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SELECTION AND APPLICATION OF POWER FUSES

APPLICATION

High-voltage power fuses provide short-circuit protec-
tion for applications where circuit breakers are econom-
ically inadvisable. It does not provide automatic restoration
of service, and it is not advisable to use them in locations
where the frequency of operation is likely to be great. The
principal application of power fuses is for the primary or
secondary protection of power transformers. Power fuses
can also be used on feeder circuits and capacitor banks.

SELECTION

The following factors should be considered in the se-
lection of a power fuse:

1. Voltage Rating — Select a fuse having a maximum
design voltage rating equal to or greater than the
system line to line voltage.

2. Interrupting Rating — Determine the maximum a-
symmetrical short-circuit current available on the
system at the fuse location. Select a fuse holder
having an interrupting capacity equal to or greater
than the available short-circuit current.

3. Fuse Element Characteristic — Southern States power
fuse elements are available on two bases of rating;

a. The NEMA Standard “E" rating — An “E” rated
fuse element 100 amperes and below will melt in
300 seconds at a current within the range of 200
to 240 percent of the continuous current rating.
Fuse elements rated more than 100 amperes will
melt in 600 seconds at a current within the range
of 220 to 264 percent of the continuous current
rating,

b. The *N" rating — An “N" rated fuse element
will melt in 300 or 600 seconds at a current
within the range of 115 to 125 percent of the
continuous current rating.

Power fuse elements are available in three speed ratios*
to provide the best possible coordination.

FUSE ELEMENT TYPE| SPEED |APPROX. SPEED#*#*
RATIO
IuiE“ ‘.I.N!’
s PF Slow 19
PE PM Medium 12
i PX Fast 7

4. Fuse Element Current Rating — The current rating of

EE

ek

a fuse element must be sufficiently large to handle
normal short-time overloads and energizing and
switching surges under normal operating conditions
without blowing. The current rating of the fuse
element recommended for various size transformers
is tabulated in the following tables and takes into
account these factors:

a. Short-time daily overloads within the limits rec-
ommended by the ASA Publication, “Guide for
Overloading Vil Immersed Distribution and Power
Transformers”, Appendix C57.92 dated January,
1956.

b. Transformer magnetizing inrush current up to 12
times the transformer full load current for 0.1
second.

o

Switching surges normally experienced on a
utility system.

o

Ambient temperature up to 40° C.

Where coordination with other protective devices
is not of primary importance, the type “PE"
fuse unit is recommended.

The speed ratio of a fuse is defined as the ratio of the
minimum melting current at 0.1 second to the mini-
mum melting current of 300 seconds (600 seconds
for fuses above 100 amperes).

Refer to the time-current curves for the speed ratio
of a particular ampere rating and type of fuse
element.
Proposed fuses — not available at the time of this
printing.
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5. Coordination — Coordination is based on the prin-
éi;_:;le that the protective device nearest the short
circuit or overload will operate, thus isolating a
minimum portion of the system.,

a. For general application, the fuse unit selected

from the chart will provide adequate coordi-
nation with usual primary and secondary pro-
tective devices.

. If closer coordination is required, it can be ob-
tained by plotting the time-current characteris-
tic curves of the devices involved on the same or
separate sheets of log-log paper and selecting
breaker relay settings, fuse current ratings and
types so that the desired selectivity is obtained.
All currents must be referred to a common
voltage, either primary or secondary, before at-
tempting to determine coordination. On a Delta-
Wye system, the current the primary fuse sees due
to a secondary fault depends on the type of fault
as well as the magnitude of the short circuit.

(1) Secondary Protection — Plot the total-
clearing time-current curve of the secondary
power fuse or the total-operating time-
current characteristics  of the secondary
breaker or recloser.

(2) Transformer Heating Curve — Plot the per-
missible time-current characteristic curve as
supplied by the transformer manufacturer.
In the absence of manufacturer’s data, use
the American Standards Association curve
which is reproduced in part “A”.

(3) Source Breaker Relays — Plot the time-
current curve on the source breaker relays.

(4) Primary Fuse — The time-current curves on
all Southern States fuse units are printed on
translucent paper so that they may be dup-
licated or laid directly over other curves for
comparison.  The minimum-melting time-
current curves of fuses are plotted on the
basis of no previous loading and an ambient
of 252 C. In service, the fuses are carrying
load current, and are frequently operated
in an ambient above 25% C, The amount of
adjustment to apply for each of these
factors can be determined from parts “B”
and “C”.

