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1. Aim of the PhD work

The safety and life expectancy of aircrafts or spacecrafts relies on very advanced knowledge
of the effect of manufacturing processes on the microstructural and mechanical state of
materials. Among the critical factors that are identified, residual stresses and work-
hardening play a major role. Unfortunately, to the present date, no systematic procedure
exists to take them into account in the design process of highly loaded components. During
the past decade, UTT has performed intensive research in this field through academic work
or industrial cooperation with automotive, aerospace or nuclear industries.

The aim of the proposed research work is to define a consistent initial state for fatigue life
assessments based on process characterization by e.g. X-ray diffraction or instrumented
nano-indentation. The goal is to bridge the gap between experiments and numerical
modelling through the construction of a model that takes into account all the physical
phenomena affecting the fatigue life. This implies mechanisms occurring in both the
manufacturing and the cycling service loadings and at different scales (nanoscale, microscale
and macroscopic scale). To ensure relevant assessment the evolution of the mechanical
state of the material during the fatigue loading needs to be also investigated. This work will
include both experimental and modelling work from the PhD student.

2. Scientific, technological and economic context

The ability to estimate the lifetime to crack initiation of mechanically loaded components is a
recurrent problem for high technology industry (automotive, aerospace, electronics, power
production...). It is necessary not only to guarantee fail safe operation for the customer but
also to optimize design and life cycle of the component or of the system in which it is
embedded. One of the most commonly used processes to increase the life of a part is shot-
peening because it induces a compressive stress state (prestress) at the surface and slows
down the development of micro-defects leading to crack initiation. If the process itself is
well known, significant research work still has to be done to obtain quantitative predictions
and above all, the relation with life duration remains largely empirical and requires long and
costly characterization and test campaigns. Because of this and of the lack of design tools,



the shot-peening process is seldom taken into account during the design of mechanical
system and remains a simple mean to increase qualitatively safety margins.

Shot-peening is a costly process and the lack of design tools that enable to relate process
parameters to fatigue behavior hinders its diffusion towards new industrial applications. One
of the goals of LASMIS team of Charles Delaunay Institute is to develop an integrated
procedure to include fatigue requirements during the design process, taking into account the
material, the manufacturing process, the geometry of the component, the loading
conditions and fatigue calculations. The PhD work proposed will enable significant progress
in this direction in particular by questioning in depth the procedure as a whole. Scientific and
technological gaps will be highlighted and answers can be proposed.

3. Detailed description of the research project

The initial state introduced at the surface of the material by the shot-peening process
involves 3 aspects:

* Residual stresses

*  Work-hardening

*  Microgeometry (roughness)
The latter will be characterized but not specific development will be made during the PhD.
The two first constitute the core of the encountered scientific problem. The residual stress
state can be obtained by a variety of methods such as X-ray diffraction or the hole drilling
method, however the quantitative estimation of work-hardening is still an open problem. At
LASMIS team, diffraction peak width and instrumented nano-indentation have already been
used successfully for specific cases but these techniques still lack the desired degree of
generality and their physical interpretation is not completely clear. Furthermore,
instrumented indentation is sensitive to both residual stresses and work-hardening and it is
still difficult to separate both contributions for practical use.
The shot-peening treatment introduces an initial mechanical state that will then evolve
during the fatigue loading and influence the mechanical stress-strain response of the
material. The influence of residual stresses is well documented in the literature but the role
of work-hardening and the coupling of the two phenomena are still not completely
understood. The corresponding modelling tools to consider future optimization of the shot-
peening process on specific industrial parts has also to be developed.
The PhD work will thus be divided in two objectives:

* Improve and test the instrumented indentation technique to characterize prestressed

surfaces.
e Understand and model the coupled role of residual stresses and work-hardening on
the cyclic behavior of the material for different initial mechanical states.

These two objectives will be reached through the use of indentation tests, X-ray diffraction
measurements, constitutive behavior modelling and finite elements modelling. Although the



methodologies developed in the PhD must be generic and apply to many metallic alloys,
aerospace titanium alloys such as two phases Ti-18 alloy and Ti6Al4V alloy will be used in the
experiments.

4. Work environment

The University of Technology of Troyes (UTT):

UTT is a French institution of higher education established in 1994. It is today one of the
largest engineering schools in France. Over 2,700 students are registered at the University,
enrolled on undergraduate, postgraduate and doctoral study programs. In the renowned
yearly ranking of French magazines UTT takes enviable positions. More detailed information
is available on http://www.utt.fr/en/about-utt.html.

The LASMIS research team:

The LASMIS research team (about 60 researchers) is part of Charles Delaunay Institute which
is associated to CNRS (the French National Center for Scientific Research, equivalent to the
Chinese Academy of Science).

