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Introduction

PacifiCorp Electric Operations, the company formed by the merger of Utah
Power & Light and Pacific Power & Light, has a strong commitment to providing
reliable, cost-effective service to its customers. Since 1989, amorphous core
transformers have made up the majority of Utah Power & Light's purchases of
distribution transformers, and this will continue with the merged company as long as
new bids for amorphous transformers continue to provide an economic benefit.

This paper will address how a problem with distribution transformer failures led
UP&L to select low loss amorphous core units as a potential solution. Also, a review
will be provided of UP&L’s extensive transformer monitoring and reliability studies,

which convinced us of the high reliability of amorphous core transformers.

Background

PacifiCorp has a diverse range of territory, including mountainous regions,
desert regions with extreme temperature swings, and diverse loading characteristics
due to a mix of urban and rural areas (Figure 1). Our transformers have to operate
reliably under a wide range of conditions.

Starting in 1973, Utah Power & Light began monitoring transformer failures. in
1985 a rigorous auditing procedure was established to keep track of different
manufacturer's transformer failure rates (Figure 2). We found some unsatisfactorily
high failure rates. For example, the 33% failure rate listed in Figure 2 is based upon a
manufacturer of 3-phase pad units for whom 3 out of 9 of one year’s transformers

failed within a year of being installed. Other unsatisfactorily high first-year failures are



shown in Figure 2 for various transformer sizes made by different manufacturers.
Naturally, we wanted to learn the cause for these failures and what could be changed
to prevent them in the future. We were especially interested in whether any operating
procedures at UP&L could be contributing to early failures.

We found that many of the premature failures were occurring with seasonally-
loaded transformers. Examples would be transformers which are used to serve
irrigation pumps. These units make up 5 to 10 percent of our total installed base of
distribution transformers. Our practice had been to shut these units off during the
winter, when they were not in use, to conserve no-load losses. Investigations led us
to believe that the action of turning transformers off each year was creating
condensation, which resulted in failures when the units were put back in service. We
saw that amorphous core transformers would provide an ideal remedy for this
problem. Because they have such low core losses, UP&L found that it would be
economical to keep amorphous core transformers energized all year round. In
addition to avoiding the failures, the manpower costs to energize and de-energize the

transformers would also be eliminated.

Approval of Manufacturers of Amorphous Core Transformers

In order to evaluate amorphous core transformers, UP&L purchased 12 units
from General Electric in 1987 for test purnoses. In 1988 and 1988 we purchased 12
test units each from ABB and Howard Industries, respectively (Figure 3). We

confirmed the losses specified in the certified test reports for each of these three



manufacturer’s test units. We did teardowns to convince ourselves of the quality of
each manufacturer’s amorphous core transformers. We were particularly interested in
how the amorphous cores were secured in the tank, and in how the manufacturers
had encapsulated the cores.

These teardowns convinced us that the manufacturers were all producing high
quality transformers. For example, we wanted to make sure that chips of amorphous
metal would not dislodge from the core and end up in the oil or windings. We have
found no chips of amorphous metal in any of the trénsformers. We also saw that all
three manufacturers were using reliable techniques to encapsulate the cores and to
attach them to the tanks in a secure fashion.

Another part of our program was to visit each of the three aforementioned
transformer manufacturers to qualify their amorphous core manufacturing techniques
and facilities.

As a result of the test programs we have been routinely purchasing amorphous
core transformers from GE, ABE, and Howard Industries since 1990. In addition, we
have changed our policy and will now accept amorphous core transformer bids from
other manufacturers without having to go through test procedures or plant visits. We
now consider amorphous to be interchangeable with silicon steel, and will accept

amorphous bids from all manufacturers.



UP&L’s Commercial Use of Amorphous Core Transformers

UP&L purchases transformers based on equivalent total owning cost, which
takes into account the transformer’s purchase price plus cost of losses, along with a
vendor evaluation factor which depends on each vendor's product performance
(Figure 4). Amorphous core transformer bids have been the most economical choice
in many cases for UP&L. Since 1987, UP&L has purchased over 6,000 amorphous
core transformers (Figure 5). The range of kVA sizes is from 10 kVA overhead units
to 750 kVA 3-phase pad-mounts (Figure 8). From a practical point of view, our
linemen have found no difference in installing the amorphous core units. Whether a

transformer has an amorphous core or a silicon steel core is considered "transparent”.

Conclusion

Our original interest in failure rate reduction with amorphous core transformers
concerned the seasonally-loaded units. Amorphous core transformers have helped to
reduce failures in these installations. The fact that we don't have to energize and de-
energize these units every year has turned out to be a valuable added benefit, beyond
the lower total owning cost of the amorphous units we have purchased. In addition to
the failure rate reduction benefit, we've found an incidental reliability benefit in the fact
that amorphous core units are, in general, turning out to have lower failure rates
because of the greater care that transformer manufacturers are putting into their
construction. With over 6,000 amorphous core units on our system, we haven't had a

single failure or warrantee replacement (Figure 7). This is a remarkable achievement.



We have seen that the transformer manufacturers are putting their best people on their
amorphous core transformer production lines, and are producing a high-quality
product.

Now that UP&L has merged with Pacific Power & Light, forming PacifiCorp
Electric Operations, we have revised our loss evaluation factor. The 1980/1891 UP&L
value for core losses was $5.05 per watt. We have determined a new value of $4.82
per watt for PacifiCorp as a whole for 1992/1983. We look forward to continuing to
purchase amorphous core transformers as fong as they continue to provide an

economic benefit.
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