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Quadruped Robot “Pluto”
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As part of its pursuit for technological innovation, Rafael has
wanted to examine the capabilities of a Quadruped Robot in
maneuvering in a multi-obstacle environment. We had been
given a task to design a robot as an initial platform, aiming
for it to become a multi-year project which will get improved
and develop more capabilities each year. As a benchmark
criterion for the success of the project, the robot is required
to accomplish basic maneuvers through manual control
under laboratory conditions. We split into two groups, design
and control. Each group had its own responsibilities, but
worked together to achieve an efficient interface. The work
began with a literature review, continued with the selection
of a mechanical and control concept, the design of the robot
parts and the programming of the algorithms required to
meet the requirements, receiving quotes and choosing a
manufacturer, receiving components and assembling them,
and finally conducting experiments to ensure the robot
meets the requirements of the costumer.
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Nesher - Autonomous System for Launching Robots
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This project is a part of a worldwide approach of minimizing
human interaction in life threatening environments.
“Nesher” is an autonomous system for launching small
advanced robots from a distance into confined spaces.
These throwable robots are equipped with video and
audio transmitters, have good shock resistance, and can
be controlled from far. By sending the target location to
the device, the "Nesher” can aim itself and calculate the
force needed for a successful lunch. The system is ready
for launching a robot in about 30 seconds and covers a
launching radius of 6 meters with 180 degrees angle. The
robots can be inserted to 1.5X1.5 meters openings. The
"Nesher” will be installed on an unmanned vehicle.
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End effector for mounting a gasket in the lid for a UR5 robot
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The goal of this project is to produce an end effector that
will interface with the robotic arm and allow the robot to
assemble a gasket in a lid rail, without adapting to a unique
gasket or specific geometry and while giving feedback of
the execution of the task. The challenge at the heart of
this project is to design the interface between a robotic
arm and flexible and soft components. This project is
part of a production line automation process at the “Keter
Plastic” factory. In this project, three concepts that meet
the requirements were designed and manufactured: “The
Trunk”, “the Sewing Machine”, and “The Press”. “The
Trunk” is a stiff product, while the “Sewing Machine” and
“The Press” combine the use of an actuator controlled by
an “Arduino” microprocessor. The concepts include various
sensors that give feedback on their operation.
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Device for the Removal of Location Pins in the Production of

Conductive Strip
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In a factory for producing Conductive Strips (Flexible
Electric Prints) the materials must be located precisely on
a platform and then pressed in an oven using heat and air
pressure as well as vacuum environment.

The materials are organized between two aluminum plates
using location pins with a 3-millimeter diameter. The
number of pins used depends on the type of strip being
produced, its sizes and can reach 120.

After the heat pressing and recovering, the pins are glued
in place and must be removed by sheer force. The device
consists of a pneumatic piston, a working table, and a unique
aluminum plate. The unique plate holds spring loaded nails
that, once pressed by the piston, push out the location pins.
The factory worker slides the plates until the nails line up
with the piston and then pushes a button to apply the force.
This force pushes out the location pins.
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Wheelchair devise design for Hemiplegia patients
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Half-body paralysisis one of the typical side effects of a stroke
or as a result of a congenital malformation. The paralysis is
the result of damage to the motor center in the brain. The
damage appears as weakness or complete paralysis on one
side of the body. The need to design this product is to allow
people with unilateral paralysis to operate a wheelchair
on their own without compromising on the functionality of
the chair and considering the typicallimitations of semi-
physical paralysis. Today, there aredesignated wheelchairs
and mechanisms for these patients, but they are expensive,
cumbersome, and not always satisfying. In our project, we
were required to design a mechanical propulsion system
that is operated and controlled using one side of the body
(hand and foot). The device is designed for a quick and
simple connection to a standard wheelchair. Calculations
and analyzes were performed to adjust the wheelchair's
performance to patients’ physical abilities. Two solutions
have been created (shown in the pictures): one - driving
one front wheel, the other driving the two front wheels
connected to each other.
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INTEL OHV MAINTENANCE CART IMPROVEMENT
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This project was requested by Intel company, manufacturer
of IC semi-conductors. The manufacturing process occurs
in a clean room environment and in order to transfer the
semi-conductors inside the factory, intel is using a unique
technology called OHV, which transfer the IC in autonomous
vehicles. The OHV maintenance occurs on top a dedicated
cart, called “Maintenance cart”.

Our main goal was to improve the safety of the maintenance
cart by redesign the OHV stopper and the braking system.
In addition, we improved the loading process of the OHV to
the maintenance cart.

To answer these requirements, we designed autonomous
braking system which braking the cart as default and
unlock the wheels only with active action of the user (1), an
autonomous stopper that automatically activates when OHV
loaded (2) and electronic “OHV to Cart loader” (3).
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Impact known velocity
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As part of the experiments to be performed on aircraft
bodies, it is required to shake the body by an impact and
test its responses to find resonance frequencies and
other parameters. Due to the uniqueness of the products
manufactured in Raphael, it is required to perform the
test in small, inaccessible places and at varying heights,
which prevents the use of a Excitation Hammer due to the
need for constant connection to a computer. As a solution
to the problem, an Excitation Ball was designed and
manufactured. This ball size, material, and sphere shape
can be used to calculate the values needed, so that only the
body is connected to a computer to measure the impact. To
use the Excitation Ball optimally it is necessary to know the
velocity of the impact of the Excitation Ball hitting the body.
This value is important for the quality of the simulation’s
results.

The purpose of the project is to design and manufacture
a device that ensures the velocity of the impact of the
Excitation Ball on various bodies.
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Thermo-mechanical design for a "heat pipe" characterization device
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Electronic components are used in various systems as part
of the development and production process at Raphael.

As we know, such components tend to heat up/ emit heat
while functioning.

Therefore, heat removal is necessary in these components.

One of the most common solutions for heat removal is the
use of heat pipes.

We are required to design and manufacture a device
containing 5 test arrays to be tested simultaneously,
designed to characterize the thermal performance of
heat pipes under different boundary conditions (different
diameters and lengths of heat pipes, as well as different
orientations).

The device will enable dynamic testing with changing
orientation and will have the ability to interface with software
and control in order to make the information obtained from
the implementation of testing algorithms accessible and
displayed as a fast-graphical user interface (GUI).
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Passenger cabin for Urban Air Mobility Vehicle
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The project’s objective was to plan vehicle which can travel
both on land and air, while its main abilities are VTOL vertical
take-off and landing) and the ability to disconnect it's
aerial components so that it can be used for urban driving.
The leading principles of this projects are design for low
weight vs high strength, compliance with aviation and
transportation standards and the design of an air to road
transition mechanism. The passenger cabin is assembled
from: Monocoque chassis whose structural strength
derives from aluminum frame combined with composite
materials. Suspension, steering & braking system which
based on systems from a Toyota Aygo vehicle. rear wheel
folding mechanism- a unique design which allows to deploy
and retract the rear wheel while connecting/disconnecting
from the aircraft body.

Leading interface- an aluminum rods placed at the rear part
of the car which lifts and leads the car towards the aircraft's
connection interface.
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Wings and Cabin Connection System

0'VUI1 XNNT 091D 112'N N2un

17712 XA N NN

To build a vehicle capable of flight and road travel, we
designed a connection system between the passenger cabin
and wings. The system is composed of five mechanisms,
each one is like the quarter-turn lock. In the back part of the
cabin there is a chain connecting the five mechanisms and
ensures the mechanisms lock simultaneously. The chain
is driven by a DC motor connected to it by a transmission.
The motor has an internal brake to secure the lock. To
disconnect the lock, voltage is applied in the reverse
direction to rotate the motor in the opposite direction. The
system has force sensors to signal to the user if the locking
was performed.
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Formula Technion 2020 Chassis Design
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Our project’'s objective was to produce a chassis for the
2020 Formula Technion combustion vehicle. We started
this year’s design based on the chassis geometry originally
introduced in 2018. The main design objective of the chassis
is to reduce weight and increase stiffness, while adhering
to the competition regulations. The 2019 chassis was very
lightweight but was not as stiff as required of us. We turned
to FEA in order to find new ways to improve the chassis’
stiffness-weight ratio and to find new ways of utilizing
composite materials and non-ferrous metals (mainly
titanium) in our design.

The main tools we used were Solidworks Weldments tools
and Solidworks FEA
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Suspension and wheel assembly design, Formula Student 2020
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The purpose the suspension and wheel assembly systems
is the maintaining of optimal weight distribution and
other dynamic parameters, such as high cornering grip
and damping of road disturbances, to achieve maximum
performance. Throughout the development process our
main focus was to reduce the weight of all the different
components while maintaining the desired performance,
stiffness and safety factor. To achieve the reduction of
weight we used, for the first time, 3D printed titanium
parts that were designed using topology optimization. In
addition some of the suspension rods were replaced with
carbon fiber ones, and for the first time the team developed
a costume made steering rack which is lighter than its
commercial counterpart.
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Drag Reduction System Formula Group 2020
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The Drag Reduction System (DRS) was first designed in
2019. The idea was that if we can change the angle of the
wings we can control the downforce and the drag that the
car experiences, thus opening the wings at times to gain
maximum speed.

