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Direct Digital Manufacturing is an integral part of Industry 4.0, the 4th Industrial Revolution.
Direct digital Manufacturing enables objects to be produced directly from a digital definition
without the use of complex or specific tooling such as moulds. We are already in the midst of
this revolution and many expect these technologies, with the inherent extensive
personalisation and ability to create new shapes and functions, will be the dominant form of
manufacturing in the future. Whereas in the first industrial revolution, the workers were
largely exploited, especially women and children, in the fourth industrial revolution, the
workers will be highly skilled creative people who will require creative space in a manner far
removed from the “satanic mill” factories in the Arkwright era. In this presentation, we
explore how the conflicting requirements of machines and people can be drawn together to
provide a high quality environment for both while at the same time providing for the
necessary logistics for providing materials at the appropriate place and time and the removal
of parts for dispatch. We describe the opportunities for developing a digitally adapatable
working environment for the humans and a digitally defined environment for the machines.
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In the current investigation dry hard-turning of parts of AISI H13 tool steel will be done and
the impact of speed, feed and depth of cut and workpiece hardness on the flank tool wear will
be investigated. Dry cutting experiments were done and the outcomes showed that the flank
tool wear is highly influenced by the cutting speed. Moreover, it was noted that although the
influence of depth of cut is statistically insignificant, yet it was found that the flank tool wear
is an increasing function of the cutting depth. Also, predictive models for predicting flank tool
wear was developed by response surface methodology (RSM) and artificial neural network
(ANN) based on the inputs. The mean relative error was employed for testing the adequacy of
the created predictive models, LWVYDOXHVindicatH the appropriateness of ANN compared with
RSM. Moreover the new optimization algorithm cuttlefish algorithm (CFA) was employed for
optimizing the tool wear and the results were compared with those from “genetic algorithm
(GA)”. The cuttlefish (CFA) algorithm obtained the best results at the least convergence rate.
This work aims to develop an efficient predictive model for monitoring flank tool wear based
on the actual values of the input parameters in hard turning instead of its actual measurement
reducing costs and complexity. Moreover it aims to apply the novel algorithm CFA in
optimizing the flank tool wear in hard turning such that the system can decide the most
appropriate values of input parameters so as to keep the flank tool wear at its minimum values
using CFA.
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Logistics Execution is one of the essential components of airline catering supply chain
management. Increasingly, airline catering companies are required to manage complex
logistics processes due to the competitive nature of the business, advances in supporting
technologies, and the need for sustainability. The focus of sustainability is on meeting the
needs of the present without compromising the ability of future generations to meet their own
needs. It is typically defined in the context of a triple bottom line: natural environment,
society and economic performance. Sustainability is a priority for passengers and airlines
alike and airline catering supply chain managers are seeking meaningful contribution to a
sustainable future. A key challenge is ensuring that the business processes of airline catering
supply chains supports sustainability goals of the business and that the processes are
appropriately integrated. Inevitably, a concern of the challenge is sustainable logistics
execution processes. There are various process steps carried out by different functional areas
such as material management, order fulfilment, production, and warehouse management. An
effective communication and collaboration among these functional departments, including
doing things right, is necessary for sustainable logistics execution. The objective of this paper
is to investigate how business process integration of logistics service for sustainable airline
catering supply chains can be evaluated. Specifically, the paper focuses on the relevant
evaluation metrics. The evaluation metrics were acquired from a review of relevant literature
and opinion of experts in the field. A set of evaluation metrics is recommended and applied to
a model of a single integrated logistics execution system in sustainable airline catering supply
chain based on enterprise resource planning framework. The paper concludes that the
recommended evaluation metrics are useful, and areas of future work is suggested.
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Roadside restraints systems, such as guardrails, were originally developed to enhance road
safety by containing and guiding vehicles after a crash event, reducing the severity of run-offroad collisions [1]. However, in cases of an impacting motorcyclist, traditional restraint
systems may not be enough to reduce mortality and can even introduce additional hazard.
Motorcyclist impacts against a roadside barrier are 15 times more likely to be fatal than other
vehicle impact, mainly because of impacts with the guardrail post [2].
Every year, almost one billion tyres reach their end of life worldwide, leading to an extreme
demand to manage and mitigate the resultant environmental impact of landfilling and burning
[3]. Recover and reuse end-of-life tyres represents a huge reduction of waste and provides
new raw material for alternative and more sustainable solutions.
This work presents the development of a roadside impact attenuator for motorcyclists based
on a sustainable compound made of recycled tyre scrap and thermoplastic material. In this
research, the nonlinear finite element software LS-DYNA was used to assess the effects of the
developed attenuator on the motorcyclist’s dynamics and injury criterions, such as HIC (Head
Injury Criterion). The numerical simulations were established respecting the EN1317
European Standard test procedures and acceptance requirements. A numerical material model
representative of the compound mechanical behaviour was implemented. An optimization
procedure was performed to reduce the attenuator mass without compromising safety. The
infill cross-section was object of optimization by use of periodic and Archimedean lattice
geometries. A parametric study was performed to achieve optimal parametrization of the
model. As result, a sustainable impact attenuator to improve road safety for motorcyclists was
obtained, with an optimal HIC/mass ratio in compliance with the EN1317 European Standard.
