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HIGH VOLTAGE POWER FUSE FAILURES

Introduction

High voltage power fuses have a demonstrated reliability that
is typically unquestioned. These protective devices often remain
in service for many years with only an occasional visual
inspection from the ground. It is known that weathered and
contaminated fuses can cause electrical tracking on the outside
of the fuse barrel during a normal clearing operation. This
tracking can create an external power arc and cause considerable
damage to the protected eguipment and the fuse mounting. Most
utilities remove fuses when the insulating paint, glyptol or
equal, becomes weathered. Some utilities remove the old
deteriorated insulating material and paint on a new surface.

Others replace the fuses with new units. These potential
problems are obvious and are normally maintained, however, the
internal operating mechanism is not so obviocus. Power fuses are

more than just a simple fuseable element, engineered to operate
fairly precisely over a wide range of currents. Melting times
and total clearing times are found in the manufacturers
time-current curves. Power fuses utilize a fuseable element to
determine its load carrving capacity and fusing characteristics,
but once the element has parted, the fuse becomes a mechanical
system designed to extinguish the power arc in a minimum time
period. When protecting a transformer, the total clearing time
of the power arc can approach the thermal rating of the
transformer windings; any additional delay can destroy the
transformer windings.

Several utilities have noted that even though they attempt to
maintain good fuse engineering practices, they still have an
occasional fuse misoperation. An occasional misoperation of a
radial feeder line may not be too costly, but one misoperation of
a faulted power transformer can be disasterous.

This paper will be concerned only with S&C fuse types SMD-1,
SMD~1A, SMD-2, SMD-2B SMD-2C and SMD-3. These fuses, in the 69
through 138kV ratings, quench the power arc by drawing it into a
chamber enveloped by solid boric acid (see figure 1). The heat
from the power arc turns the boric acid into boron and water,
which extinguishes the arc by deionizing and cooling the arcing
gasses. This fuse is very reliable and dependable as long as the
mechanical function operates properly. A few misoperations of
these fuses by some utilities throughout the U. §. has prompted
the S&C Company to develop a special tester to test the
mechanical portion of the SMD fuses.



Failed Fuses

Through a series of failed, but not destroyed, fuses it has
been determined that the arcing rod can stick in the boric acid
material and the arc can not be extinguished. One particular
case occurred at one of Bonneville Power s (BPA) substations.

The three phase fault on the low side of the 115 to 13.8kV
transformer, only drew 600 amps through the 125E fuses on the
115kV side. The three fuses all opened their melt links but none
operated the arc expulsion mechanisms. The energy from the 600
ampere arcs burned the copper farrels off the hinged end of the
fuses after several minutes, then fell to the ground. When the
fuses fell out of the harps, one of the fuses arced to the steel
structure and tripped the remote terminal via its zone 2 relays.
The fuses were cut apart and found that all had stuck arcing rods
(see figure 2). History about the fuses in this station was
incomplete, but the station was about 20 years old and probably
had the original set of fuses. All three fuses had the S&C date
stamp of 5-66. This failure triggered a testing program within
BPA that will ultimately test all of BPA's SMD fuses for possible
stuck arcing rods.

Fuse Airflow Testing

As you might expect, a complete and thorough maintenance of
the mechanical operation of SMD fuses would be to remove the
fuseable link and release the spring loaded arcing rod through
the boric acid material and physically inspect the mechanism.
This is not recommended for at least two reasons: 1.) the fuse
has to be fitted into a special jig to compress the drive spring
and lock it in place and 2.) this would probobly damage the
special corona shield which is painted on the inside of the boric
acid material. The special airflow tester measures the air gap
between the arcing rod and the boric acid material by forcing a
calibrated amount of air into the end of the fuse. At a constant
pressure, air flow measurements determine the unrestricted gap
between the arcing rod and the boric acid material (see figure
3). If the airflow is restricted, this indicates that the gap
between the arcing rod and the boric acid material is reduced.
This occurs when the solid boric acid material begins absorbing
moisture and swells. The outside diameter of the material is
restricted by the horn fibre enclosure, therefore swelling of the
boric acid material reduces the inside diameter, shrinking on the
arcing rod.