This year the system was reengineered using a new
mechanism that collects data from the computer like speed
and the angle of the steering and determines when to open
up the wings. We control the wings using an electric piston
connected to the rear wings and the electric motor of the
system.
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Converting 2019 formula combustion race car into autonomous car -

integration and chassis

vYyu YNo11"T1:7NM

The team has made changes to the existing chassis model
of the 2019 combustion car, while complying with the
regulations and system constrains, considering interfaces
with the actuation, electrical and software teams. The main
challenges were arranging the components (computer,
controllers, gas cylinders] in the car while considering their
large dimensions, creating high accessibility for the teams
that maintains them, keeping the height of the car’'s center
of gravity low and complying with the strict ruleset. The
system consists of steel tubes which constitute the car's
chassis and the trusses used for placing the components,
brackets used for integrating between the car's systems
and steel plates used for holding the components.

oy

710 2019 N'WA 2270 0'FN NTIWN 71N DY YN NIXD
0'7WNN1 NIYNNNE N2IWNIN NI RN NIWATY ATy
DANND 2070 YW DNl 7Iwun NNITEND NIXAET
,0{72 ,2wNn) 0IWN 02217 DN NN'YNA 1N ANXY 0Mgun
NIy 7y NTOPN 071N 0NN Niawnnn in (yns '7on
721D 12711 7Y M1MY ,0AIN 079NN TWR DNIND 112V NI
NT79 NNI'Y 17712 127w 0PN [RPNN {7IN2 Tl ml
,0'2'2710 DIFMYT NNI'YN 12201 DRI NTIYW DR 01N IWN

.0'2'270 NPTNNYT N3N NIYY91NIDIVNN 1127 0'Ui712




12 'UP"N9

SHIREAARBIN

EBS N21uni 0'717 N"nivix n'XNIUpPRKX

Brake Actuation and EBS System
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This project is a part of the Electric Autonomous Formula
Technion 2020 SAE. The main goal is to design a Brake
Actuation System and Emergency Brake System (EBS).
These systems are designed based on the FSD rules. The
Brake Actuation System consists of the electric motor, linear
actuator based on a propulsion screw, which is operated
by the control system and press the brake pedal during
operation. EBS system is an emergency brake system, which
is supposed to brake the vehicle until a complete stop, while
there is drop of electrical voltage. This system consists of
two pneumatic pistons which are actuated by a gas tank.
In case of emergency, one piston is activated on the brake
pedal. If this piston is not activated due to a malfunction,
the second piston will be activated. During the project, we
have done a strength analyses to guarantee the systems
can withstand the forces and stresses it experiences while
the vehicle is driving.
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MyFive - 3D printed robotic hand
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The projects vision is to create a prosthetic arm for below
the elbow amputees at an accessible price, up to 250%,
yet with good performance. Most parts are made from
printed plastic. The idea is that all information required for
manufacture will be available on the web such that every
place with access for a 3D printer and a small budget could
manufacture the prosthetic. Action principle - EMG sensors
located on limb residual reads commands from user. Pass
it to microprocessor that process it and gives an appropriate
command to the motors to move the fingers. The project is
continual, such that each year it progresses a bit. This year
we have developed the socket from scratch, and now we
have a primary model. We have changed the EMG sensors
from wet type to a dry type that fits for long time use. In
addition, we have upgraded hand grip such that it could
close properly, and we have implemented a current control
for it. Furthermore, we have chose a battery and packed all
electrical component inside a shell that adds up together
with socket and hand to a full functioning product.
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Optimization of motion in systems with redundancy
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The goal of this project is to optimize the energy consumed
in @ motion of a system with redundancy. This means the
aforementioned system is planar, but has 3 co-dependent
DoF, meaning there are infinitely many ways to follow a
known path. As a soft constraint for the input signal and
the motion of the minor DoF, penalty functions were added.
We are concerned with optimizing the motion between two
known points, and the tracking of a known path with respect
to time. This was solved using optimal control theory,
which supplies the missing boundary conditions. Since the
differential equation is a Two Point Boundary Value Problem
(TPBVP], and its eigenvalues are ill-conditioned, solving it
directly is very difficult numerically. As a result, we use the
Co-location method to solve this problem, which interpolates
a solution based on an initial guess. Additionally, this
problem was solved using a different approach. We assume
polynomial motion in each DoF, and find an expression for
the cost function using the polynomial coefficients. Using
static optimization, a sub-optimal solution is obtained. We
compare the two solutions as a function of the polynomial
degree.
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Figure -1 diagram of a planar system
with 3 DoF
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Figure -2 example of path for the system  Figure -3 example of comparison for
and the main sub-system

polynomial approximated optimization
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Enhanced cargo loading of an electrically

powered active bio-hybrid pollen
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The use of active particles for cargo transport offers
unique potential for applications ranging from targeted
drug delivery to lab-on-a-chip systems. Previously, Janus
particles (JPs), acting as mobile microelectrodes have
been shown to transport cargo which is trapped by a
dielectrophoretic mechanism. Herein, we aim to extend this
into an active pollen having multiple dielectrophoretic traps
associated with its many spikes. We characterize its cargo
loading behavior of varying cargo size and across a broad
range of frequencies and voltages. In particular, we compare
its unique features relative to those of the commonly used
spherical JP exhibiting an enhanced cargo loading and
interesting electro-convection response due to its irregular
shape. The resultant findings open new opportunities of
using bio-hybrid particles such as pollen with diverse and
irregular shapes.
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Characterization of The Mechano-Chemical Failure in Dental Implants

nmI'iv-ov NPT ,JUM INIT 91D ;0NN

Dental implants made of titanium and its alloys are widely
used these days, while about 30% of them causing peri-
implantitis diseases around the implant.

My research shows mechano-chemical characterization of
extracted dental implants following peri-implantitis, and
in addition comparison with data collected from unused
implants.

Theresearchincludes surface SEM pictures, metallographic
preparation and SEM micro-structure pictures, surface
roughness (Ra), and EDS/XPS analysis.

All this information and the comparison I'll do with unused
implants will throw light on this whole problematic
condition, hence allow deducing of some realizations about
peri-implantitis or rejecting assumptions.

Later on, integration of various biological cultures will be
examined, and farther research of corrosion progression in
titanium and its alloys.
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Characterization and proper operation of a piezoelectric cantilever that is
used as a loudspeaker for audio signals
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Piezoelectric actuators allow an efficient transduction of
electric signals to acoustic audio signals. This efficiency
emanates from the large piezoelectric coupling factor.
Therefore, piezoelectric structures may be used as
microscale loudspeakers for audio signals. The power
density of audio signals at each acoustic wave frequency,
is determined by the acoustic signal we want to play.
Within the frequency range of human audio hearing (20Hz
to 20kHz), we would like to determine different intensities
whose combination will produce the desired acoustic signal.
However, piezoelectric structures have specific natural
frequencies, in which the transduction of electric signals
into acoustic signals is very efficient, and a range of other
frequencies in which this transduction is much weaker.

The aim of this project is to characterize the dynamic
electromechanical response of a piezoelectric plate.
Furthermore, a protocol will be developed to re-scale the
electric signal, such that the acoustic signal will have the
desirable power density spectrum.
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Nonlinear effects in the free vibrations of cantilever beams
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Micro resonators are a building block in many emerging
sensor technologies. Sensors that are based on linear
resonators have a superior performance. This is because
the response of linear resonators is easy to calibrate, and
it is also relatively easy to account for the effect of ambient
conditions. It is well known that the natural frequency of a
vibrating cantilever decreases as the amplitude of vibration
increases. In the literature this effect is often referred too
as ‘dynamic softening’, and this term suggests that the
stiffness of the system decreases with increasing amplitude.
In this research we will investigate this nonlinear effect,
using approximate analytic solutions and finite-elements
simulations. Specifically, the analytic solution will be a static
analysis of the structure when it is subjected to ‘d'Alembert’
force, and dynamic simulations using ‘frequency sweeps’
and ‘auto-resonance’ methods.
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Insertion of Gasket Using Impedance Control
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Many companies in the industry integrate robots at their
production lines to streamline processes. One of the main
issues concerning some of these companies is performing
tasks with flexible objects.

The purpose of this projectistoinvestigate a possible solution
to this problem using Impedance Control techniques.

