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Modeling flexible structures governed by the wave equation
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We present infinite-dimensional transfer function that describe the dynamic behavior of a rod
in torsion caused by a torque moment applied at a point or part of the rod. The exact transfer
function was derived in means of delay which represent traveling waves. The exact transfer
function contains a delay element which is infinite-dimensional, complicating its treatment.
Therefore, one of our goals is to find a rational transfer function. Padé approximation approach
is explored and compared to finite element method (FEM). Another goal of the project was to

find a transfer function where the rod is subjected to a distributed torque moment M(xt).

Displacement at x=0.5*L with damped boundaries

Xg

Finite elements
Pade approximation
Real response

M(1) -~ V(X1
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Amplitude Rad

Y

Time [s
Figure 1 — Scheme of the system Figure 2 —Comparison between Pade and
FEM with Damped boundaries (Order 21)
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Dynamic homogenization aims at describing the macroscopic characteristics of wave
propagation in microstructured systems. Using a simple method, we find frequency —
dependent homogenized parameters that reproduce the exact dispersion relation of composite

plates and plates with local resonators.
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Quartz is a piezoelectric material with unique properties. The chemical composition of Quartz
is identical to that of glass (Sioz), but whereas glass has an amorphous structure Quartz is an
ordered crystal. Utilization of Quartz for fabrication of actuators and resonators, requires deep
understanding of its electromechanical properties to facilitate optimal design. In this project,
we examine the electromechanical response of Quartz and elaborate the difference between

Quartz and other common piezoelectric crystals.
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Aluminum Nitride (AIN) is a material widely used in the microelectronics industry. AIN has
piezoelectricity properties, which enables it to transform an electric signal to a force or a
mechanical deformation, and to transform a deformation into an electric signal. This
transduction between the mechanical and electric domains makes AIN useful in the MEMS
industry, and recently a considerable effort is invested to develop devices that use AIN.

In this project, several aspects of AIN are examined. AIN belongs to the III-V compound group,
and therefore its crystal structure has a hexagonal symmetry, with the polarity direction parallel
to the symmetry axis of the crystal. Relevant data is compiled relating to thin-film fabrication
methods of AIN, and to factors that affect the crystal growth and polarity attitude along the

symmetry axis.
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This project studied a new method of stress sensing, that is based on a megnetostrictive
composite. The composite consists of an epoxy matrix, and particles of Terfenol-D, which is
the magnetostrictive material, that displays a coupling between its magnetic field and its strain,
that is dependent on the stress it upholds. The project included production of many sensor
models, with different parameters and experiments to test the parameters’ effect on the
material’s functionality. Magnetic hysteresis tests were taken as well. The final step of the
project used an RL circuit, where the sensor is located in a circular coil, and the sensor’s
sensitivity to stress and to the circuit’s voltage was tested. The steps were taken to support

validation of the sensor’s functionality.
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Analysis of Transverse-mode oscillations of Nickel nanowires in molecular dynamics
simulations

20 75

SITIV )TN 919 : P

DMMIND D1IVNN) DIVIN .NYON YPYINL DMDID 132 7IAND DMIVNNI DOVIND 12N VDY N
DIIVPIDY NI NONY MDY N2 MY YA D207 DIPADNI TYN DNYY DNVPN DITIMIN MYNNNI
5P HVIN DY NPINPOM NPMINT NPSOID NYNT LPNIBN TONNA .M DY DTN DY
NN DMPNNY TMYY DNP NIIXNA MIVN) VIN DIPNN DX ,NDNN N0 DX THNN OMIVNM)
NIIYNN NN DIINWNI NN LN INKD SYNNN N8P DT NYPY DY NN NNPNIY TD DIDIOVND
DYIVN 190N MINN NDPY MYNNINI NNNY NS NTHNN 2NN DIMVNN NIVDHN NN DIAVNNI)
210 MIRNN YW 2D NINID MINXNIND .DMYNRIN OPNIYN NI ¥ TN 12WIN DIINNY MIVDIDN PN

9NN —I9IN G8IN DT DY

There has been a growing use of nanowires as basic building blocks in sensing devices.
Nanowires are characterized by their small dimensions, which can provide components with
high force sensitivity, low mass and very high eigenfrequency spectra. During this project, we
performed molecular dynamics (MD) simulations of Ni nanowires oscillating transversally.
First, we introduced a nanowire in a cantilever configuration and relaxed the atoms with an
imposed deflection at the free end. Then, we released the system and calculated the trajectory
of the atoms in space. The transverse oscillation was analyzed by tracking several atoms on the
symmetry axis, from which the first few transverse eigenfrequencies were calculated. The

results are shown to be in good comparison with the continuum Euler-Bernoulli theory.
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Understanding the combined effect of bending and torsion is relevant to a wide range of
phenomena. This task becomes highly challenging if the beam undergoes large deformations.
In this study, we consider an inextensible slender beam subjected to either force-control or
length-control conditions that result in large deformations including both bending and torsion.
We begin with understanding the effects of geometrical non-linearity in the context of beams
undergoing bending, including membrane effect. Next, we studied the post-buckling behavior
of inextensible rods, leading to elliptic-integral-based solutions. Finally, we consider an

inextensible fiber (slender beam) subjected to bending and torsion.
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Implementation and Verification of a Dynamic Failure and Damage Model in a
Commercial Finite-Element Software
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In this work, the Rittel-Dolinski model for dynamic failure and damage accumulation is
implemented into the LS-DYNA finite element code. The energy-based failure criterion was
implemented using a user defined subroutine (UMAT). In order to allow for incorporation of
the model into simulations where the effect of thermo-mechanical coupling is of great concern
(specifically in the numerical modeling and study of Adiabatic Shear Bands — ASB), the
complete formulation of the Johnson-Cook plasticity model was implemented as a part of the
subroutine. The implementation process was then verified numerically by comparing simple
test-cases with the built-in JC model under various loading regimes, followed by a full-scale
dynamic torsion test of a cylindrical specimen, where the onset and propagation of the ASB

were investigated.
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The ability to correlate between a material's microstructure and its resistance to crack growth
is an age long problem which is very much open up to date. Such a correlation, if found, could
greatly assist the field of post-failure analysis as well as shed light on future directions in
materials design. In this work, diamond containing Aluminum MMC's were used as a model
material for inclusion dominated ductile fracture experiments. SENT specimens where tested
in-situ using a MIRA-3 SEM and the resultant fracture surfaces where imaged and
reconstructed into digital elevation maps. Our results indicate a clear, linear correlation
between the measured fracture toughness and length-scales extracted from the fracture surface.
Similarly, we have found that the same length-scale, when normalized by the microstructural
length-scale seems to be a constant which in turn is in agreement with theoretical models. To
the best of our knowledge, this is the first time such a correlation was demonstrated

experimentally.
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Mechanical properties of zirconium and titanium
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In this project we investigate the static and dynamic mechanical properties of zirconium and
titanium in order to find out how the microstructure of the material influences the properties of
the material. We performed a series of experiments that included tension and compression static
testing experiments on the Instron machine and tension and compression dynamic experiments
on the split Hopkinson bar device, and in the future we will perform shear experiments
respectively. These experiments were performed on three materials: Zirconium, Titanium
Grade 2 and Titanium Grade 4. After conducting the experiments, we analyzed the results,
studied the properties of the materials tested in the laboratory and compared between them in
several ways: dynamic versus static for each material, tension versus compression for each
material and comparing these results between the different materials. In the next part of the
project, we will create images of the resulting fracture by using a scanning electron microscope
(SEM, EBSD, EDS) and a transmission electron microscopy (TEM). This will enable us to know
whether there is texture in the material, whether there is a preferred direction of the nucleus of
the material, what composition of materials existents in the fracture area and the phases of the
materials that are obtained in the fracture area. After that, we will select the appropriate thermal
treatment in order to change the grain size and possibly texture, and then perform another series
of experiments. Finally, we will try to explain the differences in the dynamic characteristics of
the materials with all the information we will collect.
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Among zirconia-containing ceramics, 3 mol% yttria-stabilized tetragonal zirconia polycrystal
(3Y-TZP) is the most widely used in dentistry, and it is mainly composed of the metastable-
tetragonal phase. The metastable tetragonal phase also spontaneously transforms into the
monoclinic phase in a humid atmosphere without mechanical stress, which is referred to as
low-temperature degradation (LTD) or hydrothermal aging .Because it is a crystallographic
change, aging can be characterized by techniques sensitive to crystallography or chemical
environment. Among them, XRD is most extensively used. The following project will
investigate various aspects of LTD kinetics in Zirconia (3Y-TZP) dental implants using XRD,
optical profilometry and Vicker’s hardness methods, followed by monotonic overload and
spectrum fatigue testing. The testing hypothesis is that roughness, surface profile and structural

strength change with aging duration.
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Part of the investigation process on mechanical reliability of dental implants is based on FEM
modelling analysis. The material to which the dental implant is attached to is a living tissue -
the bone. Therefore, we must model this element with special emphasis on its evolution. This
project goal is to implement an adaptive remodeling model that considers all the biological

