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Alligator Egg Harvesting Robot (AEHR)

gixn:anm |

The AEHR is a remote-controlled robot deployed to
alligator farms and in nature where alligators lay eggs in
nests. The robot is capable of entering high-risk zones and
harvest the eggs. Existing solutions pose a danger to the
human harvester and the process is costly due to the use
of helicopters or other suspension mechanisms. The AEHR
aims to replace such solutions.

The AEHR is built on a ground platform driven by four wheel-
belts units. Other functional assemblies are mounted on
the platform: two DOF servo-driven robot arm with gripper
to capture the egg in both vertical and horizontal positions;
front and ground-tilted video cameras; control system for
enabling remote control via a web- based GUI to drive and
operate the robot. The platform includes a power system
using12 VDC lithium-ion rechargeable batteries. Computer
vision annotated camera feeds and cognitive navigation
capabilities were also examined.

nuan 7'1°'N'2,2119 |'T1°2

IN NI'N 2,010 NIN2 wnw! inan gl uian i AEHR
TN UI2ND .12 ' Y 0100 00PN 0N2 0NAN2 Yavd
N13021 0¥ O1'7.0'¥'10 §'Uj7 X2 0TR 1127 012100 0NNNT
UNIINI 21001 17" DNIY PNl DTRAE 0N Y2 Y NTNon

.0mu NnNo 970! AEHR 71001 0'Wax DY NIVYNANI

VXY NN NY2IR Y'Y NVam nwa anmiou'e i AEHR
NIT MY N'YIN YNT 0717000 IRY O'RYNA1 NN1I5UTon 7y
I79IN [DIN2 NX'AN NT'D7 12221 1701 1IN0 "W NV wUoin
7IW9N1 21017 orwnwn Wik gunni T INT1TINTYN 1IN IN
N7710 NIT'NY Y N2 NID NO9I7 N7'n NNnioyIon .uinnn
NiM'7¥Nn NIt 77121 2 M2 .00'%9w TNt 12VDC Lithium nyw

NIgI7 Ul NIzt nawnmn n'R17 Nnyn oy




ADA'DPNNO
WTNIXID PN

2023 |I"10U n71N119 Ni7710 TINN

Accumulator, Formula Technion 2023
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The "Formula Students” project is a long-term initiative
spanning over 24 years, facilitating participation from
universities worldwide in the construction and subsequent
competition of vehicles. Previously, the vehicles utilized
internal combustion engines, but since two years ago, the
project has transitioned to electric engines. Teams involved
inthe project leverage the accumulated knowledge, insights,
and assets from previous years to continually enhance the
vehicle assemblies.

The design requirements for the project stem from
two primary sources: the regulations established by
the international competition and the specific project
requirements outlined by the system engineering team.
Within the project, the team assumes responsibility for
developing the battery pack, a critical component of the
vehicle.

The shift from internal combustion engines to electric power
systems presented significant challenges in the design of
the battery case. However, the team remains committed
to learning from past mistakes and striving for continuous
improvement in the battery case design. As the primary
power source for the vehicle, the battery pack comprises
multiple battery blocks that collectively supply electricity to
all essential systems.
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Qualitative study of transient behaviour of shock waves in a shock

tube with a backward facing step

Omri Ram, Assistant Professor :nNNIM | Shubhankar Jadhav, Yoav Gichon, Hemanth Chandravamsi

e The current work investigates the transient behaviour of
shock waves in a shock tube with a backward-facing step.
Shock tubes are widely used in various fields, including
aerospace and automotive engineering, to study high-
speed fluid dynamics and the interaction of shock waves
with solid obstacles. The presence of a backward-facing
step introduces additional complexities to the shock wave
dynamics, such as reflection, refraction, and interaction
with the boundary layer.

e The objective of this study is to analyse the transient
behaviour of shock waves in the presence of a backward-
facing step using experimental and numerical techniques.
Experimental measurements are conducted using high-
speed

Schlieren imaging and pressure sensors to capture the
shock wave dynamics and its long term interaction with
the step. Additionally, computational fluid dynamics (CFD)
simulations were performed to gain further insights into
the underlying flow physics.

e In particular the effect of step height and incident shock
wave strength on the transient shock patterns are studied.
The transient response of shock waves, including the
reflection and interaction of the shock wave and vortices,
is analysed and compared with theoretical models and
existing literature. The research aims to provide a better
understanding of the shock wave behaviour in the presence
of a backward-facing step and its implications for practical
applications.

e The findings of this research have implications for the
design and optimization of shock tube experiments and
the development of computational models for shock wave
simulations. The insights gained from this study contribute
tothe broader understanding of high-speed flow phenomena
and can potentially impact fields such as confined blast
wave propagation and Industrial fuel transmission through

pipes.
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Design of the uprights and the dynamic model for the Formula’s car 2023

NN OXOW 1"T M

The aim of the project is to design and manufacture the
uprights of the Formula Technion 2023 race car. The
upright is the static part of a wheel assembly, which links
the wheel assembly to the suspension and steering. The
main function of the upright is to transfer all the forces and
torques between the wheels and the suspension. This part
of the vehicle must withstand loads and vibrations while
maintaining optimal dynamic performance of the vehicle. In
order to test the strength, the rigidity, the safety factor and
the compliance with the system engineering requirements,
a simulation was performed for three situations: a sharp
left turn with weak braking, a slight left turn with strong
braking, and maximum acceleration while a slight left turn.

In addition, we wrote a Matlab code for the dynamic model
whose goal is to get as good an assessment as possible
of the vehicle's performance for a given track. From this
dynamic model, for example, the required battery capacity,
the lap time, the speed of the vehicle at each point on the
track, requirements on the performance of the cooling
system, and more are obtained.
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Drag Reduction System
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The drag reduction system (DRS) has become a key
technology in the world of Formula car racing, aimed
at enhancing overtaking opportunities and optimizing
straight-line speed while maintaining safety. The DRS
is a deployable aerodynamic device that alters the car's
rear wing configuration to minimize aerodynamic drag
and maximize top speed. In the Formula Technion Team It
utilizes a mechanism actuated by a servo motor, activated
by the driver manually. When activated, the rear wing's
angle of attack decreases, reducing the drag generated
by the car. This allows for higher speeds and improves
the cars acceleration, particularly on long straights. The
effectiveness of the DRS is influenced by several factors,
including the aerodynamic characteristics of the car,
track conditions, and regulations imposed by motorsport
governing bodies.
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E-Straw - cooling and heating device based on Thermoelectric-Coolers

NNITAN'T:NNIN | 2120719 DVI,N'AT I'UN ,IN'A WU

Craving a hot beverage on a chilly winter day or a refreshing
cold drink on a summer day? We all know that feeling.
Introducing our revolutionary product that will fulfill your
beverage desires like never before! Our goal is to provide
you with the ultimate drinking experience by heating and
cooling your favorite drinks to the perfect temperature.
With just a touch of a button on our sleek device, you can
enjoy your beverage exactly the way you want it. The secret
lies in our use of an advanced technology, Thermoelectric-
Coolers, which allows you to heat or cool your drink up to
40 degrees Celsius. No more waiting around for your drink
to heat up or cool down - our device works its magic in no
time! What sets our product apart from the competitorsis its
short waiting time and portability. Whether you're at home,
the office, or on the go, you can enjoy your perfectly heated
or cooled beverage wherever you are. Don't compromise
on your drink's temperature. Experience optimal drinking
pleasure with our innovative device.
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Developing and Manufacturing the Monocoque Chassis - Formula SAE

V70 'yN91:nnn

In the framework of the Formula Student competition,
an international competition among various universities
worldwide, we researched, developed, and manufactured
for the first time a Monocoque chassis demonstrator (a
chassis made of composite materials) that will enhance
the project's capabilities in the competition. In general,
composite materials have a high strength-to-weight ratio
but lack a routine characteristic. There are numerous
options, each of which affects the final product. Due to the
demanding competition rules that require high capabilities,
there is a need to investigate the behavior of the final
material based on its raw components, specialize in
chassis production, and demonstrate the chassis’ durability
according toregulations. In the future, the Technion Formula
team is planning to transition from a steel rod chassis to a
Monocoque chassis, thus consistently reaching the highest
levels.
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Chassis system-Technion Formula car 2023
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As part of the student formula team of 2023, whose goal
is to develop and produce an autonomous electric formula
vehicle for competitions across Europe against universities
from all over the world, we developed the chassis system
for the vehicle from the planning stage to production. The
purpose of the chassis is to integrate all the vehicle systems
into one piece - one vehicle. The chassis is made of a truss
of bars made of hardened steel, which were welded by the
team members in the formula workshop at the Technion.
The competition regulations of the formula define the space
of solutions within which the chassis lives and according
to which it should be designed. The chassis is designed in
such a way that it will comply with all the articles of the
competition regulations and will provide a response of
high rigidity to twisting, which is important for the vehicle's
behavior and a response to all the vehicle's systems, while
mainly looking at weight and safety factors. This year we
gave a main answer to the rigidity of the chassis to gain
a good behavior of the vehicle. In addition, as part of the
chassis team, a new kind of jack is being developed that for
the first time will be able to lift the entire vehicle in one shot.

NNIUN WK, 2023 MY 7U N'JITIV0N N71N1190 NXI2[7 1120102
N9I17'N '2N12 NIMNNNY MIIYIX '7a¢N 1710719 2271 1X"91 Nh9Y
XN TYIE 0NN 27U 1INAD ,071VN 700 NINY'TN2AIN TN
N'YUINR TARY N NTIWN N1un 2019 nT7wn Novn NN
MUY NTIUN JTNR 12719-NNX NYPNT 2210 NIDwn 770 NX
Y 12NN WX NNoinn NT79 NNYY WX NI J20nn
¢ NNNAN N L1M2U2 N7MIDn N1Toa ANRpn nan
OXNN21 NN NTIYN 1DIN2Y NIINN9N 2N AR 1'Tan n7mMaon
VY TMuNY N1Ix¥2 N122M1 ATIvn 1120 N nims rx
71N'97 NN NINWE 99 N 01 NNNNa |10 9o 770
710 ,2070 NIDN 7737 munl 2270 NNNNYT 2N WX 12T
M{7'V NIV 1201 MWD |INY2 T 77wn 7y NPy NI7oNon

.2070 W 1210 Nanann nNnng M nTIwn NNl

721 NMIWRIIY TTIVT 1221 NNID ATIWN NI N120N2 fona
JINN N12N2 2070 70 N 0nnY




DA 'DPIMNO
WTNIXID PN

2023 171111971 22712 NMIIVIXRI AT 12 ND1VUn

Manual and autonomous steering system of the 2023 formula car
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The Formula student race competition of 2023 includes
an autonomous event in addition to the manual steering
event. In order to compete in the autonomous event a
mechanism has been designed. The mechanism base on
drive transmission using electric motor an clutch towards
timing belt transmission connected to the steering rod. The
manual steering mechanism connect between the front
wheels to the steering wheel via the steering rod and the
rack and pinion. This is the first time at the formula student
race Technion group that there is no need in disconnecting
the autonomous mechanism between event and there is no
self-locking and jam.
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Running device for testing the life of a sliding circuit breaker
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project goal is to develop and produce a device that will be
able to cyclically drive a product which is being developed by
the medical company, ONEPASS, and to examine whether
the product experiences failures during a specified number
of cycles. The main challenges we faced were matching the
device to the product’s geometry while preventing excessive
constraints on the system, and reaching a high level of
reliability. The device itself is based on a drive screw and
has two points of contact with the product: front contact
point where we fixed the static part, and back enable its
coordinated movement with the rail. The device contains
production parts, a drive system, controls, and safety
mechanisms.
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Design power transmission system for formula car
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The power transmission system is a system that transfers
torque from the motor to the wheels, the electric motor
produces a maximum torque of about 240 [Nm] and
transmits it to the differential through two gears in a 1:4
ratio (the torque received by the differential is 4 times that
produced by the motor], i.e. the output torque is 960 [Nm]

In order to meet the requirement, the link between the
engine and the differential is carried out through a chain
transmission.

