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Experiments [1] and OKMC simulations  [2]

Experimental analysis: RNRA [2]

Sample code Type of W Type of study H irradiation C irradiation Comment

Energy (keV) Fluence (cm-2) Energy (keV) Fluence (cm-2)

MW-H Monocrystalline Computational 170 5x1016 665 5x1016 -

CGW-H Coarse-grained Experimental 170 5x1016 665 5x1016 -

NW-H Nanocrystalline Comp. and exp. 170 5x1016 665 5x1016 -

MW-Co-CH Monocrystalline Computational 170 5x1016 665 5x1016 C and H simultaneous implantation

CGW-Co-CH Coarse-grained Experimental 170 5x1016 665 5x1016 C and H simultaneous implantation

NW-Co-CH Nanocrystalline Comp. and exp. 170 5x1016 665 5x1016 C and H simultaneous implantation

MW-Seq-CH Monocrystalline Computational 170 5x1016 665 5x1016 H implanted after C implantation

CGW-Seq-CH Coarse-grained Experimental 170 5x1016 665 5x1016 H implanted after C implantation

NW-Seq-CH Nanocrystalline Comp. and exp. 170 5x1016 665 5x1016 H implanted after C implantation

Defect
Emigration

(eV)

H 0,205

SIA 0,013 [3] 

V 1,66 [3]

OKMC simulations [2]
Cluster

Ebinding

(eV)

HV (HV) 1,20 

H2V (HH2V) 1,19

H3V (HH3V) 1,07

H4V (HH4V) 0,95

H5V (HH5V) 0,87

H6V (HH6V) 0,52

Results
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SRIM vs OKMC OKMC: Number of H per vacancy Experimental vs OKMC

The influence of grain boundaries (GBs) on the radiation-induced defect evolution and on H retention at 300 K have been studied experimentally and by 
computer simulations. Coarse grained tungsten (CGW) and nanostructured tungsten (NW) samples were implanted with H and C ions at energies of 170 keV and 
665 keV respectively. Three sets of experiments were performed: (i) H single implantation, (ii) C and H co-implantation and (iii) C and H sequential implantation. 
Computer simulations were performed by using the Object Kinetic Monte Carlo methodology parameterized by Density Functional Theory data. The same 
experiments were simulated in monocrystalline tungsten (MW) and NW. 

•GBs have a clear influence on the
distribution of vacancies

•H retention is highly affected by the
GBs and the vacancies concentration

•The size of HnVm clusters slightly
depends on the presence of GBs

•GBs act as preferential paths for H
diffusion.

•NW is very promising for PFM
applications.

Conclusions:
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Abstract 
Polymer composites made from cellulosic reinforcements are low cost materials with low density and good mechanical properties, and are more 
sustainable than the conventional composites made from mineral reinforcements, such as glass fibers, because they are obtained, at least in part, from 
renewable resources. Therefore,   cellulose-reinforced composites, sometimes called ecocomposites, are increasingly used in different fields of application, 
including construction and automobile industries. 
There are also some disadvantages. Due to the hydrophilic nature of the cellulose, these materials can show an important water uptake, which leads to 
swelling and results in a reduction of the service life. In this work the effects of cellulose treatments, composition and coupling agent on the kinetics of the 
water uptake in polypropylene-cellulose ecocomposites have been studied. 

Water absorption in polypropylene-cellulose 
ecocomposites 
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Conclusions: 
 Water uptake increases with the cellulose content, the treatments of the fibers 
(such as bleaching and refining) and the use of hydrophilic coupling agent. 
 Water absorption can be accurately described by a Fickian model in some cases.  
 IR spectra show the presence of free water, water bound to cellulose and, 
probably, liquid water in the ecocomposite. 
 The undesirable water uptake can be reduced by choosing the cellulose fibers and 
the coupling agents. 

Materials 
Cellulose: E = eucalyptus kraft pulp; EB= bleached eucalyptus kraft pulp; EBR = 
bleached and refined pulp. Polypropylene (PP): Moplen HP 648U homopolymer 
(Basell). Coupling agents: MAPP = maleic anhydride modified PP polymer 
(Epolene E-43, Eastman); PEI = polyethyleneimine (Lupasol PR 8515, Basf)   

Results 

Methods 
Composites with 30, 40 and 50 wt. % cellulose and 1.5 wt. % coupling 
agent were melt compounded in a Berstorff ZE25 twin-screw extruder. 
Water uptake was measured gravimetrically  at 25-55 ºC. 
Absorbed water was characterized using IR spectroscopy. 
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FTIR difference spectrum showing 
how the water is absorbed in the 
ecocomposite with 30 wt.% of EB 
and 1.5 wt. % MAPP.  

3590 cm-1 

“free” water 

3160 cm-1 

Bound (to 
cellulose) 
water 

3400 cm-1 

¿liquid water? 

Effects on water uptake 

Water absorption 
studied by IR 
spectroscopy Water absorption: 

Fickian model 



Definition of a secondary metallurgy process for 
the modification of oxide inclusions by Ca 
treatment in Al-killed high speed machining steels

Abstract
The need of constant improvement of mechanical and machinability properties of the steel is increasing. Advances in steelmaking during the last six
decades have resulted in steel grades with very low level of impurities, giving to the steel excellent mechanical properties as fatigue resistance. But
machining of high-cleanliness steels is generally associated with high energy consumption, an increased cutting tool wear, and high manufacturing costs.
Consequently, the remaining issue is assessed as to optimize today’s steel grades with respect to the combined machinability and performance
requirements. In conclusion, non-metallic inclusions are to some extent necessary for a proper machinability performance.

In steelmaking calcium is commonly used to modify inclusions composition, as well as their shape and size. In aluminum-killed steels, the inclusion
population will generally include hard and abrasive alumina (and spinel) inclusions and manganese sulphides. Taking advance of the strong affinity of
calcium to oxygen and sulphur, calcium treatment´s objective is to modify those oxydic inclusions mainly to calcium aluminates (CaO-Al2O3) and the
sulphur in the steel is associated with these inclusions to calcium sulphide.

The multivariable system given by the industrial conditions in secondary metallurgy is so broad, that the industrial implementation of effective Ca-
treatment is a difficult task that requires systematic investigations. Thereby the topic of the present study concerns the mechanism and kinetics of the
transformation process of alumina (and spinel) inclusions in steel when calcium is introduced by wire feeding or powder injection. To clarify the
mechanisms, several types of model experiments are being performed on both laboratory test and industrial scales. The phases formed due to the
reaction associated with calcium addition will be examined by SEM-EDS. Results in the plant will be assessed in terms of castability of the liquid steel and
machinability behavior of the final product.
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Relations of steel properties to metallurgical treatments

Tailor made Ca treatment for improved machinability 
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Experimental setup for the Ca addition in steel lab scale
experiments has been designed to investigate on the effect of
Ca addition procedure, for different oxygen contents.
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Abstract 
 
Graphene is an emergent material that is causing significant impact in numerous research fields. Its excellent mechanical, thermal, optical and 
electrical properties make it an attractive material for multiple applications; the composite materials are one of them. From the theoretical point of 
view, the addition of graphene over a polymer matrix improves considerably the mechanical properties. However, from the experimental 
standpoint, the improvement is not so big. This phenomenon is generally explained by two causes: one, the weak interface between matrix and 
nanoparticle, and two, the graphene orientation. 
 
In order to predict the mechanical behavior of any material, this project builds a tool that considers the interface behavior between matrix and 
nanoparticle as well as the graphene’s dispersion and orientation un-alignment. To understand the material´s behavior at macroscale, this tool 
analyzes its behavior at nanoscale. This tool allows closer approximation to experimental data than other models theoretical models and could 
avoid the use of expensive and complicated characterization techniques. 

DETERMINATION OF THE INTERFACIAL 
BEHAVIOUR IN GRAPHENE  NANOCOMPOSITES 

BY MULTISCALES MODELING 
 
aGuillermo Fernández Zapico,  bJuan Manuel Muñoz Guijosa 
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Multiscale Modeling, from Nano to Macro 

 

STEP 1 
 

Nano scale modeling 

STEP 2 
 

Material homogenization at nano 
scale level. 

STEP 3 
 

Macro scale. Ensemble of nano scale 
elements  

Graphene 

Matrix 

Graphene´s orientation Damage Maps:          
D(𝜀𝑥,𝜀𝑦 , 𝛾𝑥𝑦) 

2 1 

3 Mechanical 
characteristics 
actualization 

Obtain 𝜀𝑥, 𝜀𝑦 and 𝛾𝑥𝑦  

𝜀𝑥 
𝜀𝑦 

𝛾𝑥𝑦 
𝐷 

𝐸𝑥= f(D) 
𝐸𝑦= f(D) 

𝐺𝑥𝑦= f(D) 

Graphene Graphene 

Graphene 

Graphene Graphene 

Graphene 

Matrix 

Matrix 

Matrix 

Matrix Matrix 

Matrix 

At the nano scale level a graphene polymer 
composite unit cell is studied. The 

nanoscale model takes in account the 
interface damage  and the adhesion 

parameters (G, ) 

Introduction of the graphene orientation,  
disaligment and dispersion. The program  

updates itself the mechanical characteristics 
of the composite 

An unique material with the properties 
of the matrix and graphene is created. 
It also takes in account the damage at 

the nano scale level for different 
solicitations. 

Below a typical damage map of the 
material is shown 
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Abstract
The Project Manager is more and more a key agent in the development of business, growth and capabilities of organizations, particularly in a changing,
complex and challenging environment (PMI, 2007; PMI, 2013). He has the responsibility of assisting needs related to project team management, ensuring
that results and quality of the project meet requirements and stakeholders satisfaction. Having a critical role in the organizations, to be an effective Project
Manager requires a grate understanding of different fields that must be coordinated, as well as strong personal skills (Ahsan & Ho, 2013).

Since personal competencies have demonstrated to be better predictor of successful Project Managers (Clarke, 2010; Muller & Turner, 2010; Skulmoski &
Hartman, 2010), the academic research has focused on understanding what are these personal competencies. However, less research has been developed
to better understand how these competencies can be strengthened. Executive coaching has gained popularity during last decade as a tool for developing
better behaviors and attitudes in the workplace, but there is still an important need to enrich the theoretical framework and better understand how it
works, specially in the context of project management.

The aim of this research is to develop and test an specific project management coaching model, which has provided a baseline for the development of soft
competencies of Project Managers. The model is being validated by conducting an experiment with active Project Managers to analyze its effectiveness,
success factors and the impact of coaching on different competencies. First results reveal interesting insights.

Project Management Coaching Model: First 
insights

Research Questions
• WHAT are the key personal competences of Project Managers?

• HOW is possible to strengthen these competences effectively?

• HOW MUCH and what competences are more strengthened
through a project management coaching model?

Project Management Coaching Model
• A coaching process design with objectives description, inputs,

steps, activities, tools, templates and outputs.

• A definition of key personal competencies: for both the Project
Manager and the Project Coach.

• A set of good practices: based on success models in Project
Management.

• Definitions and principles of PM Coaching

PMQ

aBallesteros Sánchez, Luis I., aOrtiz Marcos, Isabel.

aUniversidad Politécnica de Madrid (luisignacio.ballesteros@upm.es)

Design of the Experiment
Sample and Data Collection
• 30 Project Managers (15 EXPeriment + 15 CONtrol)/32 OBServers

• 11 Companies from different industries: 120 coaching sessions.

First insights
Main Results
New PM Personal Competences
Framework
Based on relevant literature review and main
challenges and objectives gathered from 120
Project Managers sessions.

Effective Project Management
Coaching Model
High levels of effectiveness demonstrated.

Improvement of behaviors
• Disseminating of information.

• Expressing positive expectations.

• Promoting team learning.

• Ensuring that expectations and
responsibilities are clear to team members.

• Consolidating opportunities.

• Including experts in meetings and influencing

• Accepting responsibility for faults.



Abstract
Nowadays most projects develop in international contexts where cultural issues are very important. A deep analysis of the risks linked to culture allows
companies a better understanding of how to achieve the project success.
Hofstede’s Cultural Dimensions and Meyer’s Culture Map have defined how every society possesses features that distinguish it from each other. The
existence of such theories invites to research which are the specific risk categories associated with working with different cultures.
Based on the combination of both studies, this research establishes its own cultural dimensions. Through literature review, cultural risks are identified and
organized according to the defined dimensions in the Cultural Risk Breakdown Structure (CRBS).
So the aim of this research is not only to create a comprehensive risks register of these cultural risks but also a set of project manager competences to
improve client satisfaction and to take decisions in a cross‐cultural environment.

Cultural risks in projects developed in South and
East countries.
An approach to identify risks in international cooperation projects.

aRodríguez‐Rivero, Rocío; aOrtiz‐Marcos, Isabel

aDepartment of Organization Engineeering, Business Administration and Statistics. ETSII‐UPM 
(rocio.rodriguez@upm.es)

Cultural Risk Breakdown Structure (CRBS)
Cultural Approach: Hofstede and Meyer
Seven Cultural Risk Dimensions as a synthesis of both cultural
approaches, Hofstede and Meyer, to represent the culture in a complete
frame, useful to apply to international team works in every kind of
business. These dimensions are:

Geographical Areas: Africa, China and Middle East
Three areas selected since they are fast‐developing regions in which many
new projects are carried out and they are characterized by centuries‐old
cultural and socio‐political customs. The three areas score high values of
Power Distance and Uncertainty Avoidance.

RBS

Cultural Technical External Organizational
Project 

Management

Figure 1. Addition of cultural category to PMBoK RBS. CRBS model

GuanxiUbuntu Wasta

Methodology
• More than 60 JCR reviewed
• Projects developed in three areas
• Seven cultural risk dimensions

Results
• 69 Risks associated to not consider
culture

• 15 To Power Distance (22%)
• 15 To Uncertainty Avoidance (22%)
• 30 in Africa (43%)

Figure 2. Cultural Risk Dimensions 

Number of 
Identifed Risks

Africa China
Middle
East

Power distance –
Leadership

7 4 4

Long‐term 
orientation

3 1 2

Individualism 2 3 4

Uncertainty 
avoidance –
Deciding

9 2 4

Communication 6 4 4

Persuading 2 1 2

Trusting 1 2 2

Conclusions to improve risk management in
multicultural contexts
Design of a set of competences to project managers working in
multicultural contexts.

Figure 3. Analysis of the geographical  areas studied

Figure 4. Number of identified risks
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Power distance–
Leadership

Leadership
‐ Motivate and activate team work
‐ Define a precise organization chart

‐ Know the country institutions and their legal frames
‐ Identify the most influentialstakeholders and take them into account

Long term orientation–
Scheduling

Time management
‐ Have the capacity to manage unexpected events

‐ Understand the differences in time conception to scheduling

Individualism
Team building

‐ Train the team using clearly defined roles
‐ Promote the idea of team sucess: failure /succes depends on the team

Uncertainty avoidance–
Deciding

Defining
‐ Guarantee the stability of the team´s work

‐ Distribute responsibilities
‐ Adapt to the local conflict management style
‐ Transmit confidence in the technologies used

Communication

Communication
‐ Communicate in a precise way

‐ Meet directly with area managers
‐ Know the local language

Persuading
Negotiation

‐ Adapt business skills to the local context
‐ Increase team members´ self‐confidence

Trusting
Trust building

‐ Possess networking skills
‐ Demonstrate commitment

‐ Accept local customs

Figure 5. Competences required to manage CRBS 
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Next step: application of CRBS model to
Human Development Projects
Study of Cooperation Projects funded by UPM
• 152 Projects from 2005 to 2014 by 29 UPM’s Cooperation Groups
• Lessons learned from their final reports categorized in seven groups:

Bibliography
• Hofstede, G., & Hofstede, G.J. (2005). Cultures and Organizations.
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Figure 6. Clusters of lessons learned from final reports of UPM’s Cooperation Projects  
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Abstract
Local, regional and national governments are acquiring a commitment to a horizontal strategy in Open Government. This idea of governance aims to
promote public administration transparency, open data and citizens’ interaction in decision-making processes. Most of Administrations improve citizen
information through portals of Transparency, Participation and Open Data which offer free access to public sector data to serve citizens or businesses.
Their objectives are: to obtain an updated vision about the status of these initiatives with a special focus on Spanish and Italian cities that are countries
with the highest maturity levels; to identify best practices within their efforts and strategies; to demonstrate gaps as lack of standardization; to assess the
quality of open data regarding incorrect formats, useless or outdated data. It assesses the best open data city portals for understanding which one is more
valuable and which are the technologies more adequate to citizen use.

Open	Data	assessment of	Spanish cities

aRaffaele Sisto, bJavier García	López

a PhD	Student	Technical	University	of	Madrid (raffaele.sisto@alumnos.upm.es)	
b PhD	Student	Technical	University	of	Madrid	(javier.garcialope@alumnos.upm.es)

Open	Data	assessment of	Spanish cities

The following summary table shows the final result of the evaluation.

The main impression is that Spanish cities have decided to open their data in
a very heterogeneous way. They have many gaps in both form and content
because they have not followed a common strategy. It has been found cities
that only have transparency website and have not opened their data (for
example Murcia) or many other cities have a specific website but its content
is limited (for example Tarrasa only have jpg or pdf files). On the other hand,
cities like Santander, Madrid and Valencia, are as advanced in this field as
London (UK) or San Francisco (USA). A vast majority of municipal websites
analysed have direct links to any specific fields related to Open Government
but only 36,5% of them (23/63) have a municipal Open Data website.
33 different format types have been found. Only 10 of them represent 83% of
all published datasets. The three formats most published by the 11 selected
cities are CSV (24.2%), XML (11.7%) and JSON (11.4%). Mainly the used
formats are focused to promote their interoperability.

This study observes a lack of a deep analysis on the Open Data benefits for an
Open Government strategy. The two major uses of Open Data portals are not
properly represented in the majority of cities evaluated:
Citizens empowering and transparency. The main issue is not having a
standard on visualization and organization. No example includes an easy
module to be used by citizens to ask for the relevant information for them.
Data business models. No analysis of the data value is appreciated in any
example before deciding data published.
Each administration level (national, regional or local) has begun to develop
Open Government strategies with different scopes and methods. This is
getting worse due to their distribution of responsibilities and some objections
in the dissemination of certain information which could be understood as
compromising. All this has led to a heterogeneous state of the art in content
and form. Below, It has been summarized some opportunities for
improvement and recommendations to achieve the principle described in the
previous code of good governance:
• Municipal Strategic Plan for Open Government
• Data qualification
• Encourage Citizen Participation
• Open Data indicators and Dashboard

Each official Open Government website of the assessed Spanish cities visited
during May and June of 2016. Please contact the authors for references and
results regarding Italian cities.

The three areas of Open Government were assessed. The study carried out
analysis and research of the most important Open Data websites through
navigation and user experience as conventional features. It also analyzes only
the official websites of public administration and local authorities. Further,
the study is focused on Spanish provincial capital and cities over 200,000
inhabitants who have promoted a specific open data portal.
The assessed cities were evaluated according to the next criteria:
Participation analysis using two dimensions, (i) the existence of a specific
participation councillorship and (ii) the publication of online activity.
Transparency analysis (based on twomain axes), (i) the existence of a specific
transparency councillorship and (ii) transparency indicators (according to
Spanish and Italian law).
Open data portals analysis using four dimensions:

Data quality. How the data may be used and how reliable the data is. Five
features were evaluated: Data available is open source, free to everyone and
updated; Data sources are official ones; Format based on the 5-star open
data;
Data accessibility. This evaluation is based on six features: Aggrupation
downloaded (RDF); SPARQL/API Service; Languages; Accessibility; Online and
downloadable data.
Data typology. A holistic approach to data is an essential element in smart
cities making available data from all sectors of the city.
Data visualization. Not only data scientist should allow accessing open data.
Thereby, the study analyzes the key visualization tools that allow better data
accessibility: dashboard, data pre-visualization before downloading, readable
format, relevance.

Methodology

Final	suggestionsConclusions for Spanish Cities



It can be confirmed that the amount of indicators in each methodology is very heterogeneous. Its
number vary from the 20 of the “Arcadis Sustainable Cities Index 2016” to the 450 of the “Rapporto
Smart City Index 2016” of the consulting group Ernst&Young. In most cases, the indicator selection of
each methodology is very related with the measurement goal, but the way of adding indicators to
reduce them to a synthetic value is very heterogeneous, or in some cases, non-existing.
There is no agreement on the domains where the indicators are distributed. The recurrent areas with
the most indicators associated are environment (45), economy (39), transport and mobility (37), and
government (33), since these are the four main areas and the more consolidated as references to
evaluate the smart city performance and where there is more availability of data.
All the methodologies above analyze the “smartness” of a city but differ in their objectives, metrics,
scopes and therefore its results. Normally, they are conditioned by the availability of information and
the dataset homogeneity and reliability. Following, four inherent determinants to be considered are
summarized:
• Scale aspect of the indicator: when no data is available on a local scale, the data is extrapolated

from the national scale. This situation means an abstraction that distorts the reality of the assessed
cities.

• Competence aspect of the indicator: when what the indicator measures is not a direct
responsibility of the local administration.

• Semantic aspect of the indicator: when there is no direct correlation between the definition and its
objective.

• Time aspect of the indicator: when the data update that nourishes the indicator may distort
the ability to compare it with other cities

Finally, a set of needs is proposed in the form of improvement opportunities:
• The need to contextualize eachmeasurement;
• The need to knowwhat, how and for what you are measuring;
• The need to not limit to administrative units, by adding the geographical

and metropolitan scale to the measurement due to its interrelation.

Mapping City	Metrics Methodologies

Abstract
Smart cities as new socio-technological model of the cities, indicators methodologies and city metrics rise as an interdisciplinary tool and they have
become an essential instrument to evaluate, measure and represent how the use of ICT influence the city management and the improvement of the
citizen’s quality of life.
The outcomes of this research have the goal to: (i) contribute to the development of a standard adaptable methodology for every context and city
morphology, to improve their strategies by optimizing their resources; (ii) detect limitations, common gaps and future opportunities of improvement; (iii)
identify the indicators’ legitimacy and reliability; and (iv) state the need of a standardization of the measurement and assessment.

Mapping City	Metrics Methodologies

aJavier García	López, bRaffaele Sisto

a PhD	Student	Technical	University	of	Madrid (javier.garcialope@alumnos.upm.es)
b PhD	Student	Technical	University	of	Madrid	(raffaele.sisto@alumnos.upm.es)	

Methodology
It has been developed a qualitative and quantitative analysis of over 80 different methodologies based on indicators systems, indexes, comparison standards
and rankings with and international reach within the smart cities context.
Previously to the evaluation process, an intensive search of these methodologies has been done that have been published over the last five years and that
matched these characteristics. Once this was done, a first discard of 29 of them because they did not achieve a holistic vision, since they did not address
several of the main recognized domains of a smart city. Likewise, the methodologies that are only accessible with a previous payment have been discarded
and/or the ones that do not have the list of indicators published. From this filter a quantitative and qualitative review has been done to, eventually, dismiss
those that were not applied to cities, ending up with a total of 33 finalist methodologies. On this final selection, a detailed analysis has been developed
identifying comparison criteria such as the number of indicators, domains, quantity and type of the cities studied, type of sponsors, objectives definition,
methodology of indicators construction, contextualization, availability and quality of the database, improvement proposals and development over time.

Results and	conclusions

Please contact the authors for references and more results.
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Entrepreneurship Ecosystems in the EU: relevant milestones of the policy domain 

 

Abstract 
Since the last quarter of the twentieth century entrepreneurship has emerged as a pivotal theme in the policy agenda all over the world (Wennekers et al., 
2002) but it is not up to the second half of 1990s when EU policymakers start to develop an entrepreneurship policy as such (J. Z. Acs et al., 2010). 

