 Note 1 – 100 – 45 –
12 Note 1 Note 1 120 100 60 45
10 Note 1 Note 1 160 140 90 75
larger than Note 1 Note 1 Note 2 Note 2 Note 3 Note 3
10
Note 1: Value specified in Section 310-15, as applicable.
Note 2: 400 percent of value specified in Table 310-17 for 60°C conductors.
Note 3: 300 percent of value specified in Table 310-16 for 60°C conductors.

430.72(C)
Secondary conductors of a single-phase transformer having only a
2-wire secondary are protected by the primary fuse (600V or less)
if the primary fuse rating is: 
1. Not larger than that determined in Table 430.72(B), multiplied by

secondary-to-primary voltage ratio and, 
2. not more than the following percent of transformer rated primary

current:
Control conductors are permitted to be protected by the motor

branch circuit overcurrent device where the opening of the control
circuit would create a hazard.

Class 1 POWER LIMITED, Class 2 and Class 3

MCONTROL
ENCLOSURE

MOTOR
BRANCH 
CIRCUIT 
OVERCURRENT 
DEVICE

Control
Circuit

REMOTE MOTOR CONTROL CIRCUITS
1. Control circuit conductors shall be protected from overcurrent in

accordance with Article 725.
2. Control circuit conductors 18 AWG and 16 AWG, shall be pro-

tected by a  control circuit fuse not to exceed 7 and 10 amperes
respectively.

Exception No. 2 Relative to Transformer Protection

Refer to Exception 3, [430.72(B)], covered in preceding paragraphs.

Motor Control Circuit Transformers [430.72(C)]
Control circuit transformers (600V or less) shall be protected as
shown previously in Exception No. 3 under 430.72(B).

430.72(C)(3)
Control circuit transformers rated less than 50VA can be protected
by a primary fuse, impedance limiting means, or other inherent
means. The transformer must be an integral part of the motor con-
troller, and be located within the controller.

430.72(C)(4)
Allows transformers with primary currents less than 2 amps to be pro-
tected with primary fuses at 500% or less of primary full-load amps.

430.72(C)(1)
Allows the control transformer to be protected by the motor branch
circuit overcurrent device when the transformer supplies a Class 1
power-limited, circuit [see 725.11(A)] Class 2, or Class 3 remote
control circuit conforming with the requirements of Article 725.

430.72(C)(5)
Allows the control transformer to be protected by the motor branch
circuit overcurrent device where protection is provided by other
approved means.

430.72(C) Exception
States that overcurrent protection shall be omitted where the open-
ing of the control circuit would create a hazard, as for example, the
control circuit of a fire pump motor and the like.

Motor Control Circuit Protection
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CONTROL CIRCUIT FUSE

For conductors 14 AWG and larger,
refer to Tables 310.16 thru
310.19, without derating factors.

POWER SOURCE

Control
Circuit

CONTROL CIRCUIT FUSE 7 OR
10 AMP; MAX. RESPECTIVELY

 18 AWG, 16 AWG 

POWER SOURCE

Control
Circuit

Transformer Primary Fuse
Primary Ampacity Must
Current Not Exceed†
Less than 2 amps 500%
2 to 9 amps 167%
9 amps or more 125%*

If 125% of rated primary current does
not correspond to a standard fuse rat-
ing, then the next higher standard fuse
rating is permitted.
† Refer to Section 8.12 of NFPA79 for
the allowable sizing for control trasform-
ers in Industrial Machinery.

*

Catalog Number Designations for Fuseblocks.
Ampere Single Pole Dove  

Fuse Rating Single Pole Double Pole Tail for Ganging
Supplementary 13/32" x 1 1/2" 1/10-30A BM6031SQ BM6032SQ

FRN-R 1/10-30A R25030-1SR R25030-2SR
LPN-RK_SP 1/10-30A R25030-1SR R25030-2SR
FRS-R 1/10-30A R60030-1SR R60030-2SR

Branch Circuit
LPS-RK_SP 1/10-30A R60030-1SR R60030-2SR

SC
1/2-15A BG3011SQ BG3012SQ
20A BG3021SQ BG3022SQ

KTK-R      1/10-30A
FNQ-R 1/10-30A BC6031S BC6032S
LP-CC 1/2-30A

TCF 1-30A TCFH 30
1-60A TCFH 60



Control Circuit Without Control Transformer (See Table 1)

Circuit 1 Circuit 2

Control Circuit With Control Transformer (See Table 2)

Circuit 3 Circuit 4

BCPD
(Branch Circuit
Protective Device)

Copper Control
Conductor
Remaining Within
Enclosure

A

BCPD
(Branch Circuit
Protective Device)

Copper
Control
Conductor
Extending
Beyond
Enclosure

B

Copper
Control
Conductor
Extending
Beyond
Enclosure

BCPD
(Branch Circuit
Protective Device)

Copper Control
Conductor
Remaining Within
Enclosure

D

C

C

BCPD
(Branch Circuit
Protective Device)

E

C

C
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Table 1. Fuse Selection Guide–Control Circuit Without Control
Transformer (See Circuit Diagrams 1 & 2)
Ampere Rating Circuit 1 Circuit 2
of Branch (Control Conductor (AWG) Not (Control Conductor (AWG)
Circuit Extending Beyond Extending Beyond
Protective Enclosure) Enclosure)
Device 18 16 14 12 18 16 14 12
(BCPD) Wire Wire Wire Wire Wire Wire Wire Wire
Fuse Size 7A 10A 15A 20A 7A 10A 15A 20A
Requirements For Control Circuit Protection (See footnote data)
⁄Ω¡º – 7 � � � � � � � �

7⁄Ω™ – 10 � � � � ● � � �

12 – 25 � � � � ● ● � �

30 – 40 ● � � � ● ● � �

45 ● ● � � ● ● � �

50 – 60 ● ● � � ● ● ● �

65 – 100 ● ● � � ● ● ● ●
110 ● ● ● � ● ● ● ●
125 – up ● ● ● ● ● ● ● ●
Control circuit fuse protection required.
Protection recommended but not mandatory when BCPD is a Class CC, G, J, R, or T fuse.
Protection is mandatory when BCPD is a thermal magnetic or a magnetic-only circuit break-
er (MCP), and available short-circuit current exceeds the values in the table below.

Control Circuit Available Short-Circuit Current

Conductor At Branch Circuit Protective Device (BCPD)

(AWG Copper) 1 Cycle Clearing Time† ⁄Ω™ Cycle Clearing Time†

18 660A 940A
16 1050A 1500A
14 1700A 2400A
12 2700A 3800A
*Thermoplastic Insulation.    †Based on ICEA Conductor Withstand Data.

The following Selection Guide Tables simplify and permit easy application of fuses for the protection of the motor control circuits in accor-
dance within the 2002 National Electrical Code®. Apply fuses per Table 1 for control circuit without a control transformer (see Circuit Diagrams
1 and 2). Apply fuses per Table 2 for a control circuit with a control transformer (see Circuit Diagrams 3 and 4).

Table 2. Fuse Selection Guide–Control Circuit With Control Transformer (See Circuit Diagrams 3 and 4)
Control Vpri/Vsec Ipri Isec

1Fuse C Fuse D or E
Xfmr (Volts) (Amps) (Amps)

2Req’d. If 4,5Maximum Required if BCPD and Fuse C (When Recommended Amps
Rating BCPD Exceeds Amps Provided) Exceed These Amp Values

These Amps 18 AWG 16 AWG 14 AWG 12 AWG Time Non-Time
Values Wire Wire Wire Wire Delay1 Delay3

480/120 0.05 0.21 6See 0.25 0.25 0.25 0.25 0.25 0.25 0.60

25VA 480/24 0.05 1.00 430-72(C) 0.25 0.25 0.25 0.25 0.25 1.25 3.0
240/120 0.10 0.21 Except. 1 0.50 0.50 0.50 0.50 0.50 0.25 0.60
240/24 0.10 1.00 0.50 0.50 0.50 0.50 0.50 1.25 3.0
480/120 0.10 0.42 0.5 0.50 0.50 0.50 0.50 0.50 0.50 1.0

50VA 480/24 0.10 2.10 0.5 0.50 0.50 0.50 0.50 0.50 2.5 6.0
240/120 0.21 0.42 1.0 1.0 1.0 1.0 1.0 1.0 0.50 1.0
240/24 0.21 2.10 1.0 1.0 1.0 1.0 1.0 1.0 2.5 6.0
480/120 0.21 0.83 1.0 1.0 1.0 1.0 1.0 1.0 1.0 2.0

100VA 480/24 0.21 4.20 1.0 1.0 1.0/.359 1.0/.509 1.0 1.0 5.0 12.07

240/120 0.42 0.83 2.0 2.0 2.0 2.0 2.0 2.0 1.0 2.0
240/24 0.42 4.20 2.0 2.0 2.0/.709 2.0/1.09 2.0 2.0 5.0 12.07

480/120 0.31 1.25 1.5 1.5 1.5 1.5 1.5 1.5 1.50 3.50

150VA 480/24 0.31 6.25 1.5 1.5 — 1.5/0.59 1.5 1.5 7.50 15.07

240/120 0.62 1.25 3.0 3.0 3.0 3.0 3.0 3.0 1.50 3.50
240/24 0.62 6.25 3.0 3.0 — 3.0/1.09 3.0 3.0 7.50 15.07

480/120 0.42 1.67 2.0 2.0 2.0/1.759 2.0 2.0 2.0 2.0 5.0

200VA 480/24 0.42 8.33 2.0 2.0 — — 2.0 2.0 10.0 20.08

240/120 0.84 1.67 4.0 4.0 4.0/3.59 2.0 4.0 4.0 2.0 5.0
240/24 0.84 8.33 4.0 4.0 — — 4.0 4.0 10.0 20.08

1 Time-Delay Fuses: FNQ, FNW, FNM, FNA–Supplementary Type; FNQ-R, FRN-R, FRS-R, LPN-RK_SP, LPS-RK_SP, LPJ_SP, LP-CC, SC6 & above–Branch Circuit Fuses (Rejection Type).
2 For exceptions, see 430.72(C).
3 Non-Time-Delay Fuses: KTK, BAN, BAF, MIN, MIC–Supplementary Fuses; KTK-R, JJN, JJS, SC⁄Ω™-5–Branch Circuit Fuses (Rejection Types).
4 These are maximum values as allowed by 430.72(C). Closer sizing at 125%-300% may be possible for better overload protection using time-delay branch circuit fuses.
5 Fuse shall be a rejection type branch circuit fuse when withstand rating of controller is greater than 10,000 amps RMS symmetrical
6 These transformers less than 50VA still need protection–either primary overcurrent protection, inherent protection, or the equivalent. Note that the primary conductors may be protected
as shown in Circuit 1 Table 1.   7 Minimum copper secondary control conductor for this application is 14 AWG.   8 Minimum copper secondary control conductor for this application is 12
AWG.

9 Smaller value applied to Fuse "E".

●
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Bussmann® FNQ-R Maximum Primary Fuse Selection Guide for Motor Control Circuit Transformer Protection***
XFMR VA 600V       550V         480V 460V 415V 380V         277V 240V 230V  208V

50 4/10A 4/10A         1/2A         1/2A            6/10A          6/10A        8/10A        1A             1A           1-1/8A     
75 6/10A        6/10A          3/4A         8/10A         8/10A          8/10A        1-3/10A    1-1/2A       1-6/10A    1-8/10A   
100 8/10A        8/10A         1A              1A           1-1/8A        1-3/10A     1-8/10A      2A              2A        2-1/4A    
150 1-1/4A     1-3/10A     1-1/2A       1-6/10A      1-8/10A      1-8/10A       2-1/2A       3A           3-2/10A     3-1/2A   
200 1-6/10A      1-8/10A     2A             2A           2-1/4A       2-1/2A       3-1/2A        4A            4A            4-1/2A    
250 2A         2-1/4A          2-1/2A        2-1/2A        3A              3-2/10A      4-1/2A        5A              5A          6A         
300 2-1/2A         2-6/10A        3A             3-2/10A     3-1/2A        3-1/2A        5A              6-1/4A        6-1/4A      7A         
350 2-8/10A         3A           3-1/2A       3-1/2A       4A           4-1/2A       6-1/4A       7A         7-1/2A      8A         
500 4A         4-1/2A         5A           5A             6A           6-1/4A         9A             3-2/10A**    3-1/2A**   4A**        
750 6-1/4A       6-1/4A         7-1/2A       8A            9A            9A              4-1/2A*      5A**           5A**        6A**       
1000 8A             9A           3-2/10A*     3-1/2A*      4A*             4A*           6A*           6-1/4A**      7A**        8A**       
1500 4A*         4-1/2A*     5A*             5A*             6A*          6-1/4A*      9A*           10A**         10A**        12A**
2000 5A*             6A*          6-1/4A*        7A*             8A*             8A*             12A*        12A**         12A**       15A**

*For increased time-delay, use FRS-R, LPS-RK_SP, LPJ_SP, or TCF            **For increased time-delay, use FRN-R, LPN-RK_SP               ***Based upon the 2002 NEC®

Supplementary Fuses (13/ 32” x 11/ 2”) (All Voltage and Interrupting Ratings are AC)

DuaI-Element,
Time-Delay Non-Time-Delay

Time-Delay

FNA FNM FNQ FNW BAF BAN KTK MIC MIN
1/10-8/10A 1/10-10A 1/10-30A 12-30A 1/2-15A 2/10-30A 1/10-30A 1-15A 1-15A
250V† 250V† 500V 250V* 250V† 250V†† 600V 250V† 250V†
1-15A 12-15A 10K AIR 20-30A 100K AIR 20-30A 20-30A
125V* 125V* (FNQ⁄Ω¡º-3¤Ω¡º 125V* 32V** 32V**
20-30A 20-30A Dual-Element)
32V** 32V**

Branch Circuit Fuses (All Voltage and Interrupting Ratings are AC)
Class R

Class G
Class CC 

Dual-Element, Time-Delay Fast-Acting, Time-Delay

LPN-RK_SP FRN-R FRS-R LPS-RK_SP SC KTK-R FNQ-R LP-CC TCF
1/10-30A 1/10-30A 1/10-30A 1/10-30A 1/2-20A 600V§ 1/10-30A 1/4-30A 1/2-30A 1-30A
250V 250V 600V 600V 25-30A 480V§ 600V 600V 600V 600V
300K AIR 200K AIR 200K AIR 300K AIR 100K AIR 200K AIR 200K AIR 200K AIR 300K AIR
0 to 1 amp–35 AIR; 1.1 to 3.5 amp–100 AIR; 3.6 to 10 amp–200 AIR; 10.1 to 15 amp–750 AIR; 15.1 to 30 amps–1500AIR  *10K AIR. **1K AIR. 
1/2 thru 6 ampere fuses are Non-Time-Delay Type; 7 thru 60 ampere fuses are Time-Delay Type.
0 to 3.5 amp-35 AIR; 3.6 to 10 amp-100 AIR; 10.1 to 15 amp-200 AIR; 15.1-30 amp-750 AIR

Motor Control Circuit Protection
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NEC® 430.2 states that the disconnecting means for an
adjustable speed drive system shall have a rating not less than 115%
of the rated input current on the drive unit. This means that the dis-
connect required in front of each drive unit must be sized in accor-
dance with the drive unit rated input current, not the motor current.

The use of high speed fuses for protection of drives can be
used in lieu of normal branch circuit overcurrent protective devices
per NEC® 430.52(C)(5) which states that “suitable fuses shall be
permitted in lieu of devices listed in Table 430.52 for power elec-
tronic devices in a solid state motor controller system, provided that
the marking for replacement fuses is provided adjacent to the
fuses.” This is necessary for many drives since high speed fuses
(also referred to as semiconductor fuses) are often the only type
overcurrent protective devices that are capable of protecting
drives. Please note that this only allows the use of high speed fuses
in lieu of branch circuit protection. If circuit breakers are to be uti-
lized, the maximum they can be sized is per 430.52(C)(1). No spe-
cial sizing of these devices is allowed for drives. 

Per NEC® 430.2, if the adjustable speed drive unit is marked
that it includes overload protection, additional overload protection
is not required

When connecting conductors between the disconnecting
means and the drive, NEC® 430.22(A) Exception No. 2 states that
“Circuit conductors supplying power conversion equipment included
as part of an adjustable speed drive system shall have an ampacity
not less than 125% of the rated input to the power conversion equip-
ment.” This means that the conductors shall be sized to the rated
current on the conversion unit nameplate and not the motor rating. 

Short-Circuit Protection
There are at least three different levels of short-circuit protection for
which a manufacturer can list an adjustable speed drive (manufac-
turer’s decision): 

1. “Standard Fault Currents” (low) UL 508C
2. “High Fault Current” UL 508C
3. Type 2 Coordinated Protection (no damage) UL508E

1. The Standard Fault Current tests the drives at rather low lev-
els of fault current and significant damage to the drive is permitted
– the drive does not have to be operational after the testing.
Examples of the level of fault currents are 5000 amperes for 1.5 to
50 HP drives and 10,000 amperes for 51 to 200 HP drives. 

