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Preface

Residual stresses are stresses that remain in materials and structures after manufacturing. They have
a strong influence on the performances of technical components and on the properties of materials.
For instance, they can shorten or improve the fatigue life of airplane engine parts, medical
prosthesis, welds, electronic components, etc. They can also induce geometrical distortions,
accelerate corrosion phenomena or influence many physical properties of materials
(superconductivity, magnetism, mobility of charge carriers in electronic devices, phase transitions...).
They appear at macroscopic scale, phase scale, grain scale and even at atomic scale, in metals,
ceramics, polymers, glasses, semiconductors, composite or multilayered materials. They originate
from any inelastic process occurring during the history of the material: plasticity, phase
transformations, diffusion of chemical species, thermal expansion, deposition process, etc.

This rich variety and this complexity is probably one strong motivation for the periodic meetings of a
lively international community, through the ICRS/ECRS (International/European Conferences on
Residual Stresses) conferences. ECRS-9, held in Université de Technologie de Troyes (UTT) in France
from July 7" to 10*" 2014, is the 9" edition after Karlsruhe 1983, Darmstadt 1990, Frankfurt am Main
1992, Cluny 1996, Delft 1999, Coimbra 2002, Berlin 2006 and Riva del Garda 2010. Although it was
initially meant to gather the European scientific community, colleagues from other continents are
warmly welcome and, indeed, 1/3 of the abstracts received comes from Asia, Oceania, Africa, North
and South America.

About 222 communications were programmed, 133 as oral presentations and 89 as poster
presentations. It was proposed to the authors to publish a short article in the present special issue of
Advanced Materials Research, published by Trans Tech Publications, and indexed in several
international databases. A total of 165 articles were received and submitted to two international
reviewers. The 157 accepted articles were online for the beginning of the conference. To ensure a
large audience, it was chosen to produce a purely electronic version in Open Access. During the 4
days of the event, 15 companies working in the field of residual stresses were given an opportunity
to present their products and services through a commercial exhibition.

The organizers, the LASMIS research group, are grateful to public and private sponsors who, through
their financial support, helped significantly the organization of this event: Région Champagne-
Ardenne, Conseil Général de I’Aube, Grand Troyes, Conseil National de la Recherche Scientifique
(CNRS), Proto Manufacturing, Dectris Ltd, Ultra-RS and Stresstech.

They also want to thank Université de Technologie de Troyes for supporting the practical
organization.

Manuel Frangois
Guillaume Montay
Benoit Panicaud
Delphine Retraint
Emmanuelle Rouhaud



International Scientific Committee

Andrzej Baczmanski
Sabine Denis
Antonio Morao Dias
Mike Fitzpatrick
Manuel Frangois
Christoph Genzel

Josef Keckes

Petr Lukas
Eric J. Mittemeijer

Ru Lin Peng
Walter Reimers
Paolo Scardi
Berthold Scholtes
Marc Seefeldt
Olivier Thomas
Philip Withers

AGH University of Science and Technology, Poland

Institut Jean Lamour, Univ. Lorraine, France

University of Coimbra, Portugal / Arts et Métiers ParisTech, France
The Open university, United Kingdom

Université de Technologie de Troyes, France

Helmholtz-Zentrum Berlin fur Materialien und Energie GmbH,
Germany

Montanuniversitdt Leoben and Erich Schmid Institute for Materials
Science, Austria

Nuclear Physics Institute, Czech Republic

Max Planck Institute for Intelligent Systems and University of
Stuttgart, Germany

Linképing University, Sweden

Technische Universitdt Berlin, Germany

University of Trento, Italy

Universitdt Kassel, Germany

KU Leuven, Belgium

IM2NP, University of Aix-Marseille, France

University of Manchester, United Kingdom

Local Organizing Committee at Université de

Technologie de Troyes

Pierre-Antoine Adragna
Houssem Badreddine
Lydie Caillot

Laurent Daniel

Sandy De Wreede
Véronique Ferney
Manuel Francois, chairperson
Claude Garnier

Xiao-Lu Gong

Bruno Guelorget
Pascale Kanoute

Carl Labergere

Pascal Lafon

Alexandra Lavigne
Léa Le Joncour
Alain Milley
Guillaume Montay
Benoit Panicaud
Nicole Plet
Sébastien Remy
Delphine Retraint
Lydia Rigaud

Arjen Roos
Emmanuelle Rouhaud
Khemais Saanouni



Sponsors

Région Champagne-Ardenne

Conseil Général de I'Aube

Grand Troyes

Conseil National de la Recherche Scientifique (CNRS)
Proto Manufacturing

Dectris Ltd

Stresstech

Ultra-RS

Exhibitors

Bruker
Curtiss-Wright
Dectris

GNR Analytical Instruments
Inel

PANalytical

Proto Manufacturing
Pulstec

Rigaku

Sint Technology
SONATS

StressMap
Stresstech

Veqter

Ultra-RS

Partners

AFM : Association Francaise de Mécanique

CNRS : Centre National de la Recherche Scientifique

GFAC : Groupement Frangais d’Analyse des Contraintes Résiduelles
MECAMAT : Groupe Francais de Mécanique des Matériaux

SF2M : Société Francgaise de Métallurgie et Matériaux

Contact

http://ecrs9.utt.fr/
e-mail: ecrs9@utt.fr



Reviewers

The editors would like to thank the reviewers for the evaluation and the proof reading of the articles.

