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Introduction

Westinghouse power fuses offer such
diverse characteristics that alm@st any fuse
application, within the,practical range of
such interrupting dévicespmay b e satisfied.
These diversedeharaetéristics are offered, in
part, by the produgtiongef both expulsion
and current limiting‘power fuses. Expulsion
and current limiting, fuses provide diverse
characteristies py employing different areas
of fuse teehnology. This difference in tech-
nology alongpwith the diverse characteris-
tics require that different questions be
answeredwhen applying expulsion and cur-
rent-limiting fuses. For this reason, and in
an attempt to avoid confusion, this applica-
tion'data pertains only to expulsion fuses.
See, Application Data 36-686 for information
on the application of current-limiting fuses.

General Information

The main types of expulsion fuses produced
by Westinghouse are the indoor RBA, the
outdoor dropout RDB and the indoor/out-
door DBU. Westinghouse also produces the
DBA and the BA, however, with the excep-
tion of the outdoor dropout DBA rated 46
and 69 KV both lines have been made obso-
lete by the RBA and the RDB.

The latest addition to the Westinghouse
expulsion fuse line is the DBU. It is lighter
and less expensive than the higher rated
RBA/RDB fuses and is well suited for the
protection of overhead distribution trans-
formers, substation equipment, industrial
transformer installations and radial distribu-
tion circuits. A full line of Westinghouse
mountings is available for outdoor installa-
tions. The fuse is also utilized as a replace-
ment in metal enclosure applications where
a "“fuse condenser’” (ANSI C37-100-1981) is
utilized.

With the exception of the mounting and the
addition of a kickout pin to the RDB, the
construction of the RBA and RDB is identi-
cal. The fuse unit is comprised of a mount-
ing, fuse holder which includes the spring
and shunt assembly, refill and a discharger
filter or condenser for indoor applications.
These parts are shown in DB 36-634.

Indoor RBA or DBU fuses may employ
either a disconnect or a nondisconnect
mounting. Each of these mountings has the
terminals front connected. Indoor, nondis-
connect mountings may be equipped with
indicators. Outdoor mountings for the RDB,
and DBA, on the other hand, must be dis-
connecting due to the dropout feature.

Concerning the outdoor mounting and the
DBU, RDB and DBA fuses it must be emp ha-
sized that unblown fuses should not be left
hanging in the disconnected position for
long periods of time. If the weather seal on
these fuses is broken or damaged, water
may damage the fuse. The integrity of these
seals is directly related to the integrity of
the fuse and these seals should be checked
periodically and replaced, if necessary.
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Westinghouse expulsion fuses use boric acid
for the interrupting medium. When a fuse
element melts, the heat of the arc decomposes
the boric acd producing water and boric an-
hydride which extinguishes the arc by blast-
ing through it and exciting out the bottom

of the fuse. This interruption process pro-
duces both an exhaust and a good deal of
noise. To moderate this exhaust a discharge
filter or condenser is added to indoor fuses.
The discharge filter limits the exhaust to a
small and relatively inert amount of gas and
lowers the noise level with no effect on the
interrupting rating of the fuse. A condenser
almost completely absorbs and contains the
exhaust while further lessening the noise
level; however, the condenser requires a
reduction of the interrupting rating of the fuse.

Fuse Selection

There are four considerations involved in the
selection of a power fuse. The first three con-
siderations are the voltage rating; the inter-
rupting rating including rate of rise of re-
covery voltage considerations, and the con-
tinuous current rating of the fuse. Proper at-
tention should be given to each of these
considerations as improper application in any
one area may result in the fuse failing to per-
form its intended function. The fourth con-
sideration is coordination with line and load
side protective equipment which is needed
to give selectivity of outage and to prevent
premature fuse blowing. Each of the four
areas are discussed in detail in the following
information.

Voltage Rating

The first rule regarding fuse application is that
the fuse selected must have a maximum de-.
sign voltage rating equal to or greater than the
maximum normal frequency recovery voltagé
which will be impressed across the fuse by‘the
system under all possible conditions. In‘most
cases this menas the maximum design vol=
tage of the fuse must equal or exceed'the
system maximum line-to -line voltage, The
only exception to this rule occurs whemfusing
single-phase loads connected ffomling-to-
neutral on a four-wire effectively grounded
system. Here the fuse maximum-design vol-
tage need only exceed'the system maximum
line-to-neutral voltage providing'itis im-
possible under all fault conditiofrs for the fuse
to experience the full'line-to-line voltage.

A good rule of thumb is that if more than
one phase of the system is extended

beyond the fuse location, the fuse maxi-
mum design voltage should equal or exceed
the system ‘maximum line-to-line voltage
regardlessiefhow the three-phase system is
groundedion the source side of the fuse or
howythe®transformers or loads are con-
nected on the load side of the fuse. Many
people,showever, choose to fuse wye
grounded wye transformers with fuses with
a veltage rating which only exceeds the sys-
tem line-to-neutral voltage. In most cases
this presents no problems but the user
should be aware of the remote possibility of

a secondary phase-to-phase ungrounded
fault which could impose full line-to-line
voltage across the fuse. When only one
phase of a four-wire effectively grounded
system is extended beyond the fuse to sup-
ply a load connected from phase-to-neutral
itis usually acceptable to have the fuse
maximum design voltage equal or exceed
the system maximum line-to-neutral
voltage.

It is permissible for expulsion fuse voltage
ratings to exceed the system voltage by any
desired amount but under no circumstances
may the system voltage exceed the fuse maxi-
mum design voltage.

Interrupting Rating

The rated interrupting capacity offpower fdses
is the rms value of the symmetrical.compo-
nent, AC component, of the highesticurrent
which the fuse is able to su¢cessfullyiinter-
rupt under any condition of asymmetiy.)In
other words, the interrupting’rating,denotes
the maximum symmetricakfault current per-
mitted at the fuse locatign.

Another way of rating'the intesrupting rating
of power fuses congerns theyasymmetrical
fault current./Asymmefrical currents are re-
lated to symmetrical curfents by the asym-
metry factor which is the ratio of the rms
value of,the‘asymmetrical current, which in-
cludes a'DC component, at some instant after
fault initiationpto the rms value of the sym-
metrigal component of current.

Figure|1: Asymmetry Factor
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Asymmetry factors for a time corresponding

to 1/2 cy cle after fault initiation are a function
of the circuit X/R ratio and‘this relationship

is shown in Figure (1). Theoretically, the maxi-
mum asymmeftry facter in a purely inductive
circuit ish732showever, with the X/R ratios
encounteredjin péwer circuits it is rarely ever
more thamyl .6 atyl/2 cycle. Fuse standards,
ANSI €37.46,2.5, Table 1, call for asym-
metry fagtors/of 1.56 to 1.6. The mimimum
asymme trysfactor at which Westinghouse
power fuses are tested to determine their maxi-
mum interrupting ratingis 1.6. In general,
asymmetrical currents can be converted to
their symmetrical counterpart by dividing the
asymmetrical value by 1.6.

A third way to rate the interrupting rating of
power fuses is with nominal three-phase KVA
ratings. Three-phase KVA ratings are cal-
culated by the formula | X KV X 1.732 where

| is the interrupting current in symmetrical rms
amperes and KV is the fuse nominal voltage
rating. With this method it should be kept in
mind that power fuses are not constant KVA
devices, that is, if the voltage is half the fuse
rating the interrupting current does not

do uble but remains the same. The fuse will
interrupt any current up to the maximum
rated interrupting current as long as the nor-
mal frequency recovery voltage does not ex-
ceed the fuse maximum design voltage rating.
Using the KVA rating for anything other than
rough overall classification is contrary to the
design principles of expulsion power fuses.