The drive must be marked with the maximum short-circuit cur-
rent rating (at which it was tested). It does not have to be marked
with the type overcurrent protective device if it has followed certain
procedures. However, the manufacturer can list the drive with fuse
protection only and then the label will be “marked to identify that
branch-circuit protection shall be provided by fuses only (either
semiconductor or non-semiconductor types)”. 

2. The High Fault Current tests can be at any level of short cir-
cuit current above the standard fault current tests. Significant dam-
age to the drive is permitted – the drive does not have to be
operational after the testing. 

The drive must to be marked with the short-circuit current rat-
ing (at which it was tested). In addition it must be marked with the
type overcurrent protective device(s) that were used for the test. If
current-limiting branch circuit fuses (such as Class J, T, CC, etc.)
are used, then the tests are conducted with special umbrella fuses.
Umbrella fuses have energy let-thru levels greater than the UL limits
for various classes and size fuses. These umbrella fuses have ener-
gy let-thru levels that are greater than commercially available fuses. 

A drive can be listed and marked for either fuses or circuit
breakers or both. Typically the drives are marked for protection only
by fuses since current-limitation is necessary to protect the unit. If
the unit is marked for fuse protection only, then only fuses can be
used for protection of that drive unit and the proper type and size
must be used. Some drives will be marked for protection by a spe-
cific ampere and class fuse (non-semiconductor type fuse) and a
specific current-limiting circuit breaker (manufacturer’s part number
and ampere rating). In this case, the specific current-limiting circuit
breaker must have been shown to have a short-circuit let-through
(I2t) and peak let-through (Ip) that is less than the specified fuse.

3. Type 2 (no damage) protection is the best level of protection.
With this protection, the drive cannot be damaged, and the unit is
tested and marked with a high short-circuit current rating. It must be
able to be put into service after the fault has been repaired and the
fuses replaced. Type 2 protection for adjustable speed drives can
only be obtained with high speed (semiconductor) fuses. The rea-
son is that high speed fuses are the only overcurrent protective
devices with suitable characteristics (extremely low energy let-
through under short circuit conditions). The unit will be marked with
the specific semiconductor fuse that is required and these fuses
must be used. As detailed in a prior section, the use of high speed
fuses for protection of drives can be used in lieu of branch circuit
overcurrent protective devices for adjustable speed drives per
NEC® 430.52(C)(5); the marking for replacement fuses must be
adjacent to the fuses. 

Fuse Protection for Specific Drives
Table for various manufacturers’ drives with the Bussmann® fuse
recommendations by specific drive model / part # are available on
www.bussmann.com:

Buss® Data Sheet No.

ABB Drives 8115
Allen-Bradley Drives 8116
AC Tech Drives 8117

430.22(A) Exception 2
Conductor Ampacity

Not Less Than 125% of
Drive Unit Rated Input

Current

430.52(C)(5) Permits High
Speed Fuses In Lieu of Normal

Branch Circuit Fuses

Adjustable Speed Drive Systems

Overcurrent Protection Must
Be Per the Drive Marking

(if specifically marked)

UL  508(C&E) Permits
Listing Drive Units To One of

Three Short Circuit
Protection Levels:

   1. Standard Faults (low)
   2. High Faults
   3. Type 2  “No Damage”

430.2
Disconnect Amp Rating at
least 115% of Drive Unit

Rated Input Current

Drive

M

430.2
Additional Overload Protection

For Motor Circuit Not
Required If Drive Unit Marked

That It Provides Overload
Protection



R-Rated Fuses for Medium Voltage Motor Circuits
R-rated medium voltage fuses are back-up current-limiting fuses
used in conjunction with medium voltage motors and motor con-
trollers. These fuses are designed for short-circuit protection only
and do not protect themselves or other components during extend-
ed overloads. Thus, this type of fuse does not have an ampere rat-
ing, but rather an R-rating. Current-limiting fuses may be
designated as R-rated if they meet the following requirements:

1. The fuse will safely interrupt an currents between its minimum
and maximum interrupting ratings,

2. The fuse will melt in a range of 15 to 35 seconds at a value of
100 times the “R” number (ANSIC37.46).

Bussmann® R-rated current-limiting fuses are designed for use
with medium voltage starters to provide short-circuit protection for
the motor and motor-controller. These fuses offer a high level of fault
current interruption in a self-contained, non-venting package which
can be mounted indoors or in an enclosure. All of the R-rated prod-
uct comes with open fuse indication. Some of the product is avail-
able with a hookeye option. A hookstick can be used for
non-loadbreak isolation.

Application
Medium voltage motors are efficiently protected by overload relays
applied in conjunction with back-up current-limiting fuses which are
intended to open the circuit for high fault conditions. The overload
relay is chosen to interrupt currents below the minimum interrupting
rating of the fuse. Since multiple devices are used to provide pro-
tection it is very important that they be properly coordinated. The
motor starter manufacturer typically chooses the proper fuse R-rating,
overload relay, and contactor. The following guideline can be used to
insure proper coordination.

Guideline for Applying R-Rated Fuses
The current-limiting fuse should be selected so that the overload
relay curve crosses the minimum melting curve of the fuse at a cur-
rent greater than 110% of the locked rotor current of the motor
being utilized.

A preliminary choice is obtained through the following formula:

6.6 ≈ Full Load Current =   R rating of fuse
100

This value is rounded up to the next R-rating fuse.

Example:
A 2300V motor has a 100 ampere full load current rating and

a locked rotor current of 600 amperes.

The preliminary choice is

6.6 ≈ 100  =    6.6
100

Thus one rounds up to the next standard R-rating, 9R. But this
must be checked with the appropriate time-current characteristics
curves.

The overload relay being used has the time-current character-
istic as shown in the adjacent Figure. To choose the proper fuse
one must plot 110% of the locked rotor current and the family of
fuses on the same graph as the overload relay.

The fuse that should be selected is the smallest fuse whose
minimum melting characteristic crosses the overload relay at a cur-
rent greater than 110% of the locked rotor current. In this example,
it would be a 2400V 9R fuse. This agrees with the quick selection
choice. Depending on the type of installation and starter being
used, a JCK-9R, JCK-A-9R, or JCH-9R would be the correct choice.
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Electrical Safety & Arc Flash Protection
Introduction
There is a great deal of activity in the electrical industry concerning
electrical safety. The focus is on the two greatest electrical hazards to
workers: shock and arc flash. In recent years significant knowledge
has been gained through testing and analysis concerning arc flash
hazards and how to contend with this type of hazard. This hazard
exists when a worker is working on or near exposed electric conduc-
tors or circuit parts that have not been placed in a safe work condition.
If an arcing fault occurs, the tremendous energy released in a fraction
of a second can result in serious injury or death. However, there is a
great challenge in getting the message to the populace of the electri-
cal industry so that safer system designs and safer work procedures
and behaviors result. Workers continue to sustain life altering injuries
or death. NFPA 70E “Standard for Electrical Safety Requirements for
Employee Workplaces” is the foremost consensus standard on elec-
trical safety. As of this writing, the current version is NFPA 70E – 2000
and NFPA 70E – 2003 is in development. Each succeeding revision
advances the safety requirements. 

Why is there an NFPA 70E? In 1976 a new electrical standards
development committee was formed to assist the Occupational
Safety and Health Administration (OSHA) in preparing electrical
safety standards. This committee on Electrical Safety Requirements
For Employee Workplaces, NFPA 70E, was needed for a number of
reasons, including: (1) the NEC® is an installation standard while
OSHA also addresses employee safety in the workplace, (2) not all
sections in the NEC® relate to worker safety and these are therefore
of little value to OSHAs focus and needs, (3) many safety related
work and maintenance practices are not covered, or not adequate-
ly covered, in the NEC® and (4) a national consensus standard on
electrical safety for workers did not exist, but was needed – an easy
to understand document that addresses worker electrical safety.
The first edition was published in 1979. 

The current NFPA 70E - 2000 consists of four parts;
Part I Installation Safety Requirements
Part II Safety-Related Work Practices
Part III Safety-Related Maintenance Requirements
Part IV Safety Requirements for Special Equipment

Only Work On Equipment That Is In A Safe Work Condition
The rule for the industry and the law is “don’t work it hot”.  Per
OSHA 1910.333(a)(1) and NFPA 70E–2000  Part II 2-1.1.1, workers
should not work on or near exposed live parts except for two
demonstrable reasons:
1. deenergizing introduces additional or increased hazards (such

as cutting ventilation to a hazardous location) or 
2. infeasible due to equipment design or operational limitations

(such as when voltage testing is required for diagnostics). 
Financial considerations are not an adequate reason to work on or near
energized circuits.  To violate these regulations and practices is a vio-
lation of federal law, which is punishable by fine and/or imprisonment. 

Note: deenergized electrical parts are considered as energized until
all steps of the lockout/tagout procedure are successfully completed
[OSHA 1910.333(b)] and the equipment has been successfully put
in a “safe work condition” (NFPA 70E). Voltage testing of each con-
ductor, which is a necessary step while completing the lockout/
tagout procedure (putting the equipment in a safe work condition), is
considered as working on energized parts per OSHA 1910.333(b)
and NFPA 70E – 2000 Part II 5-1.

Therefore, adequate personal protective equipment is always required
during the tests to verify the absence of voltage after the circuits are
deenergized and properly locked out/tagged out.  Adequate PPE may
also be required during load interruption and during visual inspection
that verifies that all disconnecting devices are open.  

So no matter how well a worker follows safe work practices, there
will always be a risk associated with electrical equipment – even

when putting equipment in a “safe work condition”. And there are
those occasions where it is necessary to work on energized equip-
ment such as when a problem can not be uncovered by trouble
shooting the equipment in a deenergized state.

What Can Be Done To Lessen the Risk?
There are a multitude of things that can be implemented to increase
electrical safety, from design aspects and upgrading systems, to train-
ing, implementing safe work practices and utilizing personal protective
equipment (PPE).  Not all of these topics can be covered in this section.
The focus of this section will mainly concern some overcurrent protec-
tion aspects related to electrical safety. For some other related electrical
safety topics, read the Bussmann® Safety BASICsTM Handbook and
visit the Safety BASICsTM webpage at www.bussmann.com. 

Shock Protection
There are three shock approach boundaries required to be observed
in NFPA 70E - 2000 Part II Table 2-1.3.4; these shock approach bound-
aries are dependent upon the system voltage. The significance of
these boundaries for workers and their actions while within the bound-
aries can be found in NFPA 70E or the Bussmann® Safety BASICsTM

Handbook. See Figure 2 for a graphic depiction of the three shock
approach boundaries with the flash protection boundary (following the
section on Flash Hazard Assessment). For hazard analysis and worker
protection, it is important to observe the shock approach boundaries
together with the flash protection boundary (which is covered in para-
graphs ahead).

Although most electrical workers and others are aware of the haz-
ard due to electrical shock, it still is a prevalent cause of injury and
death. One of the best ways to help minimize the electrical shock haz-
ard is to utilize finger-safe products and non-conductive covers or bar-
riers. 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), or the risk that a conductive part
falling across bare, live conductive parts creating an arcing fault is
greatly reduced (arc flash hazard). Shown below are the new
CUBEFusesTM that are IP20 finger-safe, in addition, they are very current-
limiting protective devices. Also shown are SAMITM fuse covers for cov-
ering fuses, Safety J fuse holders for LPJ fuses, CH fuse holders
available for a variety of Buss® fuses and Bussmann® disconnect switch-
es, 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. 

Arc Fault Basics
An electrician, that is in an energized panelboard or just putting a sys-
tem in a safe work condition is potentially in a very unsafe place. A
falling knockout, a dislodged skinned wire scrap inadvertently left pre-
viously in the panelboard or a slip of a screwdriver can cause a phase-
to-phase or phase-to-ground arcing fault. The temperature of the arc
can reach approximately 35,000°F, or about four times as hot as the
surface of the sun. These temperatures easily can cause serious or
fatal burns and/or ignite flammable clothing. 

Disconnects SAMI Covers

Safety J Holders
CUBEFuseTM

CH Holders

Terminal Shrouds
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Figure 1 is a model of an arc fault and the physical conse-
quences that can occur. The unique aspect of an arcing fault is that
the fault current flows through the air between conductors or a con-
ductor(s) and a grounded part. The arc has an associated arc volt-
age because there is arc impedance. The product of the fault
current and arc voltage concentrated at one point, results in tremen-
dous energy released in several forms. The high arc temperature
vaporizes the conductors in an explosive change in state from solid
to vapor (copper vapor expands to 67,000 times the volume of solid
copper). Because of the expansive vaporization of conductive
metal, a line-to-line or line-to-ground arcing fault can escalate into a
three phase arcing fault in less than a thousandth of a second. The
speed of the event is so rapid that the human system can not react
quickly enough for a worker to take corrective measures. If an arc-
ing fault occurs while a worker is in close proximity, the survivability
of the worker is mostly dependent upon (1) system design aspects,
such as characteristics of the overcurrent protective devices and (2)
precautions the worker has taken prior to the event, such as wear-
ing personal protective equipment appropriate for the hazard.

The effects of an arcing fault can be devastating on a person.
The intense thermal energy released in a fraction of a second can
cause severe burns. Molten metal is blown out and can burn skin or
ignite flammable clothing. One of the major causes of serious burns
and deaths to workers is ignition of flammable clothing due to an arc-
ing fault. The tremendous pressure blast from the vaporization of
conducting materials and superheating of air can fracture ribs, col-
lapse lungs and knock workers off ladders or blow them across a
room. The pressure blast can cause shrapnel (equipment parts) to
be hurled at high velocity (can be in excess of 700 miles per hour).
And the time in which the arcing event runs its course can be only a
small fraction of a second. Testing has proven that the arcing fault
current magnitude and time duration are the most critical variables in
determining the energy released. Serious accidents are occurring at
an alarming rate on systems of 600V or less, in part because of the
high fault currents that are possible. But also, designers, manage-
ment and workers mistakenly tend not to take the necessary pre-
cautions that they take when designing or working on medium and
high voltage systems.

It is important to note that the predictability of arc faults and the
energy released by an arc fault is subject to great variance. Some of
the variables that affect the outcome include:

available bolted short-circuit current
the time the fault is permitted to flow (speed of the overcurrent

protective device)
arc gap spacing
size of the enclosure or no enclosure
power factor of fault
system voltage
whether arcing fault can sustain itself
type of system grounding scheme
distance the worker’s body parts are from the arc

Electrical Arc

Copper Vapor:
Solid to Vapor
Expands by
67,000 times

Intense Light

Hot Air-Rapid Expansion

35,00035,000 °F

Pressure Waves

Sound Waves

Molten Metal

Shrapnel

Typically, engineering data that the industry provides concern-
ing arcing faults is based on specific values of these variables. For
instance, for 600V and less systems, much of the data has been
gathered from testing on systems with an arc gap spacing of 1.25
inches and incident energy (to be discussed later in this section)
determined at 18 inches from the point of the arc fault.  

The Role of Overcurrent Protective Devices In Electrical Safety
The selection and performance of overcurrent protective devices play
a significant role in electrical safety. Extensive tests and analysis by
industry has shown that the energy released during an arcing fault is
related to two characteristics of the overcurrent protective device pro-
tecting the affected circuit. These two characteristics are 1) the time it
takes the overcurrent protective device to open and 2) the amount of
fault current the overcurrent protective device lets-through. For
instance, the faster the fault is cleared by the overcurrent protective
device, the lower the energy released. If the overcurrent protective
device can also limit the current, thereby reducing the actual fault cur-
rent that flows through the arc, the lower the energy released.
Overcurrent protective devices that are current-limiting, and thus may
greatly reduce the current let-through, can have a great affect on
reducing the energy released. The lower the energy released the bet-
ter for both worker safety and equipment protection.

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

Just Curable Burn Threshold: 80°C / 175°F (0.1 sec)
Incurable Burn Threshold:  96°C / 205°F (0.1 sec)
Eardrum Rupture Threshold:  720 lbs/ft2
Lung Damage Threshold:     1728 - 2160 lbs/ft2

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

(Note: an increase of 3 db is equivalent to doubling the sound level.)

Test 4, Test 3 and Test 1: General
All three of these tests were conducted on the same electrical cir-
cuit set-up with an available bolted three phase, short-circuit cur-
rent of 22,600 symmetrical rms amperes at 480V. In each case, an
arcing fault was initiated in a size 1 combination motor controller
enclosure with the door open, as if an electrician were working on
the unit “live” or before it was placed in a safe work condition. 

Test 4 and Test 3 were identical except for the overcurrent pro-
tective device protecting the circuit. In Test 4, a 640 ampere circuit
breaker with a short-time delay is protecting the circuit; the circuit was
cleared in 6 cycles. In Test 3, KRP-C-601SP, 601 ampere, current-lim-
iting fuses (Class L) are protecting the circuit; they opened the fault
current in less than 1/2 cycle and limited the current. The arcing fault
was initiated on the line side of the motor branch circuit device in both
Test 4 and Test 3. This means the fault is on the feeder circuit but
within the controller enclosure. 