Despite nowadays there is no doubt of the relevance of entrepreneurship as a key driver for EU competitiveness and economic growth, and the interest of 
promoting entrepreneurial ecosystems across Europe, there is a lack of understanding of the evolution of the key areas, topics and concepts that have 
shaped EU entrepreneurship policy agenda.  

Through text mining techniques this research analyses the most relevant EC Communications and a comprehensive selection of articles from relevant 
journals in the field since 1990s. Results offer a granular analysis of the emergence and development of entrepreneurship policy in the EU, establishing 
patterns and temporal relations between Academia and Policy approaches. 

 

Entrepreneurship policy agenda in the EU 
explained: a contribution to understand the 
European entrepreneurial path and its way 
forward 
Alberto Arenal, Cristina Armuña 
(UPM (a.arenal@alumnos.upm.es, cristinaag@alumnos.upm.es) 

Methodology 

Preliminary conclusions and further work 

Objective (RQ):  

Deeper understanding of the evolution of key the areas, topics and concepts which have 
shaped the European Union entrepreneurship policy agenda by using text mining techniques 

1995 2000 2005 2010          2015 

Barroso Juncker Prodi Santer 

Domains ofthe Entrepreneurial Ecosystem 
framework 

Pre-
processing 

Tf-If 
Factor 

analysis 
(SVD) 

Cluster 
analysis 

LISBON AGENDA 
(2000) 

EUROPE 2020 (2010) 

• CLUSTERING 

Finding EC 
Communications / papers 
related to each other 

• CLASSIFICATION 

Basis for arranging similar 
EC documents/ papers in 
a specific category 

• CONCEPT EXTRACTION 

The entrepreneurship 
policy agenda 

Text mining and text analytics are a subset of data mining techniques focused on turning 
unstructured text data into high quality information or knowledge.  

They cover a range of interrelated objectives: search and information retrieval, document 
clustering, document classification, information extraction, natural language processing 
and concept extraction  

708 EU Policy Documents 

1110 Academic Papers from 
Q1&Q2 Journals in the field 
of Entrepreneurship 

Corpus 1 

Source: Official Journal of the 
European Union and Web Of 
Science (T.R.) 

Corpus 2 

UNSTRUCTURED DATA TEXT MINING PROCESS 

Text mining techniques 

RESULTS 

A new Start Lisbon 
Ag. (2005) 

Digital Single Market 
(2015) 

Small Business 
Act (2008) 

SBA 
reviewed 

(2011) 
Modern 

SME Policy 
(2005) 

Action Plan: 
The European 

agenda for 
Entrepreneurs

hip (2004) 

Social 
Business 
Initiative 

(2011) 

Entrepr. 
2020 Action 

Plan  
(2013) 

European Charter for 
Small Enterprises (2000) 

MAASTRICHT 
TREATY (1992) 

Europe´s 
Next 

leaders: the 
start-up 

and scale-
up initiative 

(2016) 

Fostering 
Entrepreneurship in 

Europe: Priorities 
for the Future 

(1998) 

Evolution of the Policy domain in the EU: high level and specific Entrepreneurship policy 

6 Domains of the Common Entrepreneurial Ecosystem 
Framework. Based on the entrepreneurial model of  
Babson College (fine border) and EIP-OECD  (thick 

border). Own elaboration. 

Luxembourg 
Employment 

Summit (1997) 

Ecosystem 
Domain: POLICY 

Geography: UE 

Preliminary conclusions 
 Lisbon Agenda (2000) could be considered the pivotal moment when EU policy 

makers start to develop an Entrepreneurship Policy 

 There are three general stages in the evolution of the EU Entrepreneurship Policy: 

A. Firstly, primarily focus on the diagnosis but hardly any relevant concrete 
initiatives 

B. Second, under the principle “Think Small First”, concentrate in the regulatory 
framework for SME 

C. More recently, narrowing the scope and tunning the focus on concepts as 
entrepreneurial ecosystems, social entrepreneurship and high growth 
entrepreneurship 

Further work (in progress) 
 Increasing the granularity in the analysis of the entrepreneurship 

policy agenda (relevant themes put in a temporal framework) 

 Establishing an empirical based classification of terms (concepts) 
and revealing relationships between terms and key factors that 
are not possible at individual word level 

 Going deeper in the evolution and, in case, the relation between 
the Academia and the EU Policy makers. An additional level of 
analysis is possible considering a third corpus, for example, Grey 
literature (Think Tanks, consultancy firms…). 



Abstract 
Potential entrepreneurs are defined as those individuals with the intention of launching a business venture. In this phase, known as “stand-up”, 
opportunities, knowledge and skills play a determinant role to the conception of a business, which can lead or not to the “start-up” phase when the firm is 
effectively launched (GEM,2016). Considering entrepreneurs as value creators with positive impact in economic growth, there is a high interest in 
supporting those potential entrepreneurs (at their stand-up phase) to become real entrepreneurs (start-up phase). In this context entrepreneurship 
education is considered an influential tool to shape entrepreneurial attitudes (Liñán, 2011). Following the TPB model (Ajzen, 1991) this research explores 
the main factors affecting entrepreneurial intention on a sample of potential entrepreneurs (91 students of three introductory entrepreneurship education 
programs - EEP), which could contribute to orient entrepreneurship education practices to impact in their intention and future behaviour. 

Exploring the factors that contribute to 
transform entrepreneurial intention into action. 
Reflections on potential entrepreneurs' needs 
and entrepreneurial education programs 
 aCristina Armuña, bAlberto Arenal 

aUPM (cristinaag@alumnos.upm.es) bUPM 

Early Start-up stages: from intention to action 

Potential Entrepreneurs 

Exploring the TPB to understand potential entrepreneurs’ intention 

Nascent Entrepreneurs 

The stage "when individuals or groups 
are equipped with the entrepreneurial 
attitudes and skills to attempt the 
creation of new company" (European 
Commission, 2016) 

Actively involved in setting up a 
business they will own or co-own 
(Kelley et al., 2016) 

Intention 

Behaviour 

Too few people have the entrepreneurial mindsets & 
skills needed to set up their own business (EC,2016) Potential role of 

entrepreneurial 
education One of the most influences tools to improve 

entrepreneurial attitudes (Liñán,2011) 

Contents 

Delivery process 

The Model: Among the different intention models used to 

explain entrepreneurial actions, the Theory of Planned Behaviour 
(TPB), first proposed by Azjen (1991) has been widely used in 
studies related to entrepreneurship for the last 20 years and is 
considered highly consistent (Lortie & Castogiovanni, 2015; Micaela 
et al., 2014).  

The Sample Model&Results 

Conclusions and further research 

TPB: prediction of Intention (motivations to do something) and Behaviour (the fact 
of doing something) from the analysis of three personal variables: the Attitude 
towards the behaviour (one's perception about the behaviour as positive or 
negative), the Subjective norm (one's perception about what people around are 
going to think about the behaviour) and Perceived behavioural control (PBC) 
(one's perception about his/her own capabilities to the actual behaviour). 

The intention is considered the best single predictor 
of behaviour (Krueger & Brazeal, 1994). Recent 
meta-analysis confirm the relation between 
intentions and subsequent behaviours in the 
entrepreneurship field (Schlaegel & Koenig, 2014).  

Of the total sample of 130 students, the analysis 
considered the 91 individuals who had not already 
experience on entrepreneurial ventures.  

46.2% 

53.8% 

Female Male

51.60% 
39.60% 

8.80% 

Europe Asia Others

Students that have coursed an 
EEP at Tongji University 
(Shanghai).  ATTITUDE 

PBC 

SUBJ. 
NORM 

INTENTION 

α KMO 

Intention (6) 0.889 0.863 

Attitude (5) 0.821 0.818 

PBC (6) 0.746 0.770 

SN (4) 0.769 0.742 

Scales Reliability 

0.62 

0.20 
R2=0.511 

0.25 

Standard Coefficients Beta 

REGIONAL 
ENTR. CULTURE 

NEAR ENTREP. 

0.15 

0.28 

R2=0.246 

Regression Factor Analysis 

The Questionnaire 

The questionnaire includes 23 observed variables 
(items have been built as 7-point likert-type scales) 
 grouped as follows: 

• Intention (explained variable): 6 variables (Liñán, 
2011; Liñán&Chen, 2009) 

• Attitude: 5 variables (Liñán,2011;Liñán&Chen, 
2009) 

• PBC: 6 variables (Liñán, 2011;Liñán&Chen, 2009) 

• Subjective Norm: 4 variables (Autio, 2011) 

• Regional Entrepreneurial culture’ perception: 
single-statement 

• Near entrepreneurs (friends and acquaintances): 
single-statement 

•Aligned with research in the field (Lortie & 
Castogiovanni, 2015), results suggest Attitude is 
the best single predictor of Intention in the TPB 
model with a role for the individual’s perceived 
capabilities to become entrepreneur. 

•Focused on the attitude, the model explores the 
role that PBC and Subjective norm play, and 
additionally includes the perception about the 
positive regional culture towards 
entrepreneruship and the influence of knowing 
entrepreneurs. The PBC and the near 
entrepreneurs are the most weighted. 

•Entrepreneurship Intentions using the TPB have 
been mostly addressed on general students 
samples, with an opportunity to go deeper in 
results on these specific EEP students 
(Lortie&Castogiovanni, 2015). 

•In EEP, the combination of personal 
developments and applied knowledge for 
business development are considered the 
two main axis to build entrepreneurial 
oriented programs (Vesper&Gartner, 2001). 

•Further research focused on EEP programs 
and techniques is needed (Liñán&Falyolle, 
2015) and the incorporation of elements 
focused on the factors that impact on these 
potential entrepreneurs could contribute to 
promote the stand-up stage to the start-up 
one. According to the study, the participation 
of entrepreneurs in the programs could have 
positive effects on students’ 
entrepreneurship intention. 

•A larger students sample is needed to 
validate results and explore EEP 
characteristics (specific contents and 
methods, for example) that could positively 
impact on potential entrepreneurs intention. 

(Cooper et al., 2004) 
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 Abstract 
The advent of Big Data and ICT paradigms is heralded to trigger a revolution of science, enabling a data-driven economy and digitally savvy society. 

Combining Big Data with traditional methods brings unimaginable capacities for forecasting, understanding complex issues, raising awareness, 

enabling new value ecosystems, hence holds promises for deriving value, promoting better decision-making and accountability. As game changer,   

Big Data offers a far-reaching potential on the sustainability arena, for addressing intractable societal, environmental and governance challenges  

in an unpredecented fashion, particularly towards pursuing the Sustainable Development Goals (SDGs). Notwithstanding, because of their complex 

multi-dimensional nature and nascent state-of-play, the nexus  between both domains remains unexplored, and little is known about how to seize its 

opportunities while minimizing  pitfalls, or how to refine data into insights to create shared value. This research aims at contributing to bridge current 

gaps and maximizing the potential of the Data Deluge  for Sustainability.  
 

Big Data for Sustainability in the Digital Era: 
Methodological Framework towards a Conscious  
and Smart Governance  
a Gema del Río Castro, b Camino González, b Ángel Uruburu  
a Universidad Politécnica de Madrid (gd.rio@alumnos.upm.es) 
b  Universidad Politécnica de Madrid   

 

Mixed inductive-deductive research, 

framed within 2 stages.   

1st stage is focused on profoundly 

understanding the BD4S context to   

formulate a conceptual model, from 

literature review & analysis of ongoing 

pilot  projects/ cases.   

 2nd stage is dedicated to conceive & 

validate, via case studies, a construct 

(methodology) to facilitate the adoption 

of BD4S on the corporate arena.  

 
The research aims to explore the link 

between Big Data & Sustainability  (BD4S) 

to fully understand its hallmarks and shed 

light on how can be better leveraged for 

pursuing a conscious corporate governance.  
 

The ultimate goal is  to devise  a 

methodological framework which helps  to 

drive a sustainable digital transformation 

through the SDGs. 

 
 What  features  describe the intersection amid 

Big Data & Sustainability ?   
 

 What are the untapped opportunities and 

challenges for harnessing the BD4S nexus?    
 

 How and to what extend could the Big Data 

Ecosystem contribute effectively and responsibly 

to the SDGs  (BD4SDG)? 
 

 What tools & approaches could be formulated to 

enable the adoption of BD4S towards a conscious 

corporate governance ? 

THE BIG DATA REVOLUTION  

No agreed definition. Usually known  

by its 5V’s: high volume, velocity, 

variety, veracity and value.  
 

Alternatively, the 3C’s, new ecosystem 

of data crumbs, capacities &  

communities [1] (Letouzé, 2015).  
 

SUSTAINABLE DEVELOPEMENT GOALS 

17 ambitious goals & 169 targets set 

the Global Agenda 2016-2030 [2] 

building momentum  towards  a 

sustainable development focused  on 5 

pillars: People, Planet, Prosperity, Peace 

& Partnerships.  

Aim & Scope Methodology Research Questions 

References:  
[1] Letouzé E. (2015). Big Data  & Development: General Overview. Data-Pop Alliance White Paper Series.  
[2] UN (2015). United Nations Sustainable Development Goals. Available from www.un.org/sustainabledevelopment/sustainable-development-goals/ 
[3] WBCSD (2016). SDG Business Hub. Available  from http://sdghub.com/ 

Discussion:  BD4S, hype or promise?  Big Data for Sustainability (BD4S) is becoming an emerging global trend, holding both 

promises and challenges. BD4S is already being explored for tackling diverse social, environmental or governance issues related to some SDGs, 

from biodiversity conservation, smart mobility to healthcare, gender equality  or education, mainly through a governmental perspective, 

excessively focused on quantitative monitoring.  However,  Big Data capabilities (namely descriptive, predictive, prescriptive, diagnostic),    

remain unproven on the SDGs realm. Perils on security, privacy, digital inequality, data blindness, apophenia or lack of causation still prevail. 

Thus, action is needed to overcome current challenges  and harness the power of BD4S from a corporate perspective, by formulating innovative 

methods and responsible strategic directions for embedding sustainability into the core of business and global strategy.  

Figure 1.  Scope of the research theme. Sources: own contribution. SDGs icon from  [3] WBCSD (2016). 
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Abstract
Nowadays healthcare organizations are constantly forced to perform better with less resources. Consequently, healthcare managers are continuously
searching for ways to utilize the resources as efficient as possible, without negative impact on the quality of care delivery. On the other hand, substantial
cross‐regional variations are shown by extensive prior investigations in different countries. Existence of such variations indicates that the best care has not
been received or that resources have not been appropriately deployed in health care organizations. Business Intelligence (BI) has been recognized as a
potential remedy for this shortcomings. In this thesis we try to leverage over advanced analytics specifically associations rules mining, to identify the
associations and trends in the unwarranted variations across the health care systems’ performances. Moreover, as a methodological contribution we
propose an improved algorithm for association rules mining that will facilitate the process of finding interesting associations among healthcare related
indicators and variables.
Key words: Health care; Unwarranted Variations; Business Intelligence; Association Rules Mining; Frequent itemsets mining

Unwarranted Variations in Healthcare and the 
Role of Business Intelligence

a,b Sina Lessanibahri, aLuca Gastaldi , bCamino González Fernández
aPolitecnico di Milano (Sina.lessanibahri@polimi.it)
bUniversidad Politécnica de Madrid

Research Background
BI and Healthcare
In healthcare, researchers and decision makers try to leverage over the
aggregated data from data warehouses and centralized repositories to
gather knowledge and enhance both healthcare quality and patient
outcomes. Decision makers can analyze these data to discover for
instance the substantial changes in hospitalization rates—especially for
expensive medical treatments. The implementation of BI in healthcare
proceeds relatively slowly and in an ad‐hoc way. This suggests that
Successful implementation of BI in healthcare relies on understanding
and analyzing the peculiarities and complexities of the domain.

Unwarranted Variations
It is well known that healthcare systems suffer from medical practice
variations. Existence of such variations indicates that the best care has
not been received or that resources have not been appropriately
deployed in health care. Previous research on care variations initiated
by Wennberg and Gittelshon (1973) revealed the existence of
geographical variations in various surgical operations. Unwarranted
Variation are defined as variations that cannot be explained by
patients’ illness or patients’ preferences. These are the variations that
are explained by differences in health system performance. We argue
that there is a need for studies that consider several high impact and
resource intensive conditions as well as performance indicators
simultaneously, to provide a holistic overview for health professionals
and policy makers.

Research Questions
RQ1. How to develop/improve specific BI analytic techniques that are
more appropriate for the inherent complexities of the healthcare?
RQ2. How can BI detect and measure the unwarranted variations
considering the idiosyncrasies of the healthcare organizations?

Findings
The initial findings for each of the  research questions are reported in 
the following.

BI Analytics in healthcare
This phase of the study involves a methodological contribution to
Association Rules Mining (ARM). ARM is one of the most popular
exploratory data mining techniques to discover interesting and
previously unknown correlations from data. Even though originally
developed for market basket analysis, recently there has been an
increasing attention toward using ARM for medical datasets. We
propose a novel approach called width‐sort to mine the Maximum
Length Frequent itemsets as well as itemsets with the pre‐specified
length. Mining the maximum length itemsets is beneficial to decrease
the computational effort. Moreover, by mining the maximal length
frequent itemsets, the tedious task of finding the interesting rules

among them will be much easier for medical experts, which is crucial for
healthcare datasets that usually have an overwhelming number of variables.
Following Figure depicts the computational effort improvement of the
algorithm on a test dataset, compared to Apriori, one of the most commonly
used ARM algorithms.

Detecting the Unwarranted Variations
In order to measure the unwarranted variations we used National Health
System's Hospitalization Minimum Basic Data Set (MBDS) that contains records
of all patients in Spanish public hospitals. The variations for 4 performance
indicators and 6 Major Diagnostic Categories were calculated, adjusting for the
risk factors such as age and severity of illness. The provinces were further
clustered into 4 groups based on their performances. Following figure depicts
the performances of the 4 clusters. The value of an indicator close to the center
of the chart, indicates better performance of the indicator comparing to the
country average.

Following figure shows the provinces that belong to each of the for clusters. By
comparing the performances’ of the healthcare systems in different regions and
clusters, it is possible to propose implications for policy makers to reduce the
unwarranted variations.
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Overview
A novel approach is proposed to predict intraday directional-movements of the stock in the trading market based on the text of breaking financial

news or social media by event data. This work is an effort to put more emphasis on the text-mining methods and tackle some specific aspects thereof that
are weak in previous works. The research is a specific market, namely, the trading and stock market, which seems not to have been researched in the
previous works based on predictive text-mining. In order to accomplish the above, this work produces a multi-layer algorithm that tackles each of the
mentioned aspects of the text-mining problem at a designated step. This research is that will help financial managers and traders use these to predict the
financial activities and provide them the business decisions to avoid the financial risks.

Increasing	the	trading	prediction	by	mining	
aggregated	human	texting	messages
a	Yang Liu ,	 b	Joaquín	Ordieres Meré	

a yang.liu00@alumnos.upm.es
b	 j.ordieres@upm.es

Sentiment	analysis
This step is observed the time series of the company‘s event based on

the financial news or the social media, which analyses problem of co-
reference in text mining that is sentiment classification. Fasttext is inspired
method that focuses on the meaning of words, which solves to obscure by
ambiguity and play on words. This way can classify polarity, subjectivity and
intensity in the corpus. According to the results of the classification, then it
changes to the word representation. Thus, prediction accuracy increases
significantly at this layer that is attributed to appropriate noise-reduction
from the feature-space.

Model creation
The first layer is termed Sentiment Integration Layer by deep neural

network, which integrates sentiment analysis capability into the algorithm by
proposing a sentiment weight that reflects their sentiment. Additionally, this
layer reduces the dimensions by eliminating value in terms of sentiment and
thereby improves prediction accuracy. The second layer encompasses a deep
neural network model creation algorithm. It updates the models with the
most recent information available, the deep learning algorithm is extensively
evaluated using real market data and news content across multiple years,
which is a good fitting capability to evaluate and select the financial news.
The third layer is that it uses the recursive neural network explore patterns
and of financial news through the recursive and pooling operation.

The figure 1 : The workflow of Fasttext The figure 2 : The workflow of deep neural network



Abstract
Social networks provide new insights into current political processes and also generate a “data deluge” that reveals underlying trends in the geography and
demography of the regions that they where are analysed. Research on social platforms has increased ostensibly -especially those based on Twitter- and
inspired by the fact that more and more users express their likes and dislikes. In order to retrieve this information, several techniques are applied for this
purpose, such as statistics, text mining, machine learning, among other disciplines. Nevertheless, information needs to be enriched with geolocation,
which gives us a spatial view of where events take place, thus providing an automated analytical view of the points where events of interest occur.

In this research, we explore the impact of a specific political event in social media: Twitter. In this case, the general elections in Spain held on December 20,
2015, and June 26, 2016. It is intended to establish relative support concerning each party in different provinces of The Spanish geography in the previous
period, during and after the realisation of the elections. Through the correlation of the results between both dates, it is sought to explain the evolution of
the same, comparing the official election results and those obtained from the tweets, to determine the trend that affects the main political parties in the
election year elected.

The aim of this study is to focus on the growing influence of Twitter in environments such as the investigation of the intention of votes in the elections of a
region or country. The purpose is to deduce the influence of this social network when choosing a particular candidate or political party and through these
results, establish new research methods based on application models, replicable even in other fields of social sciences and to develop new applications
such as: models of organizational behavior for decision making; predictive models for technological products estimating their relative success among users;
models that estimate the relationship of a product between a marketing campaign and its effect on potential customers, all based on the knowledge
generated from social networks.

Measuring general elections in Spain via Twitter, based on 
geolocated user comments
aFranco Riquelme, José N. bOrdieres Meré, Joaquín B.

a,bDept. Ingeniería de Organización, Administración de Empresas y Estadística, Escuela Técnica 
Superior de Ingenieros Industriales - UPM. Email: jn.franco@alumnos.upm.es ; 
j.ordieres@upm.es   

Figure 1. Research description

Study case: The 2015/2016 Spanish
General Elections

Figure 2. Forthcoming applications

Marketing applications, predictive models, 
new methods generated from Social 

Networks



Abstract
Large infrastructure projects, public or private, are highly risky, involve large investments, are characterized by long-term planning, with inadequate budget 
and time contingencies.  The project scope or stakeholders’ expectations change significantly over time due to uncertain costs, schedules, and benefits 
making it a ‘norm' throughout  the project see (Flyvbjerg 2014; Cantarelli et al. 2010). Studies report different cost overrun levels for the very same project 
typology, this as a  consequence of discrepancy between cost overrun definitions and reference points, hence producing a significant variability in the cost 
overrun percentages that have been reported in the normative literature, (see (Love et.al. 2013) for further consideration).The extant literature on 
infrastructure projects identifies four main explanations: technical, economical, psychological and political explanations, see (Cantarelli et al. 2010) . The 
majority of researchers built their studies along the assumption that forecasting errors are one-sided and even malevolent (Flyvbjerg 2016), i.e. the existence 
of deliberate underestimation of costs and an overestimation of project benefits respectively.

Revisiting	the	past	and	addressing	the	future	
of	public	infrastructure	project	
a,bHetemi,	Ermal; aOrdieres M.,	Joaquin;	cDominguez,	María	L.
aUniversidad Politécnica	de	Madrid	(e.hetemi@alumnos.upm.es; hetemi@kth.se)
bKTH Royal	Institute of	Technology
cADIF Administrator of	Railway Infrastructures

Exploring the relationship between project
scope and	lock-in	within large
infrastructure project
The main purpose of this study is to understand infrastructure project 
performance through technical and economical lenses, main importance is 
dedicated to the former. The study elaborates project management reality with 
foci in contract management, whilst investigating scope changes deriving from 
secondary data taken from high-speed rail projects; i.e. adopting relationship 
analysis on project scope at the initial level and throughout the decision points, 
as well as investigating possible influences related to time, frequency and 
typology of change producing scope variation.