10
Circuit X/R Ratio
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Table (1) lists the symmetrical, asymmetrical
and nominal three-phase KVA interrupting
ratings of expulsion fuses produced by West-
inghouse. Note that use of the condenser re-
duces the interrupting rating. Values listed in
the table are valid for both 50 and 60 hertz
systems. For application on 25 hertz systems
use the derating factors given in Table (2) to
determine the interrupting rating.

When the fusible element in an expulsion fuse
melts as the result of a fault, an arc is es-
tablished within the fuse. Normal operation

of an expulsion fuse causes elongation of the
arc but the current continues to flow in the
circuit and in the fuse until a currentzero is
reached. When the arc is extinguished at a
current zero, the voltage across the fuse ter-
minals changes from the relatively low arc
voltage to the steady state power frequency
recovery voltage. This recovery voltage is
determined by the system configuration and
type of fault and/or load connections. The
voltage waveform across the fuse terminals
during the transition from arc voltage to power
frequency recovery voltage is referred to as the
transient recovery voltage. Transient recovery
voltages can produce high voltage stresses
across the fuse terminals, thus the dielectric
strength between the fuse terminals must rise
faster than the transient recovery voltage if

a successful interruption is to occur. Imped-
ance within the circuit determines the resonant
or natural frequency of the transient recovery
voltage after the arc is extinguished. This ref-
quency of oscillation and the amplitude
factor, defined as the ratio of the highest peak
value of transient recovery voltage to the peak
of the power frequency recovery voltage,
define the transient recovery voltage impres-
sed across the fuse terminals.

Primary faults, or faults on the primary side
of a transformer, generally produce higher
short circuit currents and less severe trans-
ient recovery voltages while secondary
faults produce lower short circuit currents
and more severe transient recovery voltages,
due to the insertion of the transformerim,
pedance in the circuit. Westinghouse ref
cognizes the effects of differentyparameters
involved in primary and secéndaryifault
phenomenon and has testéd its,RBA“and
RDB line of fuses to prave their integrity at
successfully clearing againststhe transient
recovery voltages associated ‘withfboth types
of faults. Table (3) lists the transient re-
covery voltage natural frequencies and am-
plitude factors to which the fuses were
tested, all of which are move severe than
the recommendedistandards for high voltage
expulsion fuseSyproposed by the Inter-
national ElectroaTechnical Commission.

Another consideration in applying power
fuses is the altitude at which the application
is made.{Ihedielectric strength of air

Table 1 — Expulsion Fuse Interrupting Ratings

Voltage KV Indoor With Discharge Filter & Indoor with Condenser
Outdoor Vented
Nominal Max. Sym. Amps Asym. Amps 3-Phase Sym. Amps Asym. Amps 3-Phase
Design Sym. MVA Sym. MVA
RBA-RDB-200 RBA-200 RDB-200 RBA-200
2.4 2.75 19000 30000 80 10000 16000 42
416 48 19000 30000 137 10000 16000 72
48 55 19000 30000 158 10000 16000 83
7.2 8.25 16600 26500 205 10000 16000 125
138 144 14400 23000 345 8000 12800 191
144 155 14400 23000 360 8000 12800 200
230 255 10500 16800 420 6300 10100 250
345 38.0 6900 11100 410 5000 8000 300
RBA-RDB-400 RBA-400 RDB-400 RBA-400
RBA-RDB-800 RBA-800 RDB-800 RBA-800
24 2.75 37500 60000 150 20000 32000 84
416 48 37500 60000 210 20000 32000 144
4.8 55 37500 60000 810 20000 32000 166
7.2 8.25 29400 47000 365 16000 25600 200
13.8 144 36000 57600 859 12500 20000 300
14.4 15.5 29400 47000 730 12500 20000 312
23.0 255 21000 33500 840 10000 16000 400
345 38.0 16800 26800 1000 10000 16000 600
DBU DBU Outdoor Viented DBU Indoor with Condenser
24 275 14000 22400 58 14000 22400 58
416 48 14000 22400 100 14000 22400 100
4.8 55 14000 22400 116 14000 22400 116
7.2 825 14000 22400 174 14000 22400 174
13.8 144 14000 22400 334 14000 22400 334
144 1741 14000 22400 349 14000 22400 349
23.0 27.0 12500 20000 500 ... L. AN
345 38.0 10000 16000 600 ... .
DBA-1 DBA-1 Outdoor Vented
24 275 6300 10100 26
416 4.8 6300 10100 45
48 5.5 6300 10100 52
72 8.25 6300 10100 78
13.8 144 6300 10100 150
144 158 6300 10100 157
230 255 6300 10100 251
34.5 3840 5000 8000 298
4610 483 4000 6400 318
69.0 725 2500 4000 298
DBA-2 DBA-2 Outdoor Vented
230 255 12500 20000 497
34.5 38.0 12500 20000 746
46.0 48.3 12500 20000 995
69.0 725 10000 16000 1194
DBA-5 DBA-5 Outdoor Vented
23.0 255 8000 12800 318
345 38.0 8000 12800 477
46.0 48.3 6300 10100 501
69.0 725 5000 8000 597

decreases with increases in altitude, neces-
sitating a reduced interrupting rating above
3300 feet. Table (4) gives the correction
factors for different altitudes as listed in
ANSI C37.40-2.3.

Power fuses also have limits on inter-
rupting low currents. These devices are
fault protective devices and not overload
protective devices. No ‘E’ rated fuse pro-

vides protection for all values of overload
current between the range of one to two
times its continuous current rating. Refer to
the following section on continuous current
for additional details.

Remember that under no circumstances may
a fuse be applied where the available fault
current exceeds the interrupting rating of
the fuse.
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Table 2 — Derating Factors for 25 Hz

To find the interrupting rating at 25 hertz multiply the desired rating from Table 1 by the ap-
propriate value from the following list.

Voltage KV RBA-200 RBA-400 DBA-1
RDB-200 RDB-400 DBA-
Nominal Max. DBS RBA-800 DBA-5
Design RDB-800
24 2.75 A5 37 .75
416 4.8 .45 37 .75
48 55 .45 37 .75
7.2 8.25 45 37 .70
13.8 144 47 35 .70
144 155 47 35 .70
230 255 .53 .35 .60
345 380 .69 .40 .62
46.0 483 L . .67
690 725 Ce )

Table 3 - Transient Recovery Voltage Values for RBA, RDB and DBU Fuses

Voltage KV Primary Fault Secondary Fault
Nominal Max. Recovery Amplitude Recoveéry Amplitude
Design Frequency Factor Frequency. Factor
in KHz in KHz
2.4 2.75 9.0 1.6 26.0 1.6
416 4.8 9.0 1.6 26.0 1.6
4.8 55 9.0 1.6 260 1.6
7.2 825 9.0 1.6 26.0 1.6
13.8 14.4 5.5 1.6 174 1.6
14.4 15.5 55 1.6 174 1.6
230 255 42 1.6 13.0 1.6
345 38.0 39 1.6 8.5 1.6