In Test 1, the arcing fault is initiated on the load side of the
branch circuit overcurrent protective devices, which are LPS-RK
30SP, 30 ampere, current-limiting fuses (Class RK1). These fuses
limited this fault current to a much lower amount and clear the cir-
cuit in approximately 1/4 cycle or less.  

Figure 1. Electrical Arc Model
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Following are the results recorded from the various sensors on the mannequin closest to the arcing fault. T1 and T2 recorded the temperature
on the bare hand and neck respectively. The hand with T1 sensor was very close to the arcing fault. T3 recorded the temperature on the chest
under the cotton shirt. P1 recorded the pressure on the chest. And the sound level was measured at the ear. Some results “pegged the meter”.
That is, the specific measurements were unable to be recorded in some cases because the actual level exceeded the range of the
sensor/recorder setting. These values are shown as >, which indicates that the actual value exceeded the value given but it is unknown how high
of a level the actual value attained. 

Photos and results Test 4: Staged test protected by circuit breaker with short-time delay (not a current-limiting overcurrent protective device).
Short-time delay intentionally delayed opening for six cycles (.1 second). Note: Unexpectedly, there was an additional fault in the wireway
and the blast caused the cover to hit the mannequin in the head.

Photos and results Test 3: Staged test protected by KRP-C-601SP LOW-PEAK® Current-Limiting Fuses (Class L). These fuses were in their
current-limiting range and cleared in less than a 1/2 cycle (.0083 seconds).

Photos and results Test 1: Staged test protected by LPS-RK-30SP, LOW-PEAK® Current-Limiting Fuses (Class RK1). These fuses were in 
current-limiting range and cleared in approximately 1/4 cycle (.004 seconds).

2 3
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1 2 3

4 5 6

1 2 3

4 5 6
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A couple of conclusions can be drawn from this testing. 
(1) Arcing faults can release tremendous amounts of energy in

many forms in a very short period of time. Look at all the mea-
sured values compared to key thresholds of injury for humans
given in a previous paragraph. Test 4 was protected by a 640
A, non-current limiting device that opened in 6 cycles or .1 sec-
ond. 

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

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

Flash Hazard Assessment
NFPA 70E has developed requirements to reduce the risk of injury
to workers due to shock and arc flash hazards. There are three
shock approach boundaries required to be observed in NFPA 70E -
2000. As discussed, arc fault currents can release tremendous
amounts of energy. NFPA 70E – 2000 requires that before a worker
approaches exposed electric conductors or circuit parts that have
not been placed in a safe work condition; a flash hazard analysis
must be performed. The flash hazard analysis should determine the
flash protection boundary (FPB) and level of personal protective
equipment (PPE) that the worker must wear. The flash protection
boundary is the distance from the energized parts at which a work-

Non-Current Limiting

Test 1

Test 4

Test 3 Reduced Fault Current

via Current-Limitation

Current-Limitation: Arc-Energy ReductionCurrent-Limitation: Arc-Energy ReductionCurrent-Limitation: Arc-Energy Reduction

er could sustain a just curable burn (bare skin) as a result of an arc-
ing fault. A worker entering the flash protection boundary must be
qualified and must be wearing appropriate PPE. Figure 2 depicts the
flash protection boundary and the three shock approach boundaries
that shall be observed per NFPA 70E - 2000. In an actual situation,
before a worker is permitted to approach equipment with exposed
live parts, these boundaries must be determined. In addition, the
worker must be wearing the required level of PPE, which can be
determined by calculating the incident energy. Until equipment is
placed in a “safe work condition” (NFPA 70E – 2000 Part II 2-1.1.3),
it is considered “live”. It is important to note that conductors and
equipment are considered “live” when checking for voltage while
putting equipment in a “safe work condition”. 

The incident energy is a measure of thermal energy at a spe-
cific distance from an arc fault; the unit of measure is typically in
calories per centimeter squared (cal/cm2). The distance from the
fault in determining the incident energy depends on the worker’s
body position to the live parts.  After determining the incident ener-
gy in cal/cm2, the value can be used to select the appropriate per-
sonal protective equipment. There are various types of PPE with
distinct levels of thermal protection capabilities termed “Arc
Thermal Performance Exposure Values (ATPV) rated in cal/cm2.
Note: the most common distance for which incident energy has
been determined in tests is 18 inches. If it is necessary to deter-
mine incident energy at a different distance, NFPA 70E - 2000 has
equations that can be used in many situations (for greater than 18
inches).

Both the FPB and PPE level are dependent on the available
fault current and the overcurrent protective device - its clearing time
and if it is current-limiting. Knowing the available bolted short-circuit
current, the arcing fault current, and the time duration for the equip-
ment supply overcurrent protective device to open, it is possible to
calculate the Flash Protection Boundary (FPB) and Incident Energy
Exposure level. NFPA 70E - 2000 provides the formulas for this crit-
ical information. By reviewing the calculations, it is important to note
that current-limiting overcurrent protective devices (when in their
current-limiting range) can reduce the required FPB and PPE level
as compared to non-current-limiting overcurrent protective devices.

Figure 2

Electrical Safety & Arc Flash Protection
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Simple Method for Flash Hazard Analysis  
Anytime work must be done on or near energized electrical equip-
ment or equipment that could become energized, a flash hazard
analysis must be completed.  This flash hazard analysis includes,
but is not limited to, determining:

1. the Incident Energy Exposure to select the level of PPE needed
to complete the task 

2. the Flash Protection Boundary to know the approach point to the
equipment where PPE will be required.  

Various information about the system may be needed to com-
plete this analysis but the two pieces that are absolutely necessary
are:

1. the available 3Ø bolted fault current 
2. the fuse or circuit breaker type and ampere rating.  

Consider the following one-line diagram and then follow the
examples that take the steps needed to conduct a Flash Hazard
Analysis (The following information utilizes formulas based upon
IEEE Guide for Arc Flash Hazard Analysis, P1584.  It is expected that
this information will be included in the upcoming edition of NFPA
70E-2003.).  Be sure to read the Notes associated with each section.

Figure 3

Example 1: Flash Hazard Analysis using Bussmann® Current Limiting
Fuses.
The following is a simple method when using certain Bussmann®

fuses; this method is based on actual data from arcing fault tests with
Bussmann® current-limiting fuses.  Using this simple method, the first
thing that must be done is to determine the incident energy exposure.
Bussmann has simplified this process when using LPS-RK-(amp)SP,
LPJ-(amp)SP, LP-CC-(amp) or KRP-C-(amp)SP LOW-PEAK® fuses
or JJS-(amp) TRON® fuses.  In some cases the results are conserva-
tive; see Note 12.

In this example, the line side OCPD in Figure 3 is a LPS-RK-
600SP, LOW-PEAK® current-limiting fuse. Simply take the available
3Ø bolted short-circuit current at the panel, in this case 40,896
amps, and apply it to the horizontal axis of the chart in Figure 4.

600V 3Ø
Main lug
only panel

40,896 Amps Bolted Short-Circuit
Current Available

LPS-RK 600SP
600A, Class RK1 Fuses

Answer
0.25 cal/cm2

Incident Energy @18''
6'' FPB

Figure 4  Important: for proper use of this curve, see Figure 6 and associ-
ated notes.

With 40,896 amps of 3Ø bolted short-circuit current available,
the curve shows that when relying on the LPS-RK-600SP LOW-PEAK®

fuse to interrupt an arcing fault, the incident energy is 0.25 cal/cm2.
Notice that no calculations were needed to obtain this value and the
variables required are the available 3Ø bolted fault current and the
ampacity of the current-limiting fuse.  See Notes 11 and 12.

The next step in this simplified flash hazard analysis is to deter-
mine the Flash Protection Boundary (FPB).  After obtaining a value
for incident energy exposure, the chart in Figure 5 can be consulted
to determine the FPB.  With an incident energy exposure of 0.25
cal/cm2 and using the chart in Figure 5, the Flash Protection
Boundary is approximately 6 inches. See Note 10.  This FPB distance
means that anytime work is to be performed inside of this distance,
including voltage testing to verify that the panel is deenergized, the
worker must be equipped with the appropriate PPE.  

Figure 5 Important: for proper use, see notes.

The last step in the flash hazard analysis is to determine the
appropriate PPE for the task. To select the proper PPE, utilize the inci-
dent energy exposure values and the requirements from NFPA 70E.
NFPA 70E has requirements for PPE that are based upon the incident
energy exposures. When selecting PPE for a given application, keep
in mind that these requirements from NFPA 70E are minimum require-
ments. Having additional PPE, above what is required, can further
assist in minimizing the effects of an arc-flash incident. See Note 3.
Another thing to keep in mind is that PPE available on the market
today does not protect a person from the pressures, shrapnel, and
toxic gases that can result from an arc-blast. Existing PPE is only 
utilized to minimize the potential for burns from the arc-flash. See 
Note 2.
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 LOW-PEAK® Fuse Incident Energies Chart
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See Note 10
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Figure 7

Flash Hazard Analysis Tools on www.bussmann.com
Bussmann® continues to study this topic and develop more complete data and application tools. 

Visit www.bussmann.com for interactive arc-flash calculators and the most current data.

See Notes on next page for proper use of charts.
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Steps necessary to conduct a Flash Hazard Analysis when using
LOW-PEAK® fuses and Figures 6 and 7. 
1. Determine the available bolted fault current on the line side ter-

minals of the equipment that will be worked upon.
2. Identify the amperage of the LOW-PEAK® fuse upstream that is

protecting the panel where work is to be performed. 
3. Consult the LOW-PEAK® Fuse Incident Energy Chart, Figure 6,

to determine the Incident Energy Exposure available.
4. Determine the Flash Protection Boundary that will require PPE

based upon the incident energy.  This can also be simplified by
using the chart for Flash Protection Boundary in Figure 7.

5. Identify the minimum requirements for PPE when work is to be
performed inside of the FPB by consulting the requirements
found in NFPA 70E. 

Notes for Flash Hazard Analysis Charts
General Notes for fuses and circuit breakers:
Note 1:  The data in these charts (Figures 6 and 7) and procedures
used for determining incident energy and flash protection boundary
in Example 1 and 2 are based upon IEEE Guide for Arc Flash
Hazard Analysis, P1584. The methods for determining incident ener-
gy from this standard were created so that the PPE selected from the
calculated incident energy would be adequate for 95% of arc-flash
incidents. In up to 5% of incidents, incurable burns to the body and
torso could result. This was based upon PPE with standard ATPVs
of 1.2, 8, 25, 40 and 100 cal/cm2. PPE with intermediate ATPV val-
ues can be utilized, but at the next lower standard ATPV rating.

Note 2:  First and foremost, this information is not to be used
as a recommendation to work on energized equipment.  This infor-
mation is to help assist in determining the proper PPE to help safe-
guard a worker from the burns that can be sustained from an arc
flash incident.  This information does not take into account the
effects of pressure, shrapnel, molten metal spray, or the toxic cop-
per vapor resulting from an arc fault.   

Note 3:  PPE should be utilized any time that work is to be per-
formed on or near energized electrical equipment or equipment that
could become energized.  Voltage testing while completing the
lockout/tagout procedure (putting the equipment in a safe work con-
dition) is considered as working on energized parts per OSHA
1910.333(b).  As a general work practice, for the lowest Hazard/Risk
Categories (0 & 1), it is suggested utilizing a minimum of voltage
rated gloves with leathers, long sleeve cotton shirt, pants, a face
shield, safety glasses and hard hat, in addition to the recommenda-
tions from NFPA 70E (even though NFPA 70E requirements do not
require all these items for the lower Hazard/Risk Categories). 

Note 4:  To use these methods the available bolted short-cir-
cuit current must be calculated at each point in the system that is to
be analyzed.  In some cases, using conservatively high bolted
short-circuit currents may result in lower incident energy than what
is possible.  This is dependent upon the time-current characteristics
of the overcurrent protective devices.

Note 5:  This information is not intended to promote workers
working on or near exposed energized parts.  The intent is for those
situations such as taking voltage measurement during the lock-
out/tagout procedures where arc flash analysis must be performed
and the worker must utilize adequate PPE.

Note 6: The data for Figure 7 is from IEEE Guide for Arc Flash
Hazard Analysis, P1584. It is based on 1.2 cal/cm2 at 18" working dis-
tance, 32mm (11⁄4") electrode spacing, 3Ø system, and 20" by 20" by
20" box.

Fuse Notes:
Note 7:  The fuse information is based upon extensive tests that were
conducted at various fault currents for each Bussmann® KRP-C_SP,
Class L, and LPS-RK_SP, Class RK1, fuse indicated in the charts.
For KRP-C_SP Fuses greater than 1200A, consult Bussmann®.
Parameters for these tests were selected to achieve what was con-
sidered to be the worst-case results based upon the latest testing as
reported in IEEE papers available at the time.  For example, an arc-
flash inside of a box will achieve a higher incident energy than an

arc-flash in open air.  This is because the sides of the box will focus
the arc-flash energy towards the opening, whereas open air will allow
the energy to dissipate in all directions.  The parameters for the tests
were 600V, 3Ø, ungrounded system using a 20” by 20” by 20” box
and a spacing of electrodes of 32mm (11⁄4 in.).  Actual results from
incidents could be different for a number of reasons, including dif-
ferent (1) system voltage, (2) short-circuit power factor, (3) distance
from the arc, (4) arc gap, (5) enclosure size, (6) fuse manufacturer,
(7) fuse class, (8) orientation of the worker and (9) grounding
scheme.  100 ampere LPS-RK_SP, Class RK1 fuses were the small-
est fuses tested.  So the data for the fuses smaller than that is based
upon the 100 ampere data.  Arc-flash values for actual 30 and 60
ampere fuses would be considerably less than 100 ampere fuses,
however, it does not matter since the values for the 100 ampere
fuses are already so low. 

Note 8: The incident energy derived from this chart for the fuse
curves is based upon a working distance of 18 inches from the arc
fault source.

Note 9:  To create the fuse incident energy charts, worst-case
values were used.  For the solid part of the lines, worst case data
from actual test results were used.  Actual values from these tests in
most cases were found to be much lower than what is listed on the
chart.  For example to have a smooth curve, in one test at 15.7 kA,
the highest result for incident energy was 1.1 cal/cm2 but the num-
ber plotted for the chart was 2 cal/cm2.  For the dashed part of the
line, worst case values were used based on an equation from IEEE
Guide for Arc Flash Hazard Analysis, P1584 using the opening time
from the published total clearing time current curves of these fuses. 

Note 10:  The fuse incident energy curves were drawn not to
go below 0.25 cal/cm2 even though many actual values were below
.25 cal/cm2.  The minimum FPB of 6 inches, or incident energy
exposure of 0.25 cal/cm2, was chosen to keep from encouraging
workers to work on energized equipment without PPE because of a
low FPB.  For example, due to the tremendous energy limitation of
the LOW-PEAK® fuses, some of the tests resulted in a FPB of less
than 2 inches.  While the resulting flash may not be very large for this
situation, molten metal may still be experienced, and PPE should be
utilized any time that work is to be done on live electrical equipment
which includes voltage testing during the lockout/tagout procedure..

Note 11:  Fuse incident energy charts in this section take into
account the translation from available 3Ø bolted fault current to the
arcing fault current.  

Note 12:  The actual tests were conducted with Bussmann® LPS-
RK-(amp)SP and KRP-C-(amp)SP fuses.  These charts can also be
used for LPJ-(amp)SP, JJS-(amp), and LP-CC-(amp) fuses to deter-
mine the incident energy available and flash protection boundary.
This is due to the current limiting ability of these fuses yielding lower
values of let-through current as well as opening in less time than that
of the LPS-RK-(amp)SP fuses.  Lower let-through values together with
a lower arcing time result in a lower amount of arc-flash energy.

Method For Other Type Fuses
The chart in Figure 6 is applicable for LOW-PEAK® and TRON® Fuses
(see Note 12). To determine the flash protection boundary and incident
energy for applications with other fuses, use the equations in IEEE
Guide for Arc Flash Hazard Analysis, P1584 or NFPA 70E-2000. The
following are the formulas in NFPA 70E - 2000 for calculating the flash
protection boundary and incident energy.  It is significant to note that
the flash protection boundary is dependent upon the available bolted
short-circuit current (incorporated in MVAbf) (or the let-through current
if the overcurrent protective device is current-limiting) and the opening
time of the overcurrent protective device (t).

Note, the results from these calculations may differ from the results
obtained from the simple chart method just covered.  These formu-
las were derived from a broad base of empirical test data and were
state of the art when introduced.  The simple chart method (Figures
6 & 7) has some artificially conservative assumptions as stated in
the notes. (See Note 9 and 10.)
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Flash Protection Boundary Calculation

Dc = (2.65 ≈ MVAbf x t)1/2

Df = (1.96 ≈ MVAbf x t)1/2*

where
Dc = distance in feet for a “just curable” burn
Df = distance in feet for an “incurable burn”*
MVAbf = bolted three phase MVA at point of short-circuit

= 1.73 ≈ VOLTAGEL-L ≈ AVAILABLE SHORT-CIRCUIT 
CURRENT ≈ l0-6

t = time of exposure in seconds
*Not included in NFPA 70E.