Armando Albertazzi
Brigitte Bacroix
Andrzej Baczmanski
Anténio Castanhola Batista
Armand J. Beaudoin
Jean-Luc Bechade
Sophie Berveiller
Dirk Biermann

John Bouchard
Chedly Braham
Renald Brenner
Yann de Carlan
Sabine Denis

Laura Depero
Bernd Eigenmann
leremy Epp
Michael E. Fitzpatrick
Manuel Frangois
Lee Fredette
Sylvain Fréour
Guillaume Geandier
Marcello Gelfi
Christoph Genzel
Patrice Gergaud
Jens Gibmeier
David Gloaguen
Philippe Goudeau
Jean Luc Grosseau-Poussard
Cory Hamelin
Michael Hofmann
Karim Inal
Sébastien Jegou

Frédéric Jenot
Vincent Ji

Thomas Kannengiesser
Pascale Kanoute
Jozef Keckes
Manuella Klaus
Kamil Kolafik
Jakub K&o

Joana Kornmeier
Arne Kromm

Carl Labergere
Michal Landa

Eric le Bourhis
Fabien Lefebvre
Bruno Levieil

Ru Lin Peng

Petr Lukas

Maria José Marques
Ali Merati

Eric Mittemeijer
Jim Moffatt
Guillaume Montay
Tony Montesin
Peter Mutton
Mohamed Nasr
Thomas Nitschke-Pagel
Joao P. Nobre
Virgil Optasanu
Balder Ortner

J.C. Outeiro
Zdenek Pala
Benoit Panicaud

Thomas Pardoen
Martyn Pavier
Pedro Paiva Brito
Yuriy Perlovich
Wulf Pfeiffer
Michael B. Prime
Walter Reimers
Uwe Reisgen
Delphine Retraint
Emmanuelle Rouhaud
Shigeo Sato

Paolo Scardi
Christoph Schmid
Berthold Scholtes
Volker Schulze
Marco Sebastiani
Marc Seefeldt
Habib Sidhom
David Smith
Katherine A. Soady
Mario Stefenelli
Mike Steinzig
Lasse Suominen
Qlivier Thomas
Louise Toualbi
Anton Tremsin
Enrico Troiani
David von Mirbach
Konrad Willms
Robert C. Wimpory
James Wood
Mirostaw Wrébel



Table of Contents

Preface v
Committees vi
Sponsors, Exhibitors and Partners vii
Reviewers viil

Chapter 1. Measurement Methods

I.1. Local Scale Measurements

Strain Measurement with Nanometre Resolution by Transmission Electron Microscopy

D) Cooperand J L. R OUVEGIS v ssrsiswnersises v simsssiessasessss s sisiisesissmes s5ims isssassasiasn suassnssumsmensssnssssassossansnsa 3
Intragranular Residual Stress Evaluation Using the Semi-Destructive FIB-DIC Ring-Core
Drilling Method

AJ.G. Lunt and A.M. KOTSUNSKY ...c..oeeiieiiitiieitcteieiscteteseesaestesaesmessessasnsssasssessasaessassassesssssasnsssssaassesas srasesessnsssn 8
Tailored Mechanical Properties and Residual Stresses of a-C:H:W Coatings

C. Schmid, H. Hetzner, S. Tremmel, F. Hilpert and K. DUISt........c.cccoiiciimiiniiiineeirieesie e cvseseese e sanessens 14
Residual Stress State in Oxide Dispersive Steel due to Irradiation by Swift Heavy lons

V. Uglov, V. Skuratov, T. Ulyanenkova, A. Benediktovitch, A. Ulyanenkov and S. Zlotski .........cccccceveereennnne 22
Study of Microstrain and Stress in Non-Planar Palladium Membranes for Hydrogen Separation

M. Brisotto, M. Gelfi, C. Rinaldi and L.E. DEPETO........c.c.coeeeueirermrereierereseassreeres e sssesesesassessnessssesssssesasaseseess 27
Relationship between Dislocation Density and Macro Strain of High-Heat-Load Materials

M. Sano, S. Takahashi, A. Watanabe, A. Shiro and T. SHODU .......cciieiiiierieiiiece et es e e eneean e 33
X-Ray Line Profile Study on Shot/Laser-Peened Stainless Steel

M. Kumagai; K. Akita, M. Imafuku and'S. Ohya ... .suasissssmiasssismsssssssssiiisissisaesssmisize 39

1.2. Diffraction at Grain Scale and Multiscale Diffraction

Local Stress Analysis in an SMA during Stress-Induced Martensitic Transformation by
Kossel Microdiffraction
D. Bouscaud, S. Berveiller, R. Pesci, E. Patoor and A. MOTAWIEC ........cccewureeiercreriereriinieeeeereesereenseseseesssseens 45

A Profile-Based Method of Determining Intragranular Strains Using Kossel
Diffraction Patterns
A IMOTAWIEG: svsimsenssessarssnssosssmmssnsrasnsuios snssssonasssiensnsssasa s siamssesrsssrtssetossavunsssrossesnbersssssnssonabasssvasetsssarassuovensreninsrens 52

Matrix Method for X-Ray Stress Measurement in Single Crystals, and the Rational Planning of
the Measurements

5 R0 o 11 e 58
Measurement of Complementary Strain Fields at the Grain Scale

W. Chow, D. Solas, G. Puel, E. Perrin, T. Baudin and V. AUbin .......ccccccenciiimssiosiosssissusssssssssnsisssssisessiasssossssese 64
Impact of Shot-Peening on a Single Crystal Nickel-Based Superalloy

A. Morancais, M. Fevre, M. Frangois, P. Kanoute, S. Kruch and A. LONGUEL ...........cciuiiiieicniciiiiiecc s 70

Evaluation of Welding Residual Stresses Using Diffraction Spot Trace Method
K. Suzuki, T. Shobu, A. Shiro and S.Y. ZRang........c..ccerereririeeirineeieasie e eeeseesessssesssesaeesssessassasssesssssnssseses 76



X Residual Stresses IX

Accounting for a Distribution of Morphologies and Orientations on Stresses Analysis by X-Ray
and Neutron Diffraction: Normalized Self-Consistent Modeling
V..Hounkpati; S. Fréour, D. Gloaguen and V. Legrand .sesusssssissnsssrossionsssisissessonvsasssnsssvassnssssersussssssssass 82