Figure	2. EU	Framework	– Effect	of	cost-changing	events	on	Key	Cost	elements;
Source:	European	Commission	(1998).	Understanding	and	Monitoring	the	Cost-
Determining	Factors	of	Infrastructure	Projects:	A	User’s	Guide
Notes:	Large	dot	denotes	a	major	effect	– potentially	20%	change	for	affected	
cost	elements	Small	dot	denotes	a	minor	effect	– typically	5%	change	or	less	for	
each	cost	element	affected.

Cost changing factors
The existing literature gives a partial explication when generally assuming that 
theories on optimism bias or strategic misrepresentation (Flyvbjerg 2013; 
Flyvbjerg et al. 2009; Flyvbjerg et al. 2005) address the issue. This when 
having in mind that even after special offices similar to National Evaluation 
Office to curb “opportunistic behaviour” were set in place in western world 
since 2006, still performance of infrastructure projects is in the shadow, i.e. 
performance of infrastructure project is not enhanced. 

Methodology
§ Synthesizing existing literature
§ Research	agreement	signed	with	ADIF	

Administrator	of	Railway	Infrastructures,	state-owned	company	
that	answers	to	the	Ministerio de	Fomento.	Adif plays	a	leading	role	
in	promoting	the	railway	sector.
ADIF	is	responsible	of:

§ Administrating	rail	infrastructures	(tracks,	stations	etc.),
§ Managing	with	railway	construction,	and
§ Distributing	capacity	to	rail	operators	traffic	etc.

§ Dataset shared on all existing and ongoing High Speed Rail (HSR)
projects; compiling of 36 HSR lines.

Data processing analysis
§ Entity Relationship Model (EER) developed based on logical data process,

see (Chen 1976);
§ Data integrated and handled via phpMyAdmin – a tool written in

PHP Language,
§ EER model – representing the current stage on data processing;

Figure	3. EER	model	– Integrated	data	based	on	important	semantic	information
Mapping	descriptions:
1:n	([line-subline];	[subline-contract];	[contract-incidents];	[contract-
certifications]) 1:1 ([contract-contract	type];	[contract-contract	winner])		
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Abstract
Globalization is not a new phenomenon. The globalization of production activities -renowned as manufacturing
offshoring- has started in the first quarter of twentieth-century. Since then, manufacturing firms are continually
increasing attention to locate their facilities in order to achieve competitive advantage. Though this strategy is still
ongoing, companies face challenges with managing and operating activities in their manufacturing network.
Consequently, there has been a growing interest in the phenomenon of reshoring or backshoring. There are research,
focused on the configuration of international manufacturing and the operation of individual plants within network or
supply chain. However, there has been little discussion on the operation of network entails facilities of an individual
company. This research seeks to address the operational issues of manufacturing network that have implications on
network’s performance, thus to examine the phenomenon of manufacturing reshoring.

International manufacturing network: 
operational issues and reshoring
aAhmed Sayem, bMiguel Ortega Mier, cAndreas Feldmann
a PhD Researcher: UPM, Spain and KTH, Sweden (ahmed.sayem@upm.es)
b Professor, UPM, Spain. 
C Asso. Professor, KTH, Sweden.

The European Doctorate in Industrial Management (EDIM) is a four-year state-of-the-art doctoral research program for doctoral training addressing managerial 

issues of significance for the future competitiveness and sustainability of the industrial companies of Europe.
The mission of the program is to generate cutting-edge knowledge at the intersection of engineering and management.

Background
------------------------------------------------------------------------------------------------------------

Symptom:    Manufacturing relocation /Reshoring /Back-shoring

Specific problems:
i) Cost differentials are not fixed over time,
ii) Lead-time does not remains the same as estimated,
iii) Flexibility in supply chain is difficult to achieve or maintain,
iv) Quality problem.

In Brief
----------------------------------------------------------------------------------------------------------
 “Manufacturing strategy is a plan for moving a Company from 

where it is, to where it wants to be” (Miltenburg, 2009).

 International manufacturing configuration options are dependent 
upon the perspectives –say, internal and external.

 Reshoring or relocation is fundamentally a location decision.

Main message
---------------------------------------------------------------------------------------------------------
In response to the changing world scenario, companies are no more 
benefitted from the existing model. 

Now the relevant issues are:
 how and why to choose specific configuration. 
 Coordination of manufacturing networks
 Quality, and the flexibility delivery. 

Research outcome (1)
---------------------------------------------------------------

International manufacturing strategy:
 Which contingent factor(s) is 

accountable for the relocation of 
particular configuration type. 

Research outcome (2)
------------------------------------------------------------------------------
International manufacturing network performance:
 Practices related to coordination, and
 Flexibility, and delivery quality are highlighted as 

the key indicators of IMN performance. 



Abstract
We present a simulation model we have developed for evaluating the robustness of a baseline scheduling for an
airframe assembly line. To begin with, we have identified and quantified the main causes of the disruptions.
Then we have created a discrete event simulation model of the production line to take everything into
consideration, and then run several experiments to evaluate different production planning obtained with the
different methodologies and the impact of failures in the deliveries of finished products. Also, different scenarios
in terms of failure quantity and typology have been studied.

Application of Optimization and Simulation in 
the Aeronautic Industry
AR. Pulido, bT. Borreguero-Sanchiran, cA. García-Sánchez, cM. Ortega-Mier
aCorresponding author affiliation (raul.pulido@upm.es)
bAirbus
cUPM

Step 2
• We build a discrete event simulation model of the airframe

plant. We built all the internal process, and simulate the
machines required, the workers, and the entities in the plant.

• We simulate the production plan obtained by the MILP model.
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Preliminary Test 4 1
Cutting 8 1 1
Workbench assembl  16 1 1 1 1
Workbench assembl  8 1 1
Equipping 60 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Furnishing 48 1 1 1 1 1 1 1 1 1 1 1 1
Soft Cutting 12 1 1 1
Final test 8 1 1
Final Operation 12 1 1 1
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Step 1
• We create a MILP model to solve the flexible Job Shop scheduling

problem with operators. Each process can be performed on
alternative machines (shared by multiple products) and requires not
only a machine but also some operators to carry out the process.
We minimize the number of operators and the number of airframes
in the plant. We obtain a schedule of the production.

Step 3
• The simulation model take into consideration the effect of:

-Machine failures.
-Errors that require extra work.
-Absence of operators.
-Final test rejection (High and Low).

• We create different scenarios, with extra shift, workers and severity
of failures.

Conclusions
• The use of the simulation could help us to avoid the desire to always use the option with less workers,

because the cost of extra workers that are non-planned is regularly higher that the ones that are planned.
• The robustness test could help us to quantify better which schedule is more robust against the possible delays

due extra workers, failures and delays.

Step 4
• We test the different options to mitigate the problem for all

the scenarios.
• We run the all the scenarios 30 times, and evaluate which are

the best strategies to mitigate the effect of the failures and
absence of personal.Fig. 4. Confidence interval of Option B

Fig. 3. 3D representation of the model.

Fig. 2. Logic representation of the model.

Fig. 1. Schedule of production from the MILP model.



Abstract
Mandatory Convertibles represent only a small fraction of all the securities issued by corporate or financial institutions, however, they reach nearly a 30%
in volume of all the convertible securities issued every year and its popularity increases steadily over time. Mandatory convertibles can reduce the
shareholder dilution compared to a straight capital increase. Mandatory convertibles were commonly issued by financial institutions amid the global crisis
as a means to increase capital and could be considered as an antecessor of some types of AT1 (Additional Tier One Capital Instruments) and Contingent
Convertible Bonds. This research examines the scarce academic literature that studies this very particular security.

Mandatory Convertibles: 
An Efficient Form of Capital Issuance
aHuerga A, bRodriguez-Monroy C

Angel Huerga (e-mail: angel.huerga@gmail.com) Dpto. de Organización, Administración de Empresas y
Estadística. ETS de Ingenieros Industriales. Universidad Politécnica de Madrid (UPM), España.
Carlos Rodríguez-Monroy (e-mail: cmonroy@etsii.upm.es) Dpto. de Organización, Administración de Empresas
y Estadística. ETS de Ingenieros Industriales. Universidad Politécnica de Madrid (UPM), España.

0

5000

10000

15000

20000

25000

30000

2
0

1
6

2
0

1
5

2
0

1
4

2
0

1
3

2
0

1
2

2
0

1
1

2
0

1
0

2
0

0
9

2
0

0
8

2
0

0
7

2
0

0
6

2
0

0
5

2
0

0
4

2
0

0
3

2
0

0
2

2
0

0
1

2
0

0
0

1
9

9
9

1
9

9
8

1
9

9
7

1
9

9
6

1
9

9
5

1
9

9
4

1
9

9
3

Annual Amount Issued USD Millions

Stock Price

M
a

n
d

a
to

ry
C

o
n

v
e

rt
T
o

ta
l 
R

e
tu

rn

Lowertrigger 100%
Lowerconversion ratio 1

Upper trigger 125%
Upper conversion ratio 0.8

Lower PotentiaTotal 
Return of MCS on Stock 
Price Upside Scenario

Higher Potential Total 
Return of MCS on Stock 
Price Downside Scenario

Delta of a Mandatory Convertible

Gamma of a Mandatory Convertible Close to Maturity



Abstract
The primary objective of the study is to evaluate the effect of the use of Information and Communication Technologies (ICTs) as a tool for the improvement
of the profitability of small and medium-sized enterprises (SMEs) in the tourist sector of Guatemala, on the basis of a diagnosis of the current situation of
the use of ICTs and e-commerce for SMEs in 2015, in the main tourist areas of the country.
In this research, in the first place, the theoretical factors that led the SMEs to make use of ICTs were determined and discussed; subsequently, the main
variables that explain and differentiate tourist sector enterprises on the basis of the degree of implementation of the use of ICTs were identified, in order
to then determine their degree of competitiveness within the national tourist sector.
Finally, the conclusions and recommendations, that make it possible to verify what the theory exposes with respect to the use of ICTs matches the results
obtained with the SMEs evaluated.
The research aims to be a reliable source of information for public and private entities of the Guatemalan tourist sector, that will allow them to have a
clearer perspective on the use and adoption of new ICTs, in order to help them develop new comparative advantages and differentiating features, as they
face an economic landscape in an increasingly globalized and competitive world.

ICTs and their impact on the profitability of SMEs in the
main tourist areas of Guatemala

aRivera, Sigfrido, bRodríguez-Monroy, Carlos

asgrr@alumnos.upm.es
bcrmonroy@etsii.upm.es

ICTs’ impact on profitability of SMEs
Tourism is an economic and social phenomenon that contributes to the development and well-being of nations, whose expansion benefits multiple
industries, representing about 9-10% of the world Gross Domestic Product (GDP) and generating 1 of every 10-11 direct and indirect jobs. It is also the
main source of foreign currency for one-third of the developing countries and for over one-half of the least developed countries, where it can represent up
to 40% of their GDP.

In the last decade, new ICTs have had an enormous impact on the tourist sector in the entire world. This impact is still in its initial phase in Latin American
countries, where the potential of e-tourism is particularly promising. For these reasons, countries such as Guatemala, which is located in Central America,
have a high potential for diverse types of tourism (cultural, archaeological and adventure among others). Guatemala considers tourism a vital component
of its development strategies and policies in general, and is investing in its growth because it is considered a key factor to promote socio-economic
progress, due to its linkages to other economic activities in favor of the dispossessed.

To maximize its tourist potential, it is necessary that companies in the tourist sector of Guatemala (mainly hotels, tour operators and travel agencies),
promote and commercialize their own tourist offer on-line, based on the collaboration between the public and the private sectors, thus improving the
visibility of Guatemala as a country of destination and collaborating with the local tourist industry in order to react in a better way to the market demand,
meeting the needs of potential tourists through a fast and secure access to information, the preparation of customized trips and facilitating on-line
payment.

Main results
To analyze the current situation of new ICTs applied to the Guatemalan tourist sector, it is important to observe how the pioneering companies in adapting
to these technologies have strengthened their competitiveness and have increased their market share. Most of these companies are located in the more
developed tourist areas, which are shown as blue circles on the map below. They have improved their dominant position in the tourism market, while
those that have not been able to adapt to the new technologies have been losing weight within the tourist market and are being increasingly relegated to
the point of endangering their own continuity. The majority of these companies are located in areas of scarce tourist development and are shown as red
circles on the map.

Finally, it was possible to verify as indicated by the theory, that if companies in the tourist sector implement e-commerce services and new technologies, in
all their amplitude, they would be favored with: more innovation and competitiveness, access to a potential market of millions of people, taking advantage
of all possible points of sale, direct customer contact and personalized marketing. These, together with other advantages, make e-commerce and the use
of ICTs great impact instruments the future development of the tourism industry.

Indicator Micro % Small % Medium % Large %

Proportion of firms that use computers 42,91 74,83 87,50 100,00

Proportion of employees who use computers regularly 28,09 30,78 25,83 33,18

Proportion of firms that use Internet 66,09 88,74 96,88 100,00

Proportion of employees who use Internet regularly 27,74 30,56 24,68 33,18

Proportion of firms present in the web 34,95 62,25 93,75 100,00

Proportion of firms that receive orders by Internet 8,65 26,49 28,13 100,00

Proportion of firms that place orders by Internet 5,88 18,54 21,88 100,00

Proportion of firms that use Internet classified by access mode: 

Narrow band 19,72 43,05 40,63 0,00

Fixed broad band 6,92 10,60 31,25 100,00

Movile broad band 39,45 35,10 25,00 0,00
Proportion of firms that use Internet classified by type of 
activity:

Sending or receiving e-mails 57,09 86,75 96,88 100,00

Using instant messaging or discussion forums 33,56 60,93 75,00 100,00

Obtaining information about goods and services 27,34 48,34 84,38 100,00

Providing access to other financial services 5,88 12,58 34,38 50,00

Providing services to customers 26,99 45,70 78,13 100,00

On-line sale of products 5,88 12,58 34,38 50,00

Internal or external hiring 21,80 39,07 65,63 100,00

Training of personnel 13,84 24,50 43,75 100,00



Abstract
This study aims to understand how is innovation managed in knowledge intensive service firms (KIBS). A exploratory multiple case study
was conducted in different consulting firms, mainly located in Spain and Italy. Main results show the Identification of the tools used to
support multiple innovation processes inside these firm, identification of the impact of information technologies in the generated
innovation output of these type of firms and identification of higher innovation capabilities for digital and open innovation. As a conclusion,
Information technologies are transforming radically the way in which service firms innovate, changing the nature of their offerings to
clients, new ways of work with their employees, the type of collaboration with other firms and even their own business models.

Innovation Management	in	Knowledge
Intensive Service Firms
Phd Candidate:	a	Isaac	Lemus-Aguilar
Supervisors:	b	Antonio	Hidalgo,	c	Raffaella Cagliano
a	Universidad	Politecnica de	Madrid	/	Politecnico di	Milano	–
isaac.lemus@upm.es/isaac.lemus@polimi.it
b	Universidad	Politécnica	de	Madrid	
c	Politecnico di	Milano	

Theoretical	Foundation
Industrial	Facts
KIBS are organizations that use and build knowledge as their
primary raw material for their value-adding (Hidalgo & Albors
2008). Looking for a KIBS context, we found out that innovation in
consulting firms has missed specific attention in academic
research.
Consulting firms usually help other companies to be innovative,
but they also need to innovate themselves in order to survive in
the market. However, consultancies possess particular
characteristics that do not correspond to generalizations made in
previous studies (Hertog et al. 2010; Rubalcaba et al. 2012; Chae
2012; Furseth & Cuthbertson 2013; Hidalgo & D’Alvano 2014).
The open innovation stream has mainly focused in manufacturing
firms (Lichtenthaler 2011; Huizingh 2011; West & Bogers 2014;
Bogers et al. 2016), only few studies have investigated service
firms (Chesbrough 2011; Mina et al. 2013; Janeiro et al. 2013),
therefore it is still unknown the use and effects of open
innovation in this context.

Research Gaps
The research explores how firms organize to manage innovation
from an open innovation and innovation management
perspective as well as its relationship with service innovation and
dynamic capabilities. It investigates the innovation processes in
the context of consulting firms based on the open interaction
among main actors identified during the literature review from an
internal (management, employees) and external (customers,
competitors) perspective (Chesbrough 2010; Chesbrough 2011;
Rubalcaba et al. 2012; Garriga et al. 2013; Furseth & Cuthbertson
2013; Chesbrough & Bogers 2014; Vanhaverbeke & Cloodt 2014;
Tamoschus et al. 2015)
To fill in the research gaps the following research questions were
formulated.
1. How do consulting firms manage open innovation?
2. Which processes, practices and capabilities do they use for

open service innovation?
3. What are the consequences of using open innovation in

consulting firms?

Methodology
A qualitative research strategy was used based on case studies.
The first phase of the study was conducted in consulting firms
from Italy between June and September 2015. The second phase
of Study was realized in consulting firms from Spain between
April and June 2016. We contacted around 60 companies via the
university external relation offices, Linkedin and personal
networking. We selected companies from all ranges that had
important projects and operation in both countries. In total, 20
consulting firms participated in our study (8 from Italy and 12
from Spain).

Preliminary Results
Consulting firms are facing changes with:
a) Extended use of open innovation. Becoming “Innomediaries”
and reinventing their role from “problem solvers “to “solution
seekers” (Chesbrough et al. 2007; States et al. 2016).
b) Creating innovation ecosystems (Adner 2006; Tamoschus et al.
2015; Bogers et al. 2016). Large consulting firms have a big asset:
they have access to several clients. They can connect ideas from
companies in very different areas that otherwise wouldn’t have
been able to connect.
c) Coopeting (Bouncken & Kraus 2013; Ritala et al. 2014). It is
getting common to join forces with competitors not just to hand
part of a client’s projects, but to complement capabilities that
enable companies to explore and exploit competitor’s
knowledge.
d) Organizational Redesign: Using dynamic capabilities to
transform themselves , creating of an organizational structure in
charge of innovation, creating new business models, creating
incubators and spin-offs, acquiring innovative SMEs, doing other
sectors activities such as research centers and venture capital for
external and internal projects (Teece et al. 1997; Hobbs et al.
2008; Teece 2010; Vanhaverbeke & Chesbrough 2014).

Our results show that there are 7 different innovation processs
that affect the typology of the innovation management system in
consulting firms and that can be categorized in 3 groups: internal
(management-, technology-, and employee-driven innovation),
mixed (employee involved in user innovation, open innovation),
external (policy-, user-driven innovation). Due to the analytical
approach used in this type of organization to structure work to be
done and the role of the client in consulting services, most of the
case studies present a management-driven innovation and
employee involved in user innovation processes. This can be
contrasted with other innovation processes identified in
professional service firms such as client-driven product
innovation and internally-driven process innovation (Smets et al.
2012; Morris et al. 2015).



Introduction
This article contributes to the debate on the relation 
between trust, risk and control in the management 
of multipartner alliances.

Multi-partner alliances are form of interfirm
collaboration where multiple members, that
interactively work to accomplish joint goals, are
governed by a single overarching contract.

Determinants of governance structure in 
multipartner alliances: a multiple case study

Frano Barbica,b, Antonio Hidalgoa

aUniversidad Politecnica de Madrid (frano.barbic@gmail.com)
b Politecnico di Milano, Italy

Research context

Methodology
We use multiple case studies of multi-partner
alliances formed between Italian SMEs to examine
these relationships.

The authors conducted 32 interviews with
managers of firms that belonged to 20 alliances
from different industries that were studied during
period 2014–2016.

Conclusion
Analysis of the governance structure of multi-partner
alliances suggests that the structural preferences of
partners are based on their perceptions of different
types of risk (relational and performance risk), and the
overall objective is to minimize the total risk.
However, in several cases, the governance structure
reflected those proposed by instructions of the funding
agency. Instead of efficiency consideration, a
“bandwagon effect” was a driver of the adoption of
the collaborative alliance form.

Aim
The aim of this paper is to explain how managers’
perceptions of trust in partners and alliance risk, at
the start-up phase of an alliance, may influence the
choice of governance structures in multi-partner
alliances.

A theoretical framework for choice of governance structure in 
multi-partner alliances

Results
The table represents a
summary of results:
where different colors
of the rings represent
different levels of
governance structure
complexity.



Network Cooperation - an emerging model of 
connected collaboration for the Sustainable 
Development Goals 2030 agenda'
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Theoretical Framework
Development 2.0 refers to new ICT-enabled models than can transform the processes and structures of
international development (Heeks). A Development 2.0 approach derives from the interaction between the
paradigms of Human Development (Sen) and Network Society (Castells), and needs to support the successful
adaptation of Human Development strategies and practices to a Network Society context. From a research
perspective, it seeks a conscious and sustained dialogue between Web 2.0 models/ways of thinking, and the
broader structural concerns within development studies (Thomson). Innovation is a driver of change for
Development 2.0 practices (including in re-examining North-South development relations). Development 2.0
flourishes in Open environments that facilitate wide access to information/knowledge, sharing and participation
(Smith & Elder).

Methodology
• Literature / institutional review
• Questionnaire to development/ Cooperation professionals in (quantitative and qualitative data) about the 

inclusion of networking in Cooperation systems and the management of development networks
• Case studies on three development networks
• Analysis of external evaluations of three large  development programmes

Abstract
An emerging approach to development strategy, Development 2.0, is placed to serve the new international
development agenda marked by the UN Sustainable Development Goals 2030. The international development
Cooperation sector needs a profound overhaul to adapt to the new strategy and remain relevant for the SDGs. This
research proposes a new, highly networked Cooperation coherent with Development 2.0. The model is contrasted with
examination of real cases and organizations to generate some tentative conclusions.

Research Purpose
To explore networking characteristics/behavior of international development Cooperation systems.
Objectives: O1 the design and characterization of a networked Cooperation model in line with Development 2.0
trends and the SDG 2030 Agenda. O2 enhanced understanding of the conditions that can influence the
implementation of networked Cooperation systems.

Hypothesis: H1 The adoption of networked structures/processes in Cooperation systems contributes to improve
their performance (in programs, projects, etc.); H2 The use of specific network strategies is a main factor for
successfully implementing networked Cooperation schemes. H3 ‘Enabling’ or 3-D networks are more appropriate for
Cooperation’s work than ‘Representational’ or 2-D networks, as they stimulate participation and collaboration.

In a Representational (2-D) 
network, nodes connect with 
nearby nodes or with the center. 
The network acts on behalf/for 
its members (advocating, 
negotating, providing services, 
organizing events, etc.). 

In an Enabling (3-D) network 
any node can connect to any 
other one.  The network seeks 
to strengthen capacities of its 
members to achieve their own 
objectives. Most actions result 
from collaborative activities 
carried out by members and 
supported by network resources

Network Cooperation model – key attributes
• Incorporation of institutional networks as primary project delivery mechanisms. 
• High degree of ICT mainstreaming (tools and capacities) into Cooperation agencies
• Emphasis on knowledge management as the underlying basis for Cooperation process
• Design of development projects as networked initiatives
• Expansion of networked social capital generation
• Extension and promotion for multi-stakeholder actions 

Contrasting Hypothesis
H1 Questionnaire informants indicated positive relation in 
their work between incorporating network 
structures/practices and results. Still limited real networking 
practices, but positive perception of its potential outcomes. 
Programme evaluations showed that their projects 
supporting/creating networks obtained better outcomes, 
particularly in capacity building. (H1 appears refuted) 
H2 ‘Conscious’ institutional networking is a relatively recent 
trend. Proactive practices with network strategies/managers 
show clear positive relation for adoption of network 
practices. Explicit network strategies still a minority (when 
existing, they`re still largely implicit).  (H2 is well refuted) 
H3 2D and 3D networks represent extremes of ‘operational 
centrality’. Most networks examined (case studies, 
evaluations) are closer to 2D profiles.  3D networks not 
necessarily more appropriate, thus H3 to be re-considered, 
as development objectives are wide-ranging and should be 
the key criteria determining network characteristics. 
Capacity building objectives seem better served by 3D 
profiles, while 2D networks better for policy 
influence/service provision. 3D networks are more mature. 