NFPA 70E – 2000 Appendix B-5 of Part II provides equations for
calculating incident energy under some common circumstances.
For instance, the incident energy equation for an arcing fault con-
tained in a cubic box (20 inches on each side, opened on one end),
on 600V or less systems, with available bolted short-circuit currents
of between 16,000 to 50,000 amperes is as follows:

Incident Energy Calculation (20" cubic box)

EMB = 1038.7 DB
-1.4738tA[0.0093F2 -.3453F+5.9675] cal/cm2

Where: EMB = Incident Energy (cal/cm2)
DB = Distance, (in.) [for Distances ≥ 18 inches]
tA = Arc Duration, (sec.)
F = Bolted Fault Short Circuit Current kA [16kA to 50kA]

Example 2: Flash Hazard Analysis using Circuit Breakers
The first thing that must be done when attempting to calculate the
incident energy available when using a circuit breaker is to deter-
mine the circuit breaker type, ampere rating and its characteristics
(settings).  For example, the equations for circuit breakers vary
depending upon whether a molded case circuit breaker (MCCB),
insulated case circuit breaker (ICCB), or low voltage power circuit
breaker (LVPCB) is utilized.  Other variables that must be consid-
ered are the sensing mechanism of the circuit breaker and whether
or not short time delay settings are being used.  Most MCCBs,
either thermal magnetic CBs or magnetic only CBs, are used with-
out the use of short time delay settings.  ICCBs and LVPCBs are
most often used with electronic trip units with short-time delay fea-
tures. Thermal magnetic (TM) and magnetic only (M) trip units result
in lower values of incident energy exposure than that of electronic
trip (E) units with short-time delay because the short time delay fea-
tures increase the amount of time that the arcing current will flow,
thereby increasing the incident energy exposure.  After determining
the necessary circuit breaker characteristics, the available 3Ø bolt-
ed fault current must be used to determine one of two equations
that can be used to determine the incident energy exposure.  

Figure 8

600A Molded
Case Circuit Breaker

40,896 Amps Bolted Short-Circuit
Current Available

600V 3Ø
Main lug
only panel

Answer
3.365 cal/cm2

Incident Energy @ 18''
36'' FPB

For the example one line in Figure 8, the feeder device is a
600A molded case circuit breaker (MCCB 600A) with thermal mag-
netic (TM) sensing properties and 40,896 amps available at the
panel to be protected. Keep in mind that using this type of trip unit
will result in the lowest incident energy exposure for a circuit break-
er since it does not incorporate short time delay features. To deter-
mine which one of the two equations can be used (from IEEE Guide
for Arc Flash Hazard Analysis, P1584), the following parameters
must be determined. The available 3Ø bolted fault current must be
between 700A and 106,000A, which 40,896A is, and must meet the
following condition, I1 < Ibf < I2. Ibf is the available 3Ø bolted fault
current, I2 is the interrupting rating of the circuit breaker, and I1 is
the point where the calculated arcing current (Ia) is just high enough
to trip the circuit breaker at its instantaneous setting (See Note
CB5). For this example, assume that the interrupting rating of the
600A MCCB is 65kA.  The calculated arcing current (Ia) is deter-
mined from an equation in IEEE Guide for Arc Flash Hazard
Analysis, P1584, based on test data. For 40,896A, the resulting arc-
ing current Ia from the equation in IEEE Guide for Arc Flash Hazard
Analysis, P1584 is 26,810A.  Then the instantaneous trip must be
compared to this value of arcing current to determine I1. The instan-
taneous trip must be evaluated at its maximum setting so as to
determine the worst case.  For this MCCB, assume the instanta-
neous trip is 10X, therefore the instantaneous trip pickup would
begin at approximately 6000A. 

However, instantaneous trip settings have a tolerance that can
be as high as 25%.  To account for this tolerance, the arcing cur-
rent must also be calculated at 85% of the original calculated arc-
ing current Ia.  The arc energy is then compared using both values
(both Ia and 85% of Ia) with the higher resulting value of incident
energy being used.  For this example, 85% of 26,810A would result
in a value of 22,789A.  This is above the point that the instantaneous
trip setting (6000A) will detect the arcing current.  Now that both
parameters have been established, an equation from IEEE Guide
for Arc Flash Hazard Analysis, P1584 can be used to calculate the
incident energy based upon the available 3Ø bolted fault current.
As mentioned before, these equations vary based upon the type of
circuit breaker and the sensing element used.  In this example, the
equation for this molded case circuit breaker with a thermal mag-
netic trip unit would yield an incident energy value of 3.37 cal/cm2

at 18 inches from the arc fault source.  
If the circuit breaker in question is a power circuit breaker with

short time delay feature (no instantaneous trip), the equation
changes and the incident energy calculation will increase.  For
example, with a short time delay feature set at 30 cycles the inci-
dent energy at this available fault current could be as high as 67.6
cal/cm2 at 18 inches from the arc fault source.  

The next step in the flash hazard analysis is to determine the
FPB.  For the typical molded case circuit breaker example using a
thermal magnetic trip unit, the incident energy was 3.365 cal/cm2.
Using the chart in Figure 5, the FPB is approximately 36 inches.  For
the circuit breaker utilizing a short time delay that resulted in an inci-
dent energy of 67.59 cal/cm2, the FPB would be off the chart in
Figure 5.  In fact, any incident energy greater than 20 cal/cm2 would
result in a FPB of over 10 feet per the chart in Figure 5.
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Let’s summarize the steps necessary to conduct a Flash Hazard
Analysis when using circuit breakers.
1. Determine the available 3Ø bolted fault current on the line side

terminals of the equipment that will be worked upon.
2. Determine the type of upstream circuit breaker to be used along

with the type of trip unit that will be used.
3. Determine the ampacity of the upstream circuit breaker.
4. Verify that the 3Ø bolted fault current meets the parameter of I1 <

Ibf < I2, where Ibf is the available 3Ø bolted fault current, I2 is the
interrupting rating of the breaker, and I1 is the point where the
calculated arcing current Ia is just high enough to trip the circuit
breaker at its instantaneous setting It. 

5. To establish I1 from step 4, calculate the arcing current Ia.
6. Calculate 85% of the arcing current Ia, calculated in step 5. 
7. Determine the instantaneous trip setting It of the upstream circuit

breaker.  If the circuit breaker does not have an instantaneous
setting due to a short time delay, use the short time pickup for It.

8. Use the 85% of Ia value along with It to determine I1. 
9. Determine which equation from IEEE Guide for Arc Flash Hazard

Analysis, P1584 should be used to calculate the incident energy
exposure.

10. Determine the Flash Protection Boundary that will require PPE
based upon the incident energy.  This can also be simplified by
using the chart for Flash Protection Boundary in Figure 7.

11. Identify the minimum requirements for PPE when work is to be
performed inside of the FPB by consulting the minimum require-
ments found in NFPA 70E. See Note CB 1.

Circuit Breaker Method Notes:
See the General Notes under the Simple Fuse Chart Notes.

Note CB 1:  The source for the method and data used in Example
2 Circuit Breaker Flash Hazard Analysis is from the IEEE Guide for
Arc Flash Hazard Analysis, P1584.  The circuit breaker information
comes from theoretical equations that are based upon how circuit
breakers operate and arc-flash equations.  These arc-flash equa-
tions were created so that PPE chosen as a result of the equations
would be adequate for 95% of arc-flash incidents.  In up to 5% of
incidents, incurable burns to the body and torso could result. This
was based upon PPE with standard ATPVs of 1.2, 8, 25, 40 and 100
cal/cm2. PPE with intermediate ATPV values can be used, but at the
next lower standard ATPV rating.

Note CB2:  As discussed in the IEEE Guide for Arc Flash Hazard
Analysis, P1584, to calculate the incident energy for the circuit
breakers, the available 3Ø bolted fault current must be between
700A and 106,000 amps.  The available 3Ø bolted fault current
must also be within the range of I1 < Ibf < I2.   Where I2 is the inter-
rupting rating of the circuit breaker and I1 is the lowest current
where the available 3Ø bolted fault current generates an arcing cur-
rent large enough to be picked up by the instantaneous trip of the
circuit breaker.  

Note CB3:  The calculated arcing current is determined from an
equation based upon test data.  Actual results of arcing current may
be higher or lower than calculated.

Note CB4:  When the 3Ø bolted fault current is below I1 for the cir-
cuit breaker, the arcing current must be used in conjunction with
two incident energy equations, found in IEEE Guide for Arc Flash
Hazard Analysis, P1584.

Note CB5:  85% of the arcing current must be used to determine I1.
This adjusted value of arcing current is used with the incident ener-
gy equations as in Note CB1, and the higher value of incident ener-
gy must be used.   

Note CB6:  Instantaneous trip settings for circuit breakers should be
assumed to be at their maximum setting.  If calculations are done
based upon the minimum setting and the maximum setting is used,
results may be extremely inaccurate.

Flash Protection Boundary Comparison for Test 3 and Test 4
Refer back to the pictures for Test 3 and Test 4 on a previous page
in this section.  

Using the charts in Figures 6 and 7 (which are derived from
IEEE Guide for Arc Flash Hazard Analysis, P1584), the circuit in Test
3, protected by a KRP-C-601SP fuse, had an incident energy expo-
sure of 1.5 cal/cm2 and a FPB of approximately 20 inches. Based
upon the equations from IEEE Guide for Arc Flash Hazard Analysis,
P1584, the circuit in Test 4, protected by a 640 amp circuit breaker
with a short time delay setting, had an incident energy exposure of
37.6 cal/cm2, a FPB greater than 10 feet. NFPA 70E gives require-
ments for PPE that would have minimized the potential for the work-
er to sustain life-threatening injuries due to burns from the arc-flash.
However, the PPE that is currently available may not protect against
the pressures and shrapnel from the resulting arc-blast in these two
incidents. Sensors on the chest of the mannequin in Test 3 measured
a pressure of 504 lbs/ft2, which is below the threshold for eardrum
rupture of 720 lbs/ft2.  The pressure sensors in Test 4 however, mea-
sured a pressure that exceeded 2160 lbs/ft2, which is greater than
the threshold for lung damage.  Not only could these pressures
cause injury to the worker, both tests may have thrown the worker
across the room or subjected the worker to the dangers of falling
when working in an elevated space.  

Personal Protective Equipment (PPE)
Employees must wear and be trained in the use of appropriate pro-
tective equipment for the possible electrical hazards with which they
may face. Examples of equipment could include a hard hat, face
shield, flame resistant neck protection, ear protectors, NomexTM suit,
insulated rubber gloves with leather protectors, and insulated leather
footwear. All protective equipment must meet the requirements as
shown in Table 3-3.8 of NFPA 70E-2000.  Protective equipment, suf-
ficient for protection against an electrical flash, would be required for
any part of the body, which could be within 3 feet of the fault in
Example 2. The selection of the required thermal rated PPE depends
on the incident energy level at the point of work. 

As stated previously, the common distance used for most of the
low voltage incident energy measurement research and testing is at
18 inches from the arcing fault source.  So what energy does a body
part experience that is closer to the arc fault than 18 inches?  The
closer to the arcing fault the higher the incident energy and blast haz-
ard.  This means that when the flash protection analysis results in rel-
atively high incident energies at 18 inches from the arc fault source,
the incident energy and blast energy at the point of the arc fault can
be considerably greater. Said in another way, even if the body has
sufficient PPE for an 18" working distance, severe injury can result for
any part of the body closer than 18" to the source of the arc.

Exposure Time 
As the previous sections have illustrated, the interruption time of
overcurrent protective devices is a major factor in the severity of an
arc flash. Following is a table for some general minimum overcur-
rent protective device interruption times that can be used for the
FBP and incident energy calculations if this data is not available
from the manufacturer. “STD Setting” refers to the short time delay
setting if a circuit breaker has this feature; typical STDs settings
could be 6, 12, 18, 24, or 30 cycles.

Electrical Safety & Arc Flash Protection
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Type of Device Minimum Time (Seconds)*
Current-limiting fuse .004
Circuit Breaker (5KV & 15KV) .1
Standard molded case circuit

breakers (600V & below)
without short-time-delay (STD) .0083-.0167
with short-time-delay (STD) STD Setting

Insulated case circuit breakers
(600V & below)

without short-time-delay .033
with short-time-delay STD Setting

Low voltage power (air frame)
circuit breakers (600V & below)

without-short-time-delay .05
with short-time-delay STD Setting

Current-limiting molded case
circuit breaker (600V & below) .004

* These are approximate times for short-circuit currents within the
current-limiting range of a fuse or within the instantaneous region of
circuit breakers. Lower current values may cause the overcurrent
device to operate more slowly. Arc-flash energy may actually be
highest at lower levels of available short-circuit current. This requires
that arc flash energy calculations be completed for the range of sus-
tainable arcing currents. Where equivalent RMS let-through data (this
is reduced let-through current due to current-limitation) is available, it
can be used in the flash distance and incident energy formulae on
page 164. Where data is unavailable, the full available short-circuit
must be used. 

Expect the Worst Case
If planning to work on a piece of equipment, it is necessary to do
the flash hazard analysis for the worst-case situation that could
occur if an incident occurred. For instance, in the diagram below, if
the combination controller door were to be opened, the worst-case
arc flash hazard in the enclosure would be on the line-side of the
branch-circuit circuit breaker. If an arcing fault occurred in the
enclosure, on the line side of the of the branch-circuit circuit break-
er, the 400 ampere feeder circuit breaker is the protective device
intended to interrupt. So the flash hazard analysis for this combina-
tion motor controller enclosure must be determined using the char-
acteristic of the 400 ampere feeder circuit breaker. 

Other Arc Fault Hazards
An arcing fault may create such enormous explosive forces that
there is a huge blast wave and shrapnel expelled toward the work-
er. Neither NFPA 70E – 2000 nor IEEE P1584 account for the pres-
sures and shrapnel that can result due to an arcing fault. There is
little or no information on protecting a worker for these risks. On a
somewhat positive note, because the arc pressure blows the work-
er away, it tends to reduce the time that the person is exposed to
the extreme heat of the arc. The greater the fault current let-through,
the greater the explosive forces. It is important to know that product
standards do not evaluate a product for a worker’s exposure to arc

400A
STD = 12 cycles

480V 3O MCC

M M

Arcing fault 
could occur 
here

Instantaneous trip 
breaker with ⁄Ω™ cycle 
clearing time

flash and blast hazards with the door(s) open. Equipment listed to
a Nationally Recognized Testing Laboratory product standard is not
evaluated for arc flash or arc blast protection (with the door(s)
open) because the equipment is tested with the doors closed. Once
a worker opens the doors, the parameters under the evaluation test-
ing and listing do not apply. 

Caution: (1) A worker using PPE with adequate cal/cm2 ratings for
high incident energy arc flash hazards may still incur severe injury
or death due to the arc blast or shrapnel. For instance, review the
results for Test 4 on page 159. Generally, the higher the incident
energy, the higher the blast energy that will result.  (2) For systems
600V and less, NFPA 70E – 2000 has some simpler methods to find
the flash protection boundary (four foot default) and PPE selection
(using two tables – a. hazard risk category by tasks table and b.
PPE and tools for each hazard risk category table). Although, these
methods can be simpler, there are very important qualifiers and
assumptions in the tables’ notes and legends. It is possible for a
specific situation to be beyond the assumptions of these tables and
therefore, in these situations, the tables are not to be used. Some of
this information may change in NFPA 70E-2003.

Summary About the Risks From Arc Faults
Arc faults can be an ominous risk for workers. And an uneducated
eye can not identify whether the risk is low, medium or high just by
looking at the equipment. Current-limiting overcurrent protection
may reduce the risk. In other words, if an incident does occur, cur-
rent-limiting overcurrent protective devices may reduce the proba-
bility of a severe arc flash. In many cases, using current-limiting
protective devices greatly reduces the arc flash energy that might
occur for the range of arc fault currents that are likely. However,
current-limiting overcurrent protective devices do not mitigate the
potential hazard in all situations. This is especially true as the over-
current protective devices get into the larger ampere sizes. But all
things being equal, systems with protective devices that have a
high degree of current-limitation generally lower the risks. But it is
still necessary to follow all the requirements of NFPA 70E and other
safe work practices.

General Recommendations For Electrical Safety Relative to Overcurrent
Protection 

(1) Finger-safe products and terminal covers: utilize finger-safe over-
current protective devices such as the CUBEFuseTM or insu-
lating covers over the overcurrent protective devices,
disconnect terminals and all terminations.