References
[1] Margiotta, Gabriele, Giuseppe Calvisi, Eugenia Carnevali, Mauro Bacci, and Mario Gabbrielli. 2015. “A
Fatal Crash against Guardrail. Report of a Case and Considerations about Safety of Roadway Barriers in Italy.”
Romanian Journal of Legal Medicine 23 (1): 5–8.
[2] Molan, Amirarsalan Mehrara, Mahdi Rezapour, and Khaled Ksaibati. 2019. “Modeling Traffic Barriers
Crash Severity by Considering the Effect of Traffic Barrier Dimensions.” Journal of Modern Transportation 27
(2): 141–51
[3] Rowhani, Amir, and Thomas J. Rainey. 2016. “Scrap Tyre Management Pathways and Their Use as a Fuel A Review.” Energies 9 (11).
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The Industry 4.0 plan is taking the European Union towards an industrial revolution, in which
additive manufacturing is one of the leading technologies, thanks to its possibility of creating
products with high geometrical complexity and of recovering the excess material [1].
This study concerns the environmental assessment of laser-based powder bed fusion systems
through Life Cycle Assessment (LCA) methodology. In particular, three products with
different fields of application were analysed over their entire life cycle. The main
environmental burdens of the designed solutions were assessed adopting modified [2]
IMPACT 2002+ method [3].
The improved performances of the products were taken into account in the environmental
analysis also from social point of view, thanks to the introduction of a set of indicators [2].
3D building was found to have a significant environmental advantage compared to the
traditional technology for small-sized parts, thanks to the higher machine productivity
compared to the large-sized one.
Acknowledgment
This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 723699. This publication reflects only the
author’s view and the Commission is not responsible for any use that may be made of the
information it contains.
References
[1] European Parliament Research Service. (2015). Industry 4.0: Digitalisation for productivity and growth.
www.europarl.europa.eu/RegData/etudes/BRIE/2015/568337/EPRS_BRI(2015)568337_EN.pdf.
[2] Cappucci, G. M., Pini, M., Neri, P., Marassi, M., Bassoli, E. & Ferrari, A. M. (2019). Environmental
sustainability of orthopaedic devices produced with powder bed fusion. Journal of Industrial Ecology, doi:
10.1111/jiec.12968.
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Abstract;
Revolution, similar to change is inescapable because of keeps an eye on capacity to endure
and adjust. Mechanical revolution is the progress or change from a formerly dominated
industrial period to a recently improved assembling process for the essential advantage of the
shoppers, at that point producers and all in the middle. It accompanies adjustment underway
structures, procedures, machines and wanted yields. This article depicts the development of
the mechanical revolution from beginning through its most recent as it influences countries
and Africa specifically. The mainland has tremendous potential for improvement as most
nations are labeled as creating countries supporting modern revolutions. It likewise features
Africa's difficulties which joblessness or loss of low and medium talented employments
achieved by the advances (robotization) of the fourth Modern Revolution otherwise called
4IR..
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Sustainable manufacturing offers opportunity to appropriately balance economic,
environmental, and social aspects of production, especially in competitive global
environments. Manufacturing enterprises that understand the strategic importance of
sustainable manufacturing are taking steps to implement innovative initiatives for more
resource-efficient, environmentally sound, and socially responsible business. When done
properly, the steps taken should result in rewarding transitions to sustainable manufacturing.
The process of transitioning to sustainable manufacturing is challenging. It can be
conceptualised as a sequential decision-making process that involves many considerations,
including levels of investment commitment, technology adoption decisions, management
commitment, and sustainable product life-cycle decisions [1]; uncertainty and complexity are
serious issues. From a wider perspective, promotion of circular economy is compromised by
complex and competing goals within frameworks and policies [2]. Models of the dynamics of
sustainability transitions and their management helps [3, 4]. This paper explores optimisation
of sustainable manufacturing transition decisions through reinforcement learning.
Specifically, Q-learning, an established model free reinforcement learning technique [5] is
used. Computational experiments based on a foundry scenario illustrates usefulness of Qlearning for deriving transition policies in sustainable manufacturing. Future work is
highlighted.
References
[1] F.T. Sunmola, F.S. Unal, Transitioning to Sustainable Manufacturing: A Systematic Review of
Considerations
Proceedings of the 49th International Conference on Computers and Industrial Engineering (CIE49). Dessouky,
M. & Zhao, Q. (eds.). Beijin, China (2019).
[2] K. Hartley, R. van Santen, J. Kirchherr, Policies for transitioning towards a circular economy: Expectations
from the European Union (EU), Resources, Conservation and Recycling, 155, (2020).
[3] F. T. Sustainable product lifecycle decision making using Q-Learning, In Challenges for Technology
Innovation: An Agenda for the Future, Moreira da Silva et. al (Eds) Taylor and Francis Group, London, (2017),
Pages 263 - 267.
[4] K. Safarzyńska, K. Frenken, J. C.J.M. van den Bergh, Evolutionary theorizing and modeling of sustainability
transitions, Research Policy, Volume 41, Issue 6, (2012), Pages 1011-1024.
[5] R.S. Sutton, A.G. Barto, Reinforcement Learning: An Introduction. The MIT Press (2018).
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Nowadays, information is one of the most valued resources for a company's success. The
ability to collect and process data to assist in decision making, whether in the market section
or equipment investment, provides the means to improve processes involving production,
quality control, distribution, sales, etc. resulting in reduced costs associated with waste
regarding materials, time, consumables, repairs, etc.
