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A Simple And Easy To Assemble Radome
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The purpose of the project is to design a simple and easy to
assemble radome that will allow an unskilled work team, or
one who has undergone only basic training, to assemble or
disassembletheradomeinaperiod of nomore thansixhours,
while providing an appropriate response to environmental
conditions, safety, budgeting and performance.
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Development of a pyrotechnic shock test facility
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In order to test the effects of the pyrotechnic shock on
certain parts, Rafael's environmental engineering team
found that a pyrotechnic shock can be stimulated by firing
on an anvil by a nail gun. Manual operation of the gun turned
out to be unsafe

therefore the experiment was stopped.

The project team developed and manufactured a device that
enables remote control firing by using the same nail gun in
a way that will be safe for the user.
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System characterization energy flagship project
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System characterization is of critical importance for
performance verification and validation of the vertical wind
turbine for water desalination, and it encompasses the ability
to collect data of the different stages for process control
purposes .Our role was to define and develop sensor suite
that would collect data influencing system performance
and analysing them. Some of the collected data included
pressure, flow rates, revolutions per minute (RPM), wind
velocity and water salinity.Turbine system design includes
relevant sensor search, selection and modification to fit
required usage performance and budget wise as well as
firmware and software coding that translate sensors output
to system updates. The software enables data analysis and
summary presented to the user and saving of the data for
future research and performance activities. Sensor suite
interfaces the turbine system in several points and our role
included designing different fittings for assembly onto it .
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Pump and transmission system Energy flagship project
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The pumping and transmission system is an integral part
of the design and construction of a vertical wind turbine
JVAWT ,(in harnessing the wind power and converting it into
a desalination system that aims to provide clean drinking
water.

Our job is to plan and ensure that the power obtained from
the wind energy) in a varying range of speeds (passes ideally
and with minimal losses to the desalination system while
maintaining and meeting the requirements of environmental
conditions ,mechanical interfaces ,safety and restrictions of
other flagship project groups.

We were required to research ,test and design a system
that includes a pump and transmission that will conform
to the parameters and values obtained for a wide range of
external conditions) wind speed ,environmental conditions(
while meeting the requirements and limitations of the
desalination system.
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Hydraulic Lift Automation
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David Dayan, Loc Nguyen & Hieu Dinh Trong | Mentor: Shlomo Nezer, Supervisor: Alon BenMoshe

VHL vehicles, which carry wafers throughout the facilities
of Intel to facilitate manufacturing, require regular
maintenance. To perform maintenance on the vehicles, they
are brought to a maintenance station in a cart. Then, they
are lifted from the cart by the pistons on the station. The
pistons are raised by turning the bolts on them manually.

Unfortunately, one engineer has been hit by a slipped
wrench during maintenance, which raised the issue about
safety. Our task was to automate the process through
additive design. We attempted to complete our task by
designing a set of motors which changes the height of each
piston through a control system with sensor inputs.
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Axle and support - Energy flagship project
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As part of the energy flagship project, our group focused
on the main axle system and the base of the turbine. Our
target is to design a main axle and a stable base that are
required to withstand all the static and cyclic forces that
the turbine will experience while ensuring its continuous
work for many years. The importance of the axle system
and the base of the turbine is high since they are the
structural center of the turbine and in addition are the
main mechanism for transferring power from the turbine
blades to the transmission system. Another function of the
turbine base is a solution for packaging the components
of the various systems that make up the turbine. As part
of the project, we were required to investigate and find
many mechanical solutions to ensure compliance with
very high safety factors for main shaft fatigue, to prevent
the turbine from overturning and for interfaces with the
various systems in the turbine to ensure proper and safe
operation. The design of the system was accompanied by an
orderly engineering process to ensure compliance with the
system requirements, high reliability over many years and
convenient maintenance.
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Lifeguard Assisting Device
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The objective of this project was to plan and design a
system which will assist lifequards in rescuing distressed
swimmers at sea. The rescue system consists of three
components: DJI Matrice 600 Hexacopter, OneUp Self-
Inflating Life Preserver and the system which we designed,
the Gripper system - based on a servo motor that holds the
life preserver and can be controlled with the hexacopter
remote controller. The main requirements of the project
were designing a lightweight unit, enabling the hexacopter
to carry it. Creating an independently powered product
which won't rely on the hexacopter’s voltage, consisting of
a control box with a rechargeable battery, electric circuits
and a control unit based on an Arduino controller. Additional
requirement was prevention of relative motion between the
life preserver and the hexacopter to ensure stability during
the flight, therefore an anti-shaking device shaped like a
hollow pipe was designed to hold the life preserver during
flight. The hollow pipe is connected to the bottom of the
control box.
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Stability of Self Excited Oscillations of an Inertia Wheel Double Pendulum

2170 TTIV'ON9 NN | v Yae

In this project we investigate the stability of self-excited
oscillations of a double pendulum augmented with an
inertia wheel governed by linear state feedback. The
nondimensional equations of motion were derived, and we
employed a combined analytical and numerical methodology
to investigate the orbital stability of the dynamical system.
Estimation of system parameters without the inertia wheel
was based on documented experiments of a chaotic double
pendulum. Stability analysis of the equilibrium revealed both
divergence and flutter thresholds. An analytical criterion
for self-excited oscillations was obtained and verified
numerically. The results of the research are portrayed by a
stability map and a bifurcation diagram which includes four
distinct regions: decay to a stable equilibrium, self-excited
periodic oscillations, periodic and nonstationary rotations.
The findings of this project will enable a stability analysis of
self-excited oscillations of an array of rigid bodies.

N7190 NJUIUn Jw nimyy NITn NN 1PN 0T upinea
N120N12 .87 2¥N VN 00N VIM U1 0'¥11'R 7272 027wnn
NMITNNIIVAN Y TN NINTN NYINN NIKIWA INNID Uj7'N90
JNMIUIIND 0NN NENT NNNRENTYYTIR 1TITNN anul
TU2NN NN 7272 877 NINIYT-RT0 NDIWNnn Nune Jnvy
JI'UIXD 19192 NUiun 9w NNooa 0Tyinm nTavn Mo 'y
INIT 1NTYAI 'U'TIX [DIND NWYY T7wnn iy Jw Ny 0 nimna
NITRN 0IPYT 'OY7INN (1IMUNEN 19191 NNTANNT Niaxa oo
nnan .nmaTn NN e Ntmn arzan Ty i nimsy
0'MINA 1901 17721 111 [9IN 172700 N12WNN TY NN
NITRN 2N IPWN 1Y 12T WD MT7Na 09NN 0'pnam
.0MI'YXUU XY D'212'00 D'IThN 0'212'0 0mMImNn. Nimxy
Y79 9712 1 NI N T Y 00INIM Uirinonn IRYnn
NMPN NYWOR' Q1IN 0'RYIM 120NN NRNINN NR DRI

