FEATURE + Megger

Ramp Testing in Identifying and
Preventing Insulation Failure

By Jeff Jowett

seen the development of numerous specific procedures

with the intent of examining and stressing insulation qual-
ity in different ways in order to call attention to different possi-
ble issues and problems. Insulation resistance is, of course,
designed to be of a high value in order to keep circuitry isolated
from other circuitry and from ground. Over time, just the wear
and tear of normal usage will cause insulating material to de-
grade and reduce its insulating quality. Added to this process
are localized and sometimes catastrophic events such as volt-
age spikes and surges, water ingress and the incursion of conta-
minants that will both speed and heighten the process of
degradation. Consequently, insulation resistance is tested both as
a maintenance procedure, to keep equipment within desired op-
erational parameters, and as a troubleshooting function, in re-
sponse to known or suspected problems.

THE TESTING OF ELECTRICAL INSULATION has

Simply taking a spot resistance reading with a megohmmeter
is often all that is required of a given situation. But at other
times, more exhaustive testing is in order to identify the problem.
These are typically the bedeviling “intermittent faults”, where
equipment successively runs and trips. An added goal of pre-
ventive electrical maintenance is to anticipate such contingencies
before they develop and take measures to head them off. Ac-
cordingly, numerous procedures have been developed that make
use of the insulation tester to give information well beyond the
mere resistance number at a given time.

By way of quick review, insulation resistance testing is ac-
complished by the application of a comparatively high voltage
(typically on the order of system-rated to twice system-rated)
across a body of insulating material and measuring the amount
of current, called “leakage”, that gets through the material; in
essence, going where it’s not supposed to go if Continued on page 8
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equipment were operating well. The amount of current is minis-
cule; micro- or even nano-amps. By the time the natural degra-
dation process has permitted leakage current to reach levels as
“high” as milli-amps, the insulation is breaking down and soon
will no longer be doing its job. On a 120V circuit, the human
body normally begins to fell a “tingle” at about half a milli-amp.
One of the fundamental test procedures developed early in
the use of megohmmeters (circa 1950) is the familiar and popu-
lar Step Voltage Test. Put simply, this is an examination of the
response of the insulating material, in terms of resistance, to in-
creasing voltage stress. Within broad parameters, “good” insu-
lation should be able to stand up to increases in voltage. But if
the material is deteriorated, each voltage increase will exploit
additional leakage paths by pulling current through more and
more cracks, burn tracks, water trees and the like. As voltage
increases, current increases, and resistance drops accordingly.
As the testers themselves have developed over the years, the
implementation of this test has become simpler. As long as more
than one test voltage is available, a simple Step Voltage Test can
be performed manually. But modern testers have multi-voltage
selection that reads directly, without having to adjust the reading
to the voltage as was necessary with older models. Such units can
easily perform the test manually, by turning the selector switch,
noting the time and marking down measurements. Even more ad-
vanced megohmmeters do the whole thing automatically. Typi-
cally, only the voltage ceiling need be selected and the Step
Voltage mode engaged, and such models will run the test auto-
matically, displaying all relevant data at the conclusion. Accord-
ingly, an industry-standard procedure has evolved where five
successive voltages are applied for one minute each. If a 5 kV
ceiling is selected, the test will run at 1, 2, 3, 4, and 5 kV for one
minute each, a total of a five-minute test. As always with insula-
tion resistance testing, comparison to previous results is the best
evaluation, but for sake of perspective, a general rule is that more
than a 25% change indicates an excess of contaminants (Fig. 1).
One of the principle val-
ues of this test is that it can
reveal problems that may
have been overlooked in
the results of other tests.
An example is the single
point of localized damage
in otherwise good insula-
tion. A voltage spike may
have caused a pinhole.
With air (a good insulator)
now filling the space pre-
viously occupied by insu-
lating material, a spark gap
exists that may go unno-
ticed by a simple resistance
measurement. This can also be the source of an aggravating inter-
mittent failure problem. But the Step Voltage Test may well arc the
spark gap and expose the flaw. Similarly, aged insulation, by virtue
of drying out, may yield a deceptively high value against a single
resistance test. But such material often has cracks and similar flaws
that make the equipment poised on the verge of breakdown. A
Step Voltage Test will pull more current through more of these

With insulation
resistance testing,
a general rule is
that more than

a 25% change
indicates an
excess of
contaminants.
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flaws with each increase, and readily reveal an impending failure.

