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Adhesive Robotic Gripper - Stickerbot
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Drawing Assist Device
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The purpose of this project is to design and produce a
drawing device for children with Cerebral Palsy. This tool
will allow children to move their hands freely, join social
activities, and draw with different writing implements on A4
pages attached to the built-in tray of the wheelchair using a
simple tape. This project produced two pieces of equipment:
"assist straps " and " table clamp “, the first one attaches to
the wheelchair and the second one to the tray. These devices
use mechanical components which include aluminum rods
and pipes, sleeve bearing, and anchors, all to assure the
equipment stays in place during its use. These devices have
proven to meet customer requirements in force and strain
calculations, including static load simulations.
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Controlled Stepping Walking Device
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In our project we will design, develop and produce medical
device that aid recovery process for a variety of foot injuries.
For those kinds of injuries, it takes between 2 weeks and
even possibly up to several months to fully heal. During this
period of time the patient can’t fully step on his foot and
unable to do one of the most basic daily activities, which
is walking. The main goal of our device is to retain to the
patient the ability to walk independently and improve his
rehabilitation process. The device will hold the patient’s
shin, divide the total load between the shin and the feet
and will monitor the loads on the shin and the feet. The
device will send the data to the computer. Using screws, the
patient will adjust the device to his foot and via setting the
height of the feet, the ratio between the shin’s load and the
feet’s load will be set. Using the ability to monitor the loads,
the quality of the medical treatment will improve and will be
more suitable for each patient individually.
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Eating Aid Device
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Due to a muscular dystrophy, the user's ability to eat
independently and comfortably was impaired. In the project
we examined the existing capability and together we defined
the characteristics of the system that would help the user
achieve better performance.

The system will be installed on the wheelchair by an
assistant prior to eating and uninstalled at the end of each
use. It will help lift and lower the user’s right hand to bring
food from the plate to the mouth. The user will control the
system via a remote control operated by her left hand

During the project we were required to design a system
taking into account the existing physiological abilities,
maintaining degrees of freedom for adjustment and
designing for small volume and weight while maintaining
an aesthetic appearance. The system combines production
in Machining and 3D printing, as well as integration of
electronic components.
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Steering Actuation System of Formula Car 2022
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The Formula student race of 2022 includes an autonomous
event in addition to the main event. In order to compete in
the autonomous event a mechanism has been designed
to fit the requirements. The mechanism connects to the
steering rack and allows the movement of the Formula
car's front wheels based on signals received from the
autonomous system navigation computer. The actuation
system consists of an electric actuator which itself is based
on a lead screw and is driven by an electric motor, and a
bridge that connects the electric actuator to the steering
rack. This year the system was planned to give a solution
to a problem that accured in previous years, that problem
being the inability to turn the wheel at a reasonable force
when the system is connected.
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Formula Technion 2022 Upright Design

77" T2 M N

The purpose of the project is to design and manufacture the
front Upright of the Formula Technion race car 2022. The
Upright is part of a wheel assembly, it is the static part and
the link between the wheel assembly and the suspension
and steering. The main function of the front upright is to
transmit all the forces and moments between the wheel
and the connecting rod control arm. The upright needs to
withstand loads and vibrations while maintaining the optimal
dynamic performance of the vehicle. To obtain a lightweight,
the topology optimization method is used in the structure
design. The model was simulated and verified regarding
the strength, stiffness, and safety factor under two different
conditions, namely turning braking and emergency braking.
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Special Folding Bunk Beds
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The purpose of this project is to build a special version of a
folding bunk bed which willaccommodate disabled residents
by interfacing with a ceiling lift. In time of emergency, bomb
shelters in an assisted living for people with disabilities
must be able to sleep all the residents while maintaining the
room functionality. To accommodate the maximum number
of people in the smallest area, bunk beds are designed such
that they fold against the wall. For the ceiling lift to place
the resident in the lower bed, the bed will detach from the
wall structure and roll out from underneath the upper bed.
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Electric Wheelchair Cover for Kessler House
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Kessler House is a sheltered housing system for people with
physical disabilities who want to start living independently.
Many tenants lead a routine lifestyle, using a wheelchair on
a regular basis to get around outside the Kessler house as
well. In many cases, they have to deal with harsh weather
conditions that include rain, and they do not have the ability
to independently use an umbrella. Therefore, a solution is
required where the tenants can operate independently and
protect them in case of rain. The product was designed
according to the customer's needs and engineering
requirements. The planned solution is a folding transparent
canopy that can be disassembled and mounted on the
electric wheelchair. The canopy is operated by a wireless
remote control and is driven by an electric motor which
opens and closes it. The parameters considered are wind,
rain protection and field of vision. The system has been
adapted to the user's disabilities with an emphasis on
maximum safety.
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Non-Invasive Neurostimulation Device - Biodesign Innovation

an' 0INLL"INIY 1N P02'TID AYNIT ,PTTY 'UIU02IP 17T ,01N N 17T, 'TIDUR 'y
120 N "7 :nnm

Chronic pain is the biggest global health burden that effects
more than 1.5 billion people. Of all chronic pain, back pain
is the most prevalent. Conventional external therapies and
treatments remain mostly ineffective, and while invasive
treatments are more effective, they come with great risk
and remain inaccessible to the majority of patients. The
project team came up with a way to simulate sensory nerves
in the spinal cord in a non-invasive manner to reduce pain
signaling to the brain. Using this device people suffering
from chronic pain can have an immediate and safe first
treatment to prevent loss of productivity before personalized
treatment can be formed.
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Social Learning in Chemotaxis

Dr. Daniel Hexner:nnm | Daniel llan Raccah

Currently machine learning, for the large part, is rooted in computing gradients of a cost function. We explore a new form of
learning, known as social learning, where a number of entities learn by mimicking each other. The advantage of this approach is
that learning does not require an external managing computer, but rather occurs through the interactions between individuals.
This could be useful in swarms of robots.

We study social learning in a model system of chemotaxis. Chemotaxis is a process by which cells attempt to migrate towards
a source of food. Typically, cells are too small to sense the small and fluctuating gradients of food concentration. Instead, they
integrate over food concentration with an integration kernal and make a decision on their dynamics. We test whether cells are
able to learn the integration kernal by mimicking successful cells that are more efficient at finding food. We explore the role of
learning rate, and the possibility of devising new strategies by the addition of noisy imitation
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The purpose of the project is to model the behavior of a
kerosene based gelled fuel which contains homogeneously
distributed solid particles of an "activator” material, in a
Cavitating Venturi (CV]. The analysis of the CV is conducted
in five zones: a convergent section without bubbles, a
convergent section with bubbles, the throat, a divergent
section with bubbles and a divergent pressure-recovery
section without bubbles. We use mass and energy balances
in order to calculate the changing pressure throughout
the CV. We also use the Herschel Bulkley Extended (HBE])
model in order to include the behavior of the gelled fluid
with its rheology. Furthermore, we used the Lahey and
Moody method in order to find the maximum flow rate,
resulted by the chocked flow due to cavitation. We used the
program CEA and a research by Shepherd, Nuyt and Lee in
order to find the thermodynamic properties of the kerosene.
With the results we found, we were able to create Matlab
functions and test our model.
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Analyzing Shock Attenuation Characteristics

of Methylcellulose Hydrogels using Finite Element Analysis (FEA)
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Methylcellulose hydrogels are undergoing thermo-
reversible transition (liquid to solid) upon heating. While
applying mechanical impact, the gel absorbs the shock
energy due to the exact transition. The goal of the project
is to model Split Hopkinson Pressure Bar (SHPB) system
for shock absorption characterization, using finite element
analysis while performing experiments on the same system
to validate the model.
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Dynamic Fracture in Tailored Heterogeneous Ductile Material