.O'N'Y{7 0'912 N2 7V TW NimMYy NITan Ny

AP19) TPEPNDA G (3370) IWNN ODTPN W MDY NN ,(ONNY) TPNR1T NN : 1IN




RiAPRVIYAI R

alpla)a

"I'J'B|'JIYJ'IJ'I|'I UPOND M agt JT11 N2DY ALY T Y 0"U719"T 0"UDIN 021 Y

Fabrication of Diffractive Optical Elements by Programmable
Thermocapillary Shaping of Thin Liquid Films
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Diffractive optical elements enable precise manipulation
of wavefronts passing through them and are widely used in
a variety of optical systems. We present a new fabrication
method of such elements by deforming the surface of a thin
liquid film and solidifying it with UV light. The deformations
are generated by harnessing the thermocapillary effect,
which is the transport of mass along a liquid-fluid
interface as a result of changes in surface tension caused
by temperature gradients. In this project | developed a
mathematical model which provides the temperature field
that is required in order to achieve a desired arbitrary
topography. We implement the method by projecting a
light pattern, determined by the computed temperature
map, onto a metal pad array on which the thin liquid film
rests. The pads convert the light to heat, which is conducted
to the free interface. Figure 1 shows the workflow of the
process for an example case of a deformation composed of
concentric rings.

(a) Desired deformation
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Figure 1 - Workflow of creating a DOE: (a) The desired deformation is taken as an input; (b) A required heat map is computed, normalized be-
tween 0 and 255; (c) The projected image; (d) The resulting topography after solidification of the polymer
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Electronic Chip Liquid Cooling with Embedded Micro-Channels Substrate
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IC (integrated circuit- chip) power is rising quickly due to
the increase number and density of electronic components
(e.g. transistors). In the future, air-cooling solutions will
no longer be enough to keep the maximum temperature
of the IC below a certain value. Therefore, new cooling
solutions are needed. One solution, that was studied in
this project, is using a substrate with embedded micro-
channels. Theoretical analysis was made, followed by
thermal simulations in two finite elements softwares.
Manufacturing limitations were obtained and the system
was optimized with consideration of these limitations and
other functional limitations. The optimized system design
was obtained and the possible performance was presented
with thermal simulations.
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Escape of two DOF dynamical system from the potential well

MyTIaa7IN'aneg :nnm | J2axnmy

This project addresses the problem of the escape of a
dynamical system with two DOF from a one-dimensional
potential well. We specifically address the influence of the
system parameters and the initial conditions on the basic
escape mechanisms in the considered system. First, the
minimized energy required to escape for each stiffness
was found by investigating the effective potential as well
as Poincare Section of the complete system. Next, the
different escape mechanisms were classified and mapped
for a variety initial condition by using grid classification
method and numerical solver. An analytical aspect of these
mechanisms was investigated as well. For this purpose,
we used Harmonic Balance to reduce an approximate form
of the equations of motion to Mathieu equation, to take
advantage of its well-known stability diagram.
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From Bio-Compatible to Bio-Rejected: Mechano-chemical surface

effects on dental implant rejection

nMI'21U-0¥ NP 1"TII0M INIT'OND :0'Nn | U2V YNINY n'ny

The usage of titanium-based dental implants has been
steadily increasing over the recent decades, with Israel being
one of the world’s leading countries in the number of implants
per capita. Dental implants have many advantages over other
restoration methods, but on the other hand, about 30% of
dental implant experience biological rejection, associated
with soft tissues inflammation and bone loss.

Many believe that the implant’'s surface plays a key role
in its failure. This hypothesis lays on both the mechanical
aspect - the surface transfer load to the surrounding tissue,
and the chemical aspect - all the chemical reactions occur
on the surface. Therefore, our research will deal with the
mechanical and chemical characterization of unused (new)
and used implants (biologically rejected], in an attempt to
find a common denominator that can indicate the reason for
biological rejection.

The chemical characterization will be performed in two
methods - XPS and EDX, and the mechanical characterization
will be performed using SEM.

Later on, we would like to replicate the life course of animplant
under laboratory conditions for the purpose of confirming or
refuting the hypothesis as to the cause of the failure.
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The Stress Distribution on Female Breasts as a Function of its Size

a%19 MT1"T:0NN

[LL-fitting bras are known to cause musculoskeletal pain.
However, most women are unable to properly fit a bra for
themselves. Additionally, monthly hormonal fluctuations
during various stages of the menstrual cycle cause the
breast size to fluctuate. Additionally, monthly hormonal
fluctuations during various stages of the menstrual
cycle cause the breast volume to fluctuate by up to 40%.
Therefore, there is a need for a change in the way we design
bras, which first requires proper understanding of the
relationships between the forces exerted on the breasts,
their size, and the resulting stress distribution. Using FEA,
we have simulated the stresses and strains on the breast
as a function of its size, both under the static influence of
gravity, and during gait movement.

Stresses on Breast Size ~75F
ava [Pa) 104
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Cross-Slip and Load Angle Dependent Mechanisms

DTN [T N"91D :nNM

Cross-slip is a mechanism in which a dissociated screw
dislocation, being bound to one glide plane, can change glide
plains. Understanding of this thermally activated mechanism
enables better modeling of many important mechanisms in
plasticity. As it is a thermally activated process there is an
activation energy associated with the process. We will show
that there are different domains of activation energy that are
load angle dependent as thus, supporting the proposal that
cross-slip dependent mechanisms also behave this way. We
will employ the activation energy model as developed by Dr.
Alon Markovitz, based on a line tension model in order to
support our proposal.

| AN-1Y TN

JY 2w X191 2712 Y1 N2 Y9N Xin "9'90 0N’ 0mMon
V19 0T 010N .NINN WM 112Y7 72100, TN 1IN0 wm
7' 7T NWONN 19W 11201, NN NAOPEN JW NiNa
N'Y2'UPN NI'D'UTYT92 NIWN N1 s e oane
MIYIN YAUPN NMNIR N2UMwn 1'IANIY nunwn nman
NUIIN NINANN 1D AN AT U902 INIWNINNYT NNanong
,ANUNN NUIT2 NITND NINWN 0MNON 01NN YIpRn
1D N0AN MITIN DTN NWYRN DR NPT 1T NN
N7 77XY .00 02 ]2 09NN 9190 UN72 09NN 0mMmMom
Y12U7M IR 1”7 T2 NNIDYW 'Y2'UPTRN NMA1IR 7T wnnw)

1AM TN 019 NN 7T Y goiann




RiAPRVIV AR

alpla)a

[NTTA1 NIVI2 NOXID 2¥P Y77 YNT2 7110 W NI2YX! 'NANEAIMYTINGA NRIDA 2N

Calculate thermodynamics observables and stability criterions for liquid
at absolute negative pressure, nucleation rate and bubbles growth

Y 1V '91N9D M

Absolute negative pressure can be found not only in the
lab, but also in the Nature. The sap in the trees can be
moderately stretched (down to -3 bar] to help the trees to
suck up water. The objective in this work is to calculate the
nucleation rate at absolute negative pressure where the
processisisochoric. in this work we focused on water. Under
the WDW and the canonical accumulation assumptions we
developed the fundamental equation. The equation defines
a space where the hessian on the entropy is positive, as a
contradiction to the second postulation. From the latter
result we explain that in isothermal process, when the
specific volume is increased, it is discontinuous. That jump
is defined as “phase change”. In this work, we convert the
phase change to a problem where the solution is Boltzmann
Distribution. Thus, we develop the nucleation rate, with
relation to the system observables. Our results show that
at negative pressure in isochoric process while the inertia is
dominant, the nucleation rate is constant.
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Biopsy of malignant cells through Brushing and Electrostatic Trapping

U'NNN IR YT, oIt YN '91N9:0'NM | ' N

Malignancy diagnosis of biliary cells is often done by
brushing of the tissue. The cell collection requires the
detachment of the cells from the tissue, trapping the cells,
and extracting them using an endoscope. The collections’
efficiency today is low, thus a diagnosis of malignancy is
difficult.