Table 4 — Altitude Corrections from
ANSI| C37.40-2.3

RBA-RDB-200

I . - Max Design RBA-RDB-200
Altitude Above Interrupting Continuous Kv Standard Time Lag
Sea Level Rating Current [ — . -
Feet ~  Meters  Times ~  Times _ 2.75 10E to 200E 20E to 200E
5.5 10E to 200E 20E to 200E
0 190 109 1.9 825 10E to 200E 20E to 200E
5000 1500 '95 ‘99 14.4 10E to 200E 20E to 200E
6000 1800 92 98 155 10E to 200E 20E to 200E
7000 2100 89 ‘o8 255 10E to 200E 20E to 200E
8000 2400 ‘86 '97 380 10E to 200E 20E to 200E
9000 2700 .83 .96 o e
10000 3000 80 % Max. Design  DBU DBU
12000 3600 75 95 Kv Standard® Fast@
14000 4300 .70 93 —— e = 0 _ .
19000 gggg 'g? ‘gf 17.1 15E to 200E 1.0 to 200K
20000 6100 56 90 270 15E to 200E 1.0 to 200K
- - 4 o ———— 380 15E to 200E 1.0 to 200K
Max. Design DBA-1,2,5 ) o o
Kv Standard
8.25 %E to 200E
155 %E to 200E
255 %E to 200E
38.0 %E to 200E
48.3 %E to 200E
72.5 %E to 200E

Table 5~ Continuous Current Ratings Available in Westinghouse Expulsion Fuses
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Continuous Current Rating

Power fuses are designed)so that they can
carry their rated,current continuously with-
out exceeding thegtemperature rises per-
mitted by, NEMA“and ANSI standards. The
continuousieurrentfratings available in
Westinghouseifuses are shown in Table (5).
Thesefcurrent ratings carry an ‘E’ designa-
tion defined in"ANSI C37.40 to C37.47 of
1981, and NEMA SG2 as:

A). The|current-responsive element of a power
fusé rated 100 E amperes or below shall
meltin 300 seconds at an rms current
within the range of 200 to 240 per cent
of the continuous current rating.

B) The current-responsive element of a
power fuse rated above 100 E shall melt
in 600 seconds at an rms current within
the range of 220 to 264 percentof the
continuous current rating.

Although the ‘E’ rating does not make time-
current curves identical, it does produce a
similarity among different manufacturer’'s
fuses as they all must satisfy the above re-
quirements. The 'E’ rating also reflects the 2:1
minimum melting current versus continuous
current rating ratio which is a design feature
of power fuses resulting from the average re-
quirements of general purpose high voltage
fuse applications and inherent features of
conventional fuses.

RBA-RDB-400
#_Standard

RBA-RDB-400
Time Lag

20E to 400E®
20E to 400E®
20E to 400EQ
20E to 400E®
20E to 400E®
20E to 300E®@
20E to 300E®

/2E to 400E @
2E to 400ED
2E to 400E®
2E to 400ET
'/2E to 400ED®
2E to 300E®@
Y2E to 300E®@

® Using the 2 paralleled 800 fuse design, which has a
10% derating factor, ratings of 450, 540 and 720
are available.

@ Using the .2 paralleled 800 fuse design, which has a
10% derating factor, ratings of 450 and 540 are
available

® E ampere rating sizes, %, 1, 15, 20, 25, 30, 40, 50, 65,
80, 100, 125, 150, 175, 200.

@ K ampere rating sizes, 3,6, 8,10, 12, 15, 20, 25, 30,
40, 50, 65, 80, 100, 140, 200.
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As previously mentioned, power fuses are
designed to continuously carry their rated
current without exceeding temperature rise
restrictions. If the rated current is exceeded
by a small amount, an overload situation is
encountered. An overload situation is when
the fuse is subjected to a current below the
300 or 600 second melting current but sub-
stantially above the continuous current rat-
ing for an excessive length of time. This
type of condition generates a large amount
of heat and may cause damage to the fuse.
This problem is less severe in the DBU and
RBA/RDB standard fuses as they employ sil-
ver elements which are, for all practical pur-
poses, undamageable; however, caution
should still be exercised when overloading
the fuse as the heat generated may produce
deterioration of the boric acid interrupting
medium and charring of the fuse wall
before the fuse element melts. Figure (2)
which is also found on Curve 22 of Applica-
tion Data 36-623 gives overload characteris-
tics of Westinghouse expulsion fuses. Do
not exceed these overload restrictions under
any circumstances.

In the practical application of expulsion power
fuses they are used to protect transformers
and other equipments where overloads and
inrush currents are common. As mentioned
above, expulsion fuses have a rather low
thermal capacity and cannot carry overloads
of the same magnitude and duration as
motors and transformers of equal continuous
current. For this reason a general fuse appli-
cation ratio of 1.4:1 fuse continuous current
rating to full load current is suggested so the
fuse will not blow on acceptable overloads
and inrush conditions. Remember that this
ratio is a general figure for typical applications
and that a ratio as low as 1:1 can be used if
the system current will never exceed the
rated current of the fuse or a much higher
ratio may be needed in other specific appli¢a-
tions. More specific application information
can be found in the individual equipment
application sections which follow.

Attimes it is desirable to have a continueus
current rating larger than aply singlefuse can
provide. Higher ratings may be obtained by
paralleling fuses. This practice/may b€ ex-
tremely dangerous if the fusesyare arbitrarily
paralleled as the probability is gréat that the
fuse elements of paralleled expulsion fuses
will not melt at the same instant. An occur-
rence of this nature creates@ situation in
which the progress of the spring accelerating
arcing rod of each'of the fuses in parallel will
not be uniform,Stiehia situation could cause
arestrike imene ‘of the fuses with the total
arcing energy in‘that fuse exceeding the
designdeveland resulting in a failure to clear
the circuit."Under no circumstances should
fusésibe paralleled unless the paralleling is the
extensively‘tested Westinghouse design or
the specific application receives engineering
approval from East Pittsburgh.

Seconds

Figure 2: Overload Characteristics for
Westinghouse Expulsion Fuses

1000
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160
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100% of Fuse Rating

Corrections for applying expulsion fuses
above 3300 feet apply to the cantinuous
current rating as well.as the interrupting
rating. Refer to Table (4jgin the interrupting
rating sectionifor corfection factors for dif-
ferent altitudes asylistedsin ANSI C37.40-2.3.

Remember that under no circumstances must
the continuousating be less than the con-
tinuous léad current and that ‘E’ rated fuses
may not provide protection for currents in the
range‘ofy,one ortwo times the continuous cur-
rentmating:

Coordination

in addition to selecting a fuse which meets
theyvoltage, interrupting and continuous
cufrent ratings, it is important to examine
the melting and total clearing time-current
characteristics of the fuse. The melting char-
acteristics are expressed as time-current
relationships. These relationships are desig-
nated as minimum melt curves and as total
clearing curves. The minimum melt curve
gives the minimum amount of time in sec-
onds required to melt the fuse elements at a
particular value of symmetrical current
under specified conditions. Total clearing
curves give the maximum amount of time
in seconds to complete interruption of the
circuit at a particular value of symmetrical
current under specified conditions. Arcing
time is defined as the amount of time in
cycles elapsing from the melting of the fusi-
ble element to the final interruption of the
circuit. It is important to examine these
characteristics to assure proper protection
and selectivity with other over-current pro-
tective devices. These curves are located in
application data 36-635 for RBA and RDB
fuses, 36-643 for DBU fuses and 36-623 for
BA and DBA fuses.