Effect of Interlamellar Spacing on the Monotonic Behavior of C70 Pearlitic Steel
H. Yahyaoui, H. Sidhom, C. Braham, A. Baczmanski, M. Frangois and W. Seiler ..........ccocoervricrrriicnncnnnne 88

Experimental and Numerical Analysis of Mechanical Behaviour of AISI 316L. Austenitic
Stainless Steel: Two Level Homogenization — Neutron Diffraction
I. Fajoui, D. Gloaguen, V. Legrand, G. Oum, J. Kelleher and W. Kockelmann..........cccccouovvrevivviccicncncncncnes 94

Influence of Morphological Texture on Stresses Analysis by X-Ray and Neutron Diffraction:
Accounting for Extreme Morphologies

V. Hounkpati, S. Fréour, D. Gloaguen and V. Legrand . isisicsssmsisisivssisssssissssssstsisionssssssosssanssssssvassssses 100
Modeling Methodology for Stress Determination by XRD in Polycrystalline Materials
S. Dufrenoy, T. Chauveau, R. Brenner, C. Fontugne and B. BaCrOiX.........cccceueueurenreiissinsienncsinnsnsessncninnanes 106

New Modelling Approach for Micromechanical Modelling of the Elastoplastic Behaviour
J. Fajoui, D. Gloaguen, A. Alimi, M. Kchaou, F. Jacquemin and R. Elleuch........ccoceiiniinnninniniinnn, 112

Study of Mechanical Behaviour of Polycrystalline Materials at the Mesoscale Using High
Energy X-Ray Diffraction
A. Baczmanski, E. Gadalinska, S. Wronski, C. Braham, W. Seiler, M. Frangois, L. le Joncour,

B. Panicaud, T. Buslaps, H. Yahyaoui, H. Sidhom and Y.C. Zhao .........cccocevermivrninmrnniniicicnicriccccccceiaae 118
Distribution of Residual Deformation Effects in Shell Tubes from Ferritic-Martensitic Steels
Y. Perlovich, M. Isaenkova, E. Zharikov and O. KrymsKaya........cccueooiniiiinciiiiccsisneee s 124

Residual Stress Tensor Distributions in Cracked Austenitic Stainless Steel Measured by
Two-Dimensional X-Ray Diffraction Method

Y- Saitoand S. Tanaka s v srmsosrmsmmsses oo s oo R 5o e o T eSS 128
Microscopic Stress and Strain Evolved in a Twinning-Induced Plasticity Fe-Mn-C Steel
S. Suzuki, S. Sato, K. Hotta, E.P. Kwon, S. Fujieda, K. Shinoda, K. Kajiwara and M. Sato .........ccccecevureueene 135

I.3. Diffraction: Gradients and Instrumental Developments

Effects of Misalignment of Parallel Beam Optics on Thin Film Stress Analysis

N. Norberg and AuC. VMRS ...c.cvmimmipmmminsisiivsaissin siss issssssatiimsussimsesis s imsimmioasomn susmisssisms e 141
New Developments of Multireflection Grazing Incidence Diffraction
M. Marciszko, A. Baczmanski, M. Wrobel, W. Seiler, C. Braham and K. Wierzbanowski.........ccccccevviievennen. 147

Determination of Stress Profiles in Expanded Austenite by Combining Successive Layer
Removal and GI-XRD
F.A. Pires Fernandes, T.L. Christiansen and M.A.J. SOMETIS...c.cooieriiiiiiiiiiniininneeresieiseeseassessnrssssessasssssresmeesses 155

Stress Gradient Analysis by Noncomplanar x-Ray Diffraction and Corresponding
Refraction Correction

A. Benediktovitch, T. Ulyanenkova, J. Keckes and A. Ulyanenkov .....c.cccoeveiiiiiciiiiieceieicsecessecseeeeneenn 162
Spatial Convolution of a Stress Field Analyzed by X-Ray Diffraction
C. Kahloun, R. Badji, S. Queyreau, P. Franciosi and B. BaCrOiX .......ccccierieiiiiniesisisssienissssensessessessasssesnesssens 169

Influence of Layer Removal Methods in Residual Stress Profiling of a Shot Peened Steel Using
X-Ray Diffraction

R..Alkalseeand R.L. Peng i smiisssisssviiisssssensivossnissiaess oxio 0 (s i ssovssssasissseis i shsasvas b sesmsmsssssrassssasnssansssns 175
Material Removal, Correction and Laboratory X-Ray Diffraction
E. Wasniewski, B. Honnart, F. Lefebvre and E. USIMIal.....c.coviioiieieieee e eeeeeee e eeeess e saaeenesnes 181

Looking Towards the Future of Strain Scanning Using Neutron Diffraction
R.C. WIimpory and M. BOIN .......c.ccuiiit i ctcaessasieeeeseaessasasse e st seseses o rsse et st saesasenssassssessssssnssensns 187

Energy-Dispersive Residual Stress Analysis under Laboratory Conditions: Concept for a New
Type of Diffractometer
A. Liehr, M. Klaus, W. Zinn, C. Genzel and B. SCROILES ........cooireniiiiiiiicieeieieiee e sn s srasesane 192



Advanced Materials Research Vol. 996 Xi

Optimizing Experiment Performance by Realistic Sample Simulations

M. Boin, R.C. Wimpory and R. WOTACEK ..ic::cusssissuiseraississssisssaissiasasssseiassss s isiss sasdi ssssenssasensusessrosansasssnsses 197
MYTHEN Detector — Perspectives in Residual Stress Measurements

D.S. Jung, L. Suominen, J. Parantainen and C. HOBIMANDN .........ccovviriieeereeeneeiessercsiesseseeseesesseseesessssesssaesaenens 203
Gamma Profile Analysis for Stress, Texture and Grain Size

BB Ty T s s S T S S A 6555 0 S SR S L 0 S B o S s 209
About Error Calculation in X-Ray Stress Measurement