The goal of this research is to develop a mechanically and
electrostatically controllable brush, which will allow the
detachment and electrostatic trapping of the cells. This is
based one the ionization level of the biles’ malignant cells
in comparison to their surrounding (negative charges).
The brush is based on nanometric fibers, made of charged
polymers (positively charged polyelectrolytes). In the
project we will model the detachment and trapping process,
perform FE analysis for the collection process, and perform
in vitro experiments of cell collection.
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Fretting in elastic-plastic spherical contact

Prof. Izhak Etsion & Haibo Zhang:0'n1m | Li Minsi &Yan Lei

A finite element (FE) model shown in figure (1-a) was
developed for fretting wear in elastic-plastic adhesive
spherical contact. Realistic criteria of ductile fracture in a
3D contact problem and the failed elements are deleted.
The contact interface to model is under the full stick
condition. Fracture evolution is presented allowing the
process of material removal in the form of a wear particle.
Wear coefficient is obtained based on the numerical results
and the influence of mesh density and number of cycles on
accuracy of wear coefficient are discussed. To improve the
efficiency of the model, the sub-model technique is used in
the contact zone with the highest element density as shown
in figure (1-b). We develop another finite element (FE) model
by Python scripts based on Archard’s equation shown in
figure (1- ¢ for subroutine with UMESHMOTION in ABAQUS.
The development of stress on the elastic-plastic sphere is
discussed. The failure propagation and formation of fretting
wear particle on contact surface and under contact surface
and junction growth with different numbers of cycles and

loading are presented. We find the influence of different
loading in contact stick region. Also the characteristic
friction loop under different number of fretting wear cycle
are studied.

Figure 1-a. FE model Figure 1-b. Mesh of the model Figure 1-c. FE model for subrotine
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Acoustic Flow Control on Aggressively Separated Airfoil Humps

lJ'II|'.'I'! 12 N”91N9D,UINA [RI 111 N”D1ND :0'NIN | mYuNn

Acoustic flow controlis conducted on aggressively separated
hump at low Reynolds number of . Although acoustic
excitation does not prevent separation, it does make the
flow reattach and minimize the lift losses due to separation.
It was observed that the improvement of performance
due to acoustic flow control on airfoils with low adverse
pressure gradient is negligible. High adverse pressure
gradient profiles benefit more from acoustic excitation and
the saturation amplitudes are higher. The optimal frequency
is found to be between 162 and 200 [Hz]. The aim of this
project is to take the learnings of an aggressively separated
humps and apply it to turbine airfoils (L1A, L2A, etc.) which
are known to have severe performance degradation at off-
design conditions. Effective flow control over turbine blades
is expected to reduce losses (improve the efficiency], and
thereby bring down the overall weight of an engine/specific
fuel consumption.
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Haptic Feedback Interface for a 3D Printed Prosthetic Hand

Uuonn TR I IIN'IND :0'NM | MIYN 721" onn

The aim of the project is to develop a high-quality 3D
printed, prosthetic hand with a haptic feedback interface
while emphasizing on the low-cost value for children with
amputated hands or have been born with anomalies of the
fingers. The hand is controlled by an Arduino microcontroller
that receives signals from three sensors located around the
wrist and transmits commands to two motors that bring the
fingers of the palm to the desired position. The three hand
positions are - full opening and closing of the fingers and
pinching using the thumb and forefinger. In addition, there
is an Arduino nano controller that receives signals from
force sensing resistors at the tip of each finger and allows
haptic feedback to the user on the grip strength, accordingly
by closing a armlet worn on the user’s arm. The design of
the hand and its components selection keeps the cost of its
low relativity to the cost of prostheses on the market.
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Static and dynamic shear localization in metals: The missing link

JUMINIT'OND Anm | 7N

Shearin metalsisacommon failure in the field of mechanics
of material that can be divided into two sub-categories -
isothermal shear in slow strain rates and adiabatic shear
in dynamic loading rates. In this work, we aim to obtain a
common denominator between the two seemingly different
failure mechanisms. The chosen metals have a hexagonal
crystal structure (HCP) - Commercially Pure Titanium,
Titanium alloy TibAl4V and Commercially Pure Zirconium.
First, we characterized the mechanical properties for
tensile and compression modes of deformation at different
loading rates. Then, we characterized other loading
configuration by using customized specimens for pure
shear and shear-compression, utilizing FEM simulations.
After the mechanical characterization, we examined the
metallographic microstructure of each material before and
after failure. Later, we will perform a series of interrupted
experiments under dynamic and quasi-static loadings at
pre-determined levels of strain and/or strain energy.

Finally, we will identify the microstructure’s evolution in
each stage of the quasi-static and dynamic loading regimes
and infer the nature of their affinity.
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Rapid intermodal targeted energy transfer

in 3DOF linear system with geometrical constraint

MmN 99 :Anm | jnunar

Resistance of buildings to earthquakes has been a
challenging problem for a long time. One of the most
significant problems within this area is to mitigate the
excitation at the first few cycles of the structural response.
In our research we explore the energy transfer mechanism
between the linear eigenmodes of the system. By using
this mechanism, the structural response can be mitigated
significantly.

Our model contains 3DOF oscillator (two directions of
translation, and rotation in the plane), with a rigid element
and geometrical constraint in the form of elliptical hole.
After the mathematical formulation of the problem, we have
been able to decrease the characteristic time in more than
2 orders compared to the bare linear system without the
constraint.

