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Introduction

A The exam question:
Progress across the industry since 2@li@as it been enough?

A What was known in 2010:
Damage mechanisms
Quantitative understanding

A Rolls-Royce activities 2010-2013
A Current position
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What We Know T Engine Damage Mechanisms®

A Rapid impact effects

Molten ash sticks in
turbine annulus,
choking engine
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What We Know T Engine Damage Mechanisms

ALonger term 6cost of own
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Engine Susceptibility

A 2010 quantitative understandingi RR e n gi nteF I6\8& f
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Rolls -Royce Activities 2010-2013
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Rolls-Royce Activities 2010-2013
A MoD support 2012 i Global VA Risk Assessment
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Rolls-Royce Activities 2010-2013
A MoD support 2012 i Operability Model Uncertainty
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Rolls-Royce Activities 2010-2013 9
A MoD support 2012 i Proposed Research Programme

Fan Compressors Combustors Turbines

~E50k ~E100k Combustor & NGVs ~-E£170k

Erosion ~£300k
Abrasion ~£1M

Compressor rig Combustor with NGV rig
~£4AM ~£2M

- Partial reduction in modelling uncertaintf1.5M- £2M
- Substantial reduction in modelling uncertainty£15M
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Rolls-Royce Activities 2010-2013
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Rolls-Royce Activities 2010-2013
AEngi ne-tod$ g e-Qhla Revision
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Rolls-Royce Activities 2010-2013
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Rolls-Royce Activities 2010-2013 -

A Vehicle Integrated Propulsion Research i VIPR

- NASA/USAF Engine Health Monitoring (EHM) technology
development

- Volcanic ash (VIPR-III) is a good way to deteriorate an engine
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