(2) Proper interrupting rating: be absolutely sure to use overcurrent
protective devices that have adequate interrupting ratings at
their point of application. An overcurrent protective device
that attempts to interrupt a fault current beyond its interrupt-
ing rating can violently rupture. Consideration for interrupting
rating should be for the life of the system. All too often, trans-
formers are replaced or systems are upgraded and the avail-
able short-circuit currents increase. Modern fuses have
interrupting ratings of 200,000 and 300,000 amperes, which
virtually eliminates this hazard contributor.

(3) Current-limiting overcurrent protection: use the most current-lim-
iting overcurrent protective devices possible. There are a
variety of choices in the market for overcurrent protective
devices. Many are not marked as current-limiting and there-
fore can not be considered current-limiting. And then for
those that are marked current-limiting, there are different
degrees of current-limitation to consider. For Bussmann®, the
brand to use for 600V and less, electrical distribution appli-
cations and general equipment circuit protection is LOW-
PEAK® fuses. The LOW-PEAK® family of fuses is the most
current-limiting type fuse family for general protection and
motor circuit protection. 

Electrical Safety & Arc Flash Protection
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Electrical Safety & Arc Flash Protection

(4) Upgrade existing fuse systems: if the electrical system is an
existing fusible system, consider replacing the existing fuses
with the LOW-PEAK® family of fuses. If the existing fuses in
the clips are not the most current-limiting type fuses, upgrad-
ing to the LOW-PEAK® family of fuses can reduce the haz-
ards associated with arc flash. www.bussmann.com has a
service for the LOW-PEAK® upgrade.

(5) Install current-limiting overcurrent protection for actual loads: if
the actual maximum full load current on an existing main,
feeder or branch circuit is significantly below its designed cir-
cuit ampacity, replace the existing fuses with lower ampere
rated LOW-PEAK® fuses. Or, if the OCPD is a circuit breaker,
put a fused disconnect with LOW-PEAK® fuses in series with
the circuit breaker. For instance, an industrial found that many
of their 800 ampere feeders to their MCCs were lightly loaded;
so for better arc flash protection they installed 400 and 600
amp current-limiting fuses and switches in the feeders.

(6) Reliable overcurrent protection: use overcurrent protective
devices that are reliable and do not require maintenance to
assure performance per the original specifications. Modern
fuses are reliable and retain their ability to react quickly under
fault conditions. When a fuse is replaced, a new factory cali-
brated fuse is put into service – the circuit has reliable protec-
tion with performance equal to the original specifications. If
mechanical overcurrent protective devices are utilized, be
sure to perform the manufacturer’s recommended periodic
exercise, maintenance, testing and possible replacement.
When an arc fault or overcurrent occurs, the overcurrent pro-
tective device must be able to operate as intended. Thus, for
mechanical overcurrent protective devices, this may require
testing, maintenance, and possible replacement before reset-
ting the device after a fault interruption.

(7) Within sight motor disconnects: install HP rated disconnects
(with permanently installed lockout provision) within sight and
within 50 feet of every motor or driven machine. This measure
fosters safer work practices and can be used for an emer-
gency disconnect if there is an incident. 

Flash Protection Field Marking: New NEC® Requirement

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

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

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

Reprinted from NEC® 2002

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

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

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

Available 3Ø Short-Circuit Current
Flash Protection Boundary
Incident energy at 18 inches expressed in cal/cm2

PPE required
Voltage shock hazard
Limited shock approach boundary
Restricted shock approach boundary
Prohibited shock approach boundary



Cost of Ownership Evaluation

600A800A

480Y/277V

GFP

DRAWOUT
AIR FRAME 
CIRCUIT BREAKER
100,000 A.I.R.

3000A

800A 400A 400A400A

All feeder CB’s have 65,000 A.I.R., insulated case, drawout feature and
electronic sensing capabilities.

Fusible Equipment vs. Circuit Breaker Equipment. A Cost of Ownership
Evaluation.

One of the basic requirements in designing an electrical dis-
tribution system involves the specification of overcurrent protective
devices. Many technical issues must be resolved in order to prop-
erly specify fuses and circuit breakers. The following examines a
key factor in the evaluation and design process: COST OF OWN-
ERSHIP-FUSIBLE EQUIPMENT VS. CIRCUIT BREAKER EQUIP-
MENT The evaluation includes:

1. The INITIAL COST OF THE EQUIPMENT. (This includes the
overcurrent devices as well as the switchgear.)

2. The PREVENTIVE MAINTENANCE COSTS OF THE EQUIP-
MENT during its expected life.

Overcurrent Protection Requirements
Before performing the cost of ownership comparison, basic

system requirements must be established. These requirements, rel-
ative to the overcurrent protective devices are based upon: 

1. Voltage Rating
2. Current Rating
3. Interrupting Rating

For the systems in Figures 1 and 2, the following ratings are
established.

Figure 1

FUSIBLE BOARD RATINGS
1. Voltage Rating-600V
2. Current Rating-3000 Ampere Switchgear
3. Interrupting Rating

300,000 Amperes-Fuses
200,000 Amperes-Switchboard

KRP-C
800SP

KRP-C
800SP

LPS-RK
600SP

LPS-RK
400SP

LPS-RK
400SP

LPS-RK
400SP

600A & 400A SWITCHES
ARE CLASS R

BOLTED PRESSURE
SWITCHES

480Y/277V

GFP

BOLTED PRESSURE SWITCH

KRP-C
3000SP
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All switches are rated, with fuses, for use where 200,000 amperes or
less are available. Fuses, by themselves, are rated for 300,000 A.I.R.

Figure 2

CIRCUIT BREAKER BOARD RATINGS
1. Voltage Rating-480V
2. Current Rating-3000 Ampere Switchgear
3. Interrupting Rating

(multi-pole) - 100,000 Amperes-Main*
(multi-pole) - 65,000 Amperes-Feeders*

*Consult manufacturers or Single Pole Interrupting Ratings.

Initial Cost of Equipment
The two industrial grade switchboards illustrated in Figures 1

and 2 represent state-of-the-art specifications for fusible design
and circuit breaker design, respectively.

Prices from one major switchgear manufacturer, to the end 
user, would be as indicated below:

FIGURE 1. FUSIBLE DESIGN:      $26,000**
(Includes Spare Fuses and Acceptance Testing)
FIGURE 2. CIRCUIT BREAKER  DESIGN:         $47,500**
(Includes Acceptance Testing. Does not include additional  
bracing  of  structure if short time delay is used on main CB.)
THE INITIAL COST OF THE CIRCUIT BREAKER EQUIP
MENT IS 83% HIGHER THAN THE INITIAL COST OF 
THE FUSIBLE EQUIPMENT. AN ADDITIONAL COST OF 
$21,500 IS PAID BY THE END USER.

**These costs are typical, and will vary with market conditions and manufacturer’s pricing.



Circuit Breaker Equipment - Annual Maintenance Requirements
Maintenance                                 Total

Schedule                 Hours/Device       # of Devices     Man Hours
1-Main LVPCB*                           4 1 4

6-Feeder ICCB**                            1.5                   6                       9

Prep Work and Data Retrieval                                                             6

Annual Total Man Hours                                                               19

Assume $80/Hour by a qualified testing/engineering firm.

Total Maintenance Cost - Circuit Breaker Equipment
= $80/Hr x 19 Hrs/Year = $1520/Year

*Low Voltage Power Circuit Breaker, Drawout

**Insulated Case Circuit Breaker, Drawout

Total Cost of Ownership
We can expect a minimum 20 year useful life for the fusible and cir-
cuit breaker equipment. Life Costs, or Total Cost of Ownership,
would be:

TOTAL COST OF OWNERSHIP* = INITIAL COST + (TOTAL ANNUAL MAIN-
TENANCE COST) 20 YRS.

Fusible Equipment Cost of Ownership
Initial Cost + (Total Maintenance Cost) 20 =

$26,000 + ($1038)(20 Yrs) = $46,760

Circuit Breaker Equipment Cost of Ownership
Initial Cost + (Total Maintenance Cost) 20 =

$47,500 + ($1520)(20 Yrs) = $77,900

THE COST OF OWNERSHIP OF THE CIRCUIT BREAKER EQUIP-
MENT IS 67% GREATER THAN THAT OF THE FUSIBLE EQUIP-
MENT, OVER THE EXPECTED 20 YEAR LIFE OF THE EQUIPMENT.

*These figures and calculations do not examine the effects of the Time Value of Money.
These values can be calculated using a number of methods, i.e., Present Worth, Annual
Costs, etc.

Other Considerations
This evaluation has not analyzed the other necessary engineering
considerations associated with overcurrent protection.
These include:

- Current Limitation
- Component Protection
- Selective Coordination
- Multipole vs. Single Pole Interrupting Ratings

Conclusions
COST OF OWNERSHIP, WHICH INCLUDES BOTH INITIAL COSTS
AND PREVENTIVE MAINTENANCE COSTS, IS AN IMPORTANT
PART OF AN ENGINEER’S DECISION MAKING PROCESS. Good
engineering and preventive maintenance is critical for adequate
performance during the lifetime of the equipment. Fusible vs. Circuit
Breaker design choices involve economic as well as engineering
considerations.

Cost of Ownership Evaluation

Preventive Maintenance
Preventive maintenance is a planned procedure of inspecting, test-
ing, cleaning, adjusting and lubricating electrical apparatus. A
good preventative maintenance program with planned shutdowns
maximizes continuity of operation. Through such a program, trou-
bles can be detected in the early stages, and corrective action can
be taken before extensive damage occurs.

Field surveys of existing overcurrent protection systems have
yielded rather alarming statistics. An IEEE  paper reported a survey
that indicated 40 percent of all breakers tested were found to be
faulty. One manufacturer has stated in its field  maintenance manu-
al, that many circuit breakers over 5 years old are completely inop-
erative. Another manufacturer states that “Nine times out of ten,
circuit breakers fail because of lack of maintenance, cleaning, and
lubrication.” Only through a thorough, well planned, and well exe-
cuted preventive maintenance program will overcurrent devices
continue to provide optimum protection.

Three requirements will help assure a reliable overcurrent pro-
tection system.

The first requirement in an optimum electrical maintenance
program is good apparatus, properly installed.

Secondly, properly trained, adequately equipped maintenance
personnel are needed. preventive maintenance can be expensive;
it requires shop facilities, skilled labor, keeping records and stock-
ing replacement parts.

The third requirement is scheduling outages for preventive
maintenance and periodic testing of electrical apparatus. When
preparing routine maintenance schedules, it must be recognized
that too frequent testing is a waste of money, and that insufficient
testing places vital equipment and operating personnel in jeopardy.

Preventive Maintenance Costs
An accurate analysis of Cost of Ownership must also compare
the ongoing cost to maintain the equipment, over the life of that
equipment.

Fusible Equipment - Annual Maintenance Requirements
Maintenance                                 Total

Schedule                 Hours/Device       # of Devices     Man Hours
3-Bolted Pressure Switches         1.5 3 4.5

4-Feeder Disconnects                  .5                4          2

Prep Work and Data Retrieval                                                          6

Annual Total Man Hours                                                     12.5

Assume $80/hour by a qualified testing/engineering firm.
Maintenance Cost = $80/Hr x 12.5 Hrs/Year = $1000/Year

Fuse Replacement Costs
Fuse Cost*    Fuse Cost

Rating                Replace**   Each           over 20 Years
800A & 3000A                       1/20 Yrs $490 $490         

400A & 600A                            2/20 Yrs               $135                 $270

Total Replacement                                                                      $760

Fuse Replacement Cost/Yr = $760/20Yrs = $38/Yr.

Total Maintenance Cost - Fusible Equipment
= Fuse Replacement + Maintenance costs
= $38 + $1000 + $1038/Year

*Average Cost of Fuse Ratings

**Assumes 1 Class L Fuse and 2 Class R Fuses open in 20 Years.
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Voltage Drop Calculations

Ratings of Conductors and Tables to Determine Volt Loss
With larger loads on new installations, it is extremely important to
consider volt loss in mind, otherwise some very unsatisfactory prob-
lems are likely to be encountered.

The actual conductor used must also meet the other sizing
requirements such as full-load current, ambient temperature, num-
ber in a raceway, etc.

How to Figure Volt Loss
Multiply distance (length in feet of one wire) by the current
(expressed in amperes) by the figure shown in table for the kind of
current and the size of wire to be used, by one over the number of
conductors per phase.
Then, put a decimal point in front of the last 6 digits–you have the
volt loss to be expected on that circuit.

Example – 6 AWG copper wire in 180 feet of iron conduit–3 phase,
40 amp load at 80% power factor.
Multiply feet by amperes: 180 x 40 = 7200
Multiply this number by number from table for 6 AWG wire three-
phase at 80% power factor: 7200 x 745 = 5364000

Multiply by 1         5364000   x   1     =   5364000
#/phase   1

Place decimal point 6 places to left.
This gives volt loss to be expected: 5.364V
(For a 240V circuit the % voltage drop is 5.364 x 100 or 2.23%).

240
These Tables take into consideration reactance on AC circuits as
well as resistance of the wire.

Remember on short runs to check to see that the size and type
of wire indicated has sufficient ampere capacity.

How to Select Size of Wire
Multiply distance (length in feet of one wire) by the current
(expressed in amperes), by one over the number of conductors per
phase.
Divide that figure into the permissible volt loss multiplied by
1,000,000.

Look under the column applying to the type of current and
power factor for the figure nearest, but not above your result–you
have the size of wire needed.

Example – Copper in 180 feet of steel conduit–3 phase, 40 amp
Ioad at 80% power factor–Volt loss from local code equals 5.5 volts.
Multiply feet by amperes by   1 180 x 40 x 1 = 7200.

#/phase                       1
Divide permissible volt loss multiplied by 1,000,000 by this 
number: 5.5 x 1,000,000 = 764.

7200

Select number from Table, three-phase at 80% power factor, that is
nearest but not greater than 764. This number is 745 which indi-
cates the size of wire needed: 6 AWG.

Line-to-Neutral
For line to neutral voltage drop on a 3 phase system, divide the

three phase value by 1.73. For line to neutral voltage drop on a sin-
gle phase system, divide single phase value by 2.

Open Wiring
The volt loss for open wiring installations depends on the separation
between conductors. The volt loss is approximately equal to that for
conductors in non-magnetic conduit.

310.15 offers a method to calculate conductor ampacity.

Installation in Conduit, Cable or Raceway
NEC® Tables 310.16 through 310.19 give allowable ampacities
(current-carrying capacities) for not more than three conductors in
a conduit, cable, or raceway. Where the number of conductors
exceeds three the allowable ampacity of each conductor must be
reduced as shown in the following tables:

Installation in Conduit, Cable or Raceway per 310.15(B)(2)(a)
The Number of Percentage of Values
Conductors In One In Tables 310.16 And
Conduit, Raceway 310.18
Or Cable
4 to 6 80%
7 to 9 70%
10 to 20 50%
21 to 30 45%
31 to 40 40%
41 and over 35%

Conditions Causing Higher Volt Loss
The voltage loss is increased when a conductor is operated at a
higher temperature because the resistance increases.

If type RH, RHW, THW, or THWN wire (75°C wire) is loaded to
near its full rating, or if room temperature is 15°C higher than nor-
mal, add the following percentages to get the volt loss.

Conditions Causing Higher Volt Loss
Direct Single Or Three Phase–Power Factor

Wire Size Current 100% 90% 80% 70% 60%
14 to 4 AWG 5.0% 5.0% 4.8% 4.7% 4.7% 4.6%
2 to 3/0 AWG 5.0% 5.0% 4.2% 3.8% 3 5% 3.3%
4/0 AWG to 500 kcmil 5.0% 5.0% 3.1% 2.6% 2.4% 2.0%
600 kcmil to 1000 kcmil 5.0% 5.0% 2.5% 2.2% 1.6% 1.3%
If type RHH, THHN or XHHW wire (90°C. wire) is loaded to near its full rating
or if room temperature is 30°C higher than normal, add twice the above per-
centages to get the volt loss.

Room Temperature Affects Ratings
The ampacities (carrying capacities) of conductors are based on a
room temperature of 86°F or 30°C. If room temperature is higher,
the ampacities are reduced by using the following multipliers; (for
0-2000 volt, insulated conductors not more than 3 conductors in
raceway or direct buried, Table 310.16).