This research aims to demonstrate the importance of decision support systems and simulation
tools in process optimization, focusing on the industrial sector, and the implementation of the
industry 4.0 concept.
A decision support system (DSS), named ARSimTool, was developed in the company
Amorim Revestimentos S.A., to perform the simulation of occupational levels of its
production lines. This was requested as an alternative to the existing method, offering
advanced representation capabilities of the real model and additional functionality on
interface accessibility, autonomous data recovering, creation of testing scenarios,
management of product routes along the production floor, among others.
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In the Fourth Industrial Revolution context, the Internet is the main driver of the digital age,
which will promote profound changes in scale, reach and complexity of the production
chains, based on technologies increasingly incorporated in the productive environment.
Considering Smart Factory, Cyber-physical Systems (CPS), Internet of Things (IoT) and
Internet of Services (IoS) as pillars, Industry 4.0 (I4.0) will afford the process optimization,
increased incomes and consequently companies' profits [1]. On the other hand, there is Lean
Manufacturing (LM) which was the primary approach to creating efficient processes in the
industry since the early 1990s. Originated from the Toyota Production System (TPS), the LM
principles are focused on rigorous integration of employees, on continuous improvement and
value adding activities, as well as on waste elimination over the entire production chain [2].
This paper aimed to characterize the LM and I4.0 integration based on a relationship between
the classic types of waste with the emergent digital technologies in order to study how
technologies 4.0 can be associated with the reduction of LM waste. Based on a three-phase
methodology approach, it was categorized the principles, attributes and technologies of LM
and I4.0. A relationship matrix and multidimension diagrams were proposed in order to
evaluate how technologies 4.0 can be associated with the reduction of LM waste. A total of
27 combinations were identified and the technologies with the most points of synergy referred
to Automated Guided Vehicles, Big Data Analytics and Additive Manufacturing, showing
potential to reduce mainly defects, waiting, over processing, motion and transportation.
Therefore, LM and I4.0 can work together and contribute to each other, pointing out that
technologies 4.0 are strategic in order to reduce waste in the industrial environment. The main
contribution of this study refers to the systematization and integrated operationalization of
digital technologies in lean companies in order to optimize indicators of production processes
through the waste reduction.
References
[1] G. Büchi, M. Cugno, R. Castagnoli, Technological Forecasting and Social Change, 150 (2020), 119790.
[2] B. Mrugalska, M. K. Wyrwicka, Procedia Engineering, 182 (2017) 466–473.
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With the advent of geopolymer science, developed by Joseph Davidovits in the 1970’s and his
studies on the polycondensation of alkali activated kaolinite [1], geopolymer cements became
a focus of interest in the context of materials’ research and development. A geopolymer
cement is the result of the polycondensation process of alumino-silicates, present in a mix of
inorganic materials, that is induced by the action of an alkali activator. The geopolymerization
process results in the formation of a three-dimensional structure of polymeric Si - O - Al
bonds that gives the geopolymer cement its ability to harden and develop considerable
mechanical strength at room conditions [2]. The presence of reactive silicates and aluminates
in some inorganic waste streams, such as fly ash from coal or biomass burning, blast furnace
slag, mining tailings and others, allows for their use as significant or even main components
in the production of geopolymer cements, if specific formulations and conditions are met [35]. This process has the potential to reintegrate significant amounts of inorganic industrial
wastes in the production of a high performance binder material that can be used in many
applications, namely in the construction industry. Despite the fact that geopolymer technology
is not as mature as the one of ordinary Portland cement (OPC), some significant advantages
such as faster setting and strength development, increased durability and acid attack
resistance, and considerably lower CO2 emissions, embodied energy and water requirements
[6], turn geopolymers into a potential replacement of OPC, at least in some specific
applications. This paper provides a brief review on the research conducted in the area of
inorganic waste utilization for the formulation of geopolymer cements.
References
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Today, mycelium is used as a biomaterial in many different ways such as packaging in the
industry; acoustic panels; wall insulation; bricks in buildings; a textile and a raw material in
designed objects including furniture. The purpose of this research is to explore the ways to
guide the growth of mycelium and its fruiting bodies as a living building material with
minimal intervention. Moulding of biomaterials is an example of a constraining intervention,
currently used in design, which I am looking to move beyond. This has been described by
DeLanda as a reduction of the ‘degrees of freedom’ that living creatures possess due to the
materials losing their inherent potential when they are cultivated in a predefined form [1]. The
inherent potential of biomaterials comes from them owning a metabolism, which enables
them to develop in an almost limitless way. I will illustrate the parameters that manipulate the
morphogenesis of the organism. The work aims to build a dialogue with living materials and
facilitate growth. It will help designers, as Richard Sennett describes, to be a step ahead of the
material. The first phase of the study involves experimentation by paying close attention to
factors that might cause a difference in the behaviour of mycelium, to understand its
properties and nature. After having understood its behaviour in response to different factors
such as oxygen concentration, humidity, light intensity, temperature and nutrient sources, the
research will continue by guiding the cultivation of fruiting bodies. The project will
ultimately lead to the design of an automated parametric device to influence the growth of
fungi remotely. Integrating computational tools into the system will aid humans to use
mycelium and its fruiting bodies as a smart material. By providing physical/digital control,
the project will rethink architectural fabrication and demonstrate a new approach in material
making processes and geometries using mycelium.