7019817 'ON9 N | TITen

This project is a collaboration with the U.S. Air Force and
its purpose is to characterize the mechanical behavior of
a newly developed high strength alloy. Macro mechanical
characterization, including both quasi-static and dynamic
tension and compression tests, and shear high strain rate
experiments, in addition to dynamic shear-dominated
interrupted fracture tests, are all expected to provide
indications of the evolution of the material microstructure
in the course of plastic deformation. Also, estimation of
the thermodynamic heat conversion of the material will
be performed using a high-speed infrared camera. The
experiments are performed using a Universal Testing
Machine (UTM] for the static tests and Split Hopkinson
Pressure Bar (SHPB) and the Split Hopkinson Tensile Bar
(SHTB] setups for the dynamic experiments (wide ranges of
strain rate (10°-10°[s7]) .
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Tissue Engineering, Breast Tissue
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Many women that have breast cancer undergo mastectomy,
an operation that removes the breast. After mastectomy
most of the patients go through breast implantation
surgery. Today's options of breast implants are problematic;
they are heavy, stiff, can cause many medical complications
and more. Using tissue engineering, it is possible to find a
better alternative to the use of breast implants. The aim of
the project is to design a breast scaffold from biodegradable
materials, that will be seeded with human adipose cells
(fat cells). The biodegradable material that will be used is
polycaprolactone (PCL] whichis FDAapproved. The structure
of the scaffold is the foundation for the cells to grow on. It
guides the cells in the desired shape thereby influences on
the tissue formation. By designing the scaffold structure
based on breast geometry and mechanical properties, the
engineered tissue will be similar to a native human breast.
In addition to mechanical properties, the scaffold design
must be appropriate for cell seeding, in other words the
scaffold needs to be prose and spacious.
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Non-contact Topographic Sensing Under a Nonlinear Potential Field using
Vibration Analysis with Machine Learning
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Machine Learning in general and Artificial Neural
Networks, in particular, have proven to be significantly
effective in the context of data exploitation. However, when
considering real-life dynamical systems, there is still a gap
in the performance of these algorithms. In recent years,
there has been a rise in the attempt to incorporate expert
knowledge using a prior understanding of physics-based
models to identify and control complex physical engineering
systems. This study utilized the steady-state response of
an oscillating single degree of freedom system subjected
to a nonlinear magnetic forcing due to two magnets and
combined vibration analysis of the measured data with
physical principles. The research outcome enables the
training and deploying of a neural network capable of
predicting the nominal distance between the two magnets.
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Hypersaline brine is a solution with high salinity. It is a by-
product of industrial production that causes great damage
to the environment. Globally, plants discharge 142 million
cubic meters of hypersaline brine every day (back in year
2019). Different disposal methods (such as discharge it
to surface water bodies and deep wells) and different
treatments (such as evaporators and crystallizers) are
used nowadays, however, these technologies are generally
unsustainable and are restricted by the high cost. For
example, MVC Evaporator require electricity investment of
18-20 KWh/m3 of treated stream, and Crystallizer require
electricity investment of >50 KWh/m3 of treated stream.

In this project, we utilize the desalination fuel cell (DFC)
technology to desalinate hypersaline brine solutions. The
significance of this treatment compared with the traditional
methods is that it does not need high heat or electricity
input to operate. The input to the DFC is solely chemical
energy in the form of redox-active chemicals, and it
outputs desalinated water and electricity simultaneously.
We desalinated 70 gr/l NaCl solution completely, while
producing electricity of up to 15 kWh/m3 of treated stream.
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Separation Model for Nano-Surfaces Accounting for Thermo-Statistical

Effects
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Adhesion and decohesion process of surfaces in the
nano-scale play an important role in cell biology, contact
mechanics and other small-scale system such as carbon
nano-tubes. In this work we investigate the peeling behavior
of nano-surfaces in which adhesion is described by discrete
breakable tethers, while considering thermo-statistic
effects that are significant in such small-scale systems.
First, a simple existing model that only allow small rotations
was investigated, and an improvement was suggested
to better represent the physics of the problem. Then, we
proposed a new and general method for approaching
problems in statistical mechanics. Using this method, we
obtained a new analytical model that can also describe
large rotations. Finally, using the Monte-Carlo method, we
obtained predictions about the system’s shape for different
temperatures and loading conditions.
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We are interested on the impact of altered gait in people
using walking-aid devices. AFOs are commonly used
because they allow the patient to ambulate somewhat
normally while providing protection around the injured limb.
However, wearing an AFO alters the geometry and inertial
properties of the lower limb and could cause an abnormal
gait pattern. The main goal of unloading the foot is to
redistribute plantar pressures to the limb while minimizing
the shear and normal stresses on the limb. We design
an orthosis device that will allow a gradual unload of the
ankle-foot in order to optimize the rehabilitation process.
Moreover, we aim to analyze the pressure distribution using
capacitive pressure sensors, such as Pedar and Pliance, to
differentiate the loading generated on the device and on the
lower limb while using the foot orthosis. The analysis should
be accompanied by the measurements of the plantar forces
obtained with force plates placed on the floor. Additionally,
a kinematic study of joints angles and position over time
should be carried on (i.e. using Vicon system] in order to
acquire a full picture of the gait differences caused by our
device.
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Flow Field Characteristics of Co-axial Jets
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Jet flows are commonly used in heat and mass transfer
applications. In contrast to single round jets, a coaxial jet is
comprised of an inner round jet and a surrounding, annular
jet. Coaxial jet flows have the potential to further improve
heat and mass transfer coefficients by changing the
velocity ratio between the jets and/or the Reynolds number.
Furthermore, by fine-tuning the flow structure to immersed
anisotropic particle (such as fibers) characteristics, the
orientation of fibers may be controlled. In the lab, we
conduct experiments on a coaxial water jet system using
particle image velocimetry technique (PIV]). The aim of this
study is to elucidate the near flow field characteristics of
the jet and in particular study the effects of the inner-outer
stream velocity ratio on the flow dynamics. In addition, a
system to introduce fibers into the flow is being constructed
and tested.
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Capacitive deionization (CDI) is an emerging membrane-less
technology, typically applied to brackish water desalination
and ion-selective separations. CDI is based on a cyclic
process of alternatingly charging and discharging a pair of
porous electrodes, while the water is pumped through the
electrodes. During the charging step, ions are removed from
the feedwater by ion electrosorption into the electric double
layers of charged electrode micropores. At discharging step,
the electrodes are regenerated, and the ions are released
to brine stream. Nowadays, membrane-based desalination
technologies struggle to address the crucial challenge of
removing toxic ions with pH-dependent charge. Boron ion
is one example of such ions, as it is toxic for human health
and plants growth at elevated concentrations. Boron ion is
removed only by 50-60% using membrane at pH values below
8, so that often feedwater must be dosed with a caustic agent
for effective boron removal. CDI cells show a natural strong
pH variation within electrodes during charging. So that CDI
has a high potential for boron ion removal. During this work,
CDI experiments were conducted to investigate the effect of
varying discharge voltage on the adsorption of the boron for
a feedwater composed of boric acid and NaCl. The charging
step was performed at a constant voltage of 1.2 V for 20
minutes, while the discharge step was performed for 60

minutes.
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This project aspires to design a prosthesis for trans-
radial amputees that will be lightweight, low-cost, easily
assembled, and accessible to all. To achieve that the design
is based mostly on 3D printed parts and is activated by off-
the-shelf motors and electronics. The prosthesis is powered
by micro DC motors which control the opening and closing
of the fingers (one motor per finger) and the rotation of the
wrist, and are activated by a microcontroller.