Impedance Control allows control of the robot’s interaction
with its environment, thus helping it execute such tasks.

In this project we evaluated performance benefits using
Impedance Control (in regard to position errors and forces)
compared to more traditional control methods for the task
of inserting a rubber gasket into a slot on a plastic box,
using a URS robot.

This project is part of the "Robots in the Industry”
consortium.
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Active flow control using DBD actuation on rotor blades

U721 TIT'9N9

Flow separation from a wing / rotating blade configuration
(Rotor], is a known phenomenon, with accompanying
effects that can harm the system, both aerodynamically
and mechanically. Active flow control using DBD actuation,
allows the utilization of the instability effect seen in high
Reynolds flows, to change the concentration and intensity
of the vortices along the blade, and so control the point of
flow separation. Optimal control can significantly increase
lift, and in certain cases as seen in this project, decrease
drag forces. And so, decrease the energy consumption of
the system.
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Dynamics of active elastic laminates with degenerate modes

YNIMY Y2 n"9119 : :nnN

We study wave propagation in a one-dimensional periodic
elastic laminate. The alternation in the laminate properties
is between viscoelastic layers-which dissipate energy and
active layers-which supply energy to the system. Under
certain conditions, two or more of the natural modes of the
system coalesce. These states are referred to as degenerate
states, which give rise to unusual wave phenomena, such as
asymmetric reflections, super-sensitivity, etc.

In this project, we develop a method to identify under
which conditions these states emerge. We also develop an
analytic method to predict how elastic waves propagate in
a laminate whose properties are spatially modulated about
these conditions. We compare these predictions with finite
elements simulations to find an excellent agreement. Our
results show that when the laminate is excited in its two
fundamental modes, only one remains, where the remaining
wave depends on which end the laminate is excited. We thus
refer to such laminates as chiral mode switches.
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Optically actuated Semi-Conducting Janus Particles

[1o'or TVU72 0”919 :nNIN

Janus particles (JP) are microparticles with some broken
symmetry, e.g. metallo-dielectric JP that are coated
on one side and hence exhibiting a contrast in their
electrical properties on their opposite sides. We intend to
investigate the mobility of spherical Janus particle made of
a dielectric material (e.g. Silica) with a half particle semi-
conducting material coating (e.g. Zn0 / In0O ) immersed
within an electrolytic solution and under an applied
alternating current electric field. We will then tune the
light illumination in terms of both intensity and wavelength
and see how the semiconducting JP respond. We expect
the electronic conductivity of the semiconducting coating
to change continuously from a dielectric to conductor-like
behavior with increase of the light intensity of the right
wavelength (i.e. photon energy beyond the bandgap of the
semiconductor]. Hence, a transition between different
electrokinetic propulsion mechanisms with varying electric
field frequency is expected. We will also examine if thermal
effects are important due to absorption of the radiation.
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Fig.1: Schematic illustration of the experimental setup made of two parallel conducting
glass slides with a spacer in between containing an electrolyte solution with JPs.
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Influence of a hydrogen-rich reformate and injection _ _
method on performance and emissions of internal combustion engine

'7U2I1guU TIINY N"D1ND :NNIN

Hydrogen-rich reformate fuels are studied nowadays as
potential alternative to reduce the dependency on fossil
fuel. Hydrogen is gloriously known for his many qualities,

some of them are high energy density (120 [Mj / kgl), high
flammability limits, high burning velocities that opens a
possibility of higher compression ratio leading to engine
efficiency increase. This project is part of an ongoing
research, to enable a steady production, on-board, of
Hydrogen-rich reformate out of renewable fuels such as:
Methanol, Ethanol etc., The production is carries out via
Thermochemical recuperation (TCR) process. In this work, a
comparison was made between different injection methods
of reformate fuel. Engine performance and combustion
parameters are evaluated. A high indicated efficiency (50%)
is observed as well as a substantial reduction in engine
emissions compare to gasoline baseline. However, further
research is needed to improve the injection strategy to
enable feasibility of the TCR process, and to farther reduce
the engine emissions.
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The effects of texture on the mechanical properties of titanium and zirconium

YU INIT 91D :NNN

Most mechanical properties of materials are influenced
by their crystallographic structure, mainly texture.
Commercially pure zirconium and titanium both have
an HCP crystallographic structure, resulting in a large
influence of its orientation on the mechanical properties.
During the project, a heat treatment aimed at changing the
native texture was developed. the heat-treated samples
are then compared to the non-treated sample of the same
type under static and dynamic mechanical loadings. During
said mechanical experiments, changes in mechanical
properties were found in some of the samples type while
other remained unaffected, indicating a potential influence
of the stress state on the resulting mechanical properties.
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Detection of energetic materials in marine environment

nuit YN '9119 :nNIN

In this project, we studied the ability to detect energetic
materials in a marine environment, which is inherently
violent and poses many mechanical challenges. The goal of
the project was to develop a mechanical solution to enable
the detection process, which requires protection from ocean
flow and adaptability to adverse geometric surfaces. We
were able to do this by implementing biomimicry principles
in the microscopic research of geckos- on a much larger
scale. Finally, the result of this research was complete
protection from a standard ocean flow of , - a[w/s] on an
adverse surface. During the project, a prototype was built
and was used in an extensive proof of concept experiment.
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Double-Ended Tuning-Fork (DETF)

Investigation of the nonlinear dynamic response of micro-scale
electrostatic resonators of the Double-Ended Tuning-Fork type

NN TIT'919 NN

In recent years MicroElectroMechanical Systems (MEMS]
electrostatic resonators are gaining interest and are
becoming commercially available. These resonators
combine the relatively simple electrostatic actuation and
sensing with the superior performance of mechanical
resonators. Mechanical resonators have very high quality-
factors that are far superior to the values that are typical
to electronic systems. However, electrostatic resonators are
known to exhibita nonlinearresponse. Often the nonlinearity
is attributed to known nonlinear effects associated with
electrostatic actuation. The aim of this research project is
to demonstrate that nonlinearities in the Double-Ended
Tuning-Fork (DETF) type resonators are inherent to the
mechanical structure. The analysis will include approximate
analytic solutions and finite element simulations.

Proumn Tt

01IVAITY NIN'D NIVvAIYN NINTENN 170 NDNNND 01IY2
wIN'Y'7 0'0101 N'INI 0MIYAT,NIDYNA-NPNA 0'UUONUI7IN
027N 0"0UOUNUPZIN 0NI0AIT .0119K791 JwnY ,non
L1127UN-N7'a 0"UYoNUEIRG wnnl n7u9n0n NIYYO NN
1D VIT N .N1IMON NIDYNYT M9IND NN NIDIRD 077N DY
JIMNAYT NI N OMUUONUPIR DNI0AT Y NMTa N2nnn
N7VU9N2 NIWIT NIMRAYT 'R NIYDINYT N2MWN 1T NIMNAY N 2191
20N 10T TN AT Pnn upinenl LNuuonuzon
12 NIXINT XN NN .Double-Ended Tuning-Fork (DETF)
X7 N'f11,"0010 11290 7Y N1 NN XD NNINY KT Nannn
19'71N [INN9 7172 1j7NNN .N'UU0NUPEIN N'7UDN2 nM7N N1on2

.0"910 0'UMYIN NN NINYTM'D |21 271N




12 'gP"No

alpin)a

NT'JINI 112N PN - NIND 02 NN NINTPN

Offshore aquaculture - structure design and analysis

IMNT'NNIN"9ND NN | VAN NI

The constant growth of the human population necessitate
the development of new and improved methods of growing
food on land and at sea. Open Sea Aquaculture is an
important source of food growing, however its current
application is low relative to the potential and its success
depend on innovative engineering. Aquaculture is an
industry that is developing in the world at an annual rate of
about 5% -10%, mainly due to the depletion of fishing on the
one hand and the increase in demand for food on the other
hand. Aquaculture can be a simpler and cheaper alternative
to increasing food consumption, which provides a solution
over time. To this end, various fish farms are being design
and operated. To understand how to make the best use of
them, we must study and understand their dynamic behavior
in the open seas and the effects of the environment on the
marine structure. This is done by designing a structure and
performing an analysis to study physical effects.
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Studying ice skating stability with a single blade using Chaplygin's sleigh model

1IN AT 0”9 :NNIN

This project presents a model of a figure skater using the
analysis of the movement of a skater on a single blade.
The study is based on a spatial model of Chaplygin's
sleigh, upon which an inverted pendulum is mounted via a
torsion spring, in order to simulate the shift in the skaters'
center-of-mass. In addition, a simplified planar model is
presented wherein the inverted pendulum is replaced by a
mass moving between two linear springs mounted upon the
sleigh.