However, for general coordination, it is
not necessary to determine the adjustment
accurately, and a total factor of 75 percent
of the minimum-melting time can be used

for the type “E” fuses and 55 percent for
the type “N" fuses. The minimum-melting
time of the selected fuse should be multi-
plied by the proper factor before plotting
it on the coordination curve.

If the adjusted minimum-melting curve
of the fuse lies above and to the right of
the curve on secondary protective device
for currents up to the maximum secondary
short cireuit, the coordination in this area is
correct. (See Figure 1.) If coordination is
not achieved, a fuse with a greater speed
ratio or a larger current rating should be
selected or a change made in the secondary
relay settings.

Plot the total-clearing time-current curve
of the fuse and compare it with the trans-
former heating curve. The total clearing
curve of the fuse should be to the left and
below the transformer heating curve for all
values of secondary short-circuit current.
The fuse curve will probably cross the
transformer heating curve in the low current
region. A fuse is generally not expected to
protect the transformer from damaging long-
time overloads. One hundred percent pro-
tection can be obtained with available fuse
elements only by sacrificing the overload
capabilities of the transformer.

Now compare the fuse total-clearing
curve with the ftripping time-current curve
on the source breaker for all expected values
of primary fault current. The fuse curve
should lie below and to the left of the
source breaker relay curve for all values of
primary short circuit. There need be no
margin between the two curves since the
values are maximum and minimum, respec-
tively.
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FART“B*
PRE-LOAD ADJUSTMENT

The published minimum-melting curves on power fuses
are based on no initial loading. In service, the fuses are
normally carrying load current prior to a fault on the
circuit, As the load changes, the element temperature
changes and, consequently, the minimum-melting time of
the fusible element is affected. The amount of the effect
on the minimum-melting time is dependent upon the melt-
ing temperature of the material used in the design of the
fusible element and the current which the element is
carrying compared to its minimum-melting current. The
temperature of the element at rated current on the “N”
rated fuse elements is closer to the melting value than on
the “E” rated elements. Consequently, a greater adjustment
is required on the “N" rated fuses than on the “E” rated
fuses.

In the short-time or lower portion of the minimum-
melting curve, the fusible element is a relatively high-
melting temperature metal, such as copper. The change
from no load to full load produces only a small percentage
change in the temperature of the fusible element, and the
percent change in the minimum-melting curve is low. The
percentage change in the melting time in this short-time
portion of the time-current curve is shown by Curve “A"
in Figure 2 for the Type “E” rated fuse elements and
Figure 3 for the type “N”.

In the medium-time or upper portion of the minimum-
melting curve, the fusible element separates by melting a
metal having a low melting temperature. Since the melting
temperature is relatively low, the load current has a
greater effect on the minimum melting of the fusible
element in this portion of the curve than it does in the
short-time portion. The maximum percentage change in
the minimum-melting time in this portion of the curve is
shown by Curve B in Figure 2 for the type “E” rated
fuse elements and Figure 3 for the type “N”. The effect
of pre-loading diminishes rapidly with time and is negli-
gible above 1000 seconds.

Coordination is normally more critical in the short-
time portion of the time-current curve. In this areda, the
more favorable adjustment factor is applicable.
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PART “C”
AMBIENT TEMPERATURE ADJUSTMENT

The published minimum-melting curve on fuse elements
is based on an ambient of 25° C. As the ambient tem-
perature changes, the element temperature also changes,
and the time to melt at a specified current is affected.
The amount of the effect on the melting time is dependent
upon the melting temperature of the material used in the
design of the fusible element and the ambient temperature,

In the short-time or lower portion of the minimum-melt-
ing curve, the fusible element is a relatively high-melting
temperature metal, such as copper. The normal ambient
temperature changes produce only a small percentage
change in the temperature of the fusible element and,
consequently, the percent change in the minimum-melting
curve is low. The percentage change in the melting time in
this short-time portion of the time-current curve is shown
in Figure 4 by Curve “A”.

In the medium-time or upper portion of the minimum-
melting curve, the fusible element separates by melting a
metal having a low melting temperature. Since the melt-
ing temperature is relatively low, the ambient temperature
has a greater effect on the minimum melting of the
fusible element in this portion of the curve than it does in
the shori-time portion. The maximum percentage change
in the minimum-melting time in the medium-time portion
of the curve is shown in Figure 4 by Curve “B™.

Coordination is normally more critical in the short-time
portion of the time-current curve. In this area, the more
favorable adjustment factor is applicable.

I
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