Network effects in Dev 2.0 systems
• Network Cooperation to generate beneficial effects in all 

elements of these systems, (i) structures (arquitectures), 
(ii) resources (inputs), (iii) processes, (iv) outcomes 
(outputs), as well as the development context

• Network effects at distinct Cooperation levels: (i) micro 
(projects); (ii) meso (organizations); (iii) macro (systemic, 
eg. UE, UN System, OCDE-DAC)

Conclusions





Abstract
The current advances when creating micro technology demand that the machining tool market evolves in order to develop devices capable of achieving
parts that require high precision for smaller dimensions, in order to compete with the current technologies available, the machine in this paper its
presented.

Current technology for machining micro parts rely mostly on micro milling, but giving the nature of the process, its control and the geometries that can be
achieve require a considerable complex system, in order to reduce these weaknesses, a 4 axis micro-machining device, capable of moving in a cartesian
system, with the advantage of using a single edge tool, and has ability to move the tool orthogonal to the cutting path has been developed. This special 4-
axis machine is capable of placing the velocity of cutting tangentially along the tool trajectory during the machining process.

'Process analysis of a 4 axis single point micro 
cutting machine'
aLópez-Estrada,Luis; bFajardo, Marcelo; c Vizán, Antonio.  

aUPM-ETSII-Department of Mechanical Engineering (imt.luis.lopez@gmail.com) 
bUPM-ETSII-Department of Mechanical Engineering (marcelofajardopruna@gmail.com)
cUPM-ETSII-Department of Mechanical Engineering (avizan@etsii.upm.es)

The Process
The design of the machine aims to simplify and facilitate the processes of
metal cutting in micro-machining, the advantages of using single point
cutting techniques are widely superior of those in micro-milling , smaller
geometries can be achieved with less complicated tool design.

A function in terms of the cutting force, the specific cutting pressure and
the area of the cutting section is obtained to have a greater control over
the process.

Current tests show that competitive geometries, that rival the ones
achieved with current techniques, are viable.

4 Axis single point micro cutting device
High precision CNC and monitoring artificial vision system.

The Machine
Characteristics
The design of the machine aims to simplify and facilitate the processes of
metal cutting in micro-machining, the advantages of using single point
cutting techniques are widely superior to the use of micro-milling ,
smaller geometries can be achieved with less complicated tool design.

Elements
The main components of the machine is a precise CNC controller capable
of achieve 1 micron accuracy in all Axis (X,Y,Z,C).

Two vision cameras to monitor the process and to measure both , the
geometry of the piece and the wear of the tool.

A high precision dyno meter sensor that is capable to measure all the
forces along the 3 cartesian axis in order to analyze the process and
being able to develop a function of parameters in terms of the values
acquired.

Schematic of the single point micro cutting process 
in the machine 
The forces involved changes depending on the different trajectories in
the process, changing the behaviors of the tool and the manufactured
piece.

Single point tool, and geometry demonstration.
With the vision system we are able to monitor in real time the process , not just by analyzing the forces involved , the results are
comparable with current technologies. Scan the QR code to see a video of the process.



Abstract
Nowadays, it is easy to find manufacturing systems highly automated. Actions are focused on the introduction of automatic systems and smarter
manufacturing systems in order to increase the productivity. In this sense, this work presents a methodology that allows the online identification of cutting
parameters considering system dynamics. The methodology has been prove using a cutting force model and an experimental validation has carried out.
Results shows a highly accuracy and the methodology is able to be used to the online correction of cutting parameters.

Cutting	  parameters	  identification	  in	  end	  
milling	  operations
aE.	  Leal-‐Muñoz, aA. Vizan

a	  Department	  of	  Mechanical	  Engineering,	  Universidad	  Politecnica de	  Madrid,	  Madrid,	  
Spain. (erardo.leal.01@gmail.com)

Ø End	  milling	  is	  characterized	  by	  low	  radial	  depth	  of	  cut	  and	  most	  of	  time	  
only	  one	  flute	  is	  in	  the	  cutting	  zone.

Ø The	  proposed	  methodology	  allows	  the	  estimation	  of	  both	  radial	  and	  axial	  
depth	  of	  cut.

Ø Machining	  process	  dynamic	  is	  considered	  in	  the	  estimation	  procedure.

Ø Machining	  test	  were	  carried	  out	  with	  variation	  of	  radial	  depth	  of	  cut,	  axial	  
depth	  of	  cut	  and	  both	  depth	  simultaneously.	  	  

Ø Results	  shows	  a	  high	  accuracy	  in	  the	  estimation	  of	  the	  depths	  of	  cut	  with	  
an	  average	  error	  less	  than	  1.5%.

Dynamic	  response	  of	  the	  system
Real system can be divided into two subsystems: Process dynamics and measuring system. The
measuring system include the force sensor, signal conditioning and data acquisition. Process
dynamics are related with the tool, workpiece, feed drives, cutting conditions and spindle rotation
speed. This dynamic response of the process produce a delay that affects the measuring of the
time associated with the estimation of the axial depth of cut.
Modal analysis of this two subsystems was carried out. Results shows that the most significant
influence is by the process dynamics. Within the factors of influence, the spindle speed is the one
that most affects the system delay. The value of system delay is used to correct the time
measured in the force signal.

Fig.	  1.	  End	  milling	  process

Fig.	  2.	  Scheme	  of	  the	  estimation	  methodFig.	  3.	  Results	  for	  axial	  depth	  of	  cut	  (A)	  and	  radial	  depth	  of	  cut	  (B)

(A) (B)

Results
Experiments in a real machining process was carried out. The experiments was designed to
produce a variation of radial depth of cut and axial depth separately and one experiment in which
both parameters vary.
In figure 3.A the results for axial depth of cut are exposed and in figure 3.B results for radial depth
of cut variation are shown.



Abstract
This work presents the development of a machine tool to be used in a single point microcutting process. This machine tool is composed by a 3‐PRS parallel
mechanism that positions the cutting tool in the Euler angles α, β and in the Cartesian Z position. Since to define a point P into space completely is
necessary provide its 6 variables Px, Py, Pz, α, β, γ, this machine tool use a linear XY table to provide the 2‐DOF in X and Y that the parallel mechanism
can’t, the P point to be defined is the tool‐tip end. Because of the single point cutting process is necessary to be able of rotate the cutting tool along its
longitudinal axis to maintain the cutting edge always oriented in the feed direction. In summary, the developed machine tool has 6 DOF that fulfill the
requirements of the process. The behavior of the machine tool is analyzed used a Simulink® model and is compared with experimental results. The model
considers the mechanical properties of the joints, stiffness and damping. The developed machine tool has its main application in the machining of small
parts.

Development of a 3PRS‐XY Machine Tool to 
Single Point Cutting Process in Microcutting
aFajardo, Marcelo; bLópez‐Estrada, Luis; cVizán, Antonio

aUPM‐ETSII‐Department of Mechanical Engineering (marcelofajardopruna@gmail.com)
bUPM‐ETSII‐Department of Mechanical Engineering (imt.Luis.lopez@gmail.com)
cUPM‐ETSII‐Department of Mechanical Engineering (avizan@upm.es)

Introduction
The growing requirement of microproducts and the development of
applications that requires parts and components increasingly smaller
has allowed the development of specific solutions to satisfy these
requirements. Some of these solutions are new and others are inspired
in conventional processes as EDM, LBM, USM, cutting processes (e.g.
milling, turning, etc). This work is focused in cutting processes that
involve one single cutting edge and mainly in the machine tool required
to that process.
The goal of this work is to develop a machine tool with a structure that
allows using single‐edge cutting tools in a single‐point cutting process.
Due to the properties of the process, the mechanism must be able to
rotate the cutting tool to keep the orientation toward an orthogonal
cut. The cutting tool must be rotating simultaneously around the three
cartesian axes in order to follow a defined cutting path. To achieve each
position in the cutting path a combination of two structures is
developed, a parallel mechanism composed of three PRS limbs (3‐PRS)
and two linear axes in a XY‐ Table. Because of the DOF of the parallel
mechanism, an additional DOF to turn the cutting tool around its
longitudinal axis is considered. The developed machine tool then, has 6
DOF.

State of art in machine tools for micro cutting
In microcutting the process that had been studied the most is
micromilling. However, this process uses a multi‐tooth cutting tool that
requires a complicated manufacturing process to get an adequate
cutting tool. It means more and more expensive tools for smallest
dimensions. In the other hand, processes that use simplest cutting
tools as microturning, microgrinding or fly cutting have restricted
applications. Microturning can produce micropins until 100µm,
microgrinding, depending on grain size of grinding wheel, is capable of
produce micropins and microgrooves, fly cutting is a method basically
to cut grooves.
Since the cutting process has been widely studied in sizes that would
be considered as macro scale, it is an attractive viewpoint that this
knowledge would be able to be used in smallest scales. There are
machines tools to microcutting process that are a miniaturization of
theirs similars in macro scale manufacturing as in micromilling and
microturning. However, in microcutting some phenomena than in
major scales has no effect in the process in micro‐scale has an
important role or at least more incidence in the process. These
phenomena could be grouped in three sections, work material, cutting
tools and machine tool. Hardness and grain size of material and cutting
tool; homogeneity, sharpness and run out in the cutting tool and;
positional accuracy, stiffness, damping, thermal stability in the machine
tool, are some of the characteristics that have more influence in
micromachining than in conventional manufacturing.

The Machine ‐ Tool
Characteristics
The developed machine (Figure 1) is constituted by a 3‐PRS parallel
mechanism and a X‐Y linear table. The parallel mechanism is used to
position the tool‐tip in the workspace, the X‐Y linear table and the
“spindle” rotational axis allow compensate parasitic motions and
provides the process feed.

(a)                                                       (b)
Figure 1. Developed Machine‐Tool (a) CAD Model (b) Actual Machine

Figure 2. Simulink® block diagram

Simulink® Model
Using Simulink® a virtual model (Figure 2) is developed to analyze the
behavior of the 3PRS‐XY machine‐tool onto several work conditions.
Then, the modeled performance is compared to the actual one since
the virtual model consider internal mechanical properties of the joints
as damping coefficient and spring stiffness.
In the tool‐tip a model of the cutting process is used as an input to
study the static and dynamic behavior of the machine tool for a single
point cutting process.

Simulation of the Simulink® Model
With the Simulink® model we are able to analize the behavior of the machine tool previously to programm the CNC installed in the
actual machine (Fagor 8070) and determine if the input parameters are valid. Scan the QR code to see a video of the machine tool
simulation and the proposed single point cutting process.



Abstract
The photopolymers used in additive manufacturing may benefit from the incorporation of nano-particles towards enhanced physical and chemical
properties. In this work, we study this phenomena by means of the manufacture of a set of substrates with different geometries and bulk
functionalizations. The test probes were obtained using laser stereolithography (3D printing Form1+ system by Formlabs). The substrates were modelled
using a computer-aided design software and obtained layer by layer with a layer thickness of 100 microns. "Clear" epoxy resin (a mixture of esters of
methacrylic acids, oligomers and methacrylate monomers and photoinitiators) was used for the manufacture of the substrates. Additionally, nano-
additives of Cu at different concentrations (5%, 10% and 15%) were incorporated to the resin and their impacts in the final physical chemistry properties
were analysed. The procedure, which leads to 3D functionalized geometries, shows the potentials of bulk functionalization of resins and the viability of
additive manufacturing with the functionalized materials.

Characterization the physical and chemical properties of epoxy
resins for additive manufacturing by photopolymerization

aE D	N.	Niño, bJ L	Endrino and	A	aDíaz Lantada

aUniversidad Politécnica de	Madrid	(deydannv@gmail.com)
bCranfield University

Methodology	of	Manufacture	Process

Figure 2. 3D printer Form 1+. (a)
Frontal view and (b) resin tank

Table 1.Mass measurements of the nano-additives and solutions
Nano-additive	type Nano-additive	mass (g) Solution	mass (g)
Cu Nws 1 0.0098 6.003
Cu Nws 2 0.0666 6.831
Table 2.Mixture Features

Resin type Additive	type Additive	percent
(%	w/w)

Mixture	time (minutes)
CPM-Vacuum	machine Magnetic	stirrer	bar

Clear

Without additive N/A N/A N/A

Copper Nanowires (Cu Nws) 1 5.08 30 N/A
9.97 30 N/A

Copper Nanowires (Cu Nws) 2
5.08 60 60
9.97 60 60
15.37 60 60

Figure 1. Resin types used in the
substrates manufacturing. (a) Cu Nws
solution, (b) Clear resin and resin mixed
with Cu Nws at (c) 5.08% w/w, (d) 9.97%
w/w and (e) 15.37% w/w

(a) (b)

(a) (b) (c)

(d) (e)

Substrates	Manufacturing

(a) (b)

(c) (d)

(a)

(b)

(c)

Figure 3. Circular substrates
manufactured in: (a) clear resin
and resin mixed with Cu Nws
at (b) 5.08% w/w, (c) 9.97%
w/w and (d) 15.37% w/w

Figure 5. Substrates for testing traction manufactured
in: (a) clear resin and resin mixed with Cu Nws at (b)
5.08% w/w and (c) 9.97% w/w
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Figure 4. Substrates for testing fatigue manufactured in: (a) clear
resin and resin mixed with Cu Nws at (b) 5.08% w/w, (c) 9.97% w/w
and (d) 15.37% w/w

Figure 7. SEM and EDS in the substrate
with Cu Nws at 5.08% w/w to 4000X

Figure 9. Raman Spectroscopy of substrates manufactured
in clear resin and resin mixed with Cu Nws

Figura 6. Circular substrates manufactured in:
(a) clear resin and resin mixed with Cu Nws at
(b) 5.08% w/w and (c) 9.97% w/w

(a) (b) (c)Preliminary	Results

Figure 8. SEM and EDS in the substrate
with Cu Nws at 9.97% w/w to 4000X



Abstract 
Development of new “metamaterials” allows the design of materials with specific physical properties depending on the final application of that material. A 
very recent set of mechanical metamaterials are pentamodes, materials somehow imitate the behavior of liquids but being solid 

Nature offer variety of possibilities in which the metamaterials design can be based on, as the 14 Bravais Lattices. With a design based on Milton and 
Cherkaev pentamode structure, it is confirmed these 14 structures have pentamodal behavior,. 

Due to the dimensions that some 3D Printing technologies allows to obtain (as two photons lithography), this metamaterials can be synthesized in the 
range of microns and be used to develop cell scaffolds  and bioreactors for cells strains growth and, also, for actuators with some specific modal behavior. 
These devices could have different physical properties along their structure and could be synthesized in one-shot. 

Cell scaffolds design using pentamode 
structures based on Bravais Lattices 

Graciela Fernández Méjica, Andrés Díaz Lantada 
 
graciela.fernandez.mejica@alumnos.upm.es 
adiaz@etsii.upm.es 

Basic Design 

Combined Structures 

Mechanical Properties 

Functional Graded Structures 

• Elemental / column / pattern 
 

• Minimun number of branchs 
 

• Nodes only where atom exists 
 

• Parameterized structure 

Frecuency analisys 

Cell Scaffolds & Bioreactors Actuators 

Pentamode        B/G > 103  [1] 
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Structure manufactured in a 
Form 1 3D Printer (25µm layer 
thickness) 

These 14 structures have pentamodal behavior, which can be divided in 
two groups. The first group, with a very remarkable pentamodal behavior 
and the second group with behavior also pentamodal, but not so 
remarkable. [2] 

Functionally graded scaffolds constitute a key 
development in the areas of tissue engineering and 
biofabrication, as their mechanical properties could 
be tuned to be used to simulate the human body 
transitions from a rigid to a flexible environment, 
and then synthesize human tissue of different 
human body parts, for example cartilage and bone 
tissue at once. [3] 

 



Abstract
This study presents a simplified model of the polymerization process of photo-cured epoxy resin, with the aim of finding theoretical values for the
mechanical properties of the material in its transition stage from liquid to solid state, approximating these properties to a single figure at the instant of its
gelation in the time denominated as tg. By evaluating a phenomenon observed during the fabrication of samples using a stereolithography additive
manufacturing printer, it is hoped to fit a model that will replicate the mechanical forces undergone by the manufactured part. The introduction of new
hypotheses to simplify the case under study will be tested by simulating these cases using the finite element method, taking the values obtained from
previous publications that used experimental and analytical analysis so that the congruence of the results will be constant throughout the model. Finding
these theoretical values will help develop future criteria for the feasibility of manufacturing the parts using laser stereolithography and therefore have a
direct influence on the quality of the end part.

Modelling of the mechanical behaviour of the 
photopolymerization processes of resins intended for 
additive manufacturing (AMT) using laser-
stereolithography: The influence on part quality
ade Blas, Adrián; aFernández, Guillermo; aDíaz, Andrés
aDepartamento de Ingeniería Mecánica (ablasromero@etsii.upm.es)

1. Study aim
We are aware that the rise in production using SLA printers has proportionally led to the need to find a simple method to allow the user to know the
feasibility of manufacturing the end part, and should it not be feasible, to reconsider the design and apply corrective factors to the thickness and reduce
critical stress situations as already shown in previous publications Stava et al.

Therefore, we propose a model that simplifies the epoxy resin polymerization photoelastic process and the dependency on the time slope of the
mechanical properties of the material to be used in the simulation (E(dt), ν(dt))[7] for a constant value of these properties in its gelation state (E(tg),
ν(tg)), the point at which we suggest the material reaches a critical situation (breaking strain).

Phenomenon under study
By making two calibration test pieces CP01 and CP02 (Figure 1.c) printed with
SLA3500 (3D Systems Inc, Rock Hill, SC 29790, USA) and Accura® 60 epoxy resin
(3D Systems), to enable the team to create a database of critical situations or
dimensional errors in the manufacture of the parts by SLA ‘free surface’, it was
possible to observe a phenomenon that up to then had been recorded in the
literature.

Hypothesis and process simulation
Taking an in-depth review of the literature as the basis, the factors that will
influence the process giving rise to this deformation can be defined: a)
maximum linear creep of the epoxy resin εmax; b) the volumetric action of
gravity; c) surface support in the lower section due to the variation in density
(∆ρ= ρl- ρg); d) fixed constraints of the element due to its design.

 

Fig. 1 a) ‘Curling’ effect of a cantilever beam due to creep 
through ‘free surface’ polymerization processes; b) calibration 
test piece and deformation observed; c) CP01/02 specimen of 
study and E11 testing element.

Scheme 1 Layout of the procedure used through finite element simulation

2. Computer implementation
In order to validate the suggested model a simulation was
performed on a section (12 mm x 12 mm x 0.6 mm) separated
into 6 layers of 0.1 mm (Figure 2.a) representing the successive
layers that the process would polymerize, each layer having a
minimum of two octahedral elements (Figure 2.b) on the
length of the thickness. The successive layers were modelled
with a solid joint while the fixed displacements were applied to
the opposite sides of the sections

 

 

a) b) 

c) 

Fig. 2a) Representation of the geometric model to be studied: 
interspersed displacements imposed on the layers; b) 
symmetric meshed model for the FEA; c) deformation of the 
model through the action of the loads and imposed constraints

3. Results and conclusion
To evaluate the suitability of the Modulus of Elasticity in the state of gelation
Eg, we proceed to trace a trend line for the experimental value obtained by
Guees et al. for the initial elastic modulus of a just-polymerized strain of epoxy
resin SL 5170 and its dependency of the time after the hatching, until 20 first
minutes.

Parameter Value Units  

Еg 2.1 MPa 
νg 0.3 - 
ρg 1.17 Kg/m3 

εg 0.016 - 
tg 49 s 

 

This project was financed with the support of the European project: Tool-less 
manufacture of complex geometries’, funded by the European Commission 
under the broad agreement 633192 - H2020-FoF-2014-2015/H2020-FoF-2014

A study has been conducted that started out from
an observed phenomenon. It has been possible to
evaluate and model the behaviour of Accura® 60
(3D Systems) epoxy resin during the process of
laser stereolithography Additive Manufacturing
with an SLA 350 printer by simplifying a time-
dependent case in a linear elastic stationary
model.



Abstract
To compare several impact time histories obtained from experimental tests ‐in situ or laboratory‐ or finite elements simulations, existing correlation
methods can be used. However those methods proved to be sensitive to some parameters, magnitude for example, but unaffected by phase shift or shape
difference. Based on the knowledge of physical behavior of the phenomenon and the characteristic parameters, a method to quantify the similarity
between two impacts is proposed. Three indicators are defined: the impact level (the impulse), the stiffness (duration of the impact), and the system
response (maximum acceleration). A "dispersion" function is defined for each indicator that shows the variation of an impact against a reference one. With
the objective to integrate the multiplicity of indicators the function of similarity proposed is a simple addition and the Similarity Index (SI) assigns a
numerical value to the discrepancy between two time histories over a period of time and can be calculated as the weighted addition of the indicators.

Similarity index as a tool to compare impact 
history records

aAntonia Pacios Álvarez, M. Consuelo Huerta Gómez de Merodio, 
Jesús Alonso Álvarez, José Antonio Parra‐Hidalgo, Luis López Lázaro

aDepartment of Mechanical Engineering (antonia.pacios@upm.es)

Main Objective
While the certification of a security glass ask to determine the human impact resistance in laboratory conditions (Fig. 1), when there is the need of
proving some fixation elements or new system, in situ testing has to be performed (Fig. 2). Records from impact performed at different pendulum heights
(continuous lines) are presented in Fig. 3. Even thought they look similar, not always is possible to quantify how close time histories are or if FEA
simulations (symbols line) are accepted. Disparity of results ask for a tool that allows to state the similarity between impact history records.

Fig. 2. In situ testing: approach to impact 
pendulum, examples from Bellapart

Proposal for Similarity Index Determination

Conclusions
The function of similarity presented as an weighted sum of three indicators (frequency, force and impulse) is the best approximation to correlate the grade
of similarity as it can be observed from the max. values and shape of the temporal registers. The SI has been used to compare series of data from a
database of 134 soft human impacts time histories, for different impact heights, 3 glass plates configurations and 4 support conditions with good results.

Fig. 3. Comparison of experimental 
results and FEA simulation

Indicators considered (Fig. 3)
(a) STIFFNESS: Duration of impact in Hz (T)
(b) SYSTEM BEHAVOIR: Max. acceleration (Fmax)
(area)   IMPACT LEVEL: Impulse (I)

Evaluation of weight factorsValue function (ax, (1/a)x, cos x)

Several testing configurations and experimental and simulation representative graph

Characteristic Indicators

Weight coefficients kT, kF and kI are the

given values to obtainMin ( (ISIND ‐1)2 )

To integrate the multiplicity of indicators
the function of similarity proposed is a
simple addition.

IS = kT * INDT + kF *INDF + kI * INDI

IS = 0.25∙INDT + 0.1∙INDF+ 0.65∙INDI

Previous work shows that duration of the impact, máx. acceleration and contact area are the most representative parameter to reproduce an impact. The
first two and the impulse are considered the best indicators to reproduce the event. A value function (Fig. 4) is defined that associates a number between
0 and 1 to each dispersion value, 0 for maximum and 1 for no dispersion; lineal, cosine and exponential functions were tested. Similarity Index (SI) can be
calculated as the weighted addition of the indicators.