The differential is limited-slip , meaning that when one
of the wheels slips, the differential still splits the power
between the wheels - unlike the regular differential that
transfers all the power to the sliding wheel - in order to
remove the vehicle from the sliding area.

The axles are connected on one side to the differential
through bearings, cups, and to the wheels on the other
through a bearing of a similar type. The hinges are made of
solid steel to withstand torque moments.
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Lens Extractor
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In Rafael, optical components are used for observation
equipment, photography, etc. As part of the production
of the means, the optical components are glued using
adhesives inside mounts designed to hold the optical
component. Sometimes it is necessary to extract the optical
components from the adhesion in the lens housings.

Today, the disassembly is done manually, which takes a long
time, and may cause damage to the optical component.

The goal of the project is to design a device that will
automatically extract the lenses, while preserving them.
the project is required to answer the challenges of a variety
of lens structures and lens geometries, high precision,
simplicity, and safety for the operator. The system will
include a laser cutting machine, because of the high level
of precision of the device and the modularity of the planar
movement. In addition, the vertical movement of the lens in
space is performed using the help of two motors integrated
with drive screws and two rails. This method is like a 3D
printer and enables the modularity of the system.
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Cat’s Eye
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The Purpose of our project is to design and manufacture a
device capable of dropping up to five units of "Cat's eyes”
to the ground from a moving vehicle. "Cat’s eyes” units are
light reflecting boxes that are placed on roads. The planned
device is in fact a box connected to the bottom of the vehicle
and contains the units.

Using a linear actuator, each unit is moved from its place
to the drop tunnel on top of a sliding surface, where the
unit changes its orientation so that the unit falls to the
ground keeping its base parallel to the ground. The system
is monitored with an infra-red sensor that informs the
operator that each unit was dropped. The operation of the
system is controlled by an Arduino controller.
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A system for performing radial loading experiments on composite

cylinder tank models
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Pressure vessels made of composite materials require
strict tests (loading up to explosion) to validate the design
and production. Testing the pressure vessels entails a high
financial cost cause from a complex experimental set-up.
Instead of testing an entire tank, it is possible to perform
an endurance test for a partial (cylindrical) section of it. The
experimental system that is being built allows the test to
be performed in a simpler, more convenient and cheaper
way. Based on a pressing machine, a pair of inverted cones
are attached to the arms of the machine, one up and one
down, the purpose of these cones is to increase the force
and change its direction from longitudinal to transverse
- radial, while deforming the specimen. By pressing the
cones 8 radial arms are sliding and activate the force to the
cylindrical specimen. The pressure measurement system
is based on force meters located in one of the arms and
provides an indication throughout the operation of the
pressure exerted on the model at any given moment. It is
possible to mount additional spacers on the basic device
to perform the experiment on containers .of different
diameters.
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Machine for passive treatment for the muscles
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Beit Miriam is a rehabilitation center for individuals with
disabilities, and we were asked to carry out a rehabilitation
project for them. In order to prevent muscle deterioration
in individuals with motor disabilities (resulting from lack
of muscle activity due to accidents or genetic/acquired
diseases), the therapist performs passive occupational
therapy on the upper extremity forearm of the patient. This
therapy includes lifting, lowering, rotating, folding, and
aligning the hand to maintain muscle function and prevent a
decrease in their range of motion .

The planned machine replaces the work of the therapist in
occupational therapy. It provides a certain level of control to
the patient and performs the required actions on each hand.
The machine utilizes motors that cyclically drive a series
of horizontal and vertical movements through pulleys
connected to the patient’s forearm. Space constraints and
budget limitations led us to develop unique solutions to
implement the required movements and adapt them to a
variety of patients.
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Utilization of the Fin Ray® Effect to Grip Soft Objects
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We developed a specialized gripper for a robotic arm,
specifically designed to handle soft and fragile objects,
with a particular emphasis on gripping fish fillets.
Our innovative approach utilizes a scooping motion to
minimize stress and preserve the structural integrity of
the fish, departing from conventional squeezing or suction
mechanisms. To accommodate varying fish sizes and
mitigate potential damage, we implemented a parallel
gripping system. Drawing inspiration from the Fin Ray®
Effect, we incorporated compliant fingers which exhibit
a caging behavior in response to applied forces against
them, effectively conforming around the object. The results
of this project provide a practical and effective solution for
manipulating soft and fragile objects, demonstrating the
potential of a scooping-based gripper to advance robotic
arm applications
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Sports biomechanics applies engineering principles, such
as kinematics (joint angles and movement patterns) and
kinetics (forces analysis), to analyze sports movements,
optimize performance, prevent injuries, and develop
biomechanical models. Traditional biomechanics analysis
methods often focus on isolated peak values, potentially
missing important information in the continuous movement
range. In contrast, One-dimensional Statistical Parametric
Mapping (SPM1D]) assesses entire movement curves,
revealing subtle patterns and variations not captured by
discrete point analysis. This project entails conducting
a scoping review on SPM1D applications in sports
biomechanics, specifically focusing on the lower limbs. The
review aims to enhance understanding, identify knowledge
gaps, and explore awide range of research in the field. Unlike
systematic reviews, it comprehensively examines the field
without synthesizing specific results for a specific question.
The review identified diverse applications of SPM1D in
sports biomechanics. However, significant gaps remain,
such as the underrepresentation of less common sports
and injuries, as well as a focus on laboratory measurements
rather than real-world conditions. In addition, most studies
focused on healthy adults. Implementing SPM1D in sports
biomechanics can revolutionize sports injury treatment,
optimize athletic performance, and enhance the analysis of
subtle joint movement patterns.
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Impact of Boiling Plates Geometry on Two-Phase Immersion Cooling
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As the power density of chips continues to rise, traditional
air cooling methods are becoming inadequate. Immersion
cooling has emerged as a promising alternative due to
its ability to provide high heat transfer coefficients while
consuming less energy.

This project focuses on the impact of different boiling plate
geometries and porosity on the thermal performance of
cooling high power chips using two-phase immersion
cooling. The performance of wave, saw tooth and pins
boiling plate geometry were compared to a flat plate
geometry. In addition, two coated surfaces were tested: a
sintered copper coating with a thickness of 240pm and a
grain size of 60um, and a sintered mesh copper with a wire
diameter of 100pum and a wire gap of 500um.
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Comparative Life Cycle Assessment of Combined Electro-Thermo-

Chemical Technology and Battery-Electric Powertrains
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Electric vehicles (EVs) are being globally promoted as a
means to mitigate greenhouse gas emissions and improve
air quality in urban areas. However, it is crucial to explore
alternative propulsion systems that can align with climate
change and air quality policies without exacerbating
other environmental impacts. This study presents a
comprehensive comparative life-cycle assessment between
a battery-electric vehicle (BEV) and a novel combined
electro-thermo-chemical (CETC) propulsion technology,
comprising a fuel cell, an internal-combustion engine,
and thermochemical recuperation. The findings reveal
that the CETC vehicle outperforms the BEV across various
environmental impact categories.
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Experiments on gas - assisted liquid jet atomization
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The term "atomization” refers to the breakup of a liquid
body into smaller droplets. This process is widely used
in combustion processes as well as for the production of
powders for 3D printing. Gas assisted atomization involves
a two-phase flow process whose complexity depends on
several geometric parameters associated with the nozzle
design such as the apex angle and the liquid delivery tube
protrusion. Experiments using digital inline holography, will
be conducted to understand the break-up of a liquid by gas-
assisted atomization. The advantage of this technique is
that there is no need for focusing which is done post-priori,
while the illumination time is of the order of nanoseconds
which allows to “freeze” the fast break-up process. The
experimental facility has been setup and preliminary
holography results have been obtained.
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Tunable Vibration Damper Utilizing the Electro-Rheological Effect
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This study examines the feasibility of a tunable vibration
damper that uses the electro-rheological (ER) effect to
optimize oscillating systems’ dissipation profiles. The
investigation delves into the ER effect through modeling
approaches and experimental methods. A specific ER
fluid is formulated by dispersing cellulose nanocrystals
in castor oil. Observations of the effect are made using
polarized microscopy and a custom electrode setup,
enabling visible shearing of the ER fluid. Additional analysis
is performed through rheology, determining response
times under different field conditions and establishing a
correlation between electric field strength and dynamic
moduli. These findings highlight the promise of ER fluids as
active elements in tuneable vibration dampers, effectively
showcasing and characterizing their electrically induced
changes in mechanical properties.
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Measuring Facial Strains while Speaking
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A Silent Speech Interface (SSI) allows speaking without
vocalization. This can be used in the case of physical voice
impairments or in an environment where sound cannot
be transferred securely or reliably. An SSI may use strain
sensors placed on the facial skin to measure skin strains
and synthesize speech from the measured signals. A main
problem hindering the implementation of this method is
that the sensors’ positions and orientations are not known
a priori. In this project, we built an experimental setup
based on digital image correlation to obtain the full-field
strain maps on the face from consecutive images captured
using a 35 Hz stereo camera system. These measurements
could be used to optimize the sensor placements, such
that a minimal number of sensors could be used while
maintaining a good level of speech synthesis.
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Shape memory alloys (SMA] are a group of smart materials
with unique thermo-mechanical response to temperature
and/or load. Traditionally, to obtain engineering applicable
Ni-Ti SMA, one must use conventional metal forming
techniques, such as wire drawing, rolling, and forging
methods. As a result of recent developments in the field of
Additive Manufacturing (AM) of metallic alloys, specifically
solid-state methods, there has been a growing interest
in using such techniques to manufacture SMA. The goal
of this research project is to study the effects of different
printing properties, sintering runs, and thermal treatments
parameters, on the thermo-mechanical properties of
such SMA. These properties include the transformation
temperatures and corresponding energies, loading
response at different temperatures, and measurement of
reversible and irreversible strains.
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Force-Closure Grasps with Four Non-coplanar Contact Points

Yicheng Wang | Instructor: Prof. Elon Rimon

This research tackles the challenge of computing force-
closuregrasps (FCGs)with four non-coplanar contact points.
We develop a numerical algorithm for their computation.
However, the use of nonlinear optimization in the numerical
method for determining FCGs with three or four contacts
proves to be highly inefficient and error-prone. To overcome
this, we leverage graphical methods and successfully
develop a MATLAB program to solve the three-contact FCG
problem. While analytical solutions for four-contact FCG
problem remain an open problem, we demonstrate that
grasps with four contact points encompass a minimum of
three FCGs of three contact points through a tetrahedron
example (see the figure below).

