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This manual is designed to assist technicians in
their duties of properly testing electric motors,
coils, windings, and other electrical devices using
dielectric test instruments. These various
instruments, including the Surge/Comparison
tester, High Potential tester, and Megohmmeter,
have proved to be extremely useful for
determining electric motor winding strength,
cleanliness, and overall suitability for service.

Testing insulating systems within a motor winding
and analyzing the test results requires knowledge
in two areas. The technician must understand the
properties of the insulation itself. He or she must
also understand the elements and processes that
can damage or degrade insulation. The first
portion of this manual provides this general
information.

This manual also contains descriptions of
insulators, practical applications of test
instruments, and recognized test standards.
ANSI/IEEE and EASA standards are referenced
whenever possible. Temperature conversions and
connection diagrams are also included to assist the
technician in obtaining proper test results.

Insulation has the ability to isolate electrical
conductors in an electric circuit. It is one of the
critical components of an electronic circuit or
mechanism that allows it to function. It is,
however, the weakest link in the chain that
harnesses electric flow.

The fundamental properties of any given
insulating material are:

 Dielectric strength: its ability to withstand
high voltage without breakdown (arc-over).

» Ohmic resistance: its ability to prevent
leakage of small currents to Earth ground.
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e Thermal conductivity: its ability to dissipate
heat generated in the conductor by current
flow.

e Mechanical Strength: its ability to withstand
mechanical stresses without rupturing.

The ideal insulator, therefore, is one having
maximum dielectric strength, high ohmic
resistance, and good thermal conductivity. Other
desirable features include good mechanical
strength (to resist wear and tear) and chemical
stability (to resist damage from solvents, etc., in
the working environment).

The dielectric strength of an insulating material is
usually expressed in terms of a voltage gradient.
Common units of measure include:

 volts per mil
e volts per millimeter
e kilovolts per centimeter

The dielectric strength of an insulating material is
its ability to resist high voltage puncture or
rupture. This resistance is necessary not only at
normal operating voltage levels but also to higher
voltage spikes that might occur during a power
surge. The dielectric strength of the insulating
system may be severely reduced or completely
destroyed if such a failure occurs, depending on
the amplitude of the voltage spike.

Ohmic resistance is that quality of an insulating
material that prevents the leakage of current
through the material and creepage of current along
the surface of the material when subject to a direct
voltage.

This resistance is usually expressed in megohms
(MQ or 1,000,000 ohms) and is proportional to
the area under test.
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All electrical conductors, regardless of their
quality, resist current flow to some degree. This
resistance results in the generation of heat in the
conductor. An insulator’s ability to shed this heat
is its thermal conductivity. Temperature
classifications for insulation is described in the
next section.
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An insulating system is an assembly of insulating
materials associated with the conductors and
supporting structural parts of an electrical
apparatus. Thus, the insulation of the magnet wire,
the insulation separating phases and slot liners,
and the varnish all compose the insulating system
of a motor’s stator winding.

The National Electrical Manufacturers Association
(NEMA) has created an insulation classification
system. An insulation system can be classified
according to its maximum operating temperature
rating. Chart 1, below, outlines the classification
scheme. :

Chart 1
Maximum Temp.
Classification °C °F
A/ 105 105 221
E /120 120 248
B /130 130 266
F/ 155 155 311
H/ 180 180 356
N /200 200 392
R /220 220 428
S /240 240 464
C / 240+ greater than 240 464

The temperature classification indicates the
maximum (hot-spot) temperature at which the
insulation system can be operated and still
maintain its normal expected service life.

The ability of an insulator to protect a conductor
is a function of temperature. This function, the
temperature coefficient of resistance of an
insulating material, is a negative value and
relatively large. So, simply stated, a small increase
in temperature causes a large decrease in
insulation resistance.

4
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Another temperature related factor contributing to
insulation breakdown is outlined by the thermal
theory of dielectric breakdown. This theory
postulates that the current distribution over a given
insulation sample is not uniform. The least
resistive, or weakest, portion of the insulation
carries more current due to its lower resistance.
This situation is analogous to resistors in a
parallel circuit. It results in the weaker insulation
being heated more than normal insulation since it
carries more current. As long as the insulation or
adjacent structure conducts the heat away as fast
as it’s generated, the temperature will remain
stable and no failure will occur. However, if the
heat is not dissipated, the weaker area can heat up
and allow breakdown to occur.

Insulation does not always fail by breakdown at
some critical temperature. The useful life of an
insulator is determined by its actual range of
operating temperatures and its thermal history.
Failure is often caused by gradual mechanical
deterioration with time caused by sustained
operation at the upper end of the insulation’s
temperature rating.

The rate of mechanical deterioration is a function
of this time-temperature relationship. One rule of
thumb suggests that insulation’s thermal life is
reduced by 50% for each temperature increase of
10°C above the designed operating temperature.

Physical rupture of an insulation system can occur
during a voltage surge related to switching of
inductive loads or a nearby lightning stroke. This
momentary over-potential stresses the molecular
structure of the insulating material, causing
ionization and failure of the material itself.

Studies have shown that voltage surges caused by
the switching of inductive loads can exceed 5
times the rated voltage of the motor. Under
normal operating conditions the potential
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difference between adjacent turns of wire may be
only 50 to 200 volts per turn, depending on the
type of winding. These stresses are the greatest in
the first 10% of the winding. Voltage surges in
wire with small imperfections or damage to the
insulation can result in a premature winding
failure. Reference IEEE paper 0093-9994/82,
Interturn Stator Voltage Distribution Due to
Transient Switching of Induction Motors.

Insulation can also be damaged mechanically by
vibration or expansion and contraction. When
current is applied, thermal expansion, magnetic
forces, and inertia cause the end turns of a motor
winding to twist. This strong twisting force,
applied over time, causes damage in two ways.
First, it can loosen the insulating varnish on the
motor’s wires. Second it causes the turns of
magnet wire in the coils to rub and wear against
each other.

Both forms of mechanical damage expose bare
wire. Eventually the wires can come into direct
contact, creating a turn-to-turn short.

Once the turns are shorted, a closed loop is
formed in the coil. This closed loop behaves like
the secondary of a transformer. All current
induced in this loop, since it is a short circuit, is
dissipated as heat. This heat rapidly degrades the
surrounding insulation and can eventually destroy
the ground wall (Figure 1, next page).

Failure of the ground wall allows extremely high
current flow in the coil. This high current
produces high heat and all the surrounding
insulation is charred. This inevitably destroys the
evidence of the initial turn-to-turn short which
caused the failure.

New motor designs, particularly the energy
efficient motors, require very tight spacing of
turns and coils. This compaction of the wire in the




























































































































































