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This 5-days course will run for 4.5 hours each day which will include with two 15 

minutes breaks at the end of hours 1 and 3 and one 30 minutes break at the end of hour 

2 (mid-time). During the discussion time attendees can put their videos and microphones 

on and speak (one at a time) to the Course Presenter or to each other to exchange their 

experience. This way the course can be as close to the in-person event as possible! 

------------------------------------------------------------------------ 
 

The Course would emphasise the current/ latest understanding, supported by notes 

and references for further reading and will be accompanied by Worked Examples.  
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5-Days online Training Course 

 
Mechanical Integrity of Gas Turbines 

 

Introduction 

 

The contents of the course will emphasise the current and latest understanding of the mechanical 

integrity, failure and turbine life assessment of the critical gas turbine components.  

 

In the world of turbomachines, mechanical failures are expensive, often more expensive than 

achieving a thermodynamic target. The modern trend is towards ever higher temperatures and 

rotating speeds making the attainment of mechanical integrity increasingly difficult.  However, 

the need for improved reliability and, in general, for lighter machines creates an enormous 

challenge to gas turbine engineers. In parallel, cost-effective operation and maintenance of life-

limited parts (e.g. hot gas path parts) with the view to lifetime extension and/or increased 

timespans for intermediate inspection become equally more important, in particular in the light of 

surging fuel prices.  

 

This 5-day course is presented through a mixture of lectures, tutorials and worked examples. 

Printed course material will be provided for delegates’ use during and after the course. Active 

participation (questions, discussion) from the delegates is strongly encouraged particularly during 

the worked examples in order to consolidate learning. 

 

The course aims to provide participants with the ability to carry out simplified but reliable stress 

and lifing (lifetime assessment) analyses of key components of gas turbines which determine their 

lifespan: turbomachinery blades, vanes and discs. In addition, the determination of the natural 

frequencies of blades and their interaction with engine orders on Campbell diagrams will be 

addressed. Underlying to these fundamental topics, essential material data which enable 

meaningful and reliable mechanical integrity assessments with respect to component life, failure 

and degradation mechanisms including LCF, HCF, TMF and creep will be addressed in detail, 

beside reference to required material testing, microstructural examination, and correlation of 

mechanical integrity assessment to outage.   

 

The course includes detailed coverage of the following topics: 

 

Operating Principles of a Gas Turbine 

A fundamental understanding of the working and operating principles of not only stationary 

industrial and heavy-duty gas turbines but also aeroderivative engines is a prerequisite for the 

conduction of mechanical integrity assessments of failure critical gas turbine parts, in particular 

with respect to the assessment of hot gas path parts (HGPP) and also vibration sensitive parts such 

as compressor blades. The course will revisit the underlying fundamental thermodynamics 

relationships associated with the thermodynamic gas turbine cycles (e.g. Brayton cycle including 

cycle modifications such as accomplished with exhaust gas recirculation, combustion principle, 
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turbine expansion) to establish a basis of common machine understanding and thus enable the 

derivation of important system and component boundary conditions for subsequent mechanical 

integrity assessments    

How the Loads Arise 

The origin of loads in a gas turbine engine will be discussed. The major loads covered are those 

due to the engine cycle, rotational inertia, operating regimes (e.g., for stationary gas turbines full 

load operation, partial load operation, two-shifting, and for aero-engines flight manoeuvres), 

precession, pressure, thermal gradient, torsion, seizure and blade failure as well as blade 

release. Bearing loads and engine mounting will be also included. 

Failure Criteria and Associated Lifing Methods 

At this stage the iterative loop load-geometry-stress-failure-redesign is completed by defining the 

various ways in which a material may fail and its strength defined, with subsequent assessment of 

both the projected (guaranteed) component liftime with respect to the requested component design 

life and any residual lifetime after a timespan of operation of a component in service.  Temperature 

and rate-dependent monotonic properties including proof strength, ultimate strength. Time and 

temperature dependent creep properties and associated methods for the preparation of material 

data for lifing including Larson-Miller methods, cumulative effects, etc. Fatigue properties 

including SN and RM diagrams, influences such as stress concentration, mean stress 

effects, cumulative fatigue, LCF, double-Goodman diagram technique, lifing rules, Neuber, 

“Rainflow” cycle counting will be discussed.  Fracture mechanics methods including at the 

foremost LEFM but also advanced high-temperature dependent methods (e.g., 2-Criteria 

diagram), stress intensity factors, Lifing from the Paris curve, damage tolerance, “retirement for 

cause” etc will be discussed. 