0'0TINA NF'0VIN WA N ANTR NITYI2 0012 DTy
NI TND NIT'YI2 0 NN NN QNN .0y una
INNT DOIWRIN DTN NITNA 190102 'M2n NITN Y
[2 NN N12VN 1200 0NFIn NI DY 0N ann
NNIVAYN 12Y'7 721000 N21Wnn ¢ 0NRIYIN 0MXYN 0Timn

217 279NN NN NN

NPNYN) WoIN NITT 3 7U2 M0 TaNnn 2271M nnn 71m
YI7'R 7Y 112702 N'wi7 1ixyn Jua (w1l 21201 090 1w
nuan ¢ wnnnn 71mn N7 099N DT NIXD NUNING
NNIWNL 7712 MT0 21 1N U9IND ATH NN NN9NYT NN

JYI7'RN X997 INaYIn TTInYg

o

T
2

iiiég
El

7




RMAPRVIV AR

e

JUY NIT'TN NIVXNNA NIPZINY 1inga 7Y 0"UDIN DIUNID NITNY

Deep tissue optical properties reconstruction using fluence measurements

JUITN MK ' 99,1 TN :ANM | RN IN

In Biological tissues the light's propagation can be described
approximately using the Diffusion Equation. Under this
approximation The spatial gradient of light fluence is related
to a parameter composed of Absorption, Scattering and
Anisotropy. The parameter is called the Effective Attenuation
Coefficient. In this project we studied the relation between
the spatial gradient of light fluence in multi-layer tissue
structure under uniform illumination and the local optical
properties in the structure. Our goal in the simulations
and experiments was to define the relationship between
different effective attenuation coefficients of different layers
in the structure. For this we designed and assembled an
optical system for Single-Pixel Uniform Illumination and
Sensing. Also, we manufactured biomimicking-phantoms
with engineered optical properties.
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Theory of redox flow batteries
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The research utilizes analytic and numeric tools to explore
a theoretical model of redox flow batteries. These batteries,
in contrast to the batteries for daily use, are used for
storage of large amounts of energy by chemically charging
certain chemicals, | work with zinc-bromine chemistry, and
then discharging the chemicals when needed. The process
occurring is energy exchange from electrical energy to
chemical energy during charging and form chemical energy
to electrical energy during discharge.

We focus on using a material that binds the bromine to a
sperate phase thus lessening the corrosion on the anode
and eliminating the use of a membrane and lowering the
price of this technology, my part in advancing the theory
and adding accuracy to the theoretical model is by adding
gravitational effects on the battery and examining it's effect
on the battery performance.
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Quadcopter AutoPilot Simulator
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The project describes a simulator of an autopilot for a
quadcopter as a solid body, based on a commercial flight
controller PX4. The simulator is comprised of two main
parts: the first partis the quadcopter’s model which includes
the forces and moments equations, and the electric motors
and their electronic speed controller. The second part of the
project describes the flight controller that is based on both
angular and position control.
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The mechanical behavior of a chain of bistable springs on an elastic foundation

172290 N"91N9:ANM | N Yae

The subject of bistable chains has been studied extensively
in recentyears, but one problem that is yet to be solved is the
case of a chain bistable structures on an elastic foundation.
To solve this problem, we initially examined a simple case
of a chain of simple linear springs connected to an elastic
support. The analysis showed that the displacements of
the nodes in the chain are related to one another through
the celebrated Lucas sequence, and in some cases, they
might take the form of Fibonacci numbers. As such, the
displacement along the chain decays exponentially and
the chains effective stiffness converges to the celebrated
golden ratio. In the future, we intend to study the problem
further and examine what happens when the springs in the
chain change phases.
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Investigation of the thermal effects in solidifying thin films
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The roughness of engineering products affects many of
their functionalities. To improve the characteristics of
various products, we will examine a method to improve
the surface roughness of a solid object by creating a liquid
thin-film layer on its surface. We know that capillary forces
tend to reduce curvature, and we would want to utilize this
physical phenomena. Thus, we will study the deformations
and temperature distribution of solidifying thin films
under capillary forces. We base the research on theory,
numerical solvers, and developing an experimental setup
for experimental validation
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Critical notch size dependence on microstructural length scales in

dual phase steels

"JU2IUIN JNIMw N"919:AnMm | 1mmann

There exists multiple reports in the literature, where
multi-phase structural alloys, exhibiting similar uni-axial
mechanical properties, have been reported to have a
remarkable different notch sensitivity.

For most cases, the reported studies were conducted by
introducing the same notch geometry to different materials.
The aim of this project is to explore the relation between the
microstructural length scale of a dual phase alloy and the
resulting notch sensitivity as a function of multiple notch
geometries.

Microstructural images of two dual phase steels consisting
of a ferrite matrix with scattered martensite islands were
digitized and used as a representative microstructure. The
digitized microstructures were meshed and subsequently
their notch sensitivity was estimated via 2D plane strain
finite elements, using the FENCIS solver. Our results indicate
that the stress ratio between the two phases along with the
spatial length-scales set by them can lead to variations of
more than 70% in the size of the critical notch, leading to
early loss of stability, while the force-displacement curve
still exhibits a linear relation. However, so far no closed
form expression was identified.
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Design and evaluation of a wind tunnel turbulence generator

U2 TIT'9N9 :nNM | "ixan

There is an ever increasing demand for energy sources in
our world. The world's resources are limited, and the need
for renewable renewable energy sources are evident for
creating a sustainable society. Wind energy is currently a
fast growing source of renewable energy, in order to improve
the efficiency of a wind turbine we would like to implement
and instrument on a low speed wind tunnel which create
unsteady flow. Another motivation for our research is hidden
in unscrewed Arial vehicle (UAV) industry. For both things
the ability to implementing the environmental condition
and measure it might help us to develop a better control
method and equipment in the future. For this task we review
few methods of creating and measuring a gust wind in wind
tunnel. From brief look we can say that’s most of the groups
use an active mechanical way to generate the wind gust and
all of them use PIV method to find the velocity filed and to
characterize the flow. In our research we focus on easier
way to implement the gust wind.

9. Passive grid
in the middie
of the tunnel

10. Slot for
the grid
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Research on small-scale high-solidity vertical axis wind turbines
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This project deals with the theoretical study of small-
scale high-solidity vertical axis wind turbines for the
establishment and institutionalization of an extensive
knowledge infrastructure in the Flow Control Laboratory. As
part of the study, a large number of articles were reviewed,
covering the entire field of vertical axis wind turbines. From
them were drawn conclusions and ideas for conducting
future experiments in the laboratory.

Vertical wind turbines are a source of renewable energy of
increasing importance in recent years, due to the possibility
of installing them in urban areas. In view of this, many
studies have been carried out in order to achieve better
performance of the turbines, by changing their different
characteristics. And different methods have been learned to
exploit particular aerodynamic phenomena. After the review
we can conclude that good operation of a turbine with high
solidity occurs at small tip speed ratios. This conclusion is
due to various experiments and simulations and extensive
research is still being done on the subject.
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Mapping and monitoring air pollution using robotic system
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Air pollution has been defined by the World Health
Organization as the greatest environmental threat to public
health. In this project we are researching the air pollution
source using robotic systems in the air and on land.
Using a potential field-based algorithm. | investigated the
movement of the robot on land. The algorithm simulates
real-time movement in the configuration space based
on measuring the position of the obstacles around it, and
further by calculating the movement direction required to
reach the target - the pollution source. The robot performs
a maneuver using several artificial points adapted to
the environmental conditions. Simulations of the robot
navigation were performed under varying conditions and in
simulation software.
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Continuum Tunable Resonator
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In this experiment we investigated the Q-Factor value of
resonator compiled from two parts. The first part of the
resonator is a disk resonator and the second part is a
membrane.

Coupling the optical fiber to the disk required adjustments
of the experimental setup due to the challenges of high
precision parallel requirement.

