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Reliability Centered Maintenance

. Example: Commercial Aircraft Industry

- DC 8 required 339 overhaul items, DC 10
required 7.

- Greater than 50% reduction in spare parts
Inventory

- Cost reductions achieved with no
reduction in reliability




Reliability Centered Maintenance
. DECISION TREE _

FAILURE MODE AND EFFECTS ANALYSIS

A

PRIORITIZE EFFECTS / ASSOCIATE COSTS
(Safety Issues, Environmental Issues, Reliability of Service) | = USer

Y

PERFORM COST/BENEFIT ANALYSIS
TO JUSTIFY CORRECTIVE ACTIONS:

Change maintenance practices
* Equipment Redesign - Supp“er

* On-line Equipment Monitoring




Circult Breaker Failures

MAJOR FAILURES* MINOR FAILURES*
109% 1%

100 1% 44% 10% 40%

14%

39%
- Mechanical - Operating Mechanism

25%

Mechanical - Other

Tightness of SF6 gas

- Electrical - Control and aux. circuits
- Electrical - Interrupter / HV insulation

* 1994 CIGRE WG13.06 Study of HV Single Pressure SF6 Circuit Breakers



Objectives of Monitoring

. Utilize Design Know-How To:

- Identify impending failures (direct &
iIndirect impacts)

- Reduce routine maintenance

. Reduce Total Cost of Ownership



Condition Monitoring Unit

Diagnostic Feature

Mechanical System Condition
(operating mechanism)

Interrupter Condition

Sk, Gas System Condition

Control Circuit Condition

Sensors (monitored guantity)

Optical Travel Transducer (Operating
Time, Speeds), Shunts (Charging
Motor Current & Voltage)

Secondary CT’s (interrupted current,
arcing time)

Pressure sensor, Temperature sensor
(SF¢ Gas Density)

Trip & Close Coil Availability, Heater
Current Monitoring



Travel Sensors

. Optical Sensors with Metal Comb




Current Sensors

. Split-Core: Phase Currents
. Doughnut: Heater Currents




Diagnostics Approach

. On-line vs. off-line monitoring

. Data analysis vs. data collection
- e.g. Interrupter wear calculation
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arcing contacts
(copper-tungsten)



Diagnostics Approach (cont.)

- e.g. Operating mechanism charging system

limit hardi
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level

on/off
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CMU Installation (<242 kV)




CMU Installation (362-550 kV)




CMUControl Software

o Graphical display of CMU data

e Modem dial-up capablilities (MODBUS
for network connections)

e Automatic setpoint creation for
commissioning tests

e |Loading and updating CMU software
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