N10-NID NITON 2AWNN ¢ 20NN OV TN A1 700
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FCG example on a tetrahedron. Four contacts are on the different facets and three
of them are given and fixed in position.
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Architected materials with bistable building blocks are
a new class of metamaterials with unique physical and
mechanical properties. Those extraordinary qualities are a
consequence of micro-level structural instabilities. Despite
those attributes, the study of the dynamic response of those
structures is still in its infancy, and a lot of the phenomena
are largely unexplored. The main goal of this project is to
study these phenomena and perhaps reveal some new
ones. As a preliminary step, we reproduced some relevant
published results. In particular, we examined the dynamic
response exhibited by 1D discrete chains with bistable
interactions, and evaluated, analytically and numerically,
the characteristics of the solitary waves that exist in
such systems. Numerical simulations were also used
for observing the intriguing phenomena of boomerons.
Currently, we are studying a new nonlinear phenomenon,
namely standing breathers. These are localized standing
wave packets that oscillate in time. Currently, the focusis on
bi-linear interactions, for which analytical approximations
combined with numerical simulations have already
provided evidence for the existence of such breathers, and
their stability.
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High-power lasers are devices that generate and emit
high-power beams of coherent light, typically in the range
of kilowatts [kW] to megawatts [MW]. The main challenges
in measuring the M2 of an HPL is that no direct contact
with the beam or a crew-member presence in the lab
during experiment can take place, and characterization
of the beam in the far-field can be difficult due to high
Rayleigh ranges. Here we present a useful and simple
method to characterize HPLs, using simple equipment. The
attenuation of the high-power laser beam was done using
two AR coated wedge windows oriented 90 degrees to each
otherto maintain polarization. By taking only the reflections,
the attenuation factor achieved is ~10-6 (60 [dB]). The
attenuated beam is then passed through an optical system
composed of collimating lens and focusing lens to decrease
the Rayleigh range of the beam and measure the beam’s
profile in the near and far-fields in several locations using
the camera and motorized stage. From the data analysis
we will get six parameters: sz,y; w5z, where w, is the
radius of the beam at the focal point of the lens and z, This
is the resulting focus position. The system is automatic and
controlled via MATLAB code.
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Inertia-Wheel Stabilization of a Self-Excited Slender Body

in Uniform Flow

2701 TTIV '91N9 :nnMm

The aim of the project is to study the dynamics of a slender
body restrained to yaw in a wind tunnel with uniform laminar
flow. The body undergoes self-excited oscillations due to
vortex shedding and is stabilized by a controlled inertia
wheel. The system model is derived incorporating unknown
parameters describing the effects of the flow and inertia
wheel control. The equations are normalized culminating
with a nondimensional state space representation. We
consider three limiting cases of the system that enable
parameter estimation from analysis of equilibrium stability.
A range of model parameters is obtained by considering
documented results obtained by computational fluid
dynamics for a system without an inertia wheel. Validation
of the resulting dynamical system will be done via numerical
simulations of the nondimensional state space model.
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The impact of noise on training disordered systems

Jiyang Liug | Instructors: Daniel Hexner, Marc Berneman

Engineered materials are often designed to have specific
propertiesorfunctions. The design process typically involves
numerous iterations of trial and error, during which the
system is repeatedly tested, modified, and retested for the
desired functionality. In general, we will design the material
especially in order to achieve certain characteristics of the
material. The conventional design approach is based on
optimizing the microscopic parameters (e.g., structure] and
then fabricating the design. The challenge in this approach
is that it requires the manipulation of the many degrees of
freedom.

Recently, a new approach has been proposed where a
material learns its response independently through the
autonomous evolution of each microscopic element.
To achieve this effect, the material needs to be trained
multiple times. The training method is based on equilibrium
propagation, which allows for estimating the gradient of a
cost function by measuring responses.

In this project, we consider the effect of noise during
training. Noise has been frequently studied in the context

of machine learning. It enables escape from local minima
of the loss function, increases robustness, and is thought
to provide better generalization. Noise can arise from
imprecise knowledge of parameters and finite precision of
measurements.

Our research questions are:

1. How does noise affect the system as it learns? How
different are the “solutions” of a noisy training rule from the
solution found from the usual gradient descent?

2. How robust is the system to small random changes to the
network?

We study the effect of noise by training with a Langevin
term. We characterized the system by the distribution of
the conductances, the eigenvalues of the response matrix,
and the training error. We investigate whether noise
makes the system more robust in the presence of external
disturbances.
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Analyzing the motion of a magnetic nano-swimmer

Shuan Cheng | Instructor: Assoc. Prof. Yizhar Oran

The mainfocus of this research projectis on a two-link nano-
swimmer, with one link being magnetized, and is placed in
a certain kind of fluids. The goal is to find various constant
parameters (related to the swimmer and the environment])
that are used in the previous recorded experiments. By
using image processing techniques in MATLAB, we are
able to extract the average velocity and trajectory of the
swimmer from the movies of the experiments. Meanwhile,
by deriving the analytical equations of motion of the
swimmer and do simulations in MATLAB, we are able to
extract the theoretical velocity of the nano-swimmer.
Finally, by tunning the constant parameters used in the
equations of motion and comparing the results of the
theoretical velocity and real velocity using an optimization
function to minimize the error, we are able to get the most
possible parameters used in the experiment with least
error. Currently, we have analyzed both 2D and 3D model
of the swimmer with circular-rotation magnetic field in the
3D case. The future steps can be extended to the analysis of
motion if we magnetize another link, or the magnetic field
is changed to elliptic rotation.
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Generating Liquid Droplets for Suspended Manufacturing

Tobias Weinberg | Instructor: Prof. Thijs Roumen

Additive manufacturing processes organize material in 3D
space, however, manufacturing processes typically involve
large forces causing hard-to-predict interaction between
elements of the material. This leads to hard-to-manage
tolerances, and in the case of bio-materials, to undesirable
contamination risk. Acoustic levitation provides a means
to achieve contact-free control of materials such as
liquid droplets, and UV curing resins allow contact-free
solidification of those droplets. The aim of this project is
to create such liquid droplets from an accurate extrusion
system to then manipulate them in 3D space, this requires
careful instrumentation and control algorithms. We achieve
that through an extrusion system that uses a power screw
to compress the syringe with fluid, alongside a coil to push
the barrel with an impulse electromagnetic force that
enables the creation of droplets of fluidic material with
control and precision in conjunction with a computer vision
algorithm that closes the loop for accurate control. This is
one fundamental step towards the broader idea of contact-
free fabrication processes.

Figure. Droplet
creation and
levitation (proof of
concept)
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In the scope of this project, we attempt to create a 3D
printing technique that allows the printing of closed cells,
“Bubbles”, within soft materials. Currently, there’s no 3D
printing technology on the market capable of printing hollow
closed cells, since they either fill the cells with supports or
require drainage of the printing liquid or powder.

The prospect of suchtechnologyis the creation of continuous
solid bodies with varying characteristics throughout,
stemming from their inner physical structure rather than
due to their chemical structure or overall outside geometry
only.

Thus, such technology would allow control over the
hardness, flexibility and insulation properties throughout
the product. For instance, implementation in the orthopedic
field would allow fabricating custom supports, which can
adjust the pressure distribution on the tissues, such as in
custom insoles for shoes.

So far, we examined different methods for injecting air
bubbles into a variety of resins in different stages of curing,
built experimental hand-held prototypes for one of the
examined methods, and inspected the results.
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FM gyroscope driven by “auto-resonance”

NNJ'N TIT'9N9 @ :nNn

MEMS gyroscopes sense rates of rotation in every
smartphone and many other devices. The simplest gyro is
a mass that vibrates in two uncoupled degrees-of-freedom
(DOFs). When the frame that holds the mass is rotated,
Coriolis forces couple the responses of the two DOFs.
There are two types of MEMS gyros: amplitude-modulation
(AM) and frequency-modulation (FM). In an FM gyro, both
DOFs are vibrated in their respective resonances, and rate
of rotation is identified by measuring these resonance
frequencies. In a common FM gyro, the two DOFs are set
in resonance by using phase-locked loop (PLL] circuits. In
this work we propose to replace the PLL's with a simple
auto-resonance driving scheme by implementing it on an
FM gyroscope.
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Pressure Sensitive Paint (PSP)

Ilan Ancelseritcioglu | Instructor: Assoc. Prof. Beni Cukurel

The study introduces a new approach to calibrating pressure
sensitive paints, which allows for the simultaneous
monitoring of temperature and partial pressure of oxygen
under atmospheric conditions. This innovative calibration
setup and methodology reduce the time required for
calibration and minimize potential errors associated
with fitting calibration points. The primary objective of
the PSP calibration is to determine how the intensity
emitted by the paint varies with temperature and oxygen
concentration. The results reveal valuable insights into the
relationships between intensity, temperature, and oxygen
concentrations. Furthermore, the calibration data undergo
rigorous validation against the manufacturers’ data. The
experiments were performed at regular intervals of 2 to
3 months, and any variations in the results were carefully
monitored and recorded. These findings provided valuable
insights into the degradation of the paint over time as a
result of exposure to unavoidable and uncontrollable light
sources.
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Nonlinear Dynamics of Magnetomotive Viscoelastic Resonators

27012 TTIV '91N9 :nNM

The aim of this project is to investigate nonlinear out-of-
plane vibrations of magnetomotive viscoelastic resonators.
The first part includes motivation and examination of
nonlinear viscoelastic models. An initial-boundary-value
problem is formulated and reduced in order to obtain a
non-dimensional state space representation. In the third
part we employ a model-based procedure for parameter
estimation based on different experiments documented in
literature. Several aspects were considered for selection
of the parameters for the numerical simulations, such
as hysteresis, bistable amplitudes and decay time. In
the final part of the project numerical solutions are
investigated demonstrating out-of-plane vibrations of the
viscoelastic resonator as a function of varying magnetic
field magnitudes.
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Intermodal Targeted Energy Transfer in three-dimensional setting