The minimum melt curve of all ‘E’ rated
fuses must lie within the range defined in
ANSI C37.46 at either the 300 or 600 second
point, but there are no limitations placed on
the melting time at high currents. To take
advantage of this, Westinghouse increases
the applicability of their fuses by producing
a ‘'fast’ or ‘'standard’ fuse and a ‘slow’ or
‘time-lag’ fuse. The curves for the ‘time-lag’
fuse are less inverse and allow for more of
a time delay at high currents.

Low currents below the 300 or 600 second
melting current are termed overload currents.
Overload currents are discussed in the section
on continuous current rating where Figure (2)
gives the fuse overload characteristics which
should not be exceeded under any circum-
stances.

A,
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Properly coordinating power fuses is basi-
cally a problem of keeping the fuse mini-
mum melting curve above the total clearing
curve of any downstream overcurrent pro-
tective device, and keeping the total clearing
curve beneath the minimum melting curve
of any upstream protective device. Manufac-
turer’s published time-current curves are
based on standard conditions and do not
allow for such variables as preloading or
ambient temperature. For this reason it is
recommended that a safety zone be used
when coordinating power fuses so proper
coordination is maintained even when there
are shifts in the curves due to changes in
the above mentioned variables. There are
two approaches used to achieve this safety
zone and both produce similar results. One
approach employs a 25 percent safety zone
in time for a given value of current and the
other uses a 10 percent safety zone in cur-
rent for a given value of time. Westing-
house uses the second method as it allows
the safety band to be published on the left
hand side of all the time-current curves.
Coordination is then achieved by overlaying
curves and shifting one by the width of the
published safety zone.

When disc ussing coordination and time-
current curves it should be pointed out that
ANSI Standards C37.46-3.1.1 allow the total
clearing curves to be drawn at a distance cor-
responding to 20 percent on the scale to the
right of the minimum melting curve. West-
inghouse uses this 20 percent figure in its
published curves but testing has verified that
a 10 percent tolerance is more than sufficient
for all currents less than that which causes
melting in .5 seconds for a given fuse rating.

If desired or if unusual conditions exist,
shifts in the time-current curve due to pre-
loading may be examined individually.
Westinghouse time-current characteristics
are derived from tests on fuses in an
ambient of 25 deg. C and no initial loading
as specified in ANSI C37.46. Fuses subject
to conditions other than the above will
experience shifts in the time-current curves.
Figure (3) gives the adjusting factor for pre-
loaded fuses. These adjusting factors are
valid only for Westinghouse power fuses.

Figure (4) gives an example of tightly coor-
dinated fuse application. The figure shovis\a
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standard speed RBA fuse protecting the pri-
mary of a 1000 KVA transformer with West-
inghouse type DS low voltage air circuit

breakers protécting secondary equipments.

Coordinatien with feclosing circuit breakers
may be _perfarmed with the aid of the coor-
dination chart found as Curve 23 in applica-
tion data/36-623. This curve is explained in
therepetitive faults section of this applica-
tion'data.

Figure 3: Preloading Adjustment Factor for, Power Fuses
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Formula for above curves:

F=1 —(P/P,)2

250 P

200

Load Current in Percent of Fuse Ampere Rating

150

P, =Percent of minimum load current causing melting which is

200% for fuses 100 amps and less.
220% for fuses above 100 amps

For permissible duration of load currents above 100% see Figure 2.
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Figure 4: Typical Fuse Coordination
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Application Table 6 - Recommended Spacings
When applying expulsion fuses, physical as
well as electrical properties must be con- B — = B
sidered. By their nature expulsion fuses emit T ‘ r T
gases from the bottom of the fuse. Care should ) Typical | B'= Recommended
also be given to maintaining minimum phase- dypical 1 : Raralicled ‘ Phase to Phase
. gle use Jni Centerline
to-phase and phase-to-ground spacing when Fuse With Standard ' Spacing Without
mounting the fuse. Indoor fuses employ Unit ‘,\’A"gj;';‘;%g"“ se T Barriers
either a discharge filter or a condenser, but
specified clearances must still be maintained. A A=Minimum &
Outdoor fuses are vented and thus have a + Clearance L
high noise level and expel a greater amount 7777777 7777777777 to Ground
of gas making clearance from ground an im- Typical Filter or Condenser Typical Vented
portant consideration. When applying out-
door fuses, space must be allowed for the A— Minimum clearance to ground in inches

arc the fuse swings through during dropout. Max. Design KV RBA Filter RBA Conded®n. RDB-200, DBU & DBA-1  RDB-400, 800 & DBA-2, 5
Table (6) gives the minimum clearance to Vented Vented

ground and the minimum phase spacing.

2.75 7.5 30 17.5 22.0
. 48 75 3.0 17.5 220
Outdoor fuses, as mentioned above, are 55 85 4.0 175 220
vented. The venting of the hot gases resem-  8.25 8.5 4.0 17.5 220
bles a cylindrical column in nature. Height 144 1.5 6.0 210 26.0
b th inimum ground clearance is not 3 15 R 210 260
above the m 9 25.5 15.0 85 26.0 320
really a factor except as related to rebound- 380 195 12.0 330 42.0
ing from the ground of hot particles and ?3‘3 (Bgﬁ 0“'|Y) cees e 42-8 gi-g
gases. Figure {5) shows the nature of the 5 (DBAonly) ... e 54. e B
discharge and allows the user to suggest B- Recommended phaséite, phasg,centerline spacing without barriers in inches.
specific safety zones for each particular - - e —_— B
application. Max. RBA Disconnect RBA Non-Disconnect
Design 200/400 800 200/400 800 RDB RDB DBU DBA
KV 800 Piggyback 200/400 800
2.75 14.75 27.51 11.16 1992 18.0 26.76 17.0 17.0
4.8 11.75 27.51 11.16 19.92 18.0 26.76 17.0 17.0
55 1075 27.51 11.16 19.92 18.0 26.76 17.0 17.0
8.25 1325 29.01 1256 2132 18.0 26.76 17.0 17.0
144 14.75 3051 13.06 21.82 240 32.76 19.0 19.0
155 16.25 3201 15.56 24.32 24.0 32.76 190 19.0
255 20.25 . 19.56 e 300 38.76 23.0 23.0
380 25.25 e 2456 e 360 4476 30.0 300
483 330
725 44.0

Figure 5: Nature of Expulsion Fuse Discharge

| Vapor Clouds Rebounding |

= From Ground May Extend '
| Up To 10 Feet
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Table 7A — Suggested Minimum Expulsion Fuse Current Ratings for Self-Cooled 2.4 to 15.5 Kv Power Transformer Applications

