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MINISTRY FOR EDUCATION AND EMPLOYMENT

MYyjourney:

Achieving through
different paths

DESIGN AND

TECHNOLOGY

As part of the My Journey initiative, students in secondary school
now have the option to immerse themselves in the fascinating world
of design and technology with hands-on experience.

Students are now able to blend relevant and quality academic, applied and vocational
subjects in a personadlised and inclusive learning environment that enables them to reach
their full potential.

Through the introduction of My Journey, secondary school students will be able to opt for
different forms of learning and assessments, have the opportunity to reach the same level of
qualifications and be equally employable regardless of the blends of options they’ll choose
to study.

It's time to improve on what we have, and try to build an education where children enjoy
going to school every day.

For more information kindly visit myjourney.edu.mt or nextyear.edu.mt
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Putting Ethics
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W
'/ the route to safety and security

18th September 2019 | 08:30hrs - 15:00hrs | Venue to be advised

Chamber of Engineers 26 Annual Conference

The conference entitled “Engineering: The Route to Safety and Security” will focus on engineering
aspects related towards providing safety and security in all aspects of life and society. In a world
where people are growing accustomed to the ever increasing commodities and realities offered by
modern lifestyles, be it the buildings they live or work in, the systems they use on their workplace or
to move around, the virtual reality where they store their valuables, from e-mails to bank accounts,
the safety and security of such commodities is often overlooked, by all, bar the professionals
entrusted with providing it.

Engineering, in all its facets is an accepted route towards providing safety and security. For this
reason, this year’s conference looks at aspects which in a wide context relate to safety and security.
Topics to be addressed include, but are not limited to, fire safety in buildings, cyber security, design-
ing for safety on the workplace, occupational health and safety, safety in road infrastructure, risk
management, safety in aviation, security systems, facilities management and insurance.

Papers or any queries are to be addressed to actsec@coe.org.mt. Deadline for submission of papers
is the 31t July 2019. The Authors should clearly highlight the objectives, results and outcomes.
Formatting rules can be found on the website www.coe.org.mt and should be followed strictly.
Further details will follow in the coming months.

Chamber of Engineers

The Professional Centre Sliema Road Gzira - GZR1633, Malta

T: (+356) 2133 4858 F: (+356) 2134 7118 M: (+356) 9933 4858

E: info@coe.org.mt Ed Chamber of Engineers www.coe.org.mt
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Electronic and
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Fabian Enterprises Ltd

FABIAN ENTERPRISES 18-20 Msida Road, Gzira. GZR 1401.
Tel: 21313283 - 21320845 Fax: 21338087
e-mail: sales@fabian.com.mt - Website: www.fabian.com.mt
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AMETHODE ELECTRONICS COMPANY
HETRONIC'

We're not just creating remote controls,
we're creating a safer workplace.

We provide professional hoist and crane operators with Radio
Remote Controls that they can count on; maximizing
productivity while keeping operations safe. Since 1982 we
have been an industry leader in Radio Remote Control
technology and innovation, from our first crane RC to
now more than 430,000 systems built and shipped /
around the world.

* LED or TFT Video Display
* Built-in, Redundant Safety
* Custom Configurability

* Rugged construction

® 2-Year Warranty

SUPPORT AND SERVICE IS THERE WHEN YOU NEED IT — 51 COUNTRIES A
Learn more at hetronic.com
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Doing up your home
or commercial premises?

RESIDENTIAL COMMERCIAL INDUSTRIAL

We've been in the industry for over 50 Years and are happy to
share our knowledge with you during this very important process.
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figure out what lights your fire...

then chase the match...

RAESCH

QUARZ MALTA

German-owned manufacturers of quartz glass components

for industrial and scientific applications, operating from the
Mosta Technopark since 1997.

For job opportunities, apply at Unit F5, Mosta Technopark.
Tel: 21419615.
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Trelleborg Sealing Solutions Malta is a world class supplier of
advanced sealing solutions. The company’s future, like its
history, is characterised by a constant drive for quality and
passion for identifying new solutions to complex technical
problems. People are key to the company’s success.
Together with constant investment in new technology, our
employees steer the way to maintain the company’s position
as world leader in the engineered rubber sealing market.

Find more information at www.tss.trelleborg.com

TRELLEBORG SEALING SOLUTIONS

TRELLEBORG
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FOREWORD

On behalf of the staff of the Faculty of Engineering, | welcome you to the 30th edition of the
engineering undergraduate final year projects exhibition. This year 90 undergraduate projects will
be on display within the various Faculty labs, allowing the general public, as well as our industrial
partners, alumni and prospective students the opportunity to appreciate the work that our students
have developed over the past year.

| invite you to read carefully through the introductory pages of this brochure, where you will find
information on the courses that are offered by the Faculty, on the major facilities of the Faculty,
on the ongoing externally funded and postgraduate projects, as well as on staff members of the
Faculty. The brochure also contains one-page summaries of each of the undergraduate projects
that are on display during the exhibition, explaining the project objectives, the approach and
methods taken, and the results obtained. There is also useful information in the form of adverts
from a good number of industrial sponsors of the exhibition, without whom this event would not be
possible.

| take this opportunity to thank all the Faculty members for their contribution to the Faculty and
specifically the members of the Faculty’s Public Relations and Outreach committee for the
organisation of this year’s exhibition and the collation of the information for this booklet. | believe
you will find it highly informative.

Andrew Sammut

Dean, Faculty of Engineering
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COURSES OFFERED
BY THE FACULTY OF ENGINEERING

UNDERGRADUATE COURSES

The University of Malta offers two engineering degrees, each with four years duration. The first
two years of both degrees provide the basic scientific background required for advanced studies in
the two degrees. In these two years, all subjects are compulsory. In the third and fourth year you
will be able to choose subjects according to your interests. When you apply for the Engineering
degree, you will be asked to choose ONE:

Bachelor of Engineering (Honours) in Electrical and Electronic Engineering

This degree covers the generation, distribution, application and control of electrical energy.
Electrical and electronic engineers can apply their scientific knowledge in the fields of transport,
space technology, biomedical technology, control, robotics and automation, communications and
machine vision. Optional subjects include microcontrollers, advanced electronic and power circuit
design, electrical and renewable energy, advanced drives, signal processing, image processing,
control systems and artificial intelligence.

Bachelor of Engineering (Honours) in Mechanical Engineering

This degree covers the design, development and improvement of mechanical components and
systems that make our world and lives function. Mechanical engineers can apply their scientific
knowledge in the fields of bioengineering, robotics, the production of sustainable and clean
energy, access to clean water, aerospace, nano-manufacturing and nano-materials. If you follow
this degree, then you will be asked to choose one of three streams namely:

1. Applied Mechanics and Thermofluids Engineering
2. Applied Materials in Engineering
3. Industrial and Manufacturing Engineering

ENTRY REQUIREMENTS

Applicants must satisfy the General Entry Requirements for admission, namely, the Matriculation
Certificate and Secondary Education Certificate passes at Grade 5 or better in Maltese, English
Language and Mathematics.

Applicants must also satisfy the following Special Course Requirements:

» passes at Advanced Matriculation Level at Grade C or better in Pure Mathematics and in
Physics.
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Applicants in possession of passes in the Secondary Education Certificate Examination at Grade
5 or better in Maltese and English Language, and of either the MCAST-BTEC Higher National
Diploma in an area deemed by the Board to be relevant to the Course, or the MCAST Diploma in
Industrial Electronics, may also be admitted into the course.

If applicants are graduates of a university or have other qualifications considered to be sufficient,
they may be exempted by the University Admissions Board, on the advice of the Faculty
Admissions Committee, from the whole or part of these special course requirements.

The admission requirements are applicable for courses commencing in October 2019.

POSTGRADUATE COURSES

Master of Science in Building Services Engineering

This programme is aimed at consolidating engineering professionals in the area of building
services. It focuses on the various systems that compliment building design and function. Areas
of study cover basic conversion processes, fire safety engineering in buildings, characterisation
of HVAC science and technologies, electrical services, low voltage systems, the novel internet
of things paradigm, sustainability in building services practice and certification methods. Case
studies encouraging an integrated approach towards building services projects will be sought
during various instances of the programme.

ENTRY REQUIREMENTS

The degree of Bachelor of Engineering (Honours) from the University of Malta or from any other
higher education institution recognized by Senate, obtained with at least Second Class (Honours).
In exceptional cases the Admissions Board, on the recommendation of the Faculty Board, may
admit into the Course applicants not in possession of the qualification listed above, provided that
it is satisfied that such applicants are in possession of other relevant academic or professional
qualifications and experience that together are deemed to be comparable to the level of a first
cycle degree. The admission of such applicants may be made conditional on the results of an
interview.
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Master of Science in Maritime Engineering

The programme allows students to build on and integrate prior knowledge and understanding
of their engineering discipline at an advanced level to solve a substantial range of practical
engineering problems, through individual or group case studies or projects with a specific
direction towards the maritime field of study and industry. The programme covers a wide
range of engineering disciplines from ship fundamentals, resistance and propulsion and their
systems, hydrodynamics, computational fluid dynamics, oceanography, materials for the
marine environment, maritime structures, renewable energy generation and water treatment.
Furthermore, essential topics covering economic, environmental, ethical, legal, managerial and
social issues are also covered.

ENTRY REQUIREMENTS

a) the degree of Bachelor of Engineering (Honours) from the University of Malta, or from any other
higher education institution recognized by Senate, obtained with at least Second Class (Honours);
or

b) the degree of Bachelor of Science (Honours) from the University of Malta, or from any other
higher education institution recognized by Senate and obtained with at least Second Class
(Honours) in an area of study deemed relevant by the Faculty Board; or

c) any other Honours degree in a relevant area which the Faculty Board deems comparable to the
qualifications indicated in (a) or (b).

In exceptional cases the Admissions Board, on the recommendation of the Faculty Board, may
admit into the Course applicants not in possession of a qualification listed above, provided that
it is satisfied that such applicants are in possession of other relevant academic or professional
qualifications and experience that together are deemed to be comparable to the level of a first
degree. The admission of such applicants may be made conditional on the results of an interview.

Master of Science in Electrical Engineering by Research

Some subject areas covered in this programme include: Electrical Drives; Electrical Machine
Design; Electric Transportation; Control and Grid Integration of Renewable Energy Sources;
Energy Storage; Building Services; Electrical Power Systems; Power Electronics; Smart Grids;
Microgrids; Power Quality and EMC; Electrical Energy Efficiency; Signal, Image and Biomedical
Signal Processing; Computer Vision; Distributed Computational Intelligence; Machine Learning;
Automatic Control; Adaptive and Intelligent Control; Robot Control; Spatio-temporal System
Modelling; Swarm Robotics; Human-machine Interface Design, Analysis and Evaluation; Aircraft
Flight Trajectory; Prediction/Management; Autonomous Navigation Systems; Analogue/Digital
Signal Processing; Air/Road Traffic Management; Intelligent Transportation Systems; Biomedical
Electronics and Industrial Electronics and Precision Instrumentation.
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ENTRY REQUIREMENTS
a) a Bachelor of Engineering (Honours) degree with at least Second Class (Honours); or

b)a Bachelor of Science (Honours) degree with at least Second Class (Honours) in
appropriate subjects as approved by the Faculty Board; or

c) a Bachelor degree with a Third Class (Honours) in Engineering or in a relevant area of
study together with other qualifications, including relevant experience following the first cycle
degree; or

d) equivalent qualifications approved by Senate on the recommendation of the Faculty
Board.

Admission of applicants under (c) and (d) shall be made conditional on the results of an
interview and in such cases the Faculty Board may require applicants to successfully complete a
preparatory programme.

Master of Science in Mechanical Engineering by Research

Some subject areas covered in this programme include: Applied Mechanics and Biomechanics;
Robotics; Strength, Stability and Integrity of the Structures; Applied Multiphysics Modelling;
Composite Structures; Mechanics of Welding; Environmental Engineering; Offshore Renewable
Energy; Solar Energy, Aerodynamics and Wind Energy; Airconditioning Systems; Heat Transfer in
Electrical Machines; Internal Combustion Engines; Naval Architecture; Laser Material Processing;
Surface Engineering for corrosion and wear resistance; Nanomaterial Modelling; Biomaterials;
Tribology; Tribo-corrosion; Functional Coatings; Diffusion Treatments; Austempered Ductile Iron
(ADI); Product Design and Development; Design of Biomedical and Assistive Devices; Artificial
Hand Design and Development; Rapid Prototyping; Tooling and Manufacturing (RPTM) using
Fused Deposition Modelling (FDM) and Electron Beam Melting (EBM); Polymer Processing
(Injection Moulding and Thermoforming); Lean and Agile Manufacturing; Micro and Nano
Manufacturing; Sustainable Manufacturing; and Industrial Automation.

ENTRY REQUIREMENTS
a) a Bachelor of Engineering (Honours) degree with at least Second Class (Honours); or

b) a Bachelor of Science (Honours) degree with at least Second Class (Honours) in
appropriate subjects as approved by the Faculty Board; or

c) a Bachelor degree with a Third Class (Honours) in Engineering or in a relevant area of
study together with other qualifications, including relevant experience following the first cycle
degree; or

d) equivalent qualifications approved by Senate on the recommendation of the Faculty
Board.

Admission of applicants under (c) and (d) shall be made conditional on the results of an
interview and in such cases the Faculty Board may require applicants to successfully complete a
preparatory programme.
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Master of Science in Integrated Product Development

The Course is built on two fundamental pillars of Product and Process Engineering, and Business.
The programme blends these topics together and even allows the student an element of
specialisation or focus in any one of these two pillars within the programme itself. This Course is
intended to fortify skills and to maximise performance and success in the industry by integrating
all the aspects of product development, including product function and design, product materials
and manufacturing, product use and environmental impact, product marketing and costing,
entrepreneurship and business management.

ENTRY REQUIREMENTS
a) the Bachelor of Engineering (Honours) degree with at least Second Class (Honours); or

b) the Bachelor of Science (Honours) degree with at least Second Class (Honours) in
appropriate areas of study as approved by the Faculty Board; or

c) a qualification deemed by Senate, on the recommendation of the Faculty Board, to be
equivalent to either of the above degrees.

Master of Science in Signals, Systems and Control

This Course delivers the necessary academic, practical and professional education to acquire
high-tech competencies and advanced technological skills in the interlinked areas of signal
processing, systems engineering and automatic control systems. Through this course, students
will learn the basic theories, design methodologies and implementation techniques relevant to the
areas of system modelling, signal processing, dynamics and systems, automatic control, computer
vision, and machine learning. The acquired hightech skills would enable graduates to pursue
professional careers in several sectors such as system automation, process control, biomedical
engineering, transport and robotics to name but a few.

ENTRY REQUIREMENTS
a) the degree of Bachelor of Engineering (Honours) with at least Second Class (Honours); or

b) the degree of Bachelor of Science (Honours) with at least Second Class (Honours) in
appropriate subjects as approved by the Faculty Board; or

c) the degree of Bachelor of Science in Information Technology (Honours) with at least
Second Class (Honours); or

d) the degree of Bachelor of Science in Information and Communication Technology
(Honours) with at least Second Class (Honours); or

e) any other Honours degree with a suitable mathematical and computer programming
component which the Faculty Board deems comparable to the qualifications indicated in (a),

(b), (c) or (d).
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Master of Science in Biomedical Engineering (Biomechanics)

The M.Sc. in Biomedical Engineering provides students with multi-disciplinary scientific knowledge
in engineering, biomedical and clinical fields required for the complete understanding, analysis
and advancement of Biomedical Engineering with particular emphasis to health care. The
heterogeneous cohort of students - engineers, medics, scientist and health care graduate, will
be provided with all necessary skills, to augment and advance their capacity thereby providing
a platform for collaborative work in the multidisciplinary area of biomedical engineering. The
program is based on the expansion of engineering skills applied to biological systems and a
solution of medical, pathological or trauma issues that will encourage the innovative and creative
approach to problem solving that caters for unique individual patients.

ENTRY REQUIREMENTS
The Course shall be open to applicants in possession of one of the following qualifications:

(a) the degree of Bachelor of Engineering (Honours) from this University, or from any other
higher education institution recognized by Senate, obtained with at least Second Class
Honours; or

(b) the degree of Doctor of Medicine and Surgery from this University or equivalent obtained
from any other higher education institution recognized by Senate; or

(c) the degree of Bachelor of Science (Honours) from this University, or from any other higher
education institution recognized by Senate, obtained with at least Second Class Honours in
one of the following areas: Medical Biochemistry, Applied Biomedical Science (or Medical
Laboratory Science), Physiotherapy, Chemistry, Biology, Physics, or in another area of study
deemed relevant by the Board of Studies.

Doctorate Degree by Research in Engineering

The Ph.D. in Engineering is a 3-4 year doctorate degree based on an innovative research project
implemented by the student, supported by the extensive expertise of the departments in the
Faculty and using the comprehensive range of equipment and facilities available.
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FACILITIES

Department of Electronic
Systems Engineering

Embedded Systems Laboratory

A computer network with Labview and
Altium licenses to design PCBs and control
electronic systems

50MHz Arbitrary programmable function
generators

200Mhz Digital Storage Oscilloscopes X-ray Inspection facility (up to 5600x

Triple Output programmable precision magnification)

bench power supplies

3GHz Mixed Domain  Oscilloscope PCB Finishing Laboratory
(includes logic analyzer, spectrum analyzer

Through-hole copper and tin plating facility
and protocol analyzer)

Hand operated mechanical through-hole

National Instruments Data Acquisition plating facility

Boards
FPGA Development Boards

Microcontroller Development Boards

Vapour phase Oven

Reflow oven with 8 independently
controlled heating zones

Dry film Solder mask Laminator

Electronics Laboratory Brushing machine

20Mhz programmable function generators Ultrasonic cleaner

100Mhz Digital Storage Oscilloscopes

Various bench power supplies PCB Assembly Laboratory

General purpose soldering stations High speed, high accuracy solder paste

dispenser
Electronics Manufacturing Laboratory Weller high precision rework station
PCB Structuring Laboratory Advanced soldering/desoldering stations

UV Laser PCB structuring system ideal for SMT soldering

CNC PCB structuring system Weller Hot air station

Multilayer Press Manual pick and place systems

Stereolithographic 3D Printer Semi-automatic pick and place systems

Eyepiece-less Stereo Inspection

Eyepiece-less Stereo Inspection Microscope (10x - 60x magnification)

Microscope (21x -120x magnification)
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Department of Industrial
Electrical Power Conversion

Energy Conversion and Power Quality
Laboratory

Grid Connected PV and Wind Systems
Various Electric Bicycles

Passive and Active Filters for Power Quality
Improvement

High Voltage and Current DC supplies

Power Electronics, Power Systems and
Electrical Machines software packages

100kVA Flywheel UPS

Wave Energy Conversion Emulator Rig
Linear Motor Rig

Prototype AC Microgrid

Various Power and Energy meters

Power Electronics Laboratory

Induction  Motor, Permanent Magnet
Synchronous  Motor and  Switched
Reluctance Motor rigs with Variable
Frequency Drives

Machine Loading Units up to 50kW
Wind Energy Conversion Emulator Rig
Various Power Electronic Converters

High Bandwidth Instrumentation for Power
Electronic Measurements

Electrical Machines Laboratory

Various domestic scaled Combined Heat
and Power Plant

DC and AC motor and generator test beds

Single phase transformer rigs

Faculty of ENGINEERING
___________________________________________________________________________________

Electrical Mobility Laboratory

Electric Car with Lithium lon Battery
Technology

Electric Boats

Solar Catamaran

Electric kart

Battery Charging Equipment
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Department of Industrial and
Manufacturing Engineering

CAD/CAM Systems Laboratory
CAD Systems (2D, 3D, Animation)
CAD/CAM Systems

MoldFlow, 3D Studio max,
Autodesk Inventor

AutoCAD,

Tecnomatix - manufacturing development
and simulation package,

Statistical process control and Al software
Picza LPX-250 3D Laser scanner
HP Plotter (up to A1 printing)

Concurrent
(CERU)

Concurrent Engineering Research Facilities

Engineering Research Unit

Thermoplastic Design Guidelines
DFX Design Guidelines

Industrial Automation Laboratory (IAL)
Six Mitsubishi FX1N-24 PLCs
Various Siemens Simatic S7 PLCs
Sony SRX3CH Robot
Two variable speed dual track conveyors

Reconfigurable 3D Gantry Robot -
Cartesian System

Industrial Vision System

Other sundry equipment, oscilloscope,

components and tools

Metrology Laboratory

Metrology Equipment Including CMM and
Surface Roughness Measurement

Calibration of
in  Roundness,
Measurements

Metrology = Equipment
Linear and Angular

Optical measurement instruments such as
autocollimator and engineering microscope,
and supported with different type of gauges
such as slip, plug and dial gauges

DMA Equipment - Dynamic Mechanical
Analysis involves the measurement of the
mechanical properties of a viscoelastic
material as a function of temperature, time,
or frequency when the material is subjected
to a periodically oscillating force

DSC Equipment - Differential scanning
calorimetry is a thermoanalytical technique
in which the difference in the amount of
heat required to increase the temperature
of a sample and reference is measured as
a function of temperature

CNC Laboratory
CNC Vertical Milling Machine 2 72 axis
CNC Vertical Machining Centre 3 axis

Advanced Manufacturing Laboratory

CNC Electric Discharge Machining (EDM)
with Micro EDM capabilities

Additive manufacturing:

Polymer 3D printer - Fused Deposition
Modeling (FDM) - Dimension 1200es

Polymer 3D printer - Stereolithography

(SLA) - Form 2

Metal 3D printer - Electron Beam Melting
(EBM) - ARCAM EBM S12

Thermoforming machine

2-component micro injection moulding
machine (Boy 22E) with a clamping force of
200kN

Thermal imaging camera (Flir E6)
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Department of Mechanical
Engineering

Sustainable Manufacturing Laboratory Applied Mechanics Laboratory

Eco Materials Adviser

Kyoritsu Power/Energy Meters

Design Studio lab

Dedicated workstations for collaborative
design and engineering design teamwork

Merkur modelling sets to build functional
models of design concepts

Hitachi Smartboard to project
presentations, to capture sketchwork
generated in engineering design teamwork
etc

Fuel 3D handheld scanner for reverse
engineering purposes

Formlabs Form 2 SLA 3D Printer to convert
3D CAD models into physical prototypes

Boxford CNC 3D Router to quickly obtain
simple physical prototypes using a range
of materials, including aluminium, plastics,
wood and modelling foam

Rasberry Pi 2 B to develop innovative
Internet of Things (IOT) product concepts

Empatica E4 wristband, a wearable
wireless device to monitor physiological
signals in real-time

University (Engineering) Workshop

Conventional Machine Tools including
centre lathes, milling, surface and
cylindrical grinding, gear hobbing, drilling
and welding

Various undergraduate student Ilab
setups

Engineering stress analysis:
Strain gauge instrumentation

PhotoStress® Plus analysis kit from Vishay
Precision Group — Micro Measurements for
experiments stress analysis

Residual stress hole drilling equipment
from Vishay Precision Group - Micro
Measurements

Small filament winding machine

Material testing and characterisation of
properties:

Quenching and Deformation Dilatometer
for metallic alloys — CCT, TTT, expansion,
phase transformation, flow stress
characterisation

Tensile, compression, shear and flexure
testing of materials

Impact testing of materials

Vibration and Acoustic Monitoring:
Vibration monitoring

Human and hand vibration exposure
measurements

Machine  diagnostics using vibration

analysis tools
Sounds/Noise level monitoring

Run-up and run-down vibration testing of
rotating machinery
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Dynamic balancing of machines/rotary
systems

Monitoring of ground borne vibrations
Order analysis

Modal analysis

CAE Lab - Computer Aided Engineering
Laboratory

Computer Computer facilities to run the
following engineering software:

FEA - Finite Element Analysis — ANSYS

Linear and non-linear structural analysis:
predict behavior of structural components
for a wide range of materials and loadings
(e.g. pressure vessels, biomechanics,
modal analysis/ vibration responses etc.)

Thermal and thermo-mechanical analysis:
predict the thermal and structural response
of components of thermally driven
processes (e.g. welding, laser cutting/
forming etc.)

CFD - Computational Fluid Dynamics
Fluent — FLUENT/ANSYS

Advanced aerodynamic and hydrodynamic
analysis of systems and components
including conjugate heat transfer
(bounded and unbounded flows, laminar
and turbulent flows, subsonic, transonic,
supersonic and hypersonic flows, single
phase and multiphase flows, combustion,
etc.). Typical applications include car
bodies, ducting systems, electrical
machines, aircraft wings / aerofoil sections,
wind turbine blades, offshore wind turbine

support structures etc.)

Naval Architecture Simulation — Bentley
Academic SELECT:

To  design, model,
characterise hull forms

optimise  and

To perform stability (intact/damage) and
strength calculations, analyse sea-keeping
performance, resistance and powering
prediction, sailing performance analysis for
yachts

To perform 3D modelling using linear, non-
linear and buckling analysis, static and
dynamic structural analysis on the ship hull
and structure

Maxsurf Enterprise

Multiframe Advanced

SACS Marine Enterprise

SACS Offshore Structure Enterprise
MOSES Advanced

MATLAB/Simulink

CAD - Computer Aided Design
SOLIDWORKS

Microstation

WindPRO (EMD)

WAVE/VALDYN (Ricardo)

FIoTHERM (Mentor  Graphics) -
Electronics cooling package
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ESATAN-TMS: ITP Engines UK is kindly Thermodynamics Laboratory

sponsoring the Department of Mechanical
Engineering of the University of Malta with
the software licence for the analysis and
simulation software ESATAN-TMS for their
undergraduate degree program.

Fluid Mechanics Laboratory

Wind Tunnel Testing, flow
measurements using hot-wire
anemometry, wind turbine performance
and load evaluation

Low wind speed wind tunnel 38 x 38 cm

Wind Tunnel Testing, flow measurements
using hot-wire anemometry, wind turbine
performace and load evaluation

Low wind speed wind tunnel 900mm
diameter

Water wave generator (8m x 0.75m x 0.8m)

Flow measurement equipment (including
six-channel hot-wire anemometer and
volumetric PIV)

Hydraulic demonstration

equipment

pump/turbine

Pelton wheel
equipment

performance  testing

Model propeller/wind turbine performance
testing rigs

Setup for flow visualisation over aerofoils
using smoke generation and PIV.

Thermal electrical

machines

management  of

Particle Image Velocimetry (PIV) and
Particle Tracking Velocimetry (PTV)

Heat transfer in pipe facility
Heat Exchanger testing facility

Laboratory experiments for
thermodynamics and heat transfer

Testing beds for internal combustion
engines

One electrical dynamometer, two water
brakes and other smaller dynos

Demonstration type gas turbine

Testing of air conditioning setups, including
variable speed (inverter)

Supersonic nozzle setup

Labview and Keithley data acquisition
systems

Robotic Systems Laboratory

Mitsubishi RV-6SL 6-DOF revolute robot,
91cm reach, 6kg payload, with controller
upgrade, tracking card, and adjustable
gripper, or vacuum gripper. Mounted on a
highly reconfigurable table.

Epson E2S651S 4-DOF SCARA robot,
65cm reach, 5kg payload

Two Cognex/DVT smart image sensors
(machine vision)

Two flat belt conveyors (one with variable
speed)

Machine vision lighting (ring light, strobe)

Other sundry equipment, components and
tools

Various robot hands and glove devices,
built in house
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Department of Metallurgy and
Materials Engineering

Process Equipment Sample Preparation Equipment

Plasma Assisted
Deposition (PA-PVD)

lon Beam-Assisted Deposition

Physical Vapour

Gas Nitriding Furnace

Vacuum Furnace

Laser Added Manufacture Centre

Box Furnaces

Tube furnace

Foundry induction furnace
Martempering/ Austempering salt bath
3-axis CNC machining station
Planetary ball miller

Mechanical Testing Equipment

Charpy Impact tester with digital acquisition
10 ton bend testing centre

25 ton multipurpose dynamic testing centre
Brinell/ Vickers Macro hardness tester
Knoop/ Vickers Micro hardness tester
IRHD/ Shore polymer hardness tester
Pin-on-disk wear tester

Reciprocating sliding tribo-corrosion tester
Universal tribology testing system

Rotary bending fatigue tester

Gear tribological tester

Calibration Equipment

Load cell calibration system

Temperature calibration system

Precision cut off saw
Thermosetting cold mounting station
Hot mounting phenol sintering station

Manual and automatic sample polishing
stations

Automatic electropolishing station

Characterisation Equipment

Optical microscopy with real time image
acquisition

Incident light metallographic microscopes

Confocal microscope with 3 excitation
lasers and multispectral analyser

Micro RAMAN Spectroscope
Potentiodynamic wet cell corrosion testers

Laser Induced Breakdown Spectrocopy
(LIBS)

Dilatometer with inert gas chamber
3D stylus surface profilometer
Optical surface profilometer

Nano-mechanical Indentation Testers

Scanning Electron Microscope (SEM)
with:

In-lens backscattering detector
In-lens secondary electron detector
External secondary electron detector

Solid state angular selective backscatter
detector

Energy dispersive spectroscope (EDS)
detector
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Wavelength dispersive spectroscope

(WDS) detector

Electron Backscatter Diffraction (EBSD)
detector

Ultra high vacuum Integrated

Characterisation Facility including:

SPECS UHV non contact characterisation
chamber

150mm mean radius 9-channel electron
hemispherical analyser

X-Ray Photoelectron Spectroscopy (XPS)

Secondary electron detector for electron
imaging (SEM)

Auger electron detector for compositional
mapping (SAM)

Low energy electron diffraction (LEED)
Large area ion source for sample cleaning
Secondary ion mass spectrometry (SIMS)

Electron flood gun for charge compensation
of non conductive samples

Quadrupole mass spectrometer

RHK UHV scanning probe microscopy:
Atomic force microscope

Scanning tunneling microscope

X-ray diffractometers
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Department of Systems and
Control Engineering

Biomedical Engineering Laboratory
Vicon Optical Motion Analysis System

Tekscan Body Pressure Measurement
System

Biopotential (e.g. EEG) Acquisition System

Non-invasive Biomedical Data Acquisition
System

Diagnostic Ultrasound System

Haptic Feedback System

Rehabilitation Robotic Manipulator

Thermal Imaging System

Spectral Camera

Signal Processing Boards

Data Acquisition Boards

High-end servers and computing equipment
Matlab and Simulink Research Licences

Control Systems Engineering Laboratory

Programmable Logic Control (PLC) units
with state of the art Human Machine
Interfaces (HMIs)

Various mobile robot teams and other high
end mobile robots

Robotic manipulators

Force, torque, laser and inertia sensors for
robotic applications

Embedded and tablet PC for real time
computer control of mobile systems

Fingerprint/palm and iris biometric scanners
Stereo cameras with pan/tilt actuation

Analogue and digital area scan cameras
and smart cameras with LED illumination

Various digital and analogue video grabbers
and camera multiplexers

Electronic test and measurement
instrumentation

PC interfaced servos and process control
units

Various PC interface units for computer
control

A computer network with various licenses
for simulation and real-time control of
systems
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DEAN’S AWARD

In December 2018, Mr George Cauchi and Mr Matthew Aquilina were awarded the Dean’s Award
for best students graduating in the Mechanical and Electrical and Electronic Engineering Degrees
respectively, offered by the Faculty of Engineering and sponsored by the Farsons Foundation.

Mr George Cauchi and Mr Matthew Aquilina consistently proved to be hard-working students of
high capability in the engineering discipline, and achieved a 1st class Honours degree in their
respective streams, with the highest average score in this degree in their year of graduation.

Dean Dr Ing. Andrew Sammut together with Mr Kenneth Pullicino from the Farsons Foundation
presented these awards.

Dr Ing. Andrew Sammut and Mr Kenneth Pullicino presenting awards to

Mr Matthew Aquilina (left photo) and Mr George Cauchi (right photo)
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Biodegradable Iron for Orthopaedic Scaffold Applications (BioSA)

Funding Body: Malta Council for Science and Technology through the Fusion: R&l Technical
Development Programme

Project Fund: € 194,960
UM Workshare Value: € 146,209
Principal Investigator: Prof. Ing. Joseph Buhagiar

Co-Investigators: Ms Christabelle Tonna, Prof. Ing. Maurice Grech, Dr Arif Rochman, Prof.
Pierre Schembri Wismayer MD, Prof. Christian Scerri MD, Mr Ray Gatt MD, Mr Ryan
Giordimaina MD, Mr Luke Saliba MD, Mr Matthew Sultana & Mr Karl Borg

Consortium/Partners: Department of Industrial and Manufacturing Engineering, the
Department of Anatomy and the Department of Physiology and Biochemistry at the
University of Malta, in collaboration with the Department of Trauma and Orthopaedics at
Mater Dei Hospital

Project Start Date: July 2018
Project Duration: 3 Years

Scanning Electron Microscopy micrograph of initial Fe-based scaffold prototype

Clinically, trauma patients often require the implantation of porous implants known as scaffolds,
in order to stimulate the healing of persisting fractures or other sizeable bone defects. Current
research is addressing the issues presented by existing bone scaffolds on the market, through
the development and study of Fe-Mn-Ag porous structures. Researchers working on the BioSA
project are making use of powder metallurgy techniques for the fabrication of Fe-based foams with
customisable geometry. Moreover, the use of the ternary alloy system is expected to contribute to
the achievement of adequate mechanical and corrosion behaviour for load-bearing orthopaedic
systems. The group will also be evaluating the cytocompatibility of the implants developed and
performing an in vivo study to assess the suitability of the implant for clinical application.

o



Faculty of ENGINEERING
___________________________________________________________________________________

Development of a Low-Wearing Novel Hip Joint Prosthesis for a Longer
Lifespan (MALTAHIP)

Funding Body: Malta Council for Science and Technology through the Fusion: R&I Technical
Development Programme

Project Fund: €194,594

UM Workshare Value: € 145,674

Principal Investigator: Prof. Pierre Schembri Wismayer MD

Co-Investigators: Mr Donald Dalli, Prof. Ing. Joseph Buhagiar & Prof. Ing. Pierluigi Mollicone,

Consortium/Partners: Department of Metallurgy and Materials Engineering, Department of
Anatomy, Department of Mechanical Engineering at the University of Malta, in collaboration
with MCL Components Ltd.

Project Start Date: September 2016

Project Duration: 3 Years

Al
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MALTA

MaltaHip Project: Hip joint simulator designed to mimic the in vivo conditions

The lifespan of a prosthetic hip joint is mostly limited by its vulnerability to wear. To eliminate
the dire effects induced by the formation of wear debris, the patient may be required to undergo
revision surgery, which unfortunately could further increase clinical complications. Motivated by
the notion of reducing revision surgery, this project intends to develop a new prosthetic hip design
with reduced wear rates, in order to improve its lifetime when compared to current commercially
available implants. The wear performance of the prototype implant will be tested in two phases;
initially using a hip joint simulator that was developed in-house, and later on at an accredited
implant testing company. To better understand the practicality of the new design during surgery,
orthopaedic surgeons will implant the prosthesis prototype inside a cadaver. The overall study will
provide better insight on the novel design of the implant during in vivo conditions.
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Micro Wastewater Treatment System using Photocatalytic Surfaces
(MicroWATTS)

Funding Body: Interreg V-A Italia-Malta

Project Fund: € 2,415,048

UM Workshare value: € 914,689

Project Leader: University of Malta (UM)

Project Coordinator: Prof. Ing Maurice Grech
Co-Investigators: Dr Stephen Abela, Dr Paul Refalo

Consortium: Dept of Metallurgy and Materials and Dept of Industrial and Manufacturing
Engineering, UM, Consiglio Nazionale delle Ricerche, Malta College of Arts Science and
Technology, Universita” degli Studi di Catania, Econetique Ltd, Plastica Alfa Srl

Project start date: 15th May 2018

Project duration: 3 years

MicroWATTS shall develop a solar greywater treatment system, using surface engineered
photocatalytic materials. This would be a step in the right direction when it comes to tackling the
problem of water shortage that Malta and Sicily face.