References
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Rosin is a material which can be extracted from pine resin using green technology. In the first
half of the last century, Portugal was the leading exporter of rosin, but the industry has
declined due to the high human resources required and today Portugal is a net importer. Rosin
is a mixture of terpenes with functionality which make them a rich chemical resource. Rosin
is a material which has been available for hundreds of years and has developed many niche
applications some old, some new. We explore the potential of this material for preparing
sustainable biopolymers and composites. We identify the reaction paths and review work
which has already been reported.
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The electrical conductivity behaviour of polycaprolactone-based nanocomposites is presented
with the reinforcement of carbon nanotubes using tensile tests. For the sake of this, strands are
printed from the Polycaprolactone and its nanocomposites containing carbon nanotubes
employing an additive manufacturing system. Electrical conductivity is measured from
nanocomposite strands containing carbon nanotubes during uniaxial deformation. The
microstructure of the nanocomposite is analysed during deformation in real-time using NCD
(SWEET)-beamline at Alba synchrotron, Barcelona, Spain. It is found that electrical
conductivity increases as a consequence of carbon nanotubes inclusion into Polycaprolactone
matrix, which further increases as a result of uniaxial deformation. The experimental
arrangement is shown in Fig. 1. for the record of data. The analysis of results indicates that
electrical conductivity increases at relatively lower strain compare to higher strain.

Figure 1. The experimental setup used to record electrical, mechanical and X-ray scattering data during uniaxial
deformation of 3D printed electrically conductive strands.
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Computer generated simulations are used to predict the various possible biological and toxic
effects and in a final stage animal testing is done to obtain confirmatory results. Bone defects
result in a lack of bone and stem from fractures, surgeries or diseases. In addition to this, soft
tissue alterations may occur as a consequence of such defect. Since the neuromuscular system
is built in a manner that guarantees the operation of the system as a whole, regardless of a
possible injury in a specific portion, this kinematic conservation is very important, since the
subject is able to call upon different muscles to reach the main goal, thus gaining insight on
the phenomenon of muscle recruitment. Musculoskeletal models are a useful approach to
achieve such goal. More specifically, animal models are very useful to study a myriad of
musculoskeletal and bone conditions. To this end, one should need an animal with similar
anatomic, biomechanical, biochemical and physiological characteristics. Although it is not a
perfect match, the sheep is the preferred animal for this work. The aims of this study are the
development of a musculoskeletal model of both sheep’s hindlimbs in order to fully
understand loading mechanisms and muscle coordination patterns in healthy sheep gait. The
basis musculoskeletal model is constructed as defined in [1]. The input variables of the model
will be the coordinates of markers recorded with the optoelectronic stereophotogrammetry
motion capture system. Force plate data will also be acquired. Joint moments, muscle forces,
as well as bone-on-bone forces are estimated via a musculoskeletal modelling software,
Opensim [2]. This way, we hope to address several key components related to alterations
induced by bone-defects, whilst replacing animals with a musculoskeletal model, by
minimizing the number of animals used for this work and by providing them an optimal
environment so that they can thrive throughout the entire workflow.
References
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As a technology-driven industry, simulation is an enabler of Industry 4.0. Simulation
facilitates quality and productivity in industry at many levels. Time and resource wastage are
reduced and efficiency in manufacturing is enhanced through, for example, better and more
efficient product design. Several challenges nevertheless exist in industry, especially the
increased complexity of designs, under pressure by reduced time-to-market [1]. The size and
complexity of finite element (FE) models used in industrial environments has been growing
substantially over the past decades. Consequently, fast and efficient simulation strategies for
the design’s performance evaluation are derived in order to perform simulations in acceptable
time. For instance, structural properties, such as stresses and deformations can be calculated
in real time. In context of Industry 4.0, this enables the in-situ evaluation of the
manufacturing process and component quality resulting in an improved process control and
quality management [2]. Model order reduction (MOR) is a mathematical technic used for
reducing computational complexity of numerical models whenever simplification is possible.
High accuracy of results and reduced storage capacity are possible to achieve using MOR [3].
This work presents the development of a MOR routine for 2D explicit linear elastic FE
simulations. The FE code was developed in a MATLAB environment and is based on a
quadrilateral isoparametric element formulation. Mesh information such as connectivity and
nodal coordinate matrices are imported into the developed routine. The Newmark central
difference method was used as time integration scheme and the application of nodal
constraints was made through master-slave elimination. The reduction basis is obtained
through the Arnoldi modified Gram-Schmidt iterative method which employs a normalization
procedure for enhanced numerical stability, resulting in a projection basis onto the Krylov
subspace. The effects of boundary conditions such as load impulse shape or load location on
the accuracy of the reduced order simulation were studied and compared against results of full
(unreduced) simulations. Several reduction levels tested showed high accuracy and
considerably low storage space requirement and time reduction.
References
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Injection moulding is a versatile production technique that allows the manufacture of complex
shaped, thin walled polymer products that require minimal finishing. During processing, the
polymer experiences a high deformation, deformation rates and temperature variations that
affects the final properties of the product [1] [2].