System
Nom. KV | 2.4 416 4.8 7.2 12.0 13.2 13.8 14.4
Fuse
Max. KV 8.3 8.3 8.3 8.3 155 155 15,5 15.5
Transformer| Full Fuse Full Fuse Full Fuse Full Fuse Full Fuse Full Fuse Full Fuse Full Fuse
Kva Rating |Load E-Ampere| Load E-Ampere| Load E-Ampere| Load E-Ampere | Load E-Ampere | Load E-Ampere | Load E-Ampere | Load E-Ampere
Self-Cooled| Current Rating Current Rating Current Rating Current Rating Current Rating Current Rating Current Rating Current Rating
Amps Amps Amps Amps Amps Amps Amps Amps
Three Phase Transformers
9 216 3E 1.25 3E 1.1 3E 0.72 3E 0.43 3E 0.40 3E 038 3E 0.36 %E
15 3.6 5E 2.08 3E 1.8 3E 1.2 3E 0.72 3E 0.66 3E 0.62 3E 0.60 3E
30 7.2 10E 4.2 7E 3.6 5E 24 5E 1.44 3E 1.32 3E 1725 3E 120 3E
45 10.8 15E 6.2 10E 5.4 10E 3.6 5E 216 3E 1.98 3E 1.88 3E 1.80 3E
75 18 25E 10.4 15E 9.0 15E 6.0 10E 3.60 5E 3.30 5E 31 5E 3.00 5E
1125 27 40E 15.6 25E 13.6 20E 9 15E 54 10E 4.95 i3 4.7 7E 4.51 7E
150 36 50E 20.8 30E 18.0 25E 12 20E 7.2 10E 6.56 “0E 6.2 10E 6.01 10E
225 54 80E 31.3 50E 272 40E 18 25E 10.8 15E 99 15€ 9.4 15E 9.02 15E
300 72 100E 416 65E 360 50E 24 40E 14.4 20E 13.1 20E 125 20E 12.0 20E
500 120 200E 69.4 100E 60 100E 40 65E 241 40E 219 30E 210 30E 201 30E
750 180 250E 104 150E 90 125E 60 100E 36.1 50E 32.8 50E 31 50E 301 50E
1000 241 400E 140 200E 120 200E 80 125E 48.1 80E 43.7 65E 42 65E 40.1 65E
1500 360 540E® | 208 300E 180 250E 120 200E 72.0 MO0E 656 100E 62 100E 60.1 65E
2000 481 720EQ 278 400E 241 400E 160 250E 96.2 “160E 875 125E 84 125E 802 125E
2500 600 e 346 540E®D 301 450EQ) 200 300E 120.0, ,200E 109 150E 104 150E 100 150E
3750 180.0° ¥ 250E 165 250E 156 250E 150 250E
5000 241.04 "400E 218 300E 210 300E 200 300E
Single Phase Transformers
5 2.08 3E 1.20 3E 1.04 3E 0.695 3E 04160, 3E 0.38 3E 0362 3E 0.35 %E
10 417 7E 240 5E 208 3E 139 3E 01832 “3E 0.76 3E 0.724 3E 0.69 3E
15 625 10E 3.60 5E 3.13 5E 2.08 3E 1.25 3E 1.14 3E 1.085 3E 1.64 3E
25 104 15E 6.0 10E 52 10E 3.47 5E 2.08 3E 1.90 3E 1.81 3E 1.74 3E
375 15.6 25E 9.0 15E 7.8 15E 521 £10E 342 5E 2.84 5E 2.7 5E 2.60 5E
50 20.8 30E 120 20E 10.4 15E 6.96 , 10E 416 7E 3.80 7E 3.62 5E 3.47 5E
75 31.3 50E 18.0 25E 15.6 25E 104 15E 625 10E 5.7 10E 543 10E 521 10E
100 41.7 65E 24.0 40E 20.8 30E 1379 20E 832 15E 7.6 15E 7.24 10E 6.94 10E
167 70 100E 40.0 65E 35.0 65E 23.2 40E 13.9 20E 12.7 20E 121 20E 11.6 20E
250 104 150E 60.0 100E 52.0 80E 34.8 50E 208 30E 19.0 30E 18.1 25E 174 25E
333 139 200E 80 125E 69.5 100E 46.3 65E 27.7 40E 252 40E 241 40E 231 40E
500 208 300E 120 200E 104 150E 696 100E 41.6 65E 38.0 65E 36.2 50E 347 50E
667 278 400E 160 250E 139 200E 9216,__4150E 55.4 80E 50.5 80E 48.2 80E 46.3 65E
833 347 540EQ®D 200 300E 173 250E 1155 200E 694 100E 63.5 100E 604 100E 57.9 80E
1250 521 720EQ 300 540E®D 260 400E 174 250E 104 150E 95.0 150E 90.6 125E 86.8 125E

@® Two (2) 300 E Ampere fuse refills used in parallel
with 10% derating factor

Transformer Application

One of the more common applications of
power fuses is to protect the primary of trans-
formers. When selecting a fuse to be installed
at the primary terminals of a transformer;all
application rules concerning voltage rating
and interrupting rating, as mentioned infpre -
vious sections, should be followed.This
section is concerned primarily with the'select-
ion of the fuse continuous current rating. De-
tails discussed in this sectiomwill begeneral.
A more detailed discussion of hawithe fuse
continuous current rating should be deter-
mined is given in Appendix 1.

Fuses at the primaky of a transformer should
not blow on transfakmer magnetizing or in-
rush current, nofishould they blow or deter-
iorate under longyduration overloads to which
the transformeriis,Subjected in normal service
and in casesof emergency. On the other

hand, theyamust protect the transformer
agaipst shert circuits. These considerations
usually detesmine the upper and lower limit

of the)fuse rating. Coordination with other pro-
tective devices on the system, such as second-

© Two'(2) 400°E Ampere fuse refills used in parallel
with 10%)derating factor.

arylbreakers, often places further restrictions
oh the fuse to be selected. In general, how-
ever, a knowledge of transformer type allows
the fuse continuous current rating to be
chosen on the basis of a multiple of full

load current.

In the routine process of applying fuses on the
basis of transformer KVA rating it is assumed
that adequate secondary protection is pro-
vided. The ordinary procedure then is to em-
ploy a fuse rating such that the fuse is not
damaged by overheating due to inrush or per-
missible overloads. Assuming the transformer
to be protected is self-cooled and that the
maximum 1.5 hour overload on the transformer
would not exceed 200 percent of the trans-
former rating, then the minimum ratio of fuse
current rating to transformer full load current
should be 1.4:1.

Thus, a fuse rating is chosen by multiplying
the transformer full load rating by 1.4 and

then selecting the fuse which has a contin-
uous current rating of that value. If there is

@ Two (2) 250 E Ampere fuse refilis used in parallel
with 10% derating factor.

no fuse rated exactly 1.4 times the trans-
former full load rating, the next larger rated
fuse should be selected.

Tables (7A) and (7B) give suggested fuse
ratings for single phase and three-phase
power transformers based on the 1.4:1 ratio
given above.

It should be remembered that the 1.4:1 ratio

is a general value which may be varied in
specific cases. Dry type transformers, for
instance, have a smaller overload capacity and
permit fusing closer to the full load rating
while distribution transformers are tradition-
ally overloaded more severely and could re-
quire a fusing ratio as large as 2:1. Further, if
provisions are made by thermal relays or other-
wise to limit transformer overloads to a lower
range, the ratio can be reduced. If a trans-
former has provisions for forced cooling, then
the application ratio should be 1.2:1 for the
fuserating to the forced cooled rating.

pr=n

AR
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Table 7B — Suggested Minimum Expulsion