Short term distinctive aspects include: cross border collaboration, transfer of technology, cross
border mobility, adoption by SMEs of technology developed and non-financial assistance to SMEs.
Long term objectives include: generation of green jobs, reduction of carbon and water footprint
and better use of natural resources.
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Development of Functional Coatings for Corrosion-Resistant, Low-Impedance
and Bioactive Implantable Electrode Surfaces

Funding Bodies: Endeavour Scholarship
Project Fund: approx. € 30,000

Project Investigators: Prof. Ing. Bertram Mallia (Supervisor), Prof. Pierre Schembri
Wismayer (Co-supervisor), Ms Jeanelle Arpa (Ph.D. student)

Consortium: Department of Metallurgy and Materials Engineering and Department of
Anatomy, UM; The Danish Technological Institute (DK)

Project Start Date: December 2018
Project Duration: 3 years

Topographic secondary electron image of a PVD coated polished biomedical alloy. Coating
deposition conditions influence surface topography and its charge transfer characteristics

Disease or trauma affecting the peripheral nervous system may result in debilitating conditions
such as impaired motor function, pain, and loss of sensation. Neural electrodes are typically
employed as part of a chronically implanted device to counter these effects and operate by
delivering coulombic charge to stimulate the target nerves. Corrosion, high impedance, and
biofouling are common problems associated with these electrodes. This ongoing project deals with
the development of novel, multi-component coatings designed to improve electrode performance
by optimising their electrical properties, minimising electrochemical attack, and preventing fibrous
encapsulation.
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Tribocorrosion Testing of Surface Modified Biomaterials

Funding Bodies: Internal Research Grant, Endeavour Scholarship and Student bench fees
Project Fund: approx. € 65,000

UM Share value: approx € 50,000

Principal Investigator: Prof. Ing. Bertram Mallia

Co-Investigators: Prof. Ing. Joseph Buhagiar, Mr Antonino Mazzonello, Ms Raisa Chetcuti, Mr
Luke Scicluna and Mr Dylan Abela

Consortium: Department of Metallurgy and Materials Engineering, UM; Boride Services Ltd.
(UK); Bodycote Hardiff GmbH (DE); The Danish Technological Institute (DK); University of
Leeds, UK.

Project Start Date: October 2016

Project Duration: Ongoing

CrN Coating

Exposed
substrate
Pit damage in material

substrate

Interface corrosion between Cr(N) coating and 316LVM substrate leading to severe pitting
corrosion of the substrate following tribocorrosion in simulated body fluid

This project aims to develop novel surface treatments for the tribocorrosion protection of
biomedical grade 316LVM stainless steel and CoCrMo alloys. Physical vapour deposition and low
temperature diffusion treatments are being applied to produce surface modified layers to mitigate
tribocorrosion damage of articulating biomaterials used inside the body. This work is contributing
to better the current understanding of tribocorrosion mechanisms exhibited by surface engineered
materials tested in a simulated body environment under controlled electrochemical conditions.
This research shall lead to enhance the performance and success rates of permanent metallic
implants.
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RIDE+SAFE: Rider-Centred Product+Service System for Designing Safer
Motorcycles

Funding Body: Malta Council for Science and Technology through the National Research
and Innovation Programme 2018

Project Fund: € 194,861
UM Workshare Value: € 142,902
Principal Investigator: Dr Ing. Philip Farrugia

Co-Investigators: Prof. Ing. Simon Fabri, Ing. Sean Agius, Mr Adrian Vella, Ms. Denise
Baldacchino

Consortium/Partners: Department of Industrial and Manufacturing Engineering, the
Department of Systems and Control Engineering at the University of Malta, in collaboration
with WKD-Works Ltd.

Project Start Date: September 2018

Project Duration: 3 Years

Customisation of a motorcycle for a more comfortable, hence safer ride

In this project, a User-Centred Design (UCD) approach is adopted, which places product users
at the centre of the design process. Motivated by the alarming increase in motorcycle fatalities
in Malta, this proposal is inspired by a UCD to develop safer motorcycles. A novel motorcycle jig
immersed in a Virtual Reality environment will be developed and used to capture rider’s postures.
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SPEECHIE: Development of a Novel Device to Support Children with
Language Impairment in a Bilingual Context

Funding Body: Malta Council for Science and Technology through the National Research
and Innovation Programme 2016

Project Fund: € 194,960
UM Workshare Value: € 146,175
Principal Investigator: Dr Ing. Philip Farrugia

Co-Investigators: Prof. Ing. Simon Fabri, Prof. Helen Grech, Dr Daniela Gatt, Dr Ing Owen
Casha, Mr Emanuel Balzan, Mr James Attard, Mrs. Louisa Frendo Wirth, Ms. Lorridana
Buttigieg and Mr Anthony Demanuele

Consortium/Partners: Department of Industrial and Manufacturing Engineering, the
Department of Systems and Control Engineering, Department of Communication Therapy,
Department of at the University of Malta, in collaboration with Flying Squirrel Games Ltd.

Project Start Date: July 2016

Project Duration: 3 Years

Typical scenario of ‘Olly Speaks’ being used during a speech therapy session

The project’s goal is to develop a novel, multi-modal device, nicknamed Olly Speaks, to facilitate
language therapy for children with language impairment both within and beyond the clinical
setting. Olly Speaks will be developed as a smart therapeutic device that entices children to
engage with the designated exercises by creating a more rewarding and motivating environment.
At the time of writing, the research team has produced a physical prototype of Olly Speaks.
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MEMENTO: Multi camEra high fraMe ratE syNchronisaTiOn

Funding Body: MCST R&l Fusion 2015 (R&I-2015-024-T)

Project Fund: € 195,000

UM Workshare Value: € 150,000

Principal Investigator: Dr Ing. Marc Anthony Azzopardi

Co-Investigators: Mr. Andre Micallef

Consortium Lead: Dept. of Electronic Systems Engineering at the University of Malta
Consortium Partners:MST Audio Visual Ltd.

Project Start Date: April 2016

Project Duration: 3 Years

High speed vision equipment design for exacting scientific applications

MEMENTO is the Electronic Systems Engineering Department’s first initiative at commercialisation
of home-grown electronics hardware technology. After two successful rounds of research into
high frame-rate vision hardware, and the completion of detailed commercial feasibility studies,
the time has come to offer the technology with a range of products, and a sound business
proposition that fills an existing gap in the high performance vision market. This product will
address the problem of high precision synchronisation that arises between coupled cameras
working at thousands, or even millions of frames per second. This will enable capturing transient
events from multiple angles. The University of Malta already holds intellectual property in this
domain (WO/2010/029040). However, through this project the technology will be polished to a
high technology readiness level (TRL) and brought in line with market expectations. The ability
to synchronize multiple cameras precisely enables a wide range of technical possibilities such as
high speed 3D reconstruction, multi-camera resolution-augmentation, frame interleaving, and real-
time stitching of video footage.
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Electrical Energy System Optimisation for the More Electric Aircraft

Funding Body: University of Malta 2017

Project Fund: € 60,000

Principal Investigator: Prof. Ing. Cyril Spiteri Staines

Co-Investigators: Prof. Ing. Maurice Apap, Dr. Ing. Christopher Micallef,

Consortium/Partners: Department of Industrial Electrical Power Conversion and Department
of Mechanical Engineering

Project Start Date: 2017
Project Duration: 2 Years

The More Electric Aircraft

Recent advances in power electronics applied to commercial aircraft technology has brought
about an increase in aircraft electrical systems (actuation, wing ice protection, environmental
control and fuel pumping). The study in this project shall focus on the simulation of a More
Electric Aircraft (MEA) power system to determine the optimal configuration in power generation,
distribution (energy management) and end use. The research shall be concerned with both the
generation systems and the electrical loads (power converters and electrical machines) and shall
look into AC and/or DC distributed power systems or a hybrid combination allowing for flexible
system reconfiguration aimed at achieving efficient operation. The study shall analyse the
aircraft’s electrical power operation for different flight mission scenarios with the aim to achieve
stable and efficient operation whilst meeting the relevant power quality standards.
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A Smart Micro Combined Heat and Power System

Funding Body: Malta Council for Science and Technology through the FUSION R&l
Technology Development Programme 2016

Project Fund: € 194,956

UM Workshare Value: € 146,207

Principal Investigator: Prof. Joseph Cilia
Co-Investigators: Ing. Matthew Schembri, Ing. Eryl Vella

Consortium/Partners: Department of Industrial Electrical Power Conversion, in collaboration
with ABERTAX KEMTRONICs LTD.

Project Start Date: February 2017

Project Duration: 3 Years

A Smart Micro CHP with a Smart Home Energy System

Cogeneration or combined heat and power (CHP) is the use of a heat engine to simultaneously
generate electricity and useful heat. In separate production of electricity, some energy must
be discarded as waste heat, but in cogeneration this thermal energy is put to use. This system
increases the overall energy efficiency of the generator from about 40% to more than 85%.

A micro-CHP has been designed at the University of Malta. Small enough for households, which
would increase the amount of renewable energy used as well as the attractiveness of using other
renewable energy devices such as photovoltaic panels. The key design feature of the system is
the fact that it treats the grid as an option and not as a compulsary source in meeting the energy
needs of a household. The other advantage is that the micro-CHP using an asynchronous
machine and the PV panels can be used to generate electricity during a power cut, which is not
currently possible.
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HDMS-Smart Single-Phase Motor Soft Starter without Starting Capacitor

Funding Body: MCST Fusion

Project Fund: € 194,988

UM Workshare Value: € 94,900

Principal Investigator: Dr Ing. Reiko Raute

Consortium/Partners: Department of Industrial Electrical Power Conversion
Project Start Date: July 2019

Project Duration: 2 Years

Single phase induction motors are widely used in domestic applications such as heat pumps.
Problematic during the switch on of these motors is the large inrush current that can reach levels
of 8 times the nominal motor current. This high current can disturb the electric voltage supply.
This disturbance of the electric power supply causes voltage dips or flickering to neighboring
customers. To reduce this effect soft starting devices have been developed. Their circuit is mostly
based on thyristor semiconductors in combination with a starting capacitor. Practical experience
has shown that these capacitors are the weakest link in the design and are susceptible to fail.
Failure can result in small explosions, damaging surrounding installations and causing risk of
fire. A novel single-phase induction motor soft starting technique was recently researched at the
R&D department at Carlo Gavazzi Ltd. Malta that results in superior motor starting without any
use of a starting capacitor. This technique uses more advanced power electronic semiconductor
devices and a sophisticated, but easy to implement control algorithm. The research funded by the
MCST Fusion scheme focuses on the development of a market ready product. The 2 research
packages investigated by the University of Malta analyze theoretical and practical the stability of
the complex control system, and investigate the overloadability and robustness of the used IGBT
power semiconductors.

Heat pump system with scroll compressor and softstarter
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ARIES: Accelerator Research and Innovation for European Science and
Society

Funding Body: European Commission in Call, Horizon 2020

Investigators at UM: Prof. Ing. Pierluigi Mollicone and Dr Ing. Nicholas Sammut (Faculty of
ICT)

Ph.D. Student: Mr Marcus Portelli

Consortium/Partners: Department of Mechanical Engineering, Department of Micro and
Nanoelectronics (Faculty of ICT) at the University of Malta, Coordinator: CERN The
European Organisation for Nuclear Research, Geneva, Switzerland; full partners list on
https://aries.web.cern.ch/

Project Start Date: 2017
Project Duration: 4 Years

Advanced thermo-mechanical analysis of collimator components

Project title at UM: Constitutive Models of Advanced Materials Subjected to High-Energy Particle
Beam Impacts

Advanced experimental campaigns conducted at the European Centre for Nuclear Research
(CERN) are a source of a large amount of data which can be used to derive constitutive models
for advanced materials tested. These models, once verified in simulations and additional
experiments, can be subsequently implemented in numerical analysis of full-scale components
in nominal and accidental scenarios, such as in the modelling of collimators and other beam
intercepting devices in CERN’s largest facility, the Large Hadron Collider (LHC), the Future
Circular Collider (FCC), and other high-energy particle accelerators and experiments.
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MAProHand: Development of the Mechanical and Control Framework for a
Minimal Anthropomorphic Prosthetic Hand

Funding Body: Malta Council for Science and Technology through FUSION: The R&l
Technology Development Programme 2018.

Project Fund: € 194,992
UM Workshare Value: € 146,128
Principal Investigator: Prof. Ing. Michael A. Saliba

Co-Investigators: Prof. Ing. Kenneth P. Camilleri, Dr Jesmond Attard, Prof. Alexiei Dingli, Mr
Emanuele Aliotta.

Consortium/Partners: Department of Mechanical Engineering, and Department of Systems
and Control Engineering at the University of Malta, in collaboration with Orthopaedic
Centre Malta

Project Start Date: March 2019

Project Duration: 3 Years

Technician fitting a prosthetic upper limb (shutterstock), and an early prototype prosthetic hand
developed at the Department of Mechanical Engineering

A major issue in the development of commercial prosthetic hands is the trade-off between
simplicity, dexterity and usability. The primary research objective of this project is to carry out a
systematic exercise, based on extensive and innovative experimental, analytical, simulation,
and design work, to for the first time seek a practical solution that optimizes this classical trade-
off within a single device, by extracting an acceptable and optimum dexterity out of the simplest
possible architecture while maintaining high usability of the device.
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Advanced Revolutionary Manufacturing Solutions and Development of Novel
GFRP Composite Poles — ARM-D-COP

Funding Body: Malta Council for Science and Technology Fusion Research & Innovation
Technology Development Programme 2018 — R&I-2017-039-T

Project Fund: € 194,968

UM Workshare Value: € 110,503

Principal Investigator: Prof. Ing. Duncan Camilleri
Co-Investigators: Prof. Ing. Martin Muscat, Dr Brian Ellul

Consortium/Partners: Department of Mechanical Engineering at the University of Malta, in
collaboration with SilverCraft Products Ltd

Project Start Date: September 2018
Project Duration: 2 Years

Street lighting and electricity poles are generally made from steel, yet steel poles are subject
to corrosion, require extra insulation and stronger ground foundations. Recent advances in
composite materials triggered interest in the manufacturing of Glass Fibre Reinforced Composite
Poles (GFRCP), but are currently limited in length due to the fabrication procedure adopted.
ARM-D-COP aims to design, develop and commission a novel fabrication process for GFRCP
ultimately leading to poles that are: (1) longer than 16m, (2) withstand larger loads, (3) insulators,
(4) corrosion and wear resistant and (5) lighter and thus less rigid foundation requirements.
A prototype machine that encapsulates new revolutionary manufacturing technologies will be
developed. A modular design approach will be adopted paving the way towards the manufacture
and production of long tapered GFRCP. The prototype machine will focus on optimising and
testing the modular design concepts of the new revolutionary manufacturing method.
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Project FLASC: Development of a Hydro-Energy Storage System for Offshore
Multi-Purpose Floating Platforms

Funding Body: Malta Council for Science and Technology through the National Research
and Innovation Programme 2015

Project Fund: € 198,206

UM Workshare Value: € 142,545

Principal Investigator: Prof. Ing. Tonio Sant

Co-Investigators: Dr Ing. Daniel Buhagiar, Dr Ing. Robert N. Farrugia

Consortium/Partners: Department of Mechanical Engineering at the University of Malta, in
collaboration with MedServ plc., and with support from the Institute for Sustainable Energy.

Project Start Date: July 2016

Project Duration: 3 Years

WORKING PRINCIPLE
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FLASC small-scale prototype (left) and working principle (right)

Despite its advantages, use of offshore renewable energy is hindered by numerous challenges,
particularly the mismatch between renewable energy supply and consumer demand. FLASC is
an interface between offshore renewables and the grid. It smoothens out the intermittent output
of renewable sources by storing surplus energy and dissipating it in periods of higher demand.
FLASC is a hydro-pneumatic energy storage system that integrates into an offshore floating
platform. It has a unique design with a high efficiency and a stable operating pressure. Since it
stores energy as pressurised, cold, deep seawater, it can also be integrated into LNG liquefaction
and Water-Injection Oil Wells.

FLASC is patented in the EU, America & China. It is patent pending in Japan.
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VENTURE - A Virtual & Physical ExperimeNtal Towing CentRe for the Design of
Energy Efficient Sea-Fairing Vessels
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Funding Body: The project has received funding from the European Union’s Horizon 2020
research and Innovation programme. Project No. 856887

Project Fund: € 799,904
Principal Coordinator: Prof. Ing. Claire De Marco
Co-Investigators: Prof. Ing. Tonio Sant, Dr Ing. Simon Mizzi

Consortium/Partners: Department of Mechanical Engineering, University of Malta, University
of Strathclyde, UK, Universita degli Studi di Genova, Italy, Naval Architectural Services,
Malita

Project Start Date: January 2020
Project Duration: 3 Years

The Maltese maritime industry is seeing rapid development with a view to adhere to all
international standards and regulations whilst at the same time adopt the latest novel and state-
of-the-art engineering techniques to adequately support this vision. As part of building such
capability, the University of Malta is forging ahead with plans to set up virtual and experimental
towing facilities that are fundamental for the design of energy efficient sea-faring vessels. The
Twinning action will enable the transfer of essential knowledge from two internationally-leading
research institutions, namely the University of Strathclyde (UK) and the University of Genoa (ltaly)
to Malta and a leading local Naval Architectural company, Naval Architectural Services, NAS, to
enhance the local capabilities and build tomorrow’s maritime professionals and innovators.
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R&I-2015-032-V - Brain Controlled Application (BrainApp)

Funding Body: FUSION R&l Technology Development Programme 2016, MCST
Project Fund: € 181,793.22

UM Workshare Value: € 136,335.72

Principal Investigator: Dr Tracey Camilleri

Co-Investigators: Ing. Rosanne Zerafa, Dr Owen Falzon, Prof. Kenneth P. Camilleri

Consortium/Partners: Department of Systems and Control Engineering, and Centre for
Biomedical Cybernetics at the University of Malta, and Idox Health.

Project Start Date: July 2017

Project Duration: 36 months

Brain controlled application based on steady-state visually evoked potentials (SSVEPS)

This project proposes the development of a novel application controlled directly with brain signals,
opening up accessibility to individuals suffering from motor disabilities, and providing alternative
access methods to healthy individuals.

BCls acquire the electrical brain activity using electroencephalography (EEG) electrodes,
relying on brain phenomena such as those evoked by flickering visual stimuli, known as steady
state visually evoked potentials (SSVEPs). In the proposed system, stimuli are associated to
commands, and EEG signals are processed to detect the intent associated to the brain pattern.
A BCI challenge is to have BCls operating in real environments amidst the nuisance signals
generated by normal user actions. The project proposes solutions to this challenge, operating in
real-time at the user’s will. It also aims at addressing the annoyance factor of the flickering stimuli,
ensuring that the system can be used comfortably for long periods of time.
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R&I-2016-010-V WildEye - Eye-Gaze Tracking in the Wild

Funding Body: FUSION R&I Technology Development Programme 2016, MCST
Project Fund: € 193,943.38

UM Workshare Value: € 141,312.67

Principal Investigator: Prof. Kenneth P. Camilleri

Co-Investigators: Dr Ing. Stefania Cristina

Consortium/Partners: Department of Systems and Control Engineering at the University of
Malta, and Seasus Ltd.

Project Start Date: July 2017
Project Duration: 30 months

Controlling the mouse cursor by the eye movements alone, demonstrated by an interactive game
that requires the user to hover the cursor over randomly appearing smileys

This project proposes a passive eye-gaze tracking platform aimed to provide an alternative
communication channel for persons with physical disabilities, permitting them to perform mundane
activities such as to operate a computer, or for normal individuals as an additional access method.

In the proposed platform, eye and head movement are captured in a stream of image frames
acquired by a webcam, and subsequently processed by a computer (and possibly mobile devices)
in order to estimate the gaze direction according to the eye and head pose components. Mapping
the eye-gaze to a computer screen permits commands to be issued by the selection of icons on
a suitably designed user interface. This project addresses challenges associated with eye-gaze
tracking under uncontrolled daily life conditions, including handling of head and non-rigid face
movements, and reduction or elimination of user calibration for more natural user interaction.
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Thermo-Mechanical Studies of Novel MEMS Microgrippers for Manufacturing
in Malta

Funding Body: Reach High Post doc scholarship, Malta

Principal Investigator: Dr Ing. Marija Demicoli (née Cauchi)

Main Academic Mentor: Prof. Ing. Pierluigi Mollicone

Co-Investigators: Dr Ing. Nicholas Sammut, Prof. lvan Grech, Prof. Ing. Bertram Mallia,

Consortium/Partners: Department of Mechanical Engineering, Department of Metallurgy
and Materials Engineering, Faculty of Engineering and Department of Microelectronics &
Nanoelectronics, Faculty of ICT, University of Malta; ST Microelectronics, Malta

Project Start Date: April 2016
Project Duration: 3 Years

_-. | —

1

MEMS-based electrothermal microgripper. (A) Optical images showing the fabricated polysilicon

microgripper when not actuated (closed position) and when each arm is actuated under an applied

potential (open position). (B),(C) Simulated steady-state temperature and displacement plots of
the designed microgripper at an applied potential in CoventorWare®

Micro-electro-mechanical systems (MEMS) are advanced commercial microchips currently
available on the market. These devices are composed of a microelectronic part and a miniaturised
mechanical sensor/actuator that are embedded on the same semiconductor microchip using
the techniques of microfabrication. The advances in MEMS technology have been instrumental
in the development of new devices and applications, as well as in the creation of new fields of
research and development. This project deals with research on MEMS microgrippers which is a
relatively new field for Malta. Microgrippers are typical MEMS devices whose compact size, low
power consumption and low cost make them ideal tools in microassembly and micromanipulation
fields. The primary function of microgrippers is to handle and manipulate micro-objects, such
as micromechanical parts and biological cells, without causing damage. The focus of this
research project is the design, modelling, fabrication and experimental testing of a silicon-based
electrothermal microgripper for the deformability characterisation of human red blood cells.
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ELCAPA - Exploiting Local Agave Plants for Maritime Applications
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Funding Body: Maritime Seed Award (MarSA) a joint initiative between Malta Marittima
Agency (MMA) and the University of Malta, supported by the TAKEOFF Business Incubator,
Knowledge Transfer Office and the Centre for Entrepreneurship and Business Incubation (CEBI).

Project Fund: € 20,000

Principal Investigator: Prof. Ing. Claire De Marco

Co-Investigators: Prof. Ing. Martin Muscat, Prof. Ing. Duncan Camilleri, Dr Sandro Lanfranco,
Mr Aaron Meilaq

Consortium/Partners: Department of Mechanical Engineering, Department of Biology

Project Start Date: January 2019

Project Duration: 1 Year

MAKE THINGS CLEANER -> MAKE THINGS GREENER

ELCAPA bio-composite, bio-degradable natural fibre encapsulated in a bio-based resin
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Ongoing Master’s and Ph.D. Research Projects

Projects supervised by members of the Department of Industrial and Manufacturing

Engineering

M.Sc. by Research
Abela Kyle

Caruana Luca
Fenech Alec
Magro Ryan

M.Sc. IPD
Bonello Dilan

Calleja Giulio
Chetcuti Karl

Sciberras David James

Ph.D.

Agius Sean

Balzan Emanuel

Performance Analysis and Improvement of Compressed Air through the
use of a Compressed Air Test Bed

Development and Analysis of a Floating Solar Distillation Device
Investigating Kansei Engineering in Industrial Product Development

An Approach for Implementing Cyber-Physical Production in Legacy
Machines

An IPD approach to Safety and Security Implications of Designing Cyber
— Physical Production Systems (CPPS)

Maturity Assessment of IPD activities
Sustainability Analysis of Heat Recovery from Plastic Injection Moulding

An IPD Based Framework supporting Design for Additive Manufacturing

Rider-Centred Design Support Framework for Improved Emotional and
Ergonomic Experiences in Motorcycles

A User-Centred Design Framework for Speech and Language
Therapeutic Devices

Projects supervised by members of the Department of Metallurgy and Materials Engineering

M.Sc. by Research
Abela Dylan

Attard Marlon
Debono Matthias

Scicluna Luke

Tribocorrosion Response of DLC-Coated 316LVM and Co-Cr-Mo alloys
Study of Shot-Peened and PVD Coated Aerospace-Grade Titanium Alloy

PIRAC Nitriding of a NiTi Shape Memory Alloy: Augmentation of
Degradation Resistance

Tribocorrosion of PVD Coated Bio-Medical CoCrMo Alloy
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Ph.D.

Agius Anastasi Anthea  Molecular Simulation and Atomic Probe Studies of Graphene

Arpa Jeanelle Development of Functional Coatings for Corrosion-Resistant, Low-
Impedance and Bioactive Implantable Electrode Surfaces

Dalli Donald Development of a Low-Wearing Novel Hip Joint Prosthesis for a Longer
Lifespan

Farrugia Clayton Synthesis and Functionalisation of Photocatalytic Surfaces

Grima Matthew Archaeological glass and raw material trade routes: An archaeometric
investigation of Phoenician, Punic and Roman glass found in Malta

Kusova Cini Diana Protective Coatings for Heritage Metals

Magro Maria Graphene and graphene oxide for nanostructured membranes

Micallef Mary Grace Solar Wastewater Treatment Unit

Mozzanello Antonino Surface Engineering of Biomedical Orthopaedic Implant Alloys: A

tribological study

Saliba Eleanor The Effect of Heat Treatment Parameters on the Microstructure &
Magnetic Properties of X46Cr13, a Martensitic Stainless Steel

Tonna Christabelle Development of a Patient-specific Iron-based Biodegradable Scaffold for
Orthopaedic Applications

Projects supervised by members of the Department of Electronic Systems Engineering

M.Sc. by Research

Dalli Mark Development of a Magnetic Measurement Bench for insertion Devices
of a Free electron Laser

Debattista Darren Design on an Attitude Determination and Control System for the UoM
Sat 1 Pico-Satellite

Grech Charles Design of a UHF Passive Phased Array Ground Station for the UoM
BSat1 Pico-Satellite

Sammut Matthew Electric Propulsion for Small Satellites

Vassallo Oliver Design of a Software Radio for a Pico-Satellite

Willoughby Jamie Power Optimization of a Multi-Dimensional Thermoelectric System
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Projects supervised by members of the Department of Industrial Electrical Power
Conversion

M.Sc. by Research

Ellul Racquel Droop Control for Electric Springs Used for Voltage Stabilization

Lendi Daniel Stability and Optimisation of a High Dynamic Motor Starter Prototype’s
current control algorithm

Palombi Jonathan Design of an Electric Power Train for Malta’s FSAE Team

Vella Eryl Micro Combined Heat and Power Engine

Xuereb Justin Investigation of IGBT devices for the HDMS project

Ph.D.

Scicluna Kris Sensorless Control in Steer-by-Wire Application

Zammit Daniel Control of Microgrids for Distributed Generation including Energy
Storage

Projects supervised by members of the Department of Mechanical Engineering

M.Sc. by Research

Aquilina Yesenia Towards Robot-Assisted Living through Universal Design of the
Environment

Bartolo David An Investigation of Different Welding Manufacturing Procedures to
Minimize Distortion

Bezzina Ryan Investigating the Aeordynamic Wake Evolution of Floating Wind
Turbines

Cutajar Charise Loads and Motion Analysis of Floating Offshore Wind Turbine with
Integrated Hydro-Pneumatic Energy Storage System

El Sadi Yasmine Thermal Analysis of a Hydro-Pneumatic Energy Storage System
Integrated in a Floating Offshore Wind Turbine

Gerada Joseph Design, Development and Optimisation of Fibre Reinforced Composite
Poles

Meilak Aaron Fibre Extraction from Local Agave Plants

Saliba Anthony Investigating the Aerodynamic Characteristics of Small-Scale UAV

Propellors with Vortex Generators

Scicluna Leo Investigation of Wind Flow Conditions on the Flight Endurance of UAV in
Hovering Flight

Tabone Miguel Analysis of Vehicle Crash Data from event data records
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Autonomous Navigation for a Domestic Mobile Robot in a Robot-
inclusive Space

Dual Fuel Internal Combustion Engines — Alternative Fuels for Diesel
Engines

Constitutive Models of Advanced Materials Subjected to High-Energy
Particle Beam Impacts

Development of Benefits accruing from Implementation of Environment
Management Systems in Wasteserv Malta Ltd.

Incylinder Heat Transfer and Friction Analysis in PressurisedMotored
Compression Ignition Engine
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Combined Visual and Thermal Imaging for Non-Contact Physiological
Signal Measurement

EEG based control of a home automation system

Quantifying Atherosclerosis Using Freehand 3D Ultrasound Imaging

Gaze Angle Estimation using a Dense Multi-Channel EOG Electrode
Configuration with Varying Head Pose Compensation

Automatic Video-based Sign Language Recognition
Autonomic Control for Road Network Management
Coordination and Control of Multi-Robot Systems

CT Radiation Doses in Nigeria: Establishment of Diagnostic Reference
Levels and Radiation Dose Optimisation

Analysis of Temperature Transient Patterns using Dynamic Infrared
Thermography

An Enhanced Wearable System for Kinematic and Kinetic Gait Analysis
Visual Object Recognition based on Textual Descriptions
Switching Multiple Models for SSVEP-based Brain-Computer Interfaces
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Design of the Radio Front End of a UHF Phased Array

System

Student: Ryan Agius / Supervisor: Dr Ing. Marc Anthony Azzopardi / Co-Supervisor: Dr Ing. Owen Casha

Introduction

In recent years, there has been considerable interest in
the deployment of large constellations of small satellites.
Traditionally used base stations employ actuators to
move several highly directional antennas to track the
satellites as they pass overhead. In contrast, a phased
array consisting of many individual antenna elements
utilises electronic beamforming techniques to create a
steerable, highly directional beam of radio waves.

Project Objectives

The aim of this project was to design, assemble and test a
functional radio front end prototype for use with an
icosahedral antenna array. The system had to be scalable,
entirely referenced to a stable atomic clock and allow for
fast and precise phase changes to all the antenna
elements.

Project Methodologies

The first stage of the project involved the selection of a
suitable architecture to enable accurate beamforming
while also keeping the system cost to a minimum. This
led to the selection of a software radio architecture with
hybrid beamforming, which divides the array into several
sub-arrays each containing four elements. Direct Digital
Synthesisers (DDS) are then utilised to generate precise
phase-controlled signals, which in turn drive each
element’s mixer to achieve beamforming, as shown in
Figure 1.

10 MHz REF i

RX1QOUT ‘/1 i
A

Figure 1: System Block at Sub-Array Level
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In the second stage, each of the individual blocks in
Figure 1 was realised in hardware through the selection
of appropriate integrated circuits and the design of a
suitable development board, in order to fully characterise
the implemented modules.

Various circuit blocks were then integrated into a single
system, which again required the use of appropriate
components and PCB routing techniques to ensure
synchronisation between the outputs.

Results and Achievements

The designed transceiver consists of four PCB layers,
connected together through three backplanes as shown
in Figure 2. The modular approach adopted in the
system’s design improves the system’s flexibility in
numerous ways. Firstly, it relegates narrowband modules
such as the imaging filters to separate interchangeable
PCBs, preserving the large operating frequency range
offered by the mixers. More importantly, it protects the
more expensive components on the central board in the
event of lightning striking the antenna array.

While being fed from a single 10MHz source, the system
is designed to interface with 32 individual elements over
a frequency ranging between 80MHz and 2.7GHz, with an
output power of 33dBm and a receiver sensitivity of -127
dBm.

Figure 2: Model of the Finalised System Hardware
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Autofocus using an MFT Motorized Lens

Student: Michael Brockdorff / Supervisor: Mr Andre Micallef / Co-Supervisor: Dr Ing. Marc Anthony Azzopardi

This process consisted of the design and manufacturing
of custom made three dimensionally (3D) printed parts
as to provide a suitable interface between the image
sensor, the motorized lens and the chosen processor.
Figure 1 shows a 3D representation of the
manufactured components. With all the necessary
communication links in place a printed circuit board
(PCB) was designed, with the purpose of hosting all the
relevant interface and communication related circuitry.
The PCB and all other relevant mechanical parts were
then assembled after a rigorous testing procedure.

Introduction

Ever since the invention of film by Kodak in 1888, the
popularity of photography has steadily grown, spurring
rapid technological advancements [1]. However, the
simplicity involved in taking photos is not uniformly
distributed throughout all the different fields of
photography. As opposed to the mass-produced point
and shoot products, scientific vision instruments still rely
on manual focus adjustments made by the user. Given
the absence of motorised lenses and matching algorithms
in industrial cameras, adding such capability will
definitely increase the potential of such instruments.

Results and Achievements
Project Objectives

This project focuses on the design and implementation of
both the hardware and software components of an
autofocus system for the MEMENTO project. MEMENTO
aims to construct a high-bandwidth camera which
consistently produces high frame rate video at high
resolutions to serve both the industrial and scientific
markets.

The resulting autofocus system repeatedly returned
successful results when tested on its ability to obtain a
fully focused image when initially presented with an out
of focus image. The performance of the overall system
was then improved by the introduction of a region
selection process. This allowed the system to focus one
part of the image while leaving the rest of the image
out of focus when multiple focal points are available
within the same image. A sample of the results
obtained can be seen in Figure 2.

Project Methodologies

The design of the implemented autofocus system began
with an in-depth review of current existing autofocus
algorithms, lens search methods, and lens mount
standards. The shortlisted algorithms where then
validated through specifically designed tests using
MATLAB. After confirming the correct operation of the
chosen algorithms, work on the communication
between the chosen lens and a suitable processor
began.

Front Back

Figure 1: 3D Printed Components
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[1] “Cameras — Statistics &amp; Facts | Statista. [Online].
Available; https://www.statista.com/topics/3884/cameras/.
[Accessed: 09-Apr-2019].
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Control of a 3-axis Helmholtz Chamber

Student: Matthew Camilleri / Supervisor: Dr Ing. Marc Anthony Azzopardi

Introduction

Helmholtz coils consist of two parallel coils placed at a
specific distance apart. The interaction of the two
separate fields results in a near uniform magnetic field in
the center between the two coils. This principle can also
be applied in three dimensions by connecting three
orthogonal pairs of Helmholtz coils producing what is
known as a Helmholtz chamber.

Project Objectives

The aim of this project was to design and manufacture a
controller for a 3-axis 1m® cubic Helmholtz chamber
shown in Figure 1. This is interfaced with a geomagnetic
field model (IGRF) and an orbital propagator and used to
conduct experiments in precision controlled magnetic
fields while negating the background geomagnetic field.

Project Methodologies

The underlying principles behind Helmholtz coils were
studied and the construction of the chamber in Figure 1
verified with the associated mathematics [1]. A review of
existing models and magnetometers was also conducted
to gain a better appreciation of the equipment needed,
final product functionality and limitations.

A single axis controller was first constructed to test out
the principles of operation and the proposed circuitry.
Once a satisfactory single axis controller was achieved,
the design was expanded to cater for 3 individual axes of
the Helmholtz coil.

Figure 1: Helmholtz chamber at the University of Malta

D

Results and Achievements

A 3-axis controller board was designed to control the
magnetic field in the X, Y, Z planes producing a directional
magnetic field vector as desired within £1mG of the
requested field with respect to the 3-axis magnetometer
used [2]. Plotting the percentage error for the magnetic
field values as illustrated in Figure 2, it can be observed
that while the percentage error is within 1 per cent for all
values, those closer to zero exhibit a higher error. This
can be attributed to small variations in magnetic field
readings due to surroundings and sensor inaccuracies
which remain constant regardless of the field but are
more comparable to requested values when these are
small. Closed loop control is achieved by placing a
magnetometer at the center of the coil, a digital
integrator on the error adjusts the current in the coils to
obtain the desired field. The controller can then be
interfaced with an orbital propagator making use of the
IGRF model to obtain the required magnetic field
simulating a satellite’s orbital path.

References

[1] T. T. Li, “Tri-axial Square Helmholtz coil for Neutron EDM
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Design of a High-Performance Embedded Image Processing

Library for FPGA-Based Reconfigurable Platforms

Introduction

The ever-growing market for consumer electronics such as
smartphones and cameras has created significant demand
for image processing on embedded hardware. However,
processing an image is computationally intensive and often
requires significant system resources. Unfortunately, this is
in direct contrast with the cardinal requirements of
embedded systems. High-performance, state-of-the-art
hardware, such as GPUs and high-end CPUs, do provide the
necessary resources; at the cost of high power requirements.
As a result, they are unsuitable for the mentioned
application. On the other hand, FPGAs, which are inherently
parallel, are relatively low power and are particularly suited
for image processing because most image processing
routines are apt for parallelisation. This thesis, therefore,
treats the design and implementation of a high performance
image processing library intended for embedded image
processing application in VHDL.