The LASMIS team has a significant experience in the field of shot-peening, of residual
stresses modelling, of residual stresses measurements, of nano-indentation and of advanced
modeling of the cyclic behavior of materials. During the last 10 years, it is one of the teams
that publish the highest number of scientific papers in the field of shot-peening world wide
and possesses a recognized know-how in the field of residual stresses (see figure 1). Our
team cooperates with industrial partners such as Renault, Peugeot SA, Cisson-Lehman
(Wheelabrator), Allevard-Rejna, Ultra-RS, SNECMA or Turbomeca (Safran Group) and
academic partners such as University Paris 6, Shanghai JiaoTong University, Dortmund
Technical University or AGH University of Krakow (Poland).

As can be seen in Table 1, the University of Technology of Troyes (LASMIS group) is one of
the world leading groups in the field of shot-peening.

The international recognition of UTT in the field of shot-peening and residual stresses is
shown through the organization by UTT of the gth European Conference on Residual Stresses
in 2014 (Chairman Prof. Manuel Francois) with 268 participants from all over the world
(http://ecrs9.utt.fr/).



Field: Organizations-Enhanced Record Count % of 1866  Bar Chart

UNITED STATES DEPARTMENT OF DEFENSE 64 3.430 % 1

SHANGHAI JIAD TONG UNIVERSITY 62 3323 % 1

UNITED STATES AIR FORCE 54 2.894 % |

POLYTECHNIC UNIVERSITY OF MILAN 51 2733 % |

US AIR FORCE RESEARCH LABORATORY 47 2.519 % |

CENTRE MATIONAL DE LA RECHERCHE SCIEMTIFIQUE CHMRS 46 2,465 % |
UMNWERSITY OF TECHMOLOGY OF TROYES 44 2.358 % |

CHIMESE ACADEMY OF SCIEMCES 40 2144 % |

BEWING INSTITUTE OF AERONAUTICAL MATERIAL 30 1.608 % 1

Table 1: number of papers published between 2000 and 2016 according to ISI Web of Science with the keyword
“shot-peening”. UTT ranks at #7 with 44 papers among other prestigious institutions. The total number of
published papers in this period and indexed in ISI Web of Science is 1866. It should be noted that CNRS (rank 6)
and the Chinese Academy of Sciences (rank 8) are not really laboratories but groups of laboratories.

Available equipment:
» 4 circles X-ray diffractometer for residual stress@alysis
* Instrumented nano-indentation system
» Shot peening equipment (ultrasonic or air jet).
* Finite Element codes (ABAQUS, Z-Set).
* Every PhD student shares an office with other PhiRlents. A personal desk is
proposed to each PhD student along with a perssmmaputer and full personal access

to the internet and bibliographic data bases.

PhD supervisors

The PhD work will be supervised jointly by Professor Manuel Francois and Dr Pascale
Kanouté. They have co-supervised two PhD works together: Dr Yugang Li (defense in 2015),
sponsored by a CSC grant and Dr Amélie Morangais (defense in 2016), sponsored by Safran

Company.

Prof. Manuel Francgois, 55, obtained a Master of Engineering from
Arts et Métiers ParisTech in 1985, a Master of Science in Metallurgy
from University Paris 6 in 1987. He defended his PhD in Arts et
Métiers ParisTech in June 1991. After being Associate Professor in
University of Nantes from 1993 to 2000, he became full Professor in
UTT in 2000 (promoted exceptional class in 2011).He lived one year
in China to teach French language. He has supervised 18 PhD students and has been involved
in 11 others PhD theses. He has published about 235 papers among which 80 in rank A
international journals. He has been Dean of the Mechanical Engineering Department of UTT,




Development Manager of UTT, member of the Executive Board of UTT and director of the
LASMIS research laboratory (51 people, including 21 faculty)

Dr. Pascale Kanouté, 45, obtained a Master of Science in Solid
Mechanics from University Paris 6 in 1995. She obtained a PhD of
University Paris 6 at CERN (Switzerland) in 1999. Just after, she has
joined ONERA where she has been working since in the Metallic
Materials and Structures Department. Her main research topics are

non-linear and multiscale modeling, fatigue-creep interaction and
lifetime assessment. Since 2010, she is also a part-time associate professor at the Université
de Technologie de Troyes. In 2013, she has become the head of the Behavior and Damage
Mechanics research unit at ONERA (11 people and around 5 PhD students).

e Contact and Dr Pascale KANOUTE

e Tel: +33(0)325.71.56.69

e Mail: Pascale.Kanoute@utt.fr

The applicant should send his/her detailed CV, a motivation letter, a list of references, a copy
of grades sheets and two recommendation letters. Before the final decision, some of the
applicants will be interviewed through Skype (or equivalent system).

5. Publications in the last 10 years

Our publications restricted to the field of shot-peening, residual stresses, titanium alloys,
fatigue, constitutive behavior and instrumented indentation
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