MITNATIN'DND N | JutaN N

This project explores the implementation of the intermodal
targeted energy transfer (IMTET) mechanism for passive
mitigation of a three-dimensional asymmetric linear
oscillator subjected to blast excitation. We consider a
mechanism for redistribution of the excitation energy
among the oscillatory modes. The modal discussed is
a three-dimensional oscillator, with three independent
directions of translation, and three rotational directions.
To achieve the IMTET phenomenon, an ellipsoidal cavity,
with its origin slightly shifted from the center of mass, is
introduced. In addition, the vibro-impacts are achieved
by placing an internal fixed rigid core at the center of the
mass. At rest, the center of mass coincides with the rigid
core, but not with the center of the ellipsoidal cavity.
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This research aims to explore the thermomechanical
behavior of dynamic fracture in Mode Il of titanium alloy,
Ti-6Al-4V. The preliminary experiment involved growing
a small fatigue crack in a pre-notched Ti-6Al-4V plate
subjected to cyclic loading. The loading required for this
fatigue crack was determined through the utilization of
theoretical formulas and finite element analysis (FEA) using
Abaqus software. The subsequent experiment planned
involves conducting a "One-point impact” type experiment
to explore the dynamic fracture behavior of Ti-6Al-4V under
specific thermomechanical conditions. The experiment
requires subjecting the Ti-6Al-4V specimen to a controlled
impact at a single point using a split Hopkinson pressure
bar. The experiment will consist observing and analyzing
various aspects of the material's response to the applied
impact load in the fracture area. This includes studying
phenomena such as crack initiation and growth, energy
absorption capabilities, adiabatic shear band eventuality,
fracture patterns, and thermal effects, using synchronized
high-speed camera, strain gauges, and a thermal camera.
The findings will provide valuable information on fracture
behavior and mechanisms under dynamic loading, enabling
the development of more accurate fracture models.
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Characterization of Dynamic-Stall-Driven Vertical Axis Wind Turbine

Aerodynamics

1072212 TIT'91N9 :nNM

Vertical axis wind turbines (VAWT) are wind turbines that
revolve around a vertical axis and are used to transform
wind energy to rotational movement. In this project, we
investigate the performance of a VAWT that is driven
by the phenomenon of dynamic stall. This is done by
pressure measurements on the turbine blade surfaces,
flow visualization and flowfield measurements. Surface
pressure measurements have never been performed on
dynamic-stall-driven VAWTs and the data will grant us a
deeper understanding of the flowfield and forces acting on
the blades. These measurements will also provide accurate
unsteady loads that will be used for the design of a field
machine. In addition, dielectric barrier discharge plasma
actuators will be mounted on the blades’ leading-edges in
order to maximize net turbine efficiency.
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Modal synchronization in a system of coupled bi-stable self-excited

oscillators
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The project discusses the phenomenon of modal
synchronization in coupled modified Van der Pol oscillators
and models with similar topology. The Van der Pol equation
and its derivatives have multiple applications, such as in
nonlinear optics, seismology, and radio electronics. The
basic system that we will study consists of two Van der
Pol oscillators that include higher orders of nonlinear
damping, coupled linearly. In this project we will try to map
the oscillations regimes in of the system and determine its
stability using numerical and analytical methods.
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The adsorption and mass transfer of volatile materials in porous media
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Due to the rise of asymmetric warfare and urban warfare,
concealed IEDs (improvised explosive devices) have become
a significant threat. As of today, detection equipment
for IEDs is inadequate and their ability to be detected is
uncertain. This project aims to study the mass transfer
and adsorption in time and space of volatile IEDs through
porous media such as walls. First, we studied the chemical
composition, microstructure, and permeability of different
configurations of walls with packages. Next, we found the
Adsorption and Desorption constants and the permeability
of avariety of volatile materials through a series of tests. We
confirmed the mass transfer using finite element analysis.
The results of this project will be a scientific infrastructure
that will enable the creation of sensors and the training of
sniffer dogs that can reliably detect volatile materials such
as IEDs and even narcotics through a variety of porous
media.
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In the modern world there is a growing need to increase the
amount of clean sources for energy production. In recent
years, there have been growing efforts focused on the need
to harvest energy from various processes and store it for
future use. Previous studies have proven that energy can
be stored using sealed multi-stable elastic elements [1].
In this study, these elements were used with the addition
of magnetic discs on both sides of the element in order to
activate them with a magnetic force. A running a current
through a coil which is located near the element allowed
us to produce an electromagnetic force which acts on the
magnet attached to the element, resulting in an elastic
deformation on the element. In order to characterize the
relationship between the electromagnetic actuation and
the behavior of the capsule, we performed experiments in
a one-sided open capsule. The experimental system was
built according to a few considerations: the geometric
measurements of the capsule, the force that is required
to move a single sub-element between stable states and
the desired range of the volume change inside the capsule
before and after applying the magnetic force. In the
experiments, a relationship was found between the current
running through the coil and the change in the volume of
the element. This relationship is new knowledge in the
field of multi-stable body research and could be the base
for continued research of sealed elements. In addition,
results of preliminary experiments for a sealed capsule
show that while the capsule is under contraction using two
coils, several sub-elements move between different stable
states. This means that the volume of the capsule can be
changed and the energy stored inside it can be released on
demand.

[1] Peretz, 0., Ben Abu, E., Zigelman, A., Givli, S., & Gat, A. D. (2022). A metafluid with
multistable density and internal energy states. Nature Communications, 13(1), 1810.
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Fluidic Shaping uses surface tension to shape liquid
polymers into useful optical shapes, which are then
polymerized to yield solid optical components. Currently,
the quality of the resulting optics is limited primarily by
material shrinkage during polymerization. The FLIPO
project aims to enable precise measurement of shrinkage
in-situ and support the design and testing of new low-
shrinkage materials. The product of the research is a fast,
reliable, and convenient tool for quantifying the volume
shrinkage in the process. The project focused on two main
vectors: designing and building a mechanical setup for
capturing high quality photographs of the lenses throughout
the polymerization and implementing an image processing
algorithm based on a simple modular code.

FLIPO's implementation includes both hardware and
software aspect. The hardware is an imaging system where
the liquid lens under investigation is accurately aligned and
is back-illuminated to refract the light away, resulting in a
sharp outline of the volume on the sensor. The software is
implemented in MATLAB and uses the Canny edge detector
algorithm to calculate the volume of the lens of each image
during polymerization.
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The Neandertal mandible has unique anatomical elements,
compared with the generalized hominin. While there is
extensive literature on the biomechanical implications of
the unique anatomy of the skull, less research has focused
on the functional implication of the mandible. Part of the
unique anatomy stems from the widening of the base of
the coronoid process, which is at the heart of the present
study. According to the anterior dental hypothesis, this
configuration provides a biomechanical advantage over
its generalized hominin homolog when anterior teeth are
loaded. To test this hypothesis, we conducted finite element
analyses of a generalized hominin and its neandertal
modification, based on anatomical data segmented from
human head CT scans, including regions of trabecular and
cortical bone and tendinous attachment to mastication
muscles. Using muscle forces data from the literature,
we simulate mastication on different bite points along the
dental arcade. Finally, by modifying the human mandible
morphology at the sigmoid notch to mimic that of a
Neandertal, we seek to isolate the adaptive significance of
this unique morphology.
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Heat Transfer Enhancement by a (Pulsating) Co-axial Impinging Jet
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Impinging jets are widely used as a cooling technique in
many different industrial applications due to their high
heat transfer coefficients. In contrast to a single round
jet, a coaxial jet is comprised of an inner round jet and a
surrounding annular jet. For a given mass flow rate, this
provides the opportunity to control the generated vortex
patterns and strengths in the near-field of the coaxial jet.
This is expected to further improve the heat transfer beyond
that of a single jet. The aim of this research is to study
the spatio-temporal convective heat transfer coefficient
distribution of a coaxial impinging jet. The measurements
are performed using high-speed infrared thermography
imaging the temperatures of a thin flat 600nm thick, Joule-
heated metal layer on top of a ceramic substrate. The test
surface was specially designed with a low heat capacity,
such that the fluctuating temperatures of the foil can be
measured.
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Escape From Potential Well Under Conditions of Sub/Super-
Harmonic Excitation
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This project deals with numerical investigation of the
escape of a particle from one-dimensional potential well
under conditions of sub/super-harmonic excitation. While
investigating a potential well, the problem is governed by
four parameters which dictate whether escape will occur -
the initial location and velocity of the particle, the excitation
amplitude and the excitation frequency. Thus, the majority
of this numerical investigation is done in two avenues:
Firstly, locating the escape boundary (The excitation
amplitude for a various excitation frequencies) under initial
conditions where the particle starts from rest at the centre
of the well. Secondly, finding the safe-basin - the domain
of initial conditions where the particle does not escape
from the well for specific excitation amplitude and specific
excitation frequency in the sub/super-harmonic domain.
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One of the main problems associated with wind energy
is its intermittency and variability. This makes it difficult
to predict and manage wind power generation efficiently
and may pose a significant challenge for the integration
of wind power systems. To address this problem, several
energy storage methods have been proposed, namely,
battery storage, compressed air storage, hydrogen fuel
cells, or pumped storage. In this research, we study both
short-term and long-term wind energy storage using novel
approaches. Both approaches make use of a vertical axis
wind turbine (VAWT] that is interface directly with a high-
pressure positive displacement water pump. For short-
term energy storage, rotational energy is stored by using
the high-pressure water to drive an impulse turbine (Pelon
Wheel) that incorporates a flywheel. For long term energy
storage, the pumped water is sprayed into a pressure
vessel. The combination of spraying and slow compression
causes the air in the tank to be compressed isothermally
and therefore verry efficiently.
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In this study, we explore the potential of a cutting-edge
flow control technology called plasma dielectric barrier
discharge (DBD) actuation in improving the performance
of a twoelement airfoil under low Reynolds flows for
application in small UAVs. The plasma actuators interact
with the fluid instabilities and effectively reattach separated
flow, and provide enhancements to the lift forces on the
airfoil, especially in the post stall regime.

To conduct our research, we perform wind tunnel
experiments using the MTD-120 airfoil profile (¢ =
80mm), which is known for its high-lift capabilities. The
initial experiments are carried out at Reynolds numbers
of 75,000 and 120,000. The results of our experiments
reveal significant improvements in both the maximum Lift
coefficient and post-stall lift coefficients, with increases of
0.2 and 0.5, respectively.

