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Creating An Effective M aintenance Program

BACKGROUND

Implementing a thorough maintenance program isthe most effective way to retain generator reliability and
avoid major failure expenses. However, it must be cost effective in that there are demonstrated savingsin
improved availability & reliability to offset the cost of implementing the program. The three important ele-
ments of a thorough program are maintenance frequency, electrical testing and visual inspection. Itisthe
intent of thisinstruction to provide information on each of these elementswhich will aid the owner/operator
to establish athorough and cost effective maintenance program.

. MAINTENANCE FREQUENCY

Thereareanumber of componentswhich require routine mai ntenance or inspections between scheduled out-
ages. Theoperator will find these recommendationsin various equipment sections, and should a so include
additional maintenance tasks as operating experience indicates. Results of this routine maintenance should
beretainedinwell organizedfilesreadily availablefor reference. Theseroutine maintenancerecordscoupled
with theinformation from the monitored operating dataare agood indicator of pending service or operating
problemsthat should be addressed at the next scheduled outage. The monitored information aloneisusually
not sufficient for tracking or highlighting tends.

During thefirst several monthsof operation, the stator winding support system and some of the other genera-
tor components experience a break—in period with more severe duty/wear than normal. Therefore, the first
maj or maintenanceinspectionisrecommended for oneyear after itisplacedin service. If theunit’soperating
experience has been unusual because of misoperation or very limited in—service hours, etc. you may wish
to discussyour particular circumstances with your local GE Field Service Office for recommendations spe-
cific to your circumstances.

Subsequent planned outagesmust al so be performed inatimely fashion. Experiencehasshownthat regularly
scheduled mai ntenance outages are one of the most important stepsin retaining unit reliability and reducing
major repair/failure expenses. A minor maintenance outageisrecommended every 30 months. During these
outages the end shields or end plates are removed to permit inspection from the end winding area, but the
field remainsin place. A mgjor outage is recommended every 60 months, and includes removing the field
from the stator which permits a thorough inspection of the core section of the stator and field. The mainte-
nance must i ncludeacomprehensive seriesof electrical testsand athorough visual inspection. Each hastheir
particular advantage and neither alone is sufficient.

These instructions do not purport to cover all details or variations in equipment nor to provide for every possible
contingency to be met in connection with installation, operation or maintenance. Should further information be desired or
should particular problems arise which are not covered sufficiently for the purchaser’s purposes the matter should be

referred to the GE Company. © 1994 GENERAL ELECTRIC COMPANY
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Older generators with asphalt insul ated stator windings and core lengths greater than 150 inches are subject
to girth crack failuresin the stator bars, and therefore, these generators should be reinspected twice as often
(Minor Outage — 18 months; Mgjor Outage — 36 months).

Theserecommended outageinterval shave proven themsel vesover many yearsof use. However, high equip-
ment reliability and outage costs, havelead toincreasing interest in extending thetimebetween major inspec-
tions. Condition Based Maintenance (CBM) is one method in development to do this, and is the focus of
considerable attention in the industry. CBM relies on availability of reliable on-ine instrumentation and
evaluation techniques. Asthese evaluation methods become proven and practical, they will beincorporated
into recommended operation and mai ntenance packages such that maintenance outages can be scheduled
based on the condition of the unit.

TESTING

Generator el ectrical testingisfocused ontheinsulation systems. However, thereare other testsused to moni-
tor for degradation in other components. A list of thetypical testsrecommended and thetest purposeisshown
in Table 1. Historical records of test results should be maintained and compared to the new test results.
Changes between outage test results may point to needed repairs/rework that may not be evident from the
absol ute test values themselves.

Many of the testsrequire special equipment. Test results may be misleading and uselessif the right equip-
ment is not used, or it has not been properly maintained and calibrated to assure accurate results.
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TABLE 1-RECOMMENDED STANDARD TESTS

Test

Areas Of Interest

Inspection Objectives & Assessment

(At Each Minor Outage)

RTD Element Cu. Res.

Stator Gas & Winding

Check for calibration & poor connections

RTD Ground Insulation

Stator Winding

Insulation condition

Winding Copper Res.