aspects that occur in bones as a reaction to mechanical stresses.
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With the increasing awareness to the importance of greenhouse gas emission control, the
traditional role of steels in the automotive industry is compromised by lighter structural alloys.
Despite of being the lightest structural metal, demonstrating a high strength to density ratio,
Mg components amount for ~1% of a typical car’s weight. The usage of Mg alloys is strongly
hindered by their poor formability which in turn is strongly related to their anisotropic behavior.
In this work, we present an experimental methodology aiming at understanding the deformation
and fracture mechanisms in textured Mg alloys. The methodology presented here will be later
used for calibrating anisotropic damage models into which microstructural information can be
carried. By combining EBSD measurements with SEM in situ loading of sheet Mg specimens
at various temperatures and stress states, the damage nucleation sites, as well as the effect of
microstructure on the active deformation mechanisms controlling the strength and ductility are
explored. We believe that the methodology presented here can aid in constructing a virtual lab
where various microstructures and textures can be explored, aiding in the microstructural

design of emerging Mg alloys.
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Solid propellants are basically a composite material consisting of a polymeric matrix and
metallic particles. Under thermal/vibrational loads, those materials can exhibit degradation in
their structural integrity, which may eventually lead to failure. Unlike metallic materials, here,
the matrix-particle de-bonding process and the following void growth will not necessarily
manifest in the form of load drop under continuous loading due to the unique hardening curve.
Here we use a cohesive zone model to investigate the fingerprints of the decohesion process

between a hyperelastic matrix from an elastic particle under uniform tensile load.

18



YMIPNN 23 VPO

NN MIIYN HY MY

Stability of Mechanical Systems
2000 7IND

253) 290 119179 : 7P

NOMP INNRD DN D2 IN MIIYN DY MDY NYNN NN PAND NI NT VPN MIPOIYN NIVNN
M2 NAY HPWNN NPV 228N DI AN PRID INPI VIVEN MANN OIN, Mises-truss oy »onnn .a8na
Mises- H¥ 19787 NDI NNNK YN ,/IMIPYN NNPN NI GO X002 NN WD TYHRNL .M
MY MINRN NNNY NDIP INKY DINX NX DNWN DN TYUN MOV NHMNN MIPN MDY . truss
12N VN DY NPYNPINPN MDY NN TN KIN OOWVIN XD PYTYY NINKRD ADWN >N DN NNN

1208 TPNNNANP RIN NOMIPN DY NIHWUN TN ONM 1D MONY DY NNYY N IWIN N .NDMIPN INKY
11N NVIOY IN DNV NVIHY 7Y

The main goal of this project is to study the stability of post-buckling equilibrium
configurations. We begin by studying the Mises-truss, perhaps the simplest structure having
more than one equilibrium configuration for a prescribed load. We find all possible
equilibrium configurations, and study their stability. Next, we studied another bistable
structure, the curved beam, which is the continuum version of the Mises truss. Finally, the
post-buckling behavior of a non-extensible rod undergoing large rotations and subjected to a
compressive force is considered. The last step, still to be accomplished, is to study the stability
of these post-buckling configurations. This will enable answering questions such as is the
second buckling mode a stable configuration? in displacement-control experiment? In force-

cotnrol experiment?
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Methyl cellulose (MC) hydrogel is a polymeric material with the property of inverse freezing.
When heated in liquid state, the material solidifies into a “solid” gel form, while absorbing
energy. Past experiments showed the gelation can be achieved by a strong impact wave, and
not only by heat. When absorbing the impact energy, the material solidifies in the impact area
only, while the rest of the material remains liquid. The endothermic gelation absorbs a
substantial amount of the transmitted energy, which makes it a useful tool in order to attenuate
impact waves. The ultimate purpose of our research is developing of protection methods that
uses this gel to prevent damage resulting from impact waves, a problem which arises in many
protection methods that are in use today. Our current goal is modeling the gel's mechanical
behavior under static (first stage) and dynamic (second stage) loads, with varying temperatures
and MC concentrations. The modeling presents various challenges due to the material's
viscoelastic properties and the dependence of the mechanical behavior on the different

parameters of the material and the loading conditions.
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Today, fatigue design and calculation of the number of cycles to fatigue failure are based on
empirical formulas that depend on many parameters such as component geometry, the
manufacturing process, loading mode, working temperature and more. During the design
process, these parameters may not be known in advance, and therefore must be assessed
approximately. This situation produces information gaps. In the project we used a nonlinear
optimization tool and developed a new method for fatigue design for a simple common element
by using the info-gap theory. We calculated robustness curves for different design proposals

and developed a new way to prioritize design proposals.
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Nd:YAG is a common commercial gain medium for lasers, enabling lasing at 1064 nm
wavelength. For many applications, a non-linear second harmonic generation (SHG) crystal is
used inside the cavity to enable 532nm visible green lasing.

In this work a dielectric meta-surface was designed, to enable passive phase control in both
wavelengths separately. By implementing this device inside a SHG cavity, it is possible to
realize efficient bicolor lasing with an arbitrary desired mode (e.g optical vortices, high order

modes).
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We experimentally demonstrate optical trapping of a micro-droplet in air, and then activate it
as a fiber coupled resonator, measuring an enhancement (quality/volume) of 10-810° which is

10 times higher than what the current state of the art allows.
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One of the main purposes of interferometry is characterization the spectral range of a light
source: measuring the different wavelengths and their relative contribution to the light’s make-
up. This is done by interfering the light source with itself using mirrors or elements with a
different refractive index (compared to the medium the interferometer is placed in) and creating
a time-delay. Most interferometry configurations are designed to allow tilting of said mirror
and/or element between measuring cycles; This change creates a different delay for each
measurement and allows the collection of new data. This project’s subject is the Ribak-Lipson
Stationary Interferometer which incorporates a stationary stepped element that allows the
recording of a single image containing several interference patterns from different time-delays.
There are several advantages to such a system and mainly mechanical robustness.
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Optoacoustic imaging is a biomedical imaging modality based on the photoacoustic effect. In
photoacoustic imaging, laser pulses are delivered into biological tissues. Some of the delivered
energy will be absorbed and converted into heat, leading to transient thermoelastic expansion
and thus ultrasonic emission. The goal of the project is to build an optoacoustic imaging system
which based on the following components: (1) A laser that provides the energy for the emission
of ultrasound wave; (2) An ultrasound detector that receives the signal; (3) Linear stages which
enable to different cross section of the tissue to be sampled at a time. During the project, | was
required to characterize the system components and write code that integrates them. The
advantage of imaging in Optoacoustic

RawData BackProjection
Position = 17.000{mm)

method lies in the fact that the Position = 17.000{mm]
physiological properties is closely
associated with  optical  absorption
spectrum. By using this method of
imaging, biological tissues that cannot
be sensed by other means are sensed in

high-resolution.
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We performed a finite element analysis on a rectangular cross section of a container partially
filled with ideal fluid and oscillated horizontally. We used a mesh of biquadratic isoparametric
elements to solve the quasi-static problem defined by potential flow theory and used the
backward Euler method to march in time. We smoothed the velocity field using a least squares
filter and smoothed the free surface with a spline function in order to ensure a reliable solution.
In this way we tracked the height of the free surface over time and were able to test the effects
of oscillations of varying frequencies and amplitudes on containers of varying geometries, with

a goal of gaining insight into the effects of, for example, seismic activity on liquids.
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Standard rigid wings are characterized by substantial drag increase during activation of control
surfaces, due to lack of continuity in airfoil geometry at the interface between the control
surface and the airfoil. In recent years, shape-morphing airfoils are attracting much attention
by solving the problem listed above. These morphing wings present no irregularity in the
control surface regions, which in turn decreases the drag during maneuvering and improves
overall performance. Additionally, this solution provides flexibility in optimizing the airfoil
for different flight conditions. Common approaches to the morphing of the airfoil include
piezoelectric actuation, shape memory alloys, deployable and foldable structures and more. We
study configurations where morphing is achieved using pressurization and flow of fluid in a
channel system embedded within the airfoil skin. My project was focused on wind-tunnel
testing of such shape-morphing airfoil — as described below.
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Changing a wing's wings profile allows it to adjust to the current state of the aircraft. This
optimizes the wings performance in the aspect of forces, energy losses and weigth. In order to
ensure the desirable profile, the derivation of a model that represents the connection between
the parameters of the actuator and the desired profile's form is required. Previous work at Amir
Gat's group focused on an elastic actuator, which is driven by pressure changes in an embedded
channel network. This project focuses on the study of a two-actuator structure connected to
each other that are induced by independent pressure sources. An analytical model that describes
the relationship between the pressure in the airfoil and the resultant shape of the airfoil has

been derived. This model is comprised of

Compare Analytic Solution To Static Experiment Image

a set of non-linear equations which are
Upper Camber Actuation: 1000 millibar
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the internal pressure changes. Finally, we
fit the model results to the static