In this project, conditions for existence and stability of
steady-state solutions of straight line motion and of turning
with a constant radius, were studied as a function of the
model parameters. The ideal case of no-slip constraint on
the blade was studied, as well as a case of slip with viscous
friction, which dramatically affected the dynamic behavior
of the skater.
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Study of Particle Formation in Combustion Process of a Hydrogen-

Rich Reformate

'7U2IguUIu TIINY 0”919 :nNIN

Thermochemical recuperation is a promising method of
waste heat recovery in Internal Combustion Engines, to
produce a hydrogen-rich reformate fuel. The first ever
prototype built in the Technion showed up to 39% efficiency
improvement and above 90% reduction in gaseous
pollutants emission compared to gasoline-fed engine.
Unexpectedly, the particulate emission, which is very
harmful for humans, was found to be higher for an engine
fed with the reformate compared to the gasoline-fed engine.
Even though the reformate contains 75% H2, and shouldn’t
lead to particulates formation. Therefore, it is assumed that
the most probable particle source is the engine lubricant.
Considering this, the main goal of the study is to discover
the lubricant source most affecting particles formation
in combustion of a hydrogen-rich reformate in ICE. Thus,
we have built an experimental setup based on constant-
volume combustion chamber (CVCC] representing an ICE
combustion chamber. The CVCC will enable us to investigate
various lubricating sources affecting particle formation and
to discover the most significant ones.
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Design and Making Bi Stable Particles and Changing Their Properties

Through Pressure

Y19 79IN N N2 1MNMX N”DND QNN

The goal of this project is to make bi-stable particles
and controlling their state by changing the pressure of
the particles. Using experimental tools- making flexible
spheres (particles] containing ethanol, container with
water that will contain the spheres, external device that
changes the pressure and temperature control system.
The temperature of the entire system is the evaporation
temperature of ethanol; thus, the ethanol is at liquid-gas
phase. By increasing or decreasing the pressure the ethanol
phase will change and the spheres volume will decrease or
increase, respectively. During the project initial attempts
were made on flexible structures (e.g.: balloons] in order
to study the behavior of flexible bodied inside a liquid. By
absolute controlling the spheres it will be possible to design
a new form of liquid that is made of particles with same
structure as the flexible spheres. This kind of liquid can be
design and modified for specific purposes.
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Experimental study of static shear localization

YU INIT 91D :NNN

When applying load on a specimen, the resulting plastic
deformation can be localized in a thin region referred
to as a shear band. In this project we investigated the
microstructure of the shear band of zirconium and titanium,
with the aim to study about the microstructural change
during the loading and how it affects the mechanical
response of the material. During the project we performed
a series of static compression experiments that were
interrupted at pre-determined levels of applied strain
and strain energy density levels. These experiments were
performed on SCS specimens which are designed to
have a 45 degrees shear, on three materials: zirconium,
titanium grade 2 and titanium grade 4. After conducting the
experiments, the specimens’ microstructure was examined
by optical microscopy to explore the microstructure of
the shear band, local the grains size and their orientation
and morphology. In the current stage, the specimens are
investigated using scanning electron microscopy (SEM] that
will yield information about the texture of the material.
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Dielectrophoretic sorting and characterization of sperm and

testicular germ cells

[1o'or* TU72 0”919 :NNIN

Infertility affects approximately 7% of all men[1] when
oligospermia, or low sperm count, is a common finding
in most cases. IVF can be conducted using a single living
sperm cell (ICSI procedure). In 15% of patients no sperm is
found[2] - a case designated as azoospermia which requires
a surgical extraction procedure or an intensive search
due to the absence of an efficient method for finding rare
sperm cells. We investigated a DEP-based sperm sorting
device to automate the search. A sample of sperm within an
electrolytic solution is injected in a micro-channel which lies
on top of a sorting chip that contains an array of electrodes.
Under the influence of AC electric field gradients, there
are certain field frequencies at which the dielectrophoretic
forces acting on the head and the tail of a sperm cell are
of opposite directions. This allows trapping the tail of living
cells and keeping the head away from potential harm due
to electric field while debris and dead cells are sorted
out. We also investigated the dielectrophoretic behavior of
testicular germ cells and Sertoli cells under the influence
of AC electric field gradients in different frequencies and
solution conductivities. Using a quadrupolar electrode
array and the electrorotation method we characterized the
Clausius-Mossotti factor of the cells and their behavior.
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Electromagnetically based soft actuator

[NOIT 'R '9119 :nNIN

The continuous growth in the field of robotics and human-
robot interactions requires advancement in flexible, and
yet powerful actuators. In this project we created a basic
concept for a soft actuator based on electromagnetics dipole
interactions. The goal was to create an axial force, like a
muscle does, that can be controlled through the external
magnetic field. Using a fiber that is made from a compliant
material and arranged in a “zig zag” so it could function
as a spring, and by winding small coils on each element of
the muscle in cascade in order to create magnetic dipoles
inside the fiber.
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Voids nucleation and growth in liquid lead in spallation

PO NN M ,DTIM T NYOND NN

In this project, we studied the governing parameters for
voids nucleation and growth, which leads to spallation
during impact. Spall is a local fracture induced by tensile
stresses, during which microvoids nucleate, grow and finally
coalesce to a fracture plane. Therefore, understanding
the microstructural parameters controlling spallation is
essential to predict damage at high strain rates. The two
important parameters in spallation of liquid metals, which
we examined in this project, are the viscosity and the
free surface energy; the former affects the voids’ growth
rate and the latter is the main parameter opposing the
nucleated voids’ growth. We performed molecular dynamics
(MD] simulations for calculating the two parameters in
liquid Pb. The free surface energy was calculated from the
change in potential energy per unit area due to introduction
of spherical voids in the liquid crystal. The free surface
energy was found to decrease with the void radius. The
viscosity was calculated from the random walk of atoms in
the liquid, using Stokes-Einstein Equation, the values were
found to be comparable with experiments in the large range
of temperatures. The quantification of the two parameters
will be used in formulating a multiscale model for voids
nucleation and growth.
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Waste Heat Recovery in a Hybrid System Combining a Solid-Oxide

Fuel Cell and an IC Engine

'Pulalpuiu TIINY N"DND QNN

In an age where the demand for energy is growing but at
the same time the restrictions on pollutant emissions
are tightening, engineers are required to develop new
systems that are more efficient and less polluting. The
study explores the potential of state-of-the-art hybrid
propulsion technology that incorporates a Solid Oxide Fuel
Cell, an internal combustion engine and thermochemical
recuperation for waste heat recovery and the extraction of
hydrogen from renewable methanol fuel. After reviewing
the various methods for producing available energy and
recovering waste heat it was found that the proposed
technology can yield fuel conversion efficiency of around
73%. This efficiency is significantly higher than the
efficiency of fuel cells, internal combustion engines and
makes it possible to achieve high overall energy efficiency
from battery-based electric propulsion systems.
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Analytical description the collisions of two charged particles

suspended in a viscous fluid

N2a7IMmMx N"sn9 :nnm

The problem of electrically charged particles suspended in
a fluid is often considered in the study of fluidized beds from
a macroscopic perspective. In particular, the transfer of
charge through the fluid volume and its relation to particle
collisions is of interest in the design of flow batteries. In this
work we attempt to analytically describe the microscopic
behavior of the particles in order to gain insight to their
macroscopic behavior. We investigate the collisions and the
charge transfer in those collisions, in the simplified case
of two particles moving one-dimensionally towards each
other.
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Numerical simulations of reformate injection and mixing in internal

combustion engine cylinder
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Thermochemical recuperation has proven to be an efficient
waste heatrecoverymethodforinternal combustionengines.
MSR- Methanol Steam Reforming is a Thermochemical
recuperation-based method, producing a hydrogen-
rich gaseous fuel from a mixture of water and Methanol,
increasing engine efficiency and lowering emissions due
to the unique combustion properties of the hydrogen. This
project is a CFD simulation based study of the MSR mixing
process in the combustion chamber using LES and RANS
turbulence models. The purpose of this work is to optimize
mixing process thus improving engine performance. The
simulations examine two different reformate injectors
developed in the Internal Combustion Engines Lab.
Furthermore, the effects of in-cylinder and injection
pressures on the mixing process are also investigated in
this project. Experimental validation of the CFD prediction
results obtained in this study is to be conducted in a future
study.
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Adiabatic Absorption in Absorption Heat Transformer exposed to Non
Condensable Gases
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Adiabatic Heat Transformers are type of heat pumps
which use an absorption cycle to heat water using minimal
primary energy. One of the processes in the cycle is adiabatic
absorption. In this process, concentrated absorbent absorbs
the refrigerant vapor, at adiabatic condition, and generates
heat until the theoretical limit of saturation. In this work
we analyze this process and examine the effect of trapped
Non-Condensable gases within the system on the efficiency
of the process. The lab-scale Heat Transformer we used
for the experiments was built in the Technion as part of
European Union project Indus3Es (www.indus3es.eu).
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Electro-momentum coupling in piezoelectric meta-materials