B OINCT iscisivsssossimsssisniinssessss ssiomis siiss e susn o ssaisasissaans I HATS U0 VA 4o beaToA oS R ns oA A A mds RN s oaesrssman 215

External Reference Samples for Residual Stress Analysis by X-Ray Diffraction
F. Lefebvre, E. Wasniewski, M. Frangois, J. Cacot, P. Le-Bec, E. Baumhauer, D. Bouscaud,
T. Bergey, D. Blaize, D. Gloaguen, A. Cosson, S. Jegou, Y. Cheynet, S. Leray, M. Meheux,
J.C. Monvoisin, P. Allain, J.C. Vidal, J.M. Sprauel, P. Goudeau, C. Charles, L. Daflon,
C. Fischer, L. Desmas, A. Ouakka, M.J. Moya, Y. Bordiec and H. Hamdi.........cccecveuveviierecrimennieecsescnenens 221

X-Ray Optics and Precision Requirements for Residual Stress Analyses with High
Spatial Resolution
B BB O s viimasmians s vans s 0as as S5 as SUEaE 38 a VA 30308 5 A AR E 8 Ao oA e eSS S e S Ao SR te 228

1.4. Mechanical Relaxation Methods

Beyond the Streetlight Effect: A United Future for Relaxation and Diffraction Methods for
Residual Stress Measurement

M. B, PHmE anid ML, STEINZIL ,uuovisenssssvessonsnsussosssseusssonsonens sssssssenssivetsnsiorsesssmssisisssasss 165sos507 54557557 Sapasonsosaias 234
Numerical Reconstruction of Residual Stress Fields from Limited Measurements
H.E. Coules, D.J. Smith and K.H.A. SErasli.......cccoieereiieriesieisriessiesieiaesieseeiessesaesssssssssesaesssessssesseessssnsssssrsensenes 243

Plasticity and Stress Heterogeneity Influence on Mechanical Stress Relaxation Residual
Stress Measurements

H.K. Kim, M.J. Pavier and A. Shterenlikht .........cocoiiiiicciei it e s ne e e aemeans 249
Residual Stress Measurement with Laser-Optical and Mechanical Methods
V. Martinez-Garcia, M. Wenzelburger, A. Killinger, G. Pedrini, R. Gadow and W. Osten.............ccccevrueuenne. 256

Application of the Incremental Hole-Drilling Method for the Determination of Residual Stresses
in Glass-Fiber Reinforced Composites
F. Schweizer, M. Dickele and M. LUKE ...couveuiireeeeeeeceeececaeretesseesse e sae e e seaassaessasssasssanesass s ssssnessnessensnnan 262

Assessing Shot-Peening Residual Stresses by Using the Incremental Hole-Drilling Technique
and Laser Interferometry (DSPI)
J.P. Nobre, M. Oliveira, A. Albertazzi, M. Viotti, A.C. Batista, L. Coelho and M.J. Marques...........ccccccceu... 269

Combining XRD with Hole-Drilling Method in Residual Stress Gradient Analysis of Laser
Hardened C45 Steel

K. Kolafik, Z. Pala, N. Ganev and F. FojtiKu:cessamausmmmsrisismssssnisssissssisinissssisasessasivsissssssaisssssssns 277
Incremental Hole-Drilling Method ¥s. Thin Components: A Simple Correction Approach
E. Held, S. Schuster:and J. GIDMEIST . .-cismiimamrmsiisssisssssisssstissossissesisssisisomtssssssimsissssisesssisos isissonss 283

Influence of Gradients in the Elastic Anisotropy on the Reliability of Residual Stresses
Determined by the Hole Drilling Method

J. Niehuesbernd, E. Bruder and C. MUIIET ...........cccocccieminirirrciniiresisisiensessssss s ssssessssssssesssssssssassesssensaens 289
Residual Stress Measurement on Large Shafts
3. VéclaviK and O, WeINBEIE: wxcxvessiassmisinsusimisisnsisiisss s soemmies s iesioassmsieissamessonns sisussnesisssotissoadbesnsssasansiveny 295

Residual Stress Measurement Using the Hole Drilling Technique on Components outside the
ASTM E837 Standard
Y. Serra, X. Ficquet@and BE: KiNGSION ciusisiisrmismnisssssssiceiismisissssinasssiaesssssssatssossssspasssssssssivssssssssbsssssssasasanss 301

Investigation of Influence Factors on Residual Stress Determination within Coated Surfaces in
Consideration of the Differential and Integral Method
P. Weidmann, U. Weber, S. Schmauder and V. Martinez Garcia..........ccccouiiinmiiinimmmmimsmmssn s 307



Xii Residual Stresses IX

A Measuring and Evaluation Program for the Application of the Ring-Core or
Hole-Drilling Method
A AU ANE B SOROMES . c..cocc thussuiotoniitasissiumsorsesivmrsssnsiies s19055045 08881838508 81808788 vEPRSSES L3RS IR HS S99 ESH APPSR SRR IS T 313

Four-Point Bending Tests to Study the So-Called Plasticity Effect on the Residual Stress Results
Determined by the Hole-Drilling and Ring-Core Methods

T o 2] 1 L . 319
Estimation of Residual Stress Field Uniformity when Using the Ring-Core Method
F. Menda, P. Sarga and F. TrebUMA......coe.icmimmiiiiitniisiisninissssssis s esssssi s isss st snanssssssssnnsasssssssssnssssssns 325

Integral Method Coefficients and Regularization Procedure for the Ring-Core Residual Stress
Measurement Technique

M. Barsanti, M. Beghini, C. Santus, A. Benincasa and L. Bertelli .......ccccoinininniineinme, 331
Plasticity in the Contour Method of Residual Stress Measurement
Y. Traoré, F. Hosseinzadeh and P.J. Bouchard ......ssssissiissssssissssussissmnssssssnsssssirisisssssinsvsssssssssissosssrssssnssisass 337