experiments.
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In this work, we desire to study the equations that describe fluids containing a dilute suspension
of 'bi-stable' particles. This fluid can rapidly change its density and viscosity in response to
either external or internal actuation. The bi-stable properties of the particles allow the fluid to
have two possible different sets of physical properties at the same operating conditions. In this
case, initially, the deformation gradually increases with the decrease of the fluidic pressure, up
to a point in which the membrane 'snaps-inwards'. When the pressure returns to its nominal
value, the radius will remain at its new value. This sudden change in the particle volume is a
bi-stable effect. The particle will snap back to its initial radius where the pressure will drop

below another critical value which is lower than the snapping-outwards value
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Particulate drug carriers are an attractive and popular drug targeting technique. This method
relies on the passive accumulation of drug carrier particles in the desired location in the body.
To develop such particles a thorough understanding of drug carrier transport to the endothelial
cells is necessary. Therefore, we have a designed pulsatile blood perfusion system to mimic
the flow in the cardiovascular system. However, blood contains red blood cells (RBCs) which
tend to squeeze through narrow spaces inducing leakage through pulsating pistons. To
overcome this issue we have designed an indirect pulsator to isolate the blood and prevent it
from leaking. Overall, our system is a closed circuit blood flow system to which a model seeded
with cells is attached and then particles are released systematically and their deposition is

studied under the microscope.
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We investigate the behavior of a microscale hybrid particle, such that consists of regions having
different electric polarization, in the shape of a lollypop within an electrolytic solution under
the influence of electric field gradients generated via a quadrupolar electrode array. The particle
is fabricated using standard photolithography technique from a dielectric materials (SU8) with
selective Gold coating. As a result of this complicated structure, there is a range of frequencies
at which dielectrophoretic forces of opposite direction are acting on regions of different electric
polarization (i.e. the Gold coated part undergo electronic polarization while the bare part
undergo dielectric polarization). As a result there is a range of frequencies at which the different
dielectrophoretic forces exactly cancel each other, hence, yielding a stable equilibrium point.
In this study we investigated the effect of the different electrolyte conductivity, selective gold

coating location, and the field intensity on the particle equilibrium.
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Stirling cryocoolers are commonly used, and their operation is based upon the thermodynamic
cycle by the same name. Such cryocoolers employ two pistons to cause compression and
expansion in a gas, thus achieving a cooling effect. Reliability and lifetime issues in this type
of cryocoolers occur mainly in the cold-side piston, which is exposed to cryogenic
temperatures. A way to operate such cryocoolers with a single piston that is not exposed to said
temperatures was discovered- but to operate effectively, it requires a device that shifts the phase
between the oscillating pressure and the mass flow (which occurs due to the changing pressure).
Cryocoolers operating in this fashion are called Pulse-Tube cryocoolers. The purpose of this
project is the development of a phase-shifting device which is as small as possible (used with
miniature cryocoolers), connected externally, and allows for different points of operation (such

as piston operating frequency or cold-side temperature).
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The final project is part of the "Conversion of a jet engine combustor from jet fuel (kerosene)
to natural gas (methane)" effort, carried out at the Jet Engines and Gas Turbines Laboratory of
the Aerospace Engineering Faculty, Technion - IIT. Conversion of turbofan engine combustor
from operation with liquid jet fuel (kerosene) to natural gas (methane) is necessary in order to
convert the aero-jet engine to a ground based electrical power turbine configuration. In the
scope of this project, a novel fuel atomizer design was tested based on preliminary CFD
analysis. Towards this research goal, the final project included design and construction of a 54
degree combustor section test rig, consisting of 3 atomizers (out of 20). Such a configuration
creates a realistic aero-thermal regime in the central part of the sector. The system includes
four major subsystems: combustion chamber model, fuel supply and control system, sensors
and data acquisition and storage system. The obtained results were compared to the CFD
analysis in order to validate the numerical data. Furthermore, future investigations into
additional modifications in the fuel supply system will be possible at significantly reduced
development costs using the CFD simulations and testing the preferred design in the

experimental facility.
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Wells Turbines are unique in that they are driven by an oscillatory airstream, as opposed to
other wind and water turbines that operate under nominally steady conditions. The oscillations
are produced by periodically rising and falling waves within a large plenum, where the
displaced air is forced to oscillate within a tube that houses the turbine. Due the unusual design,
symmetric and untwisted blade profiles are employed so that the oscillatory flow can be fully
exploited to generate power. The downside, however, is that the blades do not operate at
optimum conditions and are in fact fully stalled (i.e. flow separation) for a large fraction of the
operational envelope. This results in system efficiencies that are less than 50%. In order to
ameliorate separation, and dramatically improve turbine performance, dielectric barrier
discharge (DBD) plasma actuators were deployed at the blade leading-edges and pulsed at
frequencies corresponding to separated flow shear-layer instabilities. This project involved the
design and construction of a Wells turbine experimental facility, equipped with plasma
actuators interfaced with a dynamometer. This project will make performance measurements

in order to determine the optimum conditions for operation of the plasma actuators.
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A large percentage of the world's citizens lack access to clean water. This research set out to
find a sustainable solution for this problem. The proposed solution is a vertical axis wind
turbine (VAWT), connected directly, without an intermediate electricity generation to a
positive displacement water pump which feeds reverse osmosis filters. In this project an
experimental setup was built, and experiments were conducted in an open jet wind tunnel on
the coupled VAWT-pump system, in order to characterize it. Overall wind to hydraulic power
efficiency of 4.5% was reached, and relative efficiency of 25% was reached. Dimensional
analysis shows that upscaling to a larger VAWT would result in values of ~15% and ~50%,

respectively.
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In our project we are developing and improving exist mathematical models which describe
water desalination using ions electrosorption into porous electrodes by applying constant
voltage on the cell. In the new models we developed, the constant voltage operation was
replaced by a constant current operation while also considering chemical treatment on the
electrode’s surface. We examined the effects of various parameters on the ions concentrations
in the solution. Furthermore, the developed models were used to examine the ability of using

capacitive deionization for agricultural desalination.
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Figure 1: Main: scaled effluent concentration as function of time for three different chemical treatments while the cell
operates under constant current. Inset: cell voltage as function of time for three different chemical treatments while
the cell operates under constant current.
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In our project we developed advanced mathematical models which simulate water desalination
using adsorption of ions into porous electrodes by applying constant current on the electrodes.
We performed an innovative integration between several models, combining multi-ions
solution and ion-size based selectivity model. These models were used to examine the
possibility of using capacitive deionization cells for water softening. We scripted a MATLAB

application which constructs a COMSOL model, containing the improvements that were

developed.
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Figure 2: Main: scaled effluent concentration as function of time. Inset: Cell voltage as function of time.
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In the industry of renewable energy, surfaced a need for meanings of storage apart from
industrial forms of storage such as pumped storage or heat reservoirs. A new form of storage
became popular, which is basically battery storage. Batteries have a fast reaction time and high
efficiency when it comes to losses. Adding that to their ability to be downscaled for domestic
use, batteries have an established potential market. Redox flow batteries in particular are even
more efficient. However, redox flow batteries still have a few issues regarding flow dynamics,
dendrite formation toxicity and corrosion. In this project, the focus was on zinc-bromine redox

flow batteries. Specifically, the issues of corrosion caused due to a high reactivity of bromine.
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Event related potentials (E.R.Ps) are electric potentials which describe brain activity in a
cognitive response to stimuli. E.R.R.Ps are E.R.Ps which evoke in response to errors i.e. an
event that wasn't expected by the subject . In this research, we use and investigate different
signal analysis methods to filter the measured signals to seclude the wanted brain activity which
contains information about subject's detection errors, in order to develop a real time analysis

method of detecting human faults in real time.
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In the bio-medical field, there is a need to monitor skin oxygen levels, in a non-invasive
method. This is especially important for skin transplant process, using a unique artificial
implant, in which the partial pressure of oxygen pOz stances for the quality of the treatment.
Operating principle: Oxygen diffuses through the skin, and entering an equilibrium state with
the air pocket inside the transplant matrix, where the crystal particles are located and react with
the magnetic field. Then, an electronic magnetic resonance sensor, which comprises of a
constant costume made magnet, and an ESR resonator, measures the signal from the crystal
particles. The signal is created due to the excitation of the magnetic spin. The relaxation time,

is correlated using a universal calibration curve, which provides the partial pressure level pO2.
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The aquaculture field is growing fast in the past decades, while challenging researchers to find
engineering solutions to new requirements. One of the main challenges in the field is the
preference to anchor the systems offshore. This requirement confronts the design with harsh
environment for operation and survival. One way to examine the environment effect is by
numerical simulations in finite elements programs, enabling to estimate the design. The
effective structures for aquaculture are very flexible and require hydro-elastic non-linear
solution (major deformations and low stiffness). In this project, In order to valid the program,

we'll compare the simulation's results to the results of a conducted experiment®2.

lc-c Huang, H.-J. Tang, and J.-Y. Pan, “Numerical modeling of a single-point mooring cage with a frontal rigid frame,” IEEE J. Ocean.
Eng., vol. 34, no. 2, pp. 113-122, Apr. 2009.