Project Objectives

The project objectives were to design, implement and testing
of an image processing library for use on an FPGA device.
Testing was carried out to establish the performance of the
design. The parameters of interest are: the execution speed,
power consumption, cost and FPGA resource-requirements.
These gives a good idea of the viability of the design for the
intended application. This work focuses primarily on
convolution-based image filtering because these operations
are used frequently and are some of the most demanding in
image processing. As a result, they were deemed
representative.
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Project Methodologies

Many different algorithms were considered for the
realisation of the convolution function, each with its
individual merits and faults. In the end, the one which
was finally implemented was chosen due to its simplicity
and ease of enhancement. The enhancements were
applied by using a technique called pipelining whereby an
operation is distributed over multiple clock cycles to
reduce the delay due to the logic and hence allow for a
higher clock frequency. Additionally, certain
multiplications and divisions were implemented using a
combination of shift operations and additions which are
less time consuming as well as require less resources.

Results and Achievements

The design was implemented on an FPGA (Xilinx's
XC7A100TCSG324) using a maximum clock frequency of
232MHz.  This  highly outperformed a similar
implementation using MATLAB, a matrix-based
programming language, optimal for image processing,
despite the MATLAB script being run on a dual-core CPU
operating at a clock speed of 2.2GHz. Using the FPGA
implementation resulted in a time improvement of up to
95% for small images and 56% for larger images, over the
MATLAB implementation, in spite of the fact that the
FPGA is running at a clock speed equal to 10.5% of that of
the CPU. Whereas the CPU used had a power rating of
15W, the FPGA design consumed 0.243W for small
images with a size of 64 by 64 and only increased to
0.269W for larger images of 1920 by 1080. This is a very
ideal power consumption for embedded systems which
operate off of a portable power source such as a battery.

Image Size (pixels) vs Execution Time (seconds)
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Development of a Microwave Ablation System for

Medical Applications

Student: Federico Cilia / Supervisor: Ing. Evan Joe Dimech / Co-Supervisor: Dr Lourdes Farrugia

Introduction

Cancer is one of the leading causes of death, contributing
to a global estimate of 9.6 million deaths in 2018[1].
Microwave ablation is a promising alternative to surgical
resection for the treatment of cancer. The surgical
procedure involves, inserting needle type applicator
through the skin into the tumour to perform ablation.
The eradication of the tumour is achieved by propagating
microwave, causing a temperature rise in the surrounding
tissue.

Project Objectives

The aim of this thesis was to design a microwave coaxial
based monopole antenna for cancer ablation at
2.45GHz. The relation between a coaxial cable and
biological tissue was investigated both experimentally
and computationally using Computer Simulator
Technology (CST) software.

Project Methodologies

A detailed literature review was carried out to,
understand cancer and its causes, review state of the art
ablation applicators and understand concepts behind
antenna design.

A design of experiment was conducted to validate the
model of a coaxial cable created on CST studio software,
with an experimental setup using a Vector Network
Analyser (VNA). This included, measuring and comparing
results using Smith charts for both the simulation and the
experimental setup, backed by transmission line theory.
After the validation was concluded, the model of the
coaxial cable was used to design the microwave coaxial

-

Figure 1: Simulation of a monopole antenna in blood

@

based monopole antenna. Phantoms of blood, liver and
muscle were first modelled in CST studio and then
validated using the experimental setup. The liver results
were also verified with biological sample from pig’s liver.
Then the software model was used to design the
monopole antenna which then was constructed and
tested in a blood mimicking solution as shown in Figure 2

Results and Achievements

During the validation of the model, the results obtained
from the matched terminated transmission line
Simulation model and experimental setup, were a
measure a Voltage Standing Wave Ratio (VSWR) of 1.08
and 1.17 respectively. Comparing the result with a
theoretical VSWR of 1, this concluded that the model of
the simulation and the experimentation setup were
validated. Then the modelled phantoms in CST studio and
the mimicking solutions were compared and verified by
the characteristic impedance, using impedance
transformation techniques. Finally, a coaxial based
monopole antenna was designed and modelled in CST
studio using the previously verified model on a blood
phantom. This was confirmed using blood mimicking
solution and shown that the optimal antenna tip length
required to obtain the best matching condition that of an
effective quarter wave length of a coaxial cable immersed
in biological tissue.
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Figure 2: Setup of a monopole antenna in a blood phantom
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A Low Cost Setup for Underwater Positioning

Student: Francesca Farrugia / Supervisor: Dr Ing. Brian Zammit

Introduction

Underwater remote offshore vehicles (ROV) such as the
one presented in Figure 1 are found in various
applications such as deep-sea exploration, salvage
operations and locating of underwater structures [1]. To
enable autonomous operation, a positioning system is
required to accurately locate and track the vehicle. GPS
technology cannot be adopted for the underwater
environment.

Project Objectives

The main objective was to identify and test low cost
technology that could be used for the underwater
positioning system. The underwater tests would then
provide a clear understanding of the performance of the
setup in the underwater environment and will
characterize its suitability for our requirements.

Project Methodologies

After a literature review of existing underwater
positioning systems, a suitable setup was chosen based
on the requirements of our particular application. The
selected long baseline positioning system comprises of
several range measuring sensors, typically three for
locating the position of the ROV. The ultrasonic frequency
was selected to provide the range measurements. The
ultrasonic sensors can be either used as a radar, in which
sound waves are reflected off an object as shown in
Figure 2a or as a receiver transmitter pair (Figure 2b). The
time-of-flight is then converted to distance and fed to a
trilateration model for relative localisation.

Figure 1: Remote Offshore Vehicle (ROV) [2]

Results and Achievements

In this project the focus was on characterising the
suitability of low cost ultrasonic sensors for underwater
operation. Various underwater tests were performed
both at the University and in a residential pool to extract
the behaviour of the designed setup. Two setups were
tested; one using one sensor in a radar configuration and
the other using two sensors.

Before testing underwater, all the hardware was tested
for proper operation in air, taking into account the
variations in the speed of sound.

The results will provide a clear understanding of the
accuracy and repeatability of the setups. The details of
the analysis will be presented in the final writeup.
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[1] T.Arkadiusz, "MODERN METHODS OF UNDERWATER
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An Investigation of Robotic Swarm Behaviour using
Decentralized Control Algorithms

Student: Luke Galea / Supervisor: Dr Ing. Brian Zammit

Introduction

Although the roles of single and small multi-robot
systems have been widely accepted and adopted for the
needs of our society, the roles of swarm robotic systems
are still under investigation. Swarm robotic systems
typically mimic the behaviour of groups of social insects
and animals. They can bring about a number of
improvements over traditional multi-robot systems due
to their adaptive nature [1].

Project Objectives

The main aim of this project was to conduct a review of
typical swarm behaviours and investigate the algorithms
that are used to replicate such behaviour in robotic
systems. The project would then adapt these algorithms
to be implemented on an available robotic system. A
simulation model of the swarm behaviour was also
required for preliminary testing.

Project Methodologies

The simple individual behaviour within a swarm, as also
observed in ants or flocks of birds, can in turn result in
complex collective swarm behaviour. Having a large
number of robots equipped with basic sensing and
processing capabilities and following basic rules makes it
attractive for applications such as search and rescue or
clean-up of toxic materials [2]. After conducting the
literature review, two algorithms were chosen and
simulated to understand the emerging behaviour. The
selected robot hardware was upgraded such that the
algorithms could be implemented and demonstrated.

Figure 1: The eeMod robot hardware [3], with redesigned
communication module at the top

o

Results and Achievements

The algorithms chosen exhibited flocking and foraging
behaviours. For the flocking algorithm, it was interesting
to observe the robots slowly aggregating from random
initial positions and then exhibiting a flocking behaviour.
Since this algorithm is based on just three simple rules,
this enabled it to be easily modified which resulted in
other swarm behaviours such as following a number of
predefined leader robots.

The foraging algorithm was inspired by the aggregation of
‘slime mold amoeba’ and obtained positive results in
simulation. The actual robot implementation needs
further adjustments. The encountered issued were
mainly attributed to the capabilities of the robotic
hardware which can easily be improved.
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Figure 2: Swarm of robots carrying out a foraging task in
the simulation environment



Faculty of ENGINEERING
___________________________________________________________________________________

Development of a Waterproof, Alert Device for Hearing
Impaired Water Polo Player

Student: Matthew Sultana / Supervisor: Ing. Evan Dimech

Introduction

Gabriel suffers from a bilateral sensorineural hearing loss
and wears hearing aids. He is a keen water polo player
and plays with the junior team of a first division club.
There are currently no waterproof hearing aids able to
withstand the rigours of water polo, and therefore
Gabriel must remove his hearing aids while he plays.
Gabriel's greatest handicap while playing is that he
cannot hear the referee's whistle. This severely hampers
his ability to respond quickly and at times compromises
the performance of his team. His future as a water polo
player is at risk unless a solution can be found. This
project aims to develop an electronic device able to pick-
up the referee’s whistle hence providing an alerting
signal.

Project Objectives

The main objective of this project is to develop an
electronic device able to detect the water polo referee’s
whistle hence translating the audio alerting signal to a
haptic vibrating signal. The device must be waterproof
and must be robust enough to withstand the game;
keeping in mind that water polo is a high contact sport.
Ideally, the device should be worn in the player's water
polo cap as wearing the device on any other part of the
body would provide the opponent with a means of
holding on to Gabriel, which is far from ideal in the game.

N ¥

Referse Whistle Waterpolo
Whistle Detection Cap Haptic
App Feedback

Figure 1: System Overview

Project Methodologies

The problem that Gabriel has was thoroughly analysed,
and a system to solve this problem was designed. The
system designed consists of two main subsystems:
whistle detection subsystem and alerting subsystem. The
whistle detection subsystem interprets the referee's
whistle and transmits a cue to the alerting subsystem.
The alerting system alerts Gabriel when the referee
whistles by transmitting haptic cues. This system consists
of an electronic device incorporated within the cap's ear
guard. The player’s head cap is the safest place to
incorporate the electronics since it will be out of water
most of the time.

An Android mobile phone app was developed which is
able to pick up and interpret the referee’s whistle in real-
time. An electronic device was developed which can
communicate with the mobile phone and alert Gabriel
when necessary. The developed embedded hardware
and software were tested, verified and validated within a
controlled environment to ensure that the design criteria
were met.

Results and Achievements

The electronics components were successfully integrated
on a 3.6cm by 2.4cm PCB which can be incorporated
inside the ear guard. The whistle detection algorithm
was successfully implemented and tested on an Android
mobile phone.

Figure 2: Final PCB Developed
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Video Transmission over 10G Ethernet

Student: Luke Vassallo / Supervisor: Mr Andre Micallef / Co-Supervisor: Mr Karl Galea

Introduction

Ethernet is the primary standard used in general purpose
wired communications. Tremendous advancements in
Field Programmable Gate Array (FPGA) technology has
paved the way for providing multi gigabit Ethernet
solutions on a single IC. This power is leveraged for the
transmission of video data in excess of 70Gbps generated
by a high resolution, high frame rate imaging sensor.

Project Objectives

The primary objective is the implementation and testing
of a point-to-point 10G Ethernet Link over fiber optic
(10GBASE-R), optimized for the transmission of video
data. This is the first step in achieving the goal of an 80G
aggregated Ethernet link on a mid-range Xilinx FPGA.

Project Methodologies

The Ethernet Link encapsulates the Medium Access
Controller (MAC) and Physical (PHY) interface to the
transmission medium. The MAC is responsible for
ensuring the integrity of point-to-point data transfer. The
PHY transmits and receives the serialized data at
10.3125Gbps. These two components were implemented
using certified XILINX IP.

The Ethernet link is served with framed video data
generated in compliance with the Ethernet standard. For
this purpose, framing hardware was developed and
interfaced with Xilinx IP through the AXI interface.
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Figure 1: Ethernet Subsystem Block Diagram
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Following the verification of a single link further hardware
was developed for distributing video data over a
maximum of eight 10G Ethernet Links aggregating a
bandwidth of 80Gbps.

The designed hardware incorporates a set of registers
that are accessible through MicroBlaze - Xilinx’s
proprietary microprocessor. These provide control and
monitoring of the hardware through software making the
subsystem flexible and ready to be integrated as a
peripheral in a larger system.

Results and Achievements

Given the complexity of such a system, an integrated
design / testing methodology was adopted, whereby
multiple development iterations were performed. This
allowed for quick debugging whilst alleviating
performance bottlenecks.

Final benchmarking tests in hardware verified sustained
bi-directional video transmission at 10G speed on a single
Ethernet Link. The developed 80G link aggregation
subsystem proved 80G capability whilst achieving a
maximum payload bandwidth of 32.5Gbps when
aggregating 4 Ethernet Links.

The hardware architecture of the developed subsystems
is parametrized. As a result, it can be very easily extended
to accommodate data transfers anywhere in the range of
10 to 160G.

Figure 2: FPGA Board interfacing with Optical Transceiver
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Hot Pluggable High Speed Video Transceiver Module

Introduction

Most off the shelf video communication systems are
designed around pre-established resolutions and frame
rates, as this allows for harmonisation between capture
and display products. Such limitations, however, tend to
constrain the operation of custom high speed cameras
that function at the different resolutions and frame
rates. Thus an alternative data link needs to be explored
which provides both high bandwidth functionality as well
as allowing plug-and-play operation.

Project Objectives

The aim is to develop a module to enable high bandwidth
video data transfer between a camera and a receiver.
This is done by implementing a carefully selected high
speed (HS) serial communication protocol over an
industry standard hot pluggable transceiver module.

Project Methodologies

The HS video standard adopted was the CoaXPress (CXP)
protocol [1]. This provides up to 6.25Gbps data
throughput per link, whereas the transceiver was
selected from a common standard adopted in
telecommunication applications as illustrated in Figure 1.

A testing module was designed to provide a performance
characterization platform for the module controller and
CXP transmitter and receiver chipset. The work carried
out consisted of High Speed PCB design, implementation
of FPGAs code to generate and control the CXP standard,
in addition to the use of a microcontroller to serve as the
module controller.

Once the design was verified it was scaled down to the
mechanical constraints defined by the transceiver
standard, whilst still complying with the CXP protocol.

Results and Achievements

Bit error rate (BER) tests were conducted on every lane at
1.25/2.5/3.125/5.0/6.25Gps. These resulted to be error-
free i.e. lower than 1x10!2 BER, provided that the
transmitter increases the output power by 0.45dB at bit
transition. Figure 2 illustrates, the eye diagram of the
final implementation at the maximum bitrate of
6.25Gbps.

The CXP link was successfully implemented and tested,
with a standard GenlCam application detecting the
generator as a compliant “device”. An acquisition process
was then undertaken, by which a specified image format
on the device was captured, processed and displayed
over the frame grabber interface.

A major improvement on the basic setup was to extend
the number of links used. Due to physical constraints a
total of two links were implemented. This was sufficient
to prove the principle and verify the modularity of the
design during runtime due to the bootstrap registers
defined for the CXP.
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Board Computers
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Introduction

Space around planet Earth has all kinds of radiation
coming from the Van-Allen belts, the sun or even
background cosmic rays. At ground level, these do not
pose a problem but as the altitude increases, the Earth’s
magnetic field gets weaker and the atmosphere gets
thinner (which both shield Earth from radiation). This
means that the electronic devices in space receive a large
radiation exposure.

Project Objectives

The On Board Computer (OBC) of a satellite has the task
of supervising all systems and take decisions, which
means high reliability is required. Pre-radiation testing of
the devices utilized on the OBC is the key to reliability by
providing insight into what the problems might be
together with their symptoms.

Project Methodologies

This dissertation discusses some research into the
radiation effects on electronic components, as well as
designing hardware for evaluating the performance of
devices undergoing radiation testing. The devices tested
are MOSFETs, memories, and microcontrollers. Latch-up
protection circuitry was designed to cut off the power
and isolate the device under test (DUT) after exhibiting a
latch-up condition for a fixed amount of time.

Figure 1: Data acqusiting board designed to gather data
on the devices under radiation

©

The testing is performed to analyze the effects and
symptoms of radiation, in this case X-Rays. Repeatability is
ensured from one test to the next by varying only one
parameter at a time — typically the only difference
between tests being the DUT itself.

The DUTs are subjected to X-Rays while continually
monitoring their power and storing the measurements
every 10 ms with the board in Figure 1. Any functional
errors captured during testing are stored on a text file
alongside any available data like date, time and elapsed
time since the beginning of the test. Details about the
occurrence of any latch-up event are saved on a separate

text file.

Results and Achievements

It is found that unpowered MOSFETSs will have a threshold
voltage shift less than a powered one during radiation
exposure. This means that unpowered devices survive
longer in radiation.

The MRAM memory tested can handle much greater
radiation dosage than the other memory technologies
tested. In fact, no failures were observed.

The FRAM memory tested underwent a full recovery with
thermal annealing, while NOR FLASH experienced a
partial recovery due to the damage done to the charge
pump circuitry used to erase.
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Mitigation of Power Quality Issues in All-Electric Ship

Power System

Introduction

The term ‘all-electric’ ship implies an integrated power
system where both propulsion and major loads are
electric [1]. Electric propulsion is becoming increasingly
popular as it facilitates meeting the societal demands
relating to reduction of carbon dioxide emissions and
fossil fuel consumption. The proliferation of nonlinear
loads on ship power systems however is leading to power
quality issues thus necessitating some form of mitigation

[2].
Project Objectives

The main objectives of this project are to enhance the
simulation model to represent a more realistic ship
power system; examination of dominant power quality
issues under typical operating conditions and
implementing solutions to mitigate their negative effects.

Project Methodologies

Firstly, some refinements were introduced on the
software model. These include modification of the bow
thruster model to better match the motor datasheet
parameters; increasing the inertia of the propeller motor
in order to include the propeller inertia and introduction
of cable impedance between the generation and load
sides.

The project then focused on harmonics arising from the
operation of the main traction motors. The harmonic
content was noted under various operating conditions,
both at the load and generation ends. Following on
common practice, the rectification stage of the main
traction drive was changed from a six-pulse rectifier to a
twelve-pulse rectifier through the introduction of a three
winding transformer and an additional six-pulse rectifier
connected in series to the original one.

Following this improvement, the remaining dominant
harmonics were the 11t and the 13™. In order to mitigate
these, single-tuned passive filters were designed to
improve the power quality of the ship power system. Two
filter designs were considered; one based on a
combination of capacitor banks and the other considering
a parallel combination of smaller individual three-phase
capacitors. The filter designs were evaluated in terms of
space and weight and the better option was implemented
in simulation.

Results and Achievements

The operation of the ship power system was tested under
various loading conditions of the main thruster for each
configuration considered for the mitigation of harmonic
distortion.

An analysis of both current and voltage harmonics at
each stage was carried out. For the original system, the
most dominant harmonics were the 5" and 7%. As the
cable impedance was introduced, the 11* and 13t
harmonics also became dominant in addition to those
present for the original system. However, with the
improvement in the rectification stage to a twelve-pulse
rectifier, the 5 and 7 harmonics were practically
mitigated. After the addition of the passive filters, the
11* and 13™ harmonics’ magnitudes were effectively
reduced hence the total harmonic distortion (THD) for
both voltage and current was improved.

From the results obtained, it could be observed that the
droop settings of the generators resulted in a drop in
frequency hence the harmonics did not occur at the
system frequency, 50Hz and its multiples but slightly
lower frequencies. As the load increases, so does this
drop in the system frequency.

Propulsion
rectifier
6-pulse
rectifier

cable
impedance

Generators
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Loads

Student: Dylan Falzon / Supervisor: Dr Alexander Micallef / Co-Supervisor: Dr John Licari

Introduction

The installation of renewable energy sources (RES) has
increased drastically throughout the last years, with RES
including solar, wind, hydroelectricity. This increase leads
to tougher challenges when handling the distribution of
electricity, due to the introduction of power quality issues
such as over-voltage, under-voltage, frequency
fluctuations and the injection of harmonics into the grid.

Project Objectives

This project was mainly concerned with the voltage and
frequency fluctuations due to high RES penetrations in
order to keep the grid voltage as stable as possible

Critical loads are loads that cannot withstand variations
on their supply voltage. Thus a constant 230V rms (single
phase) is required in order to ensure that no damage is
occurred. On the other hand, non-critical loads can
withstand tolerances in their supply voltages without
affecting the operation or performance of the equipment.

Project Methodologies

There are various compensators which can be used in
order to control these aforementioned power quality
issues. The main types consist of statcoms, static var
compensators and energy storage systems. Statcoms and
static var compensators can only control reactive power
while on the other hand control of both real and reactive
powers can be achieved by means of an energy storage
system although the latter tend to be quite bulky and
expensive. A new concept is introduced in order to
compensate for these issues, this is the smart load.

These electric spring systems (ES) are divided into three
types. The first type consists of a DC link capacitor as a
storage system while the second type of ES uses a battery
instead of the capacitor on the other hand the last type
which is used throughout this project replaces the battery
with a back to back converter. In this project the ES with

a back to back converter topology was used.

Results and Achievements

This project serves as proof of concept of an ES system
operating with a back to back converter in various voltage
scenarios due to local RES generation. The ES was
modelled, designed and simulated by means of Simulink
and Plecs.

In order to verify the designed system, various tests were
carried out. The system was tested for each state of
operation including, Over-voltage, Under-voltage, stable
state. The system performed as expected, the voltage on
the critical load was kept stable at 325V peak. The DC link
voltage was stable at 400V and the ES voltage varied
accordingly with the non-critical voltage in order to
maintain control of the critical voltage.
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Monitoring and Simulation of Power Quality of PV

Inverters

Student: Claire Grima / Supervisor: Dr Ing. John Licari / Co-Supervisor: Prof. Ing. Cyril Spiteri Staines

Introduction

People are becoming more concerned about the
environment and the concept of renewable energy
sources is deeply researched. Malta’s PV Systems uptake
has remarkably increased throughout the past four years.
Even though it is a greener solution than burning of fossil
fuels and usage of steam turbines to produce electrical
energy, it might be negatively affecting the electrical grid.

Project Objectives

The objectives of this project were to conduct Power
Quality data logging of several single- and three- phase
PV systems and perform analysis of the data, develop
both types of inverters on MATLAB Simulink ® and assess
the effect of different PV penetration levels on the grid.

Project Methodologies

Power Quality data was gathered for 7 different systems,
four were three-phase systems and three were single-
phase systems. The data logging was repeated for two of
the systems in a different season. The harmonic profile of
each brand was analysed. The developed models on
MATLAB Simulink were tuned to match the performance
of commercially available inverters. With these profiles,
the effect of different PV Penetration levels of single-
phase systems on the low voltage network were
simulated and analysed.
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Figure 1: Three-Phase Connection of Network Analyzer

Results and Achievements

From the harmonic results obtained it was concluded that
different brands have different architectures and
harmonic profiles. During sunrise, sunset and cloud cover,
harmonic currents with respect to the fundamental
increase in relative harmonic content. The practical
results obtained were used to tune the modelled
inverters and assess their effect on the network. The
harmonics generated during different times were
simulated in 4 different scenarios with a typical loading of
the network. As expected from literature, voltage rise
was observed. Voltage rise got worse when PV
penetration was concentrated on a cluster furthest away
from the substation. Harmonic content is prevalent
during sunrise and sunset in the network infrastructure
but may be affecting more the network operators rather
than the end-consumers.
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Introduction

Home automation is about “bringing life” into various
devices installed in a building or apartment, giving home
owners the access to control these devices using central
hubs or smartphones. Home automations systems are
quite common in both residential, commercial and
industrial applications. The management and control of
residential or commercial devices is relatively established
but still lacks in the proper management of energy flows.
Research carried throughout the years has shown that
residential energy consumers waste almost 41% of energy
supplied to their homes [1]. Recently, home owners have
become more aware of energy consumption and had
started investing in energy monitoring systems to observe
energy consumption and reduce energy waste. A real time
power meter is an electronic device that is used to record
the electric power being consumed by devices. A key
benefit of energy monitoring system is that it provides
home owners the necessary knowledge and
understandings of how energy is being consumed.

Project Objectives

The main objectives covered in this project is the design
and construction of a single-phase electrical energy
monitoring system compatible with the KNX system.
Furthermore, the project also developed a graphical user
interface (GUI) for energy monitoring and to provide a
platform-based control of electrical equipment.

Project Methodologies

In this project, an accurate power meter is built using the
instantaneous power calculation method;
p(t) = VI, cos(wt + 8,) cos(wt + 6;)

A voltage and current sensing circuit was designed and
constructed to sample the voltage and current of a
connected load. These are then sampled using the
KAlstack development board which carries out the power
calculation and communication with the KNX system. The
rms voltage, rms current, power, power factor and phase
angle are transmitted in real-time to the KNX system and
are displayed on a graphical user interface (GUI) over an
HTTP connection. Thanks to the HTTP connection, users
can easily control and monitor data from a tablet,
computer, smartphone or any device which have access
to Wi-Fi.

Results and Achievements

This project supports development of a low budget smart
KNX power meter capable of measuring rms voltage; rms
current; power; power factor and phase angle. The
developed meter was targeted to be used on single phase
electrical appliances. The designed power meter can
accurately measure true power regardless of the type of
connected load being resistive, inductive, capacitive or a
mixture of all. The designed KNX power meter, is aimed to
set the basis for a system whereby energy management
algorithms can be applied to increase energy efficiency
inside a domestic application.

Figure 1: KNX Real Time Power Meter

References

[1] Trejo-Perea M., Castaneda-Miranda A., Vargas-Vazquez D.,
Herrera-Ruiz G., Carrillo-Serrano R.V., and Rios Moreno G.J.,,
‘Development of a real time energy monitoring platform user-
friendly for buildings’, SciVerse ScienceDirect, 2013, Vol.7,
pp.238-247



Faculty of ENGINEERING
___________________________________________________________________________________

Implementation and Testing of Paralleled Droop
Controlled Three Phase Inverters
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Introduction

The main grid is no exception to improvement and
evolution. The grid’s main function is to transmit and
distribute electricity from both the suppliers to the
consumers and vice versa. The latter has become more
prominent, such as with excess solar power generation in
Malta. These last ten years, power engineers have
researched and developed different types of microgrids
to facilitate the integration of distributed energy
resources (DERs). These microgrids are able to
interconnect together and to the main grid, increasing
the reliability and efficiency of the latter. Microgrids can
perform in conjunction with the main grid (grid-tied
mode) or autonomously (islanded-mode). Furthermore,
they employ several power electronic converters (PECs)
in order to connect the DERs and certain local loads to its
main bus. These PECs can be controlled via various load
sharing techniques, one of which is droop control.

Project Objectives

The main focus of this dissertation is the study of droop
controlled three-phase inverters and their paralleling to
form an islanded AC microgrid. As part of the study, a lab-
based prototype with two parallel inverters capable of
sharing the load connected to the microgrid was
designed, implemented and tested.
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Figure 1: Typical example of an AC microgrid structure

Project Methodologies

The project may be sub-divided into four main stages.
Firstly, Stage 1 is concerned with the system modelling
and design of the droop controlled inverters. This also
includes the ability of one inverter to synchronise with
the microgrid voltage and to connect once the
synchronization criteria have been met. Consecutively
Stage 2 consists of the implementation of the complete
system model with the use Simulink and PLECS in order to
verify the correct operation of the designed control
loops. In Stage 3, the hardware prototypes' power
circuitry and PCBs required for sensing and interfacing
with the three-phase inverters were implemented.
Furthermore, the control algorithms developed in stage 1
were programmed in the respective microcontrollers of
both inverters. Finally, Stage 4 encompassed the testing
and analysis of the individual inverter prototypes' ability
to provide power to the local load, as well as their load
sharing capabilities when connected in parallel.

Results and Achievements

Paralleling between two three-phase inverters utilising
hierarchical control was successfully achieved in the
laboratory. Testing and analysis of the inverters’ ability to
separately supply power to the local load and share when
in parallel was also conducted.
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Figure 2: The output phase current transition for Inverters 1 and
2 upon paralleling, when connected to a balanced R-load of
19.84Q. Prior to 0.57s, only one inverter is connected to the
load. At 0.57s, a 2" inverter is paralleled. At 2.07s, the
frequency of the 2" inverter is allowed to vary and active load
sharing is initiated
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Commissioning of a Wireless Power Transfer System

Introduction

Throughout the last century, wireless power transmission
has gained interest from many individuals and
institutions, giving them the opportunity to apply their
field of expertise in this unique power transmission. In
fact, multiple standard bodies like for example Ql &
Rezence are available today and they help define the
electrical parameters and communication interface for
both the transmitter and the receiver. Currently, data
transfer is already being done in a wireless manner, but a
more efficient method is needed to purely charge the
device wirelessly without the use of any physical charging
port. Even though the most common application is the
charging of portable devices, this method of transmission
can be also used for a wide range of small appliances and
for electric vehicles which provide an increase of
convenience and great level of protection from electrical
power.

Project Objectives

This dissertation presents a thorough analysis in the
operation of a wireless power transfer system. Hence,
this includes both the power transfer between the
transmitter and the receiver as well as how they
communicate between each other and deliver the
needed power to the load with utmost efficiency.

Project Methodologies

This paper initiates with the analysis of the STEVAL-
ISB042V1 (receiver) and STEVAL-ISB044V1 (transmitter)
evaluation boards. The power electronics in the
evaluation boards have been inspected and a complete
testing procedure was performed. The testing procedure
was designed to ensure that each block could be
sufficiently tested to ensure its role in the entire system
design. The specialized software for both the transmitter
(STWBCGUI) and receiver (ISB042GUI) was used to help
monitoring important information such as power
delivered and ADC measured values. The Software was
used to conduct specific tests as to get a full evaluation of
the results which was required to achieve.

Results and Achievements

The results achieved during the testing of the system
confirm that the goals of the dissertation have been met.
From the obtained results, it was shown that each tested
subsystem of the transmitter and the receiver such as the
DC supply voltage was validated to work in accordance to
the operational requirements of the Qi standard.
Furthermore, the investigation in relation with both
evaluation boards has been conducted. This involved the
communication interface which uses both Amplitude
Modulation and Frequency Modulation to transmit the
data bi-directionally between the two boards. Moreover,
the detection of foreign metal objects between the two
coils have been investigated since such objects can alter
the operation of the system and could potentially lead to
temperature rise if not dealt with. Other important tests
were also conducted to obtain key factors such as the
efficiency of the power transferred as it helped further
test the boards’ performance.
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Transformerless Inverters for Grid-Connected

Photovoltaic Systems

Introduction

Nowadays, solar energy generation has gained significant
popularity in light of the increasing energy demands.
Transformerless inverters have become an important
alternative to interface photovoltaics with the grid since
they are more reliable and have higher efficiencies of up
to 98%. However, they are prone to leakage currents and
their use is regulated by the local grid codes of individual
countries.

Project Objectives

This project is concerned with the analysis and
comparison of the operation of the H4, H5 and HERIC
transformerless inverter topologies. The main objective
of the project is the design, modelling and simulation of a
2.5kVA single phase inverter implemented with these
three topologies. Simulations results will include a
comparison of efficiencies at different power injection
levels; common mode voltages and leakage currents.

Project Methodologies

The initial phase was to design and simulate the
Photovoltaic Array which was going to serve as the DC
source for the inverters. The second phase was to design
and simulate the inverter topologies under different DC
input power levels. In order to perform these tests,
control loops for the grid connected operation of the
inverter were also designed and modelled. Third stage
was to investigate their Common Mode Voltage and
leakage currents. In order to achieve these tests, stray
capacitances were used at the input side of the inverter.
Finally, the simulation of the inverters including switching
and conduction losses of the IGBTs and diodes was
considered in order to determine the efficiency curves of
the three topologies. In addition, the European Efficiency
was also considered which takes into consideration the
operation of the PV array.
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Results and Achievements

The output power results for each topology were carried
under different DC input power levels, which were then
analyzed and compared with each other. The HERIC
inverter had the highest output power when compared
with the H4 and the H5 inverters. The losses of each
converter is affected by the modulation scheme and the
number of power semiconductor devices in the inverter.
Furthermore, the efficiency results such as the maximum
efficiency and the inverters efficiency of the H4, H5 and
HERIC inverter were determined as can be seen from
Figure 2. The maximum inverter efficiency of the H4
inverter is 96.68%, the H5 inverter is 96.88% and the
HERIC inverter is 97.24%. While the European Efficiency
of the H4, H5 and HERIC inverters are 96.09%, 96.42%
and 96.79% respectively.
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Design of a Thyristor Controlled Rectifier for a DC

Motor

Student: Matthew Schembri / Supervisor: Dr Ing. Reiko Raute

Introduction

Thyristor multi-pulse rectifiers are widely used in
industrial applications, particularly for DC motor drives
with variable speed control. For such converters,
attaining variable output voltage with a DC current
involves the incorporation of phase angle control which
utilizes six silicon controlled rectifiers (SCRs) connected in
a bridge configuration. Phase angle control is achieved by
varying the triggering angle of the thyristor firing and
therefore collectively controlling the conduction time of
each device.

Project Objectives

The main objective for this project was to design and
build a thyristor controlled rectifier for a variable speed
motor. The triggering of the SCRs at precise instances
requires synchronization to the AC grid. Thus an AC
voltage zero crossing detection algorithm was
implemented on a microcontroller. The developed
product was to be tested by operating the converter at
different firing angles, as well as connecting different
loads to the motor.

Project Methodologies

The complete system revolves around a microcontroller
based approach, where the embedded program is
responsible for; running a zero crossing detection
algorithm upon the data acquired, perform all necessary
calculation for thyristor gate triggering, sending triggering
pulses and also send measurement readings to MATLAB.

As to acquire and store readings on the microcontroller,
appropriate signal conditioning for the required input and
output readings was designed. In succession, this data
was processed as to be used by the input AC voltage zero
crossing detection algorithm and thus establishing the
location of such points. After determining the position of
a zero crossing, the microcontroller firmware processes
the firing angle set by the user and initiates a trail of
pulses. Furthermore, a pulse transformer gate triggering
circuit with the capability of supplying enough current to
activate the SCR was also included in the circuit.

To perform appropriate testing of the six-pulse converter

at different firing angles, a synchronous generator
connected to a load bank was coupled to the motor.

52/

Results and Achievements

Testing of the final product revealed satisfactory results
and all elements within the system proved to be
working correctly. The converter output DC voltage
showed that the thyristors are being activated at
accurate firing times. Adjusting the firing angle by
means of the designed controller brought about a
change in the output average voltage and also a
variation in the speed of the motor.

Decreasing the load connected to the synchronous
generator at lower firing angles, resulted in a
discontinuous current which occurs when the SCRs stop
conducting due to the armature current falling below
their rated holding current. Furthermore, loading the
synchronous generator caused more current to be
drawn within the armature windings, which caused a
drop in motor speed and an increase in torque.

Figure 1: Thyristor controlled rectifier and controller
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Vision-based Iris and Pupil Detection
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Introduction

Vision-based iris/pupil localisation is a necessary
component in robust eye-gaze tracking as well as
biometrics. However, this localisation becomes
challenging when hindering situations are involved.
Such cases include uneven lighting conditions
containing specular reflections and shadows as well as
low resolution images, non-frontal head poses and iris
occlusion by the eyelids.

Project Objectives

The objective of this project entails an extensive review
of the available literatures pertaining to iris/pupil
centre localisation to identify the state-of- the- art. The
preferred methods are implemented using MATLAB and
their performance is tested and compared to determine
the best method. Figure 1 illustrates the pipeline of the
implementation.

Project Methodologies

The methods chosen from the literature review are
categorised into shape-, feature-, and appearance-based
approaches and described as follows:

» Method A: The appearance-based Bayes’ classifier [1]
classifies pixels as either iris/pupil or skin/sclera, based
on the red-channel intensity values of the pixels
around the eye. This process is based on calculating a
ratio which considers the probability of a pixel
belonging to the iris, to that of a pixel which does not
belong to the iris. If this ratio exceeds a threshold, the
pixel is classified as an iris pixel. The resulting binary
image typically contains a circular blob which
represents the iris. The centre of mass of this blob
indicates the iris centre.

