
 

 

 

TECHNICAL REPORT 

 

 

 

 

N°  



 

Direction générale de l’armement 

DGA Techniques aérospatiales 

47 rue Saint-Jean - CS n° 93123 - 31131 BALMA Cedex 

Téléphone : +33 (0)5.62.57.57.57 V02_2024_MR 

DIRECTION DE L’INGÉNIERIE ET DE L’EXPERTISE 

DGA Aerospace Systems 

 

Division Structures 

Your contact : TOUZET Laurent 

 

 

 

 
 

 

 

   

NAME Surname Visa Date Title 

Prepared by  



DGA AEROSPACE SYSTEMS 
REVIEW OF AERONAUTICAL FATIGUE INVESTIGATIONS IN 

FRANCE DURING THE PERIOD JUNE 2023- JUNE 2025
 

 

 

DGA does not accept responsibility for partial or complete distribution of 

this report 

Page 3 

 

Table of contents 

  ............................................................................................................................... 5 

  ................................................................................... 6 

 .................................................................................... 6 
  ...................................................................................................................................... 6 
  ...................................................................................................................................... 6 
  ................................................................................................................................ 7 
  ................................................................................................................................ 8 
  ....................................................................................................................... 8 
  .................................................................................................................... 10 

 
 ..................................................................... 12 

  ........................................................................................................................................... 12 
  ........................................................................................................ 13 

  ........................................................................................... 16 

2.1. Experimental characterization of two structural bonded composite repairs ............................................. 16 
2.1.1. Introduction ........................................................................................................................................ 16 
2.1.2. Experimental work ............................................................................................................................. 16 
2.1.3. Results .............................................................................................................................................. 19 
2.1.4. Conclusion ......................................................................................................................................... 21 
 

 ............................................................................................................................................. 22 
  .................................................................................................................................... 22 
  ................................................................................................................................ 23 
  ..................................................................................................................................... 28 

  ............................................................................................................................. 31 

 

 ......................................................................................................................................................... 31 
  ........................................................................................................................................... 31 
  ..................................... 31 

  ....................................................... 32 
  ................................................................................................................ 32 
  ................................................................................... 33 
  ............................................................................................................ 34 

 

......................................................................... 36 
  ........................................................................................................................................... 36 
  ................................................................................. 37 
  .................................................................................... 38 

3.3.4. Description of the DIC installation. .................................................................................................... 38 
3.3.5. Results and conclusion. .................................................................................................................... 40 

  .................................................................................................................................... 41 

  ..................................................................... 42 

  ...................................................................... 43 



DGA AEROSPACE SYSTEMS Erreur ! Il n'y a pas de texte répondant à ce style 

dans ce document. N° Erreur ! Il n'y a pas de texte répondant à ce style 

dans ce document.  

TABLE OF CONTENTS 

******** 

Direction générale de l’armement 

DGA Techniques aérospatiales 

47 rue Saint-Jean - CS n° 93123 - 31131 BALMA Cedex 

Téléphone : +33 (0)5.62.57.57.57 – Télécopie : +33 (0)5.62.57.54.47 V06/2022_MR 

  ....................................................................... 44 

  ..................................................................... 45 

 
 ........................................................... 45 

  .................................................................................................................................... 45 
 ............................................................................................................................... 46 

  ........................................................................................ 47 
  .............................................................................................................. 47 
  ...................................................................... 48 
 ................................................................................................. 49 

  ............................................................................................................ 49 
  .................................................................................................... 49 

  ............................................................................................................................... 53 
  ...................................................................................................................... 53 
  ............................................................................................................................................... 54 
  ............................................................................................................ 54 
  ......................................................................................................................... 54 

  ....................................................................................................................................... 56 
 

 ....................................................................................................................................................... 57 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Toute rediffusion partielle de ce rapport ne saurait engager la 

responsabilité de la DGA 
Page 5 

 

 

 

 

 

 

 

 

 

 



 

 

Toute rediffusion partielle de ce rapport ne saurait engager la 

responsabilité de la DGA 
Page 6 

 

 

 

Contact: Mme BAUBRY Emeline (DGA TA)  

 

 



 

 

Toute rediffusion partielle de ce rapport ne saurait engager la 

responsabilité de la DGA 
Page 7 

 

 

Figure 1: Residual stress field introduced in the 2D CT model 



 

 

Toute rediffusion partielle de ce rapport ne saurait engager la 

responsabilité de la DGA 
Page 8 

 

 

 

Figure 2: 2D and 3D CT specimen stress intensity factor vs. crack length curves 
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Figure 3: Beam specimen geometry and mesh 

Figure 4: Wing beam specimen’s crack propagation predictions with different methods 
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Figure 5: Welded bar drawing 

Figure 6: Welded bar FE representation and mesh 
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Figure 1: Experimental setup of a 0D self-heating test. 