Fuse Current Ratings for Self-Cooled

25.8 to 38.0 Kv Power Transformer Applications

System
Nom. KV 229 239 249 34.5
Fuse Max. KV 25.8 258 258 38.0
Transformer Full Fuse Full Fuse Full Fuse Full Fuse
Kva Rating Load E-Ampere Load E-Ampere Load E-Ampere Load E-Ampere
Self-Cooled Current Rating Current Rating Current Rating Current Rating
Amps Amps Amps Amps
Three Phase Transformers
9 0.22 % E 0.21 % E 0.20 % E 0.15 % E
15 0.38 3E 0.36 %E 0.35 % E 0.25 % E
30 0.75 3E 0.72 3E 0.69 3E 0.50 3E
45 1.14 3E 1.09 3E 1.04 3E 0.75 3E
75 189 3E 1.81 3E 1.74 3 E 1.25 3E
1125 284 5E 272 5E 2.60 5E 1.88 3E
150 3.78 7E 3.62 5E 347 5E 2.51 5E
225 5.68 10 E 5.44 10 E 5.21 10 E 3.77 7 E
300 758 15 E 7.25 10 E 6.94 10 E 5.02 7E
500 126 20 E 121 2 E 116 20 E 8.37 15 €
750 189 30 E 181 25 E 17.4 25 E 12:6 20°€
1000 253 40 E 242 40 E 231 40 E 16.7 25 E
1500 37.9 65 E 36.2 50 E 34.7 50 E 251 40 E
2000 50.5 80 E 48.3 80 E 46.3 65 E 335 50 E
2500 63.1 100 E 60.4 100 E 57.9 80 E 41,8 65 E
3750 947 150 E 90.6 150 E 86.8 125 E 628 100 E
5000 126 200 E 121 200 E 116 200 E 837 125 E
gggl_e Phase {’;a nsformérs o N i
5 0.22 % E 0.21 % E 0.20 % \E 0.14 % E
10 044 3E 0.42 3E 0.40 3E 0.29 % E
15 066 3E 063 3E 0,60 3E 043 3E
25 1.09 3E 1.05 3E 100 3E 072 3E
375 1.64 3 E 157 3E 1780, 3E 1.09 3E
50 219 3E 209 3E 200 3 E 1.45 3E
75 3.28 5E 314 5E 3.01 5E 217 3E
100 437 7E 418 7E 4.01 7E 2.90 5E
167 7.31 10 E 6.99 10 E 6.70 10 E 484 7E
250 10.9 15 E 10.5 15 E 10.0 15 E 7.25 10E
333 14.6 20 E 13.9 20 E 134 2CE 9.65 15 E
500 219 30 E 20.9 30 E 20.1 0 E 145 20 E
667 29.2 40 E 27.9 40 E 26.8 40 E 19.3 30 E
833 364 50 E 349 50)0E 334 50 E 241 40 E
1250 54.7 80 E 523 80 E 50.1 80 E 36.2 50 E

Magnetizing inrush is the other factofthle fuse
must be able to withstand without damagé.
The magnitude of inrush may vary bug,in
general, is of magnitude 12 timeSs'the trans-
former full load rating for a 1/10 of'a Second
duration. Inrush should nog,present ajproblem
for any applications using aratio aslow as 1:1.
If, however, there ar€any extenuating circum-
stances or questiofis, then refepto the appro-
priate time-current curves and check to see
that the inrush magnitude,and duration never
cross the fuses’ minimum melting curve.

Remember that a fuse must not be applied
where it can realize a‘continuous current
greater thanjits rating and that the fuse may
not provide pretection for currents in the range
of one ortwotimes the continuous current
rating.‘Refen to the continuous current section
or Appendix 1 for further information.

Capacitor Bank Protection
Anogther common use of power fuses is for the
protection of capacitor banks. This appli-

cation is unique in that the protected equip-
ment, capacitors, are designed with a zero
minus tolerance and some value of positive
tolerance. For this reason a ratio of 1.65:1

fuse rating to full load current is suggested for
all single bank protection. If two or more banks
are paralleled with automatic switching, refer
to East Pittsburgh for fusing information.

Repetitive Faults

It is often desirous to determine the perform-
ance of fuses under repetitive faults such as
produced by the operation of reclosing cir-
cuit breakers. This performance is determined
by graphically simulating the fuses’ heating
and cooling characteristics which are found
in and expressed by the melting time-current
curves. The theory behind the above impli-
cations is available upon request, but in this
section only the practical use of those im-
plications will be discussed.

Conventional ‘E’ rated fuses can with good
approximation be regarded as bodies
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whose heating and cooling properties are
described by the basic exponential curves A
and B as shown in Figure (6). Except for
being invertgd the cooling curve is the
same as the heating curve as both have the
same time,constant. Each fuse has a spe-
cific time comnstant O which can be calcu-
lated withisuffiéient accuracy by the formula
O =[.1S2where S is the melting current at
.14secondsdivided by the melting current at
300%r, 600 seconds. The 300 seconds
appliesfor fuses rated 100 amperes or less
and, the 600 seconds for fuses rated above
100 amperes.

The time constant of a specific fuse, having
been obtained in terms of seconds, gives to
the general heating and cooling curves of
Figure (6) a specific time scale. It enables us
to plot the course of the fuse temperature
(in percent values) if we know the sequence
and duration of the open and closed periods
of the recloser. This is illustrated by Curve C
which is formed by piecing together the
proper sections of Curves A and B.

Next we must determine the temperature at
which the fuse will melt. Here we refer to the
standard time-current curves and find the
melting time M for a specific value of fault
current. The melting temperature T, lies
where the ordinate to the time M intersects
Curve A. It is not necessary to know the ab-
solute value of this temperature as it is suf-
ficient to know its relation to the peaks. A
similar temperature T,, can be found using the
total clearing time for the specific fault current.
What we have then are two temperatures
where we can state that any time the fuse
Curve C intersects line T,, the fuse could blow
and any time it intersects line T, the fuse will
definitely blow. The gap between T, and T,
indicates the tolerance range as set forth in
ANSI and NEMA standards where 'E’ rated
fuses are defined.

If the fuse is not to blow, curve C must
remain below the level T, by a safe margin.
Itis common practice to provide such a
safety margin by coordinating the breaker
with a fuse curve whose time ordinates are
75 percent of those of the melting curve.
Line T, represents this temperature on
Figure (6).

Although the construction of the tempera-
ture diagram as outlined above basically
offers no difficulties, the manipulation is
made easier and more accurate by putting
the graph on semi-log coordinates as
shown in Figure (7). On these coordinates
the cooling curve B becomes a straight line.
Curves as shown in Figure (7) may be found
as Curve 23 in application data 36-623.



Page 12

Figure 6: Temperature Cycle of a Fuse
During Recloser Operation

Curve A — Basic fuse heating curve: T=T; (l1-e-t/B)
Curve B —Basicfusecoolingcurve:T=T;xe -t/O

Curve C — Temperature rise curve of fuse subjected to
recloser cycle.

M - Melting time of fuse at a given fault current.
N - Total clearing time of fuse at same fault current.

Tm.Tn — Levels of melting temperature of fastest and of
slowest fuse.(D

T, — Safe temperaturelevel, considering service variables.

T¢ — Hypothetical steady state temperature level (100%)
attained if the fuse element did not open when melting
temperature was reached but continued to be a resis-
tance of constant value.

@ The absolute temperature at which the elements of
the fastest and of the slowest fuse melt is the same
since both fuses are made of the same material. How-
ever, T, and T,, are different if measured by the final
temperature level T, reached at a given current.

Figure 7: Reclosing Circuit Breaker —
Fuse Coordination Chart

Recloser data: 400 PR 100 (cycling code A1-3CH3)
Fuse type and rating: RBA/RDB 400 — 150E standard
speed.

Fuse speed ratio, S-2200/340=6.5

Thermal time constant, © =.10 S2, 4.2 seconds.

Fault current 800 amps.

