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FLux PrROBES PROVIDE ON-LINE
DETECTION OF GENERATOR SHORTED TURNS

THE USE OF AIR-GAP MAGNETIC FLUX PROBES HAS
PROVEN EFFECTIVE IN THE DETECTION OF GENERATOR

rotor winding shorted turns and has helped to improve the
quality of predictive maintenance decisions concerning
when or if rotor rework should be performed. Analysis of air-
gap flux probe data can pinpoint the number and location
(pole and coil) of shorted
turns without having to take
the generator off-line.

Shorted turns can have
significant effects on a gen-
erator and its performance.
If the percentage of total
turns shorted out is small,
the generator may be able to
run at rated load for years
without further problems.
Larger shorted turn percent-
ages, however, can cause
operating conditions that
may limit unit loads. If the
problems become severe,
forced outages may occur. Conditions that may result in run-
ning a rotor with shorted turns include:

® Rotor unbalance that varies with field current changes (ther-
mal sensitivily),

* Rotor/stator vibration due to unbalanced magnetic force,

* Higher field current than previously experienced at a specific
load, and

* Higher operating temperatures due to higher field currents.

FAILED INSULATION

Shorted turns are usually the result of failed insulation
between individual windings in a rotor. Insulation failure
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Typical air-gap flux probe installation.

can be a result of turn-to-turn movement of the rotor wind-
ings. Relative movement of turns can degrade the interven-
ing insulation layer or cause misalignment that can result in
turn-to-turn contact. Failures in any of the subsystems
designed to contain the
thermal and mechanical
forces that develop in the
rotor at speed can also give
rise Lo turn-to-turn move-
ment. Some of these failure
mechanisms include coil
foreshortening, end-strap
elongation or inadequate
end-turn blocking. Metallic
contamination can also
result in shorted turns by
forming conductive hridges
between turns. In addition
to the turn-to-lurn contacl
within a single coil, turn-to-
turn contact between coils in the end-turn region can occur
that will remove one or two entire coils from the field circuit.

Coil foreshortening refers to a phenomenon where rotor
turn copper decreases in length within a rotor slot after a
number of stop-start cycles. The copper in the rotor slots
tends to expand more than the rotor body as the unit heats
up during operation. Frictional forces that develop when the
rotor is at speed typically counter the thermal expansion of
the copper, (:rmling a f:mn[n't:ssive force that exceeds the
yield strength. When the rotor is stopped and allowed to cool
down, however, the frictional forces holding the copper in
place are reduced and. as the copper cools, the shortened
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SENSITIVITY
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whose (lux density curve zero-cross-
ings (FDZC) align with each of the
leading coil slot peaks in the {lux probe
waveform. With this data set, each coil
can be analyzed at the maximum pos-
sible sensitivity.

The FDZC varies with the load
placed on the generator. At zero MW
load, the FDZC will be positioned at the
quadrature axis (i.e., between the two
largest coils). As real power increases
towards full load, the FDZC moves
along the leading slots toward the No. 1
lead coil slot. The reactive load also
affects the FDZC position. Positive
MVARs will move the FDZC towards
the quadrature axis, while negative
MVARs will move the FDZC towards
the No. 1 leading coil slot. Reactive
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