SECTION 5

DIAGNOSTIC TESTS AND INSPECTION

TECHNIQUES

T 5.0 INTRODUCTION

The insulation systems in rotating machines are
exposed 1o a variety of aging factors in service,
as indicated in sections 2 and 3. High temperature,
environment, a number of mechanical effects
(including thermal expansion and contraction),
vibration, electromagnetic bar forces, motor start-
up forces in the end turns, and voltage stresses
both at operating levels and due tp severe tran-
sients, contribute to irreversible changes and loss
of insulation integrity and reliability.

Frequently, these aging factors interact to rein-
force the effects of each other. For example, high-
temperature operation could result in shrinkage
or deterioration of the insulation in a stator wind-
ing and shrinkage and loosening of the winding
bracing system; this increases vibration and ero-
sion, and leads to still greater vibration. At some
point, loss of contact of the semiconductive paint
to the slot wall or delamination within the ground-
wall could occur, leading to slot discharge and
internal discharge, respectively, and a progres-
sively accelerating rate of elecirical aging, The
increased erosion associated with this partial dis-
charge condition, in turn, worsens the initial loose-
ness, and the machine may be on the road to a
runaway winding failure.

Station maintenance engineers have at their dis-
posal a variety of nondestructive diagnostic tests
which may be used as tools to track the condition
of the insulation in the-machines and, perhaps
more significantly, the rate at which aging is tak-
ing place (13). This information is essential for the
allocation of sometimes scarce resources for the
most efficient and cost-effective programs to
schedule maintenance; make repairs, and other-
wise contribute to tréuble-free operation. Experi-
ence has shown that the more sensitive the test,
the sooner a developing deterioration process
can be detected and the less costly will be the
repair.

This section contains a listing and brief descrip-
tion of available diagnostic tests for rotating ma-
chine insulation, the conditions they are best
suited to detect, some opinions of their relevance
and relative usefulness, as well as guidance on how
to interpret test results. Only reasonably well-

 proven tests are included. Some new tests, which

still may be very useful, have not been included
because of uncertainties in interpreting them.

This section has been organized somewhat ar-
bitrarily into, electrical, mechanical, and visual
tests and inspections. Temperature monitoring of
rotating machines by means of thermocouples or
resistance temperature detectors is not described
in this section but is discussed in detail in section 6.

An overview of the tests discussed in this sec-
tion, together with information of where they are
used, is found in tables 541, 5-2, and 5-3 for the
stator, rotor, and core lamination insulation 5ys-
tems, respectively. Table 5-4 contains a summary
of tests which can be used to detect open circuits
in squirrel cage rotor windings. Before using any
of the tests, the reader is advised to consult the
respective test specifications or papers which are
referenced. These references contain detailed in-
structions for conducting the tests, a listing of the
required test equipment, and safety precautions
as needed. The tests and inspections described in
this section should be carried out by skilled, expe-
rienced people to aséure the safety of those involved
and to obtain the fullest benefit from the work,

As described in section 6, any assessment of
insulafion system condition requires a thorough
visual inspection by an experienced observer (see
section 5.3) as well as knowledge of the insulation
system design, operating environment, and past
maintenance. Many of the test methods detailed
below are used primarily to establish when the
cost of dismantling a machine (for inspection pur-
poses) is justified.

Section 5.1 applies primarily to tests on the
stator insulation of large rotating machines, al-
though insulation resistance and hipot tests may
be done on any insulated rotor winding and other
components. Special tests for rotor or field wind-
ing systems are described in section 5.1.3,

4 —
5.1 ELECTRICAL TECHNIQUES

The condition of electrical insulating materials is
often best assessed through an electrical test
(14,15,16). Such tests on insulation systems in
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