Periodic On-line Partial Discharge
Monitoring of Large Turbine Generators
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TGA-S

PERIODIC ON-LINE PARTIAL DISCHARGE
MONITORING OF LARGE TURBINE GENERATORS

TGA-5: The Instrument of Chaoice for On-Line
Partial Discharge Monitoring of Motors and
Turbine Generators

» The test enables predictive maintenance on motor
and furbine generator stator windings, resulting
in the increased availabiity and extension of
operating life,

= The techmigue was introduced more than a decade
ago and has since been used on over 1000 turbine
generators io identify detenorated stator windings.

» The method is non-destructive and based on scund
sciantific and empirical principles.

» Recommsanded by manufaciurers and industry
standards such as the IEEE std. 1434-2000.

The manibaring technigue is based on the application
of Stator Slol Couplers {S5Cs), resulting in a high
frequency measurement range and a favoralble signal-
fo-noise (SM) ratio. This enables the automatic
separation and reconding of both partial discharges and
naise, so that fzst resulis can be easily inerpreted.

The most common method of monitoring large turbine
generators involves wusing 3 portable mstrument with
multiple s=ts of permansnily installed S5Cs. The
imstrument is controlied by means of 3 compuier and
imzludes Windows ™— based control and data display
sciiware.

Alternatively, continuous monitoring sysiems ars
available from Irns. They can be integrated with plant
SCADA and facilitate remote monitoning.

THE TURBINE GENERATOR ANALYSER (TGA)

Iris Power Engineering, and Ontario Hydro developed
the TGA-S test with funding from the Canadian
Elzctricity Assooation. The method enables the
detaction of siator insulafion problems and, it was
specifically designed to manitor partial discharges
under normal operating conditions, Le. normal
elactrical, mechamnical, thermal and environmental
operating stressas. The readings are not afecied by
normal external inferference (or noise) such as powsr
systermn corena, output bus arcing or other sources.
The tests ars typically performed semi-annually and
take about 30 minutes per generaion

THE STATOR SLOT COUPLER (S8C)

S5Cs are permanently installed in the stator windings
during & scheduled cutage or during gensrator
rmanufactunng. The 35C is a broadband antenna
customized to detect the frus partial discharge pulss
shapes and the direction of propagation.
Consequently the TGA-S sysiem can classify the
sgurces of partial discharges and separate electrical
noise, thereby avoiding the nsks of false indications.
S5Cs are installed under the stator wedges, or
between the top and botiom bars of the line-end coils
of the generator.

The 35Cs are connected with micro-coamxal cables to
an external termination box. Hydrogen-coaled turbine
gensrators are fitted with gas-tight connectors, ora
standard Iris penetration

Stator Slot Coupler Installation



THE TGA-5 TEST PROCEDURE

With the generator cperating under nomal service
conditions, the operater connects the TGEA-S instrumsnt o
the previously nstalled coupler termination box and o 3
poriable computer nunning the Ins sofierare. The magniude,
phase positicn and number of parial @scharge pulses
emanating from each coupler are then recorded and can be
viewed immediately, or stored for 3 subsequent analys's.
The results presented to the user incuds:

» Graphs depicting the nature and severity of parficu’ar
insulation aging mechansms.

» Trend curves highlighting the progression of these
rrechanisms over time.

« Statistical values which can be compared with histoncal
databases of similar generators.

In mizst cases, the assessment of the conditon of stator
winding insulation, based cn the on-line parial dschange
measuremsant, can be performed independently by the user
after a short tramng course. s can also assist the wser
with result interpretation using its unigue dafabase of ower
20,000 results collected over a3 decade on generaiors of all
makes and sizes.

INTERPRETING TGA TEST RESULTS

The key factor in determining the condition of stator winding
nsulaticn is the trend in partial discharges activity. Stable
TEA resulis indicate slow detericration, while a doubling or
iripling of the pariial discharge aclivily over a year, indicates
that the wnding is detericrating.

Good siators mdicate that pariial discharge activity is less
than that of a severely detericrated winding by a factor of
ten or more, making it relatively easy for plant mantenance

perscnnel to determing which machines require main-
tenance. In large turbine generaiors. protlems such as
loose wedges, slot discharge, overheated insulafion and
polluted windings, are detecied by partial dscharge testing.
Additonal problems, namely insuffcient impregnation of
the windng and grading coating detericration can also be
detected.

PLANNING PREDICTIVE MAINTENANCE USING
ON-LINE PARTIAL DISCHARGE MONITORING

Stator winding msulation problems in both air and hydrogen-
cocted turbine generators are one of the principal causes of
forced cutages, which result i lost revenues. Cin-fne partia
discharge monitering, a proven technigue developed by
Ointarnc Hydro and the Canadian Elecirical Association,
helps to minmize the risks of unexpecied stator winding
fafure. Using permanently installed couplers and a portable
instrument, utility plant perscnnel worldwids hawe found this
rmathod refable and easy o use.

Since the inception of the on-line TGA-S test, dozens of
published case studies by users of this technology hawve
confimed the following benefils:

» The root causes of stator problems can be identified and
cften repaired at an sarlier stage.

= The monitoring can increase the availability of
generators, and can condribute to the extension of the
useful lifz of the wnd windings.

» Intervals bebtween generator inspeciion cutages can be
nereased if the TGA results are good.

= Most stator winding in-senvice failures can be avoided.
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Stator Winding Deterioration Causes Partial Discharges

m Primary Test Summanp Ststivics

WORLDWIDE INDUSTRY ACCEPTANCE OF
ON-LINE PD MONITORING

The partial discharge test has won worldwide acosp-
tance with all major utilities. This gensral accepiance
has besn achieved because:

= The test has been proven effective in numerous
imstallations, by identfying gensrators which
require mainienance.

= The test equipment iz cost-efeclive.

= The test is performad ondine and requires no
generator shui-down.

= Zenerator station staff can perform the fest with

minimal training.



