34th ICAF Conference and 28th
ICAF Symposium (ICAF 2015)

Helsinki, Finland
T —5Jdune 2015

Volume 1 of 2

Editor:

Aslak Siljander

ISBN: 978-1-5108-5774-2



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

.com

Some format issues inherent in the e-media version may also appear in this print version.

Copyright© (2015) by The International Committee on
Aeronautical Fatigue and Structural Integrity (ICAF)
All rights reserved.

Printed by Curran Associates, Inc. (2018)

For permission requests, please contact VTT Information Service
at the address below.

VTT Information Service
PO Box 1000

FI-02044 VTT

Finland

Phone: +358 20 722 111
Fax: +358 20 722 7001

info@vtt.fi

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax:  845-758-2633

Email: curran@proceedings.com
Web:  www.proceedings.com



Table of Content

Advanced analytical, numerical and experimental methods ... 11

Fatigue prediction of additive manufactured Ti-6Al-4V for aerospace: Effect of defects, surface
FOUGNNESS. ...ttt etttk ettt ekt e bt b b b e b8 E e h s e E €8 b bR bbb bbbt bbb bbbt 12

Daniel Greitemeier, Vitus Holzinger, Claudio Dalle Donne, Jens Eufinger, Tobias Melz
Validation Of The USAF Characteristic K Approach For Long Cracks Under Variable Amplitude

Loading And Naturally Occurring Small Cracks Under A Combat Aircraft Load Spectrum..................... 21
Dinaz Tamboli, Pu Huang, Rhys Jones
Is The World Ready fOr HOLSIP? ........cvo ittt sre sttt anas 34

Paul N. Clark, Nicholas C. Bellinger, David W. Hoeppner
How proper similitude principles could have improved our understanding about fatigue damage

(0] (010 1 TSSOSO 47
R.C. Alderliesten

An Algorithm for the Prediction of Very High Cycle Fatigue Life ..........cccccooveviviii i 58
RJ Amos, A Whitelaw, MA Hussain

Composite DOOF Pressure FatigUE TEST......ccvcieiiie ettt st a e ae e ae et saesresnenneas 67

Martin Semsch, Frank Wiefiner

Stress Analyses and Stress Intensities for Part-Through Cracks in Bolted Joints Exhibiting
SECONAANY BENAING......cviiiiiiiiiici ettt et et et e s te s teebeess et e tesbesbesbeeteeneeneeseesraneesreas 72

Zlatan Kapidzi¢, Hans Ansell, Lars Djdrv

Improving the prediction of small crack growth in 7XXX aluminium alloys...........cccoeveiniinnncinnenen. 83
S Barter, M Burchill, M Jones
Experimental determination of the crack tip stress intensity factor in integrally stiffened panels.............. 95

Caio Magno de Assuncgdo, Carlos Eduardo Chaves

Challenges and progress in modelling fatigue crack growth under transport aircraft and helicopter
13 SLSIES] 1= ¢ USRS 110

Weiping Hu, Beau Krieg, Phil Jackson, Matt McCoy, Kai Maxfield, Rob Ogden
Closed Form Equations of Stress Intensity Factors for Through Crack in Angle Shaped Cross-

L= ot (0] O o (SRS 121
Toshimi Taki

Effective Structural Health Monitoring System for 3D Printed COMpPONents.........ccccoceveveesvnveveriennenns 136
M. F. Hinderdael, D. De Baere, M. Strantza, R. Vafadari, W. Devesse, P. Guillaume

PGD-Virtual Charts for structural design: application to geometrical parameters............ccocevvevevvervennn. 143

Amaury Courard, David Neron, Pierre Ladeveze, Alain Bergerot, Ludovic Ballere

Reducing Weight by Bionic Shape Optimisation of Triangular LEVErS.........ccccoeveriiiiienniiieec e 149
Dort Daandels, Oliver Seack, Sarah Payros, Alexander Bruns, Mark Knuebel

An operational load related method for fatigue tests on aircraft components...........coceevveereeviereecereenenn, 155
Martin Semsch, Andreas Schelenz, Alexander Hamann, Silvio Nebel

Development of Analysis and Test Methods for Lightning Current Flow on Composite Fuel Tank
SETUCTUIE .ttt bbbt e e bbbt E b e bt e Re e R e b e bt e Rt e b £ eb £ e st e e e e e b e e bt e bt e b e eneene e e nne s 160

