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The proposal for reliability improvement of emergency diesel engines through the

evaluation of the maintenance program and overseas cases for their applications.
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Abstract

The failure frequency of the Emergency Diesel Generator(EDG) at Nuclear Power
Plants(NPPs) is not so much lower than that of the Marine engines, whereas the running
hours of the diesel engine at NPPs is much less than those of the engines for commercial
service. The primary factor results from the severe surveillance test requirements such as fast
start, large number of starting test, fast load-run, high load running, etc. The other factor
comes from the excessive maintenance based on the engine maker’s instruction manual that
did not incorporate the peculiar characteristics of the diesel engines at NPPs. In this paper,
the present preventive maintenance program on the basis of the Pielstick diesel engines was
reviewed for the purpose of securing the reliability of the emergency diesel generator at NPPs
and the ways for its improvement were presented by referring to the overseas cases for their
applications.
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Table 1 EQUIVALENT HOURS NUMBER PER STARTING
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Table 20 =A%t}

Table 2 ESA Measurements

Engine Performance Parameter | Engine Signature Engine Condition Monitored
Peak Firing Pressure pP-6 Engine balance, combustion performance
Peak Firing Pressure Angle P-6 Engine balance, combustion performance, fuel

injection performance

Combustion performance, fuel injection

Expansion Reference Pressure P-6 performance

. N Exhaust flow pathway is open, proper function of
Terminal Pressure pP-6 exhaust valve opeming

: N Cylinder pressure compression performance, ring

Compression Reference Pressure P-6 sealing, valve sealing
Indicated Horse Power P-V Engine balance
Indicated Mean Effective B .
Pressure Log P - Log V | Engine balance
Compression Coefficient Log P - Log V | Ring sealing, valve sealing, compression ratio
Start of Combustion dP-de Combustion performance, fuel injection timing
Maximum Pressure Rise Rate dP-do Detonation, fuel injection timing

Heat Release | Combustion performance, fuel injection

Maximum Heat Release Rate Rate performance

3}eH2 A (Chemistry  Sampling and Testing)2 12l A (wear particles, chemical
elements)® o}zl A9 A (oxidation, fuel dilution, TBN, etc.)E& H7}3}7] 98 F715o=
AR AFEEE SAS B3 Aot} 1 9 wj7|7hA A (Emissions Monitoring), A €]
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e
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Table 3 Failure Modes detected by Diagnostic Techniques

Diesel Engine Element
Monitored

Failure Mode or Degradation
Mechanism

Diagnostic Detection Method

Pistons and Cylinder Liners

Scuffing of liner by piston

Vibration analysis,
lube oil analysis

Pistons and Cylinder Liners

Cracked pistons

Vibration analysis

Piston Rings

Excessive blowby

Ultrasound analysis,
crankcase manometer

Intake/Exhaust Valves

Burned or eroded seats

Ultrasound analysis

Intake/Exhaust Valves

Excessive seating noise

Vibration analysis

Intake/Exhaust Valves

Incorrect closing/opening time

Vibration analysis

Piston Wrist Pin and
Bushing

Excessive bushing/bearing
wear

Vibration analysis

Connecting Rod Bearing

Excessive bearing wear

Vibration analysis

Crankshaft Main Bearing

Excessive bearing wear

Vibration analysis

Fuel Injection Pump Metering
Rod

Off-design pump settings

Trending of fuel metering rod
position

Internal wear of bearing or

actuator

Turbocharger rubbing of blades Spin down time

Lube Oil Fuel oil or water dilution Lube oil analysis

Lube Oil Extensive or rapid metal Lube oil analysis
wear

. Inadequate oil viscosity, base : ;

Lube Oil number, etc. Lube oil analysis

Governor Excessive wear particles in Lube oil analysis

Cooling Water

Excessive corrosion products

Cooling water analysis

Cooling Water

Inadequate cooling water
chemistry control

Cooling water analysis

Fuel Injection Pumps

Overheating

Thermography

Governor

Overheating of hydraulic
actuator

Thermography

Engine Exhaust Gas

Off-design engine
performance

Trending of installed
thermocouple data
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