 

Figure 2: Example of post-processing of a self-heating test. 
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Figure 3: Comparison of SH and staircase results. 
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2.1. Experimental characterization of two structural bonded composite repairs  

Contact: Mame BARRIERE Nathalie (DGA TA) 

2.1.1. Introduction 

 

 

Figure 1 : Composite repaired panel 

2.1.2.  Experimental work 
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Figure 2 : Flush repair with step machining and wet lay up (WLU) (not to scale) 

 

Figure 3 : External repair with a pre-cured patch (not to scale) 
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(a) (b) 

Figure 4 : Experimental set up for tensile tests. (a) Front size (face with the repair) with DIC 
measurements and (b) AE sensors on the rear side. 

  

Figure 5 : Experimental set up for compressive tests 
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Figure 6 : Experimental set up for fatigue tests 

 

2.1.3. Results 

 

 

Figure 7 : Mechanical results obtained for both repair strategies compared to pristine panel 
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Figure 8 : Normalised cumulated acoustic emission absolute energy of the two types of repaired 
panels 

 

 

Figure 9 : Normalised cumulated acoustic emission absolute energy of the two types of repaired 
panels 
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Figure 10 : Fatigue results 

2.1.4. Conclusion 
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Figure 1: Proposed pyramidal approach. 

 

 

 

Figure 2: CT tests on composite specimen with RUMUL gauges. (a) Overall appearance after test, (b) 

view of broken wires after complete rupture of the specimen. 
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Figure 3: Generalized Plane Strain (GPS) Model 

 

Figure 4: 3D Finite element model. 
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Figure 5: Manufacturing of technological specimens with glued stepping repair. 

Figure 6: Dialogue experiments-calculations with technological specimens. 
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Figure 7: Tests and simulation results comparison. 
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Contact: M POMMEPUY Nicolas (DGA TA) 

 

 

Figure 1: Trap landing gear set up. 
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Contact: GUIGUE Alexandre (DGA TA)

 

 

 

Figure 1: ATL2 in flight 
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Figure 1: Test installation in hall 6 and specimen. 

 

 

Figure 2: Computer-aided design of the ACCROCS test facility 

 

https://totem.dr-dga.intradef.gouv.fr/sites/default/files/2024-07/ACCROCS_0.PNG
https://totem.dr-dga.intradef.gouv.fr/sites/default/files/2024-07/ACCROCS1.PNG
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Figure 3: Composite patch, areas repaired by AI and thermally delaminated area. 

3.3.4. Description of the DIC installation. 

https://totem.dr-dga.intradef.gouv.fr/sites/default/files/2024-07/ACCORCS2.PNG
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Figure 4: On the left: measurement method by DIC. On the right: measurement of uncertainties 
on the fractal pattern. 

 

https://totem.dr-dga.intradef.gouv.fr/sites/default/files/2024-07/ACCROCS3_0.PNG
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3.3.5. Results and conclusion. 

Figure 5: Vertical displacement field by DIC during a specimen bending. 

  

https://totem.dr-dga.intradef.gouv.fr/sites/default/files/2024-07/ACCORCS4.PNG
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Figure 1: From left to right, illustrations of Sensity Tech® technology applied to carbon fiber 
composites and sensitive coating. 
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Figure 2: The 4 test tubes with connectors 
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Figure 3: From left to right, the acquisition systems: Infrared Thermography, Acoustic Emission 
and Digital Image Correlation (DIC) 

 

Figure 4: Instrumented composite sample on the testing machine
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Figure 5: Raw responses calculated by Sensity Tech® during jaw clamping. 

 

Figure 6: Reconstruction of the internal state by Sensity Tech® 
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Figure 7: Example of acoustic emission tracking curves 
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Figure 8: Example of DIC tracking report 
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Figure 9: Example of infrared thermography monitoring report
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Figure 10: Example of raw response curves 
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Figure 11: Reconstruction of the internal state by Sensity Tech®: mappings of a tensile test 
specimen during cycling 
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Figure 1: Fleet Fatigue Monitoring

Figure 2: Predicting mechanical ageing: the historical approach 
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Figure 3: Scattering sources on an aircraft fatigue lifetime

Figure 4: Predicting mechanical ageing: the proposed approach 
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