» Method B: The shape-based Circular Hough Transform
is performed after Canny edge detection of the result
of the Bayes’ classification of Method A. The centre of
the detected circle represents the iris centre.

» Method C: The feature-based approach of Fast Radial
Symmetry [2] is applied to the grayscale eye images.
The transform detects points having the highest radial
symmetry, resulting in a binary image with a blob
located at the iris centre whose centre of mass is the
iris centre.

» Method D: Specular reflections within the iris may
hinder the iris centre localisation process.

A modified bilinear interpolation method [3] was
implemented to fill in the reflections with the
appropriate intensity values.

» Methods A to C were then tested again with this
alteration.

Results and Achievements

All the methods produced relatively accurate results,
with the Fast Radial Symmetry Transform together
with the reflection removal yielding the best results,
represented by an average mean square error of 5.16.
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Figure 1: The figure depicts the typical flow of the
algorithms: face detection is carried out first,
followed by eye detection and, finally, iris centre
localisation based on the approaches described
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Natural Language Processing for Sentiment Analysis

Introduction

In today’s business and technology world, data analytics
has become indispensable, with technologies such as
sentiment analysis allowing companies and corporations
to gain key insights about consumer perceptions and
options that can help shape effective strategic and
marketing decisions.

Sentiment analysis can be defined as the process of
automatically extracting an opinion about a specific topic
from the written language.

Project Objectives

The aim of this project was to design and implement a
sentiment analysis algorithm capable of extracting
sentiment orientation from user generated tweets
through the use of suitable natural language processing
techniques.

Project Methodologies

In order to implement a sentiment analysis algorithm, the
raw tweets extracted from twitter were pre-processed
removing any irrelevant information such as hashtags and
stop words. Then important information relevant to the
sentiment analysis task was extracted from the processed
tweets using word vectors that represent the semantic
relationships between words. These word vectors were
then used as the inputs to the sentiment classifier which
was capable of classifying the input tweets in terms of
positive, negative or neutral sentiment polarity with
respect to a specific topic as shown in Figure 1.

Given the successes being reported in literature of using
deep neural networks for sentiment analysis, these were
used to implement the sentiment classifier within this
dissertation. Multiple deep learning classifiers mainly,
feedforward, convolutional and recurrent neural
networks were trained and evaluated on two annotated
datasets related to the topics of climate change and
technology products respectively. The performances of
these deep learning models were compared and
contrasted with commercially available sentiment
analysis tools and contemporary literature in order to
evaluate their potential as sentiment analysis algorithms.

o)

Results and Achievements

The performance of the implemented deep
learning models compares favorably with
contemporary approaches for sentiment analysis of
tweets and commercial and freely available tools
highlighting the potential of deep learning models
when applied to sentiment analysis tasks [1] [2].
The results also underlined the variance in
performance of a model when applied to different
topic domains, with models performing better
when applied to the technology dataset. This
implies that it is not easy to extract sentiment
from domains that lack clear sentiment indicators
and contain subtle nuances such as the climate change
dataset, while performing better on datasets that are
more cut and dry.

Sentiment
Report
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Automation Enforcement on Priority Lanes

Introduction

This project aims to tackle the enforcement on priority
lanes. Unfortunately, this lane is continuously being
illegally used by private vehicles. Current Maltese
Regulations, reserve this lane to motorcycles, LPG cars,
electrical vehicles, route buses, passenger transport
vehicle, taxis, pedal cycles, vehicles on priority duties and
vehicles carrying more than three people, including the
driverl. Automated Enforcement Systems (AESs) are one
possible solution to encourage drivers to follow the road
regulations. Increasing enforcement in this field, will
motivate more people to observe the laws and hence
decrease traffic on these lanes.

Project Objectives

The final objective of this project is to detect and export a
short clip of the scene, showing any private vehicle on the
priority lane that does not fall in the aforementioned
categories. Automatic number plate recognition is then
applied to identify the infringing vehicles.

Project Methodologies

The implementation of this project was divided into four
main categories: Vehicle detection, vehicle tracking,
automatic number plate recognition and exporting a
video of the scene. All this was completed using image
processing and video vision techniques.

Vehicle detection was implemented using the algorithm
of background subtraction to detect a foreground. An
area threshold with respect to the position of the car was
then used to classify the object as a vehicle

Vehicle tracking was then performed using the KLT
algorithm?, where corner points on the object were first
extracted. The new location on the next video frame was
estimated by evaluating the velocity of the vehicle.

Automatic number plate recognition (ANPR) was then
applied. The first step was to locate the number plate in
an image and with the aid of a manually trained optical
character recognition (OCR) function, the characters on
the number plate were recognized.

Finally, a video clip showing the vehicle infringing the law
was exported in order to send it to the enforcement unit
for further verification.

Results and Achievements

The result obtained when the algorithm was tested for
vehicle detection in different scenarios gave a 95%
successful rate. Number plate location and recognition
was also tested under the same conditions and a
successful rate of 90% and 84% respectively was
achieved.

This shows that the aim of the project to detect a vehicle
worked at most times of the day and hence it is prone to
light changes. In addition, the ANPR function also gave a
high successful rate in both locating and recognizing the
characters.
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Vibration Control in Flexible Systems with Multiple

Modes

Introduction

In the Robotic industry one typically attempts to reduce
the robotic manipulator’s weight and at the same time
increase its speed for a faster response. Flexible
structures are thus becoming popular by reason of
utilizing lightweight materials that enable higher
accelerations and velocities. However while lightweight
structures are desirable, high performance is mandatory,
and in such a way significant vibration problems can be
created.

Project Objectives

The aim of this project is to address vibration problems in
multiple mode systems that is, systems that employ more
than one flexible structure with a different mode of
vibration. Naturally, it is also required that high precision
and accuracy are attained in the shortest duration
possible.l?!

Project Methodologies

Feed-forward or feedback control techniques can be
utilized in order to suppress the undesirable vibrations in
a flexible structure. One of the most effective and
popular feed-forward computer controlled technique is
Input shaping which makes use of the constructive
cancellation principle.!! Input shaping entails convolving
a sequence of impulses with a desired base command,
which in turn creates a self-cancelling command signal.
Considering a number of Input Shapers, a realistic
simulation environment was used to model the flexible
system considered in this project along with simulations
of the input shaped commands. The shapers were then
implemented and tested on the real physical set-up
shown in Figure 1 and their effectiveness was validated
and analysed experimentally.

Results and Achievements

A number of different feed-forward input shaping
strategies were implemented and tested using both
simulations and real experiments. Those input shapers
that consider both flexible links in the design, are the
most effective in reducing undesirable vibration in both
links as illustrated in Figure 2. Another solution is that of
using an S-curve command convolved with an input
shaper designed for one flexible link only, which proved
to be very effective in cancelling unwanted vibrations in
both links as well. This project addresses vibration related
issues related to multiple flexible structures within
systems. Multiple flexible structure systems are widely
used in industry, such as gantry cranes, manufacturing
equipment and space borne robotic systems.?
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Automated Page Turner for Musicians

Introduction

Page turning has at some point frustrated every musician
by interrupting his/her performance to manually turn the
physical page. During a performance, the pianist would
be using both hands to play the instrument and so,
turning the page means that the pianist must quickly lift
at least one hand from the keyboard to perform such a
task. This may lead to various types of performance
errors and every musician has to learn and develop
his/her own method to overcome this difficulty, in fact,
good music book editors edit the music such that there is
a long note, or a pause towards the end of the page,
making it easier for the performer to turn the page.

Project Objectives

To develop an automated page turner that tracks the
user’s progression on the music score using an eye gaze
tracking system.

Project Methodologies

In order to successfully design and implement the fully
automated page turner, it was first sought to understand
how the musician interacts with the score. This led to a
data collection and processing stage on which the design
criteria of the page turning application were set.

Future improvements on this application are planned will
use the camera of a tablet to record eye gaze and the
tablet screen to display music. Keeping this in mind, the
score was divided into pages with only two lines of music.
Under such conditions, half-page turns are implemented
replacing individual lines of music. This format of music
was presented to the test subjects, whose eye gaze and
performance were recorded using the eye gaze sensor
system and a digital piano respectively.

From this preliminary study it was concluded that sensor
deviations and instances where the musician looks down
at the keyboard cause the tracker to lose track of the
eyes and return redundant or zero values. Hence, the
system was to include a Kalman filter to smooth out such
readings. The sensitive areas on the script were found by
using image processing to detect the bar lines such that
an understanding of the temporal structure of the script

The values obtained from the eye gaze tracker were of a
different resolution than the information obtained from
the score processing. The tracker system returned
coordinates ranging throughout the screen, whilst the
image values were based inside a figure, so a scaling and
compensating function was required to ensure the
values were relevant to each other. Based on this
information, areas of interest were placed on each page
which build a population proportional to the number of
eye gaze coordinates landing in that area.

These functions were tested separately and
implemented into a single application using Matlab’s
GUIDE environment.

Results and Achievements

Initially the page turning application was tested out
resulting in a minor number of redundant page turns but
upon inspection, they were all linked to the same series
of events of the musician’s performance. Tuning the sizes
of the sensitive areas and the resistance towards
triggering page turns, a better system was achieved.
Glances at the keyboard were also tackled by switching to
a model input when the tracker loses track of the eyes.
The result was a page turner that suffered only from
delayed page turns and with no early page turns that
would cause loss of information by replacing the current
line being performed.




~S—— >

loT-Based Traffic Light Control

Introduction

Traffic in Malta is a problem felt nationwide. Research
has shown, daily commuters on the Birkirkara bypass
spend an average of 66 hours a year in a non-moving
state on this road alone [1]. Furthermore, congestion
increases pollution, which introduces several health risks,
not to mention the negative impact it has on the
environment [2].

Project Objectives

This thesis examines the use of cloud-integrated Traffic
Lights System (TLS) and machine learning as part of the
solution for the ever-increasing traffic problem in Malta,
specifically congestion caused by statically timed TLSs.
The university’s own TLS is used as test junction
throughout this project.

Project Methodologies

This thesis outlines the development of a traffic controller
which works in conjunction with induction loop sensors
to upload traffic information, including vehicle
classification, to a centralized cloud server. This server in
turn processes this information and displays the real time
traffic data on a newly developed web application.

On another note, recent advancements in machine
learning have spurred above human level performance in
many games known to be difficult to master. This thesis
extends the application of deep reinforcement learning to
traffic signal control. A simulation of the test junction was
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developed, using Simulation of Urban Mobility (SUMO),
as a means to compare the current implementation
with the novel control method.

Results and Achievements

A high vehicle detection rate is of significant importance
in such an application especially in low traffic densities as
it causes catastrophically large waiting times for
undetected vehicles. The induction loop sensors were
deployed on an actual road for a test period of 1 hour.
The result achieved is a 100% detection rate and
classification accuracy over a sample of 29 vehicles in
total.

Testing the machine learning model resulted in an
average waiting time reduction of 29.3 per cent when
tested over congestion rates of 50, 100 and 150
vehicles/hour. The model is also capable of achieving
waiting time reductions over 50 per cent when tested for
peak traffic times, i.e. vehicle occurrence on any of the
two lanes occurs at a probability of 80 per cent or higher
than on the other lane.
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Development of a Knowledge Management Framework
for Product Development Knowledge Reuse

Introduction

One of the issues companies face in product
development (PD) is the lack of knowledge reuse from
previous projects or lesson learned from problems faced
in the past [1]. A way to address the issue is to follow an
Advanced Product Quality Planning (APQP) process.
APQP is a structured methodology that can document,
plan and manage knowledge in PD. It is aimed to fulfil
customer requirements and ensures communication and
collaboration between engineering activities in a
structured manner.

Project Objectives

This research project will focus on investigating the
issues related to PD and manufacturing industry, APQP
and knowledge management (KM) within industries, in
order to develop a cost-effective framework to capture
and reuse PD knowledge created from an APQP
process. This aims to simplify the capturing, storing, and
sharing of knowledge within an organisation.

Project Methodologies

The methodology of this study was divided into four
phases. In phase 1, an extensive literature review on
the state of art of the subject area was conducted in
order to identify the key elements and gaps of KM
within new product development (NPD) and APQP.
Phase 2, an industrial investigation study was carried
out. This involved developing a questionnaire to
explore the current AS-IS state of the use of KM and
APQP practices within PD and manufacturing
companies in Malta, addressing the gaps found from
the literature review while also highlighting the needs
from local industry.

In phase 3, a proposed KM framework was created,
composed of four quadrants as shown in figure 1. This
provides a guideline on the method that was used to
create a form from an APQP documentation process,
thus, it can be used for PD knowledge reuse.

Phase 4 involved a validation exercise that was utilized
to evaluate the functionality of the developed KM
framework. This was performed in order to confirm
that the developed framework was relevant to
companies and full-fills their requirements in PD
knowledge reuse.

©

Results and Achievements

From the industrial investigation, it was concluded that a
structured framework that can guide engineers to
manage  knowledge created from an  APQP
documentation process should be developed, in order to
provide value to an organisation.

The created framework is made up of four quadrants:
Creation, Classification, Capture and Sharing. It begins
with the creation stage, where an APQP document was
selected and created. In the second quadrant, an APQP
classification was implemented. Where information was
extracted, analyzed from an APQP documents, and
tagged in a final APQP form. Suggestions to search,
capture, store and share information contained in the
created form were implemented and discussed.

From the validation exercise, it was concluded that the
framework meets companies’ expectations; however, this
can be expanded or fine-tuned more specifically to meet
different industry requirements and regulations. Also, an
ICT tool should be developed in order to make this as
future work as the next step make the developed theory
into practice.
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Sustainability Analysis of a Plastic Injection Moulding Heat

Recovery Device

Student: Mohammed Alkharusi / Supervisor: Dr Ing. Paul Refalo / Co-Supervisor: Dr Ing. Arif Rochman

Introduction

Sustainability has become a priority in the industrial
sector. The energy consumption and the resulting carbon
footprint by countries and industries need to be reduced.
Therefore, ways of achieving the best methods to achieve
sustainability for different operations has become a
priority [1].

Project Objectives

The objective behind this project is to investigate the
performance of a heat recovery device which extracts
heat from an injection mounding machine and uses it to
preheat material. The drying effectiveness of the drier
unit for different materials was also investigated.

Project Methodology

The process of achieving this was by conducting various
tests to measure temperature, humidity, moisture
removal and energy consumption. Preliminary tests were
carried out to see what improvements could be done to
improve the performance of the prototype.

Following the modifications, the prototype device was
paired to a BOY 22E hydraulic injection moulding machine
and measurements were used to assess the feasibility of
the prototype device to replace the chiller and the drier,
and hence act as a heat recovery device.

The prototype device was operated as a chiller unit only,
and as both as a chiller and a drier. When the prototype
device worked as both, drying results were taken for ABS,
PLA, and PA6 for 1, 3, and 6 hours of drying successively.
The prototype device was equipped with 7 temperature
sensors, 3 humidity sensors, and a power monitor, while
the injection moulding machine has a power monitoring
device to measure its energy consumption and compare
it with the prototype device.

After analyzing all the results, a room for improvement
and future work was identified.
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Figure 1: Temperature Vs. Time graph

Results and Achievements

Temperature results of the prototype device when used
as both a chiller and a drier unit is shown in Figure 1. The
inlet temperature does not change which is T1, while T2,
and T3 reduce in temperature since the air is being
cooled and dehumidified using the evaporator. T4 and T5
are the temperature that are used to dry the granules,
thus, they increased since they are placed after the
condenser. The prototype device has shown better
results when it worked as a chiller unit only. The drying
temperature increased to about 46 °C.

ABS granules were drying most when dried for 1 hour at
40 °C, while PA6 have shown that it dries more at the
same temperature in 3, and 6 hours of drying. The 6
hours drying test is shown in Figure 2, which shows that
PA6 dries more than ABS and PLA. Also, temperature at
the tank increased when injection moulding production is
occurring, therefore, the test had to be stopped.

Overall, further modifications should be done to the
prototype device in order to replace the old chiller and
drier.
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Design Optimisation of a Mass Produced Smart Toy

Device

Student: Yagoob Al-Namani / Supervisor: Dr Ing. Philip Farrugia / Co-Supervisor: Mr Emanuel Balzan

Introduction

Smart toys are becoming popular as they provide a more
engaging learning and playing experience for children. For
this reason, smart toys are also being used for
therapeutic purposes, such as for speech and language
therapy. 'Olly Speaks' (see Figure 1) is a smart toy aimed
for such a therapy. It is being developed at the University
of Malta in collaboration with Flying Squirrel Games, as
part of the SPEECHIE project.

Project Objectives

The overall aim of this project is optimise the design of
the back housing, such that its manufacturing by plastic
injection moulding, is facilitated. Focus has been placed
on how an alternative means of attaching the textile-
based hair (see Figure 1) with the housing can be
designed, in order to eliminate form features, which
would otherwise increase the moulding costs.

Figure 2: The Mould Filling Simulation of the Housing

©

Project Methodologies

The methodology used in this project is based on the
basic design cycle. A literature of the injection moulding
terminologies and equipment was first carried out to
provide a clear understanding of the problem.

Furthermore, the current design was analysed via mould
flow simulations (see Figure 2). This led to the generation
of concepts on news means of attachment of the textile-
based hair with the housing. A decision matrix was then
employed to select the optimum concept. The Computer-
Aided Design (CAD) model of the housing was modified
and analysed using mould flow analysis. The solution was
also evaluated form the cost-saving point of view.

Results and Achievements

The new proposed design has proven to have various
advantages over the original design. In particular, the
number of undercuts in the mould were reduced,
thereby reducing sliding cores and hence mould costs.
Also, calculations have shown that up to 9kg of material
can be saved for each 10,000 units produced.

Back Housing <«—

Figure 1: Olly Speaks
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Development of Screw Extrusion Based 3D Printer

Student: Anthony Bonnici / Supervisor: Dr Arif Rochman

Introduction

3D printing has left a significant impact on various
industries mainly due to its appealing characteristics
which include mass customization, rapid prototyping and
freedom of design and manufacturing. In this project, a
new 3D printing process has been developed, enabling
the replacement of conventional plastic filament
processing with less costly plastic granules processing.

Project Objectives

The main objectives of this dissertation include the
concept, design and manufacturing of a new printing
head to replace the conventional one. It is then to be
connected to the 3D printer in order to attempt to
perform a printing procedure and analyse its

Project Methodologies

The methodology of this project was based on a Research
Methodology Framework developed by Alex Duffy and
F.J. O'Donnell [1]. Primarily, a study has been conducted
regarding the conventional 3D printing processes with an
in depth analysis being carried out on the Filament 3D
printing process (FDM) due to it being the most
commonly used printing procedure. The various extrusion
processes were also studied with higher emphasis on the
screw extrusion process. Research was then carried out
on the different components required to manufacture a
new printing head. Two practical concepts were created
and the preferred design was then selected. The separate
components making up the system were designed and
manufactured by performing the necessary calculations
and material selection procedures.

In order to test the functionality of the new printing
head, it had to be incorporated to a standard FDM 3D
printer. A study regarding the different 3D printer
kinematics has been conducted in order to determine the
most suitable structure for this design. After selecting the
specific 3D printer, both the electrical and mechanical
modifications to allow for the connection of the new
printing head to the 3D printer, have been carried out.

Once connected, separate tests were made to assess the
system’s performance and functionality. Some of these
tests included heating tests and stability tests. After these
tests were successfully performed, the final printing
operation was attempted.

Results and Achievements

Modifications were required in order to effectively and
efficiently print the, pellet form, PLA raw material. These
included the redesigning of the screw and reaming of the
cylinder and the nozzle to accommodate for the new
screw design. Different test samples, which included both
solid and also hollow parts, were then printed to attest
the system’s functionality. During testing, different
processing parameters were changed, with the aim of
improving the quality of the print. Such parameters
included the extrusion multiplier (flow rate) of the
printing head and the distance between the nozzle and
the printing bed.

Finally, the optimum printing conditions, being a printing
temperature of 200°C and extrusion multiplier of 20 were
established. These parameters led to the optimal results
in terms of part quality and dimensionality. This shows
that the objectives for this project were successfully
reached as the newly designed printing head could
successfully print with rather good quality using less
costly raw material.
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Figure 1: (top) Physical and labelled CAD model of the
newly designed printing head and (bottom) best print
results
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Sustainability Analysis of Compressed Air uses

Student: Angelo Cassar/ Supervisor: Dr Ing. Paul Refalo / Co-Supervisor: Dr Ing. Emmanuel Francalanza

Introduction

Compressed air (CA) is widely utilised in industry as it is
generally viewed as easy and safe to use. However, CA in
industry contributes to a total of 10% of the energy
consumption in the European Union [1] and the United
States of America [2] which is a great concern for
industrial facilities. This is so, as energy efficiency is one
of the main concerns for industry due to the ever-
increasing energy costs and the negative impact on the
environment.

Project Objectives

The scope of the project was to analyse a pneumatic pick
and place system, shown in Figure 1, by varying the
system parameters. The aim was to find a beneficial
tradeoff between the system’s productivity, and energy
and air consumption.

Project Methodologies

Initially, the most critical system parameters of the pick
and place system were selected through calculations and
system constraints. These parameters included, the set
pressure, the mass of the parts being picked, the
diameter of the suction pad, and the horizontal and
vertical distances travelled by the part picked. The pick
and place system was connected to a compressed air test
bed and programmed in order to obtain the desired
functions. Parts which were to be picked and placed were
then designed together with parts that would make it
possible for some of the process parameters to be altered
during experiments. Preliminary testing was subsequently
conducted in order to finetune the system parameters
selected further and to stabilise the behaviour of the
system.

Suction Pad

acuum Generator

Figure 1: Pneumatic Pick and Place System
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Design of Experiments was employed to create an
experimental procedure and several experiments were
performed. Data was recorded automatically using
sensors connected to a PLC. The electrical power
consumed by the compressor, the air flow rate, the
pressure and the status of the solenoids were measured
and collected to determine the productivity of the
system. Consequently, the data was analysed, identifying
the most critical parameters, and recommendations were
formulated.

Results and Achievements

From the data analysis carried out it, was concluded that
the mass of the part and the diameter of the suction cup
do not have any significant effect on the responses of the
system, as shown in Figure 2. Thus, designers of such
systems would benefit from designing for a heavier load
given that the components constituting the system
permit it. Moreover, it was also determined that the
process parameters that had the largest effect on the
productivity, energy, and air consumption, were the
horizontal, vertical distances, and the operating pressures
respectively. For example, reducing the horizontal
traversed distance from 800 mm to 100 mm reduced the
air and energy consumption by 30%. Moreover,
increasing the set pressure from 6 to 7 bar, increases the
energy consumption by 8.5%. Automation designers
would gain from operating at lower pressures and
eliminating any unnecessary movement as this would
increase productivity while consuming less energy and
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Design of Digital Industrial Automation Systems

Student: lan Ciantar / Supervisor: Dr Ing. Emmanuel Francalanza

Introduction

Developments in product design, connectivity and cloud
computing lead to a paradigm shift from mass production
to intelligent, over-the-web personalized products. In
order to efficiently manufacture such products, industry
has to adapt its manufacturing systems to this new
production paradigm. Personalised Production paradigm
makes the most out of the digitisation of manufacturing,
Industry 4.0 and the Industrial Internet of Things (IloT).

Project Objectives

The project’s objectives include; the evaluation of
literatures concerning digital automated systems and
personalised production. Development of a high-level
personalised production system architecture. The
modular design and implementation of a cyber-physical
production system which includes an aspect of
personalised production.

Project Methodologies

For this project, the methodology adopted is developed
by M. Mercieca [1] i.e. the Modular Function Deployment
4.0 (MFD 4.0) which is a reference to Industry 4.0. This
methodology is a combination of two other
methodologies, one developed by Erixon et al. [2] called
Modular Function Deployment (MFD) and the other
developed by Scalice et al. [3] termed as the Interface
Design Methodology (IDM).

The MFD 4.0 approach is made up of 5 main steps in
which a number of tools such as QFD, FMA, etc. can be
used in order to achieve the goal of designing a modular
system capable for production of personalised parts.
These steps can be viewed in Figure 1 below.

ANALYSIS SYNTHESIS EVALUATION
Evaluate
Clarify Select Generate Madules and Improve
Technical Module
Requirements - - Develop Modules
Solutions Concepts
Interfaces
STEP1 STEP 2 STEP 3 STEP 4 STEF S

Figure 1: MFD 4.0 Methodology

Results and Achievements

By using a modularity approach, a high-level reference
architecture was developed for personalised production.
Part of this architecture held a Cyber-Physical Production
System (CCPS) module which was designed based on the
MFD 4.0 methodology explained in the previous section.
Two other modular architectures where developed for
this CPPS, which were split into the physical aspect and
the cyber-physical aspect of the system. These two
architectures led to a reconfigurable and smart machine
(STRIX 3.0) design as the one seen in Figure 2.
Incorporated within the system is a CNC Router which
acts as the medium providing the personalisation aspect
required from the system. STRIX 3.0 is integrated with an
already developed material handling system called ORCA.
ORCA feeds STRIX 3.0 the required parts.

STRIX 3.0 —|_>

ORCA

Figure 2: STRIX 3.0 Assembly next to ORCA
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Design and 3D Printing of Polymer Templates for
Metal Bone Scaffold Production

Student: Yann Demicoli / Supervisor: Dr Arif Rochman / Co-Supervisor: Prof. Ing. Joseph Buhagiar

Introduction

The treatment for when a large piece of bone is missing is
to harvest bone from one area of the patient and implant
it within the bone defect and this procedure is risky. Thus,
artificial substitutes for bone to be implanted within bone
defects are being researched which are called bone
scaffolds. A bone scaffold is a three-dimensional support
structure designed for bone to grow through it [1].

Project Objectives

To study the properties of existing metal bone scaffolds
and determine 3D printing techniques suitable for the
printing of polymer templates. To design, print and
evaluate the polymer templates. To carry out
experiments to manufacture bone scaffolds from the
printed templates and analyse the results.

Project Methodologies

The template must be porous so it was necessary to
design a lattice, which is similar to the one shown in
Figure la. Such a structure requires feature sizes within
the hundreds of microns. This meant that a 3D printing
machine with high accuracy was required. After carrying
out an equipment selection, the Form 2 by Formlabs was
chosen since it was advertised that it could print features
of size of 150 um [2] while offering a wide variety of
materials which can be printed. Two materials were
chosen, a clear resin and a castable wax resin which was
designed to be burnt within a furnace and thus had useful
properties for the application. Specialized software was
also required to create different lattices without manually
specifying each feature. To achieve this, Element Pro by
nTopology was used. The resulting file obtained from
Element Pro was imported to PreForm, which is the
software used by the Form 2 to prepare the digital file to
be used for manufacture. PreForm was used to prepare
the digital files to be 3D printed by providing support
structures to the templates. Then, multiple different
types of lattice with the two different materials were
manufactured in a cubic shape and evaluated based on
their porosity and ease of post-processing. The templates
were passed through a cleaning procedure & a post-
curing chamber was also constructed. Afterwards, simple
templates made from each material were passed through
the metal replication process and evaluated.

©

Results and Achievements

A porous template made out of a clear resin was achieved
as shown in Figure 1a. It was observed that this material
is easy to work with due to its strength. Multiple design
iterations of porous templates made out of the castable
wax resin were carried out. Only two template types
could be possibly manufactured and thus their design was
tweaked to improve their properties. One of the template
types proved to be inadequate. The template shown in
Figure 1b was designed from the other template type to
successfully to reduce the supports required and thus
reduce the manufacturing effort. The metal replication
experiment proved that both materials were somewhat
suitable to be used within the process.

Figure 1 a) A template made from clear resin
b) A template made from castable wax
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Changeover Process Improvements of a Tablet

Compression Machine

Student: Emma Marie Fenech / Supervisor: Dr Ing. Pierre Vella

Introduction

Manufacturing industries strive to achieve lean
manufacturing within their systems. In order to reduce
waste, continuous improvement must be carried out
within the manufacturing system. In this project, a
changeover process that is carried out on a tablet
compression machine at a pharmaceutical company, was
analysed in order to reduce and therefore improve the
downtime of this process. Reducing the downtime will
result in improved availability of the machine.

Project Objectives

The objective of this project is to analyse and propose
solutions to reduce the time it takes to perform the
changeover process for the tablet compression machine
whilst maintaining the high-quality cleaning that must be
achieved during such a changeover process. Thus,
avoiding product contamination and Cross-
contamination.

Project Methodologies

For this project, a Lean Six Sigma approach was adopted
to identify and mitigate the waste being produced in the
changeover process of a tablet compression machine.
This was carried out by means of implementing Lean
Tools and the Design for Six Sigma, also known as the
DMADYV Cycle, which consists mainly of five phases [1].

The problem was defined by means of identifying all the
resources required and analysing the process. This was
achieved by means of various tools e.g. process
flowcharts, an Integrated Definition Model and SMED
Analysis that were implemented within the ‘Define’
phase. A market study together with the identification of
the cleaning process and customer’s requirements were
carried out in the ‘Measure’ phase. Solution concepts
were generated based on the above-mentioned
requirements to reduce the downtime of the changeover
process.

The solution concepts were tested in the ‘Analyse’ phase
to identify the best design concept that will be
implemented in the cleaning system. From the results
obtained, a set of process parameters were established
to clean the turrets contaminated by any type of Active
Pharmaceutical Ingredient (API). A final detailed design
for the proposed cleaning machine together with the new
cleaning procedure was established in the ‘Design’ phase.
Finally, all the data collected throughout the project was
analysed and discussed in the ‘Verify’ phase. Once a
prototype machine is built, several pilot and production
runs will be necessary to ensure that high quality cleaning
is maintained with such an improvement.

Results and Achievements

A reduction in the downtime for the changeover process
of the tablet compression machine was achieved by
reducing the time it takes to wash, rinse and dry the
turret through the automation of such processes.

The process parameters established from testing were
found to be sufficient to clean a turret contaminated with
APIs that range from slightly soluble in water to
practically insoluble in water.

The data gathered throughout the whole project proved
that with the proposed process improvements, the time
it takes to wash, rinse and dry the turret can be reduced
by 59 - 71% when automating such a process.

Figure 1: The Cleaning Machine Assembly Concept
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Design of an Innovative Soft Spherified Cosmetic Product

Dispenser

Introduction

With the current trends within the Korean cosmetics
market leading towards the use of spherified doses of
liquid cosmetics, Toly Ltd. has assigned a project towards
designing an innovative dispenser that stores cosmetic
products as a liquid but dispenses the cosmetic product in
the form of soft spherified solid cosmetic products in a
novel and aesthetic manner.

Project Objectives

This product is to aim towards granting the ability to
generate enough spherical doses for one day of use
without needing to carry the whole liquid packaging. This
design solution will solve two problems in the cosmetics
industry: (i) An overall reduction of clutter in a woman’s
handbag and (ii) the reduction of waste when compared
to their aerosol-based counterparts.

Project Methodologies

In order to achieve this goal effectively, this product must
be able to convert numerous types of gel or liquid based
cosmetic products (such as foundation and skincare
products) into solidified spherical doses accompanied by
a pleasant visual effect.

The project performed was based on the basic design
cycle, where the problem was analysed via market
research which lead to the creation of a Quality Function
Deployment and a Product Design Specification. After
the problem was analysed, conceptual designs were
made using the Function Means Analysis tree as well as a
morphological chart. The best three were then chosen
and a SCAMPER exercise was performed on each of the
three concepts. The aforementioned concepts went
through the embodiment stage. Here, the concepts were
evaluated and Design for Assemblies were completed for
each concept. The use of these design methods allowed
for concept selection, where the most fitting concept was
chosen via a radar chart as well as a decision matrix.

Once the concept was selected, a Failure Mode and Error
Analysis, a Design for Emotion as well as a Design for
Manufacturing were done. During the Failure Mode and
Error Analysis, the main design problems were addressed
and Finite Element Analysis was utilised to verify the
effects of the relevant design problems. During the
Design for Emotion exercise, a study was carried out on
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the aesthetics and colour palette of the design. During
the Design for Manufacturing exercise, a material
selection study was carried out along with a selection of
the manufacturing techniques used and how to cater the
design towards the aforementioned techniques.

Results and Achievements

The overall dispenser concept generated (as seen in
figure 1) was also evaluated with the innovation team at
Toly who were very satisfied with the solutions
conceived.

To conclude this project, the goals of the dissertation
were checked whether or not they were completed and if
so, the sections where they were completed were
mentioned. Finally, the shortcomings of the current
design were addressed along with the reason why these
issues need to be addressed. An innovative dispenser for
soft sphered cosmetic products was successfully designed
and tested, with some advised actions for improvements
and future work were given.
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Implementing a Lean Six Sigma Approach for Manufacturing

Process Improvement

Student: Victoria Grech / Supervisor: Dr Ing. Emmanuel Francalanza / Co-Supervisor: Dr Ing. Conrad Pace

Introduction

Lean Six Sigma (LSS) integrates two prevalent
performance  improvement methodologies: Lean
methods and Six Sigma. In this project, this approach was
adopted for the improvement of a manual manufacturing
process at ProMinent Fluid Controls Ltd. This process
involves the manufacture of various products used for
flow control applications.

Project Objectives

There are two main objectives of this LSS project. Firstly,
to reduce waste and maximise operator productivity
whilst minimising the effort related to non-value adding
activities. Secondly, reduce process variation.

Project Methodologies

The LSS DMAIC approach was adopted for this project.
This improvement framework integrates lean tools such
as Value Stream Mapping (VSM), 5S and Kaizen into the
principles of the DMAIC problem solving cycle [1]. After
many researchers identified VSM’s shortcomings, the
idea of using simulation was adopted within this
methodology [2]. Therefore, a high-level methodology
illustrated in Figure 1 was developed and followed.

VSM
Current
State

Lean Six Sigma

l c°}'§ DMAIC Approach zs‘"e

| A

Simulation

Improve Analyse

VSM
Future State

Simulation

To be Analysis

Figure 1: Adopted Lean Six Sigma DMAIC Approach

Results and Achievements

The solution was built gradually with every phase of the
DMAIC methodology. In the Define stage, the wastes
were observed and identified within the development of
the VSM. Whilst in the Measure phase, a time and motion
study was conducted to quantify the time wasted whilst
observing attentively the process itself. This led to the
development of an as-is simulation model and its
validation. In, the analysis phase the flow of material and
paths followed by employees were studied.

When lean tools were applied in the improve stage, the
process improvements and layout improvements were
developed. These were also experimented with in
Simulation. This led to prioritization of solution using the
pareto analysis. These were then built into the to-be
simulation model, shown in Figure 2, visualizing the
changes. Therefore, from the simulation and the lean
tools, the production time would be able to reduce by
37.9% when all the improvements would be
implemented.
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Design of a Roll Cage for Hill Climb Racing

Student- Clayion Abela / Supervisar- Prof. Ing. Martin Musrat

Introduction

The ol Ege is e of the sk Sprikcasl epipaeal
Tor persmnal protectan i every sports @ sspecally in
hll dmh recing. H 5 peaeally e of thin gaupe
ppes, joinal topether in a=emhie a8 =iy stuchue
The fame must be desipned in 2 way 1o absorb the
Enetic ey daring impacis. The projert adkdresses a2
mew desipn of a mll e sulaied by Fnie Bement
snfbacere

Project Objectives

The pmyect’s main ohpecine was o desipn a2 mil ape
barrd on the rules and repulations of the Federotion
imtemationale de PAcdoorobids FUA ond Trarsport Malta,
THWL The despaed mnid was st smuilated o a siabc
sruwiure aml then dmamcally Dysamr  besting
smulaian prmres 3 s ol EEe that pooieds the
driver armlytical shady was camied oul

Project Methodologies

During ol e Smulation, sreraied cquery that was
made was whether it vkl make any differenoe T the
ol e was testel 25 3 fll welded sneture rather
than a bolk on Epe Snetue A Smulshion et s
mndheried b check how the it oa Srurtue would
hunction Thies models wene used for the tesling phase
The frst model morsisted of 2 winle members The
siwd one had 2 members of which ome was joined
with a thicker deeye The thind mods] was the = a5
the sand one irwever with added nltc For all the
three mndels, the vertes wes fully welded

Twm bype of ol apes were siobx al dynamic esied.
The mll e was depned for acing howsver wien
memaneng some of s sembers, it may beoome el
epal The mll mpe desipn coassis] of tvn different
materials, mild steel aed cdeome moly. Aln, seveal
material mmbiratin and ube diamries were i
A delectioa for sach rombination was asalysed undera
23.4IN Iad.  Testing was akn amied owt o ek the
moarus bl prshie in bead the man hoop by
SOmm

A cyrares e semeni aaiyss wes oaiucien for a
better rofl e saluaton 35 @ panades  moe
assuranre repading is certifiation aml fves 2 moe
deiaied et Dysamic testing smulaies L worst ol
e mlsoa posible During the dynamic smubition, 2
barse numiel of & racing oll cape as well as a full eong
wersamn reodl cape moded were used .