It is a continued development project based on an existing
design, and the current iteration includes the following
upgrades: The design of the fingers was replaced with a
modular one, which enables varying lengths. In addition, a
position and speed control was used instead of the previous
current control, by adding encoders to the motors and using
PID control, combined with a pressure sensor to achieve
precise movements and to allow partially closed hand
gestures. Consequently, the palm and the motor housings
were modified to enable those changes while still adhering
to the original structural constraints.
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The project deals with the development of a computational
model for the analysis of a Cavitating Venturi (CV) type flow
control component. The model is intended for CV tests
using water. The initial analysis of the CV is done in three
geometrical sections of the CV, and in five computational
sections. Thefirstgeometric section converges fromtheinlet
diameter to the diameter of the nozzle throat; The second
is the nozzle throat itself; The third one is divergent up to
the exit diameter. The five computational segments include
a single-phase convergent region where the pressure is
lowered to saturation pressure, a two-phase convergent
region,anozzlewith two-phase flow, atwo-phase convergent
region, and a single-phase liquid convergent region, where
the pressure recovery occurs. We use mass and energy
balances to calculate the pressure varying along the CV.
Two-phase flow modeling and calculations are carried
out using the detailed thermodynamic properties’ tables
("steam tables”) of water, using the Xsteam' application.
In the calculations, it is necessary to overcome challenges
around the vapor pressure.
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"Magnus Holmgren (2021). X Steam, Thermodynamic properties of water and steam.
(https://www.mathworks.com/matlabcentral/fileexchange/9817-x-steamthermodynamic-

properties-of-water-and-steam), MATLAB Central File Exchange.
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Gaseous Reformate Jet Evolution and Propagation
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The dynamics of the gaseous reformate jet is a major factor
affecting the particulate matter formation and emission
from combustion of a hydrogen-rich reformate. Mitigation
of particle formation is essential for the sustainability of
a novel high-efficiency propulsion cycle developed in the
Technion. The latter is based on the utilization of the waste
heat to produce a hydrogen-rich reformate - the fuel with
beneficial combustion properties. The research analyzes
and compares with analytical, empirical and experimental
tools the mechanism of jet evolution and development with
a focus on the lubricant vapor entrainment from a heated
wall surface into the combustion chamber bulk.
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Robustness Algorithm and Design for Accurate Grasping and Handling
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Grippingis a big topic of discussion in the field of automation,
and the ability to accurately grasp a multitude of objects is
not trivial. The aim of this project was two-fold.

Firstly, to research different designs and methods of
grasping, to determine which combination would best allow
for fast gripping, and safe handling objects in different
orientations.

Secondly, to develop an algorithm which corrects the
position and orientation of the gripper for maximized chance
at successfully grasping an object. The algorithm receives
input from linear potentiometers which are integrated
into each finger of the gripper, and outputs poses and
orientations which correct misalignments with the object.
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Balloon Interception by Drone using Vector Guidance and Computer Vision
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The project includes planning and simulations for
autonomous interception of a balloon using a drone. The
drone performs autonomous scanning, target acquisition,
tracking, range and velocity estimation, and interception.
The drone’s guidance is based on Vector Guidance laws,
developed by Prof. Shaul Gutman. Target acquisition and
tracking are performed using computer vision based on
the openCV library, by analyzing a video feed from a camera
installed on the drone. Range and velocity estimations are
performed in real time by a dedicated algorithm, and sent
in real time to the guidance law. Real time communication
between different components is based on ROS. Simulations
for demonstrating the drone's operation and testing
interception performance are done using Gazebo simulator.
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A flow battery uses electrochemical energy that is stored
in electrolyte and convert to electrical energy. This energy
conversion is based on chemical reactions of the substances
from which the electrolyte consists. The reactions cause
electron replacement processes between the materials
and the electrodes of the battery. During battery charging,
by-products called dendrites are create on the anode. The
formation and significant accumulation of dendrites can
impair battery function. The purpose of the project is a
study dendrite formation phenomena in a flow battery, with
the electrolyte that consist ZnBr_2, salt and water. For the
purpose, we assembled a battery system, which includes an
anode, cathode and the flow channel where the electrolyte
flows during the experiments. We calculated the limiting
current, which is the maximum current that can be sustain
in a specific battery for a number of selected speeds and
measured the voltage created in the battery during the
process. Then, we observed the phenomenon of dendrite
growth and tried to understand the optimal metrics that
would minimize their formation.
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Vibration in turbomachinery could occur as consequence of
a rotating speed which lead to resonance or from flutter.
Such Vibration might lead to failure of the blade and the
entire machine. In many machines it is impossible to directly
measure the blade vibrations in conventional methods due
to lack of line of sight or harsh environmental conditions.
“Blade Tip Timing” (BTT) is the accepted technique for
detection and analyzing blades vibrations in rotating
machinery such as these. The method uses non-contact
timing probes, that are mounted on the outer casting of the
turbine, and measure the time of arrival (TOA) of the blades
tips. The result is then compared to the estimated time of
arrival in a rigid system. By analyzing the difference in the
TOA it is possible to determine the frequency and amplitude
of the rotating blade in a turbine.
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Quantum Amplifier of Microwave Photons
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The target of this project is to explore quantum amplifier of
microwave photons which operates at room temperature.
This amplifier is based on defects in a diamond matrix
called NV centers. Using external magnetic to create the
energy level system in the VN centers and pumping photons
with wavelength of 520[nm] (green light) allows stimulated
emission of microwave photons. This project investigates
the effects on the system of the intensity pattern and the
power of the green light on the diamond.
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Machine learning, for the large part, relies on computing
gradients of a high dimensional cost function. Gradients
are a non-local operation, requiring the knowledge of the
entire system. Recently, a new set of learning algorithms,
known as equilibrium propagation, have been introduced
that operate with only local operations. These, exploit the
inherent physical laws to estimate the gradient without
directly computing it. Equilibrium propagation is now being
explored as an efficient architecture for machine learning
processors.

The goal of this project is to study how the equilibrium
propagation operates as a “difficulty” is increased (e.g.,
the dimensionally of the data). It is not surprising that
learning fails when difficulty is too large. Our study aims at
characterizing how this failure is expressed in convergence
rate, and in the structure of the network.