Yasunori Sato, Megumi Hiraki, Hiroyuki Tsubata, Takayuki Nishi

Non-stationary models for predicting strain on aircraft landing gear from flight data measurements......162
Geoffrey Holmes, Valerijan Cokonaj, Paul Southern, Keith Worden, Elizabeth Cross



Effect of Periodicity and Reverse Yielding on Cyclic Loading of Notched Specimens.........c..ccccevvenee. 173
Floyd Caiado, S. Keshavanarayana

Cold Spot Welding in RIVELING JOINL..........ccoiiiiiiie et 178
Wojciech Wronicz, Jerzy Kaniowski, Krystyna Pietrzak

Strength, Fatigue and Crack Growth Resistance of Al-Alloys that are applied in Current Transport

Airplanes Wing and FUSEIAZE SKIN ..o e 191
Boris G. Nesterenko, Grigory I. Nesterenko, Alexander V. Kulemin, Valentin N. Bassov

Development of a Fatigue Crack Growth Rate Material Model for 7249-T76511 Aluminium Alloy......201
Y. Bombardier, M. Liao

Material Characterization of Aluminum Lithium Alloys Used in Aerospace Applications...................... 216
Kevin Stonaker, John G. Bakuckas, Jr., Ian Y. Won, Mark Freisthler
Energy based study on quasi-static delamination growth treated as a low cycle fatigue process............. 240

Lucas Amaral, Liaojun Yao, René Alderliesten, Rinze Benedictus

Widespread Fatigue Damage.......ccoceereemeeeessessesssesssssssssssssssssssssssssssssssesssssssssssssssssssssssssessases 249

WFD Evaluation of Riveted Lap JOINt.........cciiiiiiiicc ettt 250
Takao Okada, Min Liao, Shigeru Machida, Gang Li, Guillaume Renaud

A Risk Analysis Based Methodology for Widespread Fatigue Damage Evaluation ............c.cccccoeeveenee. 264
Yuval Freed, Dvir Elmalich, Abraham Brot, Yael Buimovich, Carmel Matias

Curved Panel Fatigue Test for MRJ-200 Pressurized Cabin StruCture ...........c.coeivveeveieseneeseneeseeees 276
Kaoru Tsukigase, Toshiyasu Fukuoka, Keisuke Kumagai, Toshio Nakamura, Shunsuke Taba

Analytical Modelling of Mechanical Joint for New Monitoring Method ...........ccccccoveieiiiie i, 287
Shigeru Machida, Takao Okada

Fatigue Life Assessment of PZL-130 Orlik Structure — Final Analysis and Results .............ccocoeevrnienne. 294

Andrzej Leski, Marcin Kurdelski, Piotr Reymer, Krzysztof Dragan, Michat Satacinski

Peridynamics for Crack Initiation and Propagation under Cyclic Loading..........ccccocovrvirnrinncicnnnenn, 304
E. Madenci, A. Zamani, 1. Guven, N. Phan

D0 0T 0 LI g U< o3 o PP 316
Effect of Shot Peening on Low Cycle Fatigue Behavior of Ti-BAI-4V ... 317
Hiroshi, Nakamura, Tatsuhito, Honda, Joris, Prou, Mitsuyoshi, Tsunori
Stress gradient effect in fretting-fatigue: a nonlocal approach by exploiting the crack analogue............. 324
Claudio Montebello, Sylvie Pommier, Karim Demmou, Julien Leroux, Jean Meriaux
Shot Peening Residual Stress Evaluation from 3D Finite Element Simulation ..............ccccoevveveivicveiennn 332

Joris Prou, Mitsuyoshi Tsunori, Hiroshi Nakamura

Development of Composite Structural Guide Vane for the New Turbo Fan Engine.........cc.ccccvecvevenenen. 341

Takaomi Inada, Hiroyuki Yagi, Hideo Morita, Rintarou Kajiwara, Takehisa Yamada, Tsutomu
Murakami, Koji Miyazawa, Takehiko Uchiyama, Katsuyoshi, Moriya, Shinichi Tanaka

Adhesively bonded repairs / reinforCemMENts.....neeenesmesmesnesssssssesssesssssessssssssssesees 348

Evaluation of Adhesively Bonded Repairs to Fuselage Structure Subjected to Environmental
CONAITIONS ...ttt et b bbb bt e b e e bt e b e Rt e b e b e e b e b e bt b ne bt e b e s ebeeb e et e e be e ets 349