Results and Achievements
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that when ling the sSinchees with HEN, L

onchuded that the firsk model that 5 3 fully welded
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when o] to mild steel
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Investigating the Heat Transfer Phenomena across
Cylinders exposed to Water Waves

Shudent Joseph Abela [ Supervisor: Prof. Inz. Tania Sant

Introduction

Whils st wirk has been done in He s of heat
transier xres 2 wrical cylinder the effext of wae
action has st been invwstipaied in mch detail Using
wawe artin 3= 3 heat ranf mechasion has varimes
advanizpes with the main one being the @ that sea
wares Are 2 ree reoune Appliations inchele heat
exhangers for ol and pas extectan and subsea nucear
e [1]

Praject Objectives

To analys the varation of the owrall heat randfer
meihcent with oylinder dameter, cplinder lenzth, wae
Trequessy 2l wave amplinde

To imestipate the effect of wane cosditions o the puler
oemvertive heat trarsfer melicent

Praject Methodolopgies

5teel ofinders having diametes of B, 7 aml B om were
e The top and botiom of rach cylinder were nmsulaied
m esase ot raschr oours iy aooes the cylinder
walk The oyliders were attarhed 2 3 womben support
ard and plared] in the wewe tanic

Water at 2 temperature of 20°C was pounsd in ol the
Cylinders and beft 1o ol dmas o 3 teeperahee e the
ambint temperahee of e wanve Enk Thermxouples
meawurel the temperaiune at the omine of the opfinders.
(1] at three different distancoes from the botiom of the
cyinder. Data was reamded wsking 3 Kethley) data
acpisiion sysiem. The ambient mperaiune [T,) of the
wanve Tk was abo reconded.

The operimest was fst perfformed at sl waEier
onditios aml tes peaied for 5 dililferent wawe
oxditions |3 different weane frespeences and 3 different
winre amphiheies) For ech different wanee coneditan
(nchaling sl waler omibioss] & epeabed Edings
wee Een The reoded temperaheres were uwsed o
pﬂn:phtdh;f_r—'miﬂﬁmmnkm
il tempesiune ot the cevire of the ofdimder. A Iner
repre=ion it wos applal n sch plot and the owrall
et tasfer meficent, U, w@s duval fom the
et of the mpressamn.

Results and Achievements

noeng the dianetsr from OEE m o 0OF m
prodixed an noeese of 15% n the mveall beat raesher
meficent (ke sl waber omdites]. Deoeasing the
disiance from the bottom of the Cylinder ffom 0L24 min
14 m pmdured am imrease of 12% in the merall heat
transher coeffhicent. A weve ey of 500 Hz
prodixed an mrease of up o 51 295 in the overall et
transher meficent compared o the omesponding vahwe
Tor stll waler condiions. A wanve amplihaie of .04% m
prodhxed an mrease of up o 5129 n e overall heat
transher meficent compared o the omesponding vahwe
Tor shilll wntwey coaufitions.

Derived U values for different
frequencies for each diameter
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Kinematics of a Lifting Activity

Introd uction

Proper [fing echnicgue= are essential whes manapng
ey loads Adapting the deadift form shown in Rsure 1
[Left), o everpday Efiting, dereases the sk of lowes back
impry. Masksnng 2 sraight back while e howewer,
inceaees hip Bexin which in Dan coesses esctaon
Torees and momenis within the nwer joinks of the body:
Hips, Inees and anldes, which ane e shudiedd jpinis n
this project

Project Objectives

Reronfing §ft using Vioon Moltion Caplure Sysiem.
Proressng of dnematc daia using Mokla software amd
npuiting the =S¢ daia o opm ouce sSfbaare,
Amylmly. Compuistion of bBeslics amd aalyss of
Enemmatics of bwo differet subjerts.

Project Methodologies

Molica Ephe for ten subjerts |A B A) was doas using
the vikon system, from which kinemalic dala was
oz for 2 mumber of peifformed [fix This daia was
then siracted and asalsed wing the Mnkia sofbuare
The kineatic data for 3 selerted msnber of fames was
then mapped oa the positions from a ssierted numsher of
frames, onin the prasrc Amyinly model 35 ==en n
Figure 1 [raght) o obiain esdion forcss at: k=g joirts.

Kinetir data was then commiied wenp a st of dered
Mewion-Fuler erpuations for sach of the selerted frames
st angles ond momenis wee plotted with @y
impoiizt everis labelel

Results and Achievements

Knematn daia was ohisised aevesiully, aml the ealis
were plotted isto graphs s shows n Fgure 2, reconding
the hip mpereming oo and edensor mumeis dunng
the §it The mepuied reulls were abiosal and
oxreaied with dita fom Eeshere of Smiar shekes
[1][2]-

The mrealis miedsl the diferexe n athisic
periomancee of the wm subjpris. The main diferenoes
bebween e wo subjyrts avounts the siability ond the
=l deiribution @ins the o bdy habves The
athietially nclined sibiyt B praphs neoided Iess noEe
and from the hipher aceberation peals & @n be dedherd
that Sulject B wes overall more paeiful. Both subjerts
e right keg 3= the dominant g, despile Subject B
being et handed, howaser Subjert B depessds more mn
his upper body tn nitale the it usie Subpert A
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Wave Attenuation using a Floating Array of Cylindrical

Structures

Shudent Keith Abela / Supervisar- Prof. ing. Tonio Sant / Co-Supervisor Ing. Daniel Buhagiar

Introduction

Wave altrmaling devices, samely bealneaters, ae wel
kncwm sinchues for providing shelteed aeas for boals
in the near shore, and o mitigaie the s of oastal
mmson in deep water sies, fioating brea bvaters may be
e ot eflective than seabed mimamied sysiens and
mn prewide shelered amess for ofEhomre reaswable
e py Falems surh a5 flioating wind amd smlar enerpy
Tarms, herre reducing the mpad of ydodysamir loads.

Cylindrical sinuchares ae mmsadays very ot sfectie o
prodxe and shea such sysiees e installed in the fom
of floating amays, they may serve s et devices Tor
attenuating waves

Praject Objectives

The main obpyritves of this pmpt were 1o despn amd
onsinkt saiel mdels of 3 wave sitemuating  device
ouisting of an aray of ofdimrial Srudues haing
diffrent il spawing in onder I CETY ok
experimEnts in 3 wave Enk for diferent wave oonditaons
and cylinder spacing. Experimesial eulls wee then 1o
e walidaivry using those praictad by 3 rumerial model
wsing hnpd mdhyreamics sofbhseere peciese ANSYS ALTWA™_

Praject Methodologies

Thies differest sehups were desipres] having 2 geing
ratic of 095, 1 and 15 AT pipes hoving an exdtermal
diameter of 53 e were used for the oplinders that wee
attarhed o a bt np maufadured om med wm-dessity

hbveinad The test rips wene mated with 2 seaier-pmol
oating o avoid the wood from sueling

Experimenis were camied out in 2 wave Enk in the Auids
Laborahory at the LUnversity of Malta for all three setups,
= showmn in Fipe 1 The expermenis wae perfomed
fir tewhe woe ondions, ypcal n the omira
Medibrranean repan in oblain the wowe atteruatan
charaderstics of te mndels.

The three operimesial s=ups were then mdelled in
ANSYS ADYWAS 1o oblain resulls for the transmissin
meffident amd resulls weare coampared with those
pbizinal experimenial by

Results and Achievements

The transmssin mefficent was ohserved 1o dermease as
the sExing ratin deyreases. hinreower, the iransmssin
meffident was abn oheerved I deoease with an
o inowaee sieepnes and Reynokls umber while
the relative depth and diameier o savelenpth ratio ol
not s=em o have a Bipe spnifeant effect on the

The redis fom the rusenical mode]l wee deemed
anrpiable within the epe of uniEiely vlues
oblainal. Momreer, the vmiataon ohisised fr the
depth and dameter I sovelenpth ratin shimeed Smilar
ek 1o these phlainal during espeiments. Fpee 2
shanes the resulis phia el for 2 spacne Ao of 55

Resulis for a spacing ratio of 085
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Figure 2: Results ohtained for the transmdssion cosfficieol
Fior & cylinder armay heving, & spaci ey ratin of 195



Three-Dimensional Multiphase Modelling and
Optimization Framework of a Merchant Ship

Sudent Mikiel Anton Abela [ Supervisar: Dr Ing. Simon Moz

Introduction
Cwrently, optimeation for 3 marine wxel has besn
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the wir of saling techniques In Eodlsle SppETEEE
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effedtive. Therefire, the posshility of having a feasibie,
al aupmeied mubiphase Smubting sl
methodnloey. s mre realistic thas ever befom

Project Objectives

= Heview saie of the &t compuietosal Tusd
dyna mirs modeling for the mantme ndustry

= Valekir the v of O sofbaare for obiaining
operatimal perfomanre characterstics of marine
omponents. 2 fnllows

= Povide 3 sSwgk spmenied  multiphase
framewmrk nuniel for a parkally immer=ed marine
v pperation, acownting for bl propel ec sl
rudder Fmierartion

Praject Methodologies

initialy, a thorouph valelalions proress was underialoen n
order o eslablish optimal numenical methodolopes for
smulating omplex #ows for manee appications The
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= nigted frescyeam Wapeninpen propelier
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heiiied, a single aurmesis] sstem s developed,
piporating, the nekler-propelierhull isteraction, ina
three-phese emdrrTment

A brareient, multiphooe Auent muaiel was applied | with
the e of e k- S5T hrinleare model  aid iionally,
an open chanesl fiow was inrpraied = = W
sirulate npes waiers, in which typical murhast ships
operaie

Results and Achievements
The validation [lul:Es onchuded that the ko 55T

I.Illnlm m Fm oty Iﬂ.ll_'l, -l'lﬂ'l
mmpared o eshablched sqpimestal vabes, for the
Tollrwing propertes of mtenest-

n  oeffent of lit of the ndder, for both the
Enlaied, fresdream sstup, and the propelier
- ! - N

. Thus cefficent o the Enkbted, reesiream
propeler

o el eeeeller rfoe—srfseciscs = o
MM O pMRpRRE O IMEDRE I oan

imieprated systemn
= Resstanre e acling on the hllin a partially
imrrersed, open charne shup

The aupmenied systen was develnped, and a wishle
framework esabished fr the proper smulation of a2
snpgle aupmented, multi-phase operating eioament
for marine ship. Suilable apreement with theoreioal
inowiedze for the smulaied Sow was obiained for o
mumhes of operation or the marne weset

= Port operalbing ronditions.

= Cruse operating rosditons
The dewlped sydemn aolows for the fulue
implemesiation of the framesotk n the ol
podixtion anl ahawemens of mechant vesaels,
thus, alowing hr a subsanial sireomiining aml

redured] mverall reouces eauired for the desipn amd
opimesation of merchanl vesoeds

Fipure 1 Velnty sireamlines Sowing ower mechant
ship

o



An Investigation on the Thermal Gradients and
Distortion Developed due to Different Welding

Fabrication Procedures

Introd uction

in the marne ndusiry, weelk mmlve 3 sebshaetial
amust of weliing on plites 1o fve the vwasel 2 sold
sSnuhee The pores of fuson weldng develops
loized healing which s rise o thermmal gradienis
eading n reseshal streees aml dshwhons The out-of-
Aatres dishortioss will reduee the strucheral stilffnes of
the panels amd 3o deviaie the studure fom s
intended shape and coslows.

Praject Objectives

a To mplement the sy dhanpes 1o the sem-
aimraied welding rig & be able Inm paform
oqpErinesinl wsting of diferemt  fabicatios
procechres

a To mestisabe different themal praients, welding
a To ety aml esahiish e bet fabictios
procedhre ading in the mnmisian of dshrtion

Project Methodologies

Experimenial besis on DH3E shed plaies were employed
by 1sing an auhmmaiic MIG welding rig &t the Lnnersity
of Malta A dshoriion measwurng devie esabled the
evaluation of the wekling distorian that develnped in e
Gmm thik plaes Themmouphs oded in the
detrrmarsian of the thermal prasiers that wene present
in the malerial during wellling. This alowed a better
minprei=Etion of the e and sffec during wekding in
terms of resiiual siress and dishortion

The plaies were damped in three diferest methods o
pbhserve the chanpge in the mamide of dsterion. The
three mndes. of clamping amed b restnict the plate in the
tranamerse direction, |onpihelnal diredion aml both
dirertions simulianeously. Unclampey] plales. expermenis
were akn perfonmed o e 3 sl emparEsn bebween
domped aml uwelamped plates A ualwr mooled
experimEnt was also mplemeniel B obeerwe the
chanpe= that omemed when the plabes were waier
moled A mmparen bebween the fie methnds was
periomed o examine e belasiowr and maprihade of
the distortion that developerd in the plabes.

Results and Achievements

hiethods of chmping wee appliedd In Sxoessiully
that damped plaies shibik an opposie Inpihalisal
dishrtion directin tethat of the usdmped method

Lol heat edractin wEs uoesiully opplis] both n
the lonpinsinally and the waler oled damped
metiuwl This readied in a lower thermal pradient which
rminimise] the mapnihade of dishortion

The best: Blwication prmcedure wors deniiied o be the
trarversely and lonpibxdinally damped metiuel  This
metive] achieved 2 0% redurion in aspulber dishortion
and 57% redurtion in lonpiludinal distortion than the
unrimped method

This fabsiatios prced une cmiid be mplesertel n
ship welding i in minimse of eiminate the
posibliy of wekls, being the orpin of fajure in ships as
a resull of butt welided plaies

gL
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Visualization of ICE Combustion

Shudent Hasan Al-labri [ Supervisor: Prof. Robert Ghirlanda

Introduction

Sinplerylinder spark gnition [9) aml oompresson
ignitin [0} enpnes ae suleble for shely of the
mema ombstios prores by mes of wErious
opiial echmige= A dear pchere of the niemal
mmbisiion pore=s 5 impoilant for furtherning owr
undersianding of the mmbardtion process. The most
siraighiforeand optical methmd & by using 3 high-speal
e thiouph the optical window i the enpine.
Project Objectives

The aims of this projert ane tn desipn an optical cyfinder
hexd for vasling spark gnition and o shady the
mmbasiion prores of the busios dess enpine. This
project is @ ressch ool for the fulue o e wsed
e enpine sifceacy and redhuce enpine emEsEns.

Project Methodologies
The optial cylinder head for a LA P enpine wes ik
barsed on three sSiapes. Firstly, the ceamnoe vwlume of
the rigmal cylinder head wos meawured by Tlling the
deraxe volume with waier in order o akoulale
Seomdly, the spacer desipn wias speriied bl on field
of view, which was miliml 1o erable visbility of all the
mmbslios chamler fom the op of the ofimler.
Thindly, the oplial cyfisder head wes desipresd
aording o the ouler bounlary shape of the spaoer,
and the thicknes was @hubisl n Ebatin o the
presare the windmy was eposed o, Combusian n
the hsion diesdl engine was shabed by coastrurting
o ada plers for measuming temperaiure and presare

i

Fipre 1 The combaustion process thmugh opteal oynders
head

Results and Adchievements

The reults of the rom bustion perfomanee of the 1A P
engne weie obsenved thmouph the optical wischme:
sing 2 high-speey] cses [Fipure 1] The ombausctinn
performance starts with a2 seall sphevical shape dooe to
the spark plug == it normally nerwrs with spark ignition
[2] Thes, the fame v 2 turbulent structuee 3w g
fame pmopapation The urbulent fiow within e
rombuslion pres & imporiant o enhawe flame
powth 2] The main tvn olws =videst within the
romburlion proess are bue and yellow-wanpe The
b olor repreaesls Schimetnic omadueston, whils
yelme-oranpe represents rich-fuel comleetan

The madmum nofdimdes emperahee of the Ausion
diesd enpine was fournl o be 415 "Cwith an engne
load of 26780 M The graph in Fpure 2 shows the
rmalls of rombslion danilsr  iETpEaEhae
mEarEmeETs 35 the enpne Dmpue inreess]. The
pek Hylinder piesasre was fouwd Wm be
S nrEnaiely 40 bar.
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Design Build and Test of an Experiment for Buckling of

Slender Rods

Introduction

Burblee £ 3 daldiy prpblem that o i clenedor
milurers that ae subjecied 1 a3 ompe=ne el i is
ot snmph for enpisesiing shudenis 2 ke only the
theomnstial nosdaize of mackding: it also reguined e
the prartial nowiedye ol hawisnn  experienes
uderstand the bucking phenomesn Therelome, a
iy apparahs E mpured i the sty
bboahry n st shudenix n aepee 3 better
und prstznd inp of the burkding phenomesn

Project Objectives

The imestion of the prject & o despn, nild and et
egerimenial apparaius in demoasivate the burkiing
belanicur of slender mds Different oberns with
vamiols omiitioss ae o be bsbed iy the =ame
apparais to e desipred sl o be builk

Project Methodologies

Market r=eamh en rumrestly availlabis pxperimerts for
iy of the np seader mbmn was aommp bcherd
to pet the knrwiedpr of the expermenial oneept
inchaling the despn aml bullding of the sebup and
teding procedure.

The amuephal desmn of the sehup wes peneabedl
thrugh a morpholopial chat and shesivhes, Tl kewed
by demiled desypm which omsEs of @odsions,
manufahing and eambly terniapues o be used
Cakulaiions were Tl out o make e all desen
omponents warked undes the recpsied oonditbions with
minma defomation Meamwhie the requeed
mmponenss wee masfarheed, sah o5 the op amd
hotiom berees, top end dwres [foed and pined ) and
sare mounis for boliom fxhees In =bliioa, some
mmponents were oupht, for isstare, e pdaukc
sysiem, st cobemns amd fixhaes maberal Se the
preject is it's @ eniimeaian o Sameels pagect [1]
SaTE parts were aEihble Llab such a5, frase kg
the tube ol e and their mouris.

Oue the s=t-up was bult and assembled, coherns of
different maierak (Sankes See, o, Ahsminam)
were st using three sl cond ition i res [Feed-

Ford, Foord Pinnerd, Piened Fenel] The oulrome
resulix for mitkal budding loads were ompared o

al_____a-__§ ___§ __ _ 8 N n_ _ L.
MO EES i FEUANTETETE B SN, B PO,

Fnie Elemesl Asahsis mdeling was preenied o
anahysis.
Results and Adhievements

Threuphnut the projert asd desertation, the eemadedps
of Enginesring Desipn was aapuned asd dewslopes],
mprther with the manufrburing prooess

build tn be uiilised by shudents tn further uslerstaaiing
of the burkling phenomesmn

The bebeviaur of mlumes that speieas ekiing
were Inoked imin and shdied in detail

References
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Numerical Modelling of the Reynolds Number Efects on

Upscaled Wind Turbines

Student: Saif Al Saxdli [ Supervisar- Prof ing. Tonio Sant

Introduction

Wind twhine sie has beea prowing rapally ower the
rerent years from small [3 few hndeed Blmeatis]
wpe s=ie (3 few megawatis] with the newest machines
msxhing a rating of 12 MW, with a roier damseter of
220rm. This o im b wilnd hrbine robor sioes ghe rse a
ot of challeapes in the wind enerpy researrh such as hish
Reyanlds mimber eflect

Project Objectives

The man obgerinve of the projet is o anahyss the st
of the high Reymokds rumbess in upsaied wind hrbines
by Deweloping o Blade Hement Moseshom mde] for
srmulabing wind hurbine perfomanre

Praject Methodologies

The Bl muesrical oxle was wed in this pregrt n

determaine the fiow ondition and the fones in =xch

biare station The type of schiiion that wsed in the BEM

mumerral ode 5 an iteralive rusencal appoach B i

indurian fachars]1].

Tactors ay ared 8y from which Fow ondition and  new

indurtion fachrs ane determinesd specifically

1  inpulthe propeiies and semeinies for the blade

2 diviling the hisir nio 17 siatioss

3. Tinding the thond amd the radas for ssch sSiatan of
the hisde

4. penng whes of for the indchios Srions 8, and
iy ind the ake is 2em for both.

5 mmubing e angle of attack ond isding the i
meficent by merpalation fom arkod data.

E updating the new values of imduction faciors. o, and
oy

The proress s repeabe] untd the ndurtan Bachors reach

within aarpiance limik of the previows iteratan. fmally,

the golal and kol serodysamirs grapgh s wene plotter]

The arfoil data For high Reynokls sember wos ollecied

e the AVATAE wymsrt un o De— 10 whesses  Has
o= e AVAIS EEeC up I e, T

bixle piopeies wes olecte] fom NREEL SWW wirsd
hrhines

Results and Achievements

The Bl rumrical oude was applied for three different
Epe roloes 126, 150w amd 150 In onder o analysis
the effert of hich Reynokls mumber, the code was vl
Tor small, medium amd hiph tip speed ratin.

After omparing and mestipating the e, it was fousd
that at small and medium tip el alio, there was snt
spnilicate effect of Reyrmobds nusler in both plobal and
Incal ammchynamics characteristics for the three ohwrs

At hpgh tip speal ratio, the Reynokds numler has
moireashie sffet in the ol and gobal oeficents. for

example, the 180m has hpher thnest oeffcient
oemparing with the other b rotors.

18
16

14
1z
1 =il 1E0rmn

0
OLE = 150m
0.6 _- 126m

0.4
D2 g
:I -
0 10 20 30
TER

Fipure 1: shows Hhe Thrust osffic est for the thee
olrs
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Ecodesign and Energy Label — EU Requirements of
Electric Storage Water Heaters

Introduction

Marwrachering preen prochkds bas beosme 3 seressily in
most imdhesiries amusd the word due o ther
emvinnmesial impact and somETc value Appiarres
shmid be masfariune] taing the emaroamenial impact
of both ther podicion and use isin cossEleratnm
Eleciric shrage ‘Walser heates are applanes whene the
effiomoy 5 esmial o redue the e opde =epy
O Eplion

Project Objectives

The objives of this pojEt wee I ety EL
Exdesyn and Eneipy Labeling requiremnents rebaling o
decric sioiape waler healers Desipn 2 bt ip o wernily
atherernee o thee mpuiresesls anl perfom bsts o a
=ample of decric Slorape waiter heaiers o5 supphad by
[+ = 1

Project Methodologies

U mrthndeingy 2004 MIFATE ‘Transitional metiuwls of
mearement and calculation for the implementatin of
resuldtion {HI| Mo 312/2117 Emdedssn aml for the
implemenigtion of delepaied repubties {(BU] Ho
H1Z2/m17 eaxpy Bhel® [1], was mplesestsl n st the
eectric shwape water heaters. These tesls ae perfomead
mver a 24 howrs penod and mmhe seves stapes:

1- irsdallaton: derric siorape waber heater = inshalied
aroniing o the manufariuner nsnactios [2]

2- siahiration: the sleriic sioaps water heaters were
sizhiisel tn the ambient trmperaiune

I filling, and heat up: the slecirc shwape water heaters
wire fllexd and thes snerpies in the ot of box mode.

i frodoad sSiohikabomr The eledric shepe waler
heaiers were bept el for 12 howrs [2].

5 Drw offs Afier 17 mws smbissian of the
sishisation diow-offs slope bepins afier st themosiat
rut-put after 12 hours of sahikation Draw off e made
aroniing o the derared load proliles in the direciinee
G- reSiEhimtion The elkecdrk shwape water hesters
wre bept enerpEed for 12 howrs penod [Z]

7- Mized aater 3t A0 it & the quantity of water diawn
al A0PC which kas the e comtent as the hot water
dram abowe a0%C.

Results and Achievements

The pbjprtive of thic projprt was achieved by caefully
implemeating the EU bt poedure 20044T MITAR.
Reauis shuvw that the fowr plectric shorase waber heaters
under ek makchey] choaely with the data declaed in the
filrk amd with requremenis oot in B dinerties. seept
for one 51 Eoe dedrc shwape water beater which was
mveraied

it was observed that sffesnes of the dedric stoape
water heaters wene affecdsl by thermosiat temyperariune
oeiting When the theymostal temperahere wes ==t o
moarum, the sfficency of e waier heaies was
redured End psers shimild be mende oware of the mpat
that thermsiat seitings n have on =Sffciemy.

Flif CalE ldik

[ BRI =1
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Experimental Characteristics of a Hydrodynamic

Rudder

Shudent: Basel Fael Al-Satmi § Supervieor: Dr Siman Mios

Introduction

Cvilalion 5 an undesohle phemamenon oamrmamnly

emnuniered in the maritise miustty. This pheEnomesan

mparis a sipaiicant mst mpact o the indusiry i terms

of both Manmiesane o opeabiions. The cavilaian

ncephicn could cause deterawration of Hhe conbrnl ke

and ewmhally sSruwcheal Eheee of the omponent,

inchaling propelies, nudders and other inadroliols.

Project Objectives

- mestipaian of a3 pdoehmame ke
dearxterslics n an nslabed high-speed water
Tumned

- Fruling rew methnd of mesaring fomes

- Undersiand the critalion phemamenon

- Imvestipaiing the destructe ature of cvitatbon

Project Methodologies

The use of shear senstie leus oyslal oating (5510 o
ohizis quaiatve isformatin on shear shress, woe
exderded b inchude water tusnel testing, wsing smple kh
equipmest The S[EC was appiied wing an avbnssh
terhniepee I e 3 uniformn Byer of oating The mating
s sprayed on Huer syrameivical yd miods incuding a
flat-plate, NACAINDN and HSVA-LED series. The Aakplate
was e o baild the fmndatne of 551 5 ralbation
The SS81T & sersitive 1o both Hhe ilmination sowe amd
the direction of obsenatan [1] 5o, the mem was o=t
acng dowrsiream with the smallest anple possible n
the Row. The dluminatin kad o be ot 55 decrees 1o the
surfare unter mestisation

L e P

Figme 1 chompee in ooler s HSWA MEP 71-20 paofile

mape axpadtion was done wsng 3 DSLA Camon camerd,
Tl on & tripod. The mapes were ok mamaly, axl
the porsperiivwe ansirmatan wEs requarred o stk
anabysing mimr changes. The mapes were then analysed
using RAATILAR | mapsy processi g tools.
Results and Achievements

LUsing the S51CC it was possihie in imestipate the changre
of shear siress. along the bested sxkres. The 550E et
with the change in shear by changing the mlowr rellecbed
mut of the ariaoe The colowr chanpe enpes from red
beng dmost 2D shear 1o Bl which represenis weny
high shear. The mowr denge wos aaly=sd Sing
walues of the mape 1o Hue valhes, which are represented
in deorees. The amalyse of colur chanpe ndicate the
mmpiez firw patteres and shear stess vales chanping
meer the arfae

The shewr s olrarvel wos nfluexed by 30 fow
pifert, whirh resubled in different Bow pattems than
expected The decruriive phesnmena of cwilation were
nbserved at high Row speeds The phemmena were
fousd & mpart the st surfere and deterawate the
S8 EW: Laywr For MACAINENS profie ot mxmurs Bow-rate
ared angle of incidest 20F degrees to the flow._
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Conceptual Design of a Centralised Floating Energy
Storage Platform for Offshore Wind Farms

Shudent Andrew Borg J Supervisoar- Prof. Inp. Tonio Sant § Co-Supernvisor: Dr Inz. RBobext N. Farmugia

Introduction

A HHA report by the Inierpoversmesisl Panel on dimate
chaspe (0CC) [1] reporied that atvavpheric wels of
rbon axde rose by 1M parts per milkon over the st
e and a haf cemhries Im 2 day amd ape when
merpomilatin and emdarmnmesial detriment ane s
Etmphr sffeds, eneschie prersies sxch o= pe-
sals wind popals fr from mastal reppns a e st
bepming 3 lexiing adirmaive 1o the workd's heawy
relahlity on feesl fuels A primary deashantape of wind
ey s il ntermittenry and thus, the development: and
smuitaemus isrpaian of rerewable sepy with
ey siorape Syslems 5 3 osrent top of primery
mporame.

Project Objectives

The pimay objective of ths pojrt was n oeale a
arxrphal desya of an offshore phtform after caefully
seeciing the most suiabls sampy Soiope Sysiems,
Tolowrd by the npdodysamic aalyss of the offshre
stnchere for mehorean onditiars typaal of the North
A5 resion wil ag the ANSTS ACWNA" softuare pakepe

Project Methodolopy

The offshire platformm was seleried n be 3 tension g
platiomn and nirprates o diferest eaepy SoEpe
sysems. The st s based oa the AASE mmept
developer] by the University of Malla AASC s a patenbed
MMNEY Soape Aiem, mmpised of a kquel — psioa
ruamlaion, where gy Stoape s achiewed thiouph
ar mmpresion The svomd sysiem 5 made up of
vanxium ek low hattenes, rsialled on the platform
deck [3].

The proposed desion parameters were sebecied by means
of 2 MATIAR® rumbd, throuph which a2 paramsetic
anahy=ss was Gmied ot The numenical sodel praevaied
wars hnpdocatically validated, yielding hiphly aonerate
eadis The ppodmamr wklaian was qealitainedy
validated, and the quantiatve resulls were compared 1o
previous wirks reiate] o offshoe platformss.

Results and Achievements

The simubbtiowe: performed shimeed stsfacnny respmnse
o the applied wave and winl semwios. Futhemmre,
the resulix showsl the vl effect that viamus
dfferds e on the Soating Sinuihue with the
hdodmamr rsposse mpving  destially  when
incheied in the amalyss. The two lnaderaces analysed | with
and withowt the =bfticosal mass of mepe==l ar,
sl yery Smilr resporese despiie couseg a 10 per
et wriation in the owrall mas of the foaling
snaiure. iesponse resuls obianed were ompared e
HOBEFORSE [2] miria with a saliskxriony ouitome, in
order o s the seakeeping aiienia of te ofshomne
sirurture with respect 1 buman sffedenes.

A nEiEe

Apure 1: A basc schesatc of e marepiaa | desipn

Roforanrac
AL W B a3

1] irppverewral Faed on Oimale Chanpe. “Sedal
Warningof 15" MR
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Al Terwahie Erepy Stoape - AASE”" Finkree] Awailahie:
hitpecffaness affesre ey o).
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Impact Loading

Shudent Leanie Borg [ Supervisar- Prof. Ing. Duncan Camileri

Introduction

ndeirial remolr oniels ax el i hash
emimaments where oth the material and peometry of
the ndisirial hamles are dellesped throuph dmops
aganst had srfies Gsiomer demands oe making
ol ammtmls Biper aml heavier, edting n an
e in impect forces sl moments upos mpact

Project Objectives

Feasing on the remobre cosirol fransmitter protertion
haradles, the @ of the fral yar project were:

= Benchmarking of the axTent desipn limiations
thmugh desinuartive testing

= Propsng e diferent platc oomposies. amd
amahzing ther mpat esistance throuph Bl
et besling

= Experimeniatinn of the thosn phsix
mmposites Huourl drop besking o isd 2 mome
suiabls materal than the mment oas being
el

Project Methodolopies

e different plstic composites were chosen besed on
mpaxt siyenpths extvacied fom datashests, and typical
plastic maierials psed in bandheld mlusiial enchirsues
Experimenial inul noivthed and usnoithed esting was
then peificmeed on each mateial specmen o esiabish
which materials shibit higher mpat ressianoes

- .

Fgure 1: lzd impert Testing of INifTerent Plastas

The curent np howsing malerial w=ed in inchrsiny was
=sted throuph drop sting o eslahlich the hesht at
whith fEikre xours. The fe different composites were
npriin mumided imio the oerent top using desips
anl dop tesis were perfomms] o delemine which
material would e better for mpact loading applicatons

The most astshies mateial was implemenied oo finite
element analysis o prows that lowss siresges. oour from
the chosen maisial when ompaed o the osment
maierial being usel

Results and Adhievements

Fom te bnd impard bsting & was onchded that the
besi malerial fir the appliation s PC + ANS whirh
eshibits the hiphest impat resslawe from al e
materials both whes moithe] and umnpiched speimes
were iesivd Drop bsis unher wverdly e
dioremestioned 3 the top howsing did not break from
thefailure heipht when compared 1o the other materials

Upan diop testing with the oarent malerial, PAR 30 X
= fibe, the area of Elue was esiahlished o be the
thin walled or=sutional avwa FEA mnde] poneed that
this was the @@ s Biper shieses were ot at
that ava When the chosen saienal was applied o the
mde] the strese= decessed, prowing that B + AHS
winuld be 3 betier mpat resistasl saierial




Analysis and Improvement of a Preliminary Design of

an Offshore Support Vessel

Student Temotthy Borx J Supervisor: Pred. inp. Claire De Marm

Introd uction

Ofishone ;uppot veoel ke bmee mreacngly esestiol
in operations in which the frargmniation of poods = requined
n and from offshore nstalments swh 2= widiams asd fish
farms. The pmput aims o caTy out further wark on 2
prefiminay de=yn of an offshore ish fEEm sppoit vesss
and perform varmus analyd s on the esharred desiyn

Project Objectives

The man oljective 5 o pmdure an mproves] design of the
v by decpming the mteraal struchee and modiyiag the
exsiiny peacral aTanpement whilst eeping complianee 1o
des rues amd mariiiee saeands. Further objertes
inchelr smiysny the Ingndinal Sreapth, st and
damape siabiity and Tondability of the vwesel

Project Methodologies

Prior I camying mut the desipn of the memal stnechae of
the e, ndersiie eseach wes ariend out on different
types of ofEhore support vesels and sireapthening methnds
presided by Det Norske verilss (Y] whch ore applicabie 1o
this type of vwessd were cormlied before despaing the
Al sinachare H was made sure that the posiiosinz and
thicksesses of sinxchral membes wee complast o the
alorementian ed struchoral ules

The desipn of the nbemal stuchere was ompleie SInE
Bentley system's desipn softwae, MAGLAF Srabhae 1]
and &= slurn in Fpre 1 The longibdinal sirensth of the
whole v wos then asse=m] by sl superimposing, the
mass disrindans of separate weipht proups. By then
ophiamng the buosyancy disirinrtams in both stll wais, a5
wed 2= in 3 hopping wave the bending rmments and e
bending, sresces were alindated The biter ac well o= the
desiyn of the intersal sinehure alowsd 8 mieship sertin
anahysic n be omlude], which was @rsl out usder
in=fing mon dition: in anomase b meitme stasdardc
Due in shipht chanpes in the peneral aTaspesest the st
siahllity of the ve=d was reanalvesd  The damape Sability
wis ikn aalyssi after exieashve esearh on different
damape zemmios The sability n both oodilns was
andhsed in aronianoe 1o the HSC MEN Code [F] alng with
the aioremestioned nadcases ol damape cses. Fnally, a
fioodabie kngth Ehubtion was catied ot o check i
ackiitinal watertipght nilkheads are needed in the despn.

Results and Achievements

Aegidlis fom the longibsdinal Sreapth analys in sl
water shuvwer] that the we=pl bebove= in 2 hopping
manner and heee o Smubite 3 wrst-roee e,
the inghelisal srenpth of e vl in a3 hopping
wanr uex anahyrsed The maximm besding momest of
aniichips readied b be 199 m The biter was
=yl o @bt the midship bending shreas ot the deck
ol the el after @hubting the midship sertan
muubs and moment vt The bending sress
resuled o be 73 Mra, wel below the alowahies
1AMFa.