Applications 

At this point methods for the design of specific components such as discs and blades are 

introduced: Axial flow discs, stressing by means of a discretised hand-technique which illustrates 

the distribution and relative magnitude of stresses within a conventional disc. Discussion of blade 

attachments. Axial flow blades: illustration of magnitude and distribution of stresses in a 

conventional axial flow blade by means of simple desktop methods, blade leaning etc. Flanges and 

bolted structures: design of flanged/bolted structures to resist leakage and failure from fatigue, 

bolt pitching rules etc. 

Vibration 

In this section the main processes carried out by the vibration engineer will be 

described. Determination of the natural frequencies of vibration-subjected components such as 

blades, discs but also monoblock and built rotors, both experimentally and from simple analytical 

techniques.  In particular a reasonable accurate method for the determination of low-order natural 

frequencies of turbomachine blades is developed. The discussion will also cover: Sources of 

excitation: stationary flow disturbances etc. Derivation of a Campbell diagram, interference 

diagram, spoke diagram etc. Allowance for temperature, pre-twist and centrifugal stiffness is 

introduced. The discussion extends to advanced topics such as a methodology for dealing with 

resonances and shaft dynamics (rotordynamics): critical speeds, squeeze-film dampers, etc. 
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Gas Turbine Materials 

Gas Turbine materials are required to withstand extreme stresses sometimes at temperatures in 

excess of their melting point. An overview of the latest materials technology for both hot and cold 

components will be provided. The lectures cover advances in compressor blade materials, the 

technologies used in the manufacture of high temperature turbine blades and materials coating 

technologies. 

Who Should Attend? 

Whilst no precise academic standards are required, the course will be of greatest benefit to 

members with a background which helps them to understand the subject matter, probably in 

science or technology.  However, the desire to understand can sometimes compensate for any lack 

of previous experience. The course should be of benefit to engineers who require a basic 

understanding of the processes involved in the mechanical design and the life estimation of major 

gas turbine engine components.  

 

 

---------------------------------------------------------------------------------------- 

 

All times shown below are London times. 

 

You will be sent the Zoom link a few days before the start of the course. Please join at 

0745h to introduce yourself and to make sure that you don’t miss the start in case of any 

last-minute connection problems.  Please write to enquiries@etd-consulting.com  in case 

of problems.  

 

 

Course Timing for Each Day 

(All UK times) 

 

Session 1: 0800-1000h (Two one-hour modules with two 15 minutes breaks in-between) 

      

1000-1030h: 30 Minutes Longer Break 

 

Session 2: 1030-1230h (Two one-hour modules with two 15 minutes breaks in-between) 

       

 

 

------------------------------------------------------------------------------------- 

 

Course Topics 

Course topics for each day will be as follows: 

 

mailto:enquiries@etd-consulting.com
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Day 1 (Monday 6 Feb.) 

 

Introduction and Technical Background 

 

• Introduction to gas turbines (important as it helps the understanding) 

• Main concepts and theories of failure 

 

 

=============================================== 

 

 

Day 2 (Tuesday 7 Feb.) 

 

Main Concepts and Theories of Failure 

 

• Origins of loads (load sources) 

• Loads acting on blades and vanes, combustors (e.g., with reference to combustor liner 

cracking) 

• Loads acting on discs 

• Loads acting on shafts (rotors) 

• Introduction to lifing concepts for critical parts 

including: 

o Failure criteria (Monotonic) 

o Failure criteria (Creep) 

o Failure criteria (TMF) 

o Failure criteria (fatigue and fracture) 

o Design criteria 

o Problem solving 

 

=============================================== 
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Day 3 (Wednesday 8 Feb.) 

Creep and Fatigue 

• Introduction to component lifing methods 

• Creep and creep lifing methods               

• High Cycle Fatigue- Stress method 

• Low Cycle Fatigue - Strain method 

• Crack Propagation: LEFM and high-temperature crack propagation including reference to: 

o Blade design principles and criteria (compressor and turbine blades) 

o Disc design principles and criteria 

o Combustor design principles and criteria 

o Probabilistic and probabilistic lifing principles 

o Special topics: TMF, TBC lifing, LCF/HCF interaction, and material constitutive 

modelling 

              

=============================================== 

 

Day 4 (Thursday 9 Feb.) 

Vibrations and Monitoring 

• Vibrations and rotor dynamics: origins and assessment methods 

• Diagnostics including advanced health monitoring 

 

including: 

o Component vibration 

o Rotor/shaft dynamics 

o Disc and blade design against vibration failure 

o Bolted components 

o Vibration integrity assessment 

o Vibration diagnostics 

o Problem solving 

 

=============================================== 

 

Day 5 (Friday 10 Feb.) 