After we succeeded coupling the disk resonator, alignment
of the membrane was made to the coupled system and a
shift in the resonance frequency was noticed.

The Q-Factor was calculated in two different systems. The
first system composed with the resonator and thin optical
fiber from above. From the fiber, an electric field came
out because of geometrical constraints into the resonator.
The second system composed exactly as the first system
with addition of a membrane to block fleeing energy
out of the resonator. In the second system we made two
measurements while the membrane is located above the
resonator. The first measurement while the membrane is
statical. The second measurement while the membrane
slightly vertical dislocated in order to find the resonance
frequency. The results were analysed by oscilloscope and

MATLAB programming.
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A Magnetically and Electrically Powered Hybrid Micromotor in Conductive

Solutions: Synergistic propulsion Effects and Cargo Transport

19701 TYVIAN'OND NN | apy 1o

Electrically powered micromotor (Janus particle) in
conductive solution enable trapping, transporting, and
release of different cargos. By applying externalelectricfield,
dielectrophoretic based cargo manipulations are occurring
at high conductivity solutions however the micromotor
electrical propulsion losses its strength. Through applying
rotating magnetic field, we achieve magnetic field-based
propulsion and navigation, while dielectrophoresis is used
to perform manipulations on different cargos (polystyrene
particles, red blood cells, and live mammalian cells (k562)
cells). By tuning the solution conductivity and electric field
frequency and magnetic field rotation speed we found the
optimal manipulation and transport capabilities.
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Optical fiber with Plasma cladding
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The aim of the study is to examine the effect of plasma on
the ability to transmit light in an optical fiber. The study
was conducted in the OptoMechanic Lab. This experiment
is a continuation of work and research conducted in the
laboratory on the interface between light and plasma. Till
now, the light-plasma interaction has been studied only in
free-space and this study is the first time that this interaction
has been studied in optical fiber. The technological barrier
to investigate the interaction in fibers is that light travels
deep inside the fiber and is not exposed to plasma. In the
experiment, we solved this problem by tapering the fiber to a
diameter of about 1 micron, an action that causes the electric
field in the fiber to overlap greatly with the environment that
surrounds it, thus increasing the effect of plasma on light.
As part of the experiment, a dedicated system was designed
for the performance of the measurements, which included a
combination of avacuum chamber and high voltage source for
the production and maintenance of the plasma, and an optical
system that included a scanning laser, fibers and measuring
equipment. In the trial we replaced the regular fiber cladding
with plasma and performed various measurements. The
results showed that there is a direct relationship between the
density of the plasma around the core and its transmission,
absorption and refractive index changes, which affect the
speed of light. This study is the beginning of a research
analyzing the interaction between light and plasma and many
further works are expected which could form the basis for
many applications, such as fast optical switches.
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Transmission vs. Plasma Impedance
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Electrostatic trapping of malignant cells using a polymeric-fiber system
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Brush cytology through ERCP (Endoscopic Retrograde
cholangiopancreatography), is a medical procedure
performed on patients with biliary (bile) stricture, to asses
the malignancy of the stricture. Correct assessment is
paramount for setting a treatment plan and can increase
the survival rate from months to years. Currently the brush
has a low sensitivity, i.e. the ability to correctly diagnose the
patient based on the procedure itself is low.

Previous research has shown that biliary malignant cells
are more highly negatively charged than their surrounding
cells. The goal of this research is to develop a polymer-fiber
electrostatically coated positively-charged brush, capable of
trapping malignant cells. Thus, increasing the procedures’
sensitivity.
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Mini Bottles Fabrication for Plasma Filled Microcavity
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The project was carried out in the opto-mechanical lab at
the faculty for mechanical engineering at the Technion.
The emphasis of the project is the design and build of an
optical system which destined to manufacture mini bottles
for plasma filled microcavity. The purpose of the project
was to concentrate beams of CO2 laser on a pipette filled
with gas to create an ideal shape for light coupling to a
resonator. For the creation of the optical system, we used
a set of moving stages, lenses, mirrors, beam spliters,
cameras and protective equipment which fit the Infra-Red
wavelength CO2 laser.
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Mode mapping in a string of coupled micro-optical resonators
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The project was carried out in the opto-mechanical lab at
the faculty for mechanical engineering at the Technion.
The project Involved a research of modes behavior inside
a system of coupled micro-optical resonators. The purpose
of the project was to examine the abilty of light to travel
between resonators made of silica droplets in water
enviorment while accumulating high levels of energy over
time. For the purpose of the project, we built a system
for creating a single-mode optical fiber for highly efficent
coupling of light and a system consist of optical tweezers,
moving stages, oscilloscope, lasers, lenses, mirrors and
filters for light manipulation and for the extreme precision
needed in performing and documenting the experminet.
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MyFive - 3D Printed Robotic Hand
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The vision of the project is to enable trans-radial amputees
to obtain a comfortable prosthetic hand that performs
well at a low price, up to $ 400. The hand consists mainly
of printed plastic parts. The idea is that all the information
required to manufacture the prosthesis will be accessible
online so that anywhere with access to a 3D printer and a
small budget it will be possible to manufacture the hand.
Principle of operation - EMG sensors located on the muscles
read the user’'s commands and go to a microprocessor
which processes them and gives commands to the motors
to operate the fingers. The project is ongoing so each year it
progresses further. This year we significantly improved the
stump interface and came up with a convenient and reliable
model that works. We have adapted the EMG sensors to
the arm to better read the signals and be comfortable for
a full day use, in addition we programmed the controller to
read the signals from the sensors which are received from
the muscles and we were able to make the motors perform
according to the signals received. We redesigned the palm
so that the fingers could close and grip objects better and
implemented a new current control to control the closing
of the fingers. We also designed and manufactured a new
electronic card and packed all the electronic components
inside a shell that connects to a complete product.
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Lamb waves and SAW (surface acoustic waves) in composite

structures made from single-crystalline silicon and LiNbO,

AN7'N TIT'919 NN

Piezoelectric materials enable efficient transduction of
electric signals to mechanical signals, and vice-versa.
During the last 50 years the use of stress waves based
piezoelectric devices have been increasing. The latest
developments in the field include: ultrasound devices for
non-invasive surgeries; ultrasonic actuators for nanometric
precision displacement; delay lines for RF signals; and
more. The strong piezoelectric coupling in LiNbO3 (Lithium
Niobite) makes it a useful materialin such devices. However,
its complex crystallographic structure makes research and
development processes difficult.