Zc.-c. Huang, H.-J. Tang, and B.-S. Wang, “Numerical modeling for an in situ single-point-mooring cage system,” IEEE J. Ocean. Eng.,
vol. 35, no. 3, pp. 565-573, Jul. 2010.
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Control system optimization for a robotic below-the-elbow prosthetic-hand
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We have developed a human-machine interface, gesture-based control system, for a robotic
below-the-elbow prosthetic hand. the human-machine interface is based on a microcontroller,
includes four electromyographic surface (SEMG) sensors. Conducted by testing Myo-Armband
(off-the-shelf SEMG interface) operation in addition to relevant parallel searches conclusions,
featured and adjusted for a below-the-elbow disabled user. To minimize noise and misreading
in the sSEMG-interface signals, we used a database with various participants’ data in addition to
the raw user data in order to receive more accurate and consistent results, for the purpose of
reducing the user calibration frequency. The data has been processed in real-time by the ML
method of pattern recognition. The search targeted and accomplished a four-gesture operation,
best results were obtained using KNN (k-nearest neighbors) algorithm, which achieved 83.61%
gesture prediction accuracy. The search further aims to be easily adjusted for additional gestures
in future works. In this project the hardware limitation guided the work strategy which led to

using simple, low run-time algorithms.
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Structural Health Monitoring (SHM) aims to give, at any given moment, an assessment of the

“state” of each part of a structure, giving a warning in the case of a decrease in performance

abilities. In this project, we investigated two approaches to create a quantitative assessment of

the damage in each DOF, the first being a model updating two-step approach, and the second

being a “direct” method using the system’s motion equation error.
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The project deals with modeling a bicycle and stabilizing it using a control system that controls
the steering of the front wheel. Stabilizing of the bicycle takes place while the bicycle is
moving. The project has two parts: the first one, theoretical, in which we found a simple model
for the system, compared different control loops, and examined the influence of physical
parameters on the closed loop behavior. The second, a practical part in which we implemented
the control system in the lab. Right now, the project is at a progressive phase of implementing

the control system in the lab.
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In the following project we designed an engine which utilizes elastic energy from an elastic
material. Elastic energy has very high energy conversion efficiency to shaft propulsion
(approximately 0.95), it is not hazardous to the environment and can be stored in large amount
for a very light weight. Elastomer is a lightweight material which is highly elastic and therefore
is a prime candidate for storing elastic energy. The primary challenges in this project is the
development of a mechanical mechanism which will allow the controlled release of the energy
stored within the Elastomer while overcoming its amorphism and developing an approximate

mathematical model to the energy storable within materials which aren't linear like Elastomers.
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In our project we set out to find a way to harvest biomechanical energy with an end-goal to
create an energy harvesting knee brace. The project required a literary review of current
harvesting methods including piezoelectric crystals, dielectric elastomers, regenerative
breaking etc. We settled on using a carbon nanotubes (CNT) which has the most untapped
potential. When the CNT is a mechanical deformed or stretched, a charge is formed that can be
harvested without an existing bias voltage. To achieve this the CNT must be submerged in a
suitable dielectric solution during the deformation. The setup included a tank of salt-water as
our solution, a cart and sliders all made of plastic to prevent short-circuiting and unwanted

chemical reaction.
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In this Project were established the foundation blocks of an autonomic assisting robot for
disabled or required supervision people. The development focus was mainly on autonomic
motion in a home environment, the ability of the robot to return to the unique base that was
developed, the ability to identify foreign obstacles and avoid collision, and establishing a
control interface. In addition, a mapping algorithm was written, as well as a basic navigation
and route planning method. On this basis it is possible to continue the development in to a

commercial product.
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The design and construction of a robotic scarecrow, used to scare off birds and other pests from
trees. The robot receives a warning, which is obtained from the motion sensors on its head and
transferred to the Arduino controller, and from there to the motor - which in turn activates the
arms of the robot in harmonic and sudden movements. The robot is made entirely from very
simple and inexpensive parts to manufacture; The base of the robot and the pins are all
machined, and the entire arm mechanism is printed in 3-D. The sensors are based on PIR
technology, very cheap and easy to assemble and integrate with Arduino. The so-called
complex movement of human hands has been achieved through the application of a four-bar
mechanism; The input link rotates in one direction, saving energy that would have been spent
on changing directions. The output links change the direction of the rotation, in accordance

with the four-bar mechanism.
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'Diabetic Neuropathy' is a very known phenomenon in the medical field. Diabetic neuropathy
is also known as diabetic kidney disease, is the chronic loss of kidney function. A common
symptom is dizziness and instability. The main purpose of our project is to help patients
suffering from this phenomenon, by giving them a treatment which will improve their stability.
Our insole designed to be a part of a robotic shoe. This shoe is based on two pods which provide
perturbation to instigate a learning process for the neuromuscular system that moves and
stabilized the joints. By those pods we can change the patient's center of pressure and to
guarantee his stability. The purpose of our insole is to monitor and analyze walking data,
walking rhythm and body weight dispersal on the patient foot. The data analyzing based on 7
pressure sensors which located at the insole. The pods will move according to the analyzed
data.
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Robotic hand allows grasp of small and large objects and is intended for children who are finger
amputees or were born with anomalies of the fingers. The hand is controlled by a
microcontroller- Arduino, that receives a signal from FSR sensors in the hand and sends
commands to two motors that are responsible of moving the fingers. In addition, a mechanism,
worn by the user, alerts him of the strength of the grip. The hand was printed by a three-
dimensional printer and all the parts were ordered at a user- friendly price. The main goal of
this project is to provide a convenient and inexpensive solution for those requiring the

prosthesis worldwide.
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In this project we designed and assembled a pneumatic soft hand, printed in 3D from two
different materials, and implemented it on the Baxter robot by using ROS (Robot operating
system) as the main platform. Neural Network algorithm was used to program the robot. The
algorithm is written in Python programming language. On the hardware side, Arduino
Leonardo Board with pneumatic manifold was used to control each of the hand fingers
separately and together. Our contribution will be making the Robot detect the location of the
human who stands next to it and detect whether it can take an object from his hand or pass the
object to him without dropping the object. Baxter and the hand are connected by one base
station, while all the related variables as; movement’s velocity, joint locations, inverse
kinematics calculations, connectivity with Arduino, image processing and others, are

functioned by the ROS platform.
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The project involves designing, modeling and controlling a self balancing robot. The closed loop
control system is based on an Arduino board. It receives measurements from an IMU sensor and
incremental encoders, and then transmits the control signals to DC motors. The goal of our

control system is to keep the two wheel robot in a vertical position while it moves.
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In this project a software framework for knee-less compass bi-

ped walking robot was written, which enables it to walk using open loop or minimal feedback
control, using a CPG mechanism. The system, which was implemented using an STM32
Discovery micro-processor, includes control of DC and servo motors using different control
loops, as well as reading and transmitting sensor data back to the user.

Two different user interfaces were built, one for debugging the hardware —a GUI which allows
for independent actuation of the different robot elements to isolate potential problems — and
one for experimental control, which allows the user to change the different parameters, as well
as draw the sensor responses in real time. Both the GUIs and the software interface were
designed to be modular, such that they will be easily adjusted for new experiments and changes

in the robot design.
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The project researches methods for “Reflex Based Control” algorithms to enable closed loop
control for Compass Biped robot. The project focuses on communicating with an IMU sensor
using UART and 12C communication protocol and real time measurement of 3-axis
accelerometers and gyroscopes. Using these signals few algorithms were created to activate
Servo motors to shorten and lengthen the legs while walking. This will enable a closed-loop

controlled walking.
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The project is aimed at modeling and control of a laboratory inverted pendulum experiment.
The experiment, presented in Figure below, comprises a Furuta pendulum setup with two
pendulums mounted at each end of the horizontal arm. The system is actuated by a DC motor,
whose armature voltage serves the control input. There are 3 encoding sensors measuring
angles, one at the motor axis and the other two at pendulums' axes. The project involves the
following stages: modeling, including the building of a full, nonlinear, model of the whole
process (6-order) and its linearization around equilibria points; system identification, where a
linear model of the process with the pendulums in the "down" position is identified from simple
closed-loop experiments and a model with one pendulum in its "up" position is extrapolated
from the identified model;
controller design to stabilize the
inverted pendulum under
tracking requirements on the
system arms; implementing the

designed controller on the

laboratory experiment.
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This project is motivated by the problem of bicycle stabilization. We focus mainly on the
situation when the bicycle is standing and thus stabilization by steering is not feasible. In this
case, the bicycle can be modeled as an inverted pendulum and the two main approaches to its
stabilization are using a gyro and using a reaction wheel. In this project, we explore the second
option. The goals of the project are to design the reaction wheel stabilization mechanism and
to design a controller that stabilizes the system. In particular, we are concerned with the issue
of “design for control”. Namely, we wish to explore how to choose the parameters of the