Practical Application and Workshop Close-out 

 

• Tutorials with worked examples 

• Discussion 

=============================================== 
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COURSE PRESENTER 

 

This 5-days online course will be presented by an expert who has extensive experience in the 

relevant field and has provided similar training to various audience. The short resume of the expert 

is presented below: 

 

Dr Ludwig Limmer 

 
 

The presenter of this course has more than 25 years of experience in Turbine field. Dr Limmer 

was in the past engaged in several large projects, strategic cooperation with the various OEM of 

the gas turbines. He worked for OEM which work involved strong emphasis on key issues on the 

mechanical integrity of lifetime-governing components (rotor, blades, casings, etc.) of their 

turbine’s family, in particular with respect to new developments in the temperature range of 

600°C-650°C for their 600-1100MW fleet. Throughout the past several years, the expert 

conducted several R&D projects – in design improvement, advanced mechanical integrity 

assessment methods related to blading and rotor - as well as projects involving Root Cause 

Analysis across the entire steam/gas turbines family, in particular in the power range of 600 – 

1100MW. The content of some of the projects was related to the rotor dynamics assessment of the 

entire turbotrain involving the particular design of the LP rotor, the L-0 blade integrity assessment 

due to both root and airfoil cracking and LCF-type corrosion assisted cracking experienced on the 

L-0 rotor wheel grooves (firtree blade root attachments). The experts were also involved in various 

projects related to creep & fatigue damages, failures investigation, vibration monitoring etc. In 

this context the experts have obtained a high level of detailed insight and explicit 

experience/knowledge access to the following: (i) design philosophy of turbine applied to the 

design of LP rotors and blading, (ii) material grades employed, (iii) failure types and failure history 

experienced for the gas turbines, (iv) component geometry in terms of 3D CAD models, (v) creep 

and fatigue damage mechanisms (vi) vibration and monitoring histories (vii) thermodynamics 

design data for full load and partial load operation, and also operational data as extracted from 

available field data of installed turbine units across the power range of 320-1100MW. 

 

------------------------------------------------------------------------------------- 



8  

  

ABOUT THE ORGANISER  

 

European Technology Development Ltd. (ETD), UK  
 

ETD is a UK based engineering and consulting company specialising in inspection, life 

assessment/ extension, maintenance, materials and engineering issues in all types of power 

generating and process plant. In addition to its main business of technical consulting, plant 

inspection and their condition and life assessment, ETD regularly organises training courses in 

power, petrochemical, oil, gas and other industrial sectors as a part of its programme on technology 

transfer to industry worldwide. In the recent past ETD has organised various international 

workshops/ courses/ conferences in the UK, a number of other European countries (Germany, 

France, Portugal), Middle East, Far East, South East Asia, Canada and the USA.  

The issues involved in these courses covered lifing and failure analysis; gas turbines and steam 

turbines, HRSG design, maintenance and inspection; plant life assessment/ extension; high 

temperature plant materials behaviour; root cause failure analysis, plant component safety and 

durability; performance of in-service welds and weld repairs; power plant cycling - technical and 

cost issues; boiler and turbine maintenance; petrochemical and refining plant issues; and, power 

plant benchmarking for performance, and risk based maintenance and inspection (RBMI).  

 

For further information,  

Please visit: www.etd-consulting.com    Or, write to: enquiries@etd-consulting.com  

http://www.etd-consulting.com/
mailto:enquiries@etd-consulting.com
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REGISTRATION FORM   (Please email) 

Online Training Course  

GT Course – 6- 10 February 2023 

Registration Fee: Covers delivery of the course & provision of presentations in pdf format 

(all fees shown are in GB Pounds). Please put ‘x’ in the relevant box and show the total payment. 

 

How to Pay:  When paying please quote reference ‘GT Course-2023’ and the ETD invoice 

number (if this was issued): 

1) By bank to bank transfer to: European Technology Development Ltd. 

(ETD bank account details will be provided on registration) 

2) Credit Cards: Payment information will be provided on registration. 

 When registering, please state here how you paid or intend to pay: 

…….........…………………… ….…………………….................................................... 

................................................................................................................................................ 

All Registration & Payment enquiries to:   enquiries@etd-consulting.com 

----------------------------------------------------------------------------------- 

Attendee(s) Details  

Your title and name:                                                               

Company: Job Title (optional): 

Address: 

Phone:                                                     E-mail: 

---------------------------------------------------------------------------------- 

Address for Registration:   

Please email the required information/ completed form to:  enquiries@etd-consulting.com    

Telephone enquiries: +44 1372 363111 

 

 

 

Reduced Fee  (Until 9 January 2023)  Full Fee  (From 10 January 2023)  

£250 (per day)  £300 (per day)  

Please show here (no. of days …… and no. of attendees     x £      ) 

Total Amount Payable = £ 

Please also show here which days (if not the whole week):  
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