The sEhliy ey sSuneed that n the st
onditin, the sl Eains s sawrthiness with
repads to siohiity. In the damaped oondition, all
miberia s met suept for when the enpine mos Tionds
in the kad@=e in which e ve=rl is releved from the
paysal, but has ull stores and fuel Enks. Furthemmaoe,
in the e of symmeirial fiooding, the ywesels el
reTans complant o crieria with 3 mecminaes beed
angle of 5.

The resulls from the finodable eapth cindatin shnw
that bwo aidiional buliheasls are required n the
anmmmcdation space and eapine mom, howewer, the
oiteae vl ir amahss does not @ o
omssieratan the reserve uoyany n the double
bottom spaces ol herre in reality, rests may vy

AT

Fgure 1: intermal stnachre desipn of vessed
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Application of Dynamic Geometry and Mesh Techniques
in Computational Fluid Dynamic Engineering

Shudent- Eric Barg Saywell § Supendsar: Dr Ing. Simon Miez

Intreduction

The hpdodyamic perfomaxe and fow Teld of a

popeler s bees vestipaiesl by sesns of nowel

mmpulational Tusl dynamiks siratepies ad methods In

pataubar, the foous is devn oa the relatnee nfluesce of

then oompared with experimenial dala with achsal

experimenial data in onder o wEnbir the gobal and

Il pdodysami fow quastities of the propelier.

Praject Objectives

1 Bosk Dymamix DEreliration kiethods were oppled
to smple promelikal problems I shady and
implemesl vanows dyreamic mesh metls

Z The hpiodysamc propertiess of a ined pich
popEisr unde Slemly shate ondibions  weme
vadater by means of a Mming Referexe Frame
(WF] methml aer 3 oot aad shatic

3 Dymami Dixoriiatios methek ond 3 rolating
Hiuling Mesh method were uliire] o ueiel the
=me probiem for propel e valdation. The resulls
obhiaires from these metheds were then compansd
ta the MIF method resulls of the propelier in the
e eperimenial mnditions

4  These reuls were then ompared aml osvirasherd]
whilk hiphlighting the main ahantapes  aml
desxhaniapes of srh method.

Project Methodologies

1 Preparabion of Gemetry: The Aunl doman was
divirled in v The propelier wer munielled side an
nmer Fisd domain were ol moiEtion was
siralated An Duiber Ausl domain coassbed of a
static Fioed volume.

Z Mode Disoetization: A hybnd mesh was set up. The
propeier and neer Full domain were meshed with
an ussineiumedl eSS of LO2Sm aml O1m
Tor the Duter Hul] dosrrssin

3 Maothematonl Model The ko S5T turbulenoe il
was ulilised and a veincily niet amd presasre putiet
were the main B vsed

4. methd: MBF, Roiating Skding Mesh and Dynamic
DEretizatin methods were sl n valdate the
propelier thrust o varims Achaare ahios

Results and Adhievermnenis

Froklen Speciaines

Graph Dipgiteation was =Ted oul o obiain vahws for
thnst Lerbs squinaient profie method was then used o
atiained values fr the alanre speed and prop olatiosal
sl a5 2 furectan of Reynokds Mamber

Alovimy Relerenae Faame

As thewy sppecel, the MRF methnd wos the beast
rompuial wwslly dersa sciing of Hee 3 et
Shdimg Plecls Rt el

Ths methnl prowed I b= relatvely comEiiabosally
demanding since the Iy Auid domain mesh exqperierred
robation

Dy Birch Miethods

Smonthing, Layering and Remeching methods were all used
= relain mesh quality duing the propeller iatan. E was
the mrt mmpuialionaly demasding thouph the most
wersaiile method

Pt va lalion

Al T methods arhiewsl confrmast eadis with e
experimenial daia with the bpest disTepancy being 547%
arnl the kast D ESN

Validation
Method | T-exp[W) | T-CFD0M]  T-error %)
b5 40153 41 SEG 3.54%
WEF L E D571 G L10%
{1 145 &01 147 050 L 03
5|idil'E 05 20, 153 412 T 2.90%
.4 36571 9738 [N ]
naesh - - :
L3 145600 147 730 1 a6%
I:wnamir 0.5 2].163 41082 230%
0.4 9R.571 102 235 5.86H
Miesh
0.3 145,602 136232 &.39H
Fost Froresaye

A mumber of post priresing nols weie opplis] on L
popdier in asalyse the Thed dynamics it underawent and
Find anal s prone in mechanical Flure by cavilatan.

2 )

- | e & “

- I i

— —

Fpure 1 Pressaere dishy buian aomss the propelier



Easy Stand-Up Aid

Introduction

indeEnexe n owrydoy adivity 5 problemalic n
popie win suffer from somekind of mobidity
impaEmeent Being sons npres, medical conditisns or
che 1o apring Ths they seed oame eruipment that will
premide pport or aid, whilk being affordahie. The
presenation of this indeperience helps both mentally
and plmpically.

Praject Objectives

in oreder 1o help with mebility mpamment, a makcl ad
helping, prople perform 3 bosic si-io-stand  [STS) maoiamn
was o be desipren] The device el o be poriable,
ghtweipht and ako affordable 5 n be == exieachely
by the publir in seed

Project Methodologies

Firstly, the musd e sttty that ks place during 515 had
n be shuled. This woulld help in the desipn of the 2id 1o
mer for any posible wealnewaes that one suffers. This
wnild help both n independerrce in motion amd alsn
e rehabi Fatan Fposshie [1]

Furthermmee, the 4 Stapes of 515 were observed This
wandd help us better undersiamd whene the ad would
wark best A volunieer nderionk the speimesial test
that prowided the necessry dals o understand 515 by
usng sy mats. The Sermwy Mals wee us=d o
oberve the activily Eking plae oa e ==at and on the
Tinar during this rassilion_

Results and Achievements

The 4 siapes of 515 moian whene shabed, aml the
re=pecive aiivity talong place on the ==at and Roor were
dkn found The readts were susmanzed 2= shown n
Fgume 1 This belped us uelerstan] af whirh sape the
2 will be of s

Shabes shinw that the andest part of 515 ke plaoe
between the Jnd and 3 shapes This wes a2k omrlimmed
thrmupsh our shady. [7] Ths means that the ad will heip
the persmn it off, but hefshe has o be able 1o stand
indeperiently or with the aml of walking shicks or other
walong aulks If ths 5 ot peeshie, the aid waould not be
suitable for sl persoss.

oxept woull male sainknace quick and sy
oempared o oiher chmolopies such a5 npdraulics. In
oreder o overcome the aalden displocements that e
die o Spings, a@ir - pneumatss wee nidured This
then damperns the motion of the seat The fial desizn
was dranain &5 shimam in Figue 2
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Solar Cooling

Sudent: Dylan Camilleri [/ Supervisor- Prof. Rolbert G hirtansds

Introduction

The pinkal teapeahae of the Earth 5 oty
oy & 3 realt of Oy eersioss ominp from
varime serbows swh 35 agraulure A pisk progect,
WEnmpy [1] was et up with the ams of redurine
e and enepy oss in Hee wine ndusiry As part
of this progect, 2 vapour abawphin system was nsta bl
hanving seweslesn slar liectors, overdesyeed o
et ervush heat during dowdy days and esdy in the
muErning. Exres heat 5 peabed sspecally during the
Sramer season, henieg full solar liaton amd vapowr
absarption chiller working in full operation mode
Project Dbjectives

The desriabion 5 a2 contimation of a previus
mechanicl mpaesing popet [Zl with the ams of
desiprinz, bullding and inslalling 3 sub-sysiem that solwes.

the problem of owerheating ond perfrme tesis o cherck
that the suh-systemwarks.

Project Methodologies

The suhopxtem added opether with the abwater
peneration loop were teche] The conrulation puamp =
switrbed on at 3 water drainback mpeahre of 55°C
and saitrhed off when A'C & reached, muirolled wsng
an peririral dipial moetmller. Thes et merted fms
the snlar collerion and defivered o the drain-back Enk,
s anulaied thrph a beat erhanper oniained node 2
el vl @l heat 5 trandemsd o the water
omiainal n the vat Sowe the vapour absorpiion chiller
wiats not nperabed | all the beat cnllectrd by the mollertors
was s 1o heat the waler inside the val Three oeis of
Empeahres were ecomied, of the waler inside the
drain-bak Enk, of the water insele the wat ol of the

e 1 The sub-system rudifeation, shimam in red

slar collerions shhinkesssieel piping o weily that waber
wpar fomation wiuld be ovoled os the Biter would
damape the ol mileroes

Results and Achievernents

When the waler temperahre e the drain-back tank,
merared using an NC temperahere seraw, eched
o5 ¢, the purmp was switchesd on and the wates monta sed
inskle the wt started o eat up, o5 shown in Fpae 2,
while that of the dran-back tank startel o deaers in
mperaiure. The water temperaiune in the vl e
from 13°C up o almast 77" and henece the sysiem s abis
1o stewe heat in the form of ot water for b e The
heaied water inskle the wt auld thes e el
prlong the penod of opperatios of the vapur 3 borplion
chilles, by reversing the mles of the drain-back tank and
the val, where now the val would be e sowrce of heat
and the drain-bar Lank s the: sinkc
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Natural Language Processing for Sentiment Analysis

Introduction

In oday's usnes and tevhmolopy workd, data asalytics

ha ome digerabie, with tednolopes sxch as

siment analyss alowing companies anl orpratioas

o @En ey mEghis about oraemer perceptions and

opiicas thal @ help shape sffectie stabesc and
etings deriss

Seslimest amalysis on be defined o= the process of
aromatically exirating an opinian alwut a specific Topic
From e writhes bBnpoye

Project Objectives

The aim of thic prject was o desipn ol implement 3
semtiment aalyss adponithm @pable of edactng
throuph the se of auiabhie saheal laspuase proo==ng
terniapes

Project Methodologies

in oreder in implement a sentiment aalyss dprihe, the
aw tweels miraciel from twitier were preprocessel

remning any imelevant nlomation such a5 hashiaps amd
iy mawvle They Fressaieet infierectees ot f o

A TEAM ML N EELAN WA mLmEL ImETEn e e =

sentiment analyss task wos exdraced] from the prooessed
twests using wand wechnrs that represent the semanixc
eationships bebuees wrks These word veriers wee
then used 25 the npuls 1o the sentiment drsher which
was capable of chsifying the input tweels in s of
psitve, nepalive of neuiral eslinest polarily with
et t ko a sperii fopc #= showns in Fipe 1.

Ghen the ey heing reporied i Beabhee of usng
deepn naral nebweds for sentiment asabyss, thease were
w=rd n implesest the entiment dreifer within Has
di=rriatin. Multiple deep baaing dosshers sainly,
feedioreard, oommiutiosal amd umest neual
networis were trained and svabats] on two asmriated
dateais relaiv] in the topes of dimate chanpe and
trerhnolnpy pduris especinely. The performansces of
these deep leoreing umiels wer ompared amd
anmiasisl with comenaly aaibble esliment
anayss ools aml costemporary Ferslure n order B
evahate their potental as sentiment sy alppithms.

Results and Adhievements

The paiomaxe of the mplemsenied deep eamng
models omapaes worbly wih oniespoary
appoaches or snimeent oalyss of tweeels and
priestia of deep Eming sodels when applied o
septiment onalysis sk 1] [Z] The meudis an
underined the variawe in performance of 2 moded when
appiied I Hiffeent Dpr domans, with mueiels
perioming better when applied B the wecnolnpy
datzoet This imples that it E not =3y W edrac
waliment fom domass that bk dear sealiment
indrainrs and rostan ublle e aah as He dimate

chanpe dateost, while perioming beiter oa dataeets that

Fipure 1- The prores of Sertment dnalyss
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Principal Component Variances in Human Hands

Introd uction

The hand 5 oar of the mrst complex rgans in the
usrran body pmble of achieving a nial of tarsty-mne
deprees of freslom . Ohver L years, sulliple reeachers
stiverl in esiabish smepslic ruvwesesls in the emsn
bk with the @m of mElwing the mechanaal
compheity i muliHingee] aml prosthetic devices
thrmph dmensiorality red urtion whilst 2t the same time
akn relaning 3 high eve of dexterity.

Project Objectives

The m=in obpcdne of this shely was o despn,
impemeEnt anl i 3 5= of egErmeEnis o
imestipgater aml dentify the vwaianes n prdpal
ermpneals |PEs) n the e of e hand dwisg nomal

CEmnes AnSyss [POA)] e EEd i iesigaie FC
varanees for both the voreiaineal and roasirainesd

hand and for the domisast and nos—domisant kamd

Project Methodologies

The approach adopied towards sverpday 5=k selertion
e hered on erahre which estahished the probleams
eamusiered by blaiesl upper Emb ampulers on 3 day-
ey besis [1] A wia of deven Emanual s wene
exdracted, each involving a numler of presping and
manijmilatan bechmicguees Al ks were perfomed by a
mial of thity paicpants, tvenly-seves ripht-hasded
pariipanis and theee Ei-handey] pariwipanis, under
boih free and minimal asthropomurphic conditioas. Free
amnditions require paricipasls o peaform ks useg al
e digis whier minimal anthopomarphic  oondibars
e particpats i peiffiorm the same Bshs it wsng
=t the thumb, ey and middle fiper [2].

Al experimenial s wese camied out with porticipanis
wearing VRIG 3 dala plowes These dala glowes ame
e of a mesistive bernl semsing terhanlosy dhange
resstanee when deflerted Al resistare walues ore then
autnmatically onaniabed in et fieson and ederson
ange wlues by the VWE 30 dain flowe Softeare. The
camplete eqerienial ssup e be olrened n Figpuae
L

PFCA was then mplemeied oa the odracied daia
throuph the use of 1BM 5PA5 Siatists Saftwane

Results and Achievements

A tolal of dpkt diferent PCA reslis wee exdracied] for
the dominast and sn-domirent hand of both right-
handed and beft-lended panicpTs usdtder nommal and
mnimal anthmopomrphic ondiliors  Prelimisry
resulls indiate that 5 PCs are requined for the domisast
ol mor-domninnt hand undsr nommal oaditins asd X
= 4 s ar Eured for e domient aml -
domient hamd under minma arthoposophic
coaditions. These mdracie] PCs can be vsal o despn
smplifed, underarhate] muli-fingered and presthetc
hands which are onirelied thuph a propraTTEd
dprihm based mn the mefiicess of determisaiion
Eeaeraied from PCA_

Momeover, GoPfro Foolape analyss showed roasktsnoy
with the eistence of poshual synerpes inhusan hands,
aml abe omiimeal that hand e ir dentical ks
wries betwern different people, therefne mlcting
that the M may also vary. A prelimiery attempt wes
maxde tn desslly perams isho separate poups acoerding
o their PCx thmuph sSatstical data biming, hmeeer
this ould not be sommplshel de 0 3 mmber of
nhserved anomalies in the daia pines output that wll
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Numerical Modelling of Progressive Failure Analysis of

Fibre Composites

Introduction

Fire mmioned mmposie saieals hae beome
noenply popular and ontime o be waed 2 wde
range of applcatims, specally within the aulnmoline
ndisiry A5 ther uliisian in sincheal applcatnes
noees, the meed for noadesirive  Esling
appmErhes onlines o receive a ot of aliestion and
impoiiane Cabon &5 car 5k hiph-perfomance mous
material, commonly el & Enforesest in advcel

P iymer matr compsites. [1), 2]
Praject Objectives

The main @m of this progect is o put forwand a pradicl
aspert of propresie e analyss methods in oder 1o
mmpiment the amount of lieahee aailbie This
msesath aams o develop an alpedithm apable of
Tailure of amy filwre enfioroed compesite.

Project Methodologies

Ths pmpdt emphnys e feshees of the software
padEpe, ANEYS AFDL, whirh is an amomm that stands
for ANSYS paamehik despe bapape b & oemmoaly
el for s praeifil aripbing capabdites and e of
muuiding pramelre desmns. E may aln be veed for
duipmating enpthy @sks that ae replicaied for =y,

Furthermre, poaerful functines ae readily onailable and

ANSYY
[T

Al

ey anessible, sxh & e reireal of isfrmeatnm
from the pest-procesor resulls daiaberss Ths may Enge
from e location of ndvidiual uwies o the maximums
sreses. being speriemel in the omporent being
s

Results and Adhievements

The dclpwithm devdopel s apable of aalys=ng the
st being mperieed n an abirary oomponent of
ramiom dimerrsions and material bype. Furthemmre, the
u=sf 5 able in detmmine the uitimale load wing the
e index and the srenpth @io = efaewe. The
alznrithm s sl able D depraie maleral osians of
damaped or Eiled §inile slements.

The data for sarh type of Il e was oompared by
Hement Amalyses werr oo el out in order o
olrrne the sSiresses beinp ewpenesed by  the
mpmnest in srh TPErn
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Performance Testing and Inverter Operation of a

Groundwater Heat Pump

Introd uction

Thoupkmrt the yeu, e marth mamains 2 relately
sirady temperahere Eoushaaier Heat Pumsps [GWHPS]
= 2 prourshiaier supply a5 3 corsiant emperahee heat
e and sink. [1] In previns dissriatioas, 2 water well
dup in i mek wes wied as 3 prothermal muplieg for a
EWHP_ In this year's project, the EWHP was modiied o
wark with a brick waled weldl in adup rock it

Praject Objectives

The aim of ths deeriatin wes D ebuild the water
ornst and st the heat pemp opeEting in moling mode
Aaefitinal =ling was done 0 estipaie the sfferis of
U= an el in the systemn. Thersal Siratifcaian n
the water by wes sk recevdhed o analysed.

Project Methodologies

Dareresons of the well were oblsined after the well was
emphied LIE pipes wene Bid ot o comnect the well o
the doublepipe heat echanper in the thermbymamics
Eh A Espersiue eear wis inshied o mmior the
tEmperahure of the well

Seveal emoomiples were inshhlled throuphout the
refrigeaiion dmuil. Pressure ERupes were alsn used 1o
meaure the saprayhr anl oderssr presares
Furthermmee, a2 twurbine Bowmeter was insalied and
tesbel o nbian an egerimenial wlee for the erigeant
firarste. An meerier wes added in the sysiem in order
1 vary the operating frepueacy of the compresson

The sy=temn was et in cooling, mode unler differeal
operaiing coaditions by @nying the aaler firarate and
the meier frequency. The walter fimamales used were
75, 10 and 15 Eres per minuie whilst the imerter
Treuesriss were 35, M, 45 and 50 Hr The syshemn was
akn teshed withowt e e, From the teraperaiue
and presare dota, the enthalpies at sach poist of the
refriperation opde were mioslsted and vsed o fiml the
e icient of perfomance of the sysiem [DOF)

Tempeaiure readings were alon at wrious depihs
rrond the shratifkaton n the waler. Addibiosal bt

were doas o0 mesmee e pericd of pump operatin
required o mix the water, resoving the siratiied byes

Results and Achievements

The COF of the sysien mrking & a el pump was
fmnd 1o be 256 mmpaed n 2E6 fom the previous

omfpuation. The hiphest COPs were oblainal at 15
Fires per minuie, using the merier af & He 3t b loads
and wAthunit the mesier at bipgh oads The waiatan of
the (I with the meerier feaquesny ae shivn in Fipue
i B

The turbine fimumeter was tested with the themmal
expareion w@ihve [T0V) amd the expectesd relatioachip was
omfemed in multiple testing rosditions. The hphest
refriperant fiarales were olrened ot the hiphest
imerier recpeency, s lbsirated in fpee 1

The hiphet el of shratifcatns wene aritred jus after
et purmp operatin due o e hot warier beinp dumsped
imin the well Allowing the waber o seitle el the
Empaahre diferenre bebwees bypers o deoesese
Operating the pump at full Epaty for opproamately 3
hurs rerned the stratiation amd the waler reached 2
uniform e

actual C0Fy L & Rafrigerant Mass Flowrate (kgfs|
vs | mnarter Fraquangy (Hz)
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Impact of Lightweight Maritime Composite Panels

Sudent: Mark Defelice [ Supervisor: Prof. Ing. Oaie De Manm

Introduction

The dissertalion presenis a3 shdy on =scheich amd

Laminate panels and the behaviour of the panels whea

subjerired o nerveincity gt The muli-byered and

twoskin =adwich paneds were made from il flax

fibre with 5rrm amd 10mm foam ore in bebaesn

resperinedy. The i aorsingied wee made

rom sk, tedll flax and twill plass with POLYLITE™ 2480~

A0 F manne esin

Project Objectives

a Lieabse review of mpact on  lighbeesght
omprsE St

a Desipn ol flriation of wiows test panels of
inervice malerals for et teslinge

a Ywuifration of mpart expaimeniation et

Praject Methodologies

The experamenial impact privechre was cmied out in
arrordance o the [ASTM] X157 13RS Stawiand
Test Methnd for Meraring the Damape Recskanoe of 3
Fhre-Rrsfred Folymesr Mairx Composite tn 2 Dop-
Weipht mpext Event. Three inoesesially drop heights
and impaxi maes ombiaatnes were st o mable
three different easrpy ewvels in caree different dasape
svenis o the panels For the multirbyerns] sndwich
achiewe surh a peniatan a tolal diop mass of 14 kg
fom a drop heiglt of 15m is el The bwo-skin
sndwirh pane and the 5=l Gminalr were subjeried
1o the = enerpy Iewels as the multi-Eyere] sndwich
pane = that the impact svents can be comparabie

Figure 1: Two-skin =sdwich pasel subjeried 1o 14 kg
mass and 1.5 m dng hepht

L ey | evels wene used for the Lax darmape due o
mwr thickne=, in order ot in case Eisirophe damase
=0 that the damape can be well visialiesl . Following the
mpxt, the paels wee secdiioasd 1o veuaiee the
damape, the et of e thideess amd the foam o
The peak one and mpat time were reconbed, the
ererpy abcorbed anl masimum isdeniation wers noterd
amnd calnlated

The merpy blwe model wos wed I Q@inidate the
impart forre ol e periods when the adhsich panels
anl bmirates were subjeried to differeal saspy vl
The reuls phizreyd fom e malyteal models wee
mmpared o e rxperimental resulls and shimaeed the
betwees the prak fome and the time penod with the
drop heipht

Results and Achievements

The muliibyered sndwich panel reached the maxamm
ek foroe amd the absorbed the most saepy. The two-
skin =ndwich panel althmph the peak irmes wes s
than the mulli-lyered ssndeich pansel it absorbed nearly
the =me mepy n 2 onpest time peraml. The sl
ninate shawbed 2 pomd st of the snerpy. The Aax
daia was thea ompared with the enerpy balanoe modsl
[1]. CompEmison was dome with sall vanataons, this
shive that the ssperimental vl uss wene oomect
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Preliminary Design of a Tugboat

Shudent Aaron Demansle [ Supervisar: Prof. ing. Ohainre De Manm

Introduction

in 2 wvarkd where trede is exporenialy norasing, the
neexd for Brper ooniainer ships beeps intersifying. Haang
2 vy imibnl memneablity, 3 omairer ship nesds
ackiitinal o=slance by 2 number of tugEs in oder o
steer @l berth in a port As omiainer ships 2ot laper,
s need o be more slnndant aml pabie This pmojpedt
amms to provide a desien of oae Sk vessel

Praject Objectives
Ax reganis n tug desipn, Hee progect is meant hr
= Fotimair the main demss aml  egueed
e
n  Asoess Hee stabdiy on e basis of dasilication
setie=" Criteys
= Prodixe 3 Tiral preliminary desyn d esing

Praject Methodologies

The project starbed with an analysss of the most peaenic
types of ups and eerping desipes, sach that 2 e
Bmilar appreach i achiewsd during subcyuest stapes
The ship rnwting operatioss mmhverl i awch an

The desion staiemest eniailed the opeatires in the
Maker of Smimly sized poris. Based on the desps
saiemest, the st adegaie type of tup was chosen
o build subrypesl prooesses .

axoading o cosditans provided in the dossilction
scites” desyn pukielines and appied for the typicl
operations msaped n Malies poits. Sulserpestty it

ue's M murs free usmng speed.

asafratin soeties dacdfy hps os an individual ol
whirh must adhere o aitmia speifeally desipres] for
ships eapape] in exoriing operatioas. In am =ffort
owrads nOoEsng the manenerahibity of L lup, the
leagth should e mnmal Vaation of the sain
dimeasin s was exameed throuph the ceation of thiee
different virhal models using Minvast Sabdiy [1] A
shly of hnw the miberia requiremesls vary amidst Hae

Results and Adhievernents

Uitimately a desipn with suyperar maneuwra bty and in
Ene with all the relevast oriteria was rendeoed

Tug 53 Heo has an mveall lenpth of 25m, a beamn of
12m aml a desipn depht of 3.1 = With an mveral
prer of 576 bW delversd by three Cotpilar 3512-C
enpine= and three AollsRmpe US ASP20 imath
thneiers the tup s meast to be wed for &l types of
rwiing operations in the port Redundanoy is provided
by two winrhes, one at the aft aml oar at the fore, sach
euipped with a auishie fhirlead SShifly = apmested
by the trasgular amipuration of the tushys, one at
the aft and two at the fore

ARV
W QPP

N

Fgure 1: Outboad Profile for Tug 563 Hem
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Further Experimentation on the Free-Piston Engine

Sudent Max Despott [ Supervisor: Praf. Aobert Ghirlanda

Introduction

Due o recent develnpmenis n more Easlve AR
amd sy processing power, the fieepsion  enpine
e in be an attradive asd promising replacement for
the mmventinal mgise Howving 2 srneturally smple
machine with == rompnesis and uoving parts, 2 Free
Peios Enpine = equeried b o lower easpy oo dus
1 Triction and therefore better sffcieany

Praject Objectives

The nprrd free pEloe sngiee ot the University of Malia
has ot yet un seF-suficently. This de=eriatan aims
periem hirther experimens on the sgne o eack or
approach a state of indepeasdent operation

Project Methodologies

One mohring wias aiisined amd the enpine was =t 1o
operaie fir a while, it was cbaenwed that the piston
moEies m is oun s Due o the promeiry of the
cyinder Block, this resulls in 2 serious i = wikh repands
1 the obsinactan of @ Fow oo b ports

An mideraal plate with 3 siok wes mechine] amd apinwas
attarhed o the comecting od. The sot would at a5 a
e for the pin, preventing the unesined rolation fom
moaring. This wes the Smpler and less ime<orasminge
method from e thoupht sohriams 25 the eapme would
ot e 1o be s tiend

The ormt opeation of the sk defivery o=l
preved 2 e a difcult task with 2 nusler of teething
poblers Bvenbhally, e spark sinal wos being
mrtpritesd o respanesd

The fusl delvmy sysiemn of the sagine was strurtund
swh that the Spral 1o ntale the pulse of the injedor
s 3t the beprming of a oyde This was problematc
e o the bk emf penerated by the solemud
Therlore, the dmuiry wos afjudel by aking two
dhodes resobing the e

After the fask test um, cambnstion was yei I o, To
undersiond why, o Sy nEke ppes wee

machine d.and tw o separate injechors, one for each intalos

—

were fiied. The et observed was that the ar el
miniere e beinp pushen ek up aned i ng Froms Hae
intake pipe Two reed whes were masufrtured and
imepular mmbuction bepan o oo A presaEe S
was imialed on the oyinder Bange in examine i the
rormect opevalin was being perfommes]

An evperimest wor canied mit to @iubte the frictional
fone the eagine s required o ovwsoeme Too methods
were ampioyed in s e all esudis oblaned comresprnd
and are a5 anerate 25 possible Dne metiuel wes usnge a
maes gEring sales and the other oompressed ar and, in
each case, four differeal sraarios were tested

Results and Achievements

combustion chamber was Tound 1o be hipher than that of
the savenping chamber. This shows that there is the
posibliy of fow bk isip the scvenpging chamber
rather than the opposie

it was also moticed that durng the penod whes the
saveapng chamber s being flied with 3 fresh chape, a
ke pipes

The nesuls piviained from the frirtional e experiment
dearly ndiaivd that pision and oyiinder blodk at A hae
an exwssive aust of fndineal foree asd sseaiments
woull sred 1o be periommeal ¥ the frees pision sto st

- -

Figure 1- The Free Fishn Engine at the University of
Mala



Experimental and Numerical Analysis of Contact Pins

Introduction

This shady is in milloration with isthode Hedronics
Lid. where asmently, oarkxd pins ae being uiiised for
varis prodigis The costat pins ae meried imide a3
printed dmouit boand's plated Huouwpds hole wiwre oonlact
is estabiche

Project Objectives

Pre=-it pins e a sulvatrpoy of omtac pns. Thess ae
termed pre=fit pins Sce their wadth 5 wider than the
hole"s diameier, thus ossting an nieiffereae B Ther
desipn allows them tn be springincwied, thus nilanng
the rexuired contact. The shely sets out I imvestisate
the sair of the &t slulions for such pins, amd
mrequently the aim wos B berwhmark pins fmnd o
the market and establish a relrtionship bebween oonlact
pn peomelry amd ther periomanre parameters Ths
was obimned thourk bermhmarking ond expesimenial
and numencal aalyas

Praject Methodologies

The pins were bearheewkel by means of 3 multsrear
mearesent system, and . measwriag them,, it was
found that the pin dimersions amd plaed throsph hole
damster vary the in manukrbring mieanres which
rould be quantibed i follows that, diferent lewels of
intErierenes ae posibe. Expeyimestal tesis on b pins
wee EETed out whene they were plysclly inseried in
e phiml through hole In shuly the sffet of
imterierence on the i msetion fomee

the pfferts of the nieference it oa the defomatios
the pin. The s demest mdels were used 1o shaly
the diferent defrmeation mechasisss of different pin
bypes and thewr effert on the sertion fome. Different
desigrs and nberference s resuled in different bevels of
srinploading by the pin. Furthermome, the infloene of
fridian on the magnisde of the nsertioa fone was
shuchel by mplesesling i n the models

Resuls and Achievements

The quantiication of the fomwe profies of different pin
promsiries was achiever]l & was conchaled that different
the pin and MCH hole, play 8 e role on e inserian
Torce mapgniheie and mn the e displacesent profle
was alsn determained that friction hesily afleds the fome
mamibhde, howsver it was ank posibie 1o validate the
walue of frictin.

Muax.
N
90%
Al
%
0%
FTiL
[}
Kl {
[

Fipure 1- A sement ke s of ten differest types.
of olact pins_ The legend shows the peresiape of
the yiekl sivews present in the pins




Experimental Analysis of GFRP Composite Pipe Bends

Introduction

Composite malerials ae phasng ouk the use of metal-
ba=ed maierals for nueeows oepmesls. Trad ol
matmials aw beng replas] n the s=arh for
mechanically sperior sohiiions a hypaal omposite
matrrial e offer n eesres such 25 the automohide
sy, the saval inchshy, the ey prasaian
sty (that = replrisg melal- bl piping systems
with mmposite piping systems] and chil pplirates
Project Objectives

The fellowing study camres out a delzis] opeinesal
analysis of 3 sumber of preswu e yesels conisining a pipe
elwrw. Exch chow was of smilr oomposition amd
manufadured =g the hand-lup pxes. The dbmes
wmnid urmlerge esting for tee types of oels — nbemal
pre=are ol hernling.

Praject Methodologies

A b=k rig wes developed ad owsineted [Apure 1)
opether with a hpdeulic dmuit, hpdaukc penp and
e o conbml the exling oppies] on the pipe Bhow
specimen. The ydraule oot of the rig was despned 1o
apply sxh hnads ving e diferesl  oniipuations
apphcable o reflect the Ienls that sk oomponents Ga
unlspe dring sSEvike To mosdor the medsniaal
peifirmance of the pipe dbows durnp iesting, sirain
Fapes and an ardemmeier were 1sed o delermine
Ehres ornaming in the dhows, axh &= st ply Eue
|FFL e transhees were sl B mamiler
premre inskle the st gErimes and n the achaler
e o et 3 hending moment on bhe edbhowe

The test specimen was reaied with the edmeang Eyup:
[FEMASMITSMANASMTT] The fowr bypes of SM
ghve the chow npdmosiatic preare srength, wieoeos
the snmilar bi-nial wven rving, bper (W) g the
dlbow bnsie sireapth in hoop aml axial directions. The
of the pipe elbow

Results and Achievements

The esiing vl put in this sudy ontiaes on the
Toundatins Lad out by previows ressa rhers os GARP pipe
el The teding rig onsincds] proved o be
surreehil i supparting e tect specimens as they wene
i, = were the devices e o arquire dais with
reganks o the st specimen The acdemeeter wes
surrshily caphring any s5pn of FPF during estinge, amd
the sirain paupes weie rEpstering noticerable chanpes in
the chow. The majority of the pipe ellsns iested would
aoi pxperieTe sprs of ulimale e (= @ ruphae
|Figre Z]] and remain sastic. This scenano was a esul
of the usespecis] inrrese in mechanical propertes of
the pipe dbmes when ompared o mmerial daia, sven
when the preswue culpuied from the pump was
mreased in encmrepe Eihere n the pipe clilane rebie
o wElues vsed in el aalyses. The st specamens
mohing, e manukriaed pipe chows, oniainng 5
s, wmld support bedce o three times the e wien
cmpared o @i pe elams conisinng three byers os wsed
in the memerial analyss camied out by B Comillen amd
BER [1].
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Design of a Bicycle Frame using Composite Materials

Introduction

Composiies ae opiimum maieials & e wepht
withinrt rompomEng sinkchral isteprity. The Eoade
frome designed in this shaly == a imapse shape o
acmplsh the hipher speeds thes trafitional bises diwe
1o their higher power-in-as et ratios.

Praject Objectives

The ot of ths shudly ='in pmdisr = wsmpee despn
for a bioycke frame with the ad of asalytesl epuations of
deeaal bmimer thewy and abn by wsng ANSYS
Workbench [1]F] The =id modeling for the Frame
desiyn tn be 1sed for mpent testing will be done wsing
AP, while wsng Explict Dyraresr feahres for the oash
esis in the ANSYS. Worklench softeame.

Project Methodologies

Usng shandands, the bBopde desion was deweloped in
Auindesk menios for mad macng and alsn for oty biode
emdmaments due in the bk of seal ubing. This desion
was pomrd throuph sl analytial @lou bticss aloay
with software sirurural smilatins o achiewe the best
pr=ible desipn shape. [@] A material selection prooess.
was onducird o achiewe the st sfficest saienal o
preside weiphi rechrtan whes oompared o teslitanal
oyres withowt loss of sirenpth and also being abie I

The dawsial laminar theory method was applad o pet a
ranpge of prebiites or e bypup scheme for the
mmposiie material The ADP was thea initated were the
il mode mmposies wes ek wng the layup
rieniabars =t fiom the dassaal mina theaty. The
il model was preresredd thrmuph e siatc Srucheal
Teature and the ACF postproresang sehups o find the
Tailure oriea of the despn

cymarmi= featue n the Workbesrh oftueore which
aimaed for the frame W have a full fronial mpErt Teo
types of mparts were im plemenied on the binyde frame,
mne being a full frontal vertical wall, asd e nther being
an indined plane paralis] 1o Hee front fork of the bayde
fame The mpart bl were podured with different
mateiaks of vanyng adnees o podive 2 wile aspe
of relis af different speeds

Results and Achievements

The birgde rame of rdatively Iow weisht s fully able o
wittsland the neessry fomes nchding the =fety
Fdoes ==t by the shadads The Eopde was below
the siresses in the system

The impact sis shirwel the biogpde bEng Sighly
defommed in e head b due o the Bk of the fromt
fork part which woull prevent deformation. A low
speais, the biyde was able I reman miact with low
amuns of damape thus showing the mepresie
resishibhility Howewer af higher spesds, which ae
prmasent defomation wAthout splimterisg and usng
harm o the umer

P ]
a Cirbmmr
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Fluid Flow in Rotating Ducts

Student: Mark Fenech / Supervisor: Dr Christopher Micallef

Introduction

Cooling channels are a common feature in modern
industry, featuring in a wide array of applications from
ventilation to heat exchangers to automotive
applications. In certain cases, such as rotating machinery,
the cooling channels rotate on a rotor. This has an effect
on the fluid flow inside the cooling channel and
ultimately the efficiency of the channel itself.

Project Objectives

The objective of this project was to investigate the effect
of rotation on axial and radial ducts by examining the
axial velocity profile of the flow.