pendulum and the reaction wheel to facilitate further control of the system.
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SMA (Shape Memory Alloy) based actuators are being widely used in industry. In order to
achieve optimal utilization, it is required to characterize its unique behavior. This work focuses
on characterization of Super-elastic SMA (Made of NiTiCo alloy) under shear stress induced by
torsion. It is possible to achieve strain of up to 6% by applying torsional stress as a result of
solid-solid phase transformation. Upon stress unloading full recovery is achieved with minimal
remnant strain. A designated, compatible test-frame was designed to fit the existing set-up
which includes a tension test-frame and linear force load-cell. An analytical model was
formulated based on continuum mechanics, alongside pseudo-plastic behavior assumptions.
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The Lattice Boltzmann Method (LBM) is an alternative numerical approach for
computational fluid dynamics (CFD). It’s popularity has grown tremendously over the
past decade but has been primarily limited to low speed laminar flows. Extensions of the
method for high-speed, compressible turbulent flows are an active area of research and

the focus of this project.
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Topology Optimization has an important role in the process of mechanical design of parts
which should withstand loads and have weight limitation. Due to the developing technology of
3D printing which allows to manufacture complex geometries, this role is more essential. 3D
printing of a metal such as Titanium could be very expensive, and therefore the cost of the
material which is used should be considered in the optimization process. Removing
unnecessary volume of the part, without changing its properties and functionality could reduce
the cost of the manufacturing tremendously. In this project, an efficient process of Topology
Optimization for 3D printed metal parts is proposed. We demonstrate an effective method and
the geometric representation of material removal while analyzing the process of 3D printing

and its limitations for an optimal manufacturing.
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Currently, creating prosthesis is an expensive process which requires manual measurements of
a stump by a technician. This project aims to improve this process by proposing a new method
to calculate these measurements by using a 3D scanned stump. The immediate output of a 3D
camera is a point cloud which will be fitted to a mesh. Uploading the mesh to a commercial
CAD system will enable the technician to measure relevant distances faster, with reduced error,
and in a known environment. We have chosen to represent the stump using the representation
of parametric surfaces because of their ability to represent convex shapes accurately. Moreover,
to enable geometric operations and tissue analysis that are more straightforward for such shapes
that are represented by parametric surfaces. The developed method will be contributed to the
E-Nable organization, a nonprofit organization that manufactures fitted prostheses for people
from developing countries. The proposed method will be integrated into an automated pipeline

that creates forearm prosthesis from a 3D scanned stump.

Figure — lllustration of the prosses: from point cloud to CAD model
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Many of engineering problems, especially turbo design problems, include a variaty of
challenges, scientifically and engineering-wise, which makes it difficult for the designer to
reach 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 | wrote a computer program whose inputs are
basic parameters that define a pump and its output will be the optimized solution according to
predefined criteria (usually economical) after filtering and processing the results of all the

appropriate pumps for the problem.

61



YOTIN I VPNID

\NDING NP NTID NYDIN 29 DY 10N 1T NYY)

Laser locking on Brillouin scattering

D277 TN

1012 50 19119 : 7P

VD TIOINHD DMWIN XDINNDD INIDMIIAN N DY 1IMHN TN OV DY YNID NN VPN NILVN
NN DY PYTN NN XIN OINNIN TN DY RIN IIMY NI 79 DY NXT NDIWA DY NI NV
TPIANDD NI NYOIN 121 XDINND INIDIIAN D .NOIWND WIMY D911 MYI9N DIWYID MYWNIM
NTIVOYANNI MOND IINT MDA MY APY YODIPN D) TN NVITIL NN INOY TIN NNINN
D) TN 7O IMINA 12 MMM YR MNWN NIV DPTIN ITN) IDINN MDON IS ,NTYN
YODIPNRN DHN 11 NINK TN NIRNN PON INRD INN THNN I2IY NN IYRI V1T .9DINTOPVOIPN
NN DX YNAD 7N DY .DIDN 1IN ITNN XIN NI112 NI IT N, ATHHN DY NNINNK NN D7)
S¥2NY NIYARNDN NTNPND NRNIY NMXPND YT HY NYNINND TTNN NI NT NVOVIA |, NVIVI WHNWND W

N2 1OV NN TR NDARNN NNNDYN NOSPN N NTIPIAY T O DY P71 19IND DINTIN NNP DY

Brillouin scattering is a nonlinear effect which originated from the interaction between an
electromagnetic wave and a density wave (photon-phonon scattering). Thermal motions of
atoms in a material create acoustic vibrations, which lead to density variations and scattering
of the incident light. The goal is to lock the Laser to the resonance frequency ®0. This
accomplished using the Pound-Drever-Hall Method is using a unique error signal. This error
signal has the desired properties and thus it can be used in a feedback loop to lock the laser
frequency at 0. Motivation: The Lorenzian width of the stimulated Brillouin scattering is
narrower than the resonance; therefore locking the laser wavelength by it will be more accurate

and sensitive to interference.
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Photon extraction is a fundamental need in many optical systems. In lightning, semiconductors
and novel energy systems, Yablonbovich criteria set an upper thermodynamic limit of 1/n? for
photon extraction from a slab media. Diffused surface is known to reach the Yablonovich
criteria in an ideal transparent media and is assumed to generate isotropic scattering. Here we
want to show that a single diffused surface characterized by a uniform bi-directional scattering
cross-section generates a strong anisotropic scattering. We aim to find that the anisotropy
scattering is proportional to n2. This non-intuitive effect is a result of the inherent symmetry
braking of a single side diffuser. We are at work in progress which it's results can help in
maximizing the energy efficiency in bi-facial lightning, semiconductors, and luminescence

based solar energy systems.
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This project will use an idea of building an artificial island in the Mediterranean Sea, across
from the Gaza coastline, to examine the potential of an air-conditioning system based on a
water-source heat pump. A water-source heat pump is a heat pump where the disposed heat is
exchanged with a body of water rather than with the air as in most A/C systems. According to
this project’s preliminary estimates, the relative stability of the sea temperatures, i.e. the smaller
temperature difference between the evaporator and the condenser, can lead to improvements
of around 30% in the Coefficient of Performance (COP), and therefore in energy consumption.
In addition, significant savings derive from the condenser being water-cooled and therefore not
needing fans.

This project will present an office building that could be built on the island and includes also a
kitchen and a dining room; The cooling load, in the order of 1MW, will be calculated; and the
major components of the A/C system will be designed. These include the refrigerant’s
refrigeration cycle — condenser apparatus, compression apparatus, chiller, etc.; chilled water
distribution system — heat exchange through the chiller, water distribution, fan-coil units, etc.;

and a Dedicated Outside Air System.
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During this project | will plan an air conditioning system with cogeneration. Cogeneration is
using a heat engine in order to create both electricity and useful heat. In this case, the
cogeneration will be heating the water for the treated place as well as air conditioning it. The
system that will be used in this project is GEHP — Gas Engine Heat Pump by AISIN Company
of the TOYOTA group. This system operates on gas engine (can operate with two different gas

types), and can supply air conditioning along with heating water.
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This research project deals with the design of a portable heat exchanger that will cool a bottle
with drinking liquids in a short time. The liquid will cool from room temperature to a
temperature that is less than 10 Celsius Degrees in less than two minutes. The cooling of the
liquid will occur by air flow through the device and with a Forced Draft Fan. The device is
small enough to fitin a standard refrigerator and also portable for outdoor usage. Additionally,
the device was designed after research about boundary layers, heat transfer attributes of

different elements, intermixing phenomenon & CFD analysis.
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Hot thermal storage (HTS) and heat exchange system for solar thermal power plants,
Based on sensible energy storage in sandstone
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Energy storage is critical to the development of renewable energy technologies in the future,
since almost every type of renewable energy is irregular and intermittent regarding its
availability and magnitude. Among various energy storage approaches, thermal storage is one
of the most promising large-scale energy storage technologies. In this project, a sensible heat
thermal storage system was designed and examined by analytical and CFD methods. This
project focused on the use of common rocks as a storage medium. Using crushed rocks can
help to reduce storage size, reduce project costs and allow high system durability with much
less maintenance needed over the years. The storage system designed in the project can be a