Injection moulds as systems can be viewed as heat exchangers in the sense that they output or
input heat depending on whether the moulding surface is heating, or the injected part is being
cooled. This work revolves around understanding the different principles and techniques that
impact the quality and production rate of injection moulded parts, namely the Rapid Heat
Cycle Moulding strategies (RHCM) and the Additive Manufacturing (AM) techniques and
materials that enable the implementation of conformal heat exchanging channels.
To ensure the injection moulded part’s quality and short production cycle duration, RHCM
strategies are needed [3] quality-wise for the mould’s heating and cycle duration for the
cooling strategies. These strategies are primarily about the implementation of conformal
channels, that are only possible through careful selection and AM technologies conjugated
with Subtractive Manufacturing methods like milling or etching that in turn guarantees the
desired printed mould’s surface finish [4].
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S.D. Mohan,1 F.J. Davis,1 V.Mahendra,1 P.Hadley, 2 and C.A. Twitchen2

1.
2.

Department of Chemistry, University of Reading, Whiteknights, Reading, RG6 6AD, UK
Department of Agriculture, University of Reading, Whiteknights, Reading, RG6 6AR, UK

Email of corresponding author:f.j.davis@reading.ac.uk
The use of protected environments for the growth of agricultural produce is now an important
route to the production of a high value crops particularly vegetables and soft fruit and flowers.
Protection of crops can involve many approaches, but increasingly involves the growth of
crops in structures such as glasshouses or polymer clad horticultural tunnels. Both these
approaches are particularly important in terms of protecting the crops from the vicissitudes of
climate and pests; they may also allow the control of irrigation and fertilisation. The huge
economic advantage of protected crops is such that horticultural tunnels have become a
feature of the English landscape (Figure 1 a) and in Southern Spain the use is so intensive,
that it has been associated with a localised change to the climate.1

Figure 1 (a) Use of horticultural tunnels in Kent
England.

Figure 1b Experimental facility at the University of
Reading Sonning UK

Crucial to the effectiveness of polymer cladding for horticultural uses is the amount and
quality of the light which falls on the plant Thus photosynthetic yields are dependent on the
amount of solar radiation incident on the crop with high transmission being important,
particularly at higher latitudes; in addition, light scattering is thought to be beneficial, with
diffuse light improving yields. There is also a need for temperature control as the
photosynthetic process becomes less efficient above 35 C. It also has been found that
removal of parts of the spectrum can have effects on plant composition morphology and crop
yield and may influence the control of pests.2,3 Monitoring the advantages of such changes
requires well designed trials to allow for the statistical significance of results rather than on
unverified accounts from growers. To this end we have designed a small-scale commercial
trial at the university of Reading (Figure 1b). In this account we shall discuss the design
factors that need consideration when producing coverings for horticultural tunnels.
1
J. A. Aznar-Sánchez, E. Galdeano-Gómez and J. C. Pérez-Mesa, Journal of Agrarian Change, 2011,11(2),
241–261.
2
M. Ordidge, P. García-Macías, N. H. Battey, M. H. Gordon, P. John, J. A Lovegrove, E. Vysini, A. Wagstaffe
and P. Hadley, J Sci Food Agric., 2012, 92, 1597–1604.
3
E. Tsormpatsidis, R. G. C. Henbest, F. J. Davis, N. H. Battey, P. Hadley, A. Wagstaffe, Environmental and
Experimental Botany, 2008, 63, 232-239.
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Abstract;
No matter the industry, a common war is being fought. Going from automobile to
manufacturing to oil and gas, one common enemy has ridiculed great inventions and put to
waste machines leading to millions in loss. Over time all sorts of methods have been tried and
tested, some failing, some working as expected. But with the advancement of science and
technology new and more improved ways have been invented to battle that enemy, Corrosion.
This paper address the challenge and ways technological advancement has fostered various
alternatives to this challenge.
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Abstract;
Corrosion is of great interest in several industries. In the oil and gas industry for instance,
corrosion of the carbon steels used in transportation of precious fluids can cost several
companies and even nations untold fortunes. A small rust on a pipeline is a big deal in such
fields and researchers work tirelessly to identify super effective materials that will
successfully serve various anticorrosion needs in various industries. The economical
limitations and toxicity of conventional inorganic inhibitors and several related factors have
driven the industries to a passionate search for greener alternatives. Agro-waste have been
identified as a very important player in these green alternatives. these wastes undergo several
processes before achieving suitable compositions to be used as corrosion inhibitors.
Researchers have proven the more desirable properties of using these materials in the stead
of inorganic pollutants are numerous. In this paper the use of agro-waste as reinforcements
or additives (as they are known as) in the manufacture of corrosion inhibitors for composite
metal matrices will be detailed via exploring several works carried out on the topic.
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Epoxy composites with metallic fillers are being increasingly used in molding elements (blocks and
other inserts) of hybrid molds. Hybrid molds are plastic injection molds that combine old and new
fabrication techniques to produce the mold structure and the molding elements in alternative metallic
or synthetic materials. When materials softer than tool steels are used to produce the molding blocks,
one of the rapid tooling techniques commonly used is the epoxy resin vacuum casting. Although this
rapid tooling solution has been showing good results to produce short series of plastic parts, some
issues need to be considered. These include the thermal and mechanical properties of the epoxy-based
composites, the glass transition temperature of the epoxy resins used to produce the molding elements,
as most of them over 100ºC lose part of the rigidity and strength, and the establishment of adequate
processing conditions during the injection molding process. This paper addresses the performance of
the molding blocks, produced by vacuum casting using epoxy resin with different types of metallic
fillers, during the injection molding process. The plastic parts were produced in a polypropylene
homopolymer of MFR 12 (230ºC/ 2.16 kg). Pressure and temperature were recorded at specific
locations in the mold. Some obtained results show that:
- Hybrid molds with soft cores require a longer initial running period for stabilisation of the processing
temperatures, namely in the mold.