To this end, we train a resistor network with a specific
voltage response on a set of output sites, whose number
defines the difficulty. The conductance values are the
learning degrees of the system that evolve with training.
Using equilibrium propagation, we train the system and
then study the learning process as a function of the numbers
of target nodes. We measure the number of iterations until
error convergence, the distribution of the final conductance
values and eigenvalues of the response matrix.
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The project focuses on producing a prosthetic hand and
forearm for children with amputation below the elbow. This
hand has to be comfortable, has to be able to differentiate
a number of different motions and react accordingly and
the production costs need to be lower than 400%. All the
information about this hand will be available online to allow
it to be produced anywhere where there is a 3D printer
and some basic tools. The project is ongoing so each year
it progresses further. Principle of operation - an EMG
sensor bracelet, located on the muscles, reads the user’s
commands and transmits theme to a microprocessor
which processes them and gives commands to the motors
to operate the fingers. The stump interface must provide
maximum comfort and good grip for the prosthetic. The
forearm is used as storage for some of the electrical
components of the system. This year, we found the minimal
dimensions for the forearm that will allow the fitting of
the batteries inside (which fits a 5-year-old child, with a
stump below a certain length) and created a designated
battery house inside the forearm. We improved the interface
between the hand and the forearm and between the forearm
and the stump interface, created a forearm more fitting to
the proportions of a child, started to create an interface
that will be able to fit the measurement of the prosthetic to
children of different sizes.
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The vision of the project is to enable trans-radial amputees
under the elbow to obtain a comfortable prosthetic hand
that performs well at a low price, up to $ 400. The hand
consists mainly of printed plastic parts. The idea is that
all the information required to manufacture the prosthesis
will be accessible online so that anyone with access to a 3D
printer and a small budget will be possible to manufacture
the hand. Principle of operation: EMG sensors located
on the muscles read the user's commands and go to a
microprocessor which processes them and gives commands
to the motors to operate the fingers. The project is ongoing
so every year there are progress and improvements. We're
in the team of hand design and current control. In the field
of mechanical design, we deal with various challenges
to make the hand comfortable and functional as possible
within the budget limit. In order to exam the hand design,
we connected the hand to electrical transformer - unlike
the normal operation preformed with batteries - and saw
that the design works well and that the hand opens and
closes fully, and there is a good grip on various objects. In
the control field, we work with micro-processor to control
the commands for motor movements after reading the
signals from the sensors. This year we approved the hand
design and its functionality and worked on relevant code to
operate the motors. Going forward, we want to preform grip
experiments to sample current consumption for different
objects and get statistics data.
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Intheindustrythereisaneedforhuman-robot collaboration.
The collaboration is intended to take advantage of the
benefits of human actions (such as accuracy) and the
benefits of the robot (such as repetitiveness). To find
optimal cooperation between the human and the robot,
different learning methods for identifying and predicting the
human motion were investigated. Today, there are sensing
and vision technologies that provide the input for these
methods, such us: touch sensors - sensors located on the
user's arms that collect information about his movement,
and computer vision - a three-dimensional camera located
in the work scene, collecting the information in its vicinity.
In this study we perform an analysis of human movement
using several learning methods that use information from
touch and vision sensors. We examine the benefits and the
disadvantages of each method as a function of technology.
Using these results, we develop a method that combines
the touch and vision information in a way that gives a more
accurate motion analysis. We expect that the integration of
the information from the sensors and the camera will lead
to an improvement in the results of the analysis and the
prediction of the movement, thus improving the interaction
between the human and the robot.
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In order to collaborate effectively, Al agents must be able
to learn to ask for help from other agents and understand
how they can offer valuable assistance to other agents.
The proposed project focuses on heterogeneous teams of
autonomous robots. The objective is to find methods that
allow the robots to compute behaviors that maximize their
“helpfulness' to other robots while complying with their
own resources and objectives. This is a challenging problem
since it requires an online monitoring of the system’s state
and a way for the agents to monitor and coordinate their
progress. In addition, it requires an integration of high-
level task planning and low-level motion planning in a
multi-agent setting. For this purpose, we intend to develop
a multi-agent global task planner that accounts for the
current requirements and capabilities of the agents in the
system and finds a joint plan that represents a sequence
of low level motions to be executed by each agent. For
evaluation our approach, we intend to use a block staking
scenario involving a static manipulator, that can pick and
place objects, and a mobile robot that can push objects in
the environment. The task of the robots is to jointly achieve
a given stack configuration while minimizing execution time.
The project consists of two parts. The first involves building
the system in simulation and the second involves evaluating
our suggested approach on the actual robots.
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The Mechanical Behavior of The Bone and Comparison to Bread
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The project is carried at The Materials Mechanics Center.
The goal of the project is to investigate the mechanical
and failure properties of slices of bread and animal bones
that are under uniaxial compression, with an attempt to
find, if any, similarities in the response of those two kinds
of porous media surrounded by a harder cortical shell.
For this purpose, DIC (digital image correlation) software
is used to allow investigation of the specimens’ failure, as
well as micro-CT to characterize the three-dimensional
microstructure.
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All human beings use balance control on a daily basis and
specifically during walking. In real life, the body’s balance
may be perturbed as a result of various disturbances
such as a hole in a sidewalk. This study explores the
human body’s dynamic reaction to an unexpected lateral
perturbation during walking under different conditions:
bound arms, and while speaking on the phone. The study’s
methods include state-of-the-art optoelectronic motion
capture system collecting data of healthy young adult
subjects. Walking trials were performed on a motor-driven
treadmill placed on a moving platform. The collected
kinematic data is processed and analyzed using algorithms
for image recognition and includes signal processing to
biomechanically characterize the human movement as a
response to perturbations. The biomechanical parameters
include margin of stability, ankle, knee, and hip angles, and
the relationship between upper and lower body kinematics
and spatiotemporal parameters.

Subject preparation and
experimental setup:
balance treadmill
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Comparison of Heuristic Optimization Approaches for Solving Energy

Efficiency in Redundant Systems
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In this project we compare methods for finding the motion
path, which optimizes energy consumption for a planer
system with three co-dependent degrees of freedom (DoF)
(where there is an infinite number of ways to follow a given
path). Our problem is one of moving between a number of
known elements in a given amount of time. To reach the
ideal path we must find the correct motion parameters,
which are: The order of traversal between elements, the
entry and exit points for each element, and the direction
of motion (CW/CCW]. In the project we will compare the
three following methods for finding the aforementioned
parameters: Genetic Algorithm (GA), Particle Swarm
Optimization (PS0O), and Differential Evolution (DE). We'll
solve the optimization problem for each algorithm and
compare their efficiency.
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A common medical problem is an increase in foot pressure
in diabetics, which can lead to ulcers and even amputation
of the foot in severe cases. One of the main areas for rising
pressure is the heel center. The purpose of the project was
to examine how the distribution of pressure on the heel
varies depending on the material and geometry of varying
printed insoles in 3D printer, to find the more effective
solution for diabetics. To do this, laboratory experiments
tested several insoles specially printed from materials that
mimic biological materials, which differed in their geometry
- some with a hole in the center of the pad and some
uniform, and hardness - pads made of soft or stiff materials
and even a combination of several materials in one insole.
We measured the pressures at each point in the foot using
sensors. The measured pressure data were divided into
three main sections of the foot and from a comparison of
the insoles for each subject we investigated which is the
insole in which the pressure in the center of the heel and
around it will be the lowest and most diffuse. The findings
of this project may lead to the prevention and treatment of
ulcers in diabetics and increase their quality of life.
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The aim of the project is to investigate the effect of
cylinder wall cooling of an internal combustion engine on
the evaporation of the engine's lubricant film. In order to
promote green energy, a propulsion solution of an internal
combustion engine based on reformate that consists of
75% mol of H, and 25% mol of CO, by direct injection was
previously suggested in the Technion. Along with significant
improvement in performance and reduction of pollutant
emissions, the researchers found a substantial increase
in particles formation. This is due to intensive evaporation
of the lubricant and its entrainment into the combustion
process in the cylinder. We study the effect of the coolant
parameters on the rate of the lubricant evaporation to
mitigate the particle formation phenomenon. To investigate
how the lubricant evaporation depends on the coolant
parameters, we solve a heat transfer problem. We check
how much of the heat transferred to the oil layer from the
gases in the engine is used for evaporation and how much
of it continues to pass to the cylinder and from there to the
coolant. This way we can know the relationship between the
two and understand if the dependence is significant enough
for the evaporation to decrease and with it the amount of
particles
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The HCCl engine combines the benefits of Diesel and Spark-
ignition engines. The engine works on a homogeneous
mixture, can operate at large compression ratios, and self-
ignites after fuel injection; thus, achieving high efficiency
and reduced pollution emissions. Controlling the ignition
time under the desired operating regime can be done by
using two types of fuels low and high reactivity. Hydrogen is
used as the high reactivity fuel and produced onboard using
the wasted heat from the exhaust. Despite its benefits, the
engine’s limited maximum load and shortages of heat and
energy for small loads restrain the range of its operating
regime. A possible solution to increase said range is to use
sparked ignition to heat the low-temperature air-fuel mix at
small loads, reaching self-ignition conditions; and igniting
a low reactivity, high resistance mix under high loads. The
goal of this project is to study the performance of Spark-
assisted reforming - controlled compression ignition in an
HCCI engine. In the project, a computer model of an HCCI
engine with spark assisted ignition is being tested for its
performance, efficiency, and pollutions emission at the
problematic operating regimes.
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Flexible Walking Robot with Inertia and Gyroscopic Actuation
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The purpose of this research project is to design and propel
a robot built from flexible vertebrae, by using the tilting of
the angular momentum created by a rotating system and
harnessing the resulting gyroscopic and inertial forces to
propel the robot. Inertial actuators do not require a fulcrum,
therefore they have an advantage and some improved
capabilities over other actuators, for example they can be
used to orientate satellites in space. The project includes
modeling and constructing the robot and developing the
relevant equations with a suitable control algorithm.
A suitable model is employed to perform numerical
simulations, along with building a test system to test the
theory, involving designing and printing model parts on a
3D printer, assembling and writing code for running the
system.
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Wine Grape Mechanics
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Mechanical properties of grapes are of importance to the
wine making industry. In this project we evaluated a number
of mechanical properties of Cabernet Sauvignon grapes in
two parts. In the first part, tensile and compression test were
conducted and from their results the average tensile force
required to detach a grape from a cluster and the average
compression force required to achieve initial failure in the
grape’s skin were extracted. In the second part we created
a simplistic model of the grape cluster and ran vibration
simulations for it in a finite element program to estimate
which vibration frequency causes a significant number of
grapes to detach from the cluster. Finally, vibration tests
were conducted with the goal of verifying the results of the
simulations.
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Studying Coagulation on Modified Artificial Heart

