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CONTEXT 
This PhD will be supervised by an international team. 
In the context of growing international competition, space industry experiences a transition 
phase. Space today is more than it ever was a public and private industrial domain in which 
competitiveness and autonomy are a priority for Europe’s future programs. Fundamental and 
applied research can support investigations of new concepts and help orienting breakthrough 
innovations. One of the obstacles to innovative developments is the management of risks and 
security of goods and persons from the very first stages of the components fabrication up to 
the service removal phase, not forgetting of course the systems service operation. Aiming at 
maximizing safety of service removal operations for future missions (Earth observation, 
climate study, agriculture/environment), puts light on the need to enhance the risk estimation 
linked to the integrity persistence (or non-vulnerability) during the atmospheric re-entry phase 
with various scenario. Typical components that illustrate this problem are fuel tanks [1]. An 
interesting track to explore for innovative design is the Design for Demise concept (D4D). It 
is based on the principle that the component should be designed to achieve its mission AND 
to be destroyed in a controlled process to insure service removal when desired for a non-
controlled re-entry situation. In order to reliably fulfil the complete destruction of the 
component that has become a debris, a technological solution could be to design specific 
zones which function would be to break the component into a controlled number of fragments 
after the mission and to maintain the component integrity during the mission. 
Welding is one the assembly technology already used for these structures. Assigning a dual 
function of integrity and loss of integrity to a multi-material welded structure when desired is 
the challenge of this study. The scientific issue consists in defining the key material and 
geometrical properties of welded structures from the design phase to achieve the dual 
functions of controlled integrity and controlled fragmentation. 
 
SUBJECT DESCRIPTION 
Although it is used for millennia, welding is looked at today as a new technology. Indeed, 
since the 50’s, welding techniques have benefited from chemistry improvements, like new 
polymers discovery, which allow previously impossible assembly situations. Filler enriched 
adhesives for example, are good candidates to assemble or dissemble different materials 
and held the dual function of integrity and fragmentation on demand. Thickness 
distribution over the coverage surface is known as the first geometrical parameter that directly 
affects loads transfer and localization of critical constraints [2-9]. The issue is then to be able 
first to link the thickness distributions to the graded properties that could affect the integrity 
functions, and to link the thickness to the welding process conditions between different 
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materials [10-11]. These constitutive relations depend, in an unknown manner, on the 
combination of numerous parameters of the docking process for which numerical simulations 
appear to be a powerful tool of investigation. Numerical models can be used to represent 
different assembly conditions and give as a result 3D distributions of material and structural 
state fields. Among others, particle methods have proved their ability to simulate large 
deformations and states for different kinds of materials involved in fabrication processes 
(machining for example) [12-14]. However, there is no assembly model able to predict the 
thickness distribution or graded properties between different materials for our purpose.  
The thesis project contains three work packages regarding the three issues of this subject:  

(i) simulation of the berthing/docking process using a particle method in order to predict 
the thickness distribution  

(ii) simulation of the mechanical behaviour for the assembly strength prediction  
(iii) simulation of the fragmentation of the welded structure using a particle method. 

The project will focus on particle based numerical methods and on the dialog between real 
and virtual tests on both uncooked and polymerized materials. The first stage will aim at 
validating the assembly process via the control of the thickness distribution. The second step 
is expected to give the link between the process parameters and requirements on static and 
dynamic strengths. Finally, the third and last part will focus on the fragmentation study of the 
welded coupons. To our knowledge there is no common academic study devoted to this 
problem with the same scientific strategy. The study is academic and will be oriented on 
simple configurations of samples, and on the feasibility and efficiency of the dual function 
design concept requirements on the process control. 
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