- Pressure evolution in the impression of hybrid molds with soft molding cores is different from
conventional steel cores.
- Plastic parts obtained in hybrid molds have different characteristics from those obtained in
conventional molds.
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In recent years outdoor sports have reported a continuous substantial growth [1]. Many of
these outdoor sports, like trail running require that the path is marked by flagging tape to
guide the athletes in the correct way. One of the problems of using commercial flagging tapes
is that they are fabricated with non-biodegradable plastic materials like polyvinyl chloride
(PVC). Afterwards, many of these flagging tapes are not removed and remain in the
environment for long periods of time causing animal danger and ecosystem pollution. In order
to find a solution to overcome this sustainability problem an eco-friendly flagging tape was
developed. It is able to replace the conventional one’s, being completely biodegradable in
outdoor environment in a short period of time. For this purpose, bacterial cellulose was used
to produce a cellulose-based film accordingly with a recent reported fabrication methodology
[2,3], here adapted to reach the properties required to achieve our goals. Finally,
biodegradation tests were performed in the product proving that the developed cellulosebased film have a fast degradation rate in outdoor environment conditions.
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Metal injection molding (MIM) allows the manufacturing of metallic components, using a
mixture of metallic powder with a binder system, through the use of a injection machines and
subsequent processes of debinding and sintering [1]. The need to use injection equipment’s to
produce components implies a sacrifice in the ability to obtain parts with complex and
optimized geometries. To overcome this challenge, additive manufacturing (AM) emerges as
a natural alternative, allowing freeform design without the need to increase costs [2]. FFF is a
AM technique that allows the production of metallic/ceramic parts without the need of using
expensive laser systems and that uses materials that emerged from MIM studies [3]. The
ability of producing tailored materials that allow a low thermal expansion coefficient and a
good thermal conductivity is fundamental for industries such as aeronautical, molds or
electronics [4]. The scope of the present work is to develop a optimized filament of a
tungsten-copper alloy, using different ratios of material (W-10Cu;W-20Cu;W-30Cu), suitable
for FFF.
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Abstract;
Waste is something that is inevitable as long as there are still production process occurring.
The rate at which municipal solid wastes are being disposed on a daily basis has raised a
concern and a need to recover these wastes in order to put them to good use, hence the advent
of biodegradable materials. Over the years, more of these materials have been discovered,
some do have a good future in the materials industry while some do not. Hence, it is logically
right to discover promising materials in order to shine more light on them in hope of more
research to be done on them. The objective of this paper is to give an extensive review on the
present state and application of biodegradable polymers as well as offer a background study
on the phenomenon, biodegradation.
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Functionally graded materials (FGMs) are characterized by the variation in composition
and/or structure gradually over volume, resulting in have physical properties vary gradually in
one or more specified directions according to functional requirements. The FGMs can be
designed for specific function and applications [1]. Cellular structures (CS) are commonly
used to design FGMs, due the flexibility in tailoring specific effective properties by
optimizing the layout and geometry of FGMs rather than composition [2]. The CS geometry
and layout of the FGMs can be obtained by topological optimization (TO) methods, but the
connectivity between adjacent unit cells in gradient direction remains a limitation. It is
necessary to assure the connectivity (kinematic connectors) between the adjacent
microstructure to obtain a manufacturable design, which can be direct digital manufactured.
In this study several methods to ensure connectivity between different topologically
optimized unit cells are tested. Three different initial designs are considered based on the
following rules: a) the voxel (i.e., elemental) volume fraction distribution is proportional to
the distance from the voxel centre to the base cell centre; b) the volume fraction distribution is
inversely proportional to that distance; c) setting the maximum volume fraction voxels at
same positions within the design domain of all microstructures.
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According to Wolff's Law [1] bone volume, density, and architecture adapt to their loads, so
that mechanical properties must be adequate to resist them. Loads are quantified as strength
and/or stress. These loads can be produced by body support, gravity action and external
forces, such as compression, traction, shear, flexion or torsion [2].
Natural bone present different organisations. It can be divided into the trabecular and compact
bone. Each one with different properties. In the case of compact bone, it presents a low
percentage in porosity, presenting high strength, in the case of the trabecular bone, it presents
a much higher porosity [3]. Combining these two different organisations, the whole bone
structure present a good resistance upon compression. This feature combined with its natural
organisation is considered key points to mimic bone in Tissue Engineering. Thus, scaffolds
with different geometrical features were considered for the regeneration of critical sized-bone
defects. Each geometry, inspired in the native bone organisation, was compound to
compression through the Finite Element Methods to better understand load dispersion along
the structures optimizing its mechanical performance.