The goals of the project are to investigate the characteristics,
properties, and uses of bi-layer devices made from single-
crystalline silicon and LiNbO3 for generation and radiation
of SAW (surface acoustic waves) and Lamb waves. The
research is based mostly on finite element simulations via

commercial software.
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Rotation Rate Effects on Anisotropic System with Two Degrees of Freedom

AN7'N TIT 919 NN

Micro Electro Mechanical Systems (MEMS] gyroscopes
measure angular velocity using a vibrating element which
is affected by the Coriolis effect. In this project, the effects
of rotation rate on an anisotropic system with two degrees
of freedom will be analyzed. A model system will include
a vibrating mass that is connected to a rotating frame by
springs and dampers. First, the equations of motion will
be formulated and coupling of the degrees of freedom
by Coriolis forces will be considered. The system will be
driven by an auto-resonance scheme which will be realized
numerically. The effect of system anisotropy, specifically
a difference in the natural frequencies of the different
degrees-of-freedom, will be considered. In addition, the
model will also consider non-linear models of springs.
Finally, possible applications in MEMS are discussed.
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Improving resonators g factor by annealing

Imdyun"sNo:nnm |

In order to improve the Q-Factor of the resonators, we tried
using heat annealing to change the disk resonator shape
to a sphere or a toroid. Using an oxygen environment oven
caused an Oxidized layer on the surface, the resonators on
the wafer became unusable.

For vacuum environment oven, high temperature changed
the resonators shapes. These shapes didn't meet our
expectations as implied from volume conservation law.

Resume of the research should be done with temperature
lower than 1160 Celsius degrees.
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Comparative biomechanical analysis of devices for foot offloading gait

a7 mTY"T :Anm | o

This project aims to conduct a comparative analysis of
several devices which eliminate the load acting on the foot
and ankle during gait. We examine kinematic and kinetic
parameters such as joint angles and moments, spatial
location of the center of mass, the foot center of pressure
and the ground reaction forces. The devices tested in this
study were iWalk, ZeroG and standard forearm crutches.
Gait experiments were conducted on three participants at
self-selected speed using the abovementioned devices and
during natural unassisted gait. The results of the study were
yet to be received and after analyzing the remaining trials
and concluding them we can give a deeper understanding on
the effects of the discussed walking aids on the human body
and on the walking pattern. Yet, we expect that using these
devices will lead to change the natural gait pattern of the
participants, will harm their stability, will lead to a different
loading mode, both on the upper and lower body and will
result in other biomechanical effects which will be known
after delving into the research findings. A future study could
investigate additional kinematic and kinetic parameters and

examine them also during other daily activities.
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the abovementioned devices, as follows:
(a) standard forearm crutches. (b) iwalk. (c) ZeroG.
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Mechanism of energy transfer between the modes of a 2DOF oscillatory

system using smooth nonlinearit
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The project goalis to investigate analytically and numerically
the mechanism of energy transfers from lower-frequency
structural modes to higher-frequency ones, in a system
consisting of two oscillators that have been connected to
a cubic nonlinear spring and a small mass [i.e. nonlinear
energy sink, NES) via one of the oscillators. Within the
project, at first a numerical examination of the linear
and the nonlinear system have been conducted for two
different coupling cases, i.e. for weak and strong coupling,
this will allow us to verify the accuracy of the analytical
solution. After the numerical examination, formulation
of the analytical solution has been done using multiple
scales method for solving nonlinear system of differential
equations. In addition to that, in order to analyze our system
in a simple way, we used the Poincare map of the reduced
analytical solution of the system.
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Photon thermalization in a closed cavity

Trwun ' min”ane:nnm | NN

Photons can interact with matter by absorption or
emission. In emission the electrons in the material go to
higher levels and in absorption the electrons go to lower
levels. Consider a material with split energy levels, for
example, a material with two main levels which have an
energy difference corresponding to optical frequencies,
while near each level there are more energy levels with
energy gaps corresponding to acoustic frequencies. In such
materials, the cross-section for absorption and emission
of photons are different from each other, meaning that the
probability of absorbing a certain photon is different from
the probability of emitting it. As a result of many photon-
matter interactions and the difference in cross-section, the
photon spectrum changes and resembles that of a black-
body with the temperature of the interacting material. As a
part of research in the lab, this phenomenon is examined as
a function of the cavity quality.
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Pitch autopilot design using frequency scaling

nyuonp D'OpnTTanm |

One of the main challenges in autopilot design comes from
the fact that the flight dynamics vary depending on flight
conditions. In this project, we applied an alternative design
method based on a “frequency scaling” idea to design a
controller for a light UAV. This method allows to design a
single controller for an arbitrary point in the flight envelope
and then “shift” it to the entire envelope using some
inherent properties of the flight dynamics. This method
may potentially shorten the time required for autopilot
design and simplify its maintenance. We focused on the
control of the UAV in the pitch plane in the presence of
flight speed variations. After analyzing the aerodynamical
model and designing a nonlinear simulation in the first part
of the project, we designed a classical three-loop autopilot
controller for a single flight speed. Finally, we implemented
the algorithms for shifting this design to fit the entirety
of the flight envelope and validate the method using the
nonlinear simulation.
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Information gap analysis of the safety of a vehicle suspension system

0N |22V '919 :nNM

When designing any system there are multiple areasinwhich
improvements can be made. The analysis performed in this
project aimed to find the effect from a robustness point of
view for the safety of the choice made. From these results,
it was also shown that increasing or decreasing the design
parameters for multiple areas of the system, respectively,
causes an increase of the robustness to uncertainty of the
system. Therefore, we increase the general safety of the
system by tweaking these parameters using the methods
outlined in the project.
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Experimental characterization of air bubbles in shocked Methyl

Cellulose hydrogel

YU INIT’ON9 NN | nouo Ny

As a continuation of recent research on methyl cellulose (MC)
shock attenuation characteristics, the energy dissipation
mechanism due to air bubbles inside MC hydrogel has been
recorded and analyzed. MC gels have been proven to be
useful shock attenuation media, according to recent articles
on the material, due to its inverse phase changing at high
temperature and high viscosity. One of the triggers to phase
change (solidification) of the liquid gel could be caused by
stress wave initiated by the Split Hopkinson Pressure Bar
(SHPB] apparatus. In addition to phase transformation,
the air bubbles compression and expansion might also be
an energy dissipator. In order to investigate this specific
mechanism, 20 experiments on the MC gel, of 3,4,5,10 w/o,
were performed, 5 experiments for each gel concentration.
For each of the experiments one bubble was videotaped on
fast camera while the shock wave from the SHPB apparatus
travelled through the gel medium. The films were analyzed
by an image processing program on MATLAB®. The results
show the change on bubble's radius and its gradient in time,
and the corresponding energy dissipation.