Residual Stress Measurement Methods Comparison in High-Strength Steel for
Naval Application
B. Levieil, S. Calloch, C. Doudard, D. Thévenet and B. Leblé .........ooovviiininisnsscscnnisiccnssicinissiessssienies 343

Residual Stress Measurements on a Metal Matrix Composite Using the Contour Method with
Brittle Fracture

J. Araujo de Oliveira, M.E. Fitzpatrick and J. Kowal .. uamssisssisissssssmsossmisssisisorsossssssssissssrsisspsasseseses 349
Improvement to Stress Calculation Model of LRM in Thick Plate

K. Liao, L.J. Li, Y.X. WU and H. GONE....c.cccccvniiasunsnsncssicimsnssasessossimsmssssensnssssessissassssssssssisnsaseassassassnsssssansses 355
Stoney Formula: Investigation of Curvature Measurements by Optical Profilometer

M.R. Ardigo, M. Ahmed and A. Besnard ..........cccoeeieirnimisissnimiisrencmssnns s sessssssssssssssssssssasassssans 361

Characterization of Residual Stresses and Accumulated Plastic Strain Induced by Shot Peening
through Simulation of Instrumented Indentation
Y.G., Li; P, Kanoute:and M. Frangois . siresssssss sisusoseaseisicssissssnssnisies iuesisss snsovsssssstsasssasnntssvsss ssssenesnssuasssssness 367

I.5. Acoustics and Electromagnetics Methods

Characterisation of In-Depth Stress State by Magnetic Barkhausen Noise on Machined Steel
Acquiring Different Frequency Bands
A. Lasaosa, K. Gurruchaga, V. Garcia Navas and A. Martinez-de-GUereiu..........cooeevvceueecensecmensecaneiecennnes 373

Residual Stress Measurement of Shot-Peened Steel Rings by Barkhausen Noise, ESPI
Hole-Drilling and X-Ray Diffraction

T.J: Rickert, 1.1, Thomas and L. SUOTIANEI . .rmsuswsvervsscrmres soisintpisseiassrsissonssisesissssiosiia ussvass s asamaasvs s iss8msssssnes 380
Application of Local Current Pulses for Determination and Control of Residual Stresses
L. Lobanov, V. Pivtorak, N. Paschin, V. Savitsky and G. TKaChuk ........ccccuveieriiiiiminiiiiiinisienrieeerneseeaesenennes 386

Characterization of Micrometric and Localised Residual Stresses on Amorphous Materials
Using Dispersion of Surface Acoustic Waves
M. Duquennoy, M. Ouaftouh, J. Deboucq, J.E. Lefebvre, F. Jenot and M. Ourak ...........cceeevueeeecmencereceeecnnne. 392

Flexible Head, Designed for Measuring Residual Stress along Variable Curves Using
Ultra-Sonic Tranducers
L. Daniel and F. BEIANCENE ........c.uiiriiiieiiiierie ettt ettt et st seesa s s esasse s ese s s e sssseasase e sanssnnses 398

Identification of Inhomogeneous Residual Stress State in Elastic Cylinder within the
Framework of Plane Strain
I.V. Bogachev, V.V. Dudarev, R.D. Nedin and A.O. VAtUlYan........c..ccceceuieecimeieeireseessissiesacssssssnssssesssesenns 404

Nondestructive Identification of Inhomogeneous Residual Stress State in Deformable Bodies on
the Basis of the Acoustic Sounding Method
V..V, Dudarev; R.D. Nedin:and AJQ. Vatilyan...sossaisissssissiassinisonisisssonisssssssssisiss saassiaissis sssansssississevmiasnse 409



Advanced Materials Research Vol. 996 Xiii

Chapter II. Manufacturing and Materials Processing

I1.1. Welding

In Situ Observation of Stress Accumulation during Sub-Merged Arc Welding
A. Kromm and T. KanneNZIESSEr........ccceoeueeerueurueresrearaessseanssesesssseseseesesasesessnsnssesassssssssssssnsnsesssensnsnsesesensessssens 417

Neutron Diffraction Strain Measurement during TIG Welding
U. Reisgen, R. Sharma and J. von der HEydr ...t e e 424

Stress Measurement at Loaded Aluminium Welds Using Diffraction Methods
M. Workowski, T. Nitschke-Pagel and K. DIUBEr . ...ucussecamsisnoresssvssssssiussisisosussisrssiasassnssissssssssnsssasosmnsssssisrsss 431

Neutron and X-Ray Diffraction Residual Stress Measurements in Aluminium Alloys MIG
Welded T-Joints after Friction Stir Processing
J.P. Nobre, A.C. Batista, J.R. Kornmeier, J.D. Costa, A. Loureiro and J.S. Jesus P S e P s R B TS s 439

The Effect of Specimen Size on Residual Stresses in Friction Stir Welded
Aluminum Components
W. Pfeiffer, E. Reisacher; M. Windisch and M. Kahnert. .......c..cousssmmsssiaessmssossssssassnssisissssssisssssinisesassssisaons 445

Welding Induced Residual Stresses in Explosion Cladded AL-6XN Superaustenitic Stainless
Steel and ASME SA516-70 Steel Composite Plates
R. Varavallo, V. de Melo Moreira, V. Paes, P. Brito, J. Olivas and H.C. Pinto .......cc..coceeceeeeeimecveecceeeeecerenes 451

Welding Residual Stress Distribution of Quenched and Tempered and Thermo-Mechanically
Hot Rolled High Strength Steels
T. Schaupp, D. Schropfer, A. Kromm and T. Kannengiesser ...........oouciuruemnumricicncic s sscssnissessssssesses 457

Influence of Beam Speed on Residual Stresses in the Vicinity of Laser Welds
N: Ganev, K. Kolafik; Z. Pala; S. N&metekand L. Capek ...cqssioissssismivsismssmssamsiseimsssissssmissevississeas 463