Period Recloser Timing Total Relative Resulting

No. t Seconds Time Time % Tempera-
Closed Open t L) ture

10 .054 .054 013 130

2 5 554 13

3 8 1354 32

4 30 4.354 1.04

5 8 5154 1.23

6 30 8.154 1.94

7 .8 8.954 2013 28

Normal melting time 12 M=29" T,=26

a@x M 218 Tj=205

Total clearing time 18 N=43 4T,=355

@ The first period may be so short that the intersec-
tion with curve A may be difficult to pinpoint. It
should, therefore, be noted that, in Fig. 6, the initial
portion of curve A coincides with the tangent
which intersects the 100% level at the unit time
constant. Consequently, the temperature level
attained within{Sueh short times is determined sim-
ply by the formula T% =100 x t/6).

@ "q" is the coordination factor to take care of ser-
vice variables. Itiisgeo mmonly estimated to be .75.

100%

Percent Temperature Rise T%

Percent Temperature Rise T%

80%

60%

20%

100
80
60

40

20

Unit/Time . . . .
Constant Relative Time /g t =Time in Seconds
— 6 =Time Constant of Fuse
aM MON

i .
~Heating .

A

.5 1 1.5 2 2.5 3

Relative Time t/© t=Time in Seconds
O =Time Constant of Fuse
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Appendix 1

Transformer Application

This appendix is to supplement the information
presented in the ‘Transformer Application’
section of the application data. If general
information is all that is required, then the
section in the body of the application data
should be sufficient. This appendix is an
extension of that section and is more specific
and detailed.

When selecting fuses to be installed at the
primary terminals of a transformer, an under-
standing of the purpose of the fuse will aid
in understanding the selection process. The
purposes of the fuse in the order of their im-
portance are as follows:

1. Protect the system on the source side of
the fuses from an outage due to faults in or
beyond the transformer.

2. Override (coordinate with) protection on
the low-voltage side of the transformer.

3. Protectthe transformer against bolted
secondary faults.

4. Protect the transformer against higher im-
pedance secondary faults to whatever extent
is possible.

The selection process involves choosing the
proper voltage, interrupting and continuous
current ratings for the fuse. Application rules
pertaining to voltage and interrupting rating
are pretty straight-forward and are sufficiently
covered in their respective sections of the ap-
plication data. Selecting the fuse continuous
current rating which best fulfills the purposé
hierarchy listed above can be more involved
and will be discussed in detail in this section.

There are two major areas of concern when
selecting a continuous current rating ferthe
fuse which is to protect a transformer. The
rating must be large enough to prevent falsg
or premature fuse interruption from,magnetiz-
ing or inrush currents and it mydst alsosbe large
enough to prevent fuse damage,or fuse inter-
ruption during normal or emergeneysoverload
situations. Remembefing the above restric-
tions, the fuse rating mustialso be’'small
enough to provide the protection listed in the
purpose hierarchy. Inrush, overloading and
suggested minimum and ‘maximum ratings
will be the topic of the remainder of the
appendix.

Fuses on the primary side of transformers
should pot blew on transformer magnetizing
or inrushicufrent. The magnitude of the first
loopefyinrush current and the rate at which the
peaks,of subsequentloopsdecay is a function
ofymany factors such as transformer design,

residual flux in the core at the instant of
energization, the point on the voltage wave
at which the transformer is energized and the
characteristics of the source supplying the
transformer. When energizing, the heating
effect of the inrush current in an expulsion
fuse can be considered equal to 12 times the
transformer full load current flowing for 1/10
of a second. Thus, when selecting the current
rating for fuses used at the primary side of a
transformer, the fuse minimum melting curve
must lie above and to the right of the point on
the time-current curve corresponding to 12
times full load current and 0.1 seconds. The
fuse whose minimum melting curve lies just
above and to the right of this point is the low=
estrated fuse which can be used at the priz
mary terminals. This criterion is usually/satis-
fied for all Westinghouse expulsién fuses if
the fuse current rating is equal to'or'greater
than the transformer self-cooled fulljloadycur-
rent. Thus, a fusing ratio asdowyas 1:%could
be used in selecting primary side fuses if in-
rush or magnetizing currentiwerethe only
concern.

It is common practice forimost system oper-
ators to overload their transformers for
short periods of time/during normal and
emergency sitldations. T o allow this flexibil-
ity, it is ngcessary to select a fuse that can
carry thetoverldgad without being damaged.
When this isitaken into account, a fusing
ratio higher thamy1:1 is almost always
required, when applying fuses for trans-
formér protection. The fuse emergency
overload curve (Figure 2 in this application
data and Curve 22 in Application Data
86-623),along with a knowledge of the
extent to which the transformer will be
overloaded is used as a basis for determin-
ing, the smallest fuse which can be applied.
The fuse rating is determined by using the
duration of the transformer overload on the
overload curve (ordinate value) to obtain a
multiple of current rating which should not
be exceeded. If the transformer overload
current is then divided by the multiple
obtained from the overload curve, the result
is the minimum fuse current rating. Select
the fuse rating which equals or the one
which is just larger than this value. The
allowable time duration of the current in the
primary side fuses during transformer over-
load should never exceed the values shown
by the fuse overload curve in Figure 2.

Suggested minimum fuse sizes for protection
of self-cooled transformers are given in Tables
(7A) and (7B) which are found in this ap-
plication data. These tables were based on the
premise that the maximum 1.5 hour overload
on the transformer would not exceed 200 per-
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cent of the transformer rating. This overload
condition requires that the minimum ratio of
fuse current rating to transformer full load
current is 1.4:1gFuse sizes listed in Tables
(7A) and (7B) arefthese which are just higher
than 1.4timesthe transformer full load cur-
rent. If highenor leRger duration transformer
overloadSiare tolbe permitted, a fuse with a
higher continuous current rating may be re-
quired. The procedure described in the pre-
viou§yparagfaph should then be used to find
the smallest permissible fuse size.

If provisions are made, by thermal or other
protective devices, to limit transformer over-
loads to a lower range, the ratio of fuse cur-
rentto transformer full load current can be
less than 1.4:1. To find the amount of re-
duction permissible without damage to the
fuse, the procedure using the overload curve
should be employed.

When the transformer has forced cooling, the
minimum fuse size which can be applied
should be based on the transformer top rating
and the extent to which the transformer will
be overloaded beyond the top rating.

It should be remembered that an 'E’ rated
expulsion fuse applied at the primary terminals
of a transformer may not provide protection
for currents between one and two times the
continuous current rating of the fuse. Thatis,
for currents in this range which exceed the
time limits shown by the fuse overload curve
in Figure (2), the fuse may be damaged before
the fusible element melts. In order to depend-
ably provide overload protection for the trans-
former, protection must be applied on the
secondary side of the transformer.

Up to now the discussion of fuses applied at
the primary terminals of a transformer has been
concerned with the lower limit of continuous
current rating which can be safely applied.
Equal concern should be given to the upper
limit of continuous current rating which will
provide protection for the transformer. The ex-
tent to which the fuses are to protect the
transformer against secondary faults is one of
several factors which determines the upper
limit. Increasing the primary fuse size to allow
for higher overloads decreases the protection
afforded the transformer and vice-versa.
Usually thru-fault protection is provided the
transformer by a main secondary breaker or
breakers and the main purpose of the primgry
fuses is to isolate a faulted transformer from
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the primary system. Although the primary
fuses will isolate a transformer with an in-
ternal fault from the primary system, expul-
sion fuses generally are not fast enough to
prevent extensive damage to the transformer.

