
 
 
  

  

 
 
 
 
 
 
 
 

Royal NLR - Netherlands Aerospace Centre 

NLR 

Gas Turbines – Mechanical & 
Material Aspects 
Lecture notes 

NLR-TP-2026-007 | January 2026 



 
 

 

UNCLASSIFIED 

EXECUTIVE SUMMARY 

 
  

 

Executive summary 

This report addresses the fundamental principles of design, mechanical 
engineering and materials development and selection for gas turbine components 
throughout the complete engine: inlet, fan, compressor, combustor, turbine and 
augmentor. Temperature, pressure and speed conditions in a gas turbine are 
indicated, including the different types of loading, i.e. mechanical, thermal and 
environmental loading of components, and their consequences on materials 
selection and performance. Low and high cycle fatigue in relation to component 
design and materials selection is explained. The traditional and new lifing 
philosophies (e.g. damage tolerant design) for the design of turbine components 
are given, including their  effect in relation to overhaul, maintenance and repair.  
 
A detailed insight is given of the various manufacturing and machining 
processes/routes of gas turbine components, including the intrinsic relation with 
materials phase diagrams, (superalloy) strengthening mechanisms and 
performance. Fundamental and essential materials properties for gas turbine 
application, such as specific strength and stiffness, high temperature stability, 
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manufacturability, and corrosion and oxidation resistance are highlighted. Design 
criteria for components are indicated.  
 
Background and use of protective coatings on gas turbine components, including 
many high temperature application processes have been described in detail. The 
fundamental differences in the application of coatings in the past and nowadays 
(life extension versus the current integral part of design approach) is highlighted 
and explained. 
 
The report also contains extensive information based on aircraft accident 
investigation and failure analysis, showing a clear relationship between design 
aspects, manufacturing principles and materials performance and the effect of 
‘minor’ deviations on aircraft and engine safety.  
 
This course material has been compiled by the first author. It is partly based on 
work and research performed in the past by the Royal Netherlands Aerospace 
Centre NLR. It has now been brought together to become part of a lecture series 
on turbomachinery by Prof. Sikke Klein of the Department of Mechanical 
Engineering at the Technical University of Delft. 
 
In order to safeguard the copyright of this material, it was decided to publish it in 
the form of an NLR document. This was edited by the second author. 
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Summary 

This document contains teaching material on gas turbines and, in particular, on their mechanical aspects and 
constituent materials. This course material has been compiled by the first author. It is partly based on work and 
research performed in the past by the Royal Netherlands Aerospace Centre NLR. It has now been brought together to 
become part of a lecture series on turbomachinery by Prof. Sikke Klein of the Department of Mechanical Engineering 
at the Technical University of Delft.  
 
In order to safeguard the copyright of this material, it was decided to publish it in the form of an NLR document. This 
was edited by the second author. 
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Royal NLR - Netherlands Aerospace 
Centre 

NLR operates as an objective and independent research centre, working 

with its partners towards a better world tomorrow. As part of that, NLR 

offers innovative solutions and technical expertise, creating a strong 

competitive position for the commercial sector. 

For more information visit: www.nlr.org 

For over 100 years, NLR has been an ambitious applied research 
organisation, driven to keep innovating for the benefit of making 
aerospace more sustainable, safer, efficient and effective. Objectively 
and independently, we are now laying the foundation for a future 
meaningful, societal impact. 
 
In a rapidly changing world, mobility and stability needs are constantly 
evolving. Aware of the social urgency, NLR helps pave the way for 
promising concepts to quickly see the light of day and transform into 
disruptive solutions or incremental improvements. We do this by 
combining a deep understanding of customer needs, multidisciplinary 
expertise and the use of our leading research facilities. In doing so, NLR 
plays a pivotal role between science, industry and government at home 
and abroad, bridging the gap between fundamental research and 
practical applications. 
 
NLR is taking a leading role to achieve Dutch and European objectives. 
Together with our partners, we are working hard on a resilient and 
sustainable mobility system, and we support Dutch Defence in all 
military domains, with space and cyberspace playing an increasingly 
prominent role. From its headquarters in Amsterdam and Marknesse 
and our two satellite sites and in this way, NLR contributes to a safer 
and more sustainable society, strengthening the competitive position 
of Dutch industry. 
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