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Atherosclerotic vascular diseases are common life-threatening diseases that narrows the
vessels and reduce blood flow in the arteries. To minimize the impact on people’s life,
procedures using stents, such as angioplasty, have been used [1]. Since the introduction of
percutaneous coronary intervention to stents application, several advances in technology
occur, resulting on the appearance of bare metal stents (BMS), drug-eluting stents (DES) and
bioresorbable stents (BRS). Upon the introduction of polymeric materials in stenting
procedures , the use of BRS has gained strength, since the key role of a stent is actually
temporary [2]. These new materials helped to overcome some of the existent disadvantages of
BMS or DES, but the radial flexibility of polymeric materials tend to become a disadvantage
while applying the stent [3]. The appearance of Additive manufacturing (AM) of metals
contributed to the development of new stents, allowing the use of biodegradable metals, such
as magnesium, to overcome the flexibility limitations. The scope of the present work is to
present a bibliographic review regarding the role of AM techniques, mainly focused on the
development of metallic stents. This review will sustain the development of a novel stent
capable of adapting its features in space and time.
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Additive biomanufacturing processes are a relative recent type of fabrication used for the
production of biocompatible temporary implants. Despite their greatly evolution over the last
decades, upon the necessity of their implementation in a clinic or hospital environment, there
is a language conflict between the engineers and the clinicians. Thus, a novel user-friendly
additive biomanufacturing equipment ideal for health professionals was designed. This
equipment will allow the production of temporary implants under sterile conditions through
the use of innovative tools adapted to the necessities of physicians and health technicians. To
do so, the designed equipment follows a set of visual rules for medical devices and/or
environments. Moreover, the designed graphical user interface is user friendly and easy of
manipulation of all the systems integrated in the equipment. It was developed in collaboration
between the engineers and the clinicians so that the language be understood by all the people
involved. The biomanufacturing system functionalities will provide the clinicians the
production of temporary implants in a less-time consuming and simplified way, with a
reduced intervention of the user.
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In the Temporomandibular Joint (TMJ) there is a structure, a fibrocartilaginous disc,
fundamental for the normal functioning of this joint. It absorbs impact by helping to lessen
the incongruity of the involved bone structure, lubricating the zone and functioning as a load
bearing. Its main biochemical components are collagen type I and glycosaminoglycans and
the cell population are fibrochondrocytes [1]. The disc is predisposed to damage and
degeneration due to its cartilaginous nature, which consequently leads to additional
dysfunctions in the remaining bony structures of the joint [2].
Xenogenic tissues may be a viable approach to a TMJ disc construct. However,
decellularization and sterilization methods are necessary to remove the immunogenic
components [3]. After decellularization, the tissue can be subjected to a set of methods:
frozen, lyophilized and powdered [4]. The benefit of using extracellular matrices (ECMs)
powders is that they have the ability to be delivered to specific locations by incorporating
them into injectable hydrogels [5]. In order to find a viable disc tissue engineering approach
several decellularization methods were investigated and it was hypothesized the integration of
disc ECMs powders into biocompatible to serve as a possible treatment to disc disorders.
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Tissue Engineering (TE) is a promising field of research in regenerative medicine, combining
different fields, such as material science, mechanical engineering, clinical medicine and
genetic to restore lost tissue function due to large fractures or degenerative processes [1]. A
combination of cells and matrices (scaffolds) made of different kinds of materials is
introduced into a culture medium inside a 2D or 3D bioreactor culture chamber which
reproduces biologic conditions for cell differentiation and mitosis. The artificially engineered
tissue is posteriorly implanted in the lesion site through surgical procedures [2]. Studies in
vitro show that electric stimulation (ES) may enhance stem cell differentiation/mitosis [3],
[4]. However, the biophysical mechanisms underlying ES effects in stem cells processes
remain unclear, especially concerning how the type of stimulus and the magnitude and
direction of the induced electric field (EF) can influence cell processes in TE [5]. Numerical
finite element modelling (FEM) can be extremely useful to 1) study the underlying physics
occurring inside simulated cell culture medium due to ES and 2) optimize ES protocols for
specific purposes.
In our research, we address how to implement ES delivered through an electrode system that
allows to switch between direct and capacitive coupling stimulation inside a 3D bioreactor
culture chamber. FEM will be applied to study the influence of different electrode radius and
coupling paradigms (direct or capacitive) on the EF predicted at the scaffold region.
References
[1] R. Langer, J.P. Vacanti, Tissue engineering. Science 260 (1993), 920–926.
[2] P. Chocholata, V. Kulda, V. Babuska, Fabrication of Scaffolds for Bone-Tissue Regeneration. Materials
(Basel), 12(4) (2019), 568.
[3] R. Zhu, Z. Sun, C. Li, S. Ramakrishna, K. Chiu, L. He, Electrical stimulation affects neural stem cell fate and
function in vitro. Experimental Neurology, 319 (2019), 112963.
[4] J. Li, X. Liu, J.M. Crook, G.G. Wallace, Electrical stimulation-induced osteogenesis of human adipose
derived stem cells using a conductive graphene-cellulose scaffold. Mater Sci Eng C Mater Biol Appl., 107
(2020), 110312.
[5] G. Thrivikraman, S.K. Boda, B. Basu, Unraveling the mechanistic effects of electric field stimulation
towards directing stem cell fate and function: A tissue engineering perspective. Biomaterials, 150 (2018), 60-86.