IYNINY Y2 n"9119 :nNN

Dynamic homogenization is a tool that can be used to
replace the description of a composite material under
dynamic loads with a simpler description by a homogeneous
material with the same average reaction. When the effective
behavior is fundamentally different from the local behavior,
the composite material is called a meta-material, such
as a material with negative effective stiffness and mass,
or a material whose average momentum depends on the
average distortion. Recently, using dynamic homogenization
to describe the reaction of piezoelectric composites, it has
been found that the average momentum can be coupled
to the average electric field in a material. So far, explicit
expressions for this expression have been developed only
for one-dimensional problems. In this project, we provide
expressions for this coupling in two-dimensional problems
using a method we have developed based on Fourier series.
These results promote the use of piezoelectric meta-
materials as tunnelers of active waves.
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Walking soft robot exploiting dynamics

7212 gnY' ‘919 :nNm

The project researches the possibility to exploit the flexibility
of the walking robot’s parts to manifest a controlled motion
in the plane. For that purpose, analysis was conducted
in the project and an optimization of the flexible legs’
kinematics, which outline the optimal trajectory for the
best advance. In practice the robot's parts were printed on
a 3D printer to form a kinematic mechanism in the spirit
of the Jensen's mechanism. The project has 4 main parts:
the first, a theoretical part of design and dimensional
optimization of the leg’s mechanism of the robot, to get
the optimal foot trajectory. The second, a practical part
of the design, 3D-printing, and the build of the robot for
experiments, as the legs are printed of a flexible printing
material. The third, a numerical part of building a numeric
and dynamic simulation of the robot with the software
MATLAB Simechanics, and design with it the control for
the motors. And the last, investigation of the navigation
of the robot using the simulation and printed robot and
implementing the closed-loop control on the robot's
motors with a microprocessor. Right now, the project is at
a progressive phase of implementing the control system at
the lab. A significant outcome of the analysis and simulation
is the fact that the relative phase between the right and left
sides determines the turn rate and direction. This is a new
result for a robot with piecewise contacting legs.
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Appearance of Gurtler Vortices On Quanda Effected Fluid on Cylinder
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This project was done in the Flow Dynamics laboratory at the nNIDN NOTINY AUYIE92 ANt NTAVUNa YN AT Uene
Machine Engineering Faculty, and is about the appearance v 17200 WK (Girtler) 190712 NIZI2YN NYDINA FOVI |00
of Girtler vortices on Quanda effected fluid during its flow NN Y99 UPTN9N .ATINIG UPON APV 7927 TAXIN 01T 19
on a cylinder. In this project, we created a new injection NID17 NN YV 0MDY VI, DMIPRT DTN NPATA 112V 0T
model for the syringes, which are used to pUSh the fluid into TN NN, 'R 'unnn 91 DNy

the testing aquarium, and preforming experiments to try
and define a mathematical model to the instability.
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Design and flow visualization of a Zinc-Bromine Flow Battery Cell
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The rise of renewable energy sources has created the need
for reliable large-scale energy storage in the form of flow
batteries. The focus of this project is on the multiphase-
single flow Zinc-Bromine cell that utilizes the low cost of
the electrolyte and the high electrode potential difference
without using a porous membrane, in order to provide a
competitive and energy dense form of energy storage. An
optically accessible cell was designed in order to visualize
the electrolyte flow. Visualization of the electrolyte flow
into the cell revealed the formation of droplets of organic
phase in the active area of the battery. Phase separation
and advective mixing were also detected in the inlet to the
cell. We proposed and demonstrated a much-improved cell
designthat made the flow more homogeneous by eliminating
stagnant zones where organic phase accumulated, reducing
mixing effects, and avoiding large droplet formation.
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Design and manufacture Fabry-Pérot Huygens’ metasurfaces
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The emphasis of the project is the design and manufacturing
of Fabry-Perot Huygens metasurfaces (FP-HMS] with
3D printing and an efficient modeling. The design of
metasurfaces requires time consuming electromagnetic
and numeric simulations. In this project we focus on
achieving the desired field behavior by demanding field
behavior above and below the model and building unit
cells to accommodate the design. Each unit cell is a Fabry-
Perot etalon and is comprised from dielectric and air layers
between two PEC plates and the width are determent
by solving the wave equations to fit the fields. After each
unit cell is determined the full model is assembles. The
manufacturing of the model constitutes a new way of
manufacturing dielectric surfaces and has challenges of
precision and effective modeling.
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Design and analysis of offshore aquaculture systems
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The aquaculture field is growing rapidly in the past years
and brings new engineering challenges. One of the main
ways to improve the fish quality and to utilize large spaces
is to anchor the systems offshore. This requirement
confronts the design with harsh environment for operation
and endurance. One way to examine the environment effect
is by numerical simulation in finite elements programs.
To withstand the extreme loads efficiently, the structures
for aquaculture must be very flexible, therefor, require
hydro-elastic non-linear solution for large deformations.
In this project, we validate the program by comparing the
simulation’s results with published results of a conducted
laboratory experiment or sea trial
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2D Material Based Photonic Crystal Rashba Laser Design

|noUn 1IX '91N9 :NNN

The research goal was to design a photonic crystal-based
spin selective nano laser with atomically thin monolayer
Transition metal dichalcogenide (ML-TMDC) as a gain
medium. To achieve said goal, hexagonal shaped Kagome
lattice photonic crystal, nano patterned with high refractive
index Si3N4 was designed. To obtain high quality factor
resonance, a bound in continuum mode was suggested,
obtained by optimizing different parameters for the crystals
core and cladding layers. After designing an appropriate
cavity with relatively high quality factor, the lattice was
perturbed by changing the circular building block into an
ellipse with varying parameters. By doing so, the crystals
band structures spin degeneracy was removed, due to
a geometric Berry phase pickup. With the degeneracy
removed, one can tap into the spin-valley degree of freedom
characteristic for TMDCs, and achieve spin valley selective
laser action at the monolayer limit. This design is currently
at the fabrication stage, and we hope to accomplish novel
nanolaser apparatus soon.

1201 I

["DINAN 1IUID W2 TV TOI2NN 11121 [1DN7 N N1TRaN O
N2 T19710-1T |UTAIU 7w NMIUN-TN N20W OV '2'0{790 |'902
VY'221 W'y Wyl 0T TV 1My Nin 7y .amn e nnaann
,N122 N2AW 07PN Y21 TI0M |70 NWY N0 011202 1019
MUN1 .07 ¢ NN Apizn ual nwiwn N2 axnn
wIN'Y UNIN ,N122 NID'N 07PN 0V TN ¢ axng vang
IXTNIUDIN 70N NIVXNAND 2'WNT NI 312 RI1700 2¥na
29v 1NXNY .N190unn NI2dwal N'wiaan n2'ya 0w 0nunioey
NNWYI,'ON' [9IN2 1122 NI2'N 07PN V2,080 TN 7 1200
917X M7 "7aunn N1n 19700 NIWXNKA 21102 ¥R
¢ WOINN NA71T2 |10 N10NY NIt 199NN .0Nnwn oy
INXY .NMUNIN' N2 NTRD N112¥N NRXIND ,0'090 112131 |'000n
17ny”) '90N0 NTI9N 7Y WOINN NIANT Y TIMI7 1N, )10 N1on
v 12'0P'70 AT wnT 7197100 (U0 Nntoxnn L ("'oun
v I¥"N 27w 0NYNY X LNTTI2 N20W W 71232 '90 Ty

.72 2TM7-122 W IR 12220 2107 07N 0T




M2 '9P7"ND

MINN

n1IN2N2 NITNIDXRIN NINON NIUD1'0 (119N

Design of an in vitro mechanical artificial synapses
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Proprioceptive sensory neurons behave as strain and strain
rate sensors. Sensory neurons detect strain generated by
muscle contractions and convert it into electrochemical
signal, thereby communicating information about movement
and position to the central nervous system. In this project
we designed a device which mimics the deformations
generated by muscle contraction, propagating the
deformations through a viscoelastic medium (which mimics
the extracellular matrix in the synapse) and generate
strain within sensory neurons in culture. We used different
stretch profiles (which mimics different muscle contraction
patterns) and measured the action potential generated
in the axons. The ability to create efficient mechanical
coupling between artificial muscles and sensory neurons
is a steppingstone towards coupling of sensory neurons to
prosthetics.
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Optimization of centrifugal pump’'s modeling

17N |T OIU"INX '9119 :ANN

The project deals mainly with geometrical optimization of
the design of a water pump’s centrifugal rotor, according
to a given set of engineering and economical requirements.
Using a Matlab algorithm we built an index of all possible
combinations of the rotor's parameters, out of which we
chose the optimal set per given requirements. A special
attention to economical calculations was given during the
project, simulating "real life" conditions. Following the
selection of the optimal rotor, a mechanical drawing is
being carried out in Solidworks, as well as an engineering
review of the final product.
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Wave control in an acoustic tube
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Sound waves can be characterized by their progression in
space. Waves may either stand or travel or composed of
both. Acoustic tube is a system in which sound waves can
be produced and measured.