Evaluation of Weld Filler Alloying Concepts for Residual Stress Engineering by Means of
Neutron and X-Ray Diffraction
s KKEOMATEL c. cvae cvosiuns cus saavusssanss suasi sanuissweraacansn sarsssavesssehersasnsss os sonsuamss sassassnssnoses sass s e Sraeks vasbonniashaonsion cvavbaasvansavien 469

Influence of Heat Control on Welding Stresses in Multilayer-Component Welds of
High-Strength Steel S960QL

D, Schripfer; T. Kannengiesser and'A. KTOMIM i ssssessaasmnssssssasmesssssesssossaasiossarnesonssonssssasassisssatossss sososs 475
Investigating the Effects of Process Variables on the Residual Stresses of Weld and
Laser Cladding

G. Schnier, J. W0o0d and A. GAIIOWAY ...c..ooieueriieiieeeiie et e sisemes e et ssess e sseemse e s enesmes e eseenaesensemseesanseases 481
Residual Stresses in Multi-Pass Butt-Welded Tubular Joints

N. Hempel, T. Nitschke-Pagel and K. DIl@eT........cccooiiiaiiiirimiiiciieri e s sn e e s 488

Microstructure and Residual Stress Analysis of Explosion Cladded Inconel 625 and ASME
SA516-70 Carbon Steel Bimetal Plates
R. Varavallo, V. de Melo Moreira, V. Paes, P. Brito, J. Olivas and H.C. Pinto .......ccccccoeeviiiiiircnieirncnianinns 494

Residual Stresses of Explosion Cladded Composite Plates of ZERON 100 Superduplex Stainless
Steel and ASTM SA516-70 Carbon Steel

R. Varavallo, V. de Melo Moreira, V. Paes, P. Brito, J. Olivas and H.C. Pinto .....c.cccccceviiiiiinincccicinnicininnns 500
Influence of Welding Defects on Residual Stresses: Numerical Study

I. Frih, P.A. Adragna and G. MONEAY .......c.ccceverueririenisinecistessninescssessssess s sssssssssssasssess ssssnsassssssssssassssssnsrsesssnanns 506
The Influence of Austenite Grain Size during Welding Simulations of Ferritic Steels

C.J. Hamelin, O. Murfnsky and L, BAWards.....c.crimnimmmmoammiissnsivasssissssissss st nion 512

Welding Simulation Used in the Design of Metallic Armor Systems
L Eredetic and /B Bemch s smmsssmsonssiss sisyaiussiss ssusasaosnsass sssvasssssisssassi sessssssvssasssars st sonsngeusagassas asimine 518



Xiv Residual Stresses IX

I1.2. Heat Treatment and Phase Transformation

Investigation of Triaxial Stress State in Retained Austenite during Quenching of a Low Alloy
Steel by In Sifu X-Ray Diffraction

e DD usscsssssmsnusinsssiumsssssiainssnssss F57ess s smsss Fov s e s T A RS RSSO R TR S S e RSN o S e 525
Analysis of Quenching and Stretching Processes of Aluminum Alloy Thick Plates
H..Gong, Yo X W, Z.P: Yang antl K L8005 5 0 507,500 sresermsasarasrssaonssnensnsnesnsnnnss SEAmaa e eaassesmsm s sramvms s ramiin 532

Residual Stress Distribution Caused by Laser Hardening and Conventional Quenching in Plain
Carbon Steel

A. Filep, M. Benke, V. Mertinger and G. BUZA ..........c....cuuereusememsssssssssssssssesssssssssssesssssssasesssssessesessssnssssesss 538
Evolution of Residual Stresses during Short Time Nitriding of 33CrMoV12-9 Steel Grade
G. Fallot, S. Jegou and L. Barr@llier ..........c.oo oo seemee e s sens e shemes s samsess b ssssb st s mnens 544

Investigations of Residual Stress Distributions in Retained Austenite and Martensite after
Carbonitriding of a Low Alloy Steel
R.J. Katemi, J. Epp, F. Hoffmann and M. Steinbacher ..ot sasinnesssseenns 550

Estimation of Cross-Sectional Residual Stress Distributionon Hardened Layer of Carburized
Chromium-Molybdenum Steel by Electron Backscattering Diffraction Method

Y. Salaida; T. Inayama and'S: Yashiro ssamsrmssissinmsisisssisioess sosmessssssmssossisssassossessosssonssisisosaesvisssivsssiss 556
Effect of Preloading on Local Residual Stresses Induced by Laser Surface Hardening of Steel

V. Kostov, J. Gibmeier, K. Lichtenberg and A. Wanner ..........ccccceiiiniecinninnessssescsisessssesesesas e 562
Microstructure and Residual Stresses of Laser Structured Surfaces

J. PreuBner, S. Oeser, W. Pfeiffer, A. Temmler and E. Willenborg..........ccccccoiiniiiiininniicnnscnsceccscinennes 568
Analysis of Thermal Effect on Residual Stresses of Broached Inconel 718

Z. Chen, R.L. Peng, P. Avdovic, J. Moverare, F. Karlsson, J.M. Zhou and S. Johansson...........cc.cecevrvenveaenns 574

Study of Residual Stresses in Bimetallic Work Rolls
I. Neira Torres, G. Gilles, J. Tchoufang Tchuindjang, J. Lecomte-Beckers,
M. Sinnaeve and A M. HaDIraKEN ..ot e ettt es e st e bt e mses s ssasseeena st s enb e e s e s aensnnne 580

Analysis of Residual Stress in Stress Harps of Grey Iron by Experiment and Simulation
P. Schmidt, L.P. Ru, V. Davydov, M. Lundberg, M. Ahmad, T. Vuoristo,
D Bickstrom and S: JONANSSON ::uxamsaucwsissnssismsisssmsississismssssiss e semsmm e ioimaisiim o5 s156emos s s ss4aTss 455 586

