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Minor Inspection and Overhaul — Jle,el g sl 0,90 slo cwysb ™

Run to-failure el yloj b glopmops ™

Upgrading i)

Replacement of the equipment Blie gz b asges ™
Lifetime Extension — LTE S Slos yloy gpmulisl

In order to reduce risks to humans, surrounding equipment and the environment, life extension is always
beneficial compared to run to-fallure

The outcome is a condition assessment of the engine parts that can be turned into a repair, replacement
and future maintenance recommendation for the engine.
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p—— Design criteria and life expenditure effects —
Time dependent life expenditure Cyclic life expenditure
Yield e :
Components strength, Oxidation, Wet Low-cycle | High-cycle ek
stiff corrosion, | corrosion, Creep fatigue fatigue :
iffness ; ; propagation
erosion erosion (LCF) (HCF)
Turbine blading - L - | | | -
Compressor blading | - | - [ | -
Cnmhusti.nn chamber, ) = ) = = 0 )
exhaust liner
Rotor parts - ) i ) = i .
(excl. blading)
Pre:ssure-tlght = ) i ) - ) )
casings
Piping u - O - u E -
[ | Significant contribution
O Effects only locally, if at all typical for Continuous Operation

Irrelevant

typical for Cyclic Operation
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Component Review

No Actions Further Investigations Replacement

-
-

- Add. NDE/visual inspectibr_is‘ - -l " Component Analysis e : 7 Sample taking

Component Analysis
Main components such as rotor disks and hollow shafts, compressor and turbine vane carriers, casings and
piping, but also compressors and turbine blades are analyzed
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As The equipment gets older, more parts may come close to their life limit. In order to identify these parts
and in order to identify correct their failure consequences,

damage evolution pattern and inspection possibilities need to be understood.

By developing

can be established.

using a structured risk assessment methods like Failure Mode and Effects Analysis, FMEA, and HAZOP,
Hazard and Operability.
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Risk Managment

RISK MANAGEMENT

RISK ASSESSMENT

Activity
Characterisation

v

Hazard Identification

v

Risk Estimation

Option Analysis

Decision Making

RISK REDUCTION

Implementation
v
Monitoring

v

Audit or Review
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Quantitative risk assessment
« Commonly used In the high technology industries

* QRA tends to deal with the avoidance of low probability events with
serious conseguences to the plant and the surrounding environment.
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Subjective risk assessment

* (Qualitative risk assessment involves making a formal judgement on the consequence
and probability using:

Risk = Severity x Likelihood
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The likely effect of a hazard may for example be rated:

1. Major
Death or major injury or illness causing long term disability

2. Serious
Injuries or illness causing short-term disability

3. Slight
All other injuries or illnesses

1) .¢.
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The likelihood of harm may be rated

1. High
Where it is certain that harm will occur

2. Medium
Where harm will often occur

3. Low
Where harm will seldom occur
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{ Assessing the Risks

Risk

Severity of Harm
X
Likelihood of occurrence

This simple computation gives a risk value of between 1 and 9 enabling a rough and ready comparison

of risks.

In this case the lower the number, the greater the risk, and so prioritises the hazards so that control
action can be targeted at higher risks.
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When the risk analysis has been completed the result should be transformed into maintenance strategies for
each failure mode, taking into account failure consequences.

The strategy can be formulated as a list that includes at least the following:

. Maximum allowable time to first inspection

- Maximum allowable inspection interval after the first inspection if no damage is observed
. Maximum allowable life time independent on inspection results

. Criteria for further operation/repair/replacement decisions if damage is observed

1 .¢.



ISFAHAN e
1) PLRO Eery - ;
e Rz Ul_g& ol Assessing the Risks
b 10 SLad! y guunoS
R e : Damage
oliits g S5 5 3L U 539790 5w

| Repair
lllIIIIIIIIIIIIIIIIIII1IIIIIIIIIIIIIIIIIIIIIII Iimit
Worst case
/Inspection window
| Detection
E I E E E EEEEEEEEEEEHSE EEEE Nl EEEEEEEEEEEEEEEEEEEER threshold

Best case
Time
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Maintenance Planning (Ildeal inspection window)

Damage

L______—————-Failure

Worst cas E limit
|deal inspection window i
b Detection
threshold

Time
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FEM Analyses Analytical-based
* Structural analysis: | |Life Assessment Refurbishment || Reuse
Stress & strain —{ * Cycle-dependent life
* Aero-thermal analysis: » Time-dependent life
Temp. (Baseline Data)
New Material Data t Life
& extension
Condition-based
Damage Analyses Life Assessment
(DE & NDE) * Material degradation assess. | [ .
etire

* Component-damage assess.

Figure 8. Analytical life assessment methodology associated with condition basis method for gas turbine parts.

. . . o 100,000 EOH). Performing the LTA desktop study in that
Failure risk during turbine lifetime early stage allows additional recommended measures

to the major overhaul to be implemented. =
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Feedback, inform, learn

sFa m m  _—mmT— e —

Identify and size the Preliminary risk Detailed technical Implementation &

value opportunity review evaluation monitor results

Assess technical risk
against cost-benefit
analysis, implement,
ongoing condition
assessment, learn,
extend to other sites

Develop work plan,
obtain design &
materials data,

testing, plant data,

analysis, modelling

GT history,
maintenance, parts
condition, operating
regime, fleet issues

Confirm contract
status, outage
schedule, fleet data

Knowledge & data gathering, capability
development, conferences, collaborative projects
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A structured methodology, underpinned by technical expertise:

|dentify opportunities for interval extensions; complete initial assessment of the value
Carryout preliminary risk review

Complete detailed technical evaluation to address identified risks

Preparation business case

Implement proposed outage interval extension

Regular reviews to monitor and manage risk during operation
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Heat Treatment > clle ]

Heat Treatment Fixture
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Direct current electrode

negative for TIG
' ‘ J Arc flame
113 heat
— Electrons : Filler
[—’ (=) T rod
Gas ions ——g Argon
Argon or (+) shield
helium
&
AC or DC
power
supply
Blanket of A
argon or by _
helium \[’L\‘ > Filler rod
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Direct current electrode
positive for MIG
Arc flame

®\
Gasi / Electrons
as lons—‘—?
(+) "‘/ Ar on

. s Mo ——shleld

Electrqde

23 heat

@
-
DC

power
source
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Energy Feedstock material
l A —( i
Prepared
—_— [
Spray gun ‘ Spray plume surface
Gas or other operating media Relative motion Thermal sprayed coating
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gphmk 4 Substrate —>
el Coatingw‘
Powder and " Z "1‘ f‘ 3 L {
Carrier Gas \ mszmm ¢ ‘
Fuel Gas fw—— r';_.._ll 4 — A
9
Mixing § 9 Supersonic
Chamber | ‘g ‘E Nozzle Spray Flame
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4000 100 —
Flame High velocity
10 Cold spray
= ' :
2 Vacuum plasma spraying
[
< N 1=
;— g Aerosol deposition
= ©
% 2000 T oil-
S g
g- ~ FreejetPVD
g 0'01 T M—’_‘— |
0 200 400 600 800 1000 1200
Particle velocity (m/sec)
0
0 500 1000 1500
Velocity (m/s)
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Laser Cladding
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