Valves Using a Novel Experimental System
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The main drawback of the bioprosthetic heart valve is its
relatively short lifespan, whereas, despite the ability of the
mechanical heart valve to overcome that flaw, it requires
the patient to take anticoagulant drugs which endangers
the patient and affect the patient’s lifestyle.

In this project, an innovative experimental system was
developed, which enables to simulate the coagulation
conditions under flow on cardiovascular devices. This
method may assist in better understanding the clotting
phenomenon and the factors related to prosthetic heart
valves failure. Moreover, it will also allow to explore the
effectiveness of innovative prosthetic heart valves designed
to reduce thrombosis in them.
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A flow battery uses electrochemical energy that stored in
electrolytes and converts it to electrical energy. This energy
conversionisbasedonelectrochemicalreactionsoftheredox-
active species dissolved in the electrolytesubstances from
which the electrolyte is made. The reactions cause electron
exchange process between the active speciessubstances
and the electrodes of the battery. For metal-based batteries,
Dduring battery charging, by-products called dendrites
are created on the anode. The formation and significant
accumulation of dendrites can impair battery function. This
study is based on a lab-scalesmall flow battery with an

electrolyte that consists ZnBrz, salt and water where zinc. In
batteries operating with a similar electrolyte, the dendrites
are form upon battery charginged from zinc. The dendrites
formation phenomenon dynamics can be linked withcan be
linked with the term Sand’s Time, which refers to the time
when the zinc concentration around the anode dropsped
to zero at high current densities. At this During this time,
dendrites formation begins to accelerate. The purpose of
this project is to theoretical characterize and examine the
mechanism of the phenomenon. An analytic analysis will be
presented, and numerical methods will be used to improve
the understanding of the process.
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Modulation of High-Frequency Acoustic Waves To Control Low-

Frequency Signals
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This projectincludes designing and building an experimental
system through which modulated large amplitude (>100db)
ultrasonic acoustic signals are created. Nonlinear effects
generate difference (low] frequency signals in the audible
range. The experimental system contains an array of ten
tiny ultrasonic microphones (SPU0410LR5H-QB), that sense
waves at frequencies of up to 80kHz. These transducers
are arranged in a circular configuration that enables us
to obtain and analyze measurements in time and space.
Furthermore, this configuration allows one to preform
closed-loop control of the difference (audible) signal, so
that it can eliminate additional acoustic signals that come
from a third source.
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The project deals with a new measurement technique
especially designed for turbine blade vibrations.
Aeroengines and gas turbines contain fast rotating fans
and stages with staggered blades. The latter can develop
large vibrations under certain operating conditions. During
certification and development process, the vibrations of
the barely accessible blades need to be measured. This is
usually done using optical sensors that measure the time-
of-arrival of each blade. Vibrating blades appear at different
times than a rigid counterpart, mostly due to dynamic
bending. The actual work includes building a proof-of-
concept experiment where the optical sensor oscillates fast
so that it can capture multiple occurrences of the vibrating
blade thereby enriching the amount of available information
and making the identification process more accurate.
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Drone with a Manipulator
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We'll intertwin Kinematics, Dynamics, and Control of a
manipulator by advanced Guidance principles of a drone.
The chosen guidance principle is Vector Guidance of a drone
by a RR manipulator. The solution of the control loop gives
us a polynomial equation of 4™ degree, which can be solved
analytically and then discover the minimal I‘gg, which means
discovering the miss distance within a minimal time frame.
We will analyze energetically the manipulator to get the
equations of motion in matrix form, so we’d be able to build
the foundation for MinMax control later.
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We aim to design and build a spherical robot, actuated by
a flywheel, in order to move in a predetermined manner,
using open and closed loop control. The project is divided
into several stages. First, an analytical model of the
dynamics of the system is built, which enables us to choose
the state variables and to design the control system. This
model allows to perform numerical simulations predicting
the response of the system.

Afterwards, an experimental model is built, on which
experiments are compared to the simulations.

Finally, the system is to be driven in open and closed loop
control to achieve autonomous motion of the system. The
robot will be able to receive a desired trajectory and to
follow the desired path in the configuration space, reaching
the final position and orientation.

The final goal, besides building an autonomous spherical
robot, is feasibility testing for an actuation system based on
tilting a gyroscopic motor in order to maintain and control
the orientation of bodies, specifically satellites. This system
has an advantage compared to gimbal-based systems due
to the fact that it has no singularities.
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A Wankel engine is a rotary four stroke internal combustion
engine. The engine is composed of a trochoid-shaped
stator and a rotor shaped like a Reuleaux-triangle, with
the combustion chamber located in the space between
them. The shape of the rotating combustion chamber
with a high surface-to-volume ratio makes it difficult to
study, understand and improve the combustion process,
which has a great impact on the engine thermal efficiency
and performance. Along with the challenging geometric
shape of the combustion chamber, there is a high-speed,
unidirectional squish flow along the chamber due to the
rotor’s rotation, which has a substantial impact on the
flame initiation and propagation. In this project, a laboratory
research setup of a Wankel engine with optical access to the
combustion chamber was designed and manufactured. The
research facility is based on a commercial engine and allows
opticalimaging of the combustion process using high-speed
and thermal cameras. By employing the developed setup
we would be able to investigate the temperature dispersion,
pollutant formation, heat losses and combustion efficiency
of the engine. Additionally, we have conducted a series of
experiments to study the effect of a high-speed charge
flow on the spark-plug discharge pattern and direction.
The experiments were conducted in a wind tunnel using a
high-speed camera and a voltage-current probe to record
the spark-plug discharge pattern. In these experiments we
studied the effect of the flow velocity and the spark-plug
distance to wall on the electrical discharge development
patterns.
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The Mechanical Behavior of a Compressed Beam Constrained by a