In this project the experimental system, methods of filming
and recording of an air bubble compression and expansion
in MC medium are described.
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Improving Aerosols Filtration By Oscillating Fibers

N273"MN N"%119 :nhm

The project goal is to determine if oscillating fibers have
potential to increase particles capturing efficiency. The
idea is to create a face mask where the fibers oscillate
and improve the filtration efficiency of Covid-19 aerosols.
A literature survey was conducted to examine what
research has been done so far in the subject. The Covid 19
aerosols flow in air was characterized by the appropriate
parameters, such as Reynolds number, stokes number, etc.
I run a simulation in which | found the eulerian velocity field
in case of uniform flow over a single oscillating cylinder, for
the covid 19 aerosols flow parameters. Further research is
required to find the filtration efficiency as a function of the
oscillating parameters, according to the simulation results.
In addition, number of prototypes of oscillating fibers mask
were printed and some experiments were suggested to test
the filtration efficiency for this kind of mask.
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Activation of an impulse focused on time and space under physical

constraints using time-reversal method

7211 PNX' 'O, T AN 1"T: 0'NN | NT"T MIVY

To interact locally with different parts of a system without
the need for the design of moving parts, several vibrators
located at fixed points combined with the time-reversal
method can be used. The time-reversal method enables
employing a material's boundary conditions and reciprocity
to reflect strain waves and create constructive interference.
Using finite element simulations in MATLAB and COMSOL
software, the effect of various factors in the problem - the
rigidity of the boundary conditions and the number and
location of the vibrators, on the nature of the constructive
interference at different points in the material were studied.
After constructing the simulation, several cost functions were
compared to optimize the excitation for various requirements
from the system. Non-linear optimization was performed
to determine the optimal vibrator locations for excitation at
several points and with a varying number of vibrators on the
system. The study results concluded that a free boundary
condition at one end of the material would store energy and
significantly weaken the desired excitation. Furthermore,
based on the methodology developed in this study, it will be
possible to find fixed vibration points that will allow optimal
excitation of a wide range of locations in the material.
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Classification of the state of rigid and flexible objects in an assembly

process using deep learning methods in a 3D environment
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Incorporating robots in assembly processes has many
challenges, in particular identifying and the understanding
of states between assembly components by the robot.
The challenge is magnified when the assembly includes
flexible objects, whose movements are difficult to analyze.
The project uses deep learning methods to evaluate the
assembly states using a 3D camera. The case study is the
insertion of a flexible gasket into a rigid gasket seat by a
robot, a procedure currently performed manually. Two
assembly states were defined: READY and NOT READY
for insertion. During the assembly a 3D image of the
scene is taken and sent for assembly states analysis and
classification computed using a neural network. To train
the network, a synthetic dataset consisting of color and
depth images was built. Several neural networks for data
classification were tested, differing in several parameters
and operators that affect the merging of the color and depth
images. This project focuses on comparing the results
of different networks and analyzing the influence of their
different operators. The main goal is creating an optimal
neural network for classifying various states thus granting
the robot an autonomous decision space without predefining

an event and solution.
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Development of an experimental system for measuring electro-

mechanical coupling in meta-materials

[IX9 [I7'R 1”7 ,INIM¥ 720”919 ,AY'Y [NIT'91N9:0'Nn- |y ror

Recently an analytical model has been developed that
shows that there is an electro-dynamic coupling between
the elastic-dynamic and piezoelectric properties of meta-
materials. The aim of the project is to design, set up, and
test a simple experimental system to measure the electro-
dynamic coupling. The experimental system consists of an
ultrasonic transducer, metal cylinders that form a suitable
conductive medium, and a meta-material consisting of
several thin disks. First, experiments will be performed to
measure the Willis coupling to prove the feasibility of the
experimental system. The Willis coupling is expressed as
a phase difference between recurring acoustic waves from
opposite directions of the meta-material. Next, experiments
will be performed to measure the electro-dynamic coupling
in a meta-material with suitable piezoelectric and elastic
properties.
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Assembly and control of an arm using Exoskeleton for assisting

people with motor disabilities

D"V TN M T'IMUPT 0" IN 919 :0'NIN

Exoskeleton is an external wearable device that interface
with the human body in order to assist with lifting and
holding heavy weights, to reduce back tension. There are two
types of Exoskeletons: active and passive. In order to assist
the continuous motion of the user, there is a need to design
control and evaluation algorithms that are able to predict
the desired movement and act accordingly. The project
included the assembly of an active arm Exoskeleton from
EduExo, enabling rotational motion around the elbow axis
(1 DOF). The system includes servo motor with an encoder,
force sensor based on strain gauges and EMG sensor which
measures the relative voltage due to muscle contraction.
As part of the project a physical modeling of the system
was made according to the results of the experiments, and
admittance control was implemented to support the user's
arm in accordance with the motion prediction.

Motor
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Inertia wheel stabilization of a self-excited coupled yaw - wake oscillator dynamical
system for a restrained slender body in uniform flow

2'J012 TTIV ‘919D :NNN

The goal of this project is to investigate the inertia wheel
stabilization of self-excited yaw oscillations induced by a
side force due to uniform laminar flow over an elastically
restrained slender body. The side force was modeled by
a wake oscillator which can be calibrated from results of
computational fluid dynamics (CFD). Stabilization of self-
excited oscillations was performed by linear feedback of
an inertia wheel located at the stern of the body. In the
project we developed a nondimensional state-space model
for the dynamical system, estimated the parameters of the
system without the inertia wheel using the CFD data, and
numerically verified the existence of periodic self-excited
limit-cycle oscillations. Acombined analyticaland numerical
investigation of the dynamical system behaviour with the
inertia wheel enables identification of the linear feedback

gains required for reduction of limit-cycle oscillations.
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Cavitating Venturi Flow Visualization Project

[TR2ATIN NN

Following the requirement to use “green” fuels, i.e. with
reduced risks, the NewRocket start-up company is developing,
according to a Technion patent (Prof. Benny Natan), a
technology using kerosene-based gel fuel that contains
solid particles. This fuel is intended for use in bi-propellant
rocket engines. Our project deals with the development of
a set-up for examining a flow-restricting component of the
cavitating-venturi (CV) type. The set-up includes a transparent
converging-diverging  nozzle, to allow photographic
characterization of its operation. The study is specifically
aiming at testing the action of CV with kerosene based gel,
in which solid particles are homogeneously distributed. In
doing so, we are interested in examining the phenomenon of
cavitation that develops when fuel flows through the nozzle,
and the formation of choked flow at the speed of sound,
which can also serve to prevent pressure disturbances from
advancing upstream. The experiment set-up consists of the
transparent CV, flow assembly, and a photographic array. The
most challenging part is expected in the photographic task, of
being able to observe the three-phase, cavitating, bubbly flow,
with solid particles dispersed in it.
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Simulation and Stability Analysis of Single-phase Natural Circulation
Loop in Small Modular Reactor

Prof. Elias Ezra:nnin | Xiao Huo, Yixuan Yan

A modular simulation model for the single-phase natural
circulation loop (thermosyphons) describing a passively
cooled NuScale small modular reactor (SMR) is developed.
A modular simulation approach is based on the basic idea
that a system model may be constructed of separate models
of specific plant components, called modules. The overall
system studied in this project consists of a nuclear core, a
shell-and-tube heat exchanger and necessary connection
pipes. In this project the core is simulated as a time-
dependent heat source. For the heat exchanger simulation,
the overall heat transfer coefficient and the generalized
heat transfer area are specified based on published
data and experimental results by the NuScale company.
The performance of the system described by ordinary
differential equations is solved directly using a MATLAB-
ODE solver recommended for stiff system. The module for
each component is developed. The transient process and
steady state characteristics are discussed.
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Cavitating Venturi Analysis
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The purpose of the analytical part of the project is to
model the behaviour of a kerosene based gelled fuel,
which contains homogeneously distributed solid particles
of an “activator” material, in a cavitating venturi (CV). The
model supports the development of space rocket motor's
cavitating venturi type flow control components for "green”
gelled fuel containing solid particles. The modelis intended
, in addition to the gelled fuel, for tests with liquid water.
The preliminary analysis of the CV is conducted in three
main sections. The first section, which is convergent from
the entrance to the throat, the second section is the throat
itself, and the third section, covers the divergent part.

