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Executive summary 

This report focusses on failure and accident investigation of modern engineering 
constructions, such as aircraft and their engines. Examples are given of the relation 
between fundamental design principles and actual failures.  
 
The design philosophies behind current engineering constructions, such as infinite 
life design, fail-safe design, safe life design, damage tolerant design and on 
condition approaches, including their historic context, are highlighted. Effects and 
implications of a particular design philosophy on aircraft and engine safety, 
performance, maintenance and materials usage are indicated. Many actual military 
and civil aircraft accidents have been analysed and the root cause of the accidents, 
in relation to the lifing approach used, have been explained.  
 
Conditions in current aircraft engines are indicated, including their effect on 
mechanical or thermal loading of individual components. Creep and fatigue failure 
mechanisms, including the difference between low and high cycle fatigue, are 
explained in actual failure cases. It is shown that small defects in manufacturing 

Failure/accident investigation 

Lecture notes 
 

REPORT NUMBER 
NLR-TP-2026-008 
 
AUTHOR(S) 
A.J.A. Mom 
M.J. Bos (ed.) 
 
REPORT CLASSIFICATION 
UNCLASSIFIED 
 
DATE 
February 2026 
 
KNOWLEDGE AREA(S) 
Health Monitoring and 
Maintenance of Aircraft 
Platform Integrity 
Aerospace Materials 
Aircraft Material and 
Damage Research 
  
DESCRIPTOR(S) 
Gas Turbines 
Materials 
Lifing 
Loads 
Design Philosophies 
           



 
 

 

UNCLASSIFIED 
 

EXECUTIVE SUMMARY 
 

 

Royal NLR 

Anthony Fokkerweg 2 

1059 CM  Amsterdam, The Netherlands 

 +31 88 511 3113 

 info@nlr.nl   www.nlr.nl 

and coating processes can have very serious effects on aircraft and engine 
performance and might result in major accidents.  
 
Finally, the approach and subsequent stages of accident and failure analyses are 
described, including the necessity of performing independent research. Sensitive 
areas such as conflicting interests of various parties, press, politics, etc. are 
highlighted.  
 
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 Mechanical Engineering, given by Mr. Peter Wichers Schreur, senior lecturer  at 
the Saxion University of Applied Sciences, Enschede. 
 
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 failure and accident investigation of modern engineering constructions, 
such as aircraft and their engines 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 Mechanical Engineering, given by Mr. Peter Wichers Schreur, senior 
lecturer  at the Saxion University of Applied Sciences, Enschede.   
 
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. 
 
 
  



 
 
 

4 

NLR-TP-2026-008  |  February 2026 

 

Contents 

1 Scope 5 

2 Course material 6 
 
 
 
  



 
 
 

5 

NLR-TP-2026-008  |  February 2026 

 

1 Scope 

 
 

 



 
 
 

6 

NLR-TP-2026-008  |  February 2026 

 

2 Course material 

 

 
 
 

 



 
 
 

7 

NLR-TP-2026-008  |  February 2026 

 

 

 



 
 
 

8 

NLR-TP-2026-008  |  February 2026 

 

 

 



 
 
 

9 

NLR-TP-2026-008  |  February 2026 

 

 

 



 
 
 

10 

NLR-TP-2026-008  |  February 2026 

 

 

 



 
 
 

11 

NLR-TP-2026-008  |  February 2026 

 

 

 



 
 
 

12 

NLR-TP-2026-008  |  February 2026 

 

 

 



 
 
 

13 

NLR-TP-2026-008  |  February 2026 

 

 

 



 
 
 

14 

NLR-TP-2026-008  |  February 2026 

 

 

 



 
 
 

15 

NLR-TP-2026-008  |  February 2026 

 

 

 



 
 
 

16 

NLR-TP-2026-008  |  February 2026 

 

 

 



 
 
 

17 

NLR-TP-2026-008  |  February 2026 

 

 

 



 
 
 

18 

NLR-TP-2026-008  |  February 2026 

 

 

 



 
 
 

19 

NLR-TP-2026-008  |  February 2026 

 

 

 



 
 
 

20 

NLR-TP-2026-008  |  February 2026 

 

 

 



 
 
 

21 

NLR-TP-2026-008  |  February 2026 

 

 

 



 
 
 

22 

NLR-TP-2026-008  |  February 2026 

 

 

 



 
 
 

23 

NLR-TP-2026-008  |  February 2026 

 

 

 



 
 
 

24 

NLR-TP-2026-008  |  February 2026 

 

 

 



 
 
 

25 

NLR-TP-2026-008  |  February 2026 

 

 

 



 
 
 

26 

NLR-TP-2026-008  |  February 2026 

 

 

 



 
 
 

27 

NLR-TP-2026-008  |  February 2026 

 

 

 



 
 
 

28 

NLR-TP-2026-008  |  February 2026 

 

 

 



 
 
 

29 

NLR-TP-2026-008  |  February 2026 

 

 

 



 
 
 

30 

NLR-TP-2026-008  |  February 2026 

 

 

 



 
 
 

31 

NLR-TP-2026-008  |  February 2026 

 

 

 



 
 
 

32 

NLR-TP-2026-008  |  February 2026 

 

 

 



 
 
 

33 

NLR-TP-2026-008  |  February 2026 

 

 

 



 
 
 

34 

NLR-TP-2026-008  |  February 2026 

 

 

 



 
 
 

35 

NLR-TP-2026-008  |  February 2026 

 

 

 



 
 
 

36 

NLR-TP-2026-008  |  February 2026 

 

 

 



 
 
 

37 

NLR-TP-2026-008  |  February 2026 

 

 

 



 
 
 

38 

NLR-TP-2026-008  |  February 2026 

 

 

 



 
 
 

39 

NLR-TP-2026-008  |  February 2026 

 

 

 



 
 
 

Postal address 
PO Box 90502 
1006 BM  Amsterdam, The Netherlands 

 info@nlr.nl   www.nlr.org 

Royal NLR 
Anthony Fokkerweg 2 
1059 CM  Amsterdam, The Netherlands 

 +31 88 511 3113 

 
Voorsterweg 31 
8316 PR  Marknesse, The Netherlands 

 +31 88 511 4444 

Royal NLR - Netherlands Aerospace Centre Chamber of Commerce No. 41150373. VAT No.  NL002760551B01 

 

 

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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