Design of Equipment

Rotation was carried out on a pipe elbow, with air flowing
through the pipe. The axial velocity of the airflow was
measured and recorded using in-house hot wire
anemometry; a technique based on the principle of
Constant Temperature Anemometry (CTA). The hot wire
was attached to a probe configuration and inserted into
the pipe during rotation. A clamp setup was designed in
order to assemble the probe configuration to the pipe
elbow. This provided a locking mechanism on the probe
during rotation, and allowed for the traversal of the
probe across the pipe diameter when the pipe is at rest.
Prior to testing, the hot wire was calibrated to a wind
tunnel against known airflow velocities.

Clamp

Setup Plpe CTA Circuit Motor

Housing & Housing

Figure 1: Equipment Setup Utilized

Project Methodology

The hot wire was inserted into the pipe elbow at two
different locations along the pipe during rotation to
investigate the airflow for two different modes of
rotation of the pipe; axial rotation and radial rotation. At
each location, the hot wire was traversed linearly across
the diameter of the pipe to extract an axial velocity
profile across the entire diameter of the pipe cross-
section. The wall that acted as the outer radius of the
pipe bend was take as the base of the diameter (Omm).
The pipe was rotated at various angular speeds and
multiple velocity profiles were recorded for different
speeds.

Results and Achievements

When the pipe rotated axially, a parabolic velocity profile
was present across the diameter of the pipe where the
axial velocity is lowest at the wall of the pipe and highest
at the center. Interestingly, the velocity varied rapidly at
locations near the wall, implying that this area was most
affected by secondary cross-stream flows generated by
axial rotation and viscosity forces from contact with the
wall. When the pipe was rotating radially, secondary
flows generated caused an uneven distribution of the
flow. The velocity at the center and near the wall of the
diameter was constant. For the half of the diameter
closer to the outer radius of the pipe bend, this speed
increased reaching a maximum at the midpoint between
the wall and the center. On the other half however, the
inverse occurred and the speed dropped, reaching a
minimum at the midpoint. The results also conveyed that
turbulence suppression occurred at high rotational
speeds.
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Figure 2: Velocity Profile of Axially & Radially Rotating
Duct at 1800rpm
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Carbon Fibre Laminates and Sandwich Panels for the
Development of a Monocogue Formula SAE Chassis

Introd uction

The Unhersity of Malia Aacnp tram 5 3 Formula Shudent

oEmpetiny, who's @im s o desipn, build, test, and e a

Tformula sife r agans teams fmm other usiversities.

The core mmpanent of the car s the dhassis, which mast

e sirong and ST 1o withsiand the inads appied & P ©

shmild alko be o5 ght &= posshie, & weipht s a

spaiikas Mt on perfonmane. Mopressing ooa

bon ibe monxDogue can ad o achiewe these soals

Project Objectives

T dhetrrmine

a the most swishlse crbon e manubchring
rrecthuwd

a  the most suishle core matenial for == n sadwich
panels

a the mateia propertes of the desen omposites
thouph material esting.

To despn an inital dheass onept, ond aaly=e it

thoupl a inie sleraent ana bysis |FEA)

Project Methodologies

The mawiachring methods being rompared wene wet
Lyup, resin mlusion and prepreg. The e materalks
anahyrsed were chesed cell foam, &l usinius neyromb
ad Homel hosrpgomb. Al malerals, oy and
bappg muipment wee pumhasal from  Easy
ompsites, a2 supplier n the LA Samples e
mawiaheed wp a3 limmatal chipboand o
duminum moull, with the appmpriae release ageat
Templates were primied and Eped i the lamisaies
diceing them o be out xmrately. Culling was doas
using a3 hauwl=w, wearng the appoEEie ety
euipment in 3 wellveriiaied romm

Rilzievial tecling done orssbed of easle, compEresne,
sher and 3-int bend testing. Al e5is were doas
aneding o BN B0 sawiads and were done on the
siron 4205 Ushersal Tesiing Machine The daia
Eahaed was 158l & delermine the materal
properties. of mach type of sample. and berre almaed
Tor the selertin of the optimal one

fompeeiie FrefPnct Processr o define He
charterstvs and the memll perlfirmane of the

different filre byup g and o aalse the
resulix An FEA was first carmied out on the = mples that

—

were iestal i valdabe the rumenical models. Following
this, an FEA was amed oot on the mmomgque. The
desipn was done xowding to FSAF nies, based oa the
A charsis. The mum ber of Layers and oriemiatan of the
fbwes was adpsied unlil 3 chasis which ould siely
withsiand all the eperted load es v fousd.

Results and Achievements

Comparing the data fom all the samples ested, it was
Tfmmd that preprer ibres hae the best s=ienal
preperies, eqerialy when loaded in diect eas=an. K
was aln fournl that Momex hneyromb would prorvade
the opliimal comne malerial

in peneral, the FEA done on the S Epies Eumed smilar
reits o e plvysial tesls perfommel, with a vanatamn as
e 25 15% between the test and the aalysis when
memparing the fome mpuired B e iest-ply falre
This vevifend the mumiel. The thessis analysis, piconsd n
Fgume 1, was v o determine the optimal number of
pies. and ther oriemiatan, with different sectnes aning
different nusder of byers in order b reduce weipht and
ort The hinal chassis, having a factor of sriety of 3 had a
tramal sSifnes of &1 Nmfdepree aml wephel
appozmiely 1514 kb




Performance of Composite Maritime Sandwich

Structures
Shudent Mark Galea [ Supervisor: Praf. Ing. Caire De Manm

Introduction

Sandwich cosinution, mnsst of wo thin s, adhered
o a thik, Eght weipht e the eadiant onsinkction
pren oirerd maienial seevtan offers high sishare o
e loads and minimal weight, making it deal for
light weipht applctions

Praject Objectives

The am of this di=eriation & 1o esdablish § fax fber
mafored phste |FAP) o Smhwiches posoecs
mmpaable poperties o plas hber reviomel plstic
() red =ndwiches F = FAF fares ould be
uiizerl in e marne ndesdry, e pmduring a
perrmr builkd sinee flax ibes are desiver] rom natual
reuchis EurEs. AT Compasns e i
betwesn snple amd muitiplke by AP Fed
sndwiches tn aitan the efiect of multiple s

Project Methodologies

To atiain the mestionsd omparsons esting aml thery
were ulllinedd Testing on the Evimens omsisied of 3-
puist, 4 pint bereing and exlewice compeessine st
O e | Sceerlanc e b Hhe relevart ASTM Shaawearsis
and roaskt of equal mas fiber onbest, fler weave,
manne prade foam ore materal, ore materal deicoess,
and fber oripsinlion

3
25

z

Force (kM)
C. H
= LA

(=]

3

10 15
Miidspan Deflection {mm]

Flax 10mim core  ==Flgg 2% Smm core

20

e (2 5s A0rmim core

e 1 Fone ' Dsplacesest 3pt Beraling Test

Faros [N )

Results and Achievements

Fom the 3pont bending st ol thaxy, it was
roaruded that rmultips byer AP Bred sndwich
sperimess were able o susiain preaier loads when
sibieried o a shear domirsant koad & in fipere 1 When
loads due 1o bending moment were domisant axch as
in the 4-point bending test it was noted that sSnple By
Smhsche= aiiained bt perforeance 25 noted n
e 2 The syerar bending momnesl sisaue of
e ol byw =whwich wos also sobed in the
edpewse orpressan bl Sae 3 e buckding foree
was withshood by e sinple Layer FFtP fred sandwich
SpEimees

o fared sndwich s mples pmdwred], posesred a3
lowrer weeipht and fare thirkows when mompared n Hhe
mespecive single yer R sandeich S mpies An, the
i s posess hetter mechanical properties as
noted in the 4-point bending et resulis and  Hueae
briter properties prviuced specmens. e reslest b
bedline momeEns a5 noled e 4oink st esulis
hpre 2 when ompared o the equnalest Sinple byer
AP Feced sandwich specimens.

FF fae] marie swhwiches offer a lower ressianoe
o beadine umenis whes ool D GAAF Bred
sanhaiches, yeb AARP is a viable greemner aiematie
esperially where weipht seasitivity is nok sch an e
ackitionally, in aitical Ikataons where shear eds ae
dom et multiphe Byer = mhaiches can be ulllieed

1
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100 120
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Optimising Steady State and Transient Aerodynamic
Vehicle Performance using CFD and Race Track Analysis

Student Jamie Manpgion [ Supenisar: Prof. ing. Mario Famupia

Introd uction
Armdyramics e beaoeme essential in any o of
muospoit caiwgory. The thoupht of attaching an
imeried oeofnil on a3 vehick appranesd in the 1950°5
Aremdyeamik bxchmbypy s beea  onbously
dewdoped at an upmEeEdenisl pe, thrugh OO0
aeulaiws and wind tusnel esling mEng, the
Project Objectives

The main objertives of this project were o devise and
smulate 8 o dreg aemiod selup wsing CF0 and waliedate
retis apains published data The arrodymamic efferds
of an ppea or sl Side m s were alsn imveskipaied
An armhmaomc paciape wos desmned on the Toyoia
2aG which el 3 fromt splidter, 2 smooth underbody
amd an oooiol. Using Dpiimom Lap simudaian, the

periommane rEns of this padeape were fournd for the
Raralmarin race brack ormst

Project Methodolopgies

Pior o impleeenting an aemkd o the wehide,
exiensive reserch was camied oot on the desipn and
meshing parmmeters for sxch promeires The Tyoia
were onselered, e when the mimors were attachesd tn
a it symeetry plane and e other whea the marors
wee attached o the vehicle Thus, any drepg differerce
arsing fom the tvm mn be measared The
asmchyramis peakase was anahoed with the GG hdy,
which pressure cosinwr can be snbed in Fpure 1. Fially,
0D resu s were trarsfermed to Oplirm Lap.

if

Aol o e e a2

Fgure 1: Fresare Coriour sround the G228 wehi che with
the asmhmamic pacdape

Results and Achievemenis

Remilis fmm the aerminl e rmlly doss o the
vabdaterd resulls by XTI Velwity sireamiines shiveed
marall dfcesy of the ammiod As sxch esdplaies
shunikd be mplesesie]

Feaidis from the side mimors has shows that the body
malues the drag being opericared by the mmars. An
mwera i cxevtvi bution of 85 pesrent wes simulaterd which is
wery die 't OD and 'Wind Tusnel et verifesd by
Oisson [1] Coting the side mimors does reduce the drag
foree by 2 perent. This vahwe can be mreased § 2 mome
armdyremic shape wos despaed in the dooed position.

The OD resulis phizied for the slandand EHRG wehide
shureel that kit wos being prasmbed  Aftaching a romt
splitter, arrofnll and 3 ssonth underbody tn the vehide,
lexd o creation of dmaniome At 20w/ (72 kmfh], 3N
of doverrionee ard 75 M of drapg were being oreated by the

aemdynamic packape when ompae] o the sandand
wehicke

Optimum Lap simulations revealed 3 11 secomd pained
amusd e Rnaimuin Bp The whide weooty
memparEmn aound the ik e be noted in Fpue &
The bk Ine represents the welodity of the standard
wehide, while the lghier miowwd Ine 5 the velooly
it de o the mpleseniaian of the aemdyramec
Pk

References
[1] ML Db, 'm“lrdn':rﬂqﬂ-\h' T Oy

Ll'l"ﬂﬂ"ﬂwj.

thm!:m:iti;-'ﬁ:lespezﬂm
Raaimuin with the withowt the semdvwamic oiaee




Analysis of Chest Behaviour

Shulent- Madedela MiEleT § Supervisor: Or Ing. Zdenica Sant

Introduction

This dissriatan = a onlination of 3 plok shaly where
behavar of a siemal uele folimuing median siemobomy
wars modelied wsing FEA [1]. A model where fomes ab e
reuniied sermal haves rould be epidhrsi and
memared would permit vaidatan of this shady. To that
end, 5 first i@l to develop an approach o sSrulaie
thorax defirmatin durng cquiet lreathing

Project Objectives

The primary obhjertivws of the shady weie o prooess L
displarement daia chizined n VICON over a samber of
quiet bieaths ond 1o apply this o a 3 mode] of e
thurax and aalyse iis disiorian with respert o e
oweT 2 Snpular respialan opde

Praject Methodologies

Reflecine markers were plaed systematical ly aousd the
sigect's thorax in preparation for the rsonding of
depbcement data of the dhest, during quiet breathing
using VICON motion tracking oitscre in the Bh with the
ad of physiotherapy shudemis. The msperiment was
carierd out and 3 _rev file was eported for prooescng

Dala procesang was frst inditiaied in Exel howewer this
wits deemal unleasible due o the lage daia volume
Thas, BATIAR was used in order Im lltu]lnhl Ihe

dﬂ!—upnlﬂ.ﬂﬂﬂnﬂmiﬂﬂm:ﬂmﬂllﬂ

a soll body a=s=mbly. Following this, the costal cartdapge
was ik usng beams

Orce the model was imported isbe ANSTSE Wirkbench,
material properties were appied aToniisg to types of
e and the model wos meshed . The postenior ends of
the ribs were roacraised appopriaiely n oder o
smulaie artiubtine with the spine, and e polysomial
ppetines paeraied n MATIAR weie applied o
presgibed lombions ourespnding o the markers
applied n the VICON. The mode] was then sohved for the
winle inha inp prcess.

Results and Achievements

The propesd ohjectives 5ot &t the bepining of this study
were ldkdey] hmssver restricier] o data processing solely
in the 2direction due o e orshans A maEmums
displacement of Bz mm coumed o e disal ends of
the finating ribs on the ripht-hand side and o the oosial
cartiapes of the 98 and 109 ribs on the left-hand seie
The mmander of the amienor of the riH=EEe e
nibs 1 - 10 speriesed a relatvely spmmetrical vertical
displcement. & dbsirated in yellow in Fpee 1 bedow.
On te posimior site of the nh ope vertical
disphcement dareses a5 omne peis doser o the spe
Ths dimeralion cosfems that Fnile Hement Asalyss
n be 3 viahle means of smulating thorax deformatan
during quet beathing, supmwiing the posibdiy for
fubue wlidation of the Siereal model on meslian
sleraniemy.

E Srarkc S rural

Figure 1- Tolal deformation of the huma s tera during
a quiel inhale a5 depicied in ANSYSE Workbench
References
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Waste to Energy on a Fishing Vessel

Shudent Hathan Pova [ Supervisor: Dr ing. Ohwistopher Micallef

Introduction

in recent years, e st is being made o redure the
amout of Tusl wsed by Tishing veseds: loth o reshuoe the
orts of operation and o redlue the amount of rbon
dhomide released . Dne way of nelucing the amount of fus
wrd = mn ulilke e weslr heat from the nemal
mmbushion enpine of the ve=el 35 an enepy soue for
AN ST aarter v o ahsorpian syshem

Praject Objectives

The @m of this propect wes o imestigate the operation of
dm ETETEN -t vapowr 3bswrphion system on a Tishing
wespl by arslngting 3 mathemateal model using the

A et of unctions, based on e shady of Pk [1], were
waillen In ANTRAN In Ekulste the themumiymamc

reaied o e an aeEnE-eEter Spowr absorpian
Syt A ANTRAN propram was wrilien 1o sisulaie the
matheraival model. The mndsl and, by exteasan, the
preperly untions were veiified and waledated opanst
other models, surh as the model in 2]

The ANMTRAN model wis sl In aowale 2 TRASYS
mponent which was mplemented i the Sssubtios of
2 Tshinpg we=pl  The simalatinn, showmn in Fpure 1, was
onsinucterd with the airementioned] mdel, amisest ar
dain, sea water teraperahee data, hesting fusd For the
deawber, sl a fish-frearing sub-sy=temn

=

-

Figume 1: THNSYS 5 mulation schematic

Results and Achievements

A pramettc asabpis of the vapowr dbhsorplin sysiem
muuid was paiomesl o detemine the sfied sxch
prareier had on the model’s culpuis The parmamsters
anahsed indude the Mepomior miilet wpowr qualidy,
the s=m srfxr tempesiue, the ambent ar
temperahre, the deorber heating fasd emperstune, the
maporaior tEaperabae, the et eodanper
effectiveness, aml the sohiiin mas flow EE

Vi koad pioliles were appied & the TRESTS
siraiation of the veseel Eacl inad profie warisd the hish
muantities xided 1o the refTicerated space ol the ime
srp betwern the alditions of fsh. With a ==a arixe
temperahee of 75°C, an averape ar temperahee of
I, a degwber heaiing Al of 1M'C, 2 mETUE
SapsEel IETPaEhaT 4 5L, & CuRpeeO N S
guality of 0975, and a refriperatan effect of 5 oW, e
systwan wew abie tn freeze an hourly addition of 2 kg of
Tish. Fipure 7 shivws the wariation of the termperature of
the fish in the refrigoraied spare trmphowt the
sirmuilatwsd 24 hr perinl Hote that no fish were aided for
the first X howrs and the Laxt B howrs.
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An Optimization A
a Water to Air

Sudent Nicholas Sammant J Supervsor:

Introd uction

A maotr challnse when depning e s = the
presison of the lighted posshle omling systems, whilst
kreping enpgine  temperahues within pperaling mils
Unid now, the dea of an oplimieed moling spsiem bas
ot yei been addiesgy] in UoME The idea 5 that the
design of a cowling betwesn the heat eehanper and
exiraction fan will imrease the Sow of air trouph the
raiiatr, transiating irin better raies of heat ransfer

Project Objectives

oelup wsing ANSYS ALENT, cloag with the propes]
sehup by implemeniing 3 cowling Ancther obyectiee of
ths popt was n ks the OO models
expeimeniElly o sable fuure sSmulatans o be
oo e bry the e

Project Methodolopies

The approach Eken was in meded the beat exchasger as
i prms medum To ahieve this, ANSTS FLUENT
requires the e o defie v mEErtant pEraTetrs;
the Inerial and visous inertial Coefficients [1] These

Next, 2 Sssulstion was == up by mmiding the asTent
seiup. This was olowrd by the O aalyss of various
onaling, despes ot a enge of cr velocies. The dasen
shicinl design was manukEchered frorm cebon filee by a
wet Eyup. The owing wes thm widated
experimeriElly by mesaring ow weooty and siatic

;.'5}“|

Y,

Fipure 1- Pressure Comiowr of Cowling Desipn

nals,fsis of a Cowling Design between
changer and Extraction Fan
Dr g Dhristapher Micallel
Resuls and Achievements

From O simuilataon, it wes found that the imirodurian
of 3 shroud between the radiaber ond edvartion fn
spaihcaetly inovosxl orfow throoph the heat
exhanger at inwer speeds. This phermmenon wEs sk
mutable at an inflow of 0 my's; the @ being, siatanarny. in
this comitan, the oneding was shimen o inmeese the
mass fiow rabe of ar by over thirly per ceslt. | was alsn
Tmmd that the physial prometry of the seoud el Fible
et mn the mas fow e ArthEmore, e deape

imposed by having a shrmd was famnd 1o be et

The short comves shmud wes manuiachered and validaterd
aare=filly showing dizrepances of under Bphiees per
ek between srsubaied and eqerimesial reulls Mok
mniy ol this colim the relability of the DD Ssulations,

[ P ————

mtllmmmm‘mrﬂwn
i porous medam 5 an auate aml efhcent appmach
and shoull be the methad to follow in the team’™s firhue
S
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Fgure 2: Cowling Implemeniaian on Dokl & e




Pool Heating System — Feasibility Study

Shudent: Alexander Tanti J Supervisor: Or Ing. Christopher Micallef

Intreduction

Bebwesn Mavh awl Decemley, Nephnes Waler Poin
and Seimmming Cubh jWeSC operates an outdoes
suimming ponl, which = eated n a2 temperatue of 77

L]
C during the colder munths. High nneing orst and biph
beating loads prevent pool hesting in lamewy amd
Februay. A G foed Combined Heat and Fower (OEP)
wystemn ond & gas fied wEter Boder are ormently vsed n
supply heat in the ponl water.

Project Objectives

The @aim of this pmed s o undersiand the oarent pool
set up, o @indae the peak and overge heating exds
on 3 munthly bass, 1o mestipaite smilr pool heating
systems in Malia and 1o perform a feasbility shsdy of an
atemnatie sysiem

Project Methodologies

Aounalr eadings were taken by means of an uiiesanic
fiow meter. By petfirmeing an ererey balhme of waier
Tiowing thrmuph the Boiler system beat exchanper (RSHE],
both the BSHF's miipul and the CHP sysiem’s heal oulput
wee ohiained vinial Basic (VAA) ode was wed
anahpr daily teraperahee readips n obiaie the e
heat oo dhring 2 15ty perind in Deresder HHMA and 3
10day period i Aprdl 201% A VBA prediian model
uzs buit baoed on the polential heating loads sharn i
Fpre 1, o predict past heat e Past weather dala
fom MG 217 amd 200K wos appied 1o Che YHA
predition model o unlersiami the variatin n peak asd
aemope munihly eating loads e amd predicied
heat oeees wee compaed in onder o esimate peak
and sverase mosthly heating loads

e

Results and Achievements

Te heat bosses shimaed that the pool’s heating load wes
achually mush meer than that prediocbed by the VAA
preduton munld anl that esabiished duning e
priomed e sheles The main reason e swch
dscrepany was dentihed 1o be the location of Mephunes
WSL Mephnes WISC is sumoursied by il ikings on
is west sde, which &t a5 wind barmiers for Westerly
winds. A shudy oondur ied by the Matiral Siatisias Do
esiahiished that winds blowing from West Smrtiseesl,
South Smiteresl, Morth Bordbnarest aad Nortineest are
the most domiment in Malla and other wind dinections
ae of no domirsane [1]. Furthemuore, wirnl highly aflecs
the water svapwratan Eir aud sSce Epoation heat
== were eshablished s the main means of heat Ioss,
e wind speed at pool’s waier aefece eadted n e
raitipation of heat e

Anm dimmater S=iem wos pioposed based mn
moimation gathered throuph the Feaiure reees and
thrph two e shelbes performme] on ponl hesating
i 3 the TalOogg Natioral Pool Complex and at
Hilton Malta_ The projaess ] system s showm in Fpue 2 A

Teasihlity shudy of the propres] spstem establiched that
usning ot woulkl e moe than hahed and &l

expeniiure eeder] would e repaid in s than hae
s e
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Control of the Compressor Air Mass Flow Rate on the
Turbocharger Hot Gas Test Stand

Introd uction

The opeaing damiersiss of a wrbachaper ae
typically shows on two bypes of perfommae maps, ie
the mmpre=ayr map aml the babine map. For the past
for yeus, a Hot Gas Test Stand which enables the
s et of data u=ed to pmdure such charnts, bas

been ulerpeinp deveinpaest
Project Objectives

The fxus of this pmpd was o frther mpone the
rinchaper parfomane maps podiced by the test
starml, by eslablishing Siamiad Opembional Prooed ue
[=orF) sl conimling the cospressor maess ar Fowale
wsing an Elerironic Throttle Bady (ETH] topether with an
adpusiraesl in the onbrol time

Project Methodologies

The =fety and sy of the tesis camied oul were
enhanced by formulaling a 0P which induded a s=t of
epatios in b= appied in onder o prodike the
periommanee maps [1]. Futhermmaere, the esporee of the
ETH plair mnement wes noered by shoriesing the
omvired tiree, thus oemecting the smor GBster beltwesn the

el i il e el ——— e ——— ———] ———
Bl T LN LT PR N R T N L LN T B OO TR T

Tae oviral sstes aeiipuationes were devslope] and
hmed on LIabYIEEW in order o be ahie cwviml the
OETpEsnr ma air owwaie oired ey the ETE. The
o hpurations testerd] wene the MD oae il o s oen
and MD with featiomncd coavimel An aaliytical praphical
review of the charderstics aml 2 omparisos of both
oysieme were done; henee the desinm] pain oskns
were oblained The dferts of different contml tme on
the test stand were analy=ed, in order to choose Hae mrst
suiiahle rostrol time for the system.

Follimaing a parkinlar test malri, 2 member of iesis usng
the ETB were perfommed on the test sSiand The test
maainx was desipned insuch a way 1o allow the sysiem o
seitle dimun and reach siewly-siaie The data  pathened
was firsk fitered fom soise aml thes analyssl The
et siated in the S0P wene used o comect the data

befire benp plotted on the map.

Results and Achievements

The optimal contml time of the PID alprithe within Hhe
ETH uas found = e 20ms, while the opltimal asrired me
of the overall ssien wos fmnd n be 100ms  Both
rosiral times were deivrmined after perfirming a series
of tesix The reuls ohicised from the oemparEn
briwers the meirol system confipuratons ihetate how
the oncept of featifonserd wars momne effectinme

As 2 resull of the mplemeniaton of the ETH amd iis
comirol sysiem, the mmpressr mass ar fmemate of e
wrbodharser was adhieved Subsequenmt I this
arhievement, a ampressor cthart was produced, &5 can
be seen n AguEe L

Campreasor Chart

. Freare leis
B
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Comparative Evaluation of Design Builder and TRNSYS
Software as applied to the Energy Performance of a Building

Shdent Michaele Vella J Supervisor: Prof. ing. Eobert Ghirlando [ Co-Supervisor: Or Ing. Charles YousiF

Introduction
Bk i 200517 a shaly was ondurcied by Zachany De
Sovam [1] o nsiall an ar conktiosng sysiemn ot Stella
Mars Chuch. The Fiest bl acepled the poposl of
Pref. Ghirlerlo 1o aaiy= the thermal performaxce of
the chuasth Farhary used Desyn Bulder 35 the snMEy
el bnp soffucere wene these ks of oftwares. e m
rise and v extersively. it wes decded 2 mode] the
same chuch Lsing THMSYS 2= the modslling software ol
Copare the reslis nbtained
Praject Objectives
The progect objertves ane b Fol ey
=  Toormbea s of the carch using THNSYS
softwae
a  Check for different methods and algorithms
used by L TRMSYS el Desipn Bulder:

- T st Hem seereslon ] s —— e ————
- IeF U L LR ST TP AN N BN O

aken inside the dasth

=  Totest forvarims smulsbions at different
moling mehpuwratans

= Toohian the most sffciest and dfective HYAL
sizing of the charch

=  Toommpare aml it with the resilts that
were oblained n Desips Bulder

the mempeahlity of these type of proprams. Scentic
papiers were @b aveserl 35 they have shosm that
different proprams lead o diferent condusins. Shady
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Computational Modelling of the Lumbar Spinal

Segment of L3-L5 Vertebrae
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Modelling Friction Stir Welds for Airframe Structures

Introd uction

The miaiin ishrsby 5 oniinuesly siiiving o desgn
more eificent aimraft in omer 2 redure the overall
oprating ard a5 wel = mnare s e eeral
it Commecal anraft ke reached exelient bewels
of armdyremic and erpine sffibenoy and asother major
atributing ohw that e e mpanved = the e
weipht of the armaft This bhas slipabed the
mestigation of replaing the rweting jomning method
ety used in the mdusiry with friction stir welds for
the prmary orfreme sichue of P, aseoal
anraft

Project Dbjectives

a To iwestiggie the feashiliy of mplementine the
metiun of srframe Snehees

a To @my cul reael siatic amd St aalyss
valiate e use of friction stir weldling oppied B

Lape, transport catepry it usder realshic
cemitions.

Project Methodologies

The pmblem was sl appoached by caTying ot a
eaiue ey on e peaeml Fictin ste wekiing
proe==; highighting the bey benefits and deowhacks a5
wel 25 the merdenicl and Eipe poprtes of the
predced welds

Furthes shudies were unleriabes oa the sffeds of weld
Teathures whirh influesre Falipue and sSireapth in ocder 1o
desipn welds capable of withsianding gt nneing e
Follimuing this it was el o select the apppras
Tatipuelife saluatios methnd autable for the applicaton
and a brief mrtine of the selerted metio was Fen.

A Frite Hement Mndel of an anoaft fuselape seriamn
was then oeated, base] on the Arbus A Snraft as
llusivated n Fipure 1, and aalysed for siabr amd Falizee
Ik arcording in redeast srratt stasdads nonder o
determeine the feashlity of usng Frickin shir welded
Oinis a5 the prmary poining method in such applrations

Results and Achievements

The hsdape of 2 modere @At 5 made up of three
i compoasnts; the outer shin, the sinagers, which are
imghddiral stifenes despned o e ol ol amd
the trarsverse chomnds which e desipaesd b redst shear
and torsional Inawls

It was imherent that the analycs was el mit sing the
hiphet prshis Iading expenewred by an aroaft n
fight Thes bl omitioss, both Salr amd Flizue
ik, were plentibed and mplesenie] bl on EASA
525 repulatawes for certifying this caiepory of aimraft
From thess repulabawes it was akn possible o define the
2 lmacble lirmits wihich wou bkl valdatr e mpleseniation
of Friction stir wekls a5 the main pning metud for the
arfiame sthuchre. The Fnie HBemesl mds] was 2 -
meire- e uadent (307 mnddied after the top-mid
stion of the ushp pmessl wEop ANES
Mechanial AFDL The mode] was coasirained wsing the
et ey busdesy ombtoss aml  oexdked
sialically with the highest tersiosal, ompresive aml
shear formes the aroalt is e o during Bght. Froms
2 feiigwe perspecive, the anmalit was smulaed B be
under presunsian ondiions n omienatin wikth a
starniardiee] Toad pattern” epeEriencel n ary one fight
from which the opeating lifeopde of the acait ould
e determined. From the aalyss camied out, bobl fros
the siaitw and e perspecine, it was coaduded with
omieleree that friction stir welling & the main joning
method o Bipe baepoil @Elepry anralt 5 hishly
pasible anl demands further mestipation &= all =t
riteria were Tulliled and surpased

—



O , _J
T

An Investigation of the Deposition of Graphene on

Various Application-Oriented Substrates

Student: Matthew Attard / Supervisor: Ing. Anthea Agius Anastasi / Co-Supervisor: Dr Daniel Vella

Introduction

Graphene, a single layer of carbon atoms structured in a
hexagonal lattice [1], was realized in 2004 by micro
mechanical exfoliation. Since then, the nanomaterial
evoked a staggering amount of interest due to its
exceptional properties [1]. Other synthesis methods, such
as chemical vapor deposition, have also been developed
with the aim of mass producing, defect free, monolayer
graphene for research and manufacturing purposes [2].

Project Objectives

The focus of this work was to optimize the transfer
process of graphene synthesized through CVD, by varying
the individual transfer process parameters and quickly
characterizing the effects through relatively simple
techniques. Such objectives were met by transferring the
graphene sheet onto application-oriented substrates such
as silicon wafers and perforated substrates facilitating the
implementation of graphene in different applications for
future research.

Project Methodologies

To reach the objectives of this work, monolayer CVD
graphene on copper was transferred onto different
application-oriented substrates. A wet transfer technique
was adopted, which briefly involved depositing PMMA on
the graphene surface, etching away the copper substrate,
placing graphene/PMMA stack on the final substrate,
annealing, and finally dissolving the PMMA away. Certain
parameters in each of these steps were varied in one way
or another to optimize the process. This optimization
was conducted using silicon wafers with a thermally
grown oxide layer of 300 nm as the substrate due to the
increased contrast obtained when using optical
microscopy. Furthermore, a MATLAB code was developed
to measure the percentage of defects present on the
transferred graphene sheet.

After optimizing the method, the graphene was
deposited on other substrates such as TEM grids and
perforated silicon nitride wafers. Throughout the study,
the use of three main characterization techniques —
optical microscopy, Raman spectroscopy, and scanning
electron microscopy (SEM) utilizing both the in lens and
secondary electron detectors — was essential for a holistic
analysis in this investigation.

Results and Achievements

This study effectively optimized the wet transfer
technique by focusing the research efforts into creating a
repeatable process for the transfer of graphene onto
different application-oriented substrates.

It was also realised that the most important factor
affecting the quality of transferred graphene, besides
conducting the procedure in a clean environment and
utilising chemicals of high purity, is the step involving the
deposition of PMMA on the graphene surface. If
excessive handling is done on the CVD graphene sheet
before this step, graphene will form a relatively high
density of cracks as seen in Figure 1. Furthermore, when
depositing graphene onto perforated substrates, the
most crucial factor affecting the coverage of graphene
over the holes besides the initial quality of graphene, is
the diameter of the holes, with larger diameters incurring
reduced coverage due to the increased surface tension.

_ : : » .1_0 Him

Figure 1: InLens SEM image of monolayer graphene
(SLG), consisting of CVD graphene’s domain boundaries
(DB), nucleation seeds (NS) and cracked area (CA)

present due to the excessive handling during the
PMMA deposition step
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in Polymer Matrix Composites
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Introduction

More people, locally and internationally, are using fire
heaters and cookers due to an increase in the standard of
living and this inevitably leads to a higher volume of
wood ash being generated. The volume of wood ash is
becoming increasingly harder to manage. Currently the
main use of wood ash is as a fertilizer additive due to its
high level of useful minerals [1]. However very little
attempts have been made to use it for altering the
mechanical properties of composites using wood ash.

Project Objectives

This project presents a study on the effect of adding wood
ash in polymer matrix composites on its properties. The
main objective of this project is to try and follow the
success of fly ash which is being used as a filler material in
Portland cement due to its engagement in pozzolanic
activity [2]. If such attempts would be successful, wood ash
could be used to reduce the cost of composites while at
the same time offering a novel solution in the disposal of a
material where a waste material essentially becomes a raw
material. The objectives of this project include preparing
wood ash collected from domestic fire stoves and
manufacturing composites with and without wood ash to
compare various mechanical properties in order to assess
the viability of using wood ash as a filler in polymer matrix
composites.

Project Methodologies

Two batches of samples were made using the hand layup
technique. The first batch consisted of emulsion bound
chopped strand mat glass fibre of aerial density 450g/m?
in a polyester matrix with various amounts of wood ash
added. The second batch consisted of powder bound
chopped strand mat glass fibre of aerial density 300g/m?
in an epoxy matrix with various weightings of wood ash
added. Their mechanical properties were tested in order
to assess the effect of the filler on the composites. These
tests included tensile, 3-point bending, impact and
hardness tests that were conducted according to the BS
2782 — 03, ASTM D790, 1SO 180/U and ASTM D785 — 03
respectively. Following this two samples, one epoxy and
one polyester, which showed the worst overall properties
were chosen for SEM imaging. The samples were cut from
their respective tensile sample and were cut, they were
then mounted to an aluminum base by means of carbon
tape and gold coated in order to make the samples
conductive for SEM viewing.
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Results and Achievements

The results recorded showed mixed outcomes. A
reduction in density with increasing amounts of wood
ash was recorded for both polyester and epoxy samples.
Wood ash has a general negative effect on the
composite’s mechanical performance when a weighting
of 0.61 and 0.69 percent is exceeded for the polyester
and epoxy samples respectively. Properties such as the
young’s modulus, flexural modulus, impact strength and
hardness suffered through the addition of wood ash
beyond this weighting. Below this weighting a slight
improvement in these mechanical properties was
recorded. When the specific properties were plotted
slightly better results were obtained due to the lower
density of the wood ash when compared to the resins.
SEM imaging confirmed conclusions put forward by
various similar studies.

Figure 1: SEM image of the polyester tensile test
sample A5.2 at a 5000x magnification
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The Effect of Laser Shock Peening on Austempered

Ductile Iron

Introduction

Austempered Ductile Iron (ADI) is a material possessing
very good properties, such as a high tensile strength and
fracture toughness when compared to the as-cast ductile
iron (DI), making it an ideal material for automotive
components [1]. Several surface engineering processes
involving cold work can be applied to improve the surface
properties, such as better fatigue or wear resistance. One
such process is laser shock peening (LSP), a process which
aims at improving these properties by the induction of
compressive residual stresses which can be generated
from plastic deformation by means of a high energy laser
beam (Figure 1) [2].

Project Objectives

The objectives of this project were to understand the
process of LSP, while determining the effect of LSP on the
residual stresses, microstructure, hardness and surface
roughness of ADI.

Project Methodologies

Austempering heat treatment was first carried out on the
as-cast DI. This involved austenitising at 900°C for 2
hours, followed by austempering at 360°C for 1 hour and
then, cooling to room temperature.