The preliminary model employs mass and energy
conservation balances for calculating the changing
pressure throughout the cavitating venturi and includes the
behavior of the gelled fluid, with its rheology described by
the actual parameters of the fuel according to the Herschel-
Bulkley-Extended (HBE) model. The maximum mass flow
rate, resulted by the chocked flow due to cavitation, is
determined by ample adjustment of the Lahey and Moody
(1977) method. This part has been tested with the detailed
thermodynamic properties of water with XSteam for Matlab
implementation of the IAPWS IF97 standard formulation.
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Dental implant as a local drug delivery system

T'IMUPT 0" IN '91ND :NNN

Today, 1 out 3 people in the US are missing at least one
tooth. The solution for a missing tooth is the use of a dental
implant - a titanium screw that is inserted to the jawbone
and replaces the root of the tooth. The existing implants
cause many infections, bone loss and are not a long-term,
functional solution for the patient. To solve this problem,
we developed a dental implant that serves as a local drug
delivery system which allows to insert antibiotics to prevent
infections, growth factors to enhance bone growth and more.
Studies show that local drug insertion is more efficient than
systemic insertion. We manufactured a prototype using 3D
printing and conducted experiments to test the diffusion
rate (picture 1) through the implant and the efficiency of
inserting antibiotics through the implant in a microbial
environment.
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Picture 1 - Measuring the diffusion rate in 2 implant models
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Topology optimization of bone implants for bio-manufacturing

NIV N'11 221 1D N1V ‘9119 :0'NN

In this project, we used Topology Optimization to reduce
the amount of material used in a knee implant, while still
maintaining the required mechanical properties. This
implant can later be additively manufactured. The main
issue when manufacturing bone implants in this way, is
that there is a discrepancy between the Young's moduli of a
natural bone and that of materials commonly used for bone
implants. Therefore, we minimized the compliance under a
volume constraint. Usually, scaffolds with a higher porosity
are preferred but there is an upper bound for the pore size
since higher porosity reduces the mechanical properties
of the implant. The topology optimization was performed
by first representing the bone model using voxels, each of
which had certain mechanical properties that represented
a unit cell with a specific porosity. For the first iteration,
all the voxels had the same properties. We performed a
preliminary force analysis, according to which, we modified
the mechanical properties of the voxels that were under
less stress, giving them a higher porosity. This analysis was
iterated several times until the desired volume was reached.
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Stern launching ramp mechanism
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Offshore patrol vessel (OPV) is a naval vessel, designated
mostly for coast defense, search and rescue missions, etc.
Many types of OPV’s hold several abilities, which may make
them Multi-purpose and effective. The ability to launch and
recovery a light-weight, high performance boat, without
having to stop the mother-vessel's movement, may give an
advantage in many cases.

For example, in rescue or raiding missions. In order to
obtain that ability, a specific mechanism is required, which
enables to launch and recover the boat safely, effectively,
and quickly.

In this project, we design a launch and recovery system
from a stern ramp, which will be installed on a ship
designed by Israel-shipyards, which meets the customer’s
requirements, and the characteristics of the mother-
vessel and the boat. All this while maintaining the limits of
geometry, weight, safety measures, and budget
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Improved preliminary design of a Semi-SWATH marine vessel

MNMT'NN1 N9 NN

A Semi-SWATH (Small Waterplane Area Twin Hull) is an
efficient marine vessel, with low drag due to low wave
making resistance. This design allows for better seakeeping
and better stability relative to traditional mono-hull
designs. The design was made for a docking vessel which
can dock, launch, and transport a barge in the open sea at
relative simplicity. Marine vessels design is done in a spiral
process where each cycle covers all aspects of the design
and requirements compatibility, until the design converges
to a final form which meets all the project requirements in
the most efficient way. This project is the second cycle in
the "design spiral” following the first concept design, which
improves the performances. As such, the project required
revision and update of all naval architecture aspects,
including the propulsion system, the body lines and the
vessel's hydrostatic and hydrodynamic stability.
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Testing a Spacecraft Diaphragm Type Propellant Tank

[TR2TIN AN

This project is about performing tests on a spacecraft
diaphragm type propellant tank engineering-model (EM).
The propellant tank flight-model is intended for integration
as a part of a satellite rocket propulsion system, which uses
“green” [reduced hazards) propellants. These systems are
based on concentrated hydrogen-peroxide as oxidizer and a
kerosene-based fuel, and are developed by the NewRocket
start-up company, according to a Technion patent (Prof.
Benny Natan). The testing incorporated use of aerospace
standards, guidelines and requirements, such as: MIL-
STD-1522A, MIL-STD-1540B, MIL-STD-490A, NASA SP-
2007-6105, and MIL-STD-810G. The special EM propellant
tank design includes a Teflon based diaphragm and an
aluminum shell, for  hydrogen-peroxide compatibility.
This kind of diaphragm posed special challenges for the
testing, when compared to the much more flexible common
elastomeric diaphragms. The tests proved the functionality
of the diaphragm, such as evacuation efficiency exceeding
97% in all tank directions, and prevention of internal
leakages.
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Design of a servo controller for the front wheel steering of an autonomous bicycle
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This project was a part of a larger work dedicated to
stabilization of an autonomous bicycle using front wheel
steering. The goal of this project was to design one of the core
control system of the autonomous bicycle - the servo for the
front wheel steering. As a first part of the project, | developed
a dynamical model of the steering mechanism. | also learned
working with the hardware involved in the project, i.e., the
brushed DC motor, the encoder and the Arduino controller
complemented with a developing environment based
on Matlab/Simulink. At the second stage, | planned and
performed a set of experiments for identifying parameters
of the system and validating the previously derived model.
Finally, | designed and tested several controllers turning
the mechanism into a servo system tracking after the
angle command. During the work on this project, | had an
opportunity to apply the knowledge from the control courses
and met some “real world” problems associated with friction
and sensor resolution. | realized that closing high frequency
feedback loop is required to counteract isturbances and
friction. As a result, | had to design a smoothing pre-filter
for the command in order to keep the control signal from
saturation. The behavior of the resulting control system was
tested in simulations and experiments.
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Design & Develop Research System for FLD Test Defining Material Properties
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The material properties definition and accuracy has a
high influence on the Metal forming simulation accuracy
and reliability. In many circumstances, the uniaxial tensile
properties in not satisfactory represent the material limits
and the plain/volumetric properties should be defined.
The FLD shows the limiting in-plane strain beyond which
failure would occur. If the strain calculated at any point in
the formed part lies above the forming limit curve, the part
is expected to fail.

The goal of this project is to design a user-friendly system
enable to measures various strain distributions enables
to build and define the FLD for a variety of materials. It
designed to comply with a standard tensile machine, the
strain measurement measured via Dual DIC (