cost-effective solution for the irregularity of power supply by solar power plants.
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In turbine work air is compress by an air compressor to the burning chamber, where it mixes
with fuel and burn. The energy that drive the turbine is received from this burning. The air
compressor consumes part of the turbine energy, which detract from the energy that are
supplied to the customer. Increasing the compression efficiency will leave more energy for the
customer, and thus enlarge the turbine efficiency. Analysis of the compressor work reveal that
part of its energy consumption is going to heating the air, and does not help to the turbine work
(isentropic process). The purpose of this work to bring the compression process closer to
isothermal, and earn this energy difference for the customer, in the case of electricity
production turbine it can be a significant amount of energy. The method of cooling that were
chosen was injecting water to different stages of the compressor. where it will be split into
droplets. These droplets will be vaporizing, taking energy from the air and cool it down. In the
first part of the work, the energy benefit as function of the injection stag and water amount
were calculated. The second part of the work was focused on the implementation of the method.
First computing the diameter of the droplet that is needed in order for the evaporation to end at
the desire time, and then calculate the orifice diameter and pressure different that are needed
for achieving that droplet size.
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The objective of this project is to design a thermal energy storage system for a solar power plant.
The thermal energy storage system includes several storage tanks which uses Therminol VP-1
thermal oil as a liquid storage medium. The storage system was designed for a parabolic trough
solar power plant, producing up to 200 MW power. During the day, high pressure superheated
steam is generated directly by solar energy, while during the evening and night hours, the heat
for steam production is delivered by thermal oil from the energy storage. Thermal energy
storage is charged during the day when solar energy is available. During the evening and night
hours, hot thermal oil is discharged to generate steam at the sufficient rate for power production
according to off-hours demand for power, specified in the load charts. The durations of charge
and discharge modes of operation are specified based on solar power availability during the day,
economic considerations for hot oil storage capacity and demand for power chart at peak hours.
The project also includes a performance comparison between thermal oil and water as heat
transfer fluids in the system.
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The aim of this project is to provide the plan and design of energy storage system for
Concentrated Solar Power (CSP) plant using the molten salt in order to produce electricity
during the hours of the day when the solar energy is not available. The main part of the project
was thermodynamic analysis of the system, and design of heat receiver in the tower in order to
get the maximum storage time, where the difficulties were caused by limited space in the tower.
Moreover, the scheme of the plant and its main parts such as tubes, pipes, pumps and tanks were
designed, and the most profitable working hours were considered. As a result, the storage time
of 4 hours with turbine’s power output of 250 [MW] was achieved. The next step of the project
is to finish design of ‘salt-water’ heat exchanger, and to provide the cost and profit information
of the plant.
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The thermoacoustic effect is a long-known effect. Sound Waves induce pressure fluctuations
in the air, which in turn induce temperature fluctuations. By jntroducing a solid with a
temperature gradient into the gas, we can change the phase between temperature and pressure,
and thus change the phase between specific volume and pressure, this can lead to net work
performed by the gas, and thus the generation of acoustic power. Alternatively, it can be used
to consume acoustic power and enhance the temperature difference. For our project, we
designed and constructed a thermoacoustic refrigerator based on an acoustic traveling wave.
The sound wave is generated using a loudspeaker, and induces a temperature difference of
more than 20 degrees on a constructed “regenerator” for the rest of the future we will check the
option of increasing efficiency using mass transfer effects into the refrigerator. (i.e. introducing

water vapor transfer to increase energetic flux).
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This project is a centrifugal pump design, according to a given requirements specification. Most
of the design is the construction of an optimization MATLAB tool based on the theory taught
in the course "Design of Turbo Machinery 1". Using this algorithm, a large database of optimal
pumps was built. This database was first filtered based on a number of critical criteria such as
pump dimensions, pump characteristics, and pump adjustment requirements. Additional
engineering considerations were added, such as economic feasibility, pump efficiency, and
more. After selecting the preferred pump, an engineering review and a mechanical drawing

were performed.
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Nowadays, driving under limited alertness due to factors such as drowsiness or alcohol
consumption constitute a major contributing cause of road accidents. There exists a need for a
system to monitor driver’s alertness in real time and using non-invasive methods. Therefore,
the system’s goal is to detect decreased alertness of the driver and a subsequent state of
drowsiness by examining physiological parameters — Electrocardiogram (ECG) and eye
blinking rate — and for it to be done via non-contact sensing. To achieve this, an ECG sensor
was constructed with electrodes which integrate into the driver’s seat and utilizes the driver’s
back as a capacitor where the clothing and skin act as dielectric layers. The analog signals
received are amplified by an appropriate electric circuit and are converted for digital
processing. In order to track the eye blinking rate, a face-recognition method was chosen. It is
implemented using a simple video camera that has a corresponding algorithm which
continuously processes an image of the driver’s face isolating the driver’s eyes from the image
and determining whether the eyes are open or closed, thus calculating the time interval between

eye blinks. The driver is alerted when drowsiness is confirmed.

73



YOTIN ) VPN
DIPPYY AUNN - NN PYNN
Brain Computer Interface: Vibro-Tactile project
NIIPY 5 IPOUINTOIN )IIN

PDOPT 0299 N/91719) 21>TOIOLY )17 779 : D20

oMLV 0poon (BRAIN COMPUTER INTERFACE-BCI) o»w2n XY awnn-nmn »pwnn
o,an BCI o5 LIS »5ina mindow 0»»y ndya .n7vpn moo> ninny LIS »5nd ypob nrdvan
02 Yy BCI nNad DysnNm w1t 7P¥a YY 920109 275 .0T NIPN2 DY XY 0»OMIIN 0 DY
NN BCID nvradmon mvrvwn >nvn nnX .vm >nyny BCT 105 ny2doonvox nwdn moavn
DMMNMYN NON DM Y1) DY TPNINN MIND DY NODIAN TWUR ,THRNN XN DINYND DIONINIVIID
1MON ,VPNINL .DMVINDT OMNIND DI MIVTNY NNT MIPTN PMNN MY NTHNND NN
JUANNDT WNNYN PYNNY YISND DIPYNNNND DOV NN : OMINNN YIN M) NPND NN

.NOIYNN 2o 07N NNA

Brain- Computer Interface provides helpful technology for LIS patients in retrieving of
communication abilities. Eyes issues are very common with LIS patients. Therefor, BCI based
on visual stimulations is ineffective. To overcome these problems, many efforts have been
invested for finding an alternative, sensation BCI, based on hearing and tactile. One of the two
most popular methods for BCI is steady state evoked potentials, which is based on periodic
stimulation. Those stimulations evoke steady state response in the brain, in the same frequency
as the periodic stimulations. In our project, we designed a system that generates the periodic
tactile stimulations. The system includes vibrators, jigs to connect the vibrators to the fingers

and user interface to control the frequencies.
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The goal of this project is to develop a Stimulation Based Communication system using Brain-
Computer Interface (BCI) method. The guiding principle is that a vibrating stimulation at a
certain frequency on some area of the body leads to electromagnetic activity at the same
frequency in the brain, with amplitude that depends on the level of concentration. By
identifying changes in the amplitude of the activity it is possible to determine the area in which
the subject is concentrating. Using a system that operates on this principle and by vibrating at
different frequencies on both hands of a subject, a question-based communication interface
with two possible answers can be created. The subject will answer the questions solely by
concentration and thus this system will enable communication with a person completely

lacking any physical abilities.
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Transportation efficiency is a measure of energy efficiency for conveying any load by means
of any vehicle. Part A of this project deals with a definition of the term as used for marine
vessels and a survey of concepts of marine crafts in the aspect of transportation efficiency. Part
B presents a geometric design of an efficient vessel of the type “Cutter Boat”, using the
designated software for hull design by rational surfaces - MultiSurf. The design was carried
out according to specified requirements, and includes: preliminary geometric design,
hydrostatic analysis, assessment of power, drag, transportation efficiency; while iterating
(design spiral) these stages for improving the transportation efficiency.
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With the world's growing requirement for "Green Energy” it has become necessary to present
a “Green Propulsion” alternative for bi-propellant satellite propulsion. This abstract presents
an effort in this direction through development of a diaphragm type hydrogen-peroxide
propellant tank. This solution uses the common structure of propellant tanks (e.g. of
monopropellant hydrazine), and adapts it by considering material compatibility. The EM

(engineering model) we are currently working on is part of a plan to reduce risks and

uncertainties. This means that the flight model that will be
designed later will be based on the results of the present
development plan. Although our model is not the one that is

destined to execute missions in space, its importance is to

minimize the risks that are taken throughout the system
development process. Current stage includes employing work =
instructions prepared for integration and for testing, including |
initial leak and proof pressure test, external and internal leak,

as well as evacuation efficiency and rate tests.
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A spacecraft solenoid type H,0, oxidizer flow control valve (FCV)
engineering model (EM) is developed. The FCV will be integrated as part of
a hypergolic bi-propellant “’green’’ (reduced hazards) space propulsion
system with concentrated hydrogen peroxide oxidizer and kerosene based
gel fuel, being developed at the Technion by NewRocket. The oxidizer FCV
must be compatible with Hydrogen Peroxide (H,0,), and with space and
launch environments. The development process incorporated Aerospace
standards such as MIL-STD-1522, MIL-STD-1521, MIL-STD-490, MIL-
STD-1540, MIL-STD-810, NASA-STD-8739.3 and MIL-PRF-16005F. The
EM design is based on a solenoid actuating mechanism described in “Design
verification of Solenoid Operated Valve for Industrial Applications” by B.
J. Lim et al., Paper 1005, 22nd Int’l Conf. Nucl. En. for New Europe, Bled,
Slovenia, 9-12 Sep. 2013.
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Valve is a device which is used to regulate the flow of liquids. In this project, we designed a
valve that reduces pressure from 100-200 [bar] to pressures of up to 30-50[bar] at its exit. The
inlet-pressure does not apply axial forces on the piston-power. At the center of piston-power
there are drilling axes and a shutter. The level of command is a needle, operated against a little
diameter opening and loaded-spring, which can change the pressure force by a handle.