Nonlinear Springy Wall
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Various fields like medical procedures, biological processes
and engineering applications involve post-buckling behavior
of a compressed beam subjected to lateral constraints. For
instance, common medical procedures use guidewire which
is used to pass through different arteries along the body.
The main goal of this research is to study the post-buckling
behavior of a compressed beam constrained by a nonlinear
“springy” wall (a rigid wall that moves against a nonlinear
spring). The focus is on theoretical analysis, where analytical
insights are obtained assuming small-deformations and
large deformations based mainly numerically. System
analysis helps us understand the behavior of the beam
after buckling in the various modes as a function of the
axial compressive force. Finally, the theoretical results will
be validated by experiments.
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Automation of Load Cells Calibration Process in Rafael
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The goal of this project is to improve the efficiency and
precision of Load cells calibration process that is performed
daily in physical calibration laboratory of Rafael. While
learning the calibration process, the existing laboratory
infrastructure, and the needs of the customers, we built a
system that performs the entire calibration process almost
automatically. Instead of a manual operating lever for a
stretching / pressing machine we connected a Beckhoff
servo motor and programmed the controller according
to calibration procedures by Iso 376. We have designed
the work environment ergonomically for the calibrator,
along with safety mechanisms to prevent work accidents
and damage to equipment. The system is equipped with
a touch screen with a user interface that is designed for
maximum convenience of the calibrator without the need
for additional training. The system we built is expected to
save the company about 1000 working hours a year as well
as save thousands of shekels that are wasted due to the
destruction of expensive laboratory equipment as well as
errors in the calibration process.
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Onboard Homing System Based on a Dual-Fisheye Camera
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This project aims to design a framework of target tracking
and pursuing, that imitates a real-world missile guidance
system, to improve the ability to analyze the performance of
guidance and control algorithms in the CASY- Cooperative
Autonomous Systems Laboratory at the Faculty of Aerospace
Engineering. The proposed system design includes a Ricoh-
Theta s 360-degree Field of View camera (dual-fisheye), a
ground robot Kobuki Turtlebot 2 with embedded inertial
sensors, and an Odroid SBC (single-board computer).
The livestream readings from the camera are processed
using OpenCV image processing algorithms to produce the
relative azimuth and elevation angles to the target. These
measurements are fused with the inertial sensor readings
and are used to produce the guidance commands sent to the
robot. The software has a modular structure and is mostly
designed in Simulink and Python and is implemented in the
Robot Operating System (ROS) framework. The system is
experimentally validated in several pursuit scenarios.
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Reduction of Thermal Fatigue Damage to Sensitive Components of
Combined Cycle Operating with Frequent Start-Ups
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HRSG is the most sensitive component in combined cycle to
negative effects of thermal fatigue

In the recent years, many combined cycles have been
operating in a two shift operation which results in frequent
start-ups and shutdowns (up to 350 events per year).

This operating regime induces tremendous temperature
fluctuations during start-ups and causes thermal fatigue
damage to high temperature components such as super-
heater and re-heater of HRSG.

To alleviate this problem we suggest modifying procedures
of start-ups in such a way so the magnitude of thermal
fatigue experienced by HRSG will be significantly reduced,
also the proposed new methodology of start-up will reduce
fuel consumption and NOx/CO emissions.
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Applications of Repetitive Control in the Lab
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Tracking arbitrary periodic signals is a difficult control
problem. It can potentially be solved by the use of the
repetitive architecture. But its stabilization is nontrivial
and the architecture might be sensitive to uncertainty. This
project aims at investigating those aspects at a laboratory
xy-table. The system is a set of two stages and two linear
actuators controlled to track a periodic signal in each axis.
First, the control method was simulated and analyzed to
determine how different controller design choices affect
performance. Next, the xy-table was controlled in a closed
loop to test its response to a step reference signal. The
system was found to exhibit a strong nonlinear behavior,
which is a potential obstacle in applying repetitive control.
What remains is identifying a linear model of the system
and using it to design a repetitive controller to follow a
periodic reference signal.
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Autonomous Gripper Exchange System
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The project included the design and production of a quick-
change system that allows a robot to grab various objects by
replacing grippers autonomously. The robot arm connects
to the required gripper, locks it and provides the electronic
connections.

The quick-change system is created using 3D printing and is
designed to allow for an error of up to 1 cm with regards to
the accuracy of the robotic arm. The quick-change system
also allows the transmission of electrical signals to the
gripper. This innovative design avoids the need for a battery,
charging station or a separate Arduino controller for each
gripper.

The system we manufactured allows the customer to adapt
a wider range of robotic grippers for different uses creating
a very efficient and robust solution.

The arm that carries the quick-change system operate
using “DYNAMIXEL-P motors” that receive commands from
the ROS system. In the first phase, we learn the kinematics
of the robotic arm trying to define its error tolerance
range. After that we set a goal to simplify the grippers
by transferring the electronics and computing to the arm
system.
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Adhesive Robotic Gripper - Stickerbot
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As part of the larger project of the ARL industrial robotic
arm, we developed a unique gripper that utilizes adhesive, in
this prototype; tape and pressure sensors to pick up a wide
range of irregularly shaped objects with varying surface
materials. We call it the StickerBot. With the profound
guidance of Prof Elon Rimon, we developed this gripper that
achieves the goals mentioned. The robotic arm pushes the
gripper into the object against a surface like a table, which
then secures the object with the tape. The object is now free
to be manipulated. To remove the object, the tape is pulled
by the stepper motor which carries the object with it. At one
end of the attachment area, a stopper is placed to separate
the object from the tape. The StickerBot proved that with
a relatively simple mechanism, we were able to create
a gripper that could pick up objects of various surface
materials and irregular geometries. The unique design and
use of adhesive tape enabled the gripper to work efficiently
without a heavy reliance on computer vision.
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Control of Servo Systems on Autonomous Bicycle
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Our project is about model-based motion control with
application to drivetrain of an autonomous bicycles. The
laboratory setup in our project consists of a miniature
autonomous bicycle, whose rear wheel is driven by a
DC motor. In the first part of the project, we dealt with
modeling of the bicycle drivetrain. We derived the structure
of the model and identified its parameters through series
of laboratory experiment. The second part of the project
deals with the design of a drivetrain controller for keeping a
constant cruising speed. The controller will be implemented
on an Arduino microprocessor and its performance will be
validated experimentally.
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Piezoelectric Actuator for Stimulation of Bone Cells
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Piezoelectric effect is the ability of certain materials
to generate an electric charge in response to applied
mechanical stress. One of the unique characteristics of
the piezoelectric effect is that it is reversible, meaning
that materials exhibiting the direct piezoelectric effect (the
generation of electricity when stress is applied) also exhibit
the converse piezoelectric effect (the generation of stress
when an electric field is applied).

In the framework of the project, it is requested to build a
machine which exerts mechanical constraints on a lamella
in a controlled way thanks to a piezoelectric actuator. The
objective is to control the strain and investigate the behavior
of the bone cells located on the lamella. The deformation of
the plate will lead to the deformation of these cells.
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Stabilizing an Inverted Pendulum on a Motor Driven Platform Using

Closed-Loop Control
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An inverted pendulum consists of a rigid body connected to
a hinge at one end, such that the body’s center of mass lies
above the hinge. This system is unstable and has non-linear
dynamics.

The purpose of this project is to stabilize an inverted
pendulum which is placed upon a DC motor-driven
platform, by designing a closed-loop control system for the
cart’s position, and through that the pendulum’s angle. To
achieve this, we must first derive the non-linear equations
of motion for the system, linearize the system about its
non-stable equilibrium point, and then identify all unknown
parameters of the system (the motor constants, masses,
moments of inertia, viscous friction coefficients, etc.).
Then, it is necessary to design a closed-loop control law
for the cart’s position and then the pendulum’s angle, using
sensors (encoders).