Room Temperature Affects Ratings
Room Ampacity Multiplier
Temperature TW THW, THWN THHN, XHHW*
°C °F (60°C Wire) (75°C Wire) (90°C Wire)
31-35 87-95 .91 .94 .96
36-40 96-104 .82 .88 .91
41-45 105-113 .71 .82 .87
46-50 114-122 .58 .75 .82
51-55 123-131 .41 .67 .76
56-60 132-140 – .58 .71
61-70 141-158 – .33 .58
71-80 159-176 – – .41
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Voltage Drop Calculations

Copper Conductors–Ratings and Volt Loss†

Conduit Wire Ampacity Direct Volt Loss (See explanation prior page.)
Size Type Type Type Current Three-Phase Single-Phase

T, TW RH, RHH, (60 Cycle, Lagging Power Factor.) (60 Cycle, Lagging Power Factor.)
(60°C THWN, THHN, 100% 90% 80% 70% 60% 100% 90% 80% 70% 60%
Wire) RHW, XHHW

THW (90°C
(75°C Wire)
Wire)

Steel 14 20* 20* 25* 6140 5369 4887 4371 3848 3322 6200 5643 5047 4444 3836
Conduit 12 25* 25* 30* 3860 3464 3169 2841 2508 2172 4000 3659 3281 2897 2508

10 30 35* 40* 2420 2078 1918 1728 1532 1334 2400 2214 1995 1769 1540
8 40 50 55 1528 1350 1264 1148 1026 900 1560 1460 1326 1184 1040
6 55 65 75 982 848 812 745 673 597 980 937 860 777 690
4 70 85 95 616 536 528 491 450 405 620 610 568 519 468
3 85 100 110 490 433 434 407 376 341 500 501 470 434 394
2 95 115 130 388 346 354 336 312 286 400 409 388 361 331
1 110 130 150 308 277 292 280 264 245 320 337 324 305 283
0 125 150 170 244 207 228 223 213 200 240 263 258 246 232
00 145 175 195 193 173 196 194 188 178 200 227 224 217 206
000 165 200 225 153 136 162 163 160 154 158 187 188 184 178
0000 195 230 260 122 109 136 140 139 136 126 157 162 161 157
250 215 255 290 103 93 123 128 129 128 108 142 148 149 148
300 240 285 320 86 77 108 115 117 117 90 125 133 135 135
350 260 310 350 73 67 98 106 109 109 78 113 122 126 126
400 280 335 380 64 60 91 99 103 104 70 105 114 118 120
500 320 380 430 52 50 81 90 94 96 58 94 104 109 111
600 335 420 475 43 43 75 84 89 92 50 86 97 103 106
750 400 475 535 34 36 68 78 84 88 42 79 91 97 102
1000 455 545 615 26 31 62 72 78 82 36 72 84 90 95

Non- 14 20* 20* 25* 6140 5369 4876 4355 3830 3301 6200 5630 5029 4422 3812
Magnetic 12 25* 25* 30* 3464 3464 3158 2827 2491 2153 4000 3647 3264 2877 2486
Conduit 10 30 35* 40* 2420 2078 1908 1714 1516 1316 2400 2203 1980 1751 1520
(Lead 8 40 50 55 1528 1350 1255 1134 1010 882 1560 1449 1310 1166 1019
Covered 6 55 65 75 982 848 802 731 657 579 980 926 845 758 669
Cables or 4 70 85 95 616 536 519 479 435 388 620 599 553 502 448
Installation 3 85 100 110 470 433 425 395 361 324 500 490 456 417 375
in Fibre or 2 95 115 130 388 329 330 310 286 259 380 381 358 330 300
Other 1 110 130 150 308 259 268 255 238 219 300 310 295 275 253
Non- 0 125 150 170 244 207 220 212 199 185 240 254 244 230 214
Magnetic 00 145 175 195 193 173 188 183 174 163 200 217 211 201 188
Conduit, 000 165 200 225 153 133 151 150 145 138 154 175 173 167 159
Etc.) 0000 195 230 260 122 107 127 128 125 121 124 147 148 145 140

250 215 255 290 103 90 112 114 113 110 104 129 132 131 128
300 240 285 320 86 76 99 103 104 102 88 114 119 120 118
350 260 310 350 73 65 89 94 95 94 76 103 108 110 109
400 280 335 380 64 57 81 87 89 89 66 94 100 103 103
500 320 380 430 52 46 71 77 80 82 54 82 90 93 94
600 335 420 475 43 39 65 72 76 77 46 75 83 87 90
750 400 475 535 34 32 58 65 70 72 38 67 76 80 83
1000 455 545 615 26 25 51 59 63 66 30 59 68 73 77

* The overcurrent protection for conductor types marked with an (*) shall not exceed 15 amperes for 14 AWG, 20 amperes for 12 AWG, and 30 amperes for 10 AWG copper; or 15
amperes for 12 AWG and 25 amperes for 10 AWG aluminum and copper-clad aluminum after any correction factors for ambient temperature and number of conductors have
been applied.

† Figures are L-L for both single-phase and three-phase. Three-phase figures are average for the three-phase.
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Aluminum Conductors—Ratings and Volt Loss†

Conduit Wire Ampacity Direct Volt Loss (See explanation two pages prior.)
Size Type Type Type Current Three-Phase Single-Phase

T, TW RH, RHH, (60 Cycle, Lagging Power Factor.) (60 Cycle, Lagging Power Factor.)
(60°C THWN, THHN, 100% 90% 80% 70% 60% 100% 90% 80% 70% 60%
Wire) RHW, XHHW

THW (90°C
(75°C Wire)
Wire)

Steel 12 20* 20* 25* 6360 5542 5039 4504 3963 3419 6400 5819 5201 4577 3948
Conduit 10 25 30* 35* 4000 3464 3165 2836 2502 2165 4000 3654 3275 2889 2500

8 30 40 45 2520 2251 2075 1868 1656 1441 2600 2396 2158 1912 1663
6 40 50 60 1616 1402 1310 1188 1061 930 1620 1513 1372 1225 1074
4 55 65 75 1016 883 840 769 692 613 1020 970 888 799 708
3 65 75 85 796 692 668 615 557 497 800 771 710 644 574
2 75 90 100 638 554 541 502 458 411 640 625 580 529 475
1 85 100 115 506 433 432 405 373 338 500 499 468 431 391
0 100 120 135 402 346 353 334 310 284 400 407 386 358 328
00 115 135 150 318 277 290 277 260 241 320 335 320 301 278
000 130 155 175 259 225 241 234 221 207 260 279 270 256 239
0000 150 180 205 200 173 194 191 184 174 200 224 221 212 201
250 170 205 230 169 148 173 173 168 161 172 200 200 194 186
300 190 230 255 141 124 150 152 150 145 144 174 176 173 168
350 210 250 280 121 109 135 139 138 134 126 156 160 159 155
400 225 270 305 106 95 122 127 127 125 110 141 146 146 144
500 260 310 350 85 77 106 112 113 113 90 122 129 131 130
600 285 340 385 71 65 95 102 105 106 76 110 118 121 122
750 320 385 435 56 53 84 92 96 98 62 97 107 111 114
1000 375 445 500 42 43 73 82 87 89 50 85 95 100 103

Non- 12 20* 20* 25* 6360 5542 5029 4490 3946 3400 6400 5807 5184 4557 3926
Magnetic 10 25 30* 35* 4000 3464 3155 2823 2486 2147 4000 3643 3260 2871 2480
Conduit 8 30 40 45 2520 2251 2065 1855 1640 1423 2600 2385 2142 1894 1643
(Lead 6 40 50 60 1616 1402 1301 1175 1045 912 1620 1502 1357 1206 1053
Covered 4 55 65 75 1016 883 831 756 677 596 1020 959 873 782 668
Cables or 3 65 75 85 796 692 659 603 543 480 800 760 696 627 555
Installation 2 75 90 100 638 554 532 490 443 394 640 615 566 512 456
in Fibre or 1 85 100 115 506 433 424 394 360 323 500 490 455 415 373
Other 0 100 120 135 402 346 344 322 296 268 400 398 372 342 310
Non- 00 115 135 150 318 277 281 266 247 225 320 325 307 285 260
Magnetic 000 130 155 175 252 225 234 223 209 193 260 270 258 241 223
Conduit, 0000 150 180 205 200 173 186 181 171 160 200 215 209 198 185
Etc.) 250 170 205 230 169 147 163 160 153 145 170 188 185 177 167

300 190 230 255 141 122 141 140 136 130 142 163 162 157 150
350 210 250 280 121 105 125 125 123 118 122 144 145 142 137
400 225 270 305 106 93 114 116 114 111 108 132 134 132 128
500 260 310 350 85 74 96 100 100 98 86 111 115 115 114
600 285 340 385 71 62 85 90 91 91 72 98 104 106 105
750 320 385 435 56 50 73 79 82 82 58 85 92 94 95
1000 375 445 500 42 39 63 70 73 75 46 73 81 85 86

* The overcurrent protection for conductor types marked with an (*) shall not exceed 15 amperes for 14 AWG, 20 amperes for 12 AWG, and 30 amperes for 10 AWG copper; or 15
amperes for 12 AWG and 25 amperes for 10 AWG aluminum and copper-clad aluminum after any correction factors for ambient temperature and number of conductors have been
applied.

† Figures are L-L for both single-phase and three-phase. Three-phase figures are average for the three-phase.

Voltage Drop Calculations
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Guide For Sizing Fuses
General guidelines are given for selecting fuse ampere ratings for
most circuits. Some specific applications may warrant other fuse
sizing; in these cases the load characteristics and appropriate
NEC® sections should be considered. The selections shown here
are not, in all cases, the maximum or minimum ampere ratings per-
mitted by the NEC®. Demand factors as permitted per the NEC® are
not included in these guidelines.

DUAL-ELEMENT, TIME-DELAY FUSES (LPJ_SP, LPS-RK_SP, LPN-RK_SP,
FRS-R, FRN-R AND TCF)
1. Main Service. Size fuse according to method in 4.
2. Feeder Circuit With No Motor Loads. The fuse size must be at least
125% of the continuous load† plus 100% of the non-continuous load. Do not
size larger than ampacity of conductor*.
3. Feeder Circuit With All Motor Loads. Size the fuse at 150%▫ of the full
load current of the largest motor plus the full-load current of all other motors∆.
4. Feeder Circuit With Mixed Loads∆. Size fuse at sum of:

a. 150%▫ of the full-load current of the largest motor plus
b. 100% of the full-load current of all other motors plus
c. 125% of the continuous, non-motor load† plus
d. 100% of the non-continuous, non-motor load.

5. Branch Circuit With No Motor Load. The fuse size must be at least 125%
of the continuous load† plus 100% of the non-continuous load. Do not size
larger than ampacity of conductor*.
6. Motor Branch Circuit With Overload Relays. Where overload relays are
sized for motor running overload protection, the following provide backup,
ground fault, and short-circuit protection:

a. Size FRS-R and FRN-R, RK5, & LPS-RK_SP and LPN-RK_SP, RK1,
fuses at 125% & 130% of motor full-load current respectively or next
higher size.

7. Motor Branch Circuit With Fuse Protection Only. Where the fuse is the
only motor protection, the following FRS-R and FRN-R, Class RK5, fuses pro-
vide motor running overload protection and short-circuit protection:

a. Motor 1.15 service factor or 40°C rise: size the fuse at 110% to 125%
of the motor full-load current.

b. Motor less than 1.15 service factor or over 40°C rise: size fuse at
100% to 115% of motor full-load current.

8. Large Motor Branch Circuit. Fuse larger than 600 amps. For large
motors, size KRP-C_SP LOW-PEAK® YELLOW time-delay fuse at 175% to
300% of the motor full-load current, depending on the starting method; i.e.
part-winding starting, reduced voltage starting, etc.
9. Power Factor Correction Capacitors. Size dual-element fuses as low as
practical, typically 150% to 175% of capacitor rated current.
10. Transformer Primary Fuse (without secondary fuse protection). When
transformer primary current is equal to or greater than 9 amperes, the dual-
element, time-delay fuse should be sized at 125% of transformer primary cur-
rent or the next size larger. Note: Secondary conductors must be protected
from overcurrent damage.
11. Transformer Primary Fuse (with secondary fuse protection). May be
sized at 250% of transformer primary current if,
12. The secondary fuse is sized at no more than 125% of secondary full-
load current. Note: Secondary conductors must be protected at their ampac-
ities.

NON-TIME-DELAY AND ALL CLASS CC FUSES (JKS, KTS-R, KTN-R, JJS,
JJN, LP-CC, KTK-R, AND FNQ-R)
1. Main service. Size fuse according to method in 4.
2. Feeder Circuit With No Motor Loads. The fuse size must be at least
125% of the continuous load† plus 100% of the non-continuous load. Do not
size larger than the ampacity of the wire.
3. Feeder Circuit With All Motor Loads. Size the fuse at 300% of the full-
load current of the largest motor plus the full-load current of all other motors.
Do not size fuse larger than the conductor capacity.
4. Feeder Circuit With Mixed Loads. Size fuse at sum of:

a. 300% of the full-load current of the largest motor plus
b. 100% of the full-load current of all other motors plus
c. 125% of the continuous, non-motor load† plus
d. 100% of the non-continuous, non-motor load.

5. Branch Circuit With No Motor Loads. The fuse size must be at least
125% of the continuous load† plus 100% of the non-continuous load. Do not
size larger than the ampacity of conductor.*
6. Motor Branch Circuit With Overload Relays. Size the fuse as close to
but not exceeding 300% of the motor running full load current. Provides
ground fault and short-circuit protection only.
7. Motor Branch Circuit With Fuse Protection Only. Non-time-delay fuses
cannot be sized close enough to provide motor running overload protection.
If sized for motor overload protection, non-time-delay fuses would open due
to motor starting current. Use dual-element fuses.

CONDUCTOR AMPACITY SELECTION•

1. Feeder Circuit And Main Circuit With Mixed Loads.
Conductor ampacity at least sum of:

a. 125% of continuous non-motor load plus
b. 100% of non-continuous non-motor load plus
c. 125% of the largest motor full-load current plus
d. 100% of all other motors' full-load current.

2. Feeder Circuit With No Motor Load. Conductor ampacity at least 125%
of the continuous load plus 100% of the non-continuous load.
3. Feeder Circuit With All Motor Loads. Conductor ampacity at least 125%
of the largest motor full-load amperes plus 100% of all other motors’ full-load
amperes.
4. Feeder Circuit With Mixed Loads. Size according to method 1 above.
5. Branch Circuit With No Motor Load. Conductor ampacity at least 125%
of the continuous load plus 100% of the non-continuous load.
6, 7, & 8. Motor Branch Circuits. Conductor ampacity at least 125% of the
motor full-load current.
9. Conductor ampacity at least 135% of capacitor rated current. The
ampacity of conductors for a capacitor connected to a motor circuit must be
1/3 the ampacity of the motor circuit conductors.
10, 11. Conductor ampacity minimum 125% of transformer full-load cur-
rent.
12. Conductor ampacity per 1 above.

100% of the continuous load can be used rather than 125% when the switch and fuse are listed for 100%
continuous operation. Most bolted pressure switches and high pressure contact switches 400A to 6000A
with Class L fuses are listed for 100% continuous operation.
Where conductor ampacity does not correspond to a standard fuse rating, next higher rating fuse is per-
mitted when 800 amperes or less [(240.3(B)].
In many motor feeder applications dual-element fuses can be sized at ampacity of feeder conductors.
Available short-circuit current and the clearing time of the overcurrent device must be considered so that
the conductor’s ICEA (P32.382) withstand rating is not exceeded.
NEC® allows a maximum of 175% or the next standard size if 175% does not correspond with a standard
fuse size, for all but wound rotor and DC motors.

Main, Feeder, and Branch Circuit Fuse Sizing Guide
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Fuse Recommendations
601 to 6000A LOW-PEAK® YELLOW Time-Delay Fuse 

KRP-C_SP
1/10 to 600A    LOW-PEAK® YELLOW

Dual-Element, Time-Delay Fuses 
LPN-RK_SP(250V); LPS-RK_SP(600V) or 
LPJ_SP (600V)
FUSETRON® Dual-Element Fuses
FRN-R (250V); FRS-R (600V)



General
Fuses shall not be installed until equipment is ready to be ener-
gized. This measure prevents fuse damage during shipment of the
equipment from the manufacturer to the job site, or from water that
may contact the fuse before the equipment is installed. Final tests
and inspections shall be made prior to energizing the equipment.
This shall include a thorough cleaning, tightening, and review of all
electrical connections and inspection of all grounding conductors.
All fuses shall be furnished and installed by the electrical contrac-
tor. All fuses shall be of the same manufacturer. Fuses shall be as
follows:

A. Main, Feeder, and Branch Circuit Fuses
1. Circuits 601 through 6000 amperes

Circuits 601 through 6000 amperes shall be protected by cur-
rent-limiting BUSSMANN® LOW-PEAK® YELLOW Time-Delay
Fuses KRP-C(amp)SP. Fuses shall be time-delay and shall hold
500% of rated current for a minimum of 4 seconds, clear 20 times
rated current in .01 seconds or less, with an interrupting rating of
300,000 amperes RMS symmetrical, and be listed by a nationally
recognized testing laboratory. Peak let-through currents and I2t let-
through energies shall not exceed the values established for Class
L fuses. Larger HP motors shall be protected by these fuses, with
ratings as shown on the drawings.