Residual Stresses of the As-Cast Mg-xCa Alloys with Hot Sprues by Neutron Diffraction
J.F. Song, Y.D. Huang, K.U. Kainer, W.M. Gan and N. HOI ......c.cccoiiiiiiiiiee e 592

I1.3. Machining and Cold Work
Local Global Method for the Prediction of Surface Residual Stresses in 3D Turning
F. Valiorgue, M. Girinon, E. Feulvarch, J. Rech and P. Gilles........c.ccivriiiiiciiniiiiiccnc e 598

Effect of Built-Up Edge Formation on Residual Stresses Induced by Dry Cutting of
Normalized Steel

J. Kiimmel, J. Gibmeier, V. Schulze and A. Wanner ..........ccevieiiieiieieiecieeeceseceeecte e snsecssssssesas s ssssnsesssansasns 603
Influence of Vibration and Heat Treatment on Residual Stress of a Machined 12%Cr-Steel
L.P. Ru, J. Moverare, P. Avdovic, A. Billenius and Z. Chen..........ccccovieeiiinnnicinisserssssssesssssssssssssssesssssesseseses 609

Measurement of Pre-Self-Balanced Surface Residual Stresses Induced by Milling in Titanium
Alloys and the FEM Validation
L.H. Meng, N. He, L. Li, Y.F. Yang and W. ZRao ..........c.ceceeeurereemecnieneeseresescnssesssenssssassnssassssassesesesassssnsns 615

Modelling Machining-Induced Residual Stresses after Laser-Assisted Turning of Steels
M.N.A. Nasr, M. Balbaa and H. EIZAMal .........cccccoiiiieiiemieieeieieeeee et ees s seassae s eaenen e sesae s s senaenns 622



Advanced Materials Research Vol. 996 XV

Numerical Assessment of Residual Stress Induced by Machining of Aluminum Alloy

N. Ben Moussa, Z. Al-Adel, H. Sidhom and C. Braham ........cccccceviuimensiniininieisiesesnsssssesssessssssssssssssssesenes 628
Predicting the Effects of Grain Size on Machining-Induced Residual Stresses in Steels

IMLN LA ST neiniiteneiiieceiesies st e st e s e esssessasasstsasssaassasaasasase st ssasssastsrsassnss s ssasnessesbe st essshesnsssesssrnaran b ernsnseaarnsnsessn 634
Prediction and Measurement of Machining Distortion in Aluminium Alloy 7085

Z. Zheng, L. Li, Y.F. Yang, N. He and Wi.ZRa0 ..usmsasssusionsssisisvssossinsuvsesssassasssnssssssasssnossssssis sostossss sssrsissvsss 640
Real Structure of Milled Inconel 738LC Turbine Blades

Z. Pala, K. Kolarik, L. Beranek, J. Capek, J. Kyncl, R. MuSédlek and N. Ganev .........cccecovcemiriniecnnnicsinsnenns 646
Residual Stresses in Different Heat Treated Workpieces after Turning

M. Lebsanft, M. Tiffe, A. Zabel, W. Zinn, D. Biermann and B. Scholtes ..........cccccviieimviniiicniciicccicnccieciercnne. 652
Residual Stresses Induced by Dry and Cryogenic Cooling during Machining of AZ31B
Magnesium Alloy

J.C. Outeiro, A.C. Batista and MLY: MarqUES .:ssewisasessssssssnisossansssnissassossiseassosssssssssssssosssos s sisssaasesissesssssos 658
Residual Stress Evolution during the Manufacturing Process of Bearing Rings

D. Cseh, M. Benke, V. Mertinger and A. CZIDIK .........ovvverrisemsumsemnessesssessssssssesssessssssssssnssssssssssessesssssssssnes 664
Characterisation of Residual Stress due to Fillet Rolling on Bolts Made of a Nickel
Base Superalloy

W. Li, S.Y. Zhang, S. Kabra, A. Tremsin, B. Abbey, H. Kirkwood, D. Terret,

S, Ndoye and B.T, MEDISVIL:visasssrsscsinssssssusesrisssssonnsissiasssadssnsonrssessassasssashsnsssssssinessiasssassssssmesbusssssssssssissssmass 670

Effect of Different Manufacturing Process Steps on the Final Residual Stress Depth Profile
along the Process Chain of Autofrettaged Thick-Walled-Cylinders
H. Briinnet, M. Hofmann, N. Lyubenova and D. BENIe .......cc.covvvieniiiniviicieicieesi et ens s sseesesanes 676

Effect of Thermal Residual Stresses on Bonded Structures Containing Cold Expanded and
Bolted Holes

AK. Syed; M.E, Fitzpatrick and J.E. Moffatt:.aswsannsmsssmmmsasisissiosiismisiisssoisisiiissimys 682
Modification of Stress and Texture Distributions in Asymmetrically Rolled Titanium
M. Wronski, K. Wierzbanowski, A. Baczmanski, S. Wronski, B. Bacroix, M. Wrdbel and A. Lodini ........... 688

High Pressure Interpass Rolling of Wire + Arc Additively Manufactured Titanium Components
P.A. Colegrove, F. Martina, M.J. Roy, B.A. Szost, S. Terzi, S.W. Williams,

P.J. Withers @nd D JAIVIS ..ccvceeiiiiisiicseiiieensscsssssscrarssnsssssssssssesesesssssesessesassessensassssssassssssssnssssssssesssnessssessessasens 694
The Role of Residual Elastic Stress in Shrinkage of Cold-Pressed and Sintered Fuel Tablets
Y. Perlovich, M. Isaenkova, O. Krymskaya, V. Baranov, M. Perlovich and A. Tenishev .......ccoceevuereericunnnes 701

Modeling of Stress and Strain Fields Induced during the Smart-Cut Process on Silicone -
Influence of Different Couplings for Diffusion of Hydrogen at a Microscopic Scale
Y.C. Zhao, C. Labergére, B. Panicaud, J.L. Grosseau-Poussard and P. Goudeau.......cc.coceecevercrnrersesnseninnes 707