I have tested 733 fuses at three Northwest utilities and am
combining these data with similar tests being conducted by BPA,
Portland General Electric and Puget Sound Power. To date, my



testing has found 7 fuses completely stuck, 9 more fuses in a
definitely deteriorated state and 70 more below S&C’'s recommended
minimum airflow values. These minimum airflow values, developed
by S&C are values that are calculated from the minimum spacing
that should be maintained between the arcing rod and the boric
acid material. The different sized fuses should have clearances
which allow airflows between 71 and 80 cubic feet per hour.

The graph in figure 4 reflects the number of failed fuses and
total fuses tested compared to the fuse date stamp years. The
graph includes a total of 64 failed fuses out of the sample of
423 fuses tested in this group. The graph indicates that the
probability of a fuse failure increases with its age. The high
amount of failures in the 1966 group may indicate poor quality
control during that year. Based on the number of failed fuses
that were found above the airflow value of 51, I would suspect
that the error was in the original inside diameter of the boric
acid material and these units are not necessarily bad fuses. I
chose this value of 51 purely from the data. Figure 5 shows that
a large percentage of the fuses that were below S&C’'s cutoff
values, are in the upper region of airflow values. A relatively
large gap between 51 and 64 indicates that maybe the cutoff value
should be in this range. I could have just as well chosen 55 or
60 since no other fuses fell within this range. From this chart,
one might draw the conclusion that some deterioration has
affected all of these 64 fuses, however without further
investigation, I would conclude that the fuses below the airflow
value of 51 are deteriorating while the ones in the upper region
of the scale are probably not. I would like to retest this batch
of fuses in the upper range of the chart in one or two years to
determine if the deterioration is continuing. If not, I would
conclude these fuses to be mechanically operational.

My information from PSP&L, BPA and PGE reflects 6 stuck fuses
out of 675 tested. The testing proceedure used by these
utilities was not the same as my proceedure and much of the data
was inconsistent, therefore these airflow values are not included
in my report.

Are Your Fuses Operational?

It is obvious to me that about 1% of your fuses are probably
inoperable. If your stock is fairly new (less than 15 years),
this percentage should be less. Those fuses over 15 years old
have a much higher probability of being inoperable. My
experience has also shown that warehoused fuses, that include
older replaced units, contain about the same percentage of bad
fuses as the in-service units.



Is a 1% failure worth testing all of your fuses for? I will
answer this question with another question. How much would it
cost to replace your least expensive power transformer? Maybe
$200,000; maybe only $50,000. We can airflow test 100 fuses for
less than $1000.

You can purchase an airflow tester from S&C for about $350,

but before you consider this alternative, I would like to discuss
the test proceedure.

Fuse Testing Proceedure

The S&C instructions with the airflow tester inform the user
to adjust the source regulator to a static pressure of 25 psi and
the airflow toc 90 SCFH, before the fuse is connected to the
tester. Then commence testing. My experience determined that
repeatable data could not be obtained by using this proceedure.
Repeatable data can be obtained by adjusting the source regulator
to a dynamic value of 23 psi while setting the airflow to 90
SCFH. Also, this pressure should be checked occasionally during
testing. Due to the relatively large number of fuses that I
found below S&C’s MINIMUM ACCEPTABLE AIRFLOW VALUE TABLES, I
would suspect most of these are mechanically acceptable. Again,
I would prefer to test some of these units at a later time to be
assured that they are not in a state of deterioration that will
eventually cause them to seize the arcing rod. I also suspect,
however I have not confirmed, that the deterioration rate causing
the problem is relatively slow. Once all of your fuses are
checked, you should be assured that all of the fuses which tested
above S&C’s values will be stable for several years. Only
continued testing and data accumulation will confirm or deny this
statement. I would like to test as many fuses as possible to
further update my suspicions about the deterioriation.

Conclusion

The S&C type SMD fuses have a very high reliability factor.
Unfortunately, this high reliability may lead the engineer into
the deception that they are infallible. The protection engineer
must admit that the probability of a fuse failure which can cause
a power transformer failure, can be reduced by airflow testing.
Airflow testing provides a simple, reliable method for checking
the arc interrupting and extinguishing mechanism in the S&C power

fuse. I would like to conduct these tests in your utility to
further my study and attempt to determine why this small
percentage of fuses are failing. I am not convinced that 1% of

all of the utilities fuses are mishandled.



Drive Spring
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Figure 1. Construction features of a typical SMD Power Fuse Unit.



Figure 2. Partial cross-section of a failed fuse
with a stuck arcing rod.

Figure 3. End view of a normal fuse (left) and a
stuck fuse (right).
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