2. Circuits 0 through 600 amperes
Circuits 0 through 600 amperes shall be protected by current-

limiting BUSSMANN® LOW-PEAK® YELLOW Dual-Element, Time-
Delay Fuses LPN-RK(amp)SP/LPS-RK(amp)SP (or LPJ(amp)SP.
All fuses shall have separate overload and short-circuit elements.
Fuses shall incorporate a spring activated thermal overload ele-
ment that has a 284 degrees Fahrenheit melting point alloy. The
fuses shall hold 500% of rated current for a minimum of 10 seconds
(30A, 250V Class RK1 case size may be a minimum of 8 seconds
at 500% of rated current) with an interrupting rating of 300,000
amperes RMS symmetrical, and be listed by a nationally recog-
nized testing laboratory. Peak let-through currents and I2t let-
through energies shall not exceed the values established for Class
RK1 or J fuses.

Motor Circuits - All individual motor circuits with full-load
ampere ratings (F.L.A.) of 461 (or 400) amperes or less shall be pro-
tected by BUSSMANN® LOW-PEAK® YELLOW Dual-Element,
Time-Delay Fuses LPN-RK(amp)SP/LPS-RK(amp)SP (or
LPJ(amp)SP). The following guidelines apply for motors protected
by properly sized overload relays: LPN-RK(amp)SP/LPS-RK(amp)SP
fuses shall be installed in ratings of 130% (or 150% for LPJ(amp)SP
fuses) of motor full-load current (or next size larger if this does not
correspond to a fuse size), except where high ambient tempera-
tures prevail, or where the motor drives a heavy revolving part
which cannot be brought up to full speed quickly, such as large
fans. Under such conditions the fuse may be 175%* of the motor
full-load current, or the next standard size larger if 175%* does not
correspond to a standard fuse size. If this will not allow the motor to
start due to higher than normal inrush currents or longer than nor-
mal acceleration times (5 seconds or greater), fuses may be sized
up to 225% (or next size smaller).

Motor Controllers - NEMA and IEC Style motor controllers shall
be protected from short-circuits by BUSSMANN® LOW-PEAK®

YELLOW Dual-Element, Time-Delay Fuses in order to provide
testing agency-witnessed Type 2 coordination for the controller.
This provides “no damage” protection for the controller, under low
and high level fault conditions, as required by IEC Publication
947-4-1 and UL 508E (Outline of Investigation).
*150% for wound rotor and all DC motors.

3. Switchboards, Panelboards, Load Centers
The manufacturer shall supply equipment utilizing fully rated

and listed components. This equipment shall be tested, listed and
labeled for the available short-circuit current.
(Where series-rated fuse/circuit breaker systems are acceptable,
the systems shall utilize tested, recognized components. The man-
ufacturer shall supply switchboards, panelboards and load centers
which have been tested, listed, and labeled for the available short-
circuit current, and those combinations specified on the drawings.)

4. Marking
Fuses shall be “LOW-PEAK® YELLOW in color. “LOW-PEAK®

YELLOW NOTICE labels to alert the end user of the engineered
level of protection of the electrical equipment shall be field installed
by the electrical contractor. They shall be marked with the proper
fuse rating, per the specifications, and placed in a conspicuous
location on the enclosure. These labels are available upon request
from Bussmann.

B.Supplementary - Light Fixture Protective Fuses
1. Fluorescent fixtures shall be protected by BUSSMANN® GLR or
GMF Fuses in HLR Holders. These fixtures shall have individual
protection on the line side of the ballast. A fuse and holder shall be
mounted within, or as part of, the fixture. Size and type of fuse to be
recommended by the fixture manufacturer.

2. All other ballast-controlled light fixtures shall be protected by
BUSSMANN® KTK or FNQ Fuses in HEB HEX, HEY, HPF, or HPS
Holders. These fixtures shall have individual protection on the line
side of the ballast. Fuse and holder shall be mounted in a location
convenient for changing fuses. Holder shall be mounted in protect-
ed location or be an in-line waterproof holder (HEB, HEX, or HEY).
Size and type of fuse to be recommended by the fixture manufac-
turer or as indicated on plans.

C.Spares
Upon completion of the building, the electrical contractor shall pro-
vide the owner with spare fuses as shown below:
1. 10% (minimum of 3) of each type and rating of installed fuses
shall be supplied as spares.

2. BUSSMANN® spare fuse cabinets - Catalog No. SFC - shall be
provided to store the above spares. A supply of “LOW-PEAK®

YELLOW NOTICE Labels shall be provided along with the spare
fuses in the spare fuse cabinet.

D.Substitution Approvals
The electrical contractor’s proposal shall be based upon the fuses
specified, using the manufacturer’s catalog numbers as called for
in the specification or on the drawings. Coordination and current
limitation requirements for protection of each part of the electrical
system have been engineered on the basis of the type, class and
manufacturer specified.

In the event that the electrical contractor wishes to furnish mate-
rials other than those specified, a written request, along with a com-
plete short-circuit, component protection and selective coordination
study, shall be submitted to the engineer for evaluation at least two
weeks prior to bid date. If the engineer’s evaluation indicates accep-
tance, a written addendum will be issued listing the other acceptable
manufacturer.

Suggested Fuse Specification
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Fuse Current-Limiting Let-Through Charts
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LOW-PEAK® YELLOW Class L Time-Delay Fuses
KRP-C_SP

KRP-C_SP Fuse – RMS Let-Through Currents (kA)

Prosp.
Fuse Size

Short 601 800 1200 1600 2000 2500 3000 4000 5000 6000

C.C. IRMS IRMS IRMS IRMS IRMS IRMS IRMS IRMS IRMS IRMS 

5,000 5 5 5 5 5 5 5 5 5 5

10,000 8 10 10 10 10 10 10 10 10 10

15,000 9 12 15 15 15 15 15 15 15 15

20,000 10 13 17 20 20 20 20 20 20 20

25,000 11 14 19 22 25 25 25 25 25 25 

30,000 11 14 20 24 27 30 30 30 30 30

35,000 12 15 21 25 29 35 35 35 35 35

40,000 13 16 22 26 30 35 40 40 40 40

50,000 14 17 23 28 32 37 50 50 50 50

60,000 15 18 25 30 34 40 49 60 60 60

70,000 15 19 26 32 36 42 52 62 70 70

80,000 16 20 27 33 38 44 54 65 76 80

90,000 17 21 29 34 39 45 56 67 79 90

100,000 17 22 30 36 41 47 58 70 81 100

150,000 20 25 34 41 47 54 67 80 93 104

200,000 22 27 37 45 51 59 73 87 102 114

250,000 24 29 40 49 55 64 79 94 110 123

300,000 25 31 43  52 59 68 84 100 117 30

Note: For IRMS value at 300,000 amperes, consult Factory.

LOW-PEAK® YELLOW Class J, Dual-Element Time-Delay Fuses
LPJ_SP
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LPJ_SP Fuse – RMS Let-Through Currents (kA)

Prosp. Fuse Size

Short 15 30 60 100 200 400 600

C.C. IRMS IRMS IRMS IRMS IRMS IRMS IRMS

1,000 1 1 1 1 1 1 1

3,000 1 1 1 2 2 3 3

5,000 1 1 1 2 3 5 5

10,000 1 1 2 2 4 6 8

15,000 1 1 2 3 4 7 9

20,000 1 1 2 3 4 7 10

25,000 1 1 2 3 5 8 10

30,000 1 1 2 3 5 8 11

35,000 1 1 2 4 5 9 12

40,000 1 2 3 4 6 9 12

50,000 1 2 3 4 6 10 13

60,000 1 2 3 4 6 11 14

80,000 1 2 3 5 7 12 15

100,000 1 2 4 5 8 12 17

150,000 1 2 4 6 9 14 19

200,000 2 3 4 6 9 16 21

250,000    2        3 5 7 10 17 23

300,000    2 3 5 7 11 18 24

Note: For IRMS value at 300,000 amperes, consult Factory.

See pages 71 to 73 for current-limiting definition and how to analyze these charts.
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LOW-PEAK® YELLOW Class RK1 Dual-Element Time-Delay Fuses 
LPN-RK_SP
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LPN-RK_SP – RMS Let-Through Currents (kA)

Prosp.
Fuse Size

Short 30 60 100 200 400 600

C.C. IRMS IRMS IRMS IRMS IRMS IRMS

1,000 1 1 1 1 1 1

2,000 1 1 2 2 2 2

3,000 1 1 2 3 3 3

5,000 1 2 2 3 5 5

10,000 1 2 3 4 7 9

15,000 1 2 3 5 8 11

20,000 1 3 3 5 8 11

25,000 1 3 3 5 9 12

30,000 2 3 4 6 9 12

35,000 2 3 4 6 10 13

40,000 2 3 4 6 10 13

50,000 2 3 4 7 11 14

60,000 2 3 4 7 11 16

70,000 2 3 4 7 12 16

80,000 2 4 5 8 12 16

90,000 2 4 5 7 13 17

100,000 2 4 5 8 13 17

150,000 2 4 6 9 15 19

200,000 3 5 6 11 16 20

250,000 3 5 7 11 17 21

300,000 3 6 7 12 18 22

LOW-PEAK® YELLOW Class RK1 Dual-Element Time-Delay Fuses 
LPS-RK_SP
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LPS-RK_SP – RMS Let-Through Currents (kA)

Prosp.
Fuse Size

Short 30 60 100 200 400 600

C.C. IRMS IRMS IRMS IRMS IRMS IRMS

1,000 1 1 1 1 1 1

2,000 1 1 2 2 2 2

3,000 1 1 2 3 3 3

5,000 1 2 2 3 5 5

10,000 1 2 3 4 7 10

15,000 1 2 3 5 8 11

20,000 2 3 3 5 9 12

25,000 2 3 4 6 9 12

30,000 2 3 4 6 10 13

35,000 2 3 4 6 10 13

40,000 2 3 4 6 10 14

50,000 2 3 5 7 11 15

60,000 2 4 5 7 12 15

70,000 2 4 5 8 13 16

80,000 2 4 5 8 13 16

90,000 2 4 5 8 13 17

100,000 2 4 6 9 14 17

150,000 3 5 6 10 15 19

200,000 3 5 7 11 16 21

250,000     3 6 7 12 17 22

300,000 3 6 7 12 18 23

See pages 71 to 73 for current-limiting definition and how to analyze these charts.
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PROSPECTIVE SHORT-CIRCUIT CURRENT - SYMMETRICAL RMS AMPERES

FUSETRON® Class RK5 Dual-Element Time-Delay Fuses
FRN-R

FUSETRON® Class RK5 Dual-Element Time-Delay Fuses
FRS-R

FRN-R – RMS Let-Through Currents (kA)

Prosp.
Fuse Size

Short 30 60 100 200 400 600

C.C. IRMS IRMS IRMS IRMS IRMS IRMS

5,000 1 2 3 5 5 5

10,000 2 3 4 7 10 10

15,000 2 3 5 8 11 15

20,000 2 4 5 8 12 16

25,000 2 4 6 9 13 17

30,000 2 4 6 10 14 18

35,000 2 4 6 10 15 19

40,000 2 5 7 11 15 20

50,000 3 5 7 11 17 21

60,000 3 5 8 12 18 22

70,000 3 6 8 13 19 23

80,000 3 6 8 13 19 24

90,000 3 6 9 14 20 25

100,000 3 6 9 14 21 26

150,000 4 7 10 16 24 29

200,000 4 8 11 18 26 32

FRS-R – RMS Let-Through Currents (kA)

Prosp.
Fuse Size

Short 30 60 100 200 400 600

C.C. IRMS IRMS IRMS IRMS IRMS IRMS

5,000 1 1 3 4 5 5

10,000 1 2 4 5 9 10

15,000 1 2 4 6 10 14

20,000 2 2 5 7 11 15

25,000 2 2 5 7 12 17

30,000 2 3 5 8 13 18

35,000 2 3 5 8 13 18

40,000 2 3 6 9 14 19

50,000 2 3 6 9 14 20

60,000 2 3 6 10 15 22

70,000 3 4 7 11 17 23

80,000 3 4 7 12 17 23

90,000 3 4 7 12 17 24

100,000 3 4 8 13 18 25

150,000 3 5 9 14 21 27

200,000 4 6 9 16 23 32

See pages 71 to 73 for current-limiting definition and how to analyze these charts.
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TRON® Class T Fast-Acting Fuses
JJN
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TRON® Class T Fast-Acting Fuses
JJS
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JJN – RMS Let-Through Current (kA)

Prosp.
Fuse Size

Short 15 30 60 100 200 400 600 800 1200

C.C. IRMS IRMS IRMS IRMS IRMS IRMS IRMS IRMS IRMS

500 1 1 1 1 1 1 1 1 1

1,000 1 1 1 1 1 1 1 1 1

5,000 1 1 1 1 2 3 5 5 5

10,000 1 1 1 2 2 4 6 7 9

15,000 1 1 1 2 3 4 6 9 10

20,000 1 1 1 2 3 5 7 10 11

25,000 1 1 2 2 3 5 7 10 12

30,000 1 1 2 2 3 5 8 11 13

35,000 1 1 2 3 4 6 8 11 13

40,000 1 1 2 3 4 6 9 11 13

50,000 1 1 2 3 4 7 9 12 15

60,000 1 1 2 3 4 7 10 13 16

70,000 1 1 2 3 5 7 10 14 17

80,000 1 2 2 3 5 8 11 15 17

90,000 1 2 2 3 6 8 11 15 18

100,000 1 2 2 4 6 8 12 16 19

150,000 1 2 3 4 6 9 13 17 22

200,000 2 2 3 4 7 9 15 19 23

JJS – RMS Let-Through Current (kA)

Prosp.
Fuse Size

Short 15 30 60 100 200 400 600 800

C.C. IRMS IRMS IRMS IRMS IRMS IRMS IRMS IRMS

500 1 1 1 1 1 1 1 1

1,000 1 1 1 1 1 1 1 1

5,000 1 1 1 2 3 4 5 5

10,000 1 1 1 2 3 6 8 9

15,000 1 1 2 3 4 7 10 11

20,000 1 1 2 3 4 7 10 12

25,000 1 1 2 3 5 7 11 13

30,000 1 1 2 3 5 8 12 14

35,000 1 1 2 3 5 9 13 15

40,000 1 2 2 4 5 9 13 15

50,000 1 2 2 4 6 10 14 17

60,000 1 2 3 4 6 10 16 18

70,000 1 2 3 4 7 11 17 19

80,000 1 2 3 4 7 11 17 20

90,000 1 2 3 4 7 12 18 21

100,000 2 2 3 5 7 12 19 22

150,000 2 3 4 6 8 14 22 25

200,000 2 3 4 6 9 16 24 28

See pages 71 to 73 for current-limiting definition and how to analyze these charts.
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LOW-PEAK® YELLOW Class CC Time-Delay Fuses 
LP-CC

LP-CC – RMS Let-Through Currents (A)

Prosp.
Fuse Size

Short 11/4 2 8/10 15 20 25 30

C.C. IRMS IRMS IRMS IRMS IRMS IRMS

1,000 100 135 240 305 380 435

3,000 140 210 350 440 575 580

5,000 165 255 420 570 690 710

10,000 210 340 540 700 870 1000

20,000 260 435 680 870 1090 1305

30,000 290 525 800 1030 1300 1520

40,000 315 610 870 1150 1390 1700

50,000 340 650 915 1215 1520 1820

60,000 350 735 1050 1300 1650 1980

80,000 390 785 1130 1500 1780 2180

100,000 420 830 1210 1600 2000 2400

200,000 525 1100 1600 2000 2520 3050

PROSPECTIVE SHORT-CIRCUIT CURRENT–SYMMETRICAL RMS AMPS

LIMITRON Class J Fast-Acting Fuses
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JKS – RMS Let-Through Currents (kA)

Prosp.
Fuse Size

Short 30 60 100 200 400 600

C.C. IRMS IRMS IRMS IRMS IRMS IRMS

5,000 1 1 2 3 4 5

10,000 1 2 3 4 6 9

15,000 1 2 3 4 7 10

20,000 1 2 3 5 8 11

25,000 2 3 3 6 9 12

30,000 2 3 3 6 9 13

35,000 2 3 4 6 9 13

40,000 2 3 4 7 10 14

50,000 2 3 4 7 10 15

60,000 2 3 5 7 11 16

70,000 2 3 5 8 11 17

80,000 2 3 5 8 12 17

90,000 2 4 6 9 13 18

100,000 2 4 6 9 13 18

150,000 2 5 6 9 14 22

200,000 3 5 7 10 16 24
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See pages 71 to 73 for current-limiting definition and how to analyze these charts.