32

International Conference on Sustainable and Intelligent manufacturing
RESIM 2020 | CDRSP, Institute Polytechnic of Leiria, Portugal
International Conference on Biodigital Architecture & Genetics
BIODIG 2020 | iBAG, Universitat Internacional de Catalunya, Spain

Implant size and position estimation based on a 3D image
reconstruction from a convolutional neural network of a
2D radiograph
Diogo F. Almeidaa,* Patricio Astudillob, Sandra Amadoa
aCDRSP

– Center for Rapid and Sustainable Product Development, Polytechnic Institute of
Leiria, Portugal
bDepartment of Electronics and information systems, UGent - imec, Belgium
Email of corresponding author: diogo.m.almeida@ipleiria.pt

Keywords: Convolutional Neural Network, Arthroplasty, Knee Implant, Hip Implant
Abstract: Convolutional neural networks (CNNs) have rapidly become a powerful tool for
image analysis as databases of medical images started to be created and increasing in size
everyday more and more. With the purpose to reduce the amount of radiation exposure and
the cost of the imaging acquisition, the standard procedure for hip or knee arthroplasty
planning is a mere radiograph of the patients’ anatomy, as opposed to a full 3D computed
tomography (CT) or a magnetic resonance. Several techniques have been proposed to address
3D registration of the patient-specific implant positioning. The current study presents a novel
approach, based on a CNNs reconstruction [1] of the 3D image data from a 2D radiograph
that estimates the implant size and optimal orientation for the planning of the surgery.
The present study presents a novel implant position and size optimisation at a stage prior to
the surgical intervention that is of added value as it can minimize the surgery time and
increase the success rate of total knee or hip arthroplasties. Having collected over 500 high
resolution CT scans of the lower limb, the CNN architecture was designed to train the
extrapolation of the 3D image data from a 2D projection. With that purpose, digitally
reconstructed radiographs (DRRs) were generated to each of the CT scans. The training of the
2D-3D couplings was cross-validated using k-folding and used the Adam optimiser to
minimize the mean squared error function. A multidimensional Gaussian filter was used as a
data augmentation strategy during training. In order to access the accuracy of the present
study, the structured similarity index was used as a metric to compare predicted volumes from
the ground truth models. On average, these values were 0.77 ± 0.06 which are promising
values for estimating the implants size and position prior to the surgery. With the increase of
our training dataset, these values are expected to increase and present an even more reliable
tool to increase the success rate of such procedures.
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The complexity of the biological mechanisms associated to bone regeneration has motivated
the development of several in silico, in vitro, and in vivo models and in the future, we will see
the integration of these in a single model. In fact, the use of several models, ie, in silico, in
vitro, in vivo in simultaneous presents an innovative approach tailor-made tissue that
considers patient-specific geometry 1. This approach allows to understand from micro to
macro level, adding the musculoskeletal model to simulate the dynamic context, using the
animal model of the sheep. Until now finite element models have been little used in the
veterinary sciences. However, after developed and validated they reveal numerous
advantages, especially at the predictive level, avoiding the unnecessary use of the number of
animals commonly used in conventional studies. The possibility of replicating the clinical
scenario in vivo in different contexts of mechanical load using finite element models is
extremely important to estimate results and optimize therapeutic solutions 2. In our ongoing
research we are developing the predictive biomechanical model of the sheep with bone
defects to study the bone regeneration process by stimulus-responsive mechanical load caused
by the musculoskeletal system. We address how to 1) integrate finite element model stimulusresponsive to mechanical load; 2) validation of the bio-stimuli scaffolds for bone regeneration
and 3) validate the in vivo model, which is of paramount importance for pre-clinical trials in
veterinary medicine.
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The early treatment of skin lesions is essential for enhanced healing and preventing further
tissue damage and hypertrophic scarring. In patients suffering from extensive burn injuries,
the proper coverage of wounds is a vital step towards increased survivability rates [1].
Patients with these kinds of injuries present a better respond when rapid treatment is applied,
resulting in fast closure and protection of the wound. Split thickness autografts are regarded
as the standard technic for treating severe burn wounds. However, adequate coverage of
extended wounds can represent a difficult challenge when limited healthy donor skin is
available [2]. Cellular therapy represents a promising candidate for substitution of biological
skin-equivalents [1]. Three-dimensional (3D) bioprinting for in-situ treatment of burn injuries
presents the advantage of allowing standardization of clinical application, precise cell
deposition, elimination of the need for expensive and time-consuming in-vitro differentiation,
and the need for multiple surgery [3]. Bioprinting involves a layer-by-layer material
deposition approach requiring a 3D model of the wound and a computational procedure to
generate trajectories for direct deposition on the patient’s wounds.
A mathematical framework for in-situ bioprinting is presented in this work. The proposed
methodology uses a point cloud file as input, which results from a 3D scan of the lesion to
treat. The volume of interest (VOI) is isolated from the non-desired environment by a
minimum-coordinate plane separation. An ellipsoid fitting algorithm is used to fit the VOI
and determine its principal axis through the eigenvectors of the inertia tensor. Cylindrical
projection is used to map the 3D points into a semi-cylinder and coordinate transformation is
performed by unwrapping the projection cylinder into a planar space over its principal axes.
Image processing algorithms are applied to identify the region of interest (ROI) and printing
trajectories are generated over the planar ROI considering the lesion’s edges as boundary
constraints. Finally, the planar trajectory is remapped into a semi-cylinder and reversely
projected into the 3D space, resulting into a spatial trajectory over the considered lesion.
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