Field & Stator Windings

Check for poor connections & breaks

Megohmmeter

Stator & Field Winding

Bearing & Hydrogen Seal Ins.

Insulation condition
Integrity against shaft voltage

Over Potential/Hipot

Stator Winding

Ground wall insulation integrity

DC Leakage Current

Stator Winding

Contamination and/or deterioration

AC Impedance

Field Inter—Turn Insulation

Turn shorts & speed sensitive turn shorts

Vacuum Decay

Water Cooled Stator Winding

Water leaks in stator winding & hydraulic cir-
cuit

Pressure Decay

Water Cooled Stator Winding

Water leaks in stator winding & hydraulic cir-
cuit

(At Each Major Outage With Field Removed)

Tracer Gas/Helium

Water Cooled Stator Winding

Detect minute leaks

Capacitance Mapping

Water Cooled Stator Winding

Wet ground wall bar insulation

Magnetic Scalar Potential (EL CID)

Stator Core Insulation

Weak or damaged core enamel

Wedge Tightness Map

Stator Wedges

Detect wedge tightness deterioration

(Optional/ Diagnostic Tests)

Test

Areas Of Interest

Test Objectives & Assessment

Partial Discharge Analysis

Stator Winding Insulation

Localized deterioration

Over Potential/Hipot

Field Ground Insulation

Ground wall insulation integrity

Water Flow Verification

Water Cooled Stator Winding

Restrictions in hydraulic circuit

Core Ring Test

Stator Core Insulation

Weak or damaged core enamel

Dynamic Freq. Response

Stator End Winding

Potentially damaging resonance

Air Gap Flux Probe

Field Inter—Turn Insulation

Turn shorts at operating speed
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IV. INSPECTION

A visua inspection performed by an experienced individual can disclose unit conditions not detected by
monitoring equipment or indicated by tests. Even the stator and field insul ation systems must be significant-
ly degraded to be detected by electrical testing. Also, for examplethereisnot adefinitivetest for contamina-
tion, rust or oil and water |eaks, and yet the presence of any of these could significantly adversely affect reli-
ability and operation. A typical inspection should include those itemslisted in Table 2.

Asimportant asitis, visual inspectionislimited to areasthat can be accessed for view either directly or with
mirrors, boroscopes, cameras, etc., and therefore, it must be combined with testing to give acompl ete picture
of generator condition.

TABLE 2-VISUAL INSPECTION AREAS
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Stator All Components X I X | X X |[X |X
Bars X [ X X |X X |X
EW Support System X X X
Slot Support System X X | X
Conn. Rgs & Lower Lds. X [ X |IX |X X
High Voltage Bushings X | X X [ X
Core All Components X [ X [ X |X | X |[X |X X | X
Core End X X [ X
Ventilation Ducts X
Laminations X X | X
Key Bars X
Field All Components X X I X |IX | X |[X|X|X
Body & Wedges X X [ X
Retaining Rings X X
Fans X
Spindles X | X
winding X
Collectors X X
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V. MAINTENANCE PLANNING

Major maintenance outages are usually scheduled well in advance of the actual outage date, and preparation
for the outage should begin early. An important part of that isto review previousinspection reports for any
indication of work needed, and review recommendations from GE communicated by Technical Information
Letters, Engineering Change Notices, etc. to integrate those items into your plans. Materials you expect to
need should be ordered to have available at the start of the outage to avoid the risk of costly delayswaiting
for material.

Your maintenance program should reflect the level of acceptable risk for the unit. That will probably vary
from unit to unit and plant to plant, and will change over time asthe importance of the unit to the power sys-
tem changes. In addition, new technologies are constantly being devel oped to improve unit reliability, per-
formance, monitoring & inspection equipment, and otherwise provide more cost effective meansfor main-
taining the generator. The owner/operator should be aware of these developments and modify the
mai ntenance program accordingly. Whilethisshoul d beacontinuous process, the* mai ntenance outage plan-
ning review” is an appropriate check paint.

Your local GE Field Service Office can assist you in your maintenance planning, and review of your overall
mai ntenance program, incorporating any appropriate new maintenance and upgrade technol ogies available.
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