In this project we have developed a system capable of
producing sound waves and actively controlling the progress
of the waves in the tube.

The system consists of a wave tube having two speakers
producing waves, a spatial microphone array capable
of measuring the sound wave regime in the tube and a
microcontroller that sample the microphones, processes
the measured data and controls the speakers to produce a
desired real-time wave regime.

The control is done by actively identifying the wave from
measurements of 6 microphones, analyzing the wave
parameters and separating the different wave types.

Once detected, the controller calculates the mode of
operation of the speakers required to get the desired wave
regime in the tube (amplitude and phase of each speaker).
The controller updates in real time the operation of the
speakers to converge and preserve the desired wave regime
in the tube.

The work on the project included analytical analysis,
numerical simulations and application in a laboratory
experimental system.
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Control and stabilization of inverted pendulum

['TIA M :nnm

The project is concerned with modeling and control of an
inverted pendulum device, called The Reaction Wheel
Pendulum. It is a simple pendulum with a rotating wheel
at the end. The wheel is attached to the shaft of the DC
motor and the coupling torque between the wheel and
pendulum can be used to control the motion of the system.
The control law uses the pendulum angle and/or its angular
velocity supplied by installed incremental encoder and gyro
to stabilize the closed-loop system. The control scheme
is implemented in MATLAB/SIMULINK using dSPACE
hardware.

The project includes the following milestones: non-
linear mathematical modeling( including the plant, the
sensors, and the actuator) and its linearization at two
equilibrium points, experimental model verification at the
down equilibrium point, unknown parameters estimation,
controller design, and closed-loop system validation in
simulations and laboratory experiments.

Two approaches were chosen to design the stabilizing
controller: classical loop shaping and state feedback.
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Robotic Scarecrow
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The main goal of the project is to build a robotic scarecrow
that identifies birds and scares them off while being cost
affective, durable to the outside weather and reliable.

Motion sensors will identify the birds and the two arms of
the robot which rotates in harmonic and sudden movements
will scare the birds away. The robot is made entirely from
very simple and inexpensive parts, the base of the robot and
the pins are all machined, and the entire arm mechanism is
printed in 3D. A main part of the project is choosing the right
sensor in order to detect the birds, the comparison was
between PIR (passive infrared sensor) sensor and HB100
sensor (based on microwaves and the Doppler affect).

The accuracy of the sensors is depended on size and speed
of the detected item. The sensors are activated by micro
processor ‘Arduino’.
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Inserting a rod into a slot using Impedance Control

D"AIY INW' N ,T'INITPT 0'IN NN :0'NN

With the rise in cooperation between humans and robots,
alongside the growing use of robots to perform gentle tasks,
it has become necessary to implement control laws that are
sensitive to the relation between forces exerted on the end
effector and its position. An example of such a control law is
Impedance Control, which exploits the principle that the end
effector acts like an impedance, hence it can be described
by inertia, stiffness and damping matrices. Combined with
the ability to change these matrices inside the control law,
one can make the end effector react to its surroundings
differently from the way it would react naturally (in terms
of stiffness, damping and mass), according to the task at
hand. In this project we used Impedance Control to perform
a gentle task of inserting a stiff end of an electric wire
into a cell on an electric board, which were modeled as a
semi-rigid rod and a slot with springs, respectively. The slot
exerted resistance to insertion, hence on the one hand, we
had to make sure the rod will be inserted all the way in, and
on the other hand to make sure the slot doesn’t break. On
the second part of the project, an algorithm from machine
learning discipline was used in order to imitate a behavior
close to Impedance Control. Finally, we compared the task
performance using Impedance Control versus using classic
control.
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Waste heat recovery potential and performance of internal combustion
engine with high-pressure thermochemical recuperation at various

compression ratios

'Pualpuiu TIINT 0”919 :1NN

As a result of industrial development and increasing in
transportation usage, causing increasing in the use of
internal combustion engine, the need to find a new available
and more eco-friendly source of energy raised as well. In
addition, since there are a lot of energy losses in ICE, about
70% which 30% of them are because of the hot exhaust
gases, there has been more research around the subject
of Thermochemical recuperation (TCR (. A TCR engine
uses the energy of the exhaust gases to create a chemical
reaction in the primary fuel, in this project - methanol, in
order to achieve a gaseous mixture rich with hydrogen.

The challenge in increasing the engines compression ratio
is the decreasing in the temperature of the exhaust gases,
which reduces the percentage of converted methanol-
low hydrogen concentration. In order to overcome this
challenge, we conducted a set of experiments, changing
some of the engine's parameters, in order to achieve an
optimal compression ratio in which we get maximum
efficiency.
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Robotic Arm for 3D Virtual Reality Localization and Feedback

771 1IN '9119 :NNN

Virtual reality controllers collect information about the
position of the user’s hands in three-dimensional space and
report it to the computer, which processes the inputs and
relays a visual to the user’'s headset. Standard controllers
only collect inputs; they cannot provide the user any
feedback. This project aims to develop a robotic arm which
the user attaches to their hand to be used as both an input
and feedback device. Based on the angles of the arm joints,
the position of the hand relative to the arm base can be
determined. When the software detects that the hand is
touching an object in virtual reality, it energizes the motors
to provide a simulated normal force countering the user’s
motion
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Robotic Hand with Wireless Control
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In the past few years, we are witnessing a significant
advancement in the fields of 3D printing and
microprocessors. This advancement is shown through
the speedy developments, serious price drops and the
widespread abilities of these fields. Accordingly, the
supporting industry had also developed rapidly ; more
and more methods of 3D printing are available, and the
use of these methods allows an easy, cheap, and fast
developments of products for specific use. The same goes
for the microprocessors supporting industry. This project
makes use of the advantages described above, with the
goal of printing a humanoid robotic hand that can mimic
the hand movements of a person using a specially designed
glove and can also send feedback to the user. This can be
done with the help of sensors such as flex sensors and
accelerometers. The hand itself can move with the help of
stepper and servo motors.
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Opto-acoustic sensing and NA optical fiber expansion
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The aim of the first part of this project is to design and
manufacture integrated opto-acoustic probe. In the
field of opto-acoustic tomography, laser pulse is used to
induce ultrasound signal from a tissue and detected by
an ultrasound sensor. New technologies for ultrasound
detection via optical interferometric techniques are being
developed as part of the research of the laboratory for
biomedical imaging and sensing. The geometrical relation
between the optoacoustic laser and detector influences

greatly the strength of the ultrasound signals detected.
Therefore, the need for a well- designed probe, integrating
both illumination and detection is of the essence.

The second part of this project is to create a method for
increasing the numerical aperture of optical fiber via
geometrics changes, in order to increase the amount of
light that reaches the tissue.

we found that decreasing the inner diameter of the optical

fiber is increasing the effective numerical aperture in the
fiber exit, and therefore we get a bigger exit angle.
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Control of a bicycle using front wheel steering in varying conditions
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This project deals with stabilization of a miniature bicycle
while using a simplified dynamical model for the control
design purposes. The stabilization is obtained by means
of a single control input, i.e. the steering angle of the front
wheel as a constant velocity is assumed. The first part of the
projectis theoretical. In this part, the dynamical model of the
bicycle is constructed, and a number of linear controllers
are designed using various synthesis methods. This is
done while taking into consideration the past experience
from previous projects. In the second part, the work is
done on the actual laboratory system which is controlled
with an Arduino micro-controller. In this part the focus is
on identification and control of the actuation mechanisms
based on DC motors.
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Technion 2020 -Combustion Engine Modeling and optimization

Formula Student Project
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This project is part of the Formula Technion Student Project.
To run an internal combustion engine there is a need for
some other systems that are called powertrain systems
such as fuel system, intake manifold, exhaust system,
cooling, etc. beside the engine itself, all the powertrain
systems affect the engine performance strongly so it's
important to design and choose them wisely in order to get
the best performance of the engine. In this project some
analyzes were done to check the performance. Using GT-
POWER software, a full engine model was built to check
the performance of the powertrain system and examine the
effect of different parameters on the performance such as
higher compression ratio piston and different fuel types.
Afterthese tests we decided to use E85 fueland compression
ratio of 14.1 at minimum (original compression ratio is
12.7), this modification gave as an extra 4 HP and lowered
engine heat significantly. Using Ansys-Fluent software, a
CFD analysis were done on the intake manifold to check the
new situation of using different type of fuel. Another CFD
analysis was done inside the combustion chamber to check
the air flow motion inside the cylinder, this time using Star-
CCM+ software with moving parts and mesh.
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Vibro Tactile Brain Computer Interface