Thus far our experiments have demonstrated the
successful ability of plasma actuators to enhance lift forces
by up to in low Reynolds number flows () . Our future work
will includevarying the flap angle to determine the optimal
configuration of the two element airfoil which yields the best
performance enhancement in terms of lift and drag forces.
Following that, the measured aerodynamic coefficients will
be used as part of a system study, whose objective is to
maximize fixed-wing UAV endurance.
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Aerodynamic Effects of Plasma Dielectric Barrier Discharge Actuatorsona
Two-Element Airfoil in the Martian Environment
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In this study, we investigate the application of a burgeoning
flow control technology known as plasma dielectric
barrier discharge (DBD) actuation on a two-element airfoil
encountering low Reynolds flows, in conditions similar to
those in the Martian atmosphere. The plasma actuators
excite fluid instabilities to reattach separated flow (stalled
wings), thereby increasing lift forces and decreasing drag
forces. Our wind tunnel experiments, with the high-lift MTD-
120 airfoil profile (chord-length 80mm), are performed at
Reynolds numbers near 75000, which is typical for large
fixed-wing Mars flyers. Our experiments show significant
increases in the maximum lift coefficient and post-stall lift
coefficients, with values of 0.2 and 0.5 respectively. In future
work we intend to emulate the Martian atmosphere more
accurately in order to establish this technology as a viable
solution for future Mars flight vehicles.
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Upscaling Nano-drone propeller
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Nano-drones have garnered significant attention for their
potential applications in various fields such as surveillance,
rescue missions and environmental monitoring. The nano-
propellers used on nano-drones operate at Reynolds
numbers in the range of several hundred to several
thousand, and therefore standard high Reynolds number
rotor design techniques are not applicable. At these
Reynolds numbers, where viscous effects are important,
aerodynamic efficiency is low. In addition, manufacturing
and assembling small-scale components is expensive and
requires high precision techniques, and measuring small
thrust and torque is limited by existing sensors capacity
and accuracy. There is therefore a need to develop new,
inexpensive, experimental techniques for the optimization
of nano-propellers. This project is aimed at developing
nano-propellers using a combination of dimensional
analysis and rapid prototyping (3D printing). Dimensional
analysis is employed by upscaling the rotor, submerging
it in a water-glycerin solution, and reducing the rotational
speed by a factor of approximately 1,000. This allows us

to achieve dynamic similarity, i.e., to identically match
the Reynolds number of the nano-rotor. Furthermore, the
relevant loads, namely rotor thrust and torque are easily
measurable and hence the rotor disk-loading and Figure-
of-Merit can easily be quantified. Finally, the upscaling also
facilitates convenient use of 3D printing for the manufacture
of the different rotor configurations.
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Investigation of shock attenuation property of methylcellulose
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Methylcellulose is an organic, common, and cheap hydrogel
that is used in various industries. In recent research, it
was found to have a superior shock attenuation property
which is the ability to mitigate kinetic energy resulting from
a non-penetrating impact. Since the gel has significant
shock attenuation properties, we believe that it will be
useful for body protection applications. The goal of the
research is to understand the shock attenuation properties
of methylcellulose and to get a deeper understanding of its
thermomechanical properties and dissipation mechanisms.
By doing so, more efficient and better use of methylcellulose
in shock attenuation applications can be achieved.
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Data-Driven Control: Analysis of DeePC Algorithm

1701 [N'UOMD " T:Anm | waaTaam

Research and implementation of a Data-Driven, closed-
loop Control algorithm. The DeePC algorithm uses the
inputs and outputs from a physical process to approximate
its behavior and applies a Predicative Control algorithm
to manipulate the system. The project’s motivation:
understanding  Data-Driven  Control methods and
comparing them to more classical methods. Our goals
are to understand the theory of the DeePC algorithm, to
implement the algorithm in a SISO system, to modify the
algorithm to include a regularization technique, and finally
to implement the modified algorithm in a MIMO system. At
each stage of the development, we will compare our results
to those from PID and MPC controllers. In the future, we
hope to test this algorithm on industrial robots.
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The project’s goal was to research the mechanism of
dendritic growth in redox flow batteries during the charging
and discharging phases. The dendrites phenomenon is a
critical problem because it may create a short circuit inside
the battery and lead to its failure, therefore knowing the
factors which encourage dendritic growth is crucial. For
the purpose of the study, a zinc bromine redox flow battery
was built and examined during charging under certain
conditions allowing accelerated dendritic growth. The
research was composed of series of experiments examining
the impact of flow rate and active area of the battery on the
dendritic growth. During the charging phase the maximum
voltage and the time it took to reach it, which feature the
beginning of the dendritic growth, were documented. After
the charging procedure the anode active area was scanned
for its dendritic growth using profilometer analysis that
showed the dendritic distribution and average height.
The results were processed and then compared between
different active areas and flow rates in order to characterize
the dependance between the variables of the experiment
and the mechanism of the dendritic growth.
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As of today, there are several AM technologies that have
become accessible in the design domain [relatively small,
easy to use, cheap and interfaced with CAD). Yet, printing
settings and material features directly affect various
properties of the object (mechanical, chemical, or other
properties) and the process [i.e. production time and cost).
Therefore, the mechanical design for 3D printing production
is integrated and coupled with the production process
parameters. Due to the coupling, finding the right formula
for specific needs is often challenging - AM parts are
heterogeneous and thus hard to analyze. On the other hand,
quantified and digitized design features (i.e. morphology
of a solid, material used) and manufacturing protocols
(i.e. shell thickness, infill density) can be harvested and
interpreted. Once the data entries are aligned together
with the object's desired function (for example carabiner’s
function is to bear load), it is possible to make predictions
regarding other designs for a similar function and test the
prediction in a lab environment. To be able to generate such
predictions, it is required to be able to access previous tests
and interpret them in relation to the new design. In this
project, a method is proposed for rating the quality of the
design in conjunction with the production parameters in
AM for a certain function. The test case is a carabiner and
the function examined is the breaking force. The method
is based on a neural network that is trained on the results
of tensile tests of parts with characteristics created by a
genetic algorithm. Those characteristics include print
settings, material, printer as well as the binary morphology
representation of the part.
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Turbulence Control and Characteristic in an Ignition Tunnel
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The objective of the project is to control the turbulence in
the ignition tunnel through characterizing the flow using
Particle image velocimetry (PIV). PIV is a widely used optical
method of flow visualization utilize a laser, fine particles,
and a high-speed camera. It can measure the velocity field
of the entire field of interest simultaneously. The project
requires to apply PIV to characterize turbulence inside the
ignition tunnel. Based on the velocity field information, we
modify the tunnel inlet to control the tunnel’s flow field and
simulated target turbulence for ignition experiments.
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Development Of A Laboratory Experimental Setup For Investigation Of A Hybrid Cycle Combining
Solid-Oxide Fuel Cell, Internal Combustion Engine And Thermochemical Recuperation Of Waste Heat
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This project focused on the development of a research
setup for a hybrid propulsion system that combines a fuel
cell (SOFC), an internal combustion engine and the use of
residual heat to reform Methanol as the main fuel source.
Our goal is to collect empirical data on the efficiency of the
fuel cell and its lifespan - the current-voltage curve of the
cell depends on the incoming fuel flow, the temperature
distribution of the cell throughout its operation, the
temperature distribution of the exhaust gases and the
composition of the emitted gases. The research included
building the research setup, performing it with a purchased
SOFC and performing tests under varying parameters.
Theoretical calculations show a potential to improve the
integrated system and in addition the Button fuel cell
experiment also showed promising results by using the
reformed fuel as a sustainable energy solution.
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The goal of this project is to conduct a feasibility analysis of a
combined hybrid cycle of I.C.E and F.C for U.A.V propulsion.
The analysis aims to determine whether the benefits of
utilizing a Combined Electro Thermo Chemical Powertrain
(C.E.T.C) would offer a worthwhile an improvement over
existing propulsion systems (such as ICE] in energy
conversion efficiency, and as a result an improved fuel
consumption without sacrificing the required power density,
and total propulsion system mass to complete the design
objectives. To achieve said objectives, the cycle consists
of a SOFC (Solid Oxide Fuel Cell], that enables us to use
reformed fuel, which is reformed via a thermochemical
reformer (TCR) that uses waste heat from the combustion
to initiate the chemical reaction. The reformed fuel will be
used to power both the internal combustion engine (ICE) and
the fuel cell. The feasibility assessment will be conducted
via using research conducted at the Technion Internal
Combustion Engines Lab (TICEL). It will use a numeric
FST- FTT model, which will be supplemented by previous
work that examines the impact of increased altitude on the
performance of an internal combustion engine (ICE).
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“VasoSurfer“- intra-arterial device to isolate and treat aneurysms
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The main risk associated with brain aneurysms is their
rupture, which results in bleeding in the brain and is the
leading cause of hemorrhagic stroke. There are currently
two main methods for aneurysm treatments: surgical
clipping and endovascular coiling. The first method is
invasive, and the latter has low effectiveness over time
and may require additional future treatment. Our aim is
to perform a proof-of-principle study on a novel localized
intravascular treatment strategy by developing a device that
allows, through a mechanism of surface tension, to “surf"
to the disease site where treatment is required, to isolate it,
and enable targeted drug delivery while maintaining blood
flow through the device during the treatment.
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Biomechanical kinematics analysis can provide valuable
insights for athletes to enhance their performance, allowing
coaches to measure the effectiveness of training methods
and techniques. It can also provide valuable information
regarding injury risk and rehabilitation. IMU sensors play
a crucial role in collecting real-time motion data, enabling
athletes and coaches to receive immediate feedback and
conduct retrospective analysis. Unlike the past, where
such measurements were limited to laboratory settings,
advancements in small wearable sensors now allow for data
collection outside of the lab without disrupting an athlete’s
normal training conditions. .. Our objective is to provide elite
athletes with this data collection and analysis capability.
By utilizing commercially available wearable sensors that
record the data on smartphones, we can gather motion
data during training sessions. Through ng sensor fusion
and biomechanical models, this data is transformed into a
comprehensive motion study, facilitating the identification
of correlations between motion and performance. This
enables coaches and athletes to evaluate their results
based on evidence-based practices, ultimately promoting
performance enhancement and injury prevention.
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In this project, extensive research was done on mechanical
ESS with an emphasis on compressed air energy storage
system (ESS). It provides an explanation on each system,
its advantages and disadvantages, graphs that show the
increase in research over the years and major ESS projects
influenced by the increase in research. Furthermore,
extensive mathematical developments were done to obtain
a mathematical model to describe the theoretical energy
per unit mass of the system, through which the limiting
factors of the system can be understood. The mechanical
energy storage systems reviewed where compressed
air, flywheels, pumped hydro and elastic energy. For
compressed air ESS, graphs were made from which the
effect of the initial pressure of the system, of the material of
the systems tank and of the systems volume, on the required
wall thickness of the systems tank. An additional graph was
presented showing the effect of the initial pressure on the
theoretical energy per unit of mass of the system. Finally,
a comparison of the amount of theoretical energy per unit
mass between the various systems was made.
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Thenormal modes of non-Hermitian systems coalesce atthe
so-called exceptional points (EPs) of their spectrum. These
degeneracy points are the source of unusual phenomena,
such as super-sensitivity, negative refraction and wave
stopping. in this work we are looking for degeneracies of
that kind in a periodic laminate comprised of conservative
elastic layers. The modes of such systems are called Bloch
modes. Our goal is to find degeneracies of propagating
modes, namely propagating waves, characterized by a
real Bloch number. To do so, we formulated the normal
modes problem of a unit cell with three anisotropic
layers, a problem that produced complex degeneracies.
Afterwards we were able to trace a sequence of isolated
EPs with decaying imaginary part of the Bloch wavenumber
using logical gradual change of the laminate parameters.
This work is a milestone on the way towards finding real
degeneracies identified with propagating waves.
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Design and Production of a Tri-Finger Gripper for Cylinder-Shaped Objects

Yousef Darwish, Zhiyuan Li | Instructors: Prof. Elon Rimon, Alon Shirizly

The purpose of this project is to design and build a tri-
finger gripper which is capable of grasping cylinder-shaped
objects with no-friction contacts and against gravity in the
experiment. As part of the project, multiple designs were
proposed and kept being selected and modified until an
appropriate prototype was determined. Then, the gripper
was manufactured and assembled, and its feasibility was
proven by the on-hand preliminary testing. In the next
stage, our group integrated the Arduino-powered gripper
with ROS and created an interface between the gripper and
the robotic arm. Last, the grasping test was performed by
controlling both the arm and gripper through ROS.
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Titanium is considered a highly biocompatible metal, and
it has been vastly used in the dental industry to fabricate
dental implants. This metal's biocompatibility derives from
its passive oxide layer which promotes the osseointegration
process. SBF (simulated body fluids are solutions) used in
vitro to simulate fluids in the human body, and here the oral
cavity. Peri-implantitis is a common disease believed to be
caused by bacterial biofilm which affects the implant by
loss of anchorage on the bone and eventually rejection.