Oncethe control laws are planned, it's possible to implement
them using Simulink and then to upload the resulting code
to a microcontroller which is located upon the platform.
The microcontroller reads the encoder data, and outputs
voltage commands to the platform motor, according to the
control laws written to it.
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Exploring New Clot Reducing Designs for Mechanical Aortic Heart Valves
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Cardiovascular disease is the second leading cause of death
in the modern world, with heart valve diseases being the
most common. Bioprosthetic or Mechanical Heart Valve
replacements are the standard treatment for heart valve
disease. A common problem with transplanted heart valves
is prosthetic heart thrombosis, one of the leading causes of
mechanical heart valve failure. A newely suggested solution
to that problem is to design new valves that alter the flow
field and leverage the natural blood flow to rinse the valve
and inhibit clot formation and accumulation. We performed
advanced flow simulations wusing ANSYS FLUENT,
considering the the mechanical aspect of valve thrombosis.
Based on these simlations, we compared various solutions
to derive the optimal mechanical valve configuration.
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Development of a Soft Robotic Arm for Search And Rescue
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This project is about developing a robotic arm for search and
rescue at destruction sites and tunnel mapping. The arm
operates by the principle of multistability, where a system
has a large number of equilibrium points. To implement the
principle of multistability, | used a structure consisting of
multistable links operated by a fluid-based flexible actuator.
This flexible structure allows the arm to be distorted due
to contact with obstacles during movement. Therefore, the
arm can pass through narrow and winding passages that a
rigid arm is unable to pass, a very important advantage for
navigating through destruction sites. Another advantage of
the flexible structure is its many degrees of freedom due
to the long vertebral structure and an actuator that can
move within it. Based on this principle, the robotic arm was
designed and built by various methods, such as 3d printing
and silicone molding, and a control system for the actuation
of the arm was designed.
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Bicycle Stabilization Via front-Wheel Steering
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The purpose of the project is to stabilize a miniature bicycle
by controlling the steering angle of the front wheel while
driving at a constant speed. In the first part of the project,
we prepared a theoretical background and made the
analysis necessary for stabilization. We derived a simplified
model for the roll angle dynamics based on the article
“Bicycle Dynamics and Control, Astrom, K. J., Klein, R. E.,
& Lennartsson, A. (2005).” and kinematic equations on the
yaw angle. Additionally, we proposed a stabilizing controller
structure, analyzed the resulting achievable performance
using simulations, and tuned the controller parameters
using numerical search. In addition, we modeled the
dynamics of the steering mechanism driven by a DC
motor and designed a low-level steering controller. In the
second part of the project, we will implement the designed
controllers in a laboratory setup and validate the resulting
behavior of the system experimentally.
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Design and Construction of a Dynamometer for Small Engines
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The project involves detailed design and implementation
of a hydraulic dynamometer suitable (with adapters) for a
variety types of motors and engines with low power (up to
10 kW). The varied of sensors and measurement systems in
the dynamometer are connected to a microcontroller that
will collect all the data to a computer and display the RPM,
momentary torque and momentary power. In addition, at
the end of each run, summary graphs of the experiment will
be obtained so that the X-axis is the RPM and two Y-axes of
torque and power.
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Experimental Design for Interaction Control System
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This project deals with an “Interaction Control” problems.
The goal in this kind of problems is changing a perceived
mechanical impedance of physical systems interacting with
human operators. The experimental setup in our project
consists a disk attached to a DC motor axis. Our goal is to
design a control strategy that multiplies torques applied
by human operators in order to decrease the inherent
mechanical impedance of the system. In other words, we
would like to use control for making the disc feel lighter
than it is in reality. In this project, we consider three
approaches to this problem: 1. Closed loop control based
on the angle measurements; 2. Open loop control based
on the interaction torque measurements; 3. "Admittance
Control” based on both angle and torque measurements.
The advantages, disadvantages and limitations of these
approaches are analyzed and validated using simulations
and experiments.
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Automation of The Technion's Formula Vehicle
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This project is part of the Technion’s Formula Vehicle 2022
project - electric and autonomous vehicle. As part of the
project, PCB boards which assemble the safety circuit in
the vehicle - The ShutDown Circuit, were designed and
manufactured. This part included practical experience in
electronics - designing electrical schemes, designing PCB
board and verification at the lab. In addition, this project
included control of mechanical mechanisms at the vehicle
(steering and breaking mechanism control] which make it
possible to break and control the steering of the vehicle in
autonomous state. All the systems were designed based on
the rules of FSG 2022 competition.
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Modeling, Control and Stabilizing Reaction Wheel Balanced Inverted Pendulum
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This project is a part of a Unicycle type mobile robot. The
goal of this project is to stabilize the robot in the lateral
plane, perpendicular to the moving direction, using a
reaction wheel. The project consists of a few parts. First,
the system modeling has been done by analytical model
derivation. Itis followed by model parameters measurement
or estimation and their experimental verification. The final
part of the project is to design the stabilizing controller and
check it by both simulation and experiment. The inverted
pendulum stabilization is done by a reaction wheel where
the acceleration and the direction of spin effect the angular
momentum of the system and by this bringing the system
closer to its stability point. The system is driven by Arduino
controller to control the motors and apply the control
law. The momentary physical parameters are measured
by encoders and acceleration sensor which provide the
feedback to the control loop.
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Verification A Computational Model of Cavitating Venturi by Experiments
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The project includes assembly of a Cavitating Venturi (CV)
flow restrictor for measurements in a test set-up.

The assembly of a transparent CV is for photographic
inspection of the flow, using a high-speed camera.
The flow of a gelled kerosene-based fuel, in which solid
particles are immersed, is intended for identification and
characterization of gas bubbles created during flow in the
CV. These gas bubbles restrict the flow by choked flow. The
test set-up also enables measurement of pressures, flow,
and temperatures, in order to enable comparison of the
measuredvalues totheoretical models. Animage processing
procedure has been prepared for characterization of the
bubble population. Measurements using water flow, at the
first phase, enables comparison to the prevailing state of the
art, which is based to a large extent on CV measurements
with water.
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Impedance Control on a UR5 Robot
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The project is part of a plan to innovate the robotics lab 12 ,NP'Uan NT2Vn 017 WITNY NI 790 10 Ui7'nen
course, in which students will learn the use of various . PID mj7ar n2ovw Mjza 120 N N1a Nizaova vy my
control techniques such as impedance control and PID NN YT YW Y1907 0NN wnng X Upinen non
control. The goal of the project is to implement an algorithm 7V UXI2 WM NITY X AW VI woin DT 6 N7yl
for manipulating a robotic arm with 6 degrees of freedom to . Mujoco n21202 URS vian v n'37'1'9 nx7m'o

perform delicate manufacturing tasks. The realization was
performed on a physical simulation of a UR5 robot in the
Mujoco environment
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Predicting Human Motion in Human-Robot Collaborative Tasks Using

Deep Learning Methods
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The field of Human Robot Collaboration involves
collaborative processes where humans and robots work
together to achieve a shared goal. Such collaborations
involve convoluted tasks that are carried out by the human
and the robot in tandem or consecutively, in a shared
workspace. Therefore, there is a need for the robot to be
able to recognize and predict the human worker’s actions in
real time, to accomplish its contribution to the task and to
keep clear of the human worker for his safety. This project
aims to perform task classification and human motion
prediction using CNN learning networks. For this purpose,
we will utilize a deep learning network for recognition and
prediction. The network will be trained using human motion
databases for various predetermined tasks, performed
as part of the human robot collaboration. As part of the
project, a network is implemented to recognize and classify
the human motion at an early stage of the movement
in an active work scenario and to predict the rest of the
human motion. The performance will be analyzed, and the
prediction results will be compared to the results obtained
from GMM methods.
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Balancing of couplings, shafts, sub-assemblies, and Flow/Heat
Transfer Analysis for the Adaptive Cycle Engine
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Balancing is the field of engineering that studies the non-
axisymmetric effects from manufacturing rotating parts.
In gas turbines and jet engines, balancing is critical as the
effects of asymmetryincreasestothe square of the rotational
speed. In any thermodynamic cycle, minimizing losses is key
to obtain higher overall efficiency, and it is not different in the
Adaptive Cycle Engine (ACE], whose main goal is obtaining
higher efficiency during “fly-fast” and “loitering”, by means
of a variable transmission with an adaptive bypass nozzle.
When it comes to this application, where rotational speeds
range from 35,000 RPM to 60,000 RPM, the losses due to
unbalanced rotors decrease the overall cycle efficiency by
requiring more power from the engine to compensate for
the rotor unbalances, besides decreasing the bearing life
leading to unexpected failure, and reducing tip clearance.
So, to diminish these losses, during the first half of the
project, an investigation, and improvement of unbalance of
custom-made couplings for the ACE was done by means
of a laser material removal technique. During the second
half, balancing of larger rotors (larger length/diameter
ratio) and subassemblies for the ACE was conducted. In the
next few months, Performance Analysis tests will enable
the validation of efficiency improvements predicted by the
models of the engine.
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Autonomous Gripper Exchange System
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Planning and implementation of autonomous gripper
exchange system as part of an autonomous packing robot.
The grippers are changed depending on the product being
picked. By relying on the system geometry and the motion
available to the robotic arm, the system is fully mechanical
and requires no extra actuators or power. Gripper exchange
algorithms have been written with ROS and implemented
with Arduino.
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Signal processing ang classification as part of: "My five" - a Low Cost,

