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Description of the thesis topic 
Carbon reinforced composite materials are the current targets of the aeronautic industry, 
thanks to their outstanding specific mechanical properties, that permit significant mass 
reductions thus important reductions of the energy consumption. The primary structure 
of modern civil aircrafts is made of more than 50% of polymer/carbon fiber composite, 
which allows a weight reduction of about 20%. The composites used today are essentially 
thermosets (chemically cross-linked polymer matrix), which implies long and expensive 
production processes and limits recyclability. For the new generations of aircrafts the 
solution consists in the use of thermoplastic composites based on high performance 
polymer matrices (very high melting point and resistance to aggressive environments), 
with potentially the huge advantage of being able to weld parts between them. 
 
Among the numerous fabrication processes for composite materials, the tape placement 
process, usually called ATP (Automated Tape Placement), is one of the most promising 
technologies for the achievement of complex geometry parts that eventually imply a 
high thickness. In this additive manufacturing process, thermoplastic composite tapes 
made of unidirectional fibers are deposited line by line thanks to an automated deposition 
head equipped with an IR laser diode of high power. This diode must bring in a very 
short time enough heat to meet the required conditions for a good adhesion upon the 
formerly deposited layer. The latter being achieved by pressure application thanks to a 
deformable roller. Within this context, heat transfers are one of the major keys of the 
ATP control because they condition the rheological evolutions and the adhesion capability 
of the deposited tapes. This problem is the current subject of a big amount of researches 
over the world. Such a physics imply three essential ingredients: (i) the laser/matter 
interaction (absorption-reflection) that rules the heating velocity of the two surfaces 
impacted by the laser, (ii) the interfacial heat transfer between the tape and the roller 
or the tape and another tape, already deposited, and (iii) the thermos-physical properties 
of the thermoplastic composite tape itself. The scale separation in the thickness of tapes 
is quite bad and it was proved by Violaine Le Louët [PhD, 2018] that a good prediction 
of the achieved temperatures requires the development of a non-classical continuous 
model. The works that will be developed during this PhD thesis will thus have the overall 
objective the prediction of the temperatures seen by the matter during the ATP process 
when it is submitted to the infra-red heating of the diode, in rather extreme conditions. 
In order to build a realistic thermal model, usable in practice at the scale of the process, 
this work will be founded on both experimental technique and a numerical modeling at 
the scale of fibers that will use the morphological characterization obtained in another 
PhD work of the same project, carried out in the PIMM laboratory (ENSAM, Paris). 
 
The candidate should hold a master degree or equivalent (engineering diploma) in 
Engineering Sciences with ideally solid bases in multiphysical modeling, numerical 
methods, heat transfer and forming processes of composites. He/she should be a 
rigorous person, keen on experimentation, modeling and team working. Some travels 



and short stays at different partners are expected during the PhD. He/she should have 
a good communication level, oral as well as written, and a good English level. 
 
 

Description of the thesis topic 
The thesis is part of the collaborative project HAICoPAS (Highly Automated Integrated 
Composites for Performing Adaptable Structures) lead by Hexcel and Arkema and which 
has received financial support from the program investments for the future 
(https://www.hexcel.com/News/News-Releases/2804/new-consortium-haicopas-
targets-innovative-solutions-for-carbon-thermoplastic-com).  
The HAICoPAS project aims at optimizing unidirectional (UD) tape design and its 
manufacturing process in view of its use in highly productive, cost competitive, 
composite part production. The HAICoPAS project also targets the development of a 
highly productive UD tape placement technology and a new system providing the ability 
to assemble final parts by welding with in line quality control. 
The HAiCoPAS project brings together a consortium of complementary, high-level 
competencies from Hexcel (carbon fiber), Arkema (high-performance polymers) and a 
number of highly skilled small and medium enterprises (Institut de Soudure, Ingecal, 
Coriolis Composites, PEI) - all widely recognized for their expertise in composites 
production equipment and processes. Scientific support is provided by two CNRS 
Research Units: PIMM (Arts et Métiers ParisTech / le Cnam / CNRS) and LTEN (University 
of Nantes / CNRS), which will develop the basic understanding for the optimization of 
the materials, their processing and long-term behavior in service conditions.  
 
The thesis proposed here fits into this context and will run in parallel with two other 
theses of the project. The PhD student will be member of the Polymers & Composites 
team of PIMM Laboratory and will work in close collaboration with the other project 
partners. He/she will spend time for experiments in the R & D centers of the industrial 
partners and at the LTEN Laboratory, and will regularly present his/her results during 
the technical meetings of the project. He/she will benefit of a unique environment by 
having a broad vision in the field of high performance thermoplastic composites and on 
the complete value chain from materials to processes. 
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