John G. Bakuckas, Jr., Bin Lei, Yongzhe Tian, lan Y. Won, Mark Freisthler, Kelly Greene,
Carlyn Brewer, Jonathan Awerbuch, Tein Min Tan



Fatigue Strength of Adhesively Bonded Joints of CFRP with Laser Surface Treatment..............c........... 367
Tomohiro Yokozeki, Keigo Sato, Masaru Ishibashi, Hideyasu Shamoto, Yutaka Iwahori

Full-Scale Fatigue Testing of a Boron-Epoxy Bonded Doubler for the Finnish Air Force F/A-18

HOMNEE CONEIE FUSEIA0E ... ettt ettt te e e s et e naestesbeabeeneeneensenees 375
Geoff Swanton, Mika Keinonen, Janne Linna

Evaluation of a UAV Composite Wing Spar Repair Using an Embedded Optical Fiber Rayleigh

Back-Scattering Distributed Strain SENSING .......ccovevrieieiireisie e nesreneenens 398
A. Bergman, U. Ben-Simon, A. Schwartzberg, N.Y. Shemesh, B. Glam, J. Burvin, I. Kressel, T.
Yehoshua, M. Tur

Application of Distributed Fiber Optic Strain Sensors for Local Indentation/Impact Damage

Detection in Foam Core Composite SandwiCh StIUCIUIES .........ccccvcieiireie s 402
J. Siivola, S. Minakuchi, N. Takeda

Residual Stress ENZINEETING ....oerneereseessssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssesssssssssnes 413
Predicting fatigue crack growth emanating from cold-expanded holes ............ccocovvrniinnicnncineenn 414
Luigi Lazzeri, Domenico Furfari, Qiang Fu, Anja Wetzel, Mauro Bruno Biasizzo, David Osman
Busse

Validation of new experimental and analytical tools to address residual stress effects accurately in

the design cycle: Material characterization and design analysis validation .............ccccooevnniiennnciennnn 432
Mark A. James, R. Craig McClung

Effect of LSP Generated Residual Stresses on Fatigue Crack Propagation in Thin Panels...................... 466
Enrico Troiani, Sara Taddia, Ivan Meneghin, Gianluca Molinari, Claudia Polese

Retardation of fatigue crack growth in thin AA2024 sheets by laser heating.........cccccoecevcevenivnivcceienenn, 477
Anne Groth, Manfred Horstmann, Nikolai Kashaev, Norbert Huber

Influence of Materials on the Effectiveness of Crenellations in the Damage Tolerant Design................. 483

Jin Lu, Nikolai Kashaev, Volker Ventzke, Norbert Huber

Composite materials development of innovative structural concepts........meenneens 495
Fatigue and Damage Tolerance Assessment of 3-D reinforced CFRP Bonded Joints.............c.ccccocueune. 496
Chiara Bisagni, Domenico Furfari, Marco Pacchione
Philosophy of Multiple-site Damage Analysis for Fibre Metal Laminate Structures ...........ccccoeeeevueene. 510
Wandong Wang, Calvin Rans, René Alderliesten, Rinze Benedictus
Experimental Study on Partial Composite Wing SITUCIUIE.........c.ccuiriiiireisinese s 521

Hikaru Hoshi, Takao Okada, Yutaka Iwahori, Satoshi Morooka, Naoyuki Watanabe

Fatigue Bearing Failure of CFRP Composite in Biaxially Loaded Bolted Joints at Elevated

T 00] 01 o LT =TT SRR P P PRR TSP 531
Zlatan Kapidzié, Hans Ansell

Damage Tolerance Assessment of Near Edge Impacts in CFRP StrucCtures............coceervverinneincenennas 542
Vjola Ristori, Maria Pia Falaschetti, Enrico Troiani, Marco Montemurro, André Baeten, Goran
Ivetic, Gianluca Molinari

Evaluation of Transverse Crack Initiation in Cross-Ply and Quasi-Isotropic CFRP Laminates under

L=V o 0T 0T Uo [0 TSP 550
Atsushi Hosoi, Yuzo Fujita, Hiroyuki Kawada



Airworthiness regulations and substantiation methodology development................... 556

Damage tolerance approach on recurrent damage of LynX heliCOPters ........ccocvvvvvvvevivvinieiinnn e, 557
Chloé Kinzelin, Etienne Deshaies, Pierre Madelpech