When a main secondary breaker is not
used, the primary fuses may be the only
devices which provide through fault protec-
tion for the transformer. In these circum-
stances the fuse should operate before the
transformer windings are damaged due to
the heavy currents. The capability of trans-
former windings to carry these through
fault or heavy currents varies from one
transformer design to another. When spe-
cific information applicable to individual
transformers is not available, the trans-
former ‘heat curves’ given in Figure (8) and
on curve 22 of Application Data 36-623 can
be used to evaluate the through fault pro-
tection offered the transformer by the fuses.
The curve labeled N =1 is drawn through
the points defined in ANSI Appendix C57.92
(1962), Section 92-06.200 such that the
curve has the same shape as shown in Fig-
ure 1 of IEEE publication 273 titled, ‘Guide
for Protective Relay Application to Power
Transformers’. This curve applies to single-
phase transformers and to three-phase
faults on three-phase transformers and
three-phase transformer banks. Curves for
values of N other than 1 apply to unsym-
metrical faults on three-phase transformers
and three-phase transformer banks which
have at least one delta connected winding.
Ideally, the total clearing time-current curve
of the primary fuse would lie below the
‘heat curve’ for all values of current up to
25 imes the transformer rated current. How-
ever, as discussed earlier in this appendix,
this is not usually possible as the fuse has
minimum limitations placed on the rating
due to long time overloads impressed on
the transformer and the fact that ‘E’ rated
expulsion fuses do not generally provide
protection for currents between one and
two times their continuous current rating-ln
spite of these lower limitations, primiary
side fuses should protect the transformer
for bolted secondary faults andihigher
impedance secondary faults'to whatever
extent is possible.

Wye connected transformer windings,
regardless of whether the neutrdl is or is
not grounded or tied to the system neutral,
have line currents which are equal to the
winding currents for faultspexternal to the
transformer. Thus a fuse connected to the
terminal of a wye'eonnected winding will
see the same‘current that is in the winding
for all faults,externalto the transformer.
This is notithe'éase when the transformer
has a delta‘connected winding. With delta
connectediwindings the current in the lines

Table 8: Multiples of Primary Line Current for Fixed Secondary Winding Current

Transformer Connection
Al Neutrals Grounded

N

N times secondary winding current gives)

multiples of primary line current

Primary Secondary 3 Phase Phase-To-Ground Phase-To-Phase
Fault Fault Fault -

Y Y 1 1 1

Y A 1 . L

A Y 1 1/v3 2/¥3

A A 1 v3/2

(fuses) supplying the delta winding and cur-
rents in the delta windings generally are not
equal, and of greater importance the ratio
of line (fuse) current to winding current var-
ies with the type of fault on the external
system. Consequently, a fuse connected to
the terminal of a delta connected winding
will offer a degree of protection whichiisia
function of the type of fault on the external
system.

The relationship between ratedyline (fuse)
current and rated winding currentyreferred
to as the ‘base current of the Windingin
ANSI C57. 12.00 - 1980) is 1 fopwye con-
nected primaries and V 3gfor delta con-
nected primaries. ANSI €57.12:00 - 1980
also indicates that_the transformer winding
shall be capable 6f withstanding 25 times
rated winding current/for 2 seconds and
smaller multiplestef#ated winding current
for longer periads ofitime. However, trans-
former overloads“and faults are generally
expressed ig'tetms of line and not winding
current. This couldpresent a problem for
fault conditions where the type of fault
changgs the relationship between the line
and winding current. Table (8) gives a multi-
pliepwhichwill translate the line current in
mitltiples of the winding current for differ-
eént type faults for various transformer
windings. This table leads us back to the
transformer ‘heat curves’ shown on

Figlre (8) where it can be verified that the
curve N =1 passes through the point 25
times full load line current and 2 seconds.
The curves for other than N=1 are for
unsymmetrical faults as can be seen from
Table (8).

Coordination diagrams employ the trans-
former ‘heat curves’ and fuse time-current
curves to determine which fuse rating may be
safely applied. These diagrams are the tools
used to apply the information previously
cited. The most straight-forward diagram in-
volves fuses applied atthe terminals of trans-
formers with wye primary windings. Table (8)
shows that the fuse current is the same as
the winding current for all faults external to
the transformer. This means the coordination
diagram consists simply of a direct reading of
the fuse time-current curves and the trans-

former¢heat curve’ N=1 for coordination
diagrams wWhere the abscissais labeled in
amiperesyin the primary system. To coordinate
with the abscissa labeled in secondary am-
peresithe same two curves are shifted to allow
forthe ratio between primary and secondary
amperes.

When fuses are employed at the terminals of
a delta-wye transformer the coordination
diagram becomes a bit more involved. In this
instance Table (8) shows that the fuse current
varies in relation to the winding current de-
pending on the nature of the fault. Thus, when
the coordination is with respect to primary
amperes, the diagram consists of one direct
reading fuse time-current curve and one or
more transformer ‘heat curves’. The number
of ‘heat curves’ included would be deter-
mined by the types of secondary faults
considered. Table (8) gives the N curve to be
used for the different faults to be considered.
When the coordination is with respect to
secondary amperes the diagram consists of
one transformer ‘heating curve’ (N=1) and
up to three fuse time current curves. The three
time-current curves are again dependent on
the possible faults to be considered. Table (8)
shows that after the curve is translated to
secondary amperes it must be shifted 1/4/3
when phase-to-ground faults are considered
and 2/4/3 when phase-to-phase faults are
considered to obtain proper coordination.

Regardless of whether a primary or secondary
current abscissa is employed, a coordination
diagram for a delta-wye transformer shows
that the primary side fuses do not protect the
transformer for high-impedance secondary
faults and overloads. This type of protection
can be obtained through the application of
secondary side breakers. If a secondary
breaker were used it would be added to the
coordination diagram by plotting the breaker
phase and ground trip characteristics.
Selective coordination would exist if the
breaker phase trip characteristic curve lies
below the fuse characteristic for a phase-to-
phase fault and the ‘heating curve’, and the
breaker ground trip characteristic for a single
line-to-ground fault and the ‘heating curve’
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The preceding pertains to diagrams using
secondary amperes. If the breaker character-
istic is to be translated to primary amperes, its
characteristics must lie beneath the fuse
characteristic and the "heating curve’ for

N =1. For unsymmetrical fauits the breaker
characteristic will shift by the same multiple
as the ‘heating curve’. If further secondary
protection is translated to the primary, the
characteristic must lie beneath the secondary
breaker characteristic for the different types of
faults considered.

Fuses used at the terminals of a delta-delta
transformer require one fuse time-current and
two ‘heating curves’ if both three phase and
phase-to-phase faults are to be considered.
This agrees with information presented in
Table (8). When the abscissa is in primary
amperes the curves are direct read. An abscissa
in secondary amperes uses the same curves
but shifts them from primary to secondary
amperes.

For all the coordination diagrams discussed
above the vertical distance between the total
clearing curve and the safe ‘heat curve’ indi-
cates the margin of protection offered for
different types of faults. it should be remem-
bered, however, that the transformer ‘heat
curves'illustrated in this application data are
drawn from the reference previously cited and
they may notapplyto all transformer designs.

The first part of this appendix pertained to the
minimum fuse rating which should be em-
ployed while the latter part was concerned
with the maximum permissible rating. In
practicality itis not always possible to select a
fuse large enough to allow for all the over-
loading required and still provide complete
protection for the transformer. In these cases’
the user should decide how his/priorities,lie
and trade off overloading ability foritrans-
former protection.

Application Data
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Figure 8: Transformer Heat Curves®
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(@®Heat Curve for N=1| drawn thru points listed in

ANSI C57.92-06.200 and as shown in {EEE
No. 273,’Guide For Protective Relay
Applications To Power Transformers.”








