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CBM is a maintenance approach, where maintenance actions are suggested,
based on information collected through condition monitoring
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Proposed Project Structure

TURBINE
NETWORK — initial approach —
Management — Administration
» consortium management » documentation
> dissemination of results » training activities
O 3 O &
Data GT plant Health Asset
Management Modeling Assessment Management
» Instrumentation » Components » Sensor Validation > Critical
» Data Acquisition Development » Component Decision Support
» Data filtering <;>> Engine / Plant =~ Diagnosis <:>> Maintenance Plan
» Data processing Libraries > Lifing Analysis » Technoeconomic
» Monitoring » Model Adaptation » Deterioration Analysis
» Cycle Deck Tracking » Regulatory
generation » Prognostic tools Compliance
S O 5 &
Tool Development
» customizable GUI » S/W maintenance
»> component integration » S/W Quality Assurance (SQA)
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»» The development of a tool following the complete CBM sequence is a
huge task to be covered by a single project, in terms of both required
effort and cost

% Some condition monitoring features, related to CBM, may be of little
interest to users or is already covered by existing tools

% Need of mapping current practices and available tools for GT plants
condition monitoring
% ldentify any technological gap and CBM related issues of interest

-

Questionnaires
created by NTUA and CU, towards ETN partners
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Questionnaires
structure

GT users and O&G industry

Current Maintenance Approach
Breakdown | Preventive | Predictive

Software related questions
How is developed?
How is currently used?
How data can be exported?

Condition Monitoring features
Features currently available?
Desired features?

How to be integrated?

Concerns
Additional Comments

OEMs, R&D, suppliers &
service providers

Condition Monitoring activities
software | tools | services

Condition Monitoring features
currently available

Condition Monitoring features
to be developed within the frame of
a CBM project

Concerns
Additional Comments
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In total, 19 questionnaires feedback were received by partners
Oil&Gas (2) — Utilities (3) — OEM (1)
R&D institutes (5) — Suppliers & Service providers (8)
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Questionnaires Responses

GT users and O&G industry

Current Maintenance Approach
Breakdown | Preventive | Predictive

EMe DD enw are R
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Service providers

Condition Monitoring activities

Software related questions
How is developed?
How is currently used?
How data can be exported?

Condition Monitoring reatures

Condition Monitoring features
Features currently available?
Desired features?

How to be integrated?

Condition Monitoring reatures

concerns

Additional Comments

Concerns
Additional Comments
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Current Maintenance Approaches

Breakdown Maintenance

maintenance actions are taken only after
breakdown / when fault occurs.

Preventive Maintenance *Y &5
maintenance actions are taken after specific time EDF "’“ Statoil

intervals of operation, regardless of the condition

of the engines, unless a machinery issue occur in
VATTENFALL o

the meantime.
-

Predictive Maintenance

maintenance actions are planned and taken \y;,
according to the actual condition of the operating (ﬁﬁ Statoil
engines, which is assessed through appropriate

condition monitoring procedures.
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3 SCROIAZAR Questionnaires Responses

Software related questions

QL ~‘:
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In-house developed
software

Software developed by
IGT manufacturer

Software developed by
third party

* In 80% of users, available software allows real-time data exports

¢ Users are either consulted their condition monitoring software,
for maintenance planning, to detect an event at an early stage, or
when an event has already occurred.
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Current Condition Monitoring features
Engine RUL estimation —

Creep Life analysis

Blades coating condition assessment

start-up and/or transient fault diagnosis

steady state fault diagnosis
Engine Model

EGT analysis

Vibration analysis

Trend analysis from other measurements
Trend analysis from vibration measurements

Sensor Validation
Automated data verification
Real-time data acquisition and storage
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Desired Condition Monitoring features

Engine Remaining Useful Life estimation
Creep Life analysis

Blades coating condition assessment

Fault diagnosis during start-up and/or transient
operation

Fault diagnosis during steady state operation
Engine Model including adaptation capability

Sensor Validation

Data verification
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Questionnaires Responses

6T users and 0&G industry

Current Maintenance Approach

OEMs, R&D, suppliers &
service providers

Condition Monitoring activities
software | tools | services

Software related questions

Condition Monitoring features
currently available

Condition Monitoring reatures

Condition Monitoring features
to be developed within the frame of
a CBM project

Concerns
Additional Comments

concerns

Additional Comments
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Provided Condition Monitoring Activities