Structural Durability and Damage Tolerance in the Next Century of Commercial Aviation ................... 571
Steven Chisholm, Antonio Rufin, Brandon Chapman, Quentin Benson

F-35 Full Scale Durability Modeling and TeSt.........ccccueieririieriese et 603
Dale L. Ball, Philip C. Gross, Robert J. Burt

Structural Integrity Assessment of Gripen NG AIFCIaft..........coooveiiiniiiice e 610
Hans Ansell

Random vibrations fatigue analysis aNd TESES.........coviiiriiiiee s 625

Etienne Deshaies, Jérémy Bernadou, Pierre Madelpech

Tackling the Characterization of H-60 Airframe In-Flight Dynamic Response and Fatigue Loading

Using Small Scale High Performance COMPULING ........cooiiiiiriniiiiieise s 641
John Vine, Luther Krake, Phil Jackson

Fatigue Crack Growth Prediction Using PREFFAS MOUEL ..........ccocoeieiiiiiicecrceeeese e 652
Bertrand Journet

An Amphibian and the Concept of its Derivative Model for Fire-fighting Application.............cccccceveei. 675

Masatoshi Tsujii, Hideyuki Mochida, Katsuo Tanaka, Atsuhiko Fujitani, Yushi Goda

FIEET MONITOTING ccourteeeeeerseesreeet e s 681
The A400M Usage MOoNitoring FUNCLION .........cccviiiiiie et 682
Alexis Falga, Dr. Jean-Pascal Kleinermann, Dr. Alain Santgerma

The Use of Micro Electro-Mechanical Systems to characterise the Structural Usage of a Multi-Role
IMHTTEANY ATTCTATT ...ttt r bbb bbb ne et ab e anenene 694

Robin Kamiya, Michael J Duffield
In-Flight Structural Health Monitoring System for Medium Altitude Long Endurance Unmanned

LY 4T T [ TSP 712
I. Kressel', J. Balter, N. Mashiach, I. Sovran, O. Shapira, N.Y. Shemesh, B. Glam, A. Dvorjetski,
M. Tur

Low-Cost Fixed-Wing Aircraft Usage Validation .............cccooviiiieiiiciinc s 718
Steve Reed

The Fatigue Damage Spectrum: EXPIaiNed...........coeviiiiiiiiie st 731
Mr. Rob Plaskitt, Dr. Andrew Halfpenny

Review of Computational Methods for Payload Life PrediCtion ............cccocvevviviviinieicenc v 743

RJ Amos, A Whitelaw, MA Hussain

Challenges and Proposed Methodologies for Structural Health and Usage Monitoring Systems

(SHUMS) in the domain of Airborne Complex WEapONS ..o s 753
C Lomax', A Whitelaw, J Raiker, A Groves

Flight Condition Recognition and Independent Flight Severity Monitoring for the Management of

HEIICOPLE FIEETS......eeeeetecc ettt bbb bbbttt b bbbt sn b e 758
Brian H Perrett



Non-Destructive Inspection (NDI) development and implementation.........coccveereenenn. 770

Reliability assessment of different SHM and load monitoring systems under load and

eNVIFONMENTAL CONTITIONS ... .oivieiieieie ettt sa e e e et e stestenteeneeneeneeseenes 771
Shashank Pant, David Backman, Tom Benak, Marc Genest
Probing the Future: Better F-16 Inspections Using Conformal Eddy Current Inspection Tools ............. 786

Kimberli Jones, John Brausch, Ward Fong, Bryce Harris

Novel thermographic inspection method to detect the moisture in early stage of the water ingress
and a procedure to remove the moisture from the composite StrUCTUFE. .........occeviveiiieinrceee 797

Eetta Saarimdki, Yrjé Laatikainen
Integrated Health Monitoring of the Composite Structures Based on PZT SENSOrS........cccoevrererereenenn 801
Krzysztof Dragan, Michal Dziendzikowski, Artur Kurnyta, Andrzej Leski

Sensor location studies for damage detection in Aerospace Structures using 3D Scanning Laser
1o (0] 1111 Y2 USSP 808

R. Marks, A. Clarke, C. Featherston, C. Paget, R. Pullin
Long-term Durability of Adhesively Bonded Composite Joints Under Quasi-static and Fatigue