In this study, we would like to characterize the contrast
between samples subjected to different mechanical loads in
different environments, and identify how each environment
altered the sample and its characteristics. This study will
concentrate on the evolution of the protective oxide layer
after exposure, as characterized by electron microscopy
and microanalysis.
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Piezoelectric materials are widely used in MEMS devices.
These materials are very effective in converting mechanical
energy to electrostatic energy, and vice versa. This energy
conversion is enabled due to the spontaneous polarization
that is inherent to piezoelectric materials. In general,
piezoelectric materials can be categorized into two types:
The first is ferroelectric materials in which the piezoelectric
polarization may be reoriented, and the second is non-
ferroelectric materials in which polarization is fixed and
cannot be altered.

The aim of this research project is twofold: first we will
revisit various theoretical aspects of the electromechanical
properties of piezoelectric materials. Specifically, we
would like to provide simple and insightful explanations,
that would make it easier to comprehend this complex
electromechanical response. The second aim, which has
more practical value, is to examine possible schemes
for producing passive force sensors. One issue with
ferroelectric piezoelectric materials, is that as result
of extensive use and loading, the poling may diminish
over time. The force sensor that we aim to develop will
enable simple re-programming of poling using the same
electrodes that will be used for sensing.
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In this study, we examined the effect of an innovative
wearable device designed to alleviate pain and improve
movement patterns, for lateral ankle sprain patients. Our
primary objective is to assess the effect of intermittent
vibration on ankle kinetics and kinematics subacute lateral
ankle sprain patients .

The wearable device that was developed in a previous study
activates the somatosensory system of the lower leg by
applying intermittent mechanical vibration and passive
contact pressure. To capture and detect participants’
walking patterns, a gyroscope sensor was placed on the
shank. Additionally, we used an opto-electronic motion
capture camera system and two force plates to collect
kinematic and kinetic measurements. By processing and
analyzing the collected data, we aimed to evaluate the
effects of the wearable device on the participants’ motion
patterns. The utilization of this wearable device shows
promising potential in optimizing the rehabilitation process
for patients with ankle sprains. Its capabilities extend to
addressing muscle weakness, providing pain relief, and
enhancing movement patterns.
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Parallel Robot Steering System for a subterranean burrowing robot
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This project focuses on the design and implementation of a
steering system for a subterranean burrowing robot using
a 3RPS parallel robot configuration. A parallel robot of this
configuration consists of 3 arms constructed with revolute
joints, an active prismatic joint, and a spherical joint, with
a fixed platform and a movable platform. The objective is to
create an efficient and flexible system capable of precise
movement, mimicking the locomotion of a worm in complex
environments. The project includes mechanical design and
stimulation of the forces acting on the steering mechanism.
The project demonstrates the potential for achieving precise
and flexible locomotion in constrained spaces, explores
different options within the parallel robot family, considers
the workspace and singularities of the robot, and examines
its load-bearing capacity.
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X-Ray Pumped Laser - Proof of Concept
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The goal of this research is to show proof of concept of
a laser, pumped by highly energetic photons in the X-ray
regime, employed by one of two approaches. Either
pumping by x-ray to induce lasing, or electronic near
threshold bias that will tip to lasing under x-ray excitation.
The first approach’s experiments consist of an X-ray source
emitting on a laser’s gain medium, whereas the latter
approach’s experiments include an added current source
for a current bias. Throughout the project, several setups
and lasers are being experimented on, including several
InGaAs VCSEL (Vertical-Cavity Surface-Emitting Laser]
and lab grown CsPbBr3 Perovskite crystal nanowire lasers.
The laser output is then collected by a lens and detected
by a spectrometer or an HBT interferometry setup with the
capability to measure g@(7), the time dependent statistics
of arriving photons.
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Fracture toughness (KIC, JIC ] is an essential parameter
for design of mission-critical, load bearing structures.
The estimation of JIC from experimental data is mostly
restricted to standardized closed form solutions, presenting
several limitations to practitioners.

Over the past two decades, computer vision was shown
to be a viable approach for capturing and analyzing
mechanical fields. However, in the context of fracture
toughness, it necessitates solving a non-linear optimization
problem that is highly sensitive to the crack tip location due
to the existence of diverging and singular terms. These
limitations inhibit the design of crack growth experiments
where fracture parameters are the control variable.

In this work, | present a proof of concept regarding the
ability of CNN to offer a continuous and reliable method
for inferring both toughness and crack tip location from
displacement fields. Once trained, the network can extract
the fracture parameters from digital image correlation
(DIC) data within milliseconds, indicating its potential for
integration into a closed loop crack growth control system.
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Development of a Miniature Pulse Tube (PT) Cryocooler
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Thefield of cryogenics deals with the behavior of materials at
very low temperatures, known as cryogenic temperatures.
The cryogenic temperatures are temperatures lower than
120 [°K]. The Pulse-Tube (PT) Cryocoolers technology was
developed starting in the 80’s, when their main innovation
was the removal of the moving parts, which existed in the
cold section of the refrigerator.

The main goal of the project is to build a miniature cryogenic
refrigerator, on a millimeter scale, so that in the cold heat
exchanger we will get maximum cooling power and the
lowest cryogenic temperature.

The project includes running some optimizations of PT
parts in SAGE ® software, modeling and manufacturing
parts in 3D. In addition, it includes special soldering as part
of the creation of the PT parts.
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Characterization of Angle Dependency of Vibro-Polaritons Dispersion
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The goal of this project is to measure the dynamics of
vibrational polaritons created in an open cavity system.
The spectrum of these polaritons will be measured by third
order nonlinear two dimensional infrared spectroscopy,
while utilizing motorized mirrors and stages to scan the
time delays and relative direction between the pump and
probe laser pulses, yielding the full dynamical picture of
polaritonic relaxation in time, energy and momentum.
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Investigating the Effect of Stress Shielding in Biomechanical Devices
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The project is carried at The Materials Mechanics Centre
in the Faculty of Mechanical Engineering in the Technion.
The goal of the project is to investigate the effect of stress
shielding in bones fitted with biomechanical devices. This
study aims to understand what stresses we see and when
they occur throughout the bone that is put under different
kinds of loads while fitted with a biomechanical device. To
do so, an analytical analysis was performed, in addition to
a numerical one using a FEA program in order to map out
these stresses across the bone.
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Water desalination using a fuel cell
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Seawater contains a high amount of salt (NaCl] and
is therefore not suitable for drinking. There are many
methods for desalinizing water by removing the salt from
that water and making it potable. These methods often
require expensive facilities and consume a lot of energy. In
this project, a fuel cell was used to desalinate the water.

A fuel cell is a device in which hydrogen is inserted on
one side and oxygen on the other, and with the help of the
addition of various catalysts, a chemical reaction is created
that creates electricity and an electrical potential difference
(voltage) between the two sides of the fuel cell. We use the
potential difference to desalinize the water by transferring
seawater between the two sides of the fuel cell in such a way
that the potential difference removes the two components
of salt (Na++Cl—) and takes them out of the water into
separate channels so that when leaving the fuel cell, water
is obtained that is free of salt and suitable for drinking.
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Phasing a Segmented Space Telescope
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Telescopes in space and on Earth usually are very large
in proportion with their coverage and field of view. In
order to resolve the issue of size and weight, the idea
suggested is to create a telescope made of thin mirror
segments with degrees of freedom, allowing control of
their angle and position. Consequently, making it possible
to create the essential large span (primary aperture), as
well as achieving control of the level of resolution of the
image. Thus, resulting in minimum aberrations needed by
mechanical or human intervention.

In order to test and improve the performance of the system
built and designed in the laboratory of Dr Erez Ribak, | first
modeled the optical system using Zemax software for the
purpose of presenting the ideal possible performance.

Subsequently, | performed an analysis and comparison
between the system performance achieved via Zemax and
compared them to the performance actually obtained in the
laboratory.
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Steer-Free Rotor-Actuated Twistcar Model
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This study aims to develop a robot that replicates the
physical characteristics of an under-actuated system,
the twistcar toy variant illustrated in Figure 4, and to
analyze its movements. The robot under investigation
possesses a passive joint and relies solely on a rotor
with substantial inertia for actuation. Our analysis
focuses on examining the behavior of this system by
constructing a bifurcation map for the front wheel
angle, denoted as ¢. The parameters we manipulate in
this study are the physical property b/d, representing
the ratio between the length of the front link and the
center of mass location, and the actuation frequency
of Y(t), which denotes the rotor angle relative to the
robot’s body.
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Diaphragm Tank for Space Propulsion Oxidizer
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This project includes the re-design, analysis, and
optimization of diaphragm type tank weight-improved
engineering model (EM] to ensure the tank’s performance
under extreme conditions throughout its life cycle. The
results of the experiments on the early engineering model
tank have beenapplied forimproved external leak-tightness.
All-welded design principles are set for development
of the flight model (FM) tank. The development process
incorporated aerospace standards and specifications. The
tank design, based on FEP diaphragm, makes it compatible
with concentrated hydrogen-peroxide (HTP) use.

Improved EM tank design
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Robotic gripper for lifting and transporting fish
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The goal of the project is to create a gripper for a robotic
arm capable of picking up and transporting pieces of meat,
fish, etc. The prototype we built is intended to perform
these operations with a fish fillet. The project included
designing and 3D printing of the gripper and connecting
it to an existing robotic arm. During the project we faced
several problems involving the grabbing and caging of the
fish fillet, and its placement in a controlled manner .

