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(=) FHAERP
Day 1
1. Introduction to Gas Turbine Failures
2. Design and Degration
(1) Why components degrade in service?
(2) How the designer deal with degration?
(3) Examples of normal degration
3. Failure analysis process
(1) What is a root cause analysis?
(2) Who is carry out the investigation?
(3) Investigation process and framework (Fishbone, Apollo,
etc.)
(4) Tools of the investigation (mechanical, metallurgical,
aerothermal)
4. Case Study: Design-related failures
(1) Coatings life shortfall
(2) Blade creep
(3) Disc rim cracking
(4) Combustion can cracking
(5) Compressor blades
Day 2
1. Case Study: Operations-related failures
(1) Thermal fatigue of blades
(2) Blading corrosion
(3) Fouling from poor filtration
2. Case Study: Manufacturing and repair related failures
(1) Poor coatings
(2) Inappropriate heat treatments

(3) Inadequate repair workscope
-4 -



(4) Limitations from properties of repairs

3. Case Study: Maintenance and inspection-related failures
(1) Component overheating
(2) Compressor corrosion and inspection
(3) Compressor blade failures

4. Wrap up session: Applications and implications for the

operator

(1) Modifying your inspection and maintenance approach
(2) Improving your asset management approach

(3) Identifying the implications for monitoring requirements
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Condition

Poor design/inadequate margin

Adequate/good design

Repair limit

e

/

Integrity limit

/ ) Nominal
Major design or Time/cycles refurbishment

manufacturing error interval
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| 1 1 geometlry, surface, materal

properties

SERVICE LOADING
mechanical, thermal,
chemical
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MATERIAL RESPONSE]
DETERMINISTIC
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STRAIN, DAMAGE, 4elH LOADING SEQUENCE
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Radial Tem

5 (c) 1
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Comdinn £
Root Tip 1? e 5
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(b) Root i Tip
} Span
15 Rupture life governed by stress (0)T
E combination and specific material properties
i
=1
l Root Tip
Span

() Creep (b)  Fatigue (¢) Coating Oxidation
Worst
Worst ofT Temperature
i '(oﬂ combination - —
Worst strain
range
Yool

Critical locations differ in a specific blade for different damage processes
This is purely illustrative: different blade designs will have different critical locations
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3. Failure analysis process
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Consequence Likelihood
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" " Slight ¥ Slight
First Aid Damage Slight Effect Impact
LTI Minor 1 Minor Effect ke
Damage Impact
s il Local
arious oca Impact
Injury Damage Local Effect P
Single Major : Major
Fatality Damage Major Effect Impact
Multiple Massive Massive Massive
Fatality Damage Effect Impact
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Machine Materials
Bleed Valves closed

IGV Failed

Leak in bleed pipe
Water Wash Pressure
Inlet Bleed Heat
Surge margin

G Key

Wheel Shift

Unit Record Info

Chemistry
Material Defect
Tip Rubs

Heat treat

Operation

Vibration

Water w ash

Off Speed Operation

Bleed heat

Inlet Filter

GV

Tip Rub

Soft Start Procedure

Ingested contaminant
Installation

Commissoining

Know ledge of Maintenance
Campressor Damage

Ambient Conditions
NESam'Ocean air
Temperature
FOD-Water Wash

FOD-Airfoil Corner
FOD-Plenum

Filter Maintenance
Water w ash jets clog
Operational Procedure
Rotor Alignment

-

Loose inlet material Airfoil out of toler

Dimensional
Handling damage

nufacturing process

FOD-Filter Area intenance procedure HBaf treat
Ingested air chemist EBorcscope Forging/Extrusion
Water Wash Chemistry Daily Machining
Environment Methods Manufacturing
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Preliminary Design Module

Preliminary Design -
Solution Generation

Design Space Explorer

Local database

!

Inverse Task Solver

Meanline / Streamline Module

Meanline/streamline
Analysis

Map Generator - -'
AxMAP

Direct Task Solver
Local database

DoE / LDS Optimizer
AxPLAN

)

AXSTREAM Project Database / Models Database

'
2

e J2 i ¥ o (44 google map)

4= Dataimport from Excel /AXSUCE
4= Loadable Fiuid, Loss and Material Models

Local database

3D Analysis

Profiling & Blade Design

Cascades Profiling & Optimization

Airfoil Design / Stacking

Standard Airfoil Profile points

Modules

Database Import

AxCFD

AxSTRESS
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Radial Turbine Mixed Turbine

Axial-Radial
Compressor

Cenfrifugal Integrally Geared lLlt-Stage

Compressor Compressor Centrifugal Comp

Axial Turbine
% Preliminary Design " Existing Design Analysis
Number of modules |4 3:
Working fluid IA)(S Ideal Gas |
isentropic  [1 4 gas |53_4354?
exponent constant

Set loss models. . Set units __. |

Click 'OK' to run preliminary design OK | Cancel |ﬂ

B 3-3 AXSTREAM ver.3 chir i fcd 4 o o
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