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PURPOSE

Dynamic fragmentation of metals is typically addressed within a statistical framework in which
material and geometric flaws limit the energy absorption capacity of protective structures. This project
is devised to challenge this idea and establish a new framework which incorporates a deterministic
component within the fragmentation mechanisms. In order to check the correctness of this new theory,
we will develop a comprehensive experimental, analytical and numerical methodology to address 4
canonical fragmentation problems which respond to distinct geometric and loading conditions which
make them easily identifiable from a mechanical standpoint. For each canonical problem, we will
investigate traditionally-manufactured and 3D-printed specimens made of 4 different engineering
metals frequently used in aerospace and civilian-security applications. The goal is to elucidate whether
at sufficiently high strain rates there may be a transition in the fragmentation mechanisms from
defects—controlled to inertia—controlled. If the new statistical-deterministic framework is proven to be
valid, defects may not play the major role in the fragmentation at high strain rates. This would bring
down the entry barriers that the 3D-printing technology has found in energy absorption applications,
thus reducing production transportation and repairing, energetic and economic costs of protective
structures without impairing their energy absorption capacity.

PhD Research

Multiple localization and fracture in printed metallic rings subjected to
dynamic expansion

Host Universidad
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Supervisor

Professor José A. Rodriguez-Martinez

Synopsis

The dynamic expansion of rings is a typical configuration used to analyze the multiple localization and
fragmentation of ductile solids because of its 1D nature. Complications resulting from wave propagation
are virtually eliminated due to the symmetry of the problem, which reveals the true mechanical
properties of the material. The sample stretches during loading until homogeneous deformation fails at
large strains, leading to flow localization in the form of multiple necking and subsequent fragmentation.
The goal is to bring to light the relationship between the necking and fragmentation patterns, and (1)
inertia effects, (2) stress multiaxiality effects and (3) mechanical behaviour of the material. Special
attention will be paid to elucidate the role played by material porosity, surface roughness and
anisotropy, since these are specific characteristics of additively manufactured specimens. The PhD
research will include experimental and analytical work.
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Research outputs

e Ring expansion experiments with four different printed metals (and their traditionally-
manufactured counterparts) to assess the mechanisms which control the localization and
fragmentation behaviors of additively manufactured materials.

o Development of 3D perturbation analyses to investigate the joint effect that inertia, strain rate,
porosity and anisotropy have on the onset and development of necking instabilities in rings
subjected to dynamic loading.

The final goal is to elucidate whether the material and surface defects of printed metals determine their
strength, ductility and energy absorption capacity under impact loading.

Multidisciplinary / international research approach

The experimental part of the research will be conducted in a prestigious lab in the United States,
where the ESR will have to spend 6-8 months. There, the ESR will become familiar with various
experimental techniques and she/he will gain specific experience and know-how in the dynamic radial
expansion of rings. Moreover, the ESR will develop at the University Carlos III of Madrid —where
she/he will conduct the rest of the PhD research— the 3D linear perturbation model to assess the
interplay between inertia, strain rate, loading path and anisotropy in the formation of necks in metallic
rings subjected to dynamic loading. The analysis and interpretation of the results, and the comparison
between experiments and linear stability analysis will also be conducted at the UC3M. The ESR will be
exposed to an international environment in which she/he will have the opportunity to meet and
collaborate with prestigious scientists within the framework of Solid Mechanics.

Training activities
The successful candidate will have access to the PhD program of the University Carlos III of Madrid as

well as to the training activities organized by the Nonlinear Solid Mechanics group. These activities
include, among others:

e Attendance to the course: From PhD to Scientific Leadership to be organized by Yellow Research in
Madrid.
e Attendance to prestigious international conferences on Solid Mechanics.

e Attendance to technical courses on materials science and continuum mechanics organized by
different prestigious institutions, e.g. International Center of Mechanical Sciences

( ).
e Organization of a scientific conference: the ESR will participate in the organization of a
prestigious Euromech Colloquium that will be held in Madrid from 21 to 24 May 2019

( ).

Benefits

The successful candidate will be employed for 3 years within the framework of a prestigious ERC grant
and receive a generous financial package.
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Profile

We are looking for highly motivated early-stage researchers with the following profile:

Hands-on mentality, good organizational and communication skills.

Proactive attitude and ability to work both independently/autonomously and within a team.
Good communication skills in English.

Willingness to travel.

Required educational level

Degree Master degree or equivalent

Degree field Engineering: civil, mechanical, aerospace
Degree Master degree or equivalent

Degree field Physics

Career stage

Early stage researcher or 0-4 years (Post graduate)

Professional and/or research experience

We will particularly consider those candidates with proven experience in technological and/or
research activities. Publication/s in journals indexed in the Journal of Citation Reports will be
especially welcomed.

Letter of motivation

The candidates must provide a letter of motivation where they clearly state why, under their point of
view, they should be enrolled in PURPOSE.

References

At least, one recommendation letter from the scientist/s who mentored the candidate during her/his
master studies is required. The letter must clearly expose the profile of the candidate with emphasis in
the qualities which make her/him suitable for being recruited in PURPOSE. Additional recommendation
letters from any other professor/professional will be most welcomed.

Specific qualifications

Candidates should have a solid background in Continuum Mechanics, Experimental Mechanics,
Dynamic Behavior of Materials, Mathematics and Programming.

Flexible working conditions

We are committed to provide flexible hours and home working conditions for researchers having
family obligations. The following web-site contains relevant information related to the EU equal
opportunities policy
Moreover, the web-site
facilitates geographic mobility by providing help to find a job for an
accompanying partner.
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Contact details

Professor José A. Rodriguez-Martinez

Department of Continuum Mechanics and Structural Analysis. University Carlos III of Madrid
Avenida de la Universidad 30. CP 28911. Leganés (Madrid), Spain.

E-mail address: jarmarti@ing.uc3m.es

Phone number +34 91 624 9904

The application period closes in December 2018

The PhD starts in March 2019
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