Max. Deviation
(T, Fmax, I)

1

0

As it can be seen in Fig. 3, the impact registers from height of 190 and 200 mm
used for comparison 2, black and orange lines, are identical; in Fig. 5 the value
for SI is close to 1, as it was expected. However impact registers from height of
300 and 450 mm used for comparison 5, green and orange lines, being very
similar, present an SI= 0.32 since the influence of INDI is relevant (KI=0.65).
When only a single indicator is used to represent an impact the Impulse (INDI) is
the most representative.

a

b

Fig. 1. Lab testing: impact pendulum according to 
UNE‐EN 12600 and portable impact testing,  UPM

Fig. 4. Example of value function 

Results

Fig. 5. Values for SI when comparing couples  of impact records

COMP.1          COMP.2          COMP.3          COMP.4          COMP.5          COMP.6



Abstract
Nowadays it is too difficult to establish the “fracture load” during an impact on glass plates due to their brittle fracture. Therefore, in many cases it is
performed an impact test in situ, using a pendulum similar to the pendulum from standard UNE‐EN 12600. This paper presents the existing
discrepancies between the actual excitation level of the glass plate and the estimated one calculated from the potential energy of the pendulum.
These discrepancies are produced due to the distribution of the initial energy of the pendulum between the glass plate, the support frame and the
pendulum head, and the energy dissipation during the impact mainly caused by the damping of the pneumatic. In order to avoid these discrepancies,
a method is proposed which focuses on the impulse measured by an accelerometer located on the pendulum.

Human Impact on glass: study of the excitation
level measured on a plate versus energy applied
by the pendulum
a Mª Consuelo Huerta,  Antonia Pacios‐Álvarez, 
José A. Parra‐Hidalgo, Jesús Alonso, Sergio Pardo,
a ETSII – UPM (mariaconsuelo.huerta@upm.es)

Main Objectives 
To establish a procedure to represent in situ tests the actual impact level 
applied to glass plates it is necessary to define an easy and accurate procedure, 
with high repeatability, that allows to determine the load applied to the plates

This work presents the use of the register of acceleration from impactor head 
as a measurement of maximum load and impulse.

Data from materials and experimental work
Glass plates
• Tempered glass plates (T) of 10 and 5 mm thickness ; Laminated glass plates 

(L) out of annealed panes of different thickness (5+5, 4+4, 3+3 mm). PVB 
interlayer.

• Continuo four sides supported (4S); two sides supported and four point 
fixtures.

Proposed model to define glass impact level

Data from impact test
• Nominal impulse, as the head pendulum theoretical velocity without 

dissipation (In)
• Pendulum impulse, as the head pendulum initial and final velocity (Ip)
• Impulse on the glass, as the force integral (Ig)
• Initial and final energy (E0, Ef)
• Head energy loss (Ep)

Pendulum head

Results from modal test

• Partition coefficient: E0= Eglass + Emachine = r E0+ Emachine

o Optimization procedure: 
o Design variable:   r  
o Target function: min((mp (v0,g +vf,g) – Ig)/ Ig)

2 )

• Ep = E0 – Ef = 0.5 mp( v0,g
2 – vf,g

2 )‐>   r  E0 = 0.5 mp v0,g
2

T104S L554S

Partition coefficient 0.71 0.70

Conclusions
• Damping values obtained from modal test  support the hypothesis that  energy dissipation occurs during contact stage.
• In the test performed according to EN 12600, impulse registered with the accelerometer in the pendulum head is equal to 70% of initial energy. 
• Those results can be incorporated to numerical models introducing damping, and considering initial velocity as the 80 % of nominal velocity .
• To determine the impact level from the impulse is a more accurate measurement than being determined by the initial height; specially when using  

values obtained from in situ test. 

Test setup

Measurements of 
head pendulum: 
• Initial height (h0)
• Final height (hf)
• Impulse (I)

H2: Estimation of energy distributionH1: Energy dissipation during the contact stage 
• Element damping (ζp, ζg )
• Equivalent damping from the energy loss (Ep)

T104L L554L

Equivalent damping 2.90 4.09

GLASS PLATES IMPACT 
HEADT104S L554S

F, frequency (Hz) 35.9 36.24 13.27

ζg, ζp damping (%) 0.84 1.78 3.86

time

Comparisson of the considered impulses



Test 1: Evaluation of frequency and amplitude 
(Laboratory test).
The test was performed using a shaker vibration bank fed by sinusoidal
signals at octave intervals. A reference vibrometer and the smartwatch
were coupled simultaneously on the shaker vibrating surface and then 10
ahv measurements were made at different levels and frequencies.

Abstract
This study analyzes the opportunities offered by wearable technology for occupational risk assessment and specifically the use of smartwatches for hand-
arm vibration exposure assessment. The results suggest that this kind of devices could be able to be used in specific hand-arm vibration assessment tasks.
It has been found some technical limitations but also it has been identified opportunities for improvement in the near future.

Smartwatch’s usefulness for hand - arm 
vibration exposure assessment

aL. Sigcha, I. Pavón, J. M. López, G. De Arcas.

aInstrumentation and Applied Acoustics Research Group (I2A2).
Universidad Politécnica de Madrid. (ignacio.pavon@upm.es)

Introduction
Exposure to hand-arm vibration is a major cause of occupational diseases. The vibration exposure risk assessments are usually made from taking discrete
time measurements, this imply inaccurate the risk assessment and difficulties for the comparison between measurements and the limits established by
law. In order to improve the vibration risk assessing procedures is possible to use wearable technology (smartwatches) for risk assessment, exploiting the
advantages of the smart devices instead the traditional vibration measurement systems.

Frecuencia (Hz)

Amplitud (mVrms) 6,3 12,5 25 50 100

200 -0,04 -0,04 -0,03 -0,05 0,021

400 -0,02 -0,04 -0,05 -0,09 0,039

600 -0,01 -0,01 -0,02 -0,1 1,636

800 0,01 0 0,95 2,76 1,499

1000 0,25 0,47 1,07 2,23 0,855

Materials and methods
The scheme of the figure was used to implement a measurement system
following the guidelines of the ISO 5349-1:2001 standard. The system
calculates the frequency weighted acceleration ahv and the value of
exposure to vibration A(8). The test device used was a Sony 3 (SWR50)
smartwatch with a Bosch sensor (BMX055).

Test 2: Evaluation of the analysis system using a 
common use machine (Outdoor test). 
A simulated test was made using a hand drill, measuring simultaneously
the weighted acceleration ahv with the reference vibrometer and the
smartwatch. To perform this experiment, an electric drill was used to make
several drills in different materials for a time at least 1 minute.

RESULTS
Frequency and amplitude results (Lab. test).
The results from laboratory test in the table show that the differences
between ahv measurements made with the two devices are small when
the acceleration amplitudes are low, but they increase at high amplitude
vibration levels especially in the frequencies of 50 and 100 Hz.

Common drill machine results (Outdoor test).
The test show small differences for low amplitude levels that increase
when reaching the signal saturation. It can be observed that in some points
there is a higher difference between the measurements of the devices,
these errors are produced mainly by the variability of the sample rate and
the fitting to the hand drill.

CONCLUSIONS
• The device has limitations to be used as a precision instrument, mainly

due to the limitation of the sampling rate (Fs = 250 Hz) and the
dynamic range (±2g) in which the sensors of smart devices are set
during manufacturing.

• The results show that system is suitable for evaluation of machinery
with low ahv acceleration levels. This situation can improve in the near
future when smart consumer devices get higher performance in their
sensors.

• Nowadays these devices could be used to obtain better
representativeness of the exposure levels because they can be worn
during the entire working day.

• The cost reduction by using devices and sensors with relatively low
prices compared to the specific vibration measurement equipment can
make this kind of devices a tool to develop a safety culture and
education of workers, company, managers, etc.
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Abstract
Buses and coaches accidents involve a high number of passengers, so the safety of these vehicles are a major issue. The high investment made on them by
the transport companies makes their repair a suitable solution after some accidents. However, there is no regulation to evaluate whether a repaired coach
can maintain the characteristics of its initial condition or not.

The objective of this study is to quantify the loss of energy absorption capability of the profiles used in the construction of these vehicles and to model the
behavior of a repaired profile with FEM models.

In order to accomplish the objective, several test have been carried out by means of bending tests and calculating moment versus angle curve for three
different load cases: 5, 10 and 20 degrees of previous permanent deformation.

The results show a high loss in energy absorption capability after a repair of 20 degrees of permanent deformation, and a methodology for simulate these
results with FEM models have been developed.

Bending strength study of repaired coaches 
structures.

aDavid Rincón, bEnrique Alcalá

aINSIA, Universidad Politécnica de Madrid, (david.rincond@alumnos.upm.es) 
bINSIA, Universidad Politécnica de Madrid 
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5o Same Direction

5o Opposite Direction
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10o Opposite Direction

20o Same Direction

20o Opposite Direction
Test F.E.M.
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Direction
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Direction
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Direction

1324 J 1159 J 657 J

-12 % -23 % -56 %

Absorbed Energy Loss at 30o

5o Opposite
Direction

10o Opposite
Direction

20o Opposite
Direction

1342 J 1245 J 788 J

-11 % -18 % -48 %

The loss in energy absorption capability
of rectangular hollow section profiles is
really significant above 10 degrees of
previous plastic deformation.

The methodology proposed to model
the behavior of repaired profiles with
FEM is a good approximation.
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Rollovers are the most severe accidents of
coaches and their consequences have required
specific countermeasures to diminish the risks in
case of accident., as the UNECE Regulation 66
Rev00. Since then, several improvements to the
Reg. 66 requirements have been established,
being the most relevant of them the
consideration in Revision 01 of the 50% of the
mass of the passengers as consequence of the
mandatory installation, and use, of the seat belts.

Coaches that have been involved in a rollover are
often repaired straightening their structures in
repair benches. To date it has not been
considered in any regulation, the establishment
of repair or inspection criteria for structures of
coaches after experiencing an accident.

It has been considered a need to evaluate,
experimentally in a first step, the loss of energy
absorption capabilities of repaired rectangular
hollow sections. A methodology to simulate this
loss of mechanical properties in FEM models is
mandatory, in order to investigate this change of
behavior in profiles with different section without
the cost of having to run tests.

This research consists of the following two phases: The first one is the experimental study of
the behavior of the steel rectangular hollow sections by means of bending tests. The second
one has consisted in emulate the behavior found in the tests with FEM models as faithfully as
it can be. The sequence of both tests and F.E.M. models are shown below.



Abstract 
The LHC will be upgraded in the framework of the High-Luminosity LHC (HL-LHC) project. Among other equipment, the HL-LHC requires the MCBXF 
magnets. They consist of two nested superconducting dipoles acting on the horizontal and vertical plane. Their main design challenge is the mechanical 
structure necessary to hold the large torque -around 100 kN∙m per unit length- arising when both dipoles are powered. Due to the expected radiation 
dose, a mechanical clamping is required. An innovative support structure based on stainless steel nested collars is proposed, achieving the clamping 
between inner and outer collars by means of a large key-slot. FEM simulations are carried out to assess the stress distribution at each load scenario. As a 
proof of concept to validate the feasibility of the assembly, a short mechanical model of 150 mm has been produced and successfully tested. The results 
presented here states that the proposed structure works as expected, enabling its use in the full length prototype. 

Design, fabrication and test of a short 
mechanical model of the orbit corrector 
magnets for the High-Luminosity LHC 
aJ.A. García-Matos, aP. Abramian, aJ. Calero, aP. Gómez, aJ.L. Gutiérrez, 
aL. García-Tabarés, aD. Lopez, aJ. Munilla, aF. Toral, bN. Bourcey, 
bP. Fessia, bS. Izquierdo-Bermudez, bJ.C. Pérez, bE. Todesco 
aCIEMAT (jesusangel.garcia@ciemat.es), bCERN 

Introduction 
The design and construction of the first MCBXF prototype is developed by 
CIEMAT in the framework of a collaboration agreement with CERN. MCBXF 
purpose is to introduce small turns in the particle beam in the direction and 
intensity that is necessary to compensate for possible deviations in the 
trajectory. To this end, they consist of two nested superconducting dipoles 
acting on the horizontal and vertical plane. 

Acknowledgments: This work has been partially funded by CERN contract KE-2292 and the Spanish Ministry of Economy, Industry and 
Competitiveness under projects ref. FPA2013-47883-C2-2-P and Resolution on May 24th, 2016.  
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To evaluate this proposal, mechanical calculations have been made using 
2.5D FEA in ANSYS Workbench®. Every load step from magnet assembly, to 
cooldown and powering has been simulated, as well as the necessary 
pressing to close both group of collars.  Final design simulations show that 
all the materials are kept below their yield limits at all scenarios. 

Mechanical design and simulation 
The nested stainless steel collars support structure proposed for this 
magnet must hold the Lorentz forces of the individual magnets (mainly 
outwards the aperture, perpendicular to the field direction) and also the 
torque due to the combined operation. 

  

 

 

 

 

 

 

 

 

To achieve this, 3 mm thick male and female collars are placed around the 
coil, flipped 180º at each layer respect to the previous pair. Collar packs are 
obtained, alternating male-female, clamped together with rivets and to the 
opposite pack by means of pins (inner dipole) and keys (outer dipole). 
Interference between coils and collars noses has been implemented in 
order to assure the necessary pre-stress in the coils to avoid quenches. 
Thus, it is necessary to press each collar set to get some play with respect 
to its nominal position in order to introduce pins and keys and get the final 
assembly. The clamping between inner and outer collars is achieved by 
means of a large key-slot, close to the pins.  

Conclusions 
HL-LHC orbit correctors are not very high field magnets, but result in a 
challenging design, because of the large aperture and nested 
configuration. Detailed mechanical analyses have been performed to 
validate the current design. The short mechanical model test results 
validates the feasibility of the assembly and the results of the mechanical 
simulations. 

Forces and torque scheme over 
displacement distribution (x30)  

F 

B 

Fabrication and test 
A short mechanical model of 150 mm length using aluminium dummy coils 
has been assembled as a proof of concept of the support structure. This 
way not only the assembly but also the FEA simulation models used to 
determine coils pre-stress, assembly clearances and materials integrity at 
each load scenario could be also assessed and validated. 
A whole set of dedicated tooling has been designed and produced to this 
end. The nominal gap between the cradles that push the collars together is 
0.3 mm for both dipoles and according to FEA simulations, closing this gap 
0.1 mm and reaching 0.2 mm should be enough to assemble pins and keys 
properly. The pressing force necessary to achieve this should also not be 
greater than 50 Tm according to simulations. 
 
 
 
 
 
In order to properly monitor the test, four displacement gauges with 
micron accuracy are placed at the cradle end faces, two at the front and 
two at the back. Three collars laminations are also instrumented with strain 
gauges to monitor the pressure seen by the collar noses. The results 
obtained from the test agree with the simulations at all levels, from the 
strain seen by the gauges, to the pressure and displacement needed to 
close the collars. Although further testing is required, these results prove 
that the proposed structure works as expected, enabling its use in the full 
length prototype. 

Azimuthal pressure on 
inner/outer collar nose at 

pins/keys insertion 

Azimuthal pressure on 
inner/outer collar nose at 

press release 

Simulation 108 / 110 MPa 74 / 81 MPa 

Test (average) 106 / 124 MPa 72 / 89 MPa 

2D Magnetic 
field map 
 

Coils 3D view 

A: Assembly clearances. B: Strain gauges at outer collar nose.  
C: Setup for outer collar assembly test. 
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Abstract 
Extreme Value Statistics has a long tradition in the field of mathematics, but it was not until the 1950’s that it has emerged as one of the most important 
statistical disciplines for the applied sciences. The reason for its success is the enormous variety of applications that demand extreme value estimations in 
diverse fields such as natural phenomena (typhoons, floods, air pollution), materials design in engineering, risk analysis for insurance companies, finances 
or traffic flow. 
We present a comparison of several methods for estimating extreme wind speeds in areas with adverse weather conditions. These methods assume 
independent observations, which is an unrealistic assumption in practice, so it is usual to assign a minimum separation time to ensure the independence 
of extremes. An innovate method, based on GARCH models that removes the constraint of independence, is currently being drawn up. 

Extreme Value Theory:  
Applications for adverse weather conditions 
aCristina Sáez, aCarolina García-Martos, aMaría Jesús Sánchez 
 
aTechnical University of Madrid  
(csaezbonales@gmail.com - garcia.martos@upm.es -  mariajesus.sanchez@upm.es) 

1. Motivation and aim 
For the construction of a wind farm, one of the renewable energies that are 
undergoing greater development, it is crucial to determine the most suitable 
wind turbines according to environment conditions as it has important 
repercussions on the costs of the structure  and its safety. 
 
 
 
 
 
The aim of this work is  to provide a good estimation of reference wind speed 
that allows to decide the wind turbine class  that best suits  our needs. 

3. Data 
10-minute observations of wind speed at a height of 40 meters from 
September 2009 to August 2013 in the province in Cagayan, 
Philippines. 

2. Methodology 
 Method r-Block Maxima (r-BM) 
Divide data in blocks, select r-extremes in each block and fit Generalized 
Extreme Value distribution (GEV). 

 Method Peaks-Over-Threshold (POT) 
Select values above a certain threshold and fit Generalized Pareto distribution. 

 Method Independent Storms (MIS) 
Identify storms independent of each other, select maximum value for each 
storm and fit GEV distribution. 

 GARCH approach: Ongoing project 
Fit a GARCH-type model to all the values making no assumption about its 
distribution and  model  its  tail  using method POT.  

4. Results 

Pre-parameters: r=15 val./block; Min. sep=60h 
Data: 60 values  13 independent values 
Reference Speed: 31.85 m/s  Turbine  Type III  
Confidence Intervals Bootstrap: [18.6, 37.4] 
Pros: Easy to implement. 
Cons: r-maximum value need not be an extreme. 

IEC 61400-1 Classification of Turbines  

Strong 
gale on 
Beaufort 
Scale 

Method r-BM Method POT Method MIS 

Pre-parameters: Threshold=24m/s; Min. sep=60h 
Data: 43 values  4 independent values 
Reference Speed: 43.53 m/s  Turbine  Type II 
Confidence Intervals Bootstrap: [29.5, 45.2] 
Pros: More effective use of extreme values. 
Cons: Pre-set threshold. Have to ensure                      
           independence. 

Pre-parameters: Minimum threshold = 22m/s 
Data: 54 independent values 
Reference Speed: 33.64 m/s  Turbine  Type III 
Confidence Intervals Bootstrap: [30.2, 37.1] 
Pros: Effective use independent values 
Cons: Have to ensure independence   
           NEXT STEP: GARCH approach 



Abstract
In this work, the short-term electric load forecasting method that is currently used for the Spanish mainland, is implemented for a local zone. A

regression-spline model has been designed to implement the relationship between temperature and energy demand, including a different model: local
temperatures, inclusion of minimum daily temperatures, and the interaction with working and non-working days.

To check the method's performance, a real data set from the Spanish electricity system has been used and the developed algorithm has been tested
employing the MSE as the performance metric, analyzing the electric zone of Madrid.

Local forecasting of electric demand: Madrid

aMiguel Carretero, aEduardo Caro, aJesús Juan, aJavier Cara

aLaboratory of Statistics - Technical University of Madrid 
(eduardo.caro@upm.es)

Motivation and aim
For any transmission system operator, it is important to have a proper

prediction for the short-term future consumption. This is particularly
valuable in the electric power framework: since the electricity cannot be
efficiently stored, the electricity system operator must meet generation
and demand on a real-time basis.
The aim of this work is to enhance the quality of the short-term load

forecasts applied to a local zone.

Results

Temperature model
The non-linear relationship between temperature and electric load has

been modeled using a spline-regression model Wahba (1990) and Wood
(2006):

where

In this model, the maximum and minimum daily temperatures have
been considered. Additionally, the regressors of temperature have been
duplicated, in order to consider the effect of temperature over working
and non-working days, respectively.

Non-working days model
In order to model properly the relationship between holidays and the Madrid’s electric

load, it has been included a set of regressors using dummy variables. For each public
holidays, a set of 0/1 variables is included, considering the day of the week and the
following/previous days. This model leads to a set of around 300 variables.

The implementation of the forecasting model to an smaller electric zone has proved to be
accurate and reliable.
As an illustrative example, the figure below provides the forecasted (green line) and the

actual load demand (blue line), denoting accurate results.

Real and forecasted electric load for a week using the developed model.

Hourly mean squared error for several models tested, leading an average MSE of 4.8.

Effect of January 6th over Madrid’s demand.





Abstract
Neutron particle transport problems, often feature a several orders of magnitude range of variance in the result. When using Monte Carlo methods, this
results in a situation where many millions, or even billions of histories must be run in order to obtain just a few tracks in certain parts of the problems.
Variance reduction methods aim to solve this problem in a number of ways. In particular weight windows cause particles to split in several tracks with
lower weight, in order to keep track density more homogeneous. MCNP in particular features a weight windows generator, but it is severely limited,
specially when trying to improve the global solution rather than a particular area. Thus, we have implemented an in-house weight window generator
featuring farmore control, and power, and ease of use thanks to modern programming language.

Advanced variance reduction methods in 
Monte Carlo calculation

AM.Magán, F. Sordo, bJ.M.Perlado

AESS-Bilbao/Instituto de Fusión Nuclear (mmagan@essbilbao.org)
BInstituto de Fusión Nuclear

Global Variance Reduction in MCNP
Concept
In an analog Monte Carlo calculation, the density of track, directly correlated to uncertainty, mimics the flux density. This is usually highly inconvenient, so
GVR (Global Variance Reduction) aims at "flattening said track density. Thus, a good initial approach to reduce the disparity is decrease the
weight proportionally to flux. An exponential transform can be used to adjust how agressive we wish to be in GVR.

Power made easy: The mesh tally class.
MCNP uses fortran and ancient programming, making for inputs that are virtually human-unreadable. However, we are not bound to its tools. By using
object oriented programming, we have implemented a mesh tally class.

• Easy input/output.

• Tally modification:Merging, energy and space collapsing possible.

• Possibility to use geometrical masks to customize the GVR, i.e. define high interest zones/energies.

• Artificial mesh tallies (guesstimates, deterministics calculations, etc) can also be transformed into mesh tallies and used.

Implementation
Using mesh tallies in MCNP, we can get a volume distribution of the flux in, either in cartesian or cylindrical coordinates with an analog (i.e: No GVR)
run, and use that to generate a first window. That window can then be used to get a solution that reaches farther, and iterate until we cover the
entire geometry.

Tried & True: Benchmarked for ITER IO
The method has been used in two benchmarks: One simple geometry, conceptual exercise, and another complex problem featuring a full-blown model
of the ITER tokamak.

Out in the wild: Applied in the ESS and ITER projects
Currently this method is being used in two of the most important experimental nuclear facilities in the world: the European Spallation Source and the
ITER project, with excellent results.



Abstract
Prompt gamma neutron activation analysis (PGNAA) using a Deuterium-Deuterium (D–D) neutron generator, is one of the most promising method to detect
explosives and illicit substances. Using Monte Carlo methods with MCNP6 code, a model of a DD Generator (DD-110 Adelphi Technology [1]) has been built
with one or two NaI(Tl) detectors of 1.5” x 1” size in order to determine an optimal configuration. Several calculations have been performed to analyse the
detection power for samples of different explosives: RDX, Ammonium Nitrate, land mines, military and homemade explosives, have been selected. Different
models have been made varying moderator and shielding thicknesses (polyethylene and lead) and we conclude that the configuration with 10 cm thickness
of polyethylene, is the best configuration to obtain a neutron thermal flux appropriate for detection of these simulated samples of explosives.

Monte Carlo study of detection systems of explosives 
and illicit substances using a D-D neutron generator

Lenin Cevallos, Eduardo Gallego, Karen A. Guzmán-García, Gonzalo García

Departamento de Ingeniería Energética, ETSI Industriales, UPM 
Contact: lenin.Cevallos.robalino@alumnos.upm.es

Introduction
D-D Neutron generator: Fusion of light nuclei is the most common approach used with particle accelerators to generate neutrons; the most common of
these reactions used for producing neutron are listed in the Table 1. While other reactions also exist and have been used with accelerators these are the
ones that have been found to be the most useful, the easiest to employ, and the most efficient for the purpose [2]. Polyethylene ((CH2)n), is an effective
neutron shielding material for neutrons and displays excellent attenuation behavior because of its hydrogen content (14% by weight) and its density. In
polyethylene, the hydrogen capture of thermal neutrons is through the 1H(n, γ)2H reaction which has a cross section of 0.33 barn for neutrons in thermal
equilibrium at room temperature (En = 0.027 eV) [3].