AN'TUITNY NN N, TINI0PT 0 IN 0”919 AN

This Project Focuses on developing a Stimulation Based
Communication system using a Brain-Computer Interface
(BCI) method. The guiding principle is that a vibrating
stimulus inflicted upon an area of the human body leads to an
electromagnetic activity at the same frequency in the brain
- an activity which varies in amplitude with dependence
on levels of the subject’s concentration. By identifying
amplitude changes it is possible to determine the area in
which the subject is concentrating. With this theory in mind,
and by subjecting participants to focused vibrations directed
at their fingertips, creating an interface with people who
lack other communication abilities becomes palpable. The
focused frequencies can be allocated to either linguistical
meanings, or perhaps mechanical ones (i.e. mind control].
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Figure 1 - Brain Activity intensity. Two actuators stimulating two fingers from different hands
of the participant - Dark red areas appearing in the right or left lobes, correspond to the
intensified brain activity due to the focused attention on the frequency of the specific stimuli.
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Ignition Safe and Arm Device (ISAD) for small scale rocket engine

U'721112 DN12X N 0NN

As part of a R&D process of an accurate, lightweight
shoulder-launched systems, the need has risen to develop
an Ignition Safe and Arm Device for a small-scale rocket
engine The purpose of the mechanism is to ensure the
initiation of the engine with high reliability, after the time
period set for the safety of the operator.

As part of the project, a design was made for a mechanical
ISAD with a small volume, low weight, an electrical logic
system and without stored energy. The energy will be
harvest during the linear acceleration phase, and initiate
the rocket engine after two independent conditions of:
linear acceleration - 1300g for 4[msec] and spin rate of
18[Hz], at distance that ensures the safety of the operator
and the crew. The initiation will occur after 905 [msec]
from launch.
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A solution for the automatic assembly of an infusion tube using

Caging-To-Grasping principle
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The project is aimed to provide a solution for the automatic
assembly of a flexible element, for one of the reference
scenarios - assembling a wire loom inside an electrical
cabinet, assembling a flexible gasket in the lid of a box,
assembling an infusion tube to a pin. The scenario we
focused on is the infusion tube assembly.

The system uses grippers that operate according to the
Caging-To-Grasping principles for centering and locking
a round element. After fixation and centering of the object
(infusion tube), the tube is guided through the center of
the grippers in steps until reaching the end of the tube. At
this point the system leads the tube slightly outwards, and
sticks it on a pin located on top of a desk gig.

Stages of the project: characterization of the problem,
modeling of the objects and defining possible solutions,
design and production of the leading option, measurements
and experimentation, improvement of the design and
production of a second version, assembling motors and
sensors, writing an operation algorithm.
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Water desalination system based on harvested wind energy
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This project is part of an experimental system that is
meant to turn wind power into water desalination. The
system is designed as a vertical, hollow cylinder, which is
mounted onto a shaft and balanced by heavy duty springs.
by periodically blowing air out of small slots embedded in
the cylinder the system creates the "Koanda" effect, which
attracts the flow to the cylinder and reduces the pressure
in that side which resolves in the cylinder rotating in that
direction. By periodically changing the side in which the air
is blown, an inverse harmonic oscillator motion is created,
perpendicular to the direction of the wind flow. Our part
in the project was to design and manufacture springs that
will stabilize this oscillatory motion as well as designing
and manufacturing a compatible pump that will turn the
oscillatory motion into compressed water flow which will
later be desalinated using a series of filters. The focus on
both parts of the design was to minimize losses and by that
improve the overall efficiency of the system.
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Additive Manufacturing
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In this project, two different configurations of miniature
cryocoolers which are categorized as “Hampson”
cryocoolers family, based on J-T principle were examined.

The design was fitted to the additive manufacturing process
which keeps the model free of design complexity. In
addition, this complexity could not be achieved in any other
manufacturing method. The main idea of the design was to
manufacture the heat exchanger structure as one piece,
using two different materials. In this way, the creation of
complex helical hollow tubes, one next to the other, layer
by layer was accomplished. The two configurations have
better internal surface to high pressure hot gas volume
ratio by dividing the hot gas mass flow to different number
of high-pressure tubes (depend on the configuration). The
analytical calculations that were based on different thermal
empirical correlations, were compered to empirical
experiment with cryocooler that was made by Chorowski et
al. The results indicate better performances, while the first
configuration is better than the second, and both are better
than the traditional (Chorowski et al configuration).
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Structure health monitoring using optical fibers
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In this work , a novel strain and temperature sensing
technology using optical fibers was studied. This system
work on Rayleigh scatter principle. This system allows
a quazi continuous measurement of these scalars along
the fiber path. Using optical fiber can deliver detailed
information regarding to the stress condition of a body and
predict an early failure of a product. In addition, Due to
high spatial resolution, a single optical fiber can perform
as an elegant replacement for hundreds of strain gauges.
Finally, the fiber small diameter can be exploited to embed
it in composite structures. An example for potential usage
is embedding an optical fiber along an airplane wing and
checking the change in the strain profile between flights.
This action can predict the failure thousands of hours before
the actual failure, preventing catastrophic events.

In this project optical fiber was attached to structures as
well embedded in a composite structures in order to
measure the inner strain in the structures(figure 1-2).
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Simulation of Peg-in-Hole mission by 6DOF robot and impedance control
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The project is part of an association that aims to create a set
of tools that will help industrial robots deal with a variety of
functions, , such as: assembling flexible components ( for
e.g. rubber bands) , and threading electrical wires.

The purpose of our project is to create a simulation in the
mujoco software of a 6D robot that: performs a Peg-in-Hole
mission using impedance control.

The project includes: Examining the tolerances of accuracy
and success of the task, and proving that impedance control
improves success rates.
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Solar sun tracker
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Asolar tracker is a device that orients a payload towards the
Sun. Payloads are usually solar panels or another optical
element. For flat panels, trackers are used to minimize
the angle of incidence between the incoming sunlight and
the panel. Reducing this angle increases the amount of
energy produced by the photovoltaic system. In this project
a tracking system was designed and made, which operates
with the help of solar energy and by using mechanical
principles. The system was designed to operate by using
bi-metal which is a component consisting of two strips of
different metals which expend at different rates as they
heated. The different expansions force the strip to bend
when heated and thereby used to convert thermal energy
into mechanical displacement. A mechanical tracking
system has a significant advantage in terms of financial
costs since the systems in use today are very expensive in
relation to the energy produced with their help.
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Formula Engine Team - Exhaust System
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The Exhaust System was designed and manufactured as a
part of the Technion Formula Student Project. There are
two main parts in the system: Exhaust Manifold and Muffler.
The Exhaust Manifold collects the exhaust gasses from the
engine to the environment, and the Muffler is a device for
reducing the noise emitted by the engine while maintaining
high engine performance. The Muffler is designed as a
combination of absorptive and resonator sections, it is
modular and capable of assembly in multiple ways.
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Spacecraft Diaphragm Type Propellant Tank Engineering Model (EM)

component development
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As part of the effort of constructing a safer and “greener”
rocket propulsion technology for spacecraft and satellites,
the usage of hydrogen peroxide as an oxidizer in bipropellant
system is being examined. Such propulsion systems offer
advantages over traditional hydrazines’ based fuel and
nitrogen tetroxide as oxidizer, mainly due to their toxicity.

In our project, we took a part in the NewRocket and Technion
program in developing innovative propulsion systems: bi-
propellant rocket motors with kerosene-based gel as fuel,
and high concentration hydrogen-peroxide as oxidizer.
Our project’s focus was on designing and assembling an
EM (engineering model) of oxidizer tank suited for such
a propulsion system. The chosen design is with an FEP
diaphragm and aluminum tank shell. The main challenge
was the precise diaphragm mounting in the tank for
assurance of long term leak-tightness.
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Vibration problem solving in a morphing wing
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Traditional plane wing is constructed of two parts, the body
of the wing and a shelf which are attached mechanically in
order to enable maneuverings and different attack angles.
The Morphing wing which is being developed around the
world is expected to make planes operate more efficiently
in several ways. The wing, constructed of one piece is made
of an elastic matter, inside of it are embedded thin tubes in
which air pressure is streamed. The air pressure creates
a deformation within the elastic matter and the wing's
shape changes accordingly to the wanted attack angle.
This technology decreases energy losses - allows a higher
lift coefficient for the same drag coefficient compared to a
traditional wing and allows more efficient fuel consumption.
Amir Gat's research group has been developing a prototype
of this wing which was tested in a wind tunnel, during
which a problem of vibrations and self-oscillations was
discovered. In this project we focused on finding solutions
for this problem. We focused on printing supports via 3D
printer, which we placed in the center of the wing’s body in
order to sooth it's vibrations. In addition, we modeled and
manufactured protective boards to prevent disturbances in
the wind tunnel experiment.
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The project describes the design of a Multi Application
Cogeneration to be used by the settlement Atlit on the
Mediterranean coast, providing power to the community
and for a factory, process steam for the factory, cooling load
used by the factory and other main facilities, and providing
desalinated water for Atlit community.