Myoelectric Prosthetic Hand for Below-the-Elbow Amputees
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The "My five" prosthesis is a myoelectric prosthetic
hand, Printed in 3D printer. The hand is designed for
amputees whose hand was amputated below the elbow.
The prosthesis triggers based on sensing several sEMG
sensors that surround the arm above the amputation area
and below the elbow. The electrical signals produced by
the sensors are processed for the purpose of classifying
them and distinguishing between the various actions we
would like to perform. Processing is mainly performed by
digital filters and classification is performed by algorithm
based on several characteristics of the signal such as:
single average, common average, absolute value, change
interval etc. In addition, current control is performed by the
microcontroller on the motors to get an indication and full
control over how the motors / palm operate.
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Thermoacoustic Refrigeration System Integrated with Mass Transfer
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According to the thermoacoustics principle, a standing
sound wave propagating in gas is causing gas particles to
move back and forth, doing so the gas is compressed and
expanded and hance extracts and rejects heat respectively,
this allows to pump heat against a temperature gradient.
Such refrigeration system has some advantages over
existing refrigeration systems. First, it allows the use of
different gases instead of current gases that are harmful
for the environment, moreover this system has no moving
parts, that allows a more reliable system on the mechanical
level. The main reason way thermoacoustic systems are
not common is that their energy density and coefficient
of performance (COP) is low compared to refrigeration
systems used in the market. For that reason, the innovative
idea of combining phase change and mass transfer with
thermoacoustics has come up in Guy's lab. In previous
experiments in the lab, it has been established that
combining mass transfer improves the performance of
the refrigerator. The researchers in the lab came up with
various hypotheses of how to further improve performance
so the refrigerator will be competitive for the market.
During the project | have led the design, manufacturing, and
experiments on a high-power refrigerator. The system is
currently in experiments, and we are comparing the results
with our theoretical expectations.
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Dc Motor Examine Station
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The project is about an examine station for DC motor that
will be used to test the motors that are built by the students
in electrical machines course. This project allows unity in
the experiments done on the motors, and offers accessibility
to perform them with professional tools and allow them
to deepen their understanding in common motors and
physical laws that are been taught in the course. It consists
of nine different experiments that the students will able to
characterize its electrical, dynamic and thermal behavior
of their engine, to compare those results to the theoretical
calculations and deduce the engine parameters and its
abilities.
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Development of a Space Rocket Motors’ Thrust
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Measurement Stand Based on Flexures
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This project deals with the design and development of a
frictionless table for measuring the thrust of space rocket
engines. Accurate and direct measurement of thrust
requires that the force measured by the load cell equals
the thrust produced by the rocket, or that there is a known
relationship between the measured thrust and the actual
thrust. Unexpected friction and damping forces lead to
errors and uncertainties in this measurement of thrust.
The proposed solution is based on the use of leaf springs
called flexures, on which the rocket motor whose thrust we
want to measure will rest. The uniqueness of the flexures
is that their stiffness drops to zero in the desired direction
of horizontal movement when they are under a certain
vertical load which brings them to the verge of buckling.
In this situation the flexures can be used as frictionless
horizontal hinges, for small movements only, and thus
allow accurate thrust measurement in the horizontal
direction. The main purpose in creating such a structure is
to allow the researcher to measure the thrust directly by
the load cell, without the need for further calculations. As
part of the project, a calculational process was developed
for the design of a thrust stand for measuring the thrust of
400-Newton thrusters. A thrust stand will be constructed
and tested during inert and firing tests.
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Thermophones for Noise Reduction
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Aircraft noise is the most significant cause of adverse
community reaction related to the operation and expansion
of airports. Therefore, limiting or reducing the number of
people affected by significant aircraft noise is one of the
most important tasks of modern civil aviation. Among
different contributors to noise, the tonal content is the most
important due to regulatory definitions associated with
perceived noise level and its attenuation characteristics,
with the largest contributor being the aero-acoustics of
rotor/stator interaction at the engine fan. Although previous
attempts prove that global cancellation of tonal fan noise
content is feasible in a laboratory setting, the limitations
of vibro-acoustic actuators prevent practical integration
into flying platforms. The project which | take part in, takes
place in the Turbomachinery and Heat Transfer Laboratory
at Aerospace Engineering of Technion-1IT, we have been
investigating a revolutionary technology based on a truly
static and surface-deposited sound emitter, that is able to
reduce aero-acoustic noise which is crated on the fan stator.
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Characterization of Extended Depth of Field Phase Mask in Flow
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An extended-depth-of-field (EDOF) phase mask is an optical
element which effectively increases the depth of field of an
imaging system, enabling observation of objects beyond the
native focus of the system. When applied to microscopy it
helps localization of point sources in X-Y plane over greater
Z depth.

The mask we tested was designed for the ImageStream
machine. The machine is an imaging flow cytometer - it
enables us to capture objects as they flow.

We can characterize the mask performance and calibrate
it in the machine by analyzing the statistical behavior of the
PSFs in the stream.
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Analysis Measurement Methods of Optical Elements
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the project at SPO, a company that located in kibbutz Shamir
and dealing with, among other things with manufacture of
complex optical components like Acylindrical, Cylindrical,
Asphere, FreeForm and like so. Part of the manufacture
process for the clients is measuring and proving the
accuracy of the manufacture.

1. Knowing and understanding the different methods and
machines.

2. Compering in the help of Matlab software the different
measuring machines by looking at different qualities
like resolution, accuracy, speed, cost etc..

3. Finding the right strategy for measuring each optical
component.
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Tank Structural Analysis
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Structural analysis of an Engineering-Model (EM) tank with
a hemispherical FEP diaphragm and aluminum alloy shell,
was carried out. The shell consists of two hemispheres,
which are assembled together with the diaphragm, by
a bolted flange connection around the tank’s equator.
SolidWorks software was used for the analysis. The
pressure range, in which external leak had appeared during
the existing EM tank’s proof pressure test, was correctly
identified in the analysis. The leak had been detected in the
flange area, between adjacent assembly bolts.

The analysis revealed the leak mechanism during internal
pressure load. Subsequent re-design improved tank
stiffness. In addition, weight reduction was achieved as
much as was possible while adhering to the ASME Boiler &
Pressure Vessel Code. The mounting and piping interfaces’
update includes a single tank mounting-skirt and updated
nozzles at the poles. The internal dimensions were kept
unchanged, in order to allow the use of the same diaphragm,
which had successfully been proven to be functionally good.
Through the analysis it was identified that for pressure load
there is no mechanism for the formation of a leak in the
updated design. The project continues with checking of the
tank updated design with regard to withstanding external
mechanical loads such as vibrations, accelerations, shocks.
If necessary, the design will be modified to withstand these
loads as well.
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