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Advanced transformer
condition assessment

Transformer lifecycle and risk assessment

Lightning/Surge arrester
testing

The two screenshots in Figure 7 indicate in-
ternal arcing in a 500 kV lightning arrester
(LA), energized at full voltage. and the test
set is in the HFCT trigger mode. Twenty
minutes is the agreed-upon test time that
was determined by years of experience.

Normally, lightning arresters have no ac-
tivity; if this arcing problem had not been
detected and corrected early, the fault
would likely have resulted in a catastrop
hic failure. This arrester was consequent-
ly removed from service, tested off-line
and disassembled. Off-line testing (watts
loss) was done at 10 kV and did not find
the problem. Upon disassembly we found
evidence of moisture ingress and major
arcing. Testing LAs/SAs at full voltage is
the best way for determining the health.
Using infrared inspections while they
are energized is the other reccommended
method for arrester testing. If the arrester
is arcing, it will normally not display any
heating. If it is heating, it will normally not
be arcing. This is what my experience has
shown. There may be a case where there is
arcing and heating in the same unit, how-
ever, | have never seen it.

Vibration and sound level
analysis of transformer main
tank

In order for a transformer to withstand
through-faults or switching surges that
include heavy load conditions, the core
and windings must be securely blocked
and clamped during the manufacturing
process to prevent movement, shifting
or distortion during its lifetime.
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Clamping pressure must be maintained
to prevent looseness of core and
windings.  Deterioration of the
pressboard due to moisture or heat
may cause shrinkage and looseness,
over time. Trending vibration and
sound level data is critical to gauge
the health of a transformer. In 1992
the EPRI transformer project started
taking vibration data on transformers
at 14 utilities. This was a pilot project
to determine if vibration analysis had
any value in determining transformer
health. Now 24 years and thousands of

transformer tests later, I can say without
a doubt that vibration and sound level
can and do detect looseness.

SFRA (Sweep Frequency Response Ana-
lysis) is a technique that can be used off-
line to provide confirmation data when
the vibration spectrum indicates loose-
ness. The major benefits to vibration ana-
lysis over SFRA are that the test only takes
a few minutes to accomplish and can be
done without taking the transformer out
of service, the test equipment is much less
expensive and often already in use on site.

A good arrester will have no activity and
indicate a straight line green trace on the
scope

Figure 7. Screenshots of a 500 kV lighting arrester arcing at full voltage
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RISK ASSESSMENT

In order for a transformer to withstand
through-faults or switching surges that include
heavy load conditions, the core and windings
must be securely blocked and clamped

A normal core form transformer takes 4
minutes to gather the vibration data.

Acquiring vibration data

An accelerometer attached to a magnetic
base is used to collect vibration signals;
this data is stored in a vibration instru-
ment then downloaded to a computer
for analysis with standard vibration soft-
ware. After 10 years of vibration analysis
through the EPRI vibration project, it was
determined that only eight data points are
needed on each transformer. Vibration
sampling results are displayed as water-
fall plots, such as those shown in Figures
8 and 9. Starting on the high-voltage side,
arbitrarily named side #1, and moving
counter-clockwise, data is acquired from
two points on each side, or wall, of the
transformer. The exact data point loca-
tions are determined by the size and con-
figuration of the transformer, either core
form or shell form. It is crucial that the
data is gathered by experienced personnel
and taken at the correct locations for each
type of transformer. Pump vibration data
is taken on the axial plane only, looking
for thrust bearing problems.

The ideal spectrum of a steady-state vibra-
tion signal from a healthy, tight trans-
former will contain frequencies that
indicate a normal signature. First and
foremost, 120 Hz pressure waves are
detected; these pressure waves are two

Avarage sound level 68 dbc

Figure 8. Normal, tight signature of an oil-filled power transformer.

Note the sound level in “C” weighting

100

times 60 Hz line frequency, i.e. each 60 Hz
shift from positive to negative creates a 120
Hz pressure wave that travels through the
core, blocking and oil to the transformer
wall. Harmonics of 120 Hz will also be
detected. It is the combination of data
and the shifting of energy that indicates
whether a unit is tight or loose.

Analyzing vibration data

Recognizing the symptoms of core or
blocking looseness is very significant
in diagnosing transformer condition.
Original methods of transformer
vibration analysis considered only
amplitude. This was based on severity
criteria measured in inches per second.
Subsequent testing has shown that
frequency shifts point toward core and
windinglooseness regardless ofamplitude.
Since vibration analysis is only 24 years in
the making and few companies have taken
an interest in gathering this data, the only
reference is the original EPRI report [1]
and my experience in this method. This
was a Tailored Collaboration (TC) that
started in 1992 and lasted 6 years. The
final report is available for free from EPRI.

com. As stated above, continued work has
shown that the original findings were not
totally accurate.

Analyzing sound levels

Sound level readings are affected by loose-
ness and have been able to track along
with the vibration analysis. Four readings
are all that is needed on each transformer;
one on each side, 6 feet (1.8 meters) from
the transformer. The readings are taken in
C weighting which takes into account the
120 Hz normal sound coming from the
transformer. This is an easy trending tool
and worth the effort in the war on trans-
former failures.

Case study 1: Normal oil-
filled power transformer -
waterfall plot

The transformer in case study 1 is a fully
loaded 30 MVA transformer (Figure 8).
Because of the angle of the plot, the first
peak appears to be at 100 Hz; however, it
is actually 120 Hz. The next peaks shown
on the plotare all harmonics of 120, which
are 240, 360, 480 and 600 Hz. Notice the
amplitude is only 0.14 inches per second
(3.56 mm/s).

Case Study 2: Loose core
form transformer

The transformer in case study 2 is loaded
to approximately % load. Notice the shift

Four sound level readings, one on each side
of the transformer, are all that is needed for
the sound level analysis

Avarage sound level 92 dbc

Figure 9. Typical loose signature with accompanying increase in sound

level. Note the energy shift to the right

TRANSFORMERS MAGAZINE | Volume 3, Issue 4



in the spectrum out to 360 Hz and the
increase in sound level to 92 DBC. The
sound level is always increased when the
transformer is loose. Notice also that the
120 Hz has dissipated where the energy
has shifted.

Recent findings

Figure 10 shows a 500 kV transformer
that failed catastrophically, with smoke
still coming from the bushing mounts.
Its sister transformer, which is 40 feet (12
meters) away and still operating, has been
tested showing PD and arcing. Although
these issues are different from those on
the failed transformer, they will have to be
addressed soon. The burst interval for the
operating transformer is 4 milliseconds.

Conclusions

Combining results from the presented on-
line test methods with those you might
currently be doing, and using the data
from all the available techniques greatly
improves your success of life cycle man-
agement.

The realities are:

« Doinga complete condition assessment
as described in the paper is preventing
catastrophic failures and extending the
life of transformers under this program.

« The risk of a failure is real; managing
that risk is a full-time job!

« Aging electrical equipment is increas-
ingly likely to fail!

« These failures will cost time and money!

« A small investment in the latest
technology will pay for itself quickly!
One save will more than pay for
whatever you have invested in time and
money.

« A quality PAM program controls costs
and prevents unexpected failures.
Note that there will be failures, but you
will know about them and have more
control when to do a replacement.

« Replacement prior to a catastrophic
failure is always less expensive than
doing a rebuild of a station due to fire
and oil spills.
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Combining the results from the presented
on-line test methods with those you might
currently be doing, and using the data from
all available techniques greatly improves the
success of life cycle management

Figure 10. Catastrophically failed 500 kV transformer
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