Chapter II1. Materials and Structures

II1.1. Fatigue and Fracture

Effect of Surface Properties on the Fatigue Life of Manufactured Parts: Experimental Analysis

and Multi-Axial Criteria
H. Sidhom, N. Ben Moussa, B. Ben Fathallah, N. Sidhom and C. Braham.........c..cccerenienieiisinnnecineeiniiiinnnns 715

The Concept of Local Fatigue Strength Extended by Statistical Approaches to Assess
Manufacturing Influences such as Residual Stresses
K. Buchhocker, V. Schulze, J. Hoffmeister, M. Bacher-Hochst and E. Herz...........ccccociiniiiiniiinincnins 722



XVi Residual Stresses [X

Stress Relaxation in Shot-Peened Geometric Features Subjected to Fatigue: Experiments
and Modelling

M. Achintha; C. You; B.Y.He, K: Soadyiand P, Reedmusmmsessmmminsisrsisssssscnsnissasisssimasssiamsssvesie 729
Effect of Ultrasonic Impact Treatment (UIT) on Fatigue Strength of Welded Joints

T. Suzuki, T. Okawa, H. Shimanuki, T. Nose, N. Ohta, H. Suzuki and A. MOri@i..........ecrvrinercrmmninssuisreriensaees 736
Prediction of Cyclic Residual Stress Relaxation by Modeling Approach

N. Ben Moussa, N. Sidhom, H. Sidhom and C. Braham ..........ccccciiiiniiiiicinincsiiesencsesssees e 743

Residual Stress Gradients in AISI 9254 Steel Springs Submitted to Shot Peening and Heat
Treatment for Increased Fatigue Resistance

L. Vilela Costa, J.R. Gongalves Carneiro, R. Pinto Coelho Cataldo, O.K. Ribas and P. Brito.........c.cecvverernns 749
Residual Stresses in Ultrasonically Peened Fillet Welded Joints
B. Ahmad and M.E., FIEZPALIICK ...coveviiiieiiiiiiieies et sessas s sssness e s ssnsss s smsassas s ses 755

Understanding the Mechanisms Responsible for the Beneficial Effect of Hammer Peening in
Welded Structure under Fatigue Loading
F. Lefebvre, C. Revilla-Gomez, J.Y. Buffiére, C. Verdu and C. Peyrac.....cccoccccviiiimnrcrinrininsinsicsnssincnsnccnans 761

Influence of Tempering Conditions on Shot-Peened Tool Steel Components In-Depth Residual
Stress Profiles

D. Cecchin, E. Kobza, M. Cazzolli, C.L. Azanza Ricardo, M. D'Incau, M. Bandini and P. Scardi ................. 769
Fatigue Crack Growth in Laser Shock Peened Thin Metallic Panels
E: Troiani,:S: Taddia, I. Meneghin and/G. MOBRATT .. cosoversscssimmesssmaesssamsssmsomsysinss sisiesdsss sasssmmssrspenaysvses 775

X-Ray Diffraction Residual Stress Measurements for Assessment of Rolling Contact Fatigue
Behaviour of Railway Steels
A.C. Batista, J.P. Nobre, D.F.C. Peixoto, L.A.A. Ferreira, P.M.S.T. de Castro and L. Coelho.....cc....ccoeeenenen. 782

Numerical Investigation of Welding Residual Stress Field and its Behaviour under Multiaxial
Loading in Tubular Joints
K. Hemmesi, M. Farajian and D. Si€gele.........coc.ooiiiiiiiic it ass s 788

Effects of Fatigue on the Integrity of a Friction Stir Welded Lap Joint Containing
Residual Stresses

M. Bach, A. Merati and M. Gharghouti cescssmsimmsamsissmmssivsisiimsssiimesss s ssissssssssisssismesssss 794
On Welding Residual Stresses Near Fatigue Crack Tips

J. Hensel, T. Nitschke-Pagel and K. DIIZEr ...t e st ss s s s smsaeaene 801
Process Induced Residual Stress Effect on Fatigue Lifetime of Automotive Steel Components

E. Methy, N.T. Niane, B: Weber and P. BASHE ...ccovusmmsirimssmirionssisimvssvamssesnimsissimssimsisamsisrie s 808
Residual Stresses in Large Scale Structures Welded at Low Ambient Temperatures

J. Klassen, T. Nitschke-Pagel and K., Dilger: asimusssimsssissismasssssosoassvmssisrsvssssessissississnisssssisiesaisnissss 814
The Effect of Specimen Dimension on Residual Stress Relaxation of the Weldments

Z.Y. Qian,/S. Chumbley and E. JONNSON c.::omsasssimmssmmissssrsvisasasasissnismssosssississ sssomssisssiosisissssismsssssavasstsimmmsisss 820

Determination of the Possible Causes of Cracks in Pins of Quick Operating Valves in
Hydroelectric Power Plant
P. Sarga, F. Trebufia, F. SIMEAK and J. BOCKO «.......vecveeeeeeeveeeeee oo seesmsessssesseseseseeeses e seensessesnne 827

I11.2. Films, Coatings and Oxides

On-Chip MEMS-Based Internal Stress Actuated Structures for the Mechanical Testing of
Freestanding Thin Film Materials
R. Vayrette, M. Coulombier, T. Pardoen and J.P. Raskin.......cccccceverimmrensieneeiee s sasesesesseesasaees 833

Influence of Xe Ion-Bombardment on the Substrate Microstructure and the Residual Stresses of
Tin Coatings Deposited by Plasma Reactive Sputtering onto AISI 4140 Steel
T.H.C. Miranda, S. Vales, E.O. Becerra, R. Droppa, P. Brito, J.L. Garcia, F. Alvarez and H. Pinto............... 841