System operation: the pressure at the exit transfers to the left-side of piston-power as long as
the exit pressure is less than the pressure, which opens level of command. Pressure at piston-
power are equal. The exit-opening is opened when the pressure is near a critical value,
determined by a settling spring. Liquid that passes through shutter of piston-power causes

pressure differences on it and it starts @
piston needle
I ) Valve

to close the exit opening. In

v

equilibrium, the exit opening is
created at a cross-sectional area,

which causes pressure differences

Control

between the required in-let and out-

let pressures.

handle
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In the first part of the project, we designed an External Gear Pump. These pumps are widely
used in High Pressure Hydraulics in the agriculture and car industries. They are much cheaper
then piston pumps or wing pumps and their performance is fair. Their main uses are in
lubricating machines parts and fluids transference or as oil pumps in motors. In the second part
of the project, we designed a hydraulic elevator for transportation of maximum four people in
a building of three floors. After a literature review, we decided to design the elevator with

cables and two cylinders.
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The flow control valve has been designed as part of a rocket propulsion system which uses
non-toxic propellants. The valve controls the flow of the fuel into the combustion chamber
using a solenoid, while dealing with complex flow and design requirements. First, the fluid
flowing through the valve is non-Newtonian (its viscosity is not linear with the shear rate) and
is characterized with gel phase and solid particles. The valve must withstand sealing challenges
and operate under extreme conditions such as high acceleration and wide temperature range.
The valve must comply with strict aerospace standards and undergo acceptance, loading and
health tests. In this project, the forces operating on the core of the valve were analyzed. Flow
calculations and magnetic analyzes were carried out and optimizations were made to obtain the
sealing force required in the spring, alongside the magnetic force that would enable the valve

opening against the operating pressure.
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The intake manifold was designed and
manufactured as a part of the Technion
Formula Student Project. The intake manifold
is responsible for supplying cylinder with the
air-fuel mixture. During the intake stroke the

engine’s piston moves downward, this causes

a partial vacuum, and because of the pressure
difference from the surrounding atmospheric
pressure, air rushes into the intake manifold.
The intake manifold is comprised of a
restrictor, plenum and runner. When air flows through the runner towards the cylinder, fuel is
injected to create the air-fuel mixture required for combustion. In order to determine the intake
manifold’s geometry CFD simulations were done in an iterative process - these resulted in
finding the geometry that creates ideal air flow in the intake manifold. To guarantee the intake
manifold can withstand the forces and stresses it experiences while the vehicle is driving,
strength analyses were done. The Restrictor was manufactured with carbon fiber layering,

while the plenum and runner were 3D printed from Nylon 12.
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The team designed an accumulator for an electric autonomous race car under the demands of a
strict ruleset and the demands set by the system engineering team. The main challenge the team
face was learning and applying the theory behind accumulator design: arranging the cells

within the accumulator, cooling it and connecting to the controllers of the motors.
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The Anti-Roll system is a part of the suspension assembly, it adds roll stiffness to the vehicle.
The stiffness of the system affects the weight transfer across the four wheels during turns,
therefore influencing the dynamics of the vehicle directly; the tendency to oversteer or
understeer. This year we developed a hydraulic versus mechanical anti-roll system in previous
years. The system consists of three pistons and fluid in a closed system and includes an active
blade with varying moment of inertia which is controlled by a servo. The servo is controlled
by sensors and actuators to obtain ideal stiffness to roll for different road conditions which are

common for racetracks, thereby achieving road holding and optimal steering.

One of the pistons is connected to the active blade which is
controlled by a servo
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A circular motion causes centrifugal forces. For a turning vehicle, these forces will eventually
cause it to slip. The purpose of our project is to design a system which will cause equal and
opposite forces to cancel out the centrifugal forces on a turning vehicle. We chose to do this
by designing a rotating mechanism which purposely exits equilibrium in order to defy the
centrifugal forces. The mechanism is comprised of 4 solenoids with a 90° between each pair,
and a mass at the end of each one. While rotating, the position of the masses in reference to the
center will determine the forces acting of the vehicle in order to cancel out the centrifugal

forces.
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The system is responsible for the power transmission of the first electric and autonomous
formula vehicle ever designed in the Technion. We used two Zero Z-Force type 75-5 motors
with a maximal peak power of 31KW each and 120Nm of maximal torque. Each motor drives
a different rear wheel. The power transmission is done through a chain drive with 1:3 gear ratio
selected to reach the maximal velocity requirement with high torque. Each motor is controlled
by a Sevcon Gen 4 Size 4 driver which receives 110VDC nominal voltage from the vehicle's
high voltage accumulator and outputs 3-phased AC current to the motor. The driver is
programed to change the frequency and amplitude of the output current based on the
autonomous system velocity and torque requirements. The project's area of responsibility

included both the electrical and mechanical required design.
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DRS system change the drag force on the Formula vehicle, by controlling the orientation of the
rear wings. The system is an internal system, located inside the wing and operated by one DC
motor, and an external connection of the two wings with rigid rods. Control of the system is
based on the car computer and get calls from the sensors of the vehicle, that analyze situations
in which we want to increase or reduce the drag force on the vehicle. Control for the ARB
system that harden the suspension of the vehicle while turning to prevent the vehicle from being
slip. The system detects with the vehicle sensors a mode of contact and calculates the amount

of repair that should be given to the vehicle in order to prevent slippage conditions.
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This project is part of the Electric Autonomous Formula Technion SAE project. The goal is to
design a transmission between the motor that actuates the steering of the car. After evaluating
every option available, the team chose to create a system based on a chain drive transmission
attached to the steering rack and its bar (which is connected to the wheel), allowing the team
to easily switch between the manual mode and automatic mode of the car.

Motor

Steering
bar

Steering
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The team planned the Driver Interface for the Technion’s formula vehicle under the demands
of a strict ruleset and the demands of the System Engineering team. The main challenge the
team faces was to increase the safety coefficient while also making the sub-systems more
comfortable and further decreasing the weight. The Driver Interface system contains a seat,
steering wheel, dashboard, clutch control and pedals. The final products is a comfortable

system that is also the lightest in the history of the project.
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In the autonomous-electrical formula project of 2019 it was chosen to rely on the combustion
team car chassis. Due to differences in mechanical design requirements, adaptations were made
as part of this project with much attention to the principles of: keeping center of mass low and
centered, simplicity of design and production, high reliability and low weight. These adaptions
include: extension of the main hoop, minor extension of the nose, replacement of thinner tubes
with thicker tubes and removal of unnecessary tube. Furthermore, linking components,
Brackets, were added as well as other functional necessary tubes. Components with probability
to fail were checked by calculations and/or simulations. The final model is about to be built

during 2019 summer.
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This project is part of the Formula Technion SAE project. This system enables the driver to
control gear selection by installed buttons on the steering wheel. The system is of the linear
actuator type, incorporating a DC motor and lead screw. This year, the system was

redesigned, and a more powerful motor was used, in a new installation setup.
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The team designed a Brake Actuation System for the 2020 Formula Race Car, in order to fit
the existing system from the 2018 Formula car so it will brake fully autonomously, in service
brake mode. The system was designed according to the FSD rules. The actuator is based on a

miniature ball screw, that moves a nut with the help of an electric motor.
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A forklift is a powered industrial truck used to lift and move materials over short distances
using a fork made of steel. Forklifts are an indispensable equipment in manufacturing and
warehousing. In this project we were required to design a hydraulic lifting mechanism for a
heavyweight forklift. The mechanism was designed to lift weights up to 6.5 meters high. The
main challenge was to design a mast that, on one hand could lift heavy loads to the specified
height, and on the other hand could be moved inside standard passages.
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The objective of our project is to create a motorized rollator which will enhance its user’s
mobility. The motorization allows the user to carry objects or walk uphill without having to
invest more power. To translate the user’s will in to motor movement, we designed handles
with integrated load cells. The signal from the load cells is amplified and read by a
microprocessor. The voltage level applied to the motors is relative to the signal received from
the load cells. In addition, the velocity is attained by encoders installed on the motors. The
work on the project involved many fields of knowledge. Enhancing and completing an existing
design (integrating load cells, electronic box, etc.) dynamics, mechatronics, design for

production, programing and algorithms.
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A rollator motorized by sensors — The blue rollator
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There has always been a need of rollators, canes and wheelchairs and our aim as engineers is
to improve and upgrade the quality of life of the elderlies and/or disabled people. This project
deals with improving/upgrading an existent rollator - Drive 726BL — by adding two engines to
its rear wheels and activating them by sensors and a microprocessor. The purpose of this
mechanism is to make walking much easier so that when the user applies force, the rollator will
complete his/her motion. The idea is that this mechanism will enable any possible
motion/movement: walking forward, backward, and turning around. Thanks to load cells built
into the handles, the rollator will sense the direction in which the user wants to move, and hence
will complete the action. The project involves quite a few issues. For example, design of
handles which incorporates the load cells, feedback control of the ignition unit, circuit closure

with amplifiers, drivers, engines etc.
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The aim of this project is to invent a novel walking aid solution, which will address the senior
community’s needs worldwide, and provide smoother usage without the need to lift it off the
ground. The chosen solution is a walking aid device that includes both wheeling and breaking
mechanisms.
We chose two solutions that allow maximal comfort for the user: Applying weight or pressing
a button.

o The weight mechanism (LEONARDO) contains breaking strips,

which contact the ground following weight application, and 3 wheels

(back wheel connected to a plunger).

o The pressing mechanism (POMPA) includes a breaking strip and

2 breaking pads. The breaking pads are lifted\pressed by the button (using

Bowden cable).