The idea behind the gripper we created is the concept of a
broom and a dustpan. We used one body to provide support
- the "broom” and another body to collect the fish - the
“dustpan”. After placing the fish on top of the collection
surface (the “dustpan”), we used a rod with an end that
simulates the pattern of a “Schnitzel Hammer” to fix the
position of the fish. Placement of the fish is done by applying
pressure and friction with the rod, while quickly moving the
collection surface .

We used an Arduino controller, a servo motor, and a DC
motor to drive the gripper.
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Optical system for -3phase flow measurements in a cavitating venturi
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The project presents an optical system designed for
3-phase flow measurements in a cavitating venturi. The
measurement of cavitating flows is challenging due to
the complex nature of the phenomenon and the presence
of multiple phases, including the liquid, solid particles,
and cavitation bubbles (vapour). Accurate and reliable
measurement techniques are crucial for understanding
and optimizing the performance of cavitating venturi
systems. The optical system combines high-speed imaging
and image processing techniques to capture and analyze
the three phases within the venturi. The experimental setup
consists of atransparent venturi tube, a high-speed camera,
and appropriate lighting arrangements. The measurements
include phase distribution of the solid particles and of
bubble sizes within the bulk liquid, and velocity profiles.
Additionally, the system is designed to provide insights into
the behaviour and dynamics of the cavitation bubbles.
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Cleanroom infrastructure
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Cleanrooms are specifically designed rooms that maintain
a continuous circulation of air through HEPA filters and
positive pressure to ensure that critical processes remain
free from particles and contaminants. Cleanrooms are
necessary in a wide range of industries to maintain a
controlled and contamination-free environment, ensuring
product quality, reliability, and safety. These include, inter
alia, electronics, aerospace, and medical industries. Typical
activitiesinclude testing, parts”assembly and the assurance
of dryness and cleanliness. In the Cleanroom infrastructure
project, | made activities of planning and development of a
cleanroom, while adhering to the global standards of 1SO
14644. The project’s design and development encompassed
several documents summarizing the state-of-the art
survey, work and operating instructions for the cleanroom,
requirements’ specification, and theoretical design of the
cleanroom. The cleanroom was designed and developed to
have areas that meet three main cleanliness levels: Class
4, Class 7, and Class 8.
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Development of a Space Rocket Motor’s Thrust Measurement Stand Based

on Flexures
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The project deals with the design and development of a
frictionless table used for measuring thrust in rocket motors
for space systems. To minimize the effects of friction during
measurement, the proposed solution involves a table where
its legs are leaf springs set up as flexures, and the rocket
motor will be placed on that table. The operation of the
flexures is such that their stiffness decreases practically
to zero in the desired horizontal motion direction, when
they are under a vertical load that brings them close to
the critical buckling load. In this state, the flexures can be
used as frictionless horizontal hinges for small horizontal
displacements, enabling precise thrust measurement.
During the project, the thrust-table components’  design was
updated to fit the available materials at the workshop and
the constraints of the machining equipment. Additionally,
two interfaces with different connection methods were
developed between the thrust-table and two load cells to
minimize external inaccuracies of the measurement.
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Experimental study of combustion in a rotary engine using optical imaging
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A rotary engine is an engine that directly produces rotary
motion, which gives it many advantages, the most notable
of which are a small number of parts, high specific power
and low weight. In this engine there are several problems
among them in the combustion process, those problems
arise mainly due to the following reasons:

1. Its unique geometry when the surface area - volume ratio
of the engine is high, which affects efficiency as a result of
heat losses and the quenching phenomenon - fuel burning
can occur at a certain distance from a solid area.

2. The squish flow phenomenon that is created due to
the rotational movement of the combustion chamber and
causes a partial combustion of the fuel injected into the
engine.

In the experiment | intend to investigate the pressure in the
combustion chamber and the manner of combustion in the
chamber with the intention of improving and understanding
the combustion in the chamber. We will receive the results
of the experiment with the using of optical tools and a
pressure gauge which will be placed in the work chamber.
In addition, | will examine the use of methanol reforming
products as fuel in rotary engines.
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Development of a Mechanical Mechanism for the Movement of a

Multi-Stable Soft Robotic Arm
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Hyper-redundant soft robotic arms are promising
candidates to operate in search and rescue missions due to
their navigation capabilities in narrow passages. A recent
approach is a multi-stable robot that can switch between
equilibrium states to deform using a single pneumatic
actuator. This project aims to develop an alternative to the
actuation mechanism in order to improve the accuracy
and repeatability of the actuated links. The proposed
mechanism offers three modes of link actuation; extension,
bending, and contraction, which is unavailable in the former
pneumatic actuator.

The design of the mechanism makes it simple and cheap
to build using a standard 3D printer, and it is controlled
with micro-DC motors. Finally, we were able to integrate
the actuator within the robotic system and demonstrate a
controlled actuation of the robot.
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MinSeg Robot Control: Controller Design for a Self-Balancing Robot
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The goal of the project is to stabilize MinSeg robot, a
small self-balancing device inspired by the Segway, using
sensors [(IMU/incremental encoders), actuators (DC
motors) and BeagleBone Blue board to implement and run
the resulting real-time control law. There are two project
milestones. The first one is to build the system model in
the MATLAB environment to derive open loop transfer
function and then compare it to experiment data to verify.
The second milestone is to design the stabilizing controller
and then implement it in the MATLAB real-time onboard
environment to check it experimentally and then compare
measured signals to the simulation results. The result
of this work is a robust control system that stabilizes the
laboratory unstable electro-mechanical system.
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CAD model evaluation system for additive manufacturing

W9 N1V '91191 1IRIY NN NN

The purpose of this project is to develop a tool for assessing
the design of a product produced by Additive Manufacturing
(AM]. It has a potential to bridge the gap between the design
process and AM. The project’s aims are to define design
principles for AM which are accessible in the early stages
of development. It can be achieved by using feature-based
analysis that involves interaction with the designer and is
embedded in the CAD environment. Real-time feedback
allows designers to identify and correct problematic
geometries, minimizing errors, shortening production
times, and saving costs.

The collected design principles relate to costs, quality, and
production times. Moreover, they differentiate between
materials and various printing technologies. The algorithms
that were developed and implemented, are generic to CAD
systems. However, in this project, they were built by using
the APl interface of Solidworks.

The new user interface enables input that clarify the
designer intentions and provides feedback with respect to
different metrics such as accuracy, material saving, and
reduction in printing time.
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Design a control system for a unidirectional pendulum with an inertia wheel
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This project deals with a unicycle robot. The goal of the
project is to stabilize the unicycle in the lateral plane. This
problem is an inverted pendulum with a reaction wheel
system. The are two major milestones in this project.
The first one is to build the system model the in MATLAB
environment (including experimental estimation of some
model parameters] to derive open loop transfer function and
then compare it to experiment data to verify. The second one
is to design the stabilizing controller and then implement
it in the MATLAB real-time onboard environment to check
it experimentally and then compare measured signals
to the simulation results. The objective of this work is to
design robust control system (by combining control theory
and mechanical engineering knowledge in other fields) to
stabilize the real unstable electro-mechanical system.
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Investigation of the self-excited dynamics of an inertia wheel double

pendulum
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The goal of this project is to investigate the nonlinear
behavior of a system comprised of a double pendulum
and an inertia wheel mounted on the first pendulum. An
analytical model of the system enabled the derivation of the
non-dimensional equation of motion to further analyze the
system. A stability map is obtained from the linearization
of the bottom equilibrium enabling the identification of a
stability threshold for self-excited oscillations, which is the
main focus of our project.

An experimental system was designed, produced, and
assembled which will enable testing and measurements
for model-based estimation of the theoretical system
parameters Validation of results obtained from the
theoretical model and investigation of the influence of the
inertia wheel will be based on a combined approach of
numerical simulations and controlled lab experiments.
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Modeling of Fuel-0il Mixture Vaporization in Internal Combustion Engines
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In internal combustion engines, part of the fuel injected
into the combustion chamber reaches the cylinder wall,
creating a thin layer above the existing oil layer. Heat and
mass transfer processes within the fuel-oil layer lead to
vaporization of organic molecules into the combustion
chamber, increasing the engine’s pollutant emissions and
its contribution to global warming. The objective of the
project is to characterize the parameters that influence
this evaporation process in order to minimize the impact on
environmental quality. Heat and mass transfer equations
of the fuel-oil layer on the grooved cylinder wall were
developed, reduced-order finite element analyses (1D and
2D) were performed, and parameters study was conducted.
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Face Shut-off Rocket-Engine Injector-Valve Development
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This project focused on the design and advantages of the
pintle-injector-valve in rocket engines. A pintle injector
forms a fan shaped spray of the propellants. The pintle-
injector-valve's main function is to regulate propellant flow
and distribution within the combustion chamber, and its
mode of operation is to move the sleeve along the pintle.
Studies have shown that the pintle injector achieves high
combustion efficiencies of 96% to 99%. Its simplicity, with
minimal parts enables cost-effective manufacturing. The
adaptable design allows for deep throttling, rapid pulsing,
spray cooling of the combustion chamber walls, and the
use of gelled propellants. According to the propellants data
(hydrogen peroxide and kerosene-based gel) and the flow
data, | performed an iterative process to find the dimensions
of the injector. Simulations in Solidworks were used to find
the temperature distribution in the injector, to check flow
turbulence and the effect on the flow of the pintle angle,
which determines the spray angle of the fuel and oxidizer
into the combustion chamber.
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Conversion of a conventional fossil power plant to a Rankine cycle

with thermal energy storage
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The percentage of electricity production from renewable
energies is increasing and will continue to increase
according to development plans in the electricity
generation network. In this context, there is a need for
the establishment of new energy storage power plants.
Currently there are plans in the Ministry of Energy to build
an electric energy storage power plant at the site of the
Hadera power plant, in the scope of 4000 [MWh], which may
replace energy production by two coal units with a capacity
of 575 MW each. As an alternative to this plan, the national
system management company is ready to examine another
option that contributes to frequency stability in the network.
This option is a thermal storage that uses thermal fluid,
molten salt, and supplies steam to the existing turbine. The
purpose of the project is to design a thermal storage and
compare it in terms of economic feasibility to the option of
electric batteries.

niyy et NI NIWTRNN NENINNA un IXe TINK
N7V T W{IN2 7nwnn X' Nwia N Nimoing oxnna
TIWN2 NINDN W' U212 .0'WTN NN NN JW Inpna N
,17TN NI2 NINN Y IR N'709WN 10718 1287 N2 120IR0
NIMN9 1 ATNN Y AR 99007 717V WX, MWh 4000 9702
7101 N12n LIt N2IN7 99NN .0nR 73 MW 575 7900 NIyl
NI2N'7 NNIINY N0 NNWON 71727 N2 IR N0
SN 702 WNNWNY MIN RN X IT NYDIXR WA TN
N'11 U7'N90 11U .0nvpn n111u's 0 79001,)0M NN
N'Y9INT 17272 NIRTI NI'N2A NI DHWAT1E TN 1287 10109

JNrmen nivyio v




N2 'DPMNO
D"DTIn

'UJJYJI'IU|'1'1N 7'WONI1 L N'TTN NINIYA L'TRD TN 'NIYYT NnNaTa [y

Single phase Transformer, mutual inductance, and Electromagnet actuator

217 20 17T N

This engineering-learning project will be used as
a demonstration in the course “Electric Drive".
The demonstrator will illustrate basic principles in
electromechanics: magnetic circuits, mutual inductance,
induced voltage and magnetic forces. The device has three
modes of operation: a single-phase transformer that
demonstrates alternating voltage variation, a magnetic
circuit with two coils that illustrates the principle of mutual
inductance, and an electromagnet. The transformer is
realized by a closed rectangular magnetic circuit made
of glued steel sheets. On the circuit are placed two coils
with a different number of windings. The ratio of coils
turns expresses the transformer inductance ratio. The
electromagnet is realized on the same magnetic circuit,
this time with a single coil, where one rib of the rectangle
is located in a predetermined air gap controlled by a screw
and measured by a height gauge. The magnetic force acting
on the rib is measured by a load cell. This force will be
compared to the analytical force calculated. The principle
of mutual inductance will be realized by using both coils,
where the magnetic coupling between them will be
controlled by the size of the air gap .