Maintenance and Diagnostics (M&D) services H

Tools to be integrated into other existing
platforms

Stand-alone s/w for customers not
commercially available

Stand-alone, commercially available
product(s)
0
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Available Condition Monitoring features

Engine Remaining Useful Life estimation
Creep Life analysis

Blades coating condition assessment

Fault diagnosis during transient operation
Fault diagnosis during steady state operation
Engine Model (data-based)

Engine Model (physical modeling)

EGT analysis

Vibration analysis

Trend analysis from other measurements
Trend analysis from vibration measurements
Sensor Validation

Automated data verification

Real-time data acquisition and storage
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NETWORK — OEMSs, R&D, suppliers & service providers —

Condition Monitoring features partners could

contribute
Engine Remaining Useful Life estimation ﬁ
Creep Life analysis __
Blades coating condition assessment __
Fault diagnosis during start-up and/or..__
Fault diagnosis during steady state operation __
Engine Model including adaptation capability __
Sensor Validation __
Data verification F
(I) é éll 6 8 10 12 14
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< Confidentiality issues
Important, but cannot be addressed at the moment, since the project

structure and the consortium are not yet defined

« Usefulness of the outcome
Tools already exist, but users are missing condition monitoring

features. Also OEM expresses the interest in incorporating advanced

methods & techniques

< Required OEM participation — Service providing
Output of the project will be a decision-support tool. Whether this is a
stand-alone tool for users or integrated to OEMs’ and service

providers systems, depends on the consortium.

» distinction should be made between fault detection (short term, quick
actions) and maintenance considerations (long term)

» Additional measurements would improve the capabilities of condition
monitoring techniques
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¢ ETN partners form a pool of developers that can cover all aspects of
a CBM tool

** Users on the other hand are interested in seeing the considered
features, either incorporated into their existing systems, or as a
stand-alone tool

** OEM is also interested in the project idea:
“In case that the commercial issues mentioned below (in the
questionnaire, Ed.) can be resolved there is considerable interest in
supporting all the mentioned areas”

** A realistic output would be the development of a Decision Support
tool, focused on Diagnosis (steady-state, transient) and Prognosis

1)

o0

» Consortium scheme is still open

o0

** Confidentiality issues must be addressed
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Questionnaires
available to ETN website

[ Arrange Technical Meeting }

among interested partners

Decision Support Tool
features and requirements definition

Define initial Define initial
Consortium Project Structure

We need to move into more technical details, to clarify final product features.
This would allow partners to express their particular interest and us to propose
a project structure
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Gas Turbine modeling aspects
related to CBM
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There is currently a multitude of commercial and in-house
codes across Europe

Current state-of-the-art will be presented using PROOSIS,
a tool developed in Europe for the European Gas Turbine Industry

PROOSIS

Developed in European Research Project VIVACE (2004-2007) by a consortium
of European Universities (NTUA, CU & USTUTT), Research Institutes and
corporate companies (Empresarios Agrupados Int., Snecma, MTU, AVIO, ITP,
Turbomeca, Airbus France)

The ultimate goal for PROOSIS is to reduce development time and costs in all
types of gas turbine or propulsive systems by becoming a common simulation
environment, providing shared standards and methodologies for everybody
iInvolved in European gas turbine engine research and development programs.
Current users include Airbus, SAFRAN (Snecma, Turbomeca, TechSpace Aero),
European Universities & Research Institutes
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FORTRAN, C, C++
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TURBO library

of gas turbine components
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e GE LM6000
Rolls-Royce TRENT-772B Rolls-Royce Tyne
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NETWORK Geared Turbofan with Active Core Technologies

Cooling Air Cooling

Active Cooling Air Cooling (ACAC) aim:
reduce HP turbine cooling air consumption at cruise while maintaining its cooling potential at take-off
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Contra-Rotating Turbofan
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PROQOSIS executable deck in ISIGHT
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Full transient simulation capability including: Shaft dynamics, Heat
soakage, Volume dynamics, Sensor & actuator dynamics, Control system
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Scoop Effect (2D)
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Combined Cycle

HRSG Simulation
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Simulation In Excel
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PROOSIS
Engine Model

On engine Measurements

Diagnosis
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Sign up for free subscription on the ETN website

Chaussée de Charleroi 146-148/20, 1060 Brussels, Belgium

Tel: +32 (0)2 646 15 77 info@etn-gasturbine.eu

www.etn-gasturbine.eu