Reaction
Q Value 

[MeV]

Minimum Product 

Energies [MeV]

Table 1: Common nuclear reactions particle accelerators use 

to produce neutrons. [1].  

           

           

                

                 

            -1.644

+17.589

+3.269

                

            +15.031                  

           -1.850                

             +4.361                
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2,50E-02 1,33E+05

1,00E+00 3,97E+05

2,50E+00 1,33E+05

TOTAL 6,62E+05

Neutron 

energy 

(MeV)

Neutron flux 

(n cm-2 s-1)

Materials and Methods
Is in development a system of detection based through the use of the reaction Deuterium-Deuterium (D-D), the when generate neutrons in the reaction,
through these system has been simulation with the use of the code Monte Carlo, the process is the detection of explosives, identificating the elementals
compounds of the sample in the reaction of the thermic neutrons, as the issue gamma fast of 10.82 MeV in the nitrogen [4]. The main problem, is the
differentiation of the materials elements considered parasites, in the identification of the amount of hidden explosives [5].

Results

The determination of the
H, C, N and O in samples
through of use of a
source of neutrons,
provide an invaluable
tool in the identification
of substances in samples
and baggage. A neutron
beam interacts with the
sample and the amount
of H, C, N and O. [6] can
be determined through
the emission of gamma
rays and their energy
spectra.Figure 3.- Gamma ray spectrum from an activated RDX sample 

through MCNP6.

Figure 4.- Neutron flux as a function of distance 
from neutron generator (cm) 

Figure 1.- MCNP geometry of the explosives 
detection system based on a D-D neutron 

generator and 1.5” x 1 NaI detector

Figure 5.- Neutron dose equivalent rate (µSv/h) due to the 
explosive detection system at points 0.5 1.0 1.5 and 2.0 m, 

corresponding to figure 2.
Table 1.- Common nuclear reactions used to 

produce neutrons  in particle accelerators

Table2.- Calculated neutron 
flux at the sample position 
for a 1,0E+11 n/s neutron 

generator output. 

Conclusions
An explosive detection system based on a D-D neutron generator
has been conceptually designed incorporating reliable and effective
radiation shielding of the gamma-ray detector using MCNP6. The
detection of explosives using thermal neutrons is primarily based on
the identification of nitrogen through its 10.82 MeV capture ɣ-ray.
The 2.5 MeV neutrons produced from the D-D neutron generator
with an output of 1.0E+11 n/s could be used to detect explosives
with an NaI detector.

Figure 2.- Scheme neutron dose equivalent rate (µSv/h) due to the 
explosive detection system at points 0.5 1.0 1.5 and 2.0 m, 

corresponding to figure 1 configuration.  

Figure 6.- Gamma ray spectrum from an activated Nitrate 
Ammonium sample through MCNP6.
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Abstract 
A Fukushima Daiichi Unit 3 MELCOR model from Technical Research Centre of Finland (VTT) was modified to simulate the Fukushima Daiichi Unit 2 
accident. Several simulations were performed using three different modeling approaches. The base model (Case 0) includes only the basic modifications to 
reproduce the accident. The intermediate model (Case 1) includes an improved alternative injection curve. In the third model (Case 2), the Reactor Core 
Isolation Cooling (RCIC) system fail is modified. Results are compared against Tokyo Electric Power Company (TEPCO) measured data obtained during the 
accident. It is concluded that there is a strong dependency on parameters which still have many uncertainties, such as the RCIC two-phase flow operation, 
the alternative water injection and the suppression pool failure criteria, which affect the reactor final state. 

Fukishima Daiichi Unit 2 Accident 
Analysis with MELCOR 2.1 

 a R. Bocanegra, b V. Di Marcello, b V. Sánchez-Espinoza, a G. Jiménez 
 

a Grupo de Ciencia y Tecnología de sistemas avanzados de fisión nuclear, ETSII UPM 
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b Karlsruher Institut für Technologie (KIT) 

CONCLUSIONS 
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3D GOTHIC Model
Model in GOTHIC
The thermal-hydraulic code GOTHIC has been used to create a 3D

containment model. The model has been developed following three
steps. Firstly, building a detailed CAD 3D model. Then, modifying this
CAD model to obtain a simplified CAD 3D model, and finally,
developing the GOTHIC 3D model.

Definition of a new Local Damage Criteria
A new definition of damage for containment analysis is proposed

based on the qualification criteria for safety equipment and
instrumentation and is based on the temperature limitation (148.9 °C)
in the equipment and qualification criteria.

Mass and Energy Release
The postulated accident consist of a DEGB LOCA in the RCS cold

leg. The M&E release data, used as input, was obtained from a
MELCOR model developed at UPM. The NPP taken as reference is a 3
loop PWR-W with a power generation of 2696 MWth.

Simulation Results
Post-processing software

Base case results
The averaged values of temperature

(114 °C) are under the limits stipulated by
the classical criteria, 148.9 °C.

The temperature evolution in each room
does not reach homogeneity at any
moment, and nearly all rooms have
different temperatures.

The hot spot is located in Room 5, where
the break is located. The high vapor
temperature moves through Room 5 to the
adjacent rooms, as well as the dome.

In certain rooms the max temperature
peak exceeds the temperature limits. Under
the Local Damage Criteria (LCD) this Best
Estimate simulation would exceed the
generic equipment qualifying limit in 8
rooms.

Conclusions
A new damage criteria has been defined and proposed based on the qualification criteria for safety equipment and instrumentation setting the

maximum temperature locally allowed in 148.8 °C with an 8 °C margin. Subsequently, this criteria has been applied to a DEGB LOCA in a PWR-W 3D
containment model developed with GOTHIC 8.1 (QA), showing that the LDC is surpassed.

From the results obtained, several proposal are released. The first one is that LDC should be used to evaluate the potential damage for the
containment equipment and instrumentation during an accident. The second one is that the qualification basis for equipment and instrumentation
should be made taking into account the results from local values, because the temperature heterogeneity in the containment rooms makes invalid
the average values.

Towards the definition of a local damage 
criteria for containment safety analysis

Kevin Fernández-Cosials, Rafael Bocanegra, Samanta Estévez-Albuja, Zuriñe Goñi, 
Gonzalo Jiménez
Grupo de Ciencia y Tecnología de Sistemas Avanzados de Fisión Nuclear (ETSII, UPM) 
(kevin.fcosials@upm.es)
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Abstract
Nuclear Power Plant (NPP) containment analysis has been done historically under the lumper parameters approach. This was useful when the first NPPs
where designed back in the late 60s. Those analyses provide an average pressure and temperature the containment must withstand during a Design Basis
Accident (DBA). However, recent analyses have been proven the previous ones not only inaccurate but also useless in terms of temperature. Recently, these
analyses have been remade in the UPM Safety Group with the current computational capabilities and with 3D models of the containment building. As a
consequence, a new type of damage have to be defined for local surpassing of the equipment temperature limits. As a result of these works, the local
damage criteria has been developed. It is may be time to reconsider this criteria for future design of NPPs.

148.8  °C Max temp. limit



Abstract
The Sustainable Nuclear Energy Technology Platform has selected the Lead-cooled Fast Reactor as one of the three technologies that can meet future
European energy needs. In nuclear reactor design the technological uncertainties mainly come from material properties, fabrication tolerances, operative
conditions, simulation tools and nuclear data. The uncertainty in nuclear data is one of the most important sources of uncertainty in reactor physics
simulations, however, significant gaps between the current uncertainties and the target accuracies have been systematically shown [1]. The objective of
this work is to improve the quality of the nuclear data required for the design, operation and licensing of lead-cooled fast reactors, in particular MYRRHA ,
and for the operation of any nuclear facility using lead as one of its main materials (e.g., medical facilities).

Nuclear Data for the Safety of Lead-based 
Cooled Facilities

aP. Romojaro, aN. García-Herranz, bF. Álvarez-Velarde 

aDepartamento de Ingeniería Energética, ETSII-UPM (p.romojaro.otero@gmail.com)
bDivisión de Fisión Nuclear, CIEMAT

MYRRHA
The flexible experimental Accelerator Driven System (ADS) MYRRHA (Multi-
purpose hYbrid Research Reactor for High-tech Applications) is being
developed at SCK•CEN, Mol, Belgium [2]. MYRRHA will fulfil the role of
European Technology Pilot Plant in the roadmap for the development of the
lead fast reactor. It is expected to be fully operational by 2025. MYRRHA is
conceived to operate both in critical mode and sub-critical mode as an ADS
(Figure 1). Designed as pool type facility, it takes the advantages of lead-
bismuth eutectic both as intense neutron producer via proton induced
spallation reactions and effective coolant providing a fast neutron spectrum.
It will be used for research on applications such as long-lived radioactive
waste transmutation, development of materials for fast spectrum reactors
and fusion technology, production of neutron irradiated silicon, production
of radioisotopes for nuclear medicine and fundamental research.

Figure 1. MYRRHA: an Accelerator Driven System
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Uncertainty quantification (UQ)
Sensitivity and uncertainty analyses were carried out in order to estimate the uncertainty in the criticality safety parameters and to identify the most
important nuclear data for neutron induced reactions of MYRRHA and of the Advanced Lead Fast Reactor European Demonstrator (ALFRED) [3], a GEN-IV
fast reactor cooled by lead which will demonstrate the technology. The analyses were carried out with the SCALE6.1 system [4] and the SUMMON
methodology, which has been developed in the framework of this work. A summary of the results is presented in Tables 1 - 4.

Quantity 
Δk/k (%) 

SCALE6.1 SUMMON 

239Pu  0.705 0.702 
238U(n,n') 0.319 0.332 
239Pu(n,) 0.270 0.268 
240Pu  0.235 0.234 
239Pu(n,f) 0.188 0.188 

 

Quantity 
Δk/k (%) 

SCALE6.1 SUMMON 

239Pu  0.703 0.713 
238U(n,n') 0.533 0.534 
239Pu(n,) 0.266 0.262 

240Pu  0.243 0.245 
239Pu(n,f) 0.213 0.166 

 

Quantity 
Δ/ (%) 

SCALE6.1 SUMMON 

238U(n,n’) 37.7 13.8 
206Pb(n,n') 13.8 14.4 
207Pb(n,n’) 18.2 11.5 
239Pu  13.3 8.77 
204Pb(n,n) 1.21 24.3 

 

Quantity 
Δ/ (%) 

SCALE6.1 SUMMON 

238U(n,n’) 8.53 10.4 
239Pu(n,n') 1.53 11.9 
207Pb(n,n’) 1.18 0.83 
239Pu  1.14 1.80 
238U(n,) 1.09 0.56 

 

Table 1. UQ MYRRHA nominal conditions Table 2. UQ ALFRED nominal conditions Table 3. UQ ALFRED COOL +20% Table 4. UQ ALFRED TFUEL +300 K
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Nuclear data improvements
State-of-the-art nuclear data evaluations for lead were analyzed, focusing on the beta proposal of the Joint Evaluated Fission and Fusion (JEFF) library.
Inconsistencies (Figure 2) were found and reported to the JEFF collaboration [5]. The proposed corrections [6] have been adopted in the latest version of
the library (Figure 3).

As part of this work, new transmission experiments will be performed at the JRC-Geel GELINA facility to validate Pb nuclear data in the resonance region.

Figure 2. 207Pb(n,tot) JEFF-3.3T1 compared against experimental data Figure 3. 207Pb(n,tot) JEFF-3.3T1 and JEFF-3.3T2 comparison





Abstract
A numerical model is developed that represents a 2/5 scale reinforced concrete waffle-flat plate structure tested on a shaking table. The numerical model
was built using Engineer’s Studio, Japanese FEM software which implements Maekawa’s approach for simulating reinforced concrete elements. The model
uses rigid, spring, frame and layer-shell nonlinear elements with their constitutive laws calibrated with material tests. The model was firstly subjected to
nonlinear static (pushover) analysis and then to non-linear dynamic time history analysis. The former allowed an overall check of the strength-
displacement relationship. The latter consisted on subjecting the numerical model to the same (four) acceleration records applied to the test specimen
during shaking table tests conducted by the authors in previous studies. The acceleration records reproduced the ground motions recorded during the
Campano-Luchano Earthquake at Calitri, scaled to four levels ranging from 100% to 350% times the acceleration of the original record. The numerical
model reproduces accurately the experimental response in terms of maximum displacements, forces and history of energy input. The correspondence in
terms of history of displacements is also satisfactory.

Numerical simulation of shaking table tests on a 
reinforced concrete waffle-flat plate structure

aD. Galé-Lamuela, aA. Benavent-Climent

aDepartment of Mechanical Engineering, Polytechnic University of Madrid, Spain 
(david.gale@upm.es and amadeo.benavent@upm.es)

Specimen for testing

Discussion and results 
Developing a numerical model which is able to simulate reliably the strongly nonlinear behavior of a real
structure tested on a shaking table test up to collapse is very cumbersome. The difficulty increases in case
of systems such as waffle-flat plate structures which behavior near collapse is controlled by the torsional
failure of the spandrel beams located in the exterior plate-column connections. Conventional elements do
not cover all types of nonlinear behavior and failure mechanisms (flexure, shear, torsion, etc). In particular,
most frame elements cannot represent the torsional response in the non linear range (only elastic linear).
To fix this problem, no linear torsional spring elements were introduced in the model at the locations
prone to experience torsional failure. Overtaking the problems mentioned above, the authors succeeded
in developing a numerical model that is able to match very well the history of energy input by the ground
motion the structure. This input energy is the work done by the inertial forces that develop in the mases
on their relative displacement to the ground. Fitting accurately the history of input energy is essential to
understand what happened in the tested structure with the information provided by the numerical model.
Besides, the model is able to capture in a satisfactory was the displacements and accelerations at the top
of the structure, the base share force, and the relationship between top displacements and base shear
force. Once the everything is matching, the following step will be to obtain from the numerical model
detailed information that cannot be obtained form the tests, such as the dissipated energy in plate-column
connections, and to perform parametric studies.

Numerical Model



Abstract
Soft stories constitute a major reason for building collapses during severe earthquakes. The present study investigates a solution for the seismic upgrade of
existing reinforced (RC) concrete frames with open first story and masonry infills at the upper stories. It combines the addition of hysteretic dampers with
the strengthening of the columns of the first story. The energy-based design procedure put forth provides the strength, stiffness and energy dissipation
capacity required for the dampers so that the overall structure can endure the design earthquake without exceeding a prescribed maximum drift at the
first story. Finally, using the code for Inelastic Dynamic Analysis of Structures (IDARC-2D), non-linear dynamic analyses are carried out to evaluate the
seismic performance of the retrofitted structures and to validate the proposed procedure, the results obtained show that the proposed solution is feasible.

Seismic upgrading of frame structures with a soft 
first story by using hysteretic dampers

Introduction and Objective
Frame structures with open first stories and masonry infills
at the upper stories are common in earthquake-prone areas
all around the world. It is a very attractive solution from the
architectural point of view because it allows for large
openings to harbor commercial activities, or space for
parking. However, it introduces a sudden discontinuity in the
lateral strength and stiffness along the height that can result
in severe damage concentration. Due to this seismic
deficiency many buildings with soft ground story collapsed
in past earthquakes (e.g., Northridge-1994, Hyogoken-
Nanbu-1995, etc.). Figure 1 shows the schematic solution
proposed in this work. The main objective of this study is to
achieve a structure able to dissipate most of the energy
input by the earthquake in the first story, approaching the
behavior of the base isolation systems.

a Santiago Felix Mota Paez*, a Amadeo Benavent Climent
aDepartment of Structural Mechanics, Polytechnic University of Madrid, Spain

(sf.mota@alumnos.upm.es, amadeo.benavent@upm.es)

Conclusions
This investigation proposed a new retrofitting solution and a method for designing and checking the main frame, that protects satisfactorily the existing
structure and prevents damage under severe earthquakes in both, first story and upper stories. The proposed design method allows for optimal
combination of different seismic upgrading strategies (traditional with composite materials and innovative with energy dissipators).

Methodology
To achieve the main goal, several numerical models representing existing RC frames
buildings with 3 (N3), 6 (N6) and 9 (N9) stories (Figure 2) where developed using IDARC-
2D code. Beams and columns are modeled as 2-node frame elements with plastic hinges
that concentrate the non-linear behavior at both ends. A graphical representation of the
plastic hinge hysteretic rule is shown in Figure 3. Next, a simple method to design the
proposed seismic upgrading solution is outlined. The method is based on the theory of
energy balance of Housner-Akiyama. Finally, the three models developed were subjected
to thirty natural accelerograms corresponding to far field earthquakes. Their 5% damped
elastic response acceleration spectra are shown in Figure 4. The ground motions are
selected from PEER and LIS ground motion database respectively.

Results
Figures 5-7 show the response of the 3, 6 and 9 story prototypes respectively, in terms of
the maximum inter-story drift (𝛿𝑚𝑎𝑥,𝑖), expressed as ratio of the maximum inter-story
drift at story 𝑖 to the corresponding story height (𝑀𝐼𝑆𝐷𝑅, 𝑖). It can be seen in Figures 5-7
that the 𝑀𝐼𝑆𝐷𝑅, 𝑖 remain within acceptable limits. Within these limits, the damage in
the RC columns is negligible. The cumulative distribution function (CDF) was obtained by
assuming a log-normal distribution of the maximum inter-story drift ratio. It can be seen
that the probability of 𝑀𝐼𝑆𝐷𝑅 at the first story being smaller than the design value is
about 91%, 81% and 67% for prototype N3, N6 and N9 respectively.

Figure 1: Proposed solution schema, steel 
hysteretic damper and FRP/SRP.

Figure 3: Hysteretic rule of the
plastic hinges.

Figure 2: 3D view of prototype buildings

Figure 4: Elastic response spectra of non-impulsive ground motions

Figure 5: MISDR for 3 story prototype Figure 6: MISDR for 6 story prototype Figure 7: MISDR for 9 story prototype
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SEISMIC DESIGN OF STRUCTURES WITH SEISMIC 

ISOLATION BASED ON ROCKING COLUMNS
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Proposed Seismic Isolation System with Rocking Columns at the lower story
In the next figure are shown the layout of a conventional base seismic isolation system with bearings, and of the proposed system with “Rocking Columns”

replacing all the columns at the lower storey of the building located over the ground. With respect to the former, the later has, among other advantages :

• The necessity of and additional storey of beams totally devoted to the bracing of the bearings, and of a perimeter horizontal joint, are avoided.

• The frame behaves as rigid, like a conventional frame, towards the forces originated by the vertical gravitational loads, and by the horizontal loads like

the wind loads, up to the value of the horizontal force that initiates the “rocking” movements in those columns. In such way, a greater monolithic

behaviour is achieved, allowing a better performance of the frame with respect to the serviceability limit states.

Since the first research work, it was shown that in order to get a

behaviour of the frame appropriate to fulfill the requirements of a

performance-based design :

• It was necessary to get a Backbone Curve describing the behaviour of

the Rocking Connections located at the top an bottom extremes of

the Rocking Column, showing an elastic behavior along most of the

range of rotation movement, and with intervals of negative or positive

stiffness depending upon the case, as shown in the adjacent figure.

• This desired Backbone Curve could be achieved with an unbonded

strand located at the axis of the column, anchored at the top and

bottom beams of the rocking column, and installing a “gap” device in

one of the two anchorages that allows the beginning of the loading of

the strand only after the rocking connection has opened and has

travelled through a certain angle of aperture.

• In such way, it is possible to get a pure “rocking” movement with

negative stiffness, necessary to get de desired seismic isolating,

during the first interval after the aperture of the rocking connection,

and after the closing of the “gap”, to get an interval with positive

stiffness, necessary to avoid the overturning of the entire frame at

extreme seismic events. The desired Backbone Curve can be obtained

adjusting the parameters of the elements that constitute the Rocking

Connection

The proposed Rocking Connection with customizable Backbone Curve

Future work
For a practical use of the proposed solution, it would be useful to develop a

column unit, totally or partially prefabricated, integrating in it the possibly

necessary energy dissipation system, performed with metal yielding devices,

or deformation of viscous fluid or solid devices. In such way, it would be

possible to avoid setting the necessary diagonal bracing bars containing these

devices, eliminating this servitude in the use of the lower storey.

Abstract
The use of “Rocking Columns” in order to implement the base seismic isolation of structures is becoming the object of recent research works and the focus

of increasing interest in technical publications. Most of the research works presented up to date have usually dealt with the design of reinforced concrete

structures that allow such rocking movement by means of interruption of the continuity of the longitudinal reinforcement at the rocking connection

located at the top and bottom of the columns that will be allowed to rock, and also accepting the local yielding and spalling of the concrete at the

perimeters of the contact section. There have also been some real applications in seismic isolation of new or retrofitted bridges, and also in studying the

behavior of planar frames of one-story historic buildings formed by an array of freestanding columns capped with a freely supported rigid beam. However,

there is almost a total absence of research works focused on the study of this type of isolating system applied to multi-story buildings. The research work

presented here has the object of evaluate the feasibility of using this type of seismic isolating system by means of a proposed particular system of «rocking

columns» located at the lower story of the building, developed with the possibility of customizing the backbone curve that defines the behavior of the

rocking connection in order to fulfill the requirements of a performance-based design of the frame. This is proposed as an alternative to the traditional

seismic isolating systems performed with bearings, evaluating the advantages and disadvantages with respect to them





Problem description

Algorithm description

Abstract
Long-term crew scheduling on underground and railway passenger transport has been widely studied in recent years. However, these approaches are not

efficient enough for companies which require crew scheduling on daily basis for operational decisions. We present a hybrid constraint programming and

column generation approach for obtaining optimal or near-optimal solutions in daily planning for the constrained crew scheduling problem in

underground transportation. The algorithm presented has been implemented for Transports Metropolitans de Barcelona (TMB), Barcelona, Spain.

Algorithms to aid operational management in 
urban transport systems.
a Daniel Herrero Giner, bÁlvaro García, cMiguel Ortega

a INGOR (e-mail: dani_herrero@yahoo.es)
b INGOR (e-mail: alvaro.garcia@upm.es)
c INGOR (e-mail: miguel.ortega.mier@upm.es)

• The problem concerns in obtaining a feasible assignment of tasks

for each employee, with the objective of covering as many tasks as

possible considering that all tasks could not be equally important.

• Tasks can require different employees in terms of qualifications.

• Employees have a start time and an end time, which are hard

constraints.

• Feasible schedules for each employee are subject to different

constraints as maximum driving time, interconnection time

between different trains, minimum rest in journey...

• Given the operational character of the problem, the number of 

available employees for each day is known, so the objective is not 

to minimize the number of employees but obtaining a feasible and 

good quality schedule for all of them considering the optimality 

criteria described above.

1. Clustering:
The first step of the algorithm, consists of

classifying the profiles in sets (clusters),

according to their start time and end

time. Each cluster is feature by a start

time and an end time, and the

intersection between clusters does not

have to be empty. The requirement for

one profile to belong a cluster, is that its

journey is contained in the cluster period.

According to this classification, all their

feasible schedules are a subset of the

feasible schedules of the cluster.

2. Services generation
The next step is to obtain all feasible

schedules for each profile. A feasible

schedule can be defined as a combination of

tasks which can be developed by an

employee in the profile. This assumption

implies that:

• All employees in the profile can develop

one task after the other in the order

proposed, and under the timing defined.

• The schedule satisfies all the constraints

proposed.

3. Services assigment

The objective of this module is to

obtain the best combination of

schedules in order to cover as many

tasks as possible.

It considers the uncoverage

preferences and the limited employees

introduced as input data.