The ADI was then subjected to a LSP process, using
various laser spot overlaps ranging between 20 and 60%
and power intensities between 5 and 25 GW/cm?.
Multiple material analysis techniques were employed to
be able to study the effect of LSP process on ADI, such as
microscopy, hardness testing, x-ray diffractometry (XRD),
profilometry and residual stress measurement.

Laser beam
Focusing lens
Plasma
Water Black paint

Shock waves
Target

Results and Achievements

A microstructural change from a pearlitic to an ausferrite
matrix was observed following the austempering heat
treatment, providing a 14.9 % increase in the hardness of
ADI. However, no phase transformation occurred by the
LSP process.

The surface roughness was increased by 66.4 % when the
laser spot overlap increased from 20 to 60 %. LSP
increased the surface hardness by 33.4%, but no
difference was observed for the surfaces peened with
different overlaps. Hardness-depth profiles along the
depth showed that the hardness of the LSP-ed specimens
increased for a depth of 1 mm.

The LSP process resulted in creating residual compressive
stresses which varied in magnitude from -380 to -470
MPa (Figure 2). As both the laser spot overlap and the
laser power intensity were increased, higher compressive
stresses were obtained, showing that the LSP process is a
suitable surface treatment to improve the bending
fatigue resistance of the ADI.
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Porous Coating Applied to a Biodegradable Substrate
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Introduction

Porous biodegradable metallic scaffold implants mimic
the structure of natural bone to exploit bone
regenerative effects. However, scaffolds comprised of
solely biodegradable metallic materials lack the bioactive
characteristics necessary to initiate bone formation and
adhesion effectively. Therefore, the application of a
calcium phosphate-based coating upon the scaffold aims
to improve the overall bone forming abilities of the
implant system. Furthermore, biodegradable scaffold
implants are progressively resorbed by the host body
throughout the application time, leaving behind healthy
bone in its place. Fluorapatite, FA (Caio(POs)3F2) is a
calcium phosphate which is suitable as a coating material
for scaffolds as it exhibits excellent bone forming abilities
and helps to improve bone mineralisation [1].

Project Objectives

The research objective was to optimise the coating
procedure of a sol-gel derived FA coating upon a
potentially bioresorbable porous iron (Fe) substrate. Sol-
gel synthesis followed by a dip coating procedure was
implemented to coat substrates, some of which had a
complex geometry.

Project Methodologies

The FA coating medium was synthesised via a sol-gel
process. The procedure involved the stoichiometric
reaction of calcium nitrate (dissolved in ethanol) with
hydrolysed triethyl phosphate (TEP) and ammonium
fluoride. The generated sol showed a pH of =0.5 and
required neutralising to a pH of 7.5, to minimise corrosion
of the reactive substrate. Different concentrations of
ammonia and diethanolamine (DEA) were utilised as
neutralising agents. The FA coating was applied to solid Fe
coupons, Fe foams and solid AISI 316LVM (control). The
samples underwent a dip coating procedure and then were
subject to a drying and sintering treatment at 250°C or
500°C under a reducing atmosphere. The coated
samples were characterised by X-ray diffraction (XRD) and
scanning electron microscopy (SEM).

Results and Achievements

The principal obstacle was to limit the corrosion of the
substrate  during processing as even within a
reducing atmosphere, the coating medium imparted
extensive  corrosion damage on the Fe specimens.
Reducing the water content of the FA sol, by preparing the
neutralising agent in ethanol rather than water,
significantly minimised substrate corrosion.
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The optimal results were obtained when implementing
either a 5% (v/v) ammonia or 10% (v/v) DEA neutralising
agents, performing 3 dip coating operations proceeded
by a 500°C heat treatment. In both cases, as shown in
Figure 1, a uniform FA coating was obtained that
displayed nano-crystalline features. The presence of
nanometric geometries infers a high degree of micro-
porosity that develops bone forming abilities and allows
the body fluid to reach and react with the underlying
biodegradable substrate. Furthermore, both coating sols
offered sufficient fluidity to penetrate and coat the
internal pores of the scaffold structure. XRD analysis of
the Fe coupons showed that no radiopaque oxide phases
were generated during coating Moreover, the DEA
neutralised sol offered the added benefit of improved
corrosion resistance and subsequently higher control
during processing.

Figure 1: SEM image of the nano-features produced with
the 10% DEA coating after 500°C
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Tribocorrosion Response of HiPIMS TiB, Coated 316LVM

Student: Nathaniel Buttigieg D’Ugo / Supervisor: Prof. Ing. Bertram Mallia / Co-Supervisor: Antonino Mazzonello

Introduction

Around 1 million total joint replacements (TJRs) currently
take place globally every year. Overall increase in life
expectancy, younger patients, and average bodyweight
put emphasis on the increasing importance for longer
lasting, higher quality bearing surfaces for joint
replacements [1].

Tribocorrosion is an important contributor to many
problems encountered during TJR lifetime. This concerns
material loss due to the combined effect of mechanical
wear and corrosion, whose interaction (known as
synergy) serves to accelerate material loss to a greater
extent than the effect of either one alone.

Project Objectives

This research was carried out to analyse the behavior of
a non-naturally occurring, ceramic coating that exhibits
superhardness called titanium diboride (TiB2). The
coating has been subjected to sliding wear tests that
simulate the movement of the human body, whilst
submerged in a saline solution at 37 °C.

Project Methodologies

A number of cylindrical 316LVM samples were coated
with TiB2 by means of a physical vapour deposition (PVD)
process variant known as High Power Impulse Magnetron
Sputtering (HiPIMS). The coating was characterised using
EDS, XRD, nano-scratch, and nano-indentation to
investigate the chemical composition, crystal structure,
deformation response, hardness, and adhesion. The test
materials were subjected to static corrosion testing, and
reciprocating sliding corrosion-wear testing at 1 Hz sliding
frequency against an inert alumina ball under different
electrochemical conditions to enable determination of
the corrosion-wear synergy. Testing was carried out in
Ringer’s solution at 37 °C. The dimensions of the resulting
wear scars were measured using profilometry and the
amount of corrosion was estimated from measured
electrochemical parameters so that the mechanical and
corrosion contributions and their synergies were
determined. SEM and EDS were used to study the
material loss mechanisms and resultant scar
morphologies.

Results and Achievements

TiB2 has received limited attention in tribocorrosion
research. Here, it was discovered that despite its high
hardness, high corrosion and mechanical wear resstance,
TiB2 forms a thin passive oxide in saline environments,
leading to material loss when subjected to reciprocating
sliding against Alumina due to the cyclic removal and
reformation of the oxide film. This form of synergistic
material loss is known as Type I corrosion-wear. Under an
anodic potential of 0.1 V vs. SCE, the material loss of the
coating led to coating perforation. Delamination in such
region increased substrate loss by the hard coating debris
due to third body wear mechanisms [2].

Figure 1: SEM image at 2000 magnification of scar generated
by corrosion-wear testing of the TiB2 under anodic potential
showing coating perforation and three body damage of the
exposed 316LVM substrate
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Surface Characterisation and Corrosion Response of
Nano-Textured 316L Stainless Steel for Implant

Applications
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Introduction

One of the earliest and most commonly used implant
biomaterials is 316L stainless steel. It offers a good
combination of low cost, mechanical properties,
corrosion resistance, and relative inertness in the human
body [1]. However, recent years have seen the emphasis
in biomaterials shifting from bio-inertness to achieving
specific tissue and cellular response [2]. Nano-texturing of
the surface by processes like anodic oxidation is one of
the recently identified methods for the enhancement of
cell response. For percutaneous implants such as external
bone fixation pins, or long term intravenous catheters,
this would provide enhanced healing and a skin seal with
the implant, preventing infection.

Anodising of 316L SS enables the production of surfaces
covered in an arranged, ordered array of nano-pores with
nanometric diameters, which can be tuned according to
the anodising parameters employed. These structures
result in changes including the surface energy, surface
chemistry and topography, which impact the adherence
and proliferation of cells and proteins on the surface [2].

Project Objectives

The aim of this dissertation was the analysis and
characterisation of 316L stainless steel anodised under
two sets of anodising conditions to achieve nano-
textured surfaces with nano-pore sizes of ~50 and 200
nm diameter. The chemical composition, topography,
wettability, and corrosion response were investigated for
untreated, and two types of treated samples (designated
as UT316L, 50nm, and 200nm respectively).

Project Methodologies

Untreated and anodised 316L samples were provided by
the Middle East Technical University (METU) in Turkey;
these were anodised in a solution of 5vol% perchloric acid
and ethylene glycol under 40 V for 10 minutes and 80 V
for 4 minutes for 50nm and 200nm samples respectively.
The surface topography was analysed using optical and
electron microscopy. EDS, and XRD techniques were also
used to investigate the composition and crystal structure.
Nano scratching was done to assess the adhesion and
deformability of the thin oxidised surface. Water contact
angle testing was used to test surface wettability, while
corrosion response was investigated via potentiodynamic
& potentiostatic electrochemical corrosion tests in
Ringer’s Solution at 37 °C to simulate human bodily fluid.
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Results and Achievements

The anodised surfaces were confirmed to comprise of a
nano-textured surface containing nano-pores using high
magnification SEM. The pore size increased with
increasing anodising voltage. It was also noted that nano-
pore size exhibited variation on different samples treated
under the same conditions. Figure 1 shows a 50nm
sample which exhibits a honeycomb-like lattice
topographic structure, with an average pore diameter of
68.8t7 nm. The anodised surfaces had improved
hydrophilicity compared to untreated samples; average
water contact angles for 50nm, 200nm and UT samples
were 62.845.1° 62.7+7.4% and 72.0+8.5° respectively.
EDS analysis suggested that the coating thickness was too
small to be detected, while the amorphous nature of the
oxide meant that XRD analysis could not detect such a
layer.

Corrosion testing showed propensity for localised

g "I'g - y—
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Figure 1: 100KX magnification of 50nm sample with ~68
nm pore diameter, showing a honeycomb-like structure
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Introduction

In a typical household, up to 30% of the water
consumption is used for toilet flushings. In an attempt to
reduce fresh water consumption, grey water from
showers and sinks can be photocatalytically treated and
the resulting second class water used for flushings [1].

Project Objectives

To establish whether photocatalytic activity brings about
a measureable change in water conductivity and if this
change in conductivity could in fact measure and be used
as a real time assessment of the ongoing photocatalytic
activity. If this were possible then this simple
measurement would enable control of the photocatalytic
treatment and serve as a forewarning of the need for
maintenance or indeed replacement of the
photocatalytic surface.

Project Methodologies

During photocatalytic water treatment, semiconductor
materials release an electron when illuminated with
radiation of sufficient wavelength (energy). The electron
takes place in a reducing reaction that generate radical
that serve to breakdown the organic pollutants present in
the water [2]. In attempt to answer the project’s research
question, the conductivity of water was measured during
the photocatalytic water treatment so as to establish
whether the generation of the electron-hole pair and
subsequent reactions cause a measurable change in
water conductivity. A setup was constructed to carry out
water conductivity measurements under UV irradiation.
Tests were carried out using photocatalytic and non-
photocatalytic samples and the readings compared.

Figure 1: Setup to measure water conductivity

Results and Achievements

The results obtained are shown in Figure 2 below. It was
observed that photocatalysis did in fact cause an increase
in conductivity. The photocatalytically generated radicals
convert the organic pollutants into carbon dioxide and
this contributes to the increase in conductivity.
Measurement was a complex matter and using it as a
means of controlling the photocatalytic activity may be
more difficult than anticipated. The rise in conductivity
with time despite the termination of UV radiation
confirmed that other factors could be contributing to the
rise in conductivity. These factors may include
contamination of the water, excessive carbon dioxide
absorption and photodegradation of the equipment or
sample under UV radiation. It appears that other
measuring techniques should be investigated.
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3D-Printing of Porous Biometallic Implants
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Introduction

Generally, bone is characterized by an open-cell porous
structure. Implants need to be designed and
manufactured in a way that mimic bone as this would
allow the regeneration of bone tissue and restore bone
function at a damaged site [1]. When there is huge loss of
bone or non-union fractures, a support structure, termed
scaffold, is required in order to bridge the gap and allow
for bone regeneration. There are a number of additive
manufacturing methods that can create metallic
scaffolds. However, these tend to be capital intensive.

Proiect Obiectives

The aim of the project was to test a proof of concept that
creates scaffolds by an additive manufacturing process.
The idea and objective of the project was to test a
hypothesis that metallic scaffolds can be built by
extruding a sequence of metallic and a water soluble salt
extrudates. The salt extrudate after debinding and water
leaching becomes a pore while the metallic extrudate
after sintering becomes the strut.

Project Methodologies

Macro-porous scaffold preforms were fabricated using an
extrusion-based manufacturing technique. This involved
the fabrication of a layer-by-layer construct of alternating
metallic and space holder extrudates next to each other,
for the creation of a scaffold green.

A binder (paraffin-wax-polyethylene and stearic acid) was
mixed with a metallic powder (AISI 316 or commercially
pure iron) and NaF powder in order to create the metallic
and space-holder extrudates respectively. The extrudates
were then subjected to binder burn-off at 500°C followed
by first stage sintering at 900°C in a tube furnace. After
first stage sintering, the scaffold green was immersed in
distilled water to leach out the salt. The scaffold green,
was then dried at 110°C and later subjected to second
stage sintering in the tube furnace at 1200°C. The metallic
extrudates after processing became the struts while the
space-holder extrudates become pores.

For each processing stage, the scaffold extrudates were
analysed using X-Ray diffraction (XRD), Scanning Electron
Microscopy (SEM) and Energy-dispersive spectroscopy
(EDS) for elemental analysis.

©

Results and Achievements

The proposed proof of concept proved to be suitable to
achieve a basic open-celled porous metallic scaffolds. The
most promising metallic material for the proposed proof
of concept was made with Fe and NaF powders. Figure 1
shows the first scaffold prototype created together with
SEM imaging. The micrograph showed that after first
stage sintering the iron struts had minimal micro-porosity
and effective bonding. EDS analysis on the salt leached
microstructures revealed relatively minor traces of NaF.
This meant that salt leaching was done successfully. The
created scaffold struts after sintering at 1200°C had
relatively good inter-particle bonding and effective
adhesion between subsequent layers of the build-up.
Finally, EDS confirmed that the struts were composed of
alpha-iron and had no oxidation.

(b) (c)

Figure 1: 3D schematic representation (a) of the
metallic scaffold with the black circle indicating the
area on the scaffold where the SE-SEM image (c) was
captured and (b) a macro-image of the iron scaffold
after NaF leaching and second stage sintering
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Characterisation of Aluminium — Copper Brazed Joints

Introduction

This study has been carried out in collaboration with
Seifert System Inc, a leading company in the production
of HVAC systems intended for industrial applications.
Currently the outlet of the copper compressor fitting is
brazed to a copper heat exchanger. In an effort to cut
down costs, Seifert seek to replace the copper heat
exchanger with one made of aluminium. This would
require a copper —aluminium braze.

Project Objectives

The main objective of this study is to investigate the
effect of brazing parameters on the microstructure and
type of intermetallic formed and the subsequent impact
on the mechanical properties of the brazing joint.

Project Methodologies

In this study, a conventional torch was used to braze
Aluminium 6060 (EN AW6060) and Copper, Cu-DHP (EN
CWO024A) using as filler a Harris 4047 eutectic alloy
containing 88% Aluminium and 12% Silicon.

Two orientations namely, copper in aluminium and
aluminium in copper were considered. For either
orientations, gap sizes of 0.08mm, 0.10mm and 0.12mm
were tested. For each condition, three swage lengths
measured as 5.0mm, 6.5mm and 8.0mm were applied.

The effect of these brazing parameters was assessed by
carrying out, both mechanical and metallographic testing.
Samples were subjected to Pressure and Tensile testing
whilst Penetration of the brazing filler was measured by
making use of stereomicroscopy.

Furthermore, microstructural analysis was carried out
using both optical and scanning electron microscopy. In
an attempt to identify the type of intermetallics formed
on either the copper or aluminium side of the joint,
chemical and phase characterisation of the various areas
of interest was carried out using Energy Dispersive
Spectroscopy and X Ray Diffraction.

Results and Achievements

It was noted that the brazing parameters had a major
influence on the soundness of the joint attained. It
became apparent for example that the effect of thermal
conductivity and coefficient of thermal expansion the was
reversed with orientation!!,

The formation of columnar prismatic structures was
noted between the aluminium and brazing filler interface.
This related to what was found by other researchers,
including Xia et al. who claimed that such structure is
made up of a-Al Solid Solution 2.

As can be seen in Figure 1, two Intermetallics formed
between the copper and brazing filler interface. The layer
closest to the copper was identified as CusAl2 and that
adjacent to the brazing region as CuAl.. Other

researchers, including Xia et al. made similar observations
[2]
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Diffusion Analysis of Solid-State Batteries
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Introduction

The rapid technological advances combined with the
increased environmental awareness leading to further
interest in electric vehicles both serve as motivation for
further development in battery technology. Solid
electrolytes are a possible solution to increase the energy
density as well as the safety of batteries, eliminating the
dangers associated with the flammable liquid electrolyte
while offering the possibility of using a lithium anode,
which would significantly increase the energy density.
While typically solids do not exhibit good diffusional
properties, some have a less uniform crystal structure
allowing superior ionic motion through point defects.

Project Objectives

The aim of this project was to analyse the diffusion of
lithium ions through two solids, studying its variation with
temperature, as well as calculating the conductivity. This
was done to ultimately determine whether the
conductivity is comparable to that exhibited by liquid
electrolytes, that is within the range of 0.1 to 10 SmY,
which would make solid electrolytes a viable alternative.

Project Methodologies

Molecular dynamics simulations were carried out using
LAMMPS. The MSD of lithium ions as a function of time
was found for Li20O as well as lithium lanthanum zirconium
oxide, or LLZO, at different temperatures. The diffusion
coefficient and ionic conductivity were then determined
from the gradient of the MSD versus time plot and using
the Nernst-Einstein equation [1]. Figures 1 and 2 display
the MSD versus time plot for Li.O and LLZO respectively.
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Figure 1: Graph showing MSD (A2) vs Time (ps) for Li2O
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Results and Achievements

At low temperatures Li2O behaves like a typical solid
having limited ionic motion. As the temperature starts to
increase, lithium ions start to gain more kinetic energy,
enabling them to overcome the energy barrier needed for
diffusion to occur. Above 1000K, the rate of diffusion
increases significantly as its structure becomes more
disorganised. The results obtained closely match reported
literature. However, Li20 only exhibits high diffusion and
conductivity comparable to liquids at very high
temperatures, so it is not ideal for batteries.

Similarly, in the case of LLZO the rate of diffusion
becomes significantly high at around 1000K, as it starts to
transform from the structured tetragonal phase into the
more open cubic phase. While results show that the
conductivity of tetragonal LLZO at low temperatures is
still not sufficient, when it transforms to cubic LLZO it
shows superior diffusional properties comparable to
liquids. Thus, cubic LLZO is a very promising solid
electrolyte in terms of ionic conductivity. Other studies
have shown that cubic LLZO can be stabilised at lower
temperatures through doping, reaching conductivities
that are two orders of magnitude higher than the
tetragonal phase [2]. Future work could therefore focus
on modelling the diffusional properties of doped LLZO.
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Characterisation of Roman Pottery from Malta
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Introduction

In the field of archaeometry, a large number of
characterisation techniques are available for the study of
archaeological materials. Application of the right
techniques can reveal the material history (material,
production method & use) of an artefact [1]. Although
the Maltese Islands are rich in archaeological heritage
only a few characterisation studies have been carried out
on pottery, in particular on Roman coarse ware. In this
study, four Roman pottery samples prepared as
embedded cross-sections were examined for their
constituent materials, while five clay samples were also
analysed and compared to two of the pottery sherds.

Project Objectives

The main aim of this study was to develop a procedure
to characterise Roman period pottery. Four Roman
period pottery samples excavated from three sites in
the Maltese islands: (i) Foreman Street (Gozo) (ii) Ghar
ix- Xih (Gozo), and (iii) Tas- Silg (Malta), were
characterized and compared. Further to this, a material
comparison between the two fired Roman pottery
samples, excavated from Foreman Street, and the clay
material recovered from Gelmus Hill (located close to
Foreman Street) was done in an attempt to locate a
possible pottery production site.

Project Methodologies

Four pottery shards and five clay samples were
supplied for further study. These samples were made
available by the Department of Archaeology of the
Faculty of Arts, University of Malta. The procedure
developed to characterise the pottery samples was a
combination of the following:

(i) Optical Microscopy to categorize and list the
different inclusion types identifiable in the fragments,
(ii) Scanning Electron Microscopy coupled with Energy

Figure 1: Image of pottery sample P14 with a calcite
inclusion enclosed in a red box

Dispersive Spectroscopy (SEM-EDS) to obtain high
maghnification images of the pottery samples while
identifying the elemental composition of the
inclusions and matrix,

(iii) X-Ray Diffraction (XRD) and micro-Raman
Spectroscopy (U-RM).

XRD was employed to gather information about
the crystalline phases occurring in the bulk
material. u-RM allows for the chemical analysis
of specific phases (inclusions and matrix) within
the material fabric.

Results and Achievements

The procedure developed enabled the possibility to
discover the elemental make-up of the major
constituents within the pottery samples.

The most abundant materials found within the
pottery fragments were siliceous materials, iron
oxides and carbonates. X-Ray Diffraction studies
identified traces of glauconite and anorthoclase in
the pottery samples. These two minerals play an
important role in determining whether the pottery
samples were in fact produced locally, imported or if
certain minerals, such as anorthoclase, were
imported to be used as temper in the local mixture.

References

[1][Di Caprio N.] ‘[Ceramics in Archaeology: From
Prehistoric to Medieval times in Europe and the
Mediterranean Ancient Craftmanship and modern
laboratory techniques]’ 2017.

Specirum | SP14_white particie1

14 000

13000

5

Infensity (counts)

260 400 . &m . 300 . 1000 1 ?00 1 lOﬁ . 1 SDB .
Raman shift (cm™')

Figure 2: Raman spectrum of calcite inclusion in sample
P14

©




Faculty of ENGINEERING
T

Photocatalytic Titanium Dioxide Films by the Sol-Gel
Process for Water Treatment Applications

Introduction

In this preliminary study, a titanium dioxide (TiO2)
photoactive thin film was prepared by the sol-gel process
and applied to transparent fused silica glass by a dip-
coating process. The film was designed to function as a
photocatalyst for the breakdown of organic species in
greywater.

Project Objectives

The main objectives of this study were to prepare a stable
TiO2 sol, deposit the sol by dip coating, establish a heat
treatment procedure to transform the film into a
photoactive one, and to characterize the films for their
physical, chemical and mechanical properties.

Project Methodologies

The preparation of a TiO: sol involves mixing of a metal
alkoxide precursor in an appropriate solvent. Therefore,
the first part of this work was dedicated to varying the
precursor concentration and solvent until a stable sol
suitable for dip coating was obtained.

In the second part of this work, the sol was applied to
fused silica glass substrates, and dried to obtain an
amorphous xerogel film. Multilayer films were deposited
to increase film thickness. The films were then subjected
to a heat treatment process to transform them to in
polycrystalline, and photocatalytically active structures.

Surface topography and film defects of the heat treated
TiO2 films were observed using optical and electron
microscopy. Further characterization was carried out
using Grazing Incident X-Ray Diffraction and Raman
Spectroscopy.

UV/Visible spectrometry was employed to determine the
optical transmittance of the films. The geometrical
thickness of a 1 layer film was obtained by an
ellipsometic. The structural integrity and wear resistance
of the films were assessed via a Nanoscratch test.

©

Results and Achievements

The sol providing a good compromise between stability
and film formation was identified and was composed of
0.56 wt% TiO.. Heat treatment conditions which best
produced photoactive films involved heating to 500°C at
a rate of 10 °Cmin‘%, for 30 minutes in open atmosphere.
The resulting structure of the films consisted mainly of
anatase. As expected, an increase in film thickness,
obtained by depositing multilayer films, led to a drop in
%transmission in the wavelength range 300 to 400 nm. A
9-layer film absorbed more than 95% of wavelengths in
the UVC range (A ~ <200 — 280 nm). This was deemed to
be an important result since high absorption of UVC will
induce good photocatalytic properties. The thickness of a
single layer of TiO2 was estimated to be around 63 nm by
the ellipsometric technique. The wear properties were
improved with increasing number of layers.
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The Effect of Duplex Shot Peening on the Wear
Resistance of Austempered Ductile Iron

Student: Noel Pace / Supervisor: Dr Ing. Ann Zammit / Co-Supervisor: Dr Ing. Glenn Cassar

Introduction

Austempered ductile iron (ADI) is a used in a vast range of
applications including components used for automotive
and military equipment. ADI possesses very promising
properties such as good fatigue and wear resistance [1].
One type of wear phenomenon is scuffing which occurs in
inadequately lubricated systems and as a result, the
surfaces in contact cold weld together and then tear as
the surfaces move away from each other. The scuffing
resistance of the ADI is highly comparable to that of steel,
with the ADI having better economic and manufacturing
benefits.

Project Objectives

The objectives of this project were to study the effect of
single and duplex shot peening (SP) on the microstructure
and the scuffing resistance of ADI.

Project Methodologies

Test coupons were machined from as-cast ductile iron
keel blocks. These coupons were transformed into
austempered ductile iron by austenitising the material at
900°C for 120 minutes, followed by rapid quenching in
molten salt at 360°C. The material was kept isothermally
at this temperature for 90 minutes and left to cool in air.
Single SP and duplex SP surface treatments were carried
out on the surface of multiple samples. For single SP,
S330 shots were accelerated towards the surface at an
intensity of 0.32 mmA while for duplex SP, S330 shots
were targeted at the same intensity followed by S110
shot media at 0.47 mmA. Finally, boundary lubricated
scuffing tests using a pin-on-disk setup were carried out
at incremental loadings of 2 kg every 120 seconds.

Ausferrite
Graphite

Nodules Matrix

Figure 1: The resulting microstructure of as-ADI

Results and Achievements

The austempering heat treatment produced a
microstructure consisting of graphite nodules dispersed
in an ausferrite matrix as shown in Figure 1 [2]. The
hardness of duplex SP ADI increased by 33% compared to
as-austempered ductile iron. This is a result of austenite
to martensite transformation, together with work
hardening of the surface by the SP process. By duplex SP,
the surface roughness R, increased from 1.2929 um to
0.0342 pum. Specimens processed with single SP produced
the roughest surfaces at an R, of 1.3895 um. This increase
in surface roughness is a result of the dimples that form
in the surface after SP.

Figure 2 depicts the results obtained for the scuffing tests
and shows how single SP and duplex SP did not improve
the scuffing resistance of the ADI. It was concluded that
the reason behind this was the fact that the
improvements in hardness achieved with the shot
peening processes, were counterbalanced by the increase
in the surface roughness.

References

[1] G. L. Greno, J. L. Otegui, and R. E. Boeri, “Mechanisms of
fatigue crack growth in Austempered Ductile Iron,” Int. J.
Fatigue, vol. 21, no. 1, pp. 35-43, 1999.

[2] Jianghuai.Y and Susil. K. P., “Effect of microstructure on
abrasion wear behavior of austempered ductile cast iron (ADI)
processed by a novel two-step austempering process,” Mater.
Sci. Eng. A, vol. 406, no. 1-2, pp. 217-228, 2005.

200+
180
160
140
120 4
100
80
60
40 4

20+

As-austempered Single SP ADI Duplex SP ADI

Figure 2: The scuffing load with relation to the Ra value




Faculty of ENGINEERING
T

The Effect of Heat Treatment Process Parameters on
the Microstructure and Impact Properties of X46Cr13

Introduction In fact, the average grain diameter for samples
austenitised once at 1040°C/45 mins was 39.89 um
whilst that for samples double austenitised at
1060°C/45 mins and 980°C/45 mins was 19.81 um.

This study was conducted in collaboration with
Methode Electronics Ltd. X46Crl3 is a martensitic
stainless steel supplied in its annealed form and is used
to manufacture torque sensors. This process is carried
out using vacuum furnaces and in batches of over a
tonne in weight.

It was shown that increasing the tempering
temperature led to MsC carbides transforming into
MsCs and eventually to M23Ce. Samples tempered at
Project Objectives 500°C were found to start showing signs of
sensitization, a phenomenon that was fully developed

One of the main requirements for such application is as the tempering temperature increased to 700°C.

the magnetic properties, however mechanical
properties and primarily impact properties are also
critical. This research therefore seeks to establish the
effect of heat treatment and in particular ‘double
austenitising’ on the microstructure and impact
properties of X46Cr13.

Results seem to suggest a marginal increase in impact
energy following double austenitisation process. This is
however dubious as the error bars overlap.

Microstructures of samples subjected to different
austenitising cycles, but similar tempering temperature
were very similar and a change in performance, if any,
can only be attributed to changes in grain size, which
were noticeable.

Project Methodologies

K. Srivatsa et al. claimed that double austenitising leads
to a simultaneous improvement in tensile and impact
properties [1]. It was therefore decided to compare the

impaCt and microstructural characteristics Of Samples Effect of Tempering Temperature on Impact Energy after Single & Double Austenitising
subject to single and double austenitising treatments. 20 -
Some samples were austenitised at 1040°C for 45 P
minutes whilst others were austenitised at 1040°C for
45 mins and 980°C for 45 mins, as well as 1060°C for 45 A e S I
mins and 980°C for 45 mins. All hardening samples were I 14 b i e D i
tempered twice at temperatures between 200°C and B 12- L Patmemial Fitof 1080°C ASmin80°C43mn
700°C. Samples were characterised using different E 10
techniques, namely the optical microscope, SEM, EDS, 5 N
XRD and impact testing machine. The microstructural g
analysis involved identifying the carbides present, - 64
measuring the grain size, carbide size and carbide 4 4
density. The results were correlated to those obtained o]
by the XRD and impact testing. T . T 1
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Results and Achievements Tempering Temperature (°C)
Metallographic analysis of samples subjected to a
double austenitising treatment showed an increase in
carbide quantity and size when compared to their
counterparts austenitised once at 1040°C. It was
however difficult to corroborate this using the X-Ray
diffraction technique as quantities of carbides being
measured were of the same order of magnitude as that References
of the instrument’s accuracy. Optical micrographs also [1] Kulkarni Srivatsa, Perla Srinivas, G Balachandran and V
showed that double hardening treatment led to a finer Balasubramanian, Improvement of Impact toughness by

modified hot working and heat treatment in 13%Cr Martensitic

grain size. . ) . . .
Stainless Steel, Materials Science & Engineering, 2016.
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CoCrMo(C)/CrN Dual Layer Coating for Biomedical

316LM

Introduction

The demand for surgical procedures involving medical
implant devices drives research on implant materials to
further their performance. Austenitic stainless steel,
316LVM, is a popular implant material due to its cost-
effectiveness, good corrosion resistance and mechanical
properties. This biomaterial however displayed poor
tribocorrosion resistance and is susceptible to localised
corrosion in chlorine containing environments. Surface
engineering through the application of coatings is a
potential tool to enhance its performance and
applicability. In this work a dual PVD layer consisting of
CrN layer followed by an outer CoCrMo(C) S-phase layer
(S/CrN) was the subject of the investigation.

Project Objectives

The main aim of the project was to characterise and
investigate the corrosion and tribocorrosion response of
S/CrN coated 316LVM in the as-deposited and two post
deposition heat treatment conditions in an environment
mimicking the human body.

Project Methodologies

Mirror polished AISI 316LVM stainless steel samples
were coated with S/CrN using magnetron sputtering
PVD. The coatings were post-deposition heat treated
using two sets of conditions. The first heat treatment
was carried out in a reducing environment containing
95% N and 5% H (S/CrN-HTR). The second was carried
out in a partial vacuum of air - slightly oxidising
environment (S/CrN-HTO). Both treatments were carried
out at 600°C. The structure, composition, nanohardness,
scratch response, corrosion behaviour and
tribocorrosion response against alumina of the uncoated
substrate and the as-deposited and heat treated coated
316LVM were investigated. LT 316LVM
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Electrochemical potentiodynamic static corrosion testing
and reciprocating sliding tribocorrosion testing were
carried out in full strength Ringer’s solution.
Tribocorrosion tests were carried out against an alumina
counterface under a frequency of 1Hz and a normal load
of 3N under both open circuit potential (OCP) and anodic
potential (AP) conditions to study the various
contribution to material losses.

Results and Achievements

S/CrN exhibited higher hardness (17.4GPa) than the U/T
316LVM sample (4.4 GPa). Coating hardness was further
increased to a similar hardness of ~22.6GPa following
either of the heat treatments. The as-deposited and heat
treated samples displayed good adhesion and
deformation damage resistance during the nano-scratch
testing. S/CrN displayed better corrosion response to the
uncoated 316LVM (Figure 1). Heat treatment of the
coatings resulted in restricting the passive region with
S/CrN-HTR displaying the least corrosion resistance. At
the high potential transpassive dissolution and localised
corrosion occurred.

Tribocorrosion  evaluation under OCP and AP
electrochemical conditions, showed that S/CrN-HTO
exhibited the best tribocorrosion response (Figure 2). This
was attributed to the largely inert chromium oxide
(Cr20s3) layer formed on its surface during heat treatment
which supressed the main synergistic material loss
contributor for the untreated, S/CrN-AD and S/CrN-HTR
test materials involving the cyclic formation and removal
of the passive film referred in literature as Type |
corrosion-wear synergy.
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Development of a Non-Magnetic Fe-Mn-Ag

Biodegradable Alloy

Introduction

Recently, biodegradable metallic implants have been
gaining interest within the biomedical sector. A suitable
alloy made from Fe-Mn-Ag developed with powder
metallurgy  techniques could result in an
antiferromagnetic implant which would degrade within
the body at an optimal rate while also being
compatible with MRI.

Project Objectives

The objectives of this project were to develop a
procedure to prepare alloyed Fe-35Mn powder using ball
milling and to study the effect of various processing
parameters on powder morphology and composition.

Project Methodologies

In this work, the effect of the ball milling of Fe-35Mn
powder on the resultant particle size and circularity was
studied. A set of milling runs with different properties,
such as milling time and speed, were set up to analyze
the variation of the process with respect to the resultant
particle size and circularity with a statistical technique
called the ‘Taguchi Method’. The analysis was based on
the fact that smaller, more circular particles would have a
larger surface area which would help drive diffusion and
densification in the early stages of sintering [1].

A second test was designed to study the effect of
individual variables of the ball milling procedure with the
intention of obtaining the optimal parameters for alloying
Fe and Mn powders and producing the non-magnetic
austenite phase. The powder produced with the most
optimal parameters from this test was then mixed with
silver powder. Coupons were prepared via uniaxial
pressing and sintered at a temperature which exceeds
the melting temperature of silver, so as to aid in the
diffusion of the other particles and inhibit the formation
of micro-pores through liquid-phase sintering [2].

The resultant powders and compacts were imaged with
the use of optical microscopy and scanning electron
microscopy (SEM) to observe the results of the milling
and sintering. Characterization was done with X-ray
diffraction (XRD) to determine whether the austenite
phase was obtained.
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Results and Achievements

The Fe and Mn powders were successfully mechanically
alloyed with the use of ball milling, forming the non-
magnetic austenite phase with only small amounts of
ferrite present. This was confirmed with X-ray diffraction
of the resultant powders, as can be seen in Figure 1,
along a non-alloyed powder.

The Fe35Mn5Ag compact prepared indicated that the
silver was homogeneously distributed within the coupon
however some micro-porosity remained. The resultant
alloy shows promise in being a suitable material for
biodegradable implants.
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MINISTRY FOR EDUCATION AND EMPLOYMENT

MYyjourney:

Achieving through
different paths

DESIGN AND

TECHNOLOGY

As part of the My Journey initiative, students in secondary school

now have the option to immerse themselves in the fascinating world

of design and technology with hands-on experience.

Students are now able to blend relevant and gquality academic, applied and vocational

subjects in a persondlised and inclusive learning environment that enables them to reach
their full potential.

Through the introduction of My Journey, secondary school students will be able to opt for
different forms of learning and assessments, have the opportunity to reach the same level of
qualifications and be equally employable regardless of the blends of options they’ll choose
to study.

It's time to improve on what we have, and try to build an education where children enjoy
going to school every day.

For more information kindly visit myjourney.edu.mt or nextyear.edu.mt
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