LEONARDO

96



YIN X1 10N - 90X VP9

19991 XNY N INMIN XN

Pressure vessel to simulate a rapid decompression
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The goal of the project is to design, develop
and manufacture a pressure vessel to simulate
rapid and explosive decompression tests for
various products. The vessel is intended for
use in the Environmental Testing Laboratory
at Rafael.

During the test, the vessel is inserted into a

larger vacuum chamber in the laboratory. The
air is vacuumed from the two chambers to pressure level of 750 millibars. At that moment, an
electric valve is closed and the air is vacuumed from the external vessel only to pressure level
of 70 millibars. There exist a pressure difference between the two vessels. After puncturing a
membrane - the pressure in the internal chamber will drop rapidly to 180 millibars. The pressure
equalization speed is required to be in the range of 0.1-15 seconds. The timing is achieved by
changing the membrane size.
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The project involves designing a mechanical mechanism for assembling a PVA sponge on the
legs of a swimming pools cleaning robot. The inner diameter of the sponge is smaller than the
outer diameter of the leg. Therefore, it is necessary to expand the sponge to perform the
"heddling™ function while maintaining the sponge form and avoiding the dislocations and
deformities of the material that will affect the ability to absorb water.

The developed mechanism performs the opening and closing operation by applying force in
the horizontal direction to a disc with grooves that forces radial movement of the rods which
used to extend the sponge to the desired diameter, enabling the insertion of the robot leg

through it.
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This project cares with improvement of Laser Engraving Machine (LEM) for marking precise
piping components in HAM-LET industries. The current process needs a qualified employ to
convey the components to the machine by using plastic trays. Then he manually transfers the
component to the LEM trays and finally manually placing in degreasing trays. The current
machine time for Engraving of 100 components is 25 seconds only but the manually transfers
takes 125 seconds. The main project target is a significant shortage of the transfer cycle time.
The improved transfer "A" is based on turning over the plastic trays, new LEM trays and turn
over jig. The improved transfer "B" is based on Robotic Arm (RA) equipped with 8 vacuum
fingers for 8 components and 90° turn over mechanism for placing the components to new
degreasing trays in a proper position. The statement pf work contains design of the jigs and
automation process, validation experiments, parts purchasing and manufacturing and finally

integration with current LEM and conducting acceptance tests.

7ayn"A"
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Surface polishing machine for rectangular optical prisms
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Civan Advanced Technologies LTD is a company that specializes in high powered lasers.

In order to create a high-powered quality laser combining several light sources is needed, that
is done by using a few small lenses and mirrors. These lenses are glued to glass parallelograms
that are attached to the laser device.

Civan required a machine that would increase the surface roughness of planes on the
parallelogram while maintaining their flatness and perpendicularity so that in the end of the
process an optimal gluing surface will result.

To answer these requirements we designed, manufactured and assembled a machine based on
a four-bar mechanism. This mechanism dictates a gradually changing figure eight motion that
results in the desired random roughness pattern. The system polishes several parallelograms
simultaneously while maintaining the accuracy and required ~—=——=

amount. The machine can change the polishing speed and match

the different size and number of parallelograms.

i
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Suction Nozzle Saddle Tool
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The assembly of the Omega Filtering Pipe on the production line demands the connection of
approximately 300 suction components per day, at a rate of one suction nozzle per minute.
This connection requires an efficient tool which can supply a large force. We were tasked with
designing a tool which works quickly, reliably and safely, while taking into consideration the
accepted engineering practices and not damaging the existing components. Our main challenge
was maximizing the output force and working speed, while minimizing the mass of our tool

and its robustness in order to maintain the mobility of the tool.

Suction Nozzle Saddle Tool
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This project has the opportunity to extend the existing conventional compression solutions and
this solution is based on bellow, a unique engineering component that is developed and
manufactured by Mewasa company which use a welded metal below technology as a
compressing chamber. It has many advantages comparing with the common solutions. This
product is suitable for use in extreme environments with zero leakage, zero contamination, high
reliability, no need replacement of gaskets that are eroded by the piston moment and long life
required. The dynamic part of the mechanisms such as, connecting rode and crankshaft are
driven by electric motor to compress the bellow and those parts have been designed with
thermodynamic and mechanical stress analysis,
above all, this solution has a few parts which are
easily accessible at the market thus the designed

solution preserve high reliability and low

maintenance cost.
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Towards a new concept for liquid armor and energy mitigator
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Upon impact, detonation or hard collision between bodies, a significant amount of energy is
transferred to the impacted body by means of elastic stress waves. Since the impact is blunt,
there was no visual evidence for injury or hematoma, but the effect to the internal organs can
be severe. This phenomenon become a major problem in contact sports such as American
football, Boxing or MMA, where the protection gear, prevents only direct rigid contact.
Nowadays, most of the technique to attenuate stress waves, based on porous media, visco-
elastic materials, and plastic deforming and collapsing microstructures. This work attempts to
combine two materials for improved performance: first, shear thickening liquid which can
harden upon strong impact, can be used to prevent penetration. On the other hand, inverse
freezing gels can mitigate large amount of energy. We hope that the combination will set a path

towards a new concept of liquid armor
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Segmented Space Telescope
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This project aims at designing a control system for four mechanically uncoupled mirror
segments in the Space interferometry laboratory. Each segment is actuated by 3 fine piezo-
electric motors, moving three ends of a mirror, and one coarse screw actuator moving the whole
mirror perpendicular to the screen. The coarse actuator has a build-in servo mechanism. The
feedback signal is obtained from processing the images on the screen, read by a camera. The
control goals are to bring images reflected by the mirrors to phase and position alignments and
to bring them to focus on a camera screen. Two stages of the design are carried out on each
segment separately, with a third stage where the segments align simultaneously. First, we
activate the coarse actuator to bring each segment closer to the focus point and within the range
of the fine control. Second, fine 3x2 control loops for piezo-actuators of each mirror are
designed to position the image at a required point on the screen in the Cartesian coordinates.
This is done via aligning segment’s tilt and distance in relation to the screen. Finally, the so-
called “Simulated Annealing* algorithm is used to bring the segments to an alignment beyond
the capabilities of a linear model. This “Simulated Annealing” method was implemented prior
to this project, but happened to operate immensely slow and with a non-negigible probability
of failure. Project's hope is to demonstrate that the use of internal “servo” loops is capable of

rendering the scheme faster and more robust.
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Walking Bipedal Robot Simulation
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We promote the implementation and use of a physical engine named MuJoCo in the Robotics
Laboratory of the Faculty of Mechanical Engineering. The project goal is modeling a
dynamical walking bipedal robot and supplying a simulator that closely mimics the actual
hardware in order to increase efficiency in controller development.

As part of the project, we performed a literature survey on simulators, modeling experiments,
building the robot model in the simulator, re-building the user interface of the simulator for the

laboratory needs and building a 'simulator manual’ for the rest of the laboratory team.
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The myFive Prosthetic Hand is a 3D printed, myoelectric, robotic prosthetic hand. It is designed
to provide a solution for amputees with a below-the-elbow amputation. Our prosthetic is
designed to be parametric simple to use. The myFive is controlled with surface EMG sensors
placed on the residual limb. Data processing is handled onboard and motion is performed with
micromotors. A companion graphical user interface allows the user to train and analyze the
motions used to move the prosthetic. The end goal of this project is to open-source our work
so that amputees around the world can access this technology.

While working on MyFive project we did major design changes: New design for the motor’s
while changing their location and changing motor type for enlarging the hand sizes available.
In addition, we created 3D printing model in order to help costumers while printing the My
five hand. Since the hand’s parts are built in a parametric way, meaning the parts dimensions
can be changed, we programmed a Graphical User Interface to make the process easy. With

this GUI, the costumers can change and print the different parts in a few minutes.
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MyFive 3D printed robotic hand — Arduino controller code
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Design and implementation of Arduino controller code, for the 3D printed robotic hand project
— myFive. The software features calibration and use of EMG sensors, to measure muscle
activity in the arm. The calibration process creates statistical parameters for predefined hand
positions. During the run-time phase, different modes of muscle activity will run the motors to
the corresponding, predefined position as calibrated. The motors rotate, if needed to, until a
spike in electrical current is detected in the motor drivers, which signals an increase in the
mechanical resistance to the joint movement. Debugging circuits were assembled to enable
software and hardware testing without the use of actual motors or EMG sensors, which greatly
promoted to the software design process.
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Modal Approach for Structural Health Monitoring

Model and Control of Bicycle using front wheel steering

Elastic based drive system

Harvesting Biomechanical Energy Using Carbon Nanotubes
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