Alongside a classroom demonstration, the students in the
laboratory will be able to operate the device and measure
the relevant physical values.
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Formula Student - pneumatic braking system & steering motor & sensors
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The project is part of the Technion’s 2023 Formula student
competition, the vehicle will represent the Technion at the
FS competition in Spain and Portugal.

As part of the project, we implemented the pneumatic
braking system so that it complies with the regulations of
FSG 23.

We developed and combined the emergency braking
system with the braking actuator, the braking actuator
is based on a pressure regulator and a pneumatic piston
that connects to the pedal. As part of the development of
the steering mechanism, we chose the electric motor so
that it would interface with the electrical system and meet
the mechanical power requirements of the competition.
Both the braking and steering system will follow and
act on a signal received from the autonomous computer,
furthermore the team is responsible for reading, wiring,
and controlling the vehicle’s sensor systems.
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Experimental Calibration of Shock Simulation for OCP 3.0 Compliance

Network Adapters
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In today’s digital age, high-performance network systems
are required in various fields, including data centers, cloud
computing, financial analysis, scientific research etc. One
of the main components of these systems is the network
adapter, which enables communication between numerous
computing nodes. These systems require to be compliant
with global standards and experimental validations.

In this project a mechanical simulation of a network adapter
compliant with OCP3.0 global standard will be modeled.
The purpose of the project is to calibrate the simulation to
the real experiment data to verify the standard compliance,
through modifying the model to ease on the computational
requirements, understanding the physical behavior and
changing parameters such as numerical damping factors
and material stiffness. The project will provide insights of
how the parameters affect the behavior of the adapters
under shock conditions and finally create tools for future
planning and testing strategies to predict the behavior of
the network adapter in the real experiment in preliminary
stages and verify the standard compliance.
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Vehicle Navigation in an Obstacle-Filled Environment with Known

Landmarks
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The project’s goal is vehicle navigation in an obstacle-filled
2D space. To fulfill this task, pose estimation, planning, and
motion control are necessary.

To estimate the pose, we assume the existence of known
landmarks in space and utilize an Extended Kalman Filter
(EKF). The EKF provides an estimation of the robot’s pose
in a two-step process. First the pose is predicted using a
dynamic model, and then it is refined by incorporating
bearing and range measurements of the known landmarks.

For motion control, we examined methods with increasing
levels of complexity, Proportional Integral Differential (PID),
Linear Quadratic Regulator (LQR), and Model Predictive
Control (MPC).

We are implementing a simulation for a Jackal vehicle,
with a mounted Lidar sensor, in a ROS environment. The
simulated world map consists of obstacles and cylindrical
landmarks with different diameters. The cylinders are
detected in the Lidar reading, and these measurements are
then inserted into the EKF pose estimator.

In the future, we aim to examine Factor Graph based
methods for a complete navigation solution.
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Builing a coil winding device
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The course Electric Actuators contains a project which
requires students to build an electro-mechanical device
such as DC brushed motors, generators, solenoid motors,
coil guns, etc. The building process usually requires using a
wire and winding it around some core. The manual winding
process is long, exhausting, and inaccurate. The goal of
this project is to make this aspect of the building process
simpler, faster and more user-friendly. students will be
able to print a bobbin and use the machine to wind the sire
around it, in a fast and accurate way. Then, they would be
able to put these in their projects.
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Walking Manipulator
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Taking inspiration from leeches, our biomimetic hybrid
robotic platform is specifically designed to meet the
demands of the emerging field of house service robots. This
versatile platform possesses the essential capabilities of
walking, climbing stairs, and manipulating objects, making
it well-suited for various household tasks. By utilizing a
6-degree-of-freedom arm’'s end effector for locomotion,
we achieve a cheaper and simpler mobile robot. In terms of
mechanical design, we employed an optimization algorithm
to ensure maximum speed and efficient stair climbing
ability. Additionally, equipped with a multi-sensor system
and CV algorithm, the platform incorporates autonomous
algorithms for grasping and path planning.
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Analysis of Hydrofoil Elasticity for the Olympic Windsurf Team
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In this project we used the Digital Image Correlation
(DIC) method to analyze the characteristics of hydrofoil
components (wings and masts) in different loads, using an
Instron machine. At all stages of loading the items were
imaged by a set of high-resolution cameras for analysis
in the MatchlD software. Three types of loading were
performed: bending without twist, and with front and back
twist. Particular areas of interest were selected, where
we focused on the analysis of the displacement during
loading. The analysis included exporting the displacement
data and processing the data to obtain two main results the
magnitude of twist and the magnitude of deflection.
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Automated injection system for lens fabrication by Fluidic Shaping
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Fluidic-shaping is based on leveraging surface tension
under a neutral buoyancy conditions in order to shape
liquid polymers into useful optical shapes, which are
then polymerized to yield solid components. For example,
injecting polymer into a circular frame yields a lens
with spherical surfaces whose curvature is determined
according to the injected volume. To enable industrial
fabrication, the injection process must be automated to
allow precise control of the rate, volume and position,
given the desired optical parameters of the lens. We
implemented the project in two stages: (1) examination
of different injection heads that allow the formation of a
continuous liquid volume within frame, and (2] design and
construction of the injection head to control the rate and
volume of the injection, including a mechanical structure
for accurate positioning. The selected injection head is in
the form of a "shower head”, which we optimized to select
the optimal number of orifices that will result in a complete
lens yet will minimize the contact area with the injected
liquid. In addition, we designed the tip of the injection head
to prevent capillary rise of the polymer away from the lens,
thus reducing the dead volume and improving repeatability.
We fitted a mechanical system to the injection head that
allows controlled movement during the fabrication process
and we also interfaced with an injection control system in
order to control the rate and amount of injected material.
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Development of a Space Rocket Motor’s Thrust Measurement Stand

Based on Flexures
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The project deals with the design and development of a
frictionless table used for measuring thrust in rocket motors
for space systems. To minimize the effects of friction during
measurement, the proposed solution involves a table where
its legs are leaf springs set up as flexures, and the rocket
motor will be placed on that table. The operation of the
flexures is such that their stiffness decreases practically
to zero in the desired horizontal motion direction, when
they are under a vertical load that brings them close to
the critical buckling load. In this state, the flexures can be
used as frictionless horizontal hinges for small horizontal
displacements, enabling precise thrust measurement.
During the project, the thrust table components’ design was
updated to fit the available materials at the workshop and
the constraints of the machining equipment. Additionally,
two interfaces with different connection methods were
developed between the thrust table and two load cells to
minimize external inaccuracies of the measurement.
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Design of an Interceptor vessel
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In this project we designed an offshore patrol planning
vessel intended for interception missions. The vessel is 16
[m] long, 3.86[m] wide and its displacement is approx. 22
[Tonl. The vessel is required to sail up to 50 [n-miles] from
the coast for up to 24 hours and at a maximal speed of 40
[knots]. The boat has 2 separate drive lines that include an
engine, a relay and a water-jet. .The boat will be operated
by a crew of 5 people, and contains a stabilized weapon
system in the bow and 2 light machine guns on its sides.

The vessel was designed in an iterative synchronized
process in accordance with the fundamentals of naval
architecture and "Lloyds - SSC" registry classification.
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Balancycle: A Two-Axis Self-Balancing Unicycle Utilizing Closed-Loop Control
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The project focuses on designing a self-balancing unicycle
that achieves stability in two axes using a lower wheeland a
reaction wheel. The control system integrates PID control,
with the motors controlled by the BeagleBone Blue. The
BeagleBone Blue also houses the gyro, which serves as
the angular sensor. Encoders provide precise position
feedback. The system is powered by batteries, enabling
autonomous operation. The project emphasizes measuring
and estimating model parameters to enhance the control
algorithm within a closed-loop system.
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Study of the non-linear dynamics of an under-actuated robot and

building a disturbances model
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This project dealt with studying the non-linear dynamics
of a 4 DOF twist-car robot, which is actuated with a single
actuator. The robot is comprised of two links which are
connected by an actuated joint whose angle follows a
sinusoidal profile. In the project it was proven that changing
the mass distribution of the robot reverses its direction of
movement, under the influence of an oscillating input. This
phenomena was predicted by theoretical models , and was
proven in our project for the first time. In addition, we've
studied the influence of the input’s frequency and amplitude
on the robot’s velocity, and on the skid velocity of the
wheels. For the purpose of validating the kinematic model
with simulations, we've implemented design changes to
the robot, recorded its motion with a VICON system, and
analyzed the results.
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6DOF Smart Robotic Arm
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The project revolves around the development of a versatile
and intelligent robotic arm. First a 6 DOF (Degrees of
Freedom) robotic arm is designed and built from scratch.
The armis equipped with advanced features such as forward
and inverse kinematics, allowing for precise control and
movement and velocity/Torque control. Additionally, a user-
friendly graphical interface is developed for controlling the
arm, and compatibility with a PS4 controller is integrated,
offering an intuitive way to operate the robotic system. Next
the project focuses on enhancing the capabilities of the
robotic arm by incorporating vision-based motion planning.
To achieve this,a neural network called YOLO V8 is utilized,
along with the Movelt library for motion planning, and
OpenCV for image processing and analysis. These advanced
tools enable the robotic arm to visually determine the
optimal orientation for picking up various items, such as
fish meat and other delicacies. Furthermore, the system
is designed to work seamlessly with different grippers
that students have developed, thus demonstrating its
adaptability and potential for real-world applications.
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