Abstract
At present, onboard electronics are the heart of a modern vehicle. The complexity of network architectures and in-vehicle functions grow in every new
model. It is possible to find over 100 million lines of code within a modern high-end car, more than an F-35 jet fighter or a Boeing 787.

This huge amount of code is one of the most important source of errors within a car. Automotive industry is very concerned about safety risks that all
these challenges implY. That is why OEMs joined in the AUTOSAR development partnership in 2003. And that is the necessity behind ISO26262 standard as
well. Meeting all requirements to comply with ISO26262 requires an in-depth analysis to align all involved processes of the company with that objective.

In this paper, a description of one of the steps involved in these matters is explained: the creation of a control algorithm for energy management and its
HIL functional testing. All work is based on a vehicle plant model build with AVL Cruise® software; the algorithm stage has been developed using Simulink-
Stateflow® and Vehicle Network Toolbox® has also been used to run functional testing of real hardware.

Development of an energy management 
embedded controller for a range-extended hybrid 
vehicle using model-based design and HILs
aResino, D., bMarcos, D., cLópez, J.M., dFernández, D.

a,b,c,dUniversity Institute for Automobile Research – UPM, (daniel.resino@upm.es)

Vehicle plant model
In this case, a 4WD vehicle model was developed using AVL Cruise® software. The ECU that will be
tested has been extracted from the model and replaced by an interface block that enables to send
and receive exactly the same variables that real hardware to Simulink®.

Software-in-the-loop simulations
With the objective of evaluating the performance of different versions of control algorithms, a SIL
model has been used. Vehicle-related variables are fed from Cruise model to the Stateflow
control; manual driver signals are fed by a signal builder block. Stateflow control returns to Drive
Torque, Start signals to engine and generator, engine speed and generator torque to the vehicle
plant. Driving cycle is still run by Cruise model, as well as performance and consumption
powertrain results.

Code generation
Once a version of control algorithm is validated to be tested, it must be implemented into a real controller. For this work, a widely used in powertrain 

applications industrial controller has been selected and a C code has been generated from Stateflow strategy control. From Stateflow, Simulink Coder has 
also been used for code generation, because it automatic generation is compulsory to comply qith automotive ISO26262 quality standard.

Results and discussion
One of the most hazardous avoidable risks in a vehicle is the presence of positive torque with no throttle
pressed by the driver. HIL platform was developed to analyze potential causes and prepare VCU to avoid
them. For this particular case as an example, a good signal compared to a forced real hardware error are
displayed for every case.

As shown in figure, a normal fire-up process can be simulated from the beginning until second 20. It is
possible to see how the key goes from standby position to drive position. When the traction is enabled with
DNR switch (from second 30 to 80), throttle is pressed (light blue line), torque is requested (yellow line) and
vehicle speed increases (medium-dark blue line). During this process, state 3 is released (dark blue line)
corresponding to normal driving and potentiometers voltage are equal (grey and orange lines). Drive mode
remains always in 1, that corresponds to pure electric vehicle mode (green line).

Methodology
As a system engineering work, this process has been carried out following the V diagram methodology. Within
this framework, a model-based design method has been used . From real vehicle testing, a plant model has
been developed and validated with AVL Cruise® software. This model has served as a base to implement an
energy management algorithm developed and co-simulated with Simulink Stateflow®. With this approach,
strategy software can be implemented during a very early stage of design process, reducing the number of not
admissible bugs at prototype level. Once co-simulation platform is ready, it is possible to carry out software-in-
the-loop testing. At the last step of the process, a CAN interface is connected to real ECU and Vehicle Network
Toolbox® from Simulink® is also used to arrange a CAN network for Hardware-in-the-loop functional testing.

Hardware-in-the-loop functional testing
A HIL platform has been developed; as described above, a Peak Systems USB Pro CAN
Interface is used to connect PC and STW Controller via CANBus. From an HMI developed
with Simulink, an operator can introduce if charger is connected, brake position, Key Start
Switch, DNR selector and HEV mode in real time. Throttle position is simulated with a
protoboard and two potentiometers installed, to be able to force a physical throttle error.
All these signals are managed within a CANBus network, and the controller decides the
state of the machine and it returns driving torque for the propulsion motors and
operating points for engine and generator. These information is sent again by CANBus to
Simulink and finally to Cruise, which runs a new simulation step and calculates
performance, velocity and consumption. This relevant data is showed on HMI for
visualization purposes as well.



Abstract
This work aims to provide an insight in the curve interpolation step within the path-planning architecture for autonomous vehicles. Taking into account
information from previous motion planning steps, the planner use the current pose of the vehicle and some waypoints in order to obtain the final path the
vehicle will follow. This path is required to have continuous curvature. This planning step is intended to run fast due to it has to be continuously running. In
this context, we present a comparison between different methods of interpolation based on Bézier curves, for obtaining optimal paths while the time and
performance requirements are met. Furthermore, different optimization algorithms and heuristics are applied to find the optimal values of several
parameters of the curves.

A comparison of local path-planning interpolation 
methods for autonomous driving in urban environments

Antonio Artuñedo, Jorge Godoy, Jorge Villagra

Center for Automation and Robotics (CSIC – UPM), Arganda del Rey, Spain
{antonio.artunedo, jorge.godoy, jorge.villagra}@car.upm-csic.es

Introduction
Autonomous driving involves the integration of a number of technologies
related to perception, localization, decision-making, path-planning and
control. Among them is particularly relevant the path-planning as it plays
a key role in ensuring driving safety and comfort [3]. In recent years,
there has been extensive research on path-planning approaches for
autonomous vehicles [2, 4]. In this context, motion planning algorithms
must be able to quickly react to changes that occur on the
_

Curve type Optimization type Continuity
Execution time 

aprox. (s)*

Bézier 3rd Interior point: control points 
position

C1 1.19

Bézier 5th Heuristic: 1st derivative + 
Interior point optimization

C2 1.52

Bézier 5th Heuristic: 1st derivative +
Interior point optimization

C2 1.12

Bézier 5th Heuristic 1: 1st derivative + 
Heuristic 2: 2nd derivative

C2 0.00005

Bézier 5th Heuristic: 1st derivative + 
2nd derivative optimization

C2 0.025

B-Splines - C2 0.011

*Execution time for a path of 6 waypoints
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Results

Local path-planning interpolation approaches
Taking into account information from previous motion planning steps, interpolation curve planners use the current pose of the vehicle and some way-
points in order to obtain the final path the vehicle will follow. This path is required to have continuous curvature. This planning step is intended to run fast.
In this context, we present a comparison between different methods of interpolation based on Bézier curves, for obtaining optimal paths while the time
and performance requirements are met. Our purpose is to generate a piecewise Bézier curve path maintaining C2 continuity in way-points i.e. in the joints
of two Bézier curves. In our approach we addressed quintic Bézier curves and B-splines defined as composites of cubic Bézier curves, to meet the above
mentioned requirements. Furthermore, different optimization algorithms and heuristics were applied to find the optimal values of several parameters of

the curves. The objective is to minimize 𝐽𝑝 = 0
𝑠𝑓 𝜅 𝑡 2 + ሶ𝜅(𝑡) 2 𝑑𝑠, where 𝜅 is the curvature, 𝑠 is the length over the path and 𝑠𝑓 the total path length.

Conclusions & future work
The results are intended to help in future decisions about the most
appropriate approach for local path-planning interpolation. In this sense, a
comparison of the execution time between different interpolation methods
has been carried out.

The future work will focus on the development of the whole path-planning
architecture for autonomous vehicles of AUTOPIA Program:

• How to properly choose the points between which the path will be
created.

• How to optimize the whole spatio-temporal problem, i.e. the motion
planning.

vehicle environment. Usually most of motion planning architectures divide the problem in global and local planning. In turn, local planning is generally
structured in 3 steps (see Fig. 1). Besides, within the local planning, a number of different techniques are today being evaluated. According to [1], these
techniques can be split in four groups: graph search, sampling, interpolating and numerical optimization.

Fig 1. Path planning architecture scheme



Abstract
Maintenance activities are an important part of the time and resources that are used during the life cycle of an installation. Knowing the behavior of the
components of an installation a better maintenance strategy can be implemented.

Commonly implemented strategies of maintenance are based on the observation of effects like wear of components. Having this base in mind, there are
two kind of actuations. The first one is focused on reparation of components, once the wear has reached inadmissible levels and working conditions are
near to the safety failure or a failure has taken place, so all the installation has to be closed until components are replaced. As a second option,
replacement is done far before safety failure, when wear reach an established level.

Acting after a failure involves a delay due to the preparation of maintenance activities and to collect the materials needed. On the other hand, acting
before a failure gives the chance of prepare activities an collect materials while installation is still working but it means that components are not used as
long as they could, so there is a period of use that is wasted.

Trying to balance both cases the predictive strategies are applied, these methods allow to estimate the moment of the failure, increasing working time of
the components and reducing maintenance planning activities.

In order to reach a predictive strategy of maintenance of current collection systems in railway installations, variables that affect directly to the system
behavior have been studied and listed. Once the variables are set, behavior models have been developed and they are focused on the comparison of the
results obtained using a finite elements simplification and a complete finite elements implementation.

Method for knowledge based maintenance of 
current collection systems in railway installations

aCalvo Hernández, Álvaro, bSanz Bobi, Juan de Dios

aalvaro.calvo@upm.es
bjuanedios.sanz@upm.es

¿Where is the simplification limit?
Seeking a predictive strategy of maintenance, the reduction of the amount of analyzed data is a key aspect in order to reduce the time spent on 
simulations. 

Complex models require a specific software which can handle  geometry data, physics and non lineal dynamic effects. Focusing on overhead conductor rail 
as an example of current collection installation, a complex model of a pantograph and  rail has been developed, including every single piece that is used in 
a real situation. The large amount of data involved in the pantograph leads to a first approach of a simpler model, according to EN 50318 standard a 
lumped mass model of the pantograph has been generated too, as shown in picture below (Fig. 1). 

Behavior of lumped mass model is taken as a correct approach to real situations behavior, however, it may not collect failures related to surface extensions 
or the fact that real pantographs have two contact surfaces and their behavior is not completely the same.

A part of the developed studies  of the research is focused on the validation of these kind of simplifications and if they imply a loss of information that 
could be important for a good predictive maintenance strategy.

Further steps of simplification
Overhead conductor rails can easily be studied as a structure. Looking the conductor rail as a beam and the support system as a bar, a purely theoretical 
simplification can be developed as shown in the diagram below (Fig.2).

These simplifications commonly reduce the time  spent in simulations and they also  give good results for flexible overhead contact lines. The usage and 
precision of these models applied to rigid systems is under investigation.

Fig. 2. Diagrams for Y configuration of flexible 
OCL (upper) and OCR (lower)

Fig. 1. Complex complete model (right) and lumped mass complex model (left)



Abstract
The present work is focused on the development of a methodology to improve the accuracy of the virtual tests results of large structural plastic
components, with high level of additives, when these parts have to withstand high levels of dynamic loads like vehicle crashes. For the development of the
proposed methodology, the design of battery rack on the OPERA4FEV project (FP7) is used. The OPERA4FEV rack is manufactured in a thermoplastic
material with fibre glass reinforced and flame retardant additives. These type of racks have to withstand crash load as defined in the United Nations
regulation 100. For the design of this rack, finite elements simulations and traditional tests have been used. Most important aspect about this work is
correct definition of material mathematical model used in simulation software due to the large quantity of thermoplastic components in rack. If material
definition is improved and the mechanical strength influence factors are optimized, it will be possible to increase the accuracy in final test results.

Accuracy improvement of finite element models of
electric vehicles components manufactured with
thermoplastic materials in crash environments.

Introduction.
Nowadays, the hybrid and electric vehicles industry is achieving a large
importance on world discussion about human sustainable and
environment friendly mobility. For this reason, it is necessary more
research and new component developments to improve vehicle
performance and so, its operational autonomy. OPERA4FEV was a
European project (FP7) whose aim was the development of a
thermoplastic battery rack for an industrial vehicle (N2 class) using “eco
design” principles.

Present research work is focused in an analysis about factors influence on
mechanical strength in the battery rack FE model, due the differences
between real crash test results and virtual crash test results.

Previous work.
Element finite model of battery rack was created from a CAD original
design. Model initial shape was structurally improved through an iterative
and collaborative process design according with virtual crash tests results.
These test were simulated and analyzed with ALTAIR HYPERWORKS
software. For other hand, tensile tests were also carried out to check the
material mechanical properties due it is a special composition with
polypropylene matrix and short fibre glass (30% vol.), beside a high anti-
flame additive content. A initial material model was established from
tensile test results. Material model parameters (Johnson-Cook) were
obtained for each material temperature and strain rate from 0,002 up to
0,166 𝑠−1.

Once finished the design process, battery racks prototypes were
manufactured by moulding injection and later these were assembly with
internal components.
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Two rack types were tested according its internal elements: one with
ballast pieces and other with original electrical and electronics
components. Real crash tests were carried out in INSIA (Instituto
Universitario de Investigación del Automóvil), using an deceleration sled.
Tests were performed in five directions (longitudinal: frontal and rear,
transverse: left and right, and vertical direction) according with R100
Annex 8C acceleration corridors. Additionally, tests with overload
acceleration pulses were performed to validate the finite element model.

Current state.
Previous crash tests on battery rack prototypes showed a higher strength
regarding virtual crash tests using R100 acceleration corridors. Several
factors in the rack FE model are being analysed with crash tests
information and new material tensile tests data obtained directly from
unaffected crash tested parts. The contribution of each factor on global
error will be quantified. All Johnson-Cook parameters in material
mathematical model are being recalculated and optimized to improve the
mechanical behaviour in virtual tests. The plastic strain hardening, strain
rate variation and temperature influence will be considered on material
model. New Johnson-Cook model parameters are also being validated
with virtual tensile tests. Virtual tensile tests will be performed until to
obtain similar results regarding laboratory tensile tests. Furthermore, real
crash tests showed than internal components have less relative
displacement than in the virtual model, so fixations between internal
battery modules with external covers will be reconsidered. The aim will
be obtained a better packaging, closer to real situation as observed
during crash tests performed.

Battery rack contain eight battery modules
and each one includes twelve Lithium-ion
batteries.
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Abstract
The research leading to these results has received funding from the EU 7th FP (FP7/2007-2013) under the project DATA science for SIMulating the era of
electric vehicles (DATASIM) (FP7-ICT-270833). DATA SIM aims at providing an entirely new and highly detailed spatial-temporal microsimulation
methodology for human mobility with the goal to forecast the nation-wide consequences of a massive switch to electric vehicles.

The aim of this thesis is to deepen in the study of urban’s mobility electrificacility, both at user level and at regional level. For this analysis a
microsimulation mobility tool is employed, examining if the different drivers in the region can use an electric vehicle and its impact in all levels of the
electric system. With this information, three applications have been proposed to maximize the integration of the electric vehicle: a system for managing
charging points and a peer-to-peer energy exchange systems between electric vehicles.

Strategies for grid integration of electric vehicles
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Charge Scheduling Strategies for Managing an 
Electric Vehicle Fleet Parking
Different charging scheduling algorithms for managing the recharge process of
an electric vehicle fleet in a centralized parking. This tool is tested on a real-
world electric fleet which is charged using five charging stations. These algorithms
are also use to size the charging infrastructure, determining the minimum
number of chargers that are required to charge all electric vehicles.

2017  Alvaro, R.; Fraile-Ardanuy, J.; Merino, J., “Algorithm development for night charging electric vehicles optimization in big data applications” in 7th International Conference on Sustainable Energy Information Technology (SEIT 2017)

2016  Alvaro, R.; Gonzalez, J.; Fraile-Ardanuy, J.; Zufiria, P. Knapen, L.; Janssens, D., “Peer to Peer Energy Trading with Electric Vehicles” IEEE Intelligent Transportation Systems Magazine. pp. 33 - 44.12/2016. ISSN 1939-1390

2015 Alvaro, R.; Fraile-Ardanuy, J., "Charge scheduling strategies for managing an electric vehicle fleet parking," in EUROCON 2015 - International Conference on Computer as a Tool (EUROCON), IEEE , vol., no., pp.1-6, 8-11 Sept. 2015. doi: 10.1109/EUROCON.2015.7313732

P2P Energy Trading System
• A P2P trading system that interconnects both market actors: vehicles

with an energy surplus at the end of the day (set A) and vehicles
demanding extra energy along the day (set B).

• An aggregator sets the energy and the price to be given to set A
vehicles depending on demand, energy stored in set A vehicles and
grid price.

• P2P electricity price highly depends on ratio between set B and set A
vehicles. This ratio is usually low.

• Total charging costs for both vehicles sets is diminished. The P2P
Energy Trading System is day-charging independent.

EV charging algorithm in big data applications
A night charging method that optimizes the recharging process of electric vehicles
(EVs) depending on hourly energy price in a peer to peer (P2P) energy trading system
is presented. This algorithm determines how much energy should be recharged in the
battery of each EV and the corresponding time slot to do it, avoiding the
discontinuities.

 

 
 

 
 

 

1. Divide each hour in 4 time 
slots (15 min each) 

2. Sort the Price in ascending order, 
reordering the time slots 

5. Reassign the 
energy 

demanded in the 
last 4 time slots 

3. Assign the maximum 
possible energy to charge 

each of available time slots, 
according to the previous 

order. 

4. Reorder 
back the time 

slots. 

Charging 
Stations

CS1 P1 F5 F5 F5 F5 F5 P3

CS2 F11 F11 F11 F7 F3 F3 F7 F7

CS3 F2 F2 F2 F2 F2 F4 F4 F4

Fully Charged EVs: CS4 F6 F6 F6 F8 F8 F8 F8 F6

12 (10 fleet-2private) CS5 F1 F1 F1 F10 F10 F10 F10
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Abstractwork is the development of a model able to work at system level, studying the impact of the connection to the grid of a number of

The purpose of this work is the development of a model able to work at system level, studying the impact of the connection to the grid of a number of 
electric vehicles demanding energy from the grid to charge their batteries, while allowing the grid operator to use the energy stored in the batteries for 
optimal energy management , at system-level. Initially, a large-signal model of a bi-directional battery charger is developed to foresee the converter 
behavior. Later, at system level an Agent-based model will be developed to asses the system’s performance, specifically in micro-grids. an Agent-based 
model will developed to asses the system performance, specially in micro-grids.

LARGE-SIGNAL MODELING OF BIDIRECTIONAL BATTERY 

CHARGER FOR ELECTRIC VEHICLES. 

SYSTEM-LEVEL APPROACH BASED ON AGENT-BASED 

MODELS IN V2G ENVIRONMENT

Current work
• Two controllers were implemented in the  in a white box  model  circuit, which specify the amount of energy 

running through the Electric  Vehicle (dc) and regulate the amount of energy that will be provided to and from the 
grid(ac)

• Current work entails the development of a black box behavioural model, that will feature different operating 
modes

Future work - Multi-agent modelling

By having thousands of potential EV, traffic conditions, charging stations and grid operating conditions the level of complexity is so high, creating the need for 
compatible modelling techniques that deal with such level of complexity:

• Multi-agent modelling tool allows us to identify individual agents through their characteristics, behaviours and provide the ability to cooperate, act 
autonomously and learn

• Interactions in a complex environment let us simulate the behaviour of such complex systems
• Development of simulation environment, able to foresee the performance of the grid for the operators and define the charging strategy for EV fleets

• Multi-agent modelling will be implemented with 
the help of the MATSim program as it is illustrated. 

• A fleet of EV´s (black-box) will interact -using 
charging/discharging strategy- with the system in 
order to limit the dissipation of energy in a 
microgrid.

• Also it will help decrease the vast amount of energy 
which the grid provides to a large fleet of EV. 



Abstract
Energy storage systems (ESSs) have been the main obstacle in the field of Electric Transportation for years, and recent research indicate that it will keep
being for even more time. Electrical storage technologies are the key to improve security, driving range and efficiency in every kind of Electric Transport,
e.g. Electric Buses and Electric Vehicles. At present, the technologies that can be implemented in Electric Buses are the following: batteries, fuel cells,
supercapacitors and flywheels.

Batteries and fuel cells are both energy density storage systems, while supercapacitors (SCs) and flywheels are both power density storage. Nowadays,
batteries are ahead of fuel cells regarding Technology Readiness Level (TRL), Regulatory Readiness Level (RRL) and Customer Readiness Level (CRT). In a
similar way, SCs are superior to flywheels for transport applications since they have more power density and better efficiency, lower cost, and they are
much easier to install and maintain. SCs main drawback is that they cannot be designed for a specific power and energy since both magnitudes cannot be
decoupled.

Hybrid Energy Storage Systems (HESS) using batteries and SCs have been proposed during the last years since they provide complementary capabilities.
The cooperation between batteries and SCs provides potential for achieving better efficiency and performance, but at the cost of a higher complexity. The
main reason why Electric Transports still use batteries as the only ESS is this extra expertise requirement, although probably future EVs will evolve towards
batteries and SCs HESS.

Hybridization Percentage Influence on Hybrid 
Energy Storage Systems Efficiency for Electric 
Buses
Jorge Nájera, Jaime Rodríguez, Rosa Mª de Castro
Area of Electrical Engineering, ETSI Industriales, UPM
(jorge.najera.alvarez@alumnos.upm.es)

Electric Bus HESS Topology and Control Strategy
HESS Topology
HESSs for Electric Buses are formed by batteries, supercapacitors and traction drive, which is represented as one bidirectional load. The most studied HESS
topology is represented in Fig. 1, which comprises a high-power DC/DC converter since it has to handle SCs power. This topology provides flexibility and
increases the reliability during their implementation in an Electric Bus.

GELEO 
research group

Fig. 1. Schematic representation of HESS topology used for this poster.

Control Strategy
Several control possibilities can be implemented in this
topology, since the DC/DC converter does not have to control
the DC-link voltage because it is set by batteries. This means
that there is no obvious manner to control the system. There
are rule-based strategies, which perform correctly with just five
or six rules, and advanced control strategies that optimizes the
system attending to different criteria.

In this work, the rule-based control strategy proposed in [1] has
been implemented, with minor modifications and having
optimized it in order to maximize the energy efficiency.
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Results and Discussion
The driving cycle chosen for this work has been the New European Driving Cycle (NEDC), which is used as a standard driving cycle for testing vehicles
emissions. It is a 26-minute driving cycle, and the net energy consumption is 28 kWh. The hybridization grade is measured by the concept of “hybridization
percentage” (𝐻𝑦𝑏𝑃𝑒𝑟), which considers the proportion between the SCs weight (𝑊𝑆𝐶 ) referred to the SCs and batteries weight (𝑊𝐵𝐴𝑇) together. As the
𝐻𝑦𝑏𝑃𝑒𝑟 increases, SCs substitute batteries while keeping the HESS weight constant.

𝐻𝑦𝑏𝑃𝑒𝑟 =
𝑊𝑆𝐶

𝑊𝐵𝐴𝑇 +𝑊𝑆𝐶
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Fig. 2.  HESS average efficiency as a function of
hybridization percentage.

Fig. 3.  Global SOC (batteries + SCs) as a function of the 
hybridization percentage, at the end of the driving cycle.

Fig. 2 illustrates HESS global efficiency, DC/DC converter efficiency and the DC/DC converter + batteries efficiency. Global efficiency increases for low
hybridization percentages. It is clear that replacing batteries by SCs reduces the driving range, as it is shown on Fig. 3, where the State of Charge (SoC) at
the end of the driving cycle decreases as the 𝐻𝑦𝑏𝑃𝑒𝑟 increases.



Abstract
Autonomous driving for ground vehicles is one of the most promising technology that will change the current transport system. In this way, there are
several applications already developed for the autonomous navigation for civil uses. However, the military field is one of the main promoters of this type of
technology, carrying out different applications in off-road areas. The final approach of military application differs to those of the civil uses; therefore, in
military missions, the integrity of the vehicle is not the priority compared to the success of the mission.