Building a system f this sort will provide independence to
the settlement in terms of electricity, water, workplace and
extra revenue off of the extra produced power. In addition
there is a possibility to use desalination by products by the
salt factory existing in vicinity.

The system includes a Gas Engine with an output of 8.6 MW,
MED desalination module with a 2905 cubic meter capacity
per day, 1.15 MW absorption chiller cooling system, and
a heat recovery steam generator supplying 3T/h of 10 bar
saturated steam.

Combining the different disciplines raises the thermal
efficiency from 50% to 88.7%, while maintaining profitability,
and returning initial investment in less than 3 years.
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Robot for elastic parts assembly
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The project includes two main sub-missions: the first one
- design of gripping force and place real-time measuring
interface. The second - design of pushing mechanism
for an object installation into a groove. The technology is
designated to be used in industries engaging assembly
of elastic parts having, relatively to length, small lateral
dimension (o-rings, rubber seals, etc.). The measurements
are performed by miniature force and touch position sensors
connected to the Arduino microcontroller. The pushing
function is realized with the linear actuator controlled by
the same controller. Also, the sensors covers adapted for
OnRobot gripper, and the adaptor allowing connection of the
actuator to the URD robot were designed.
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Breaking Symmetry Of An Emitting Crystal Using Surface Treatment
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Prof. Rothschild’s group is currently developing a thermo -
solar power plant, combining common turbine technology
with photo - voltaic solar cells. In order to utilize both
technologies incoming solar radiation is routed, using a
field of mirrors, into a luminescent crystal. The crystal
absorbs the radiation and randomly emits photons and
converts the rest of the energy to heat, which in turn gets
utilized by the turbine. Since, as mentioned above, the
spontaneous emission is released in random direction, half
of the emitted photons are sent back out of the station and
thus half of the emitted radiation is lost. Classic solutions
such as AR coatings are not applicable in this case on
account of the high operating temperature of the station. In
this project we researched, using Monte Carlo simulations,
the effect of swapping one of the surfaces of the crystal with
a diffusive surface, and whether it is possible to break the
symmetry and force the emitted photons to prefer one side
of the crystal over the other.
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Control of opening and closing robotic hand
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In this project we will control the opening and closing of a
robotic hand driven by five servo motors. The control will
be performed by using a glove worn by a person, a flex
sensor is connected to the glove which detects the closing
and opening of the hand. Depending on the movement of
the human hand, the robotic hand will close and open. In
addition to controlling the robotic hand movement by the
glove, we will expand the project to control the robotic
hand by direct use of the human muscle, this control will
be performed by connecting electrodes to the muscle.
This project is intended for use in the laboratory for brain-
machine interfaces for rehabilitation, for study and research
purposes.
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Flow Control Valve for Gelled Fuel
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In recent years, a demand for eco-friendly rocket fuels was
born, as current fuels were pollutants and dangerous for
human handling.

The NewRocket company developed a Technion patent
(Prof. Benny Natan) in which a gelled kerosene fuel, which
contains small particulate reactants. This fuel is more eco-
friendly and considerably less dangerous for humans than
contemporary rocket fuels.

Thus, a need for corresponding rocket propulsion
components, which can handle this type of solid-particles-
containing-gelled fuel has been developed. This, in contrast
with regular homogenous liquid fuels. In this project we
investigate a valve manufactured by Nana Engineers for
NewRocket. For this a designated testing system was
developed and relevant criteria of tests were derived. These
included leakage/sealing tests, life cycle tests, and pressure
drop/flow tests. By these tests it is intended to remove
primary uncertainties regarding the functioning of the valve.
The project was stopped due to valve failure during the tests
and the valve is being investigated.
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Mechanical and Control Design of a Robot that Demonstrates the

“Falling Cat” Effect Horizontally
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This project deals with the design and implementation
of a robot that demonstrates the "falling cat” effect in its
horizontal form. The electrical and control system are based
on an Arduino board which receives measurements from a
pair of encoders and potentiometers (one for each DOF)
which constitute the feedback to the closed loop. The loop is
closed in relation to an external command determining the
movement profile of the arms.

The purpose of the system is to rotate the central link
(passive link] by a sinusoidal movement, with phase
difference, of two arms connected at the ends of the link.
The side links are driven by a pair of DC motors that receive
commands from the output of the implemented algorithm
on the Arduino board.

2"om nyx,y1i9 NI

U7ON NN 02N UaN ¢ wimml (1002 JOi 01 Uirnoe
nownl N'YMunn Novnn JNPOIND N2 "7onn 7innn”
AT NI 72PN WX IINRITIN T'010 7Y Nooian njpgan
NX 0NN (woIn Na7T 727 TAR) 0NUNrYagio aim 0TIz
NIX'M NTI79Y TN AINN 1201 00'02 Y1 11200 2INYT 2wn0n

JNIYVINTA 7W NUIANN 7'91M19 NN NY1AI7N

(n2'Ox9 N'71IN) NN NYINN NN 22109 NY NIWNN NN
NYNT MY 99 ,NTRD wI9N2 ,NYTNRION'T nuian TSy
WIN AT Y NIVIM DTN AMIND QYN0 N2 nnamnn
U'012 Y wninnn DNNRYRN ARNYM NMPo - 0'7apnn DC

JINRITIND




Co-axial Jet System Design
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Particle-laden flows occur in a wide variety of applications,
such as industrial, medical and environmental ones.
Knowledge on these types of flows is essential if one aims
to alleviate pollution, understand planetary albedo, improve
drug delivery as well as control material properties. In
this project we designed a system which creates a coaxial
jet to control fiber orientation in its near-field flow. Fiber
orientation is measured using an optical system based on
Tomographic particle image velocimetry. Manipulating
fiber orientation allows us to control desired material
properties and model the interaction between turbulence
and anisotropic particles.
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Preliminary Design of a New Concept of a Semi-SWATH Vessel
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A Semi-SWATH is a twin-hull vessel (catamaran) which
partially (at the bow section) uses the concept of a Small
Water-plane Area Twin Hull (SWATH) design. The main
advantage of this type of design is the reduction of wave
making resistance, and an improvement in the seakeeping.
In this project, a unique concept of a docking vessel, which
can dock, carry and launch a barge at open sea. This unique
concept allows a fast transportation of the docked barge
to its destination, and launching it at open sea for loading
and unloading operations. A design of a vessel is typically
done in a spiral process, where each step depends on the
previous step, until the converged final design, which meets
the specifications, is achieved. The project consists of a full
integration between all the engineering aspects of naval
architecture throughout the first cycle of the design spiral.
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Centrifugal Pumps Design using Matlab based Optimization
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Many of engineering problems, especially turbo design
problems, include a variety of challenges, scientifically and
engineering, which makes it difficult for the designertoreach
the best engineering solution. We aim to effectively solve
problems in the design of a centrifugal pump. Currently,
there is no single solution to the given problem due to lack
of models or equations that define it. In this project we
wrote code using the Maltab software. The input contains
basic parameters that define a pump and the output sorts
selected pumps according to certain requirements and
design restrictions. After processing the results, which also
included economic considerations, we selected the optimal

pump.
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Reducing fuel consumption of Marine Turbo-Diesel by installing ORC

on exhaust line.
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The exhaust gases pollutions of Diesel engines that are used
in marine vessels all over the ocean are a serious ecological
problem that must be resolved. International organizations
are restricting the pollutions that are permitted in such
use, and marine companies are in need for solutions in
order to keep their activity and not to be harmed by those
regulations.

In our project we aim to reduce the fuel consumption of the
Marine Diesel engine by 10%, using the heat conserved in
the exhaust gas. We use the Organic Rankine Cycle (ORC)
for that purpose, where our external range of temperatures
is 19:236 °C. This range of temperatures contains a
thermodynamic energy which we use by setting the exhaust
gas as the heat source and the sea water as the cold
reservoir.

In the first part we show a thermodynamic analysis of the
ORC system, and in the second part we design and plan the
system’s components in a way that the installation will be
economical efficient.

T-s diagram of the ORC
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