The increasing sophistication of modern megohmmeters has
led to a refinement of the Step Voltage concept to a whole other
level, the Ramp Test. Rather than increasing test voltage in dis-
crete jumps (industry standard are 500 V and 1 kV increments),
the ramp test applies voltage in a continuous increase at a con-
stant rate, up to the selected maximum. The response of the in-
sulating material to voltage can be assessed in a much subtler
and more detailed manner, without the jarring effects of quantum
leaps. Small defects can be detected more readily, and equip-
ment that is on the verge of breakdown can be analyzed without
risking damage. Leakage current is graphed continuously against
voltage rise. Normally, the relationship would be expected to
be linear, but if current begins to rise more sharply, the material
is breaking down and the test can be terminated prior to the oc-
currence of full breakdown. Continued on page 12
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Typical ramp test result for epoxy-mica insulation
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Typical ramp test result for asphalt-mica insulation
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The Ramp Test has been evaluated by standards agencies,
and is described in IEEE 95-2002, The IEEE Recommended
practice for insulation testing of AC electric machinery (2300 V
and above) with high direct voltage. The recommended rate of
voltage rise from the standard is 1 kV per minute. Some testers
may also permit adjustment of this rate. The IEEE standard con-
veniently provides graphs of current curves of typical problems,
for comparison of test results. Defects like cracks, voids, de-
lamination, moisture ingress, surface contamination and uncured
resin may all be detected. The IEEE has recommended the
method especially for epoxy-mica, polyester, and asphalt ma-

Typical ramp test showing moisture insgress
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terials. (The standard also prescribes that the equipment under
test be first subjected to an insulation resistance or Polarization
Index test according to IEEE 43-2000 so as to assure that the
equipment is suitable for higher voltage testing.)

The evaluation of test results first prescribes that insulation in
good condition should produce a smooth, almost linear rising
current curve against the applied voltage. Any deviation should
be viewed as a warning that the test could be approaching a pos-
sible breakdown. A sudden increase in current usually indicates
imminent breakdown, and it has been possible to approach as
closely as 5% below breakdown voltage. An abrupt drop in cur-
rent is rare, but if it occurs when test voltage is above peak op-
erating voltage, it can also be an indication of imminent
breakdown. Comparing the curves of asphalt-mica to epoxy-
mica shows that asphalt-mica has a higher level of absorption
current, resulting in a steeper curve. But both produce clean,
linear graphs when in good condition (Figs 2 & 3).

By contrast, insulation having absorbed moisture produces a
sharp rise in current, and the test would have been stopped (Fig.
4). Old asphalt may produce a slightly non-linear response show-
ing small deviations as “blips”, whereas significant localized
weaknesses will show a sudden, larger increase (Fig. 5). The test
would be terminated as the graph approached vertical. Cracks in
ground wall insulation will show a sudden near-vertical rise, of-
ten preceded by small spikes (Fig. 6). It is also useful to compare
the current curves from different phases. Continued on page 14

Epoxy-mica winding with cracked insulation
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Test on three phases tested seperately
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All three should provide comparable results. A phase that shows
a different response usually indicates a problem with insulation
condition (Fig. 7).

Among the ticklish problems that this technique has been suc-
cessfully used to identify are tape separation, end-arm partial
discharge and contamination, delamination and lack of resin
cure. As an example, an 11 kV 21 MVA hydro transformer in-
stalled in 1928 was tested and yielded an acceptable PI of 3.8 on
asphalt-mica insulation. A simultaneous ramp test graph, how-

ever, showed instability as low as 5 kV (Fig. 8). The winding
was prone to overheating due to the cooling ducts in the core
becoming blocked by oily dirt. The stator was eventually re-
wound. Similarly, tests were made on an asphalt-mica-insulated
13.8 kV winding of a hydro generator installed in 1961. After 37
years in service, repairs were made near the stator frame, and in-
volved the use of water. Testing revealed leakage current in ex-
cess (Fig. 9), and a dry-out did not improve the measurements.
The results of partial discharge and ramp tests Confinued on page 16
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suggested the loss of a bond between layers of mica tape. A
rewind was finally performed, with a rating increase from 37.5
to 50 MVA. Another example is that of a 13.8 kV roebel bar
winding in a hydro generator that was not ramp tested upon in-
stallation. Ramp testing was performed shortly after the results
of 3 and 1 short circuit tests (Fig. 10), and physical damage
in the end arm area was suspected. This proved not to be the
case, and a ramp test still showed leakage 2 years later. But af-
ter another 5 years, the condition had disappeared. The conclu-
sion was that test results reflected the curing of epoxy-mica.

In such manner, ramp test results are a useful tool in clarify-
ing vague or conflicting data from other tests, and in identifying
specific problems on equipment known to be faulted yet show-
ing acceptable results against other procedures.

Source of information and examples:

W. McDermid & J. C. Bromley, Manitoba Hydro,
The Ramp Test — Its Origins, Development and
Application, IEEE Transactions on Dielectrics and
Electrical Insulation, Vol. 17, No. 5, Oct. 2010.
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