Ampere
The measurement of intensity of rate of flow of electrons in an elec-
tric circuit. An ampere is the amount of current that will flow through
a resistance of one ohm under a pressure of one volt.
Ampere Rating
The current-carrying capacity of a fuse. When a fuse is subjected to
a current above its ampere rating, it will open the circuit after a pre-
determined period of time.
Ampere Squared Seconds, l2t
The measure of heat energy developed within a circuit during the
fuse’s clearing. It can be expressed as “Melting l2t”, “Arcing l2t” or
the sum of them as “Clearing l2t”. “l” stands for effective let-through
current (RMS), which is squared, and “t” stands for time of opening,
in seconds.
Arcing Time
The amount of time from the instant the fuse link has melted until the
overcurrent is interrupted, or cleared.
Breaking Capacity
(See Interrupting Rating)
Cartridge Fuse
A fuse consisting of a current responsive element inside a fuse tube
with terminals on both ends.
Class CC Fuses
600V, 200,000 ampere interrupting rating, branch circuit fuses with
overall dimensions of ⁄‹Ω£™∑ ≈ 1⁄Ω™∑. Their design incorporates a rejec-
tion feature that allows them to be inserted into rejection fuse hold-
ers and fuse blocks that reject all lower voltage, lower interrupting
rating ⁄‹Ω£™∑ ≈ 1⁄Ω™∑ fuses. They are available from ⁄Ω¡º amp through 30
amps.
Class G Fuses
⁄Ω™ - 20A@600Vac, 25-604@480Vac, 100,000 ampere interrupting
rating branch circuit fuses that are size rejecting to eliminate over-
fusing. The fuse diameter is  ⁄‹Ω£™∑ while the length varies from 1fiΩ¡§∑
to 2⁄Ω¢∑. These are available in ratings from ⁄Ω™ amp through 60 amps.
Class H Fuses
250V and 600V, 10,000 ampere interrupting rating branch circuit
fuses that may be renewable or non-renewable. These are available
in ampere ratings of 1 amp through 600 amps.
Class J Fuses
These rejection style fuses are rated to interrupt a minimum of
200,000 amperes AC. They are labelled as “Current-Limiting”, are
rated for 600Vac, and are not interchangeable with other classes.
They are available from 1 through 600 amperes.
Class K Fuses
These are fuses listed as K-1, K-5, or K-9 fuses. Each subclass has
designated I2t and lp maximums. These are dimensionally the same
as Class H fuses, and they can have interrupting ratings of 50,000,
100,000, or 200,000 amps. These fuses are current-limiting.
However, they are not marked “current-limiting” on their label since
they do not have a rejection feature.
Class L Fuses
These fuses are rated for 601 through 6000 amperes, and are rated
to interrupt a minimum of 200,000 amperes AC. They are labelled
“current-limiting” and are rated for 600Vac. They are intended to be
bolted into their mountings and are not normally used in clips. Some
Class L fuses have designed in time-delay features for all purpose use.
Class R Fuses
These are high performance fuses rated ⁄Ω¡º - 600 amps in 250 volt
and 600V ratings. All are marked “current-limiting” on their label
and all have a minimum of 200,000 amp interrupting rating. They
have identical outline dimensions with the Class H fuses but have a
rejection feature which prevents the user from mounting a fuse of
lesser capabilities (lower interrupting capacity) when used with
special Class R Clips. Class R fuses will fit into either rejection or
non-rejection clips.

Class T Fuses
An industry class of fuses in 300V and 600V ratings from 1 amp
through 1200 amps. They are physically very small and can be
applied where space is at a premium. They are fast-acting fuses,
with an interrupting rating of 200,000 amps RMS.
Classes of Fuses
The industry has developed basic physical specifications and elec-
trical performance requirements for fuses with voltage ratings of
600V or less. These are known as standards. If a type of fuse meets
the requirements of a standard, it can fall into that class. Typical
classes are K, RK1, RK5, G, L, H, T, CC, and J.
Clearing Time
The total time between the beginning of the overcurrent and the
final opening of the circuit at rated voltage by an overcurrent pro-
tective device. Clearing time is the total of the melting time and the
arcing time.
Current-Limitation
A fuse operation relating to short-circuits only. When a fuse operates
in its current-limiting range, it will clear a short-circuit in less than ⁄Ω™
cycle. Also, it will limit the instantaneous peak let-through current to
a value substantially less than that obtainable in the same circuit if
that fuse were replaced with a solid conductor of equal impedance.
Dual-Element Fuse
Fuse with a special design that utilizes two individual elements in
series inside the fuse tube. One element, the spring actuated trig-
ger assembly, operates on overloads up to 5-6 times the fuse cur-
rent rating. The other element, the short-circuit section, operates on
short-circuits up to its interrupting rating.
Electrical Load
That part of the electrical system which actually uses the energy or
does the work required.
Fast Acting Fuse
A fuse which opens on overload and short circuits very quickly. This
type of fuse is not designed to withstand temporary overload
currents associated with some electrical loads, when sized near the
full load current of the circuit.
Fuse
An overcurrent protective device with a fusible link that operates
and opens the circuit on an overcurrent condition.
High Speed Fuses
Fuses with no intentional time-delay in the overload range and
designed to open as quickly as possible in the short-circuit range.
These fuses are often used to protect solid-state devices.
Inductive Load
An electrical load which pulls a large amount of current – an inrush
current – when first energized. After a few cycles or seconds the
current “settles down” to the full-load running current.
Interrupting Capacity
Actual test current an overcurrent device sees during the short cir-
cuit test.
Interrupting Rating 
The rating which defines a fuse’s ability to safely interrupt and clear
short-circuits. This rating is much greater than the ampere rating of
a fuse. The NEC® defines Interrupting Rating as “The highest cur-
rent at rated voltage that an overcurrent protective device is intend-
ed to interrupt under standard test conditions.”
Melting Time
The amount of time required to melt the fuse link during a specified
overcurrent. (See Arcing Time and Clearing Time.)
“NEC” Dimensions
These are dimensions once referenced in the National Electrical
Code®. They are common to Class H and K fuses and provide inter-
changeability between manufacturers for fuses and fusible equip-
ment of given ampere and voltage ratings.
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Ohm
The unit of measure for electric resistance. An ohm is the amount of
resistance that will allow one ampere to flow under a pressure of
one volt.
Ohm’s Law
The relationship between voltage, current, and resistance,
expressed by the equation E = IR, where E is the voltage in volts, I
is the current in amperes, and R is the resistance in ohms.
One Time Fuses
Generic term used to describe a Class H nonrenewable cartridge
fuse, with a single element.
Overcurrent
A condition which exists on an electrical circuit when the normal
load current is exceeded. Overcurrents take on two separate char-
acteristics – overloads and short-circuits.
Overload
Can be classified as an overcurrent which exceeds the normal full
load current of a circuit. Also characteristic of this type of overcur-
rent is that it does not leave the normal current carrying path of the
circuit – that is, it flows from the source, through the conductors,
through the load, back through the conductors, to the 
source again.
Peak Let-Through Current, lp
The instantaneous value of peak current let-through by a current-
limiting fuse, when it operates in its current-limiting range.
Renewable Fuse (600V & below)
A fuse in which the element, typically a zinc link, may be replaced
after the fuse has opened, and then reused. Renewable fuses are
made to Class H standards.
Resistive Load
An electrical load which is characteristic of not having any signifi-
cant inrush current. When a resistive load is energized, the current
rises instantly to its steady-state value, without first rising to a high-
er value.
RMS Current
The RMS (root-mean-square) value of any periodic current is equal
to the value of the direct current which, flowing through a resis-
tance, produces the same heating effect in the resistance as the
periodic current does.
Semiconductor Fuses
Fuses used to protect solid-state devices. See “High Speed Fuses”.

Short-Circuit
Can be classified as an overcurrent which exceeds the normal full
load current of a circuit by a factor many times (tens, hundreds or
thousands greater). Also characteristic of this type of overcurrent is
that it leaves the normal current carrying path of the circuit – it takes
a “short cut” around the load and back to the source.
Short-Circuit Current Rating
The maximum short-circuit current an electrical component can
sustain without the occurrence of excessive damage when protect-
ed with an overcurrent protective device.
Single-Phasing
That condition which occurs when one phase of a three-phase sys-
tem opens, either in a low voltage (secondary) or high voltage (pri-
mary) distribution system. Primary or secondary single-phasing can
be caused by any number of events. This condition results in unbal-
anced currents in polyphase motors and unless protective mea-
sures are taken, causes overheating and failure.
Threshold Current
The symmetrical RMS available current at the threshold of the
current-limiting range, where the fuse becomes current-limiting
when tested to the industry standard. This value can be read off of
a peak let-through chart where the fuse curve intersects the A-B
line. A threshold ratio is the relationship of the threshold current to
the fuse’s continuous current rating.
Time-Delay Fuse
A fuse with a built-in delay that allows temporary and harmless
inrush currents to pass without opening, but is so designed to open
on sustained overloads and short-circuits.
Voltage Rating
The maximum open circuit voltage in which a fuse can be used, yet
safely interrupt an overcurrent. Exceeding the voltage rating of a
fuse impairs its ability to clear an overload or short-circuit safely.
Withstand Rating
The maximum current that an unprotected electrical component
can sustain for a specified period of time without the occurrence of
extensive damage.
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Electrical Formulas
To Find Single-Phase Two-Phase Three-Phase Direct Current

Amperes when kVA is known kVA ≈ 1000 kVA ≈ 1000 kVA ≈ 1000 Not Applicable
E E ≈ 2 E ≈ 1.73

Amperes when horsepower is known HP  ≈ 746 HP ≈ 746 HP ≈ 746 HP ≈ 746
E ≈ % eff. ≈ pf E ≈ 2 ≈ % eff. ≈ pf E ≈ 1.73 ≈ % eff. ≈ pf E ≈ % eff.

Amperes when kilowatts are known kW ≈ 1000 kW ≈ 1000 kW ≈ 1000 kW ≈ 1000
E ≈ pf E ≈ 2 pf E ≈ 1.73 ≈ pf E

Kilowatts I ≈ E ≈ pf I ≈ E ≈ 2 ≈ pf I ≈ E ≈ 1.73 ≈ pf I ≈ E
1000 1000 1000 1000

Kilovolt-Amperes I ≈ E I ≈ E ≈ 2 I ≈ E ≈1.73 Not Applicable
1000 1000 1000

Horsepower I ≈ E % eff. ≈ pf I ≈ E ≈ 2 ≈ % eff. ≈ pf I ≈ E ≈ 1.73 ≈ % eff. ≈ pf I ≈ E ≈ % eff.
746 746 746 746

Watts E ≈ I ≈ pf I ≈ E ≈ 2 ≈ pf I ≈ E ≈ 1.73 ≈ pf E ≈ I

Energy Efficiency  = Load Horsepower ≈ 746
Load Input kVA ≈ 1000

Power Factor   =   pf   = Power Consumed   = W   or kW   =   cosθ
Apparent Power VA kVA

I = Amperes E = Volts kW = Kilowatts kVA = Kilovolt-Amperes
HP = Horsepower % eff. = Percent Efficiency pf = Power Factor



Free Training at www.bussmann.com

Training / education presentations are available under Services/On-Line Training.  A specific topic may be available
on this site in one or two different formats. The contents and effects of the two versions may differ due to the dif-
ferent capabilities of the formats.
Narrated On-Line Presentation - Narrated presentations can be played on-line over the Internet. The audio narra-
tion plays on your computer speakers while the graphic presentation displays on your computer monitor.
Downloadable Presentations - PowerPoint presentations with scripts that can be downloaded to your computer and
shown using PowerPoint. You can use these presentations for your own individual learning or presenters/trainers
can use them for group sessions.

Listed below are the presentations available on-line at the time of this publication.  Presentations are periodically
revised and new ones are added, so check the site.

NEC® Section Topics 
110.16 New 2002 NEC Arc Flash Hazard Marking Requirement

240.85 Two new 2002 NEC® changes to this section: slash voltage ratings and single pole interrupting capability
for circuit breakers.

430.102 Covers 2002 NEC® revision for motor disconnecting means

Overcurrent Protection Seminar Presentation Topics
Application Considerations

Types of Overcurrents & Calculations

Types of Overcurrent Protective Devices

Voltage Rating

Interrupting Rating

Interrupting Rating Review & Series Rating

Current-Limitation

Component Protection

Electric Hazards

Arc Flash Boundaries & Design

Selective Coordination

Transformer Protection

Elevator Codes & Standards

Motor Protection

Industrial Control Panels

Industrial Machinery

Testing & Maintenance
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A B Upgrade A B Upgrade

A6Y type 2B FNQ [0-15A] LP-CC A6D LPS-RK LPS-RK_SP
ABU ABU A6K-R KTS-R
AGU AGU A6K-R KTS-R
ATDR LP-CC A6X type 1 KTS-R
ATM KTK ATS-DE FRS-R
ATMR KTK-R CHR KTS-R

CTS-R KTS-R

BAN BAN
DES FRS-R
DES-R FRS-R
DLS FRS-R
DLS-R FRS-R
ECS-R FRS-R
ERS RES
FLS FRS-R
FLS-R FRS-R

FRS FRS-R

A B Upgrade FRS-R FRS-R
A2D LPN-RK LPN-RK_SP FTS-R KTS-R
A2D-R LPN-RK GDS FRS-R
A2K KTN-R HA KTS-R
A2K-R KTN-R KLS-R KTS-R

A2Y type 1 KTN-R KOS NOS
AT-DE FRN-R KTS-R KTS-R
CHG KTN-R LES FRS-R

CRN-R  type 3 FRN-R LES-R FRS-R
CTN-R KTN-R LES-RK LPS-RK
DEN FRN-R LKS LKS
DLN DLN-R LLS-RK LPS-RK
DLN-R DLN-R LOS-RK LPS-RK
ECN FRN-R NLS NOS*
ECN-R FRN-R NOS NOS
ERN REN NRS NOS
FLN FRN-R OTS NOS*

LP-CC FLN-R FRN-R RES RES
FRN FRN-R RFS RES
FRN-R FRN-R RHS KTS-R
FTN-R KTN-R RLS RES
GDN FRN-R SCLR KTS-R
HAC-R FRN-R TRS FRS-R
HB KTN-R TRS-R FRS-R
KLN-R KTN-R 656 NOS
KON NON 10KOTS NOS
KTN-R KTN-R 50KOTS NOS* LPS-RK_SP

LENRK LPN-RK
LKN LKN

LLN-RK LPN-RK

LON-RK LPN-RK A B Upgrade

A B Upgrade NCLR KTN-R A4BQ KRP-C KRP-C_SP
A4J JKS LPJ_SP NLN NON* A4BT KLU
AJT LPJ NON NON A4BY KLU
CJ JKS NRN NON A4BY type 55 KRP-C
CJS JKS OTN NON* CLASS L KRP-C
GF8B JKS OTN PON CLF KRP-C
HRCXXJ JKS REN REN CLL KLU
J JKS RFN REN CLU KLU
JA JKS RFN REN HRC-L KTU
JCL JKS RHN KTN-R KLLU KLU
JDL LPJ RLN REN KLPC KRP-C
JFL JKS TR FRN-R KLU KLU
JHC LPJ 655 NON KTU KTU
JKS JKS 660 REN L KTU
JLS JKS 10KOTN NON LCL KRP-C
JTD LPJ LPJ_SP 50KOTN NON* LPN-RK_SP LCU KTU KRP-C_SP

* 10kAIR RMS Sym. 65 to 600A

The comparative catalog numbers shown in the SPD were derived from the latest available published information from various manufacturers.  Because competitors’ products 

may differ from Bussmann® products, it is recommended that each application be checked for required electrical and mechanical characteristics before substitutions are made.  

Bussmann is not responsible for misapplications of our products.

Overcurrent protection is application dependent. Consult latest catalogs and application literature, or contact our Application Engineering Department at (636) 527-1270.

CLASS J

CLASS L

CLASS R   250V

CLASS CC and MIDGET CLASS R   600VThe Bussmann LOW-PEAK® Upgrade offers superior 

performance while reducing the number of SKU’s that 

need to be in stock.  LOW-PEAK fuses feature a high 

degree of current limitation, which will provide the best 

component protection and may reduce the arc flash 

hazard.  Listings are numerical-alpha by fuse class 

and competitors’ catalog symbol.  Do you have a part 

that does not appear in the list?  This list is only a 

consolidated cross-reference to some of our most 

common products.  For a much more extensive 

database please consult the competitor cross-

reference on 

www.bussmann.com  

or contact Customer Satisfaction at 

                         
 

Column 'A' represents competitor P/N's, column 'B' represents the Bussmann equivalent, last column represents the Bussmann LOW-PEAK upgrade

(636) 527-3877

ATQ FNQ
BAF BAF

BLF BAF
BLN BAN
CCMR LP-CC
CM BAF
CMF BAN
CNM FNM
CNQ FNQ
CTK KTK
CTK-R KTK-R
FLM FNM
FLM FNW

FNM FNM

FNW FNW
GGU AGU
HCLR KTK-R
KLK KTK
KLK-R KTK-R
KTK KTK
KTK-R KTK-R
MCL KTK
MEN FNM

MOF BAN
MOL BAF
OTM BAF
TRM FNM
6JX KTK

FLQ FNQ

FNQ FNQ

MEQ FNQ

ATQR FNQ-R FNQ-R
FNQ-R FNQ-R FNQ-R

FNQ-R suggested on primary of control transformers

KLDR FNQ-R FNQ-R

Bussmann® Fuse Cross Reference &
LOW-PEAK® Upgrade
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