(0T Uo [T USSR 819
Chun Li, Zhong Yi Wan, Gabriel LaPlante, Calvin Rans, Gang Li

Design of health and usage monitoring systems based on optical fibers for composite wing spars......... 830
Alessandro Airoldi, Paolo Bettini, Paolo Belotti, Theodoros Loutas, Christos Koimtzoglou,
Giuseppe Sala

Improved Acoustic Emission Damage Source Location During Fatigue Testing of Complex
SETUCTUIES ...ttt b bbbt e st e e b e e b oo b ek e et e e s bt e s bt e s b e ebe e she e nb e e s bt et e enbennrenaeentee 846

Matthew Pearson, Mark Eaton, Carol Featherston, Rhys Pullin, Karen Holford

Full Scale Fatigue Tests and Management of aging fleets.......ouenmeenmeeneersmeeseeeseesneens 854
A350 XWB EW Test - Combined static and fatigue testing of composite aircraft structures within
ONE TEST SBE U .t bbb e e 855
Fin Schorr, Michael Stodt, Timo Plate
Advanced life assessment of the lead crack configuration of the RNLAF F-16 wing damage
BNNANCEMENT TESE ..ottt ettt et e et e ebe e e e e et et e s besbeebeeseese e bebesbesbesbeeneeneeseeseenns 861
Frank Grooteman, Marcel Bos

Practical Experience of Neural Network Based Fatigue Life MoNitoring ...........cccoceeveiinninennicnenne, 879
Jarkko Tikka, Tuomo Salonen
Full-Scale Fatigue Testing of TWO T-38 WINQS.......cccieieiiie ittt e 889

David Wieland, Jon Cutshall, Michael Blinn
Integrating Engineers INt0 the PDM ENEEIPIISE ....c.vcvirieieiice et ee e 901
Dave Gaddis

Reducing the maintenance impact of an additional vibration spectrum added into a classical fatigue
Y0 L= o1 {1 PP PO PPRTPRTPTR 911

Sarah Payros, Dort Daandels, Nikolaus Ohrloff, Anna Campmany Rosello

Delamination analysis of a trailing edge flap ...........ccoieiiiiii 916
Jarno Jokinen, Markus Wallin, Olli Saarela
Full Scale Wing Test — Test Health MONITOIING ........cccoviiiiiiiiiee e 923

Stephen Dosman, Naumaan Hamid



DiIGITAL EWIINS weeeeevereereres s s s 936

Fatigue Analysis of a Virtual Airframe StTUCLUIE .........ccoovviiiiiiice e 937
Chris Wallbrink, Michael Opie, Xiaobo Yu

Towards the Virtual Fatigue Test: Hardware-in-the-Loop integrated Fatigue Test Simulation
(HILTFTS) 1tttk b bbb bbbkttt ettt e nes 955

Albert K. Wong, Phil Jackson

Probabilistic modelling and risk analysis of structural integrity.........eneneereennens 965

Application of Quantitative Risk Analysis in Support of Continuing Airworthiness Management ......... 966

Min Liao, Guillaume Renaud, Yan Bombardier

Probabilistic approach to the inspection interval determination in a multi-site damage susceptible

STTUCTUI ...t e e E e a e e b b e b e s b e e s b e e h e e e b e s ae e sb e b e e sb e e n e 990
J. Segurado, P. Caffyn, J. Garcia, B. de Nicolas, J. I. Armijo, D. Iiiesta, E. Miron
Crack Growth Variability and Its Effect on Risk Analysis of Fracture Prediction ............ccccovvevnieenn. 1011

Ribelito F. Torregosa, Weiping Hu

Corrosion and environmental control (Management of aging fleets) ........cnenneernnn. 1020

Standardized Methodology for the Investigation of Corrosion Fatigue Nucleation and Propagation.....1021

Sarah E. Galyon Dorman, Saravanan Arunachalam, Justin W. Rausch, Matthew J. Hammond,
Scott A., Fawaz

Simulation of corrosion damage, stress concentration, and fatigue crack growth ..o, 1044
Sharon Mellings, John Baynham, Andres Peratta

The Decoupling of Corrosion and Fatigue for Aircraft Service Life Management ...........cccococeinenne. 1062
Loris Molent, Simon Barter, Russell Wanhill

Fatigue Crack Growth from Environmentally Induced Damage in 7075 AHOY ........ccccecvevvevveieveieinns 1074
Michael Lo, Rhys Jones, Daren Peng, Adam Bowler, Dustin Edwards

10