In this work, the automation of an unmanned ground vehicle (UGV) for the Spanish army is described. The military vehicle has to perform three main
functions: teleoperation, path-following and automatic emergency stop. Thus, it is explained the automation of the main actuators of the military vehicle
and the main algorithms used for the surroundings perception.

Remote Drive: A military UGV for surveillance
missions
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Teleoperation user interface

Functional architecture for the automation
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Horizontal rotary system for concentrating 
solar radiation
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Abstract
Horizontal rotating platform where symmetrical longitudinal strips of parabolic mirrors are located, and in parallel and in height the radiation receiver, with
its focal line inside the vertical plane of symmetry, is placed on a few rods, these rods being firmly attached to the platform, which Rotates on at least two
sets of concentric wheels, and in its rotation the vertical plane of symmetry of the device contains virtually the solar disk. The parabolic profiles are
prescribed so that the mirrors can be made with originally flat mirrors, which are deformed by their own weight adapting to the configuration required for
the optical focus

A horizontal rotating device for concentrating the solar radiation, consisting of a horizontal platform, rotatable about a vertical 
virtual axis, on which rests a plurality of longitudinal mirrors of parabolic cross-section, horizontally lying parallel to each
other, with a symmetrical configuration With respect to a vertical plane containing the virtual vertical axis, and constituting 
the plane guiding the orientation of the device relative to the sun, the criterion of approach being that the sun, as a point disc 
seen from Earth, is in the plane of Symmetry of the device; The device further comprising a longitudinal radiation receiver, 
positioned in height on the platform by means of rods or porticos which are integral with said platform, the central line of the
receiver being contained in the vertical plane of symmetry of the mirror field resting on The platform being characterized in
that the mirrors are made up of a succession of longitudinally arranged mirror mosaics which are held in solidarity with the 
rotating platform because each mosaic is held firm in position by four staples located on the sides of the mosaic, Each being
near a corner of the mosaic, two staples of one mosaic being attached to an inner longitudinal spar and the other two staples
being secured to an outer longitudinal spar, said spars being attached to the structure of the rotating platform and supported 
by There are two longitudinal members for each row or mirror strip, although adjacent spars of neighboring rows can be 
assembled together to form a longitudinal girder; Each securing clip having a particular spatial location coinciding with a point 
of a virtual parabolic focusing profile, the staple in question having an inclination at that point which coincides with the line 
tangent to said profile at said point, and said parabolic profile Its focus on the point selected as a focus for the whole set of 
virtual parabolas from which the profiles of the mirror mosaics are extracted, for which the focus distance, which is always the
same, to the minimum of each parabola is the fourth Part of the inverse of the coefficient of proportionality that multiplies to
the square of the abscissa of said virtual parabola of focus to obtain the corresponding ordinate



Brayton cycle with heat sink temperature close 
to the critical isothermal line 
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Abstract
Regenerative closed cycle, whose minimum working fluid temperature is in turn close to, but higher than, the critical temperature, and close to the
ambient temperature used for cooling the cold spot; Selecting the value of the high isobar in coincidence with the so-called supreme isobar, which
presents the maximum average value of specific heat at constant pressure, within the peri-critical zone, above the critical isotherm, and delimited in
pressure between a Fifth and five times the critical pressure, setting the low isobar by providing the maximum of a ratio in which the numerator is the
specific work, and the denominator is the sum of the absolute values of the specific enthalpy variations of each phase

Brayton cycle with ambient cooling close to the critical isotherm Tcr of the working fluid according to 
previous claims, characterized in that the cycle is limited by the minimum values Tn and maximum TM of 
the working fluid temperature, with the ideal regenerative cycles being identified by the Compression 
ratio used, which must be simultaneously greater than 1 and smaller than Ca, the latter being
Ca = (TM / Tn) γ / 2 (γ-1)
And defining a utility function L as:
L = (Q-E) / ((1 + a) • Q + (1 + b) • E + G)
where:
- the numerator is the net power generated in the cycle, which is the enthalpy added in the hot spot (Q) 
minus the enthalpy extracted in the cold spot (E);
- and the denominator is the sum of the three enthalpy changes: a) in the heating and expansion phase 
(Q), b) in the cooling and compression phase (E) and c) in the regenerative exchange phase (G ), where:
Q = Cp • (TM-TM / x)
E = Cp • (Tn • x - Tn)

G = Cp • (TM / x - Tn • x);
Being "a" and "b" weighting factors chosen according to the machinery to be used, a> 1, b> 1, and "x" a 
parameter given by
x = c (γ-1) / γ
So that there is an optimal value of the compression ratio, cmax, that maximizes the ideal utility function 
L, y corresponds to:
Cmax = xmax (γ / (γ-1))
Where xmax depends on the weighting factors "a" and "b" chosen according to the machinery to be used, 
and the temperature ratio r defined as the quotient between TM and Tn, so that:
Xmax = ((2 + a + b) + (4 (a + b) 2 - 4 (1 + a + b - (1 / r)) (1 + a + b - (1 / r)).
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Abstract
Heat exchanger consisting of independent tubular elements, each of which consists of a series of concentric tubes, which form at least two concentric
circulation ducts of the two fluids that exchange heat through the intermediate tubular wall that prevents the mixing of both fluids And supports the
difference of pressures between them; In addition to having other concentric ducts delimited by guide tubes, to properly channel the flow of fluids and
allow free expansion of all parts

A free-flowing heat exchanger for high-pressure fluids consisting of a plurality of tubular elements (1) which are 
independent from each other with respect to the internal flows of the fluids, said elements being arranged in 
parallel in the elongated cells of a Three-dimensional scaffolding structure supporting them, and said elements 
sharing the inlet and outlet manifolds of each fluid, the outlet manifolds of each fluid being located at opposite 
ends, and the intake manifolds being located at the same end, characterized in that each Of these tubular 
elements (1) comprises two concentric circulation ducts (21, 22) of the two fluids which exchange heat through 
the intermediate tubular wall (11) which prevents the mixing of both fluids and supports the difference of 
pressures between them (11), which in turn contains a concentric circular tube therein, or a smaller diameter 
guide tube (13), which channels the fluid from the inner circuit, or inner fluid, from The fixed head (31), to which 
it is integral at one end, to the opposite end of the inner circuit, where it simply remains open, with its opening 
facing the cap (12) closing the resistant inner tube, whose other end Is attached to the corresponding annular 
space of the head (31); (22) extending annularly along its entire length, which forms the outer circuit, which is 
externally closed by a resistant outer tube (10), which Supports the difference in pressures between the fluid in 
the outer circuit and the surrounding medium, which is usually the atmosphere, although there is a thermal 
insulation thickness (9) around the outer resistant tube (10), which lacks pressure resistance ; Each end of the 
outer circuit (22) being connected to its corresponding inlet or outlet manifold, of the outer fluid



Convection depressed open-air solar thermal 
receiver
José M. Martínez-Val & GiT Research Group

mval@etsii.upm.es

Abstract
A longitudinal receiver in which the tubes of heating fluid are located inside a first open cavity surrounded by thermal insulation material, which in turn
opens into a wider cavity, delimited by the same thermal insulation; There being, on the outside, another separate, parallel insulation which starts from a
lower dimension than the termination dimension of the first insulation; And in the longitudinal direction, the upper wall of the first cavity increases its
dimension linearly in successive sections until reaching a vertical stop or limiting wall of each section, the height of the upper wall falling to the level of the
beginning of the section.

Atmospheric thermosolar receiver, with a draft, in consecutive modules or sections, 
characterized in that the tube or tubes of heating fluid are located inside a first open cavity 
surrounded by thermal insulation material, or first insulation, which in turn Opens into a 
second wider cavity, likewise externally delimited by the same thermal insulation; There 
being on the outside of said insulation, on each side, each air channel, each of which is 
delimited by the outer part of the above insulation and the inner part of a parallel insulation 
that develops outside the first insulation, and starts from a dimension lower than the 
termination rate of the first insulation; And in the longitudinal direction, the upper wall of 
the first cavity is structured in successive sections, and said wall is increasing its dimension 
within each section, in the direction in which the heating fluid moves within the tubes; Until 
the top wall reaches a vertical stop or limiting wall of said section, the height of the top wall 
falling to the original level having said top wall at the beginning of said section



A concentric tube penetration device

José M. Martínez-Val & GiT Research Group

mval@etsii.upm.es

Abstract
A concentric tube penetration device in a free expansion heat exchanger, wherein the outermost of the concentric tubes is welded to the flashing through
which the exchanger closure plate passes, and the outer end of said tube is closed with A welded plug, and in a point of the tube near that end, four cuts
are made delimiting a piece of the wall of the tube, which is extracted, welding in that wall hollow a parallelepipedic piece constituting the radial outlet
manifold from The heat exchanger, the inner tube remaining intact but welded to the end closure of the outer tube just next to the annular cap which
blocks the movement of the fluid in its sinus and directs it towards the radial outlet

Device for penetration of concentric tubes in freely-expanding heat exchanger, a shutter plate (1) of the exchanger and a pair of 
concentric tubes (2 and 4) selected between metal or plastic; Capable of being welded metalically, in the first case, or being 
welded or adhered by resins or other plastic means, in the second case; (4) entering a thermal exchange fluid until it reaches its 
end, where it pours against the firm plug (7) of the end of the outer tube (2) whereby the flow of fluid returns to the plate ( 1) of 
the exchanger, through the annular space 3 existing between the outer face of the inner tube 4 and the inner face of the outer 
tube 2 which in turn receives on its outer face the thermal effect 15 Of the heat exchange to be performed in said apparatus 
requiring double inlet / outlet penetrations, said device characterized in that each penetration is of two concentric tubes, inner 
and outer, the outer tube (2) being welded to at least one of the faces of the (1) of the exchanger, around the entire 
circumference of the cavity (6) in said plate (1), the welding being carried out as a circular continuous bead (8) between the edge 
of said flashing (6) and The circular crown of the cylindrical surface of the outer tube (2) identified as area (18) where to fix said 
tube to said closure plate (1) leaving a portion of both outer and inner tubes (2 and 4) outside the inner chamber of the (16), 
without affecting the inner tube, and other two parallel longitudinal incisions (17), from the first and second parallel longitudinal 
incisions (17). The outer tube piece separated from the rest by the four mentioned incisions (16 and 17), a lateral opening (10)
being left at the edges of the tube, the four corresponding sides of a hollow parallelepiped piece (13) being welded, (12) from the 
annular space (3) between said two tubes, said stream (12) being channeled through said piece (13) ) Towards the exit of the 
system by means of the exhaust manifold (14) which is in physical continuity with the parallelepipedal piece (13), the outer tube 
(2) being terminated at its outer end by means of an annular cover (11) In the annular space between both tubes, which lid is
welded both to the outer tube by its mouth or end, and to the inner tube (4) on the circular crown of the cylindrical surface of
said inner tube (4) identified as area (19). ) Where to fix said tube to said annular closure cap (11) of the outer tube (2).



Gasket for assembling rotary pipes

José M. Martínez-Val & GiT Research Group

mval@etsii.upm.es

Abstract
Rotating joint for assembling fixed tubes with rotating tubes less than one full revolution.
The gasket comprises a hollow cup type piece welded at the end of the fixed tube, in which the end of the rotary tube is screwed, a washer being trapped
at the top of the thread; And having in the outer part of the rotating tube an annular square in the radial flap of which rests a washer captured by the
flange cap, the flange being screwed to the outside of the nexus piece, whereby this second washer is released from the pressure when The first one is
very compressed, and vice versa, having to pass the fluid of the interior by both washers to leak, which is rather difficult

Patent ES2504916
Fecha de prioridad: 29.01.2014.        Fecha de concesión: 24.02.2015

Rotating joint for assembling fixed tubes with rotating tubes smaller than a complete revolution, characterized in that it 
comprises:
- a fixed tube (2) and a rotating one (1), the rotating tube having the outer face of its end (7) threaded in several turns, being 
screwed onto the inner face (6) of the nexus piece (4) At the end of the fixed tube, this nexus being a short and thick cylinder, 
with a lip or small transverse annular bracket (9) projected towards the inside, and a cylindrical main body threaded at its inner 
face with the same thread pitch Than the outer face of the rotating tube, with which it is screwed;
And the rotating tube ends at its end in a transverse plane section of said tube, identified as a flat stop of said tube, which 
collides with the inner annular lip (9) of the connecting piece, if it is screwed tightly , Which does not occur by interposing 
between said surfaces, supported on said lip, a washer or seal (8) of radial dimensions that coincide with said lip (9), and is made 
of a material that remains solid at the temperature of Operation, and at that temperature has an elastic modulus, or quotient
between mechanical stress and deformation, less than that of the material of the tubes;
- an outer annular bracket (5) integral with the rotating tube (1), which is welded to it in a position such that its transverse
annular flap (10) remains close to the free end of the connecting piece (4), without interfering in The threaded surface (7) of the 
rotating tube, but close to it, and without touching in any rotating position the nexus piece and said outer annular square;
- there is furthermore an annular flange (12) in the form of a cover with a hollow central part, concentric outside the nexus (4), 
composed of a cylindrical body and an annular transverse plate with the entire hollow center to pass freely therefrom (4), by
means of welding or by radial screws (13) with its consequent cylindrical seal (15) between the nexus part and the inner face of
the cylindrical part or flange (16) of The flange leaving an annular space between the inner part of the hollow flap (17) of the
flange, and the flap (10) of the outer annular square integral with the rotating tube;
- locating a washer or seal (11) in said annular space remaining between said inner portion of the flange cover (17) and the flap 
(10) of the outer annular square (5) integral with the rotating tube (1)



Procedure and system for the automatic
detecion of thrust reverse activation during aircraft landing

aC. Asensio, aM. Ruiz, aG. de Arcas, aM. Recuero , aJ.M. López
aInstrumentation and Applied Acoustics Research Groupm – Escuela Técnica Superior de 
Ingenieros Industriales – Universidad Politécnica de Madrid (casensio@i2a2.upm.es)

Abstract
The invention consists of a sound sensor which is capable of detecting the activation of thrust reverser during aircraft landing from the detection and
identification of the sounds produced in the process. Also, the invention includes the procedure to be followed with respect to the location of the sensors.
The invention will provide the airports with a tool to ensure compliance with the regulations regarding the activation of reverse noise and environment.

True positives

True negatives



On‐board car system and method for road 
status surface identification

López Navarro, Juan Manuel; Alonso Fernández, Jesús; Ruiz González, Mariano; 
de Arcas Castro, Guillermo; Pavón García, Ignacio y Asensio Rivera, César
ignacio.pavon@upm.es
Grupo de Investigación en Instrumentación y Acústica Aplicada. ETSI Industriales. UPM

Abstract
An‐board embedded system to reliably estimate the surface road conditions, by analyzing the noise produced because of the interaction of tyres with the
road is proposed.

Resulting system, called Acoustic Asphalt Analyzer (A3) is based on an electronic system, which is embedded on‐board, for the detection of the
weather road conditions by the acquisition and processing of the obtained acoustic signals. It can be applied to surface auscultation or active safety in
vehicles, being useful in initiatives such as connected vehicles and unmanned vehicles. A3 will allow to know the surface road conditions in real‐time and
provide data to the infrastructure manager, other drivers and the driver himself.

The on‐board car system comprises:
‐ Acoustic transducers (MR) configured to record the rolling noise generated by the
interaction of a vehicle tyre (R) with the pavement (C), and
‐ A central processing system (SP) configured to receive and analyze the signal from
the acoustic transducers (MR), and comprising:

• A features extraction module for extracting spectral features (CE) of the signal
determined during a previous training process;

• A support vector module (DE) for storing support vectors (VS) obtained after a
previous training process; and

• A classifier module (CL) to execute an algorithm based on support vector
machines on the spectral features (EC) and the support vectors (VS) extracted,
and to obtain an estimate of the state of the pavement (EA).

Principle of operation:

Acoustic Asphalt Analyzer (A3) samples the tyre‐road noise generated
during the displacement of motor vehicles. As the acoustic footprint
obtained depends on the road status, it is possible to estimate the pavement
conditions by analyzing the obtained rolling noise samples.

More information:

http://www.i2a2.upm.es/resultados/patentes‐2/deteccion‐del‐estado‐del‐asfalto/
http://www.upm.es/observatorio/vi/index.jsp?pageac=innovacion/articulo.jsp&id_tipo_articulo=3&id_articulo=355

Patent ES 2 390 302 B2



Applications
Environmental acidity affects directly:

• the air quality breathed by living organisms,

• and all materials exposed to it.

The automatic and remote monitoring of the environmental pH with
sensors would be a fast procedure to early know the pH variations, as well
as to predict damages and, possibly, to avoid them.

Moreover, since the sensors developed are able to measure the acidity of
liquids and humid solids (soft or disaggregated), their applications can be
enlarged.

Electronic system for enviromental acidity (pH) 
measurment based on optical sensors

Mª Á. Villegasa, M. Garcíaa, J. Peñaa, G. de Arcasb, J.M. Lópezb, E. 
Barrera, A. Llorentea
A Centro Superior de Investigaciones Científicas, 
B Grupo de Investigación en Instrumentación y Acústica Aplicada, g.dearcas@upm.es

Abstract
The invention consists of an electronic system that provides the measurement of environmental acidity (pH) by means of chemical sensors with optical
response. The main innovation is based on the ability of the system to measure pH of all media, including gaseous phases (e.g. air), which is an important
advance in respect to conventional methods based on electrodes that work in liquid media or humid solids.

The system is formed by one or several sensors and one or several measurement devices that can be remotely connected to a PC. The measurements can
be accomplished either simultaneously or stored for further evaluation.

The Sensors
The sensors consist of thin coatings in which a sensitive phase (dye) is
immobilized. The coatings are applied upon common glass pieces by the sol‐
gel procedure. The dye is sensitive against the environmental pH and yields
an optical response in the wavelength range of the visible absorption
spectrum, i.e. the sensors change their color when the environment acidity
changes. The sensors do not need any kind of energy source to work.

The Measurement Device
The measurement device transforms the sensors' optical response to an
electrical signal (volts). This signal is scanned and stored in the
measurement device and then it is sent to a PC for further evaluation.
Finally the pH values are obtained through the adequate software installed
in the PC.

IMPLEMENTATIONS & VALIDATION

Characteristics
Size (mm) 30x25x1 (can be miniaturized)
Sensitive range (pH scale) 5‐8 (can be adapted to other ranges)
Accuracy ( pH units) 0.1
Response time 1 min or less in liquids, up to 24 hours in gas and solids 
depending on humidity.
Service time (months estimated) indoor >10; outdoor >3
Thermal resistance (0C) ‐10 to 60
Mechanical resistance (qualitative) that of the conventional glass substrate. 
Resistance against scratches: similar to those of pure silica glass.
Photostability (qualitative) good under visible, UV and solar up to 500C
Energy consume zero (passive sensor) 

Wilanow Royal Palace‐Museum (Warsaw) Library‐Archive Tomas 
Navarro Tomas (Madrid)

Harvesting unit – lots of sensing points, passive sensing
• Sensors are placed throughout the monitoring area 

without any need for cabling (power supply…)
• Data is collected manually with the “harvesting unit” 

when needed and it’s then transferred to a PC.

It’s been used in cultural heritage conservation projects such a: Royal Glass
Works of La Granja (Spain), Library‐Archive Tomas Navarro (Spain), Army
Museum of Toledo Fortress (Spain), Navy Museum (Spain), Historic Library of
the Spanish Military Academy (Spain), Holy Gosh Church of CSIC (Spain), Royal
Palace‐Museum of Wilanow (Poland), Wawel Castle (Poland).

Wireless sensor network – real time, active sensing
• A battery powered autonomous node that holds has 

been developed to hold a sensor and convert its output 
into a digital data that is transmitted wirelessly

• Specially suited for wide area real time networks

This implementation was developed in collaboration with CEI‐UPM
www.cei.upm.es and has been used to monitor air quality in food (cheese
and meat) industries in Italy in the scope of the European Project GIST
funded by the Executive Agency for Competitiveness and Innovation (EACI)
under the CIP Eco‐Innovation Programme.



Sistema de Calibración de Instrumentos Acústicos

G. de Arcas, J.M. López, M. Ruiz, M. Recuero, R. Fraile
Grupo de Investigación en Instrumentación y Acústica Aplicada, g.dearcas@upm.es

Resumen
Los Sonómetros y los Dosímetros de Ruido se utilizan para realizar medidas que permitan asegurar el cumplimiento de diferentes regulaciones contra el
ruido, ya sea en el ámbito de una ciudad, o en los lugares de trabajo. El objetivo de dichas regulaciones es preservar nuestra salud, ya que se ha
demostrado que la exposición abusiva al ruido puede tener graves consecuencias, como problemas de sueño, efectos cardiovasculares (la UE estima que
casi el 2% de los ataques de corazón son debidos al ruido), pérdidas de audición, etc. Por tanto en muchos países se obliga por ley a que este tipo de
instrumentos se verifiquen periódicamente en un laboratorio. Este sistema fue diseñado para automatizar el proceso de Calibración y/o Verificación
Periódica de instrumentos para la medida del sonido audible (sonómetros, dosímetros de ruido, calibradores acústicos, audiómetros y micrófonos).

Explotación de Resultados y Transferencia de Tecnología

Alcance y Componentes del Sistema

Universidad Politécnica de Madrid, España
• Metrología voluntaria. Servicios de Calibración 

acreditados por ENAC en las Áreas de Acústica y 
Electricidad CC y Baja Frecuencia.

• Metrología Legal. Organismo de Control 
(Módulo F) y Organismo Autorizado de 
Verificación Metrológica.

Instituto de Salud Pública, Chile
• Transferencia de Tecnología, Formación, Asesoramiento 

y Auditoría para el establecimiento del Laboratorio de 
Calibraciones Acústicas del ISP.

• Primer Laboratorio en América Latina.

El Instituto de Salud Pública (ISP) de Chile desarrolla
funciones de Referencia, Vigilancia, Autorización y
Fiscalización en el ámbito de sus competencias. La
puesta en marcha de este Laboratorio fue el primer paso
para desarrollar una red metrológica en el país y
establecer un sistema de control metrológico.

El Laboratorio de Calibración de Instrumentos Acústicos fue establecido
gracias al desarrollo de esta tecnología en el año 1998 y desde entonces
presta servicios de calibración y verificación de instrumentos acústicos a la
industria en varias comunidades autónomas.

acoustiCAL‐FLT®

acoustiCAL‐ND®

acoustiCAL‐SC®

acoustiCAL‐SLM®

acoustiCAL‐DAQ®

Micrófonos 
UNE‐EN 61094

Sonómetros 
UNE 61672

Calibradores 
Acústicos
UNE‐EN 6094

Audiómetros 
UNE‐EN 60645

Dosímetros 
de Ruido
UNE‐EN 61252

Analizadores 
de Espectro
UNE‐EN 61260



System and procedure for the real time detection
and identification of sound produced by specific sound sources

aC. Asensio, aM. Ruiz, aM. Recuero
aInstrumentation and Applied Acoustics Research Groupm – Escuela Técnica Superior de 
Ingenieros Industriales – Universidad Politécnica de Madrid (casensio@i2a2.upm.es)

Abstract
System and method for detecting and identifying specific sounds produced by specific sound sources in real time. The system can detect target sounds
among others, to identify specific sound sources or conditions. The system applies one-class pattern recognition techniques, which improves the
recognition rates in circumstances where a good representation of the non-target class cannot be gathered (for instance, aircraft sounds can be well
described, while non-aircraft sounds can be anything). The a posteriori probability of the classifier determines the likeness between the sound under test
and the target sound.

Can you hear
the target 

sound?

What is the 
target?

 Environmental noise
monitoring

 Failure detection

 Aids for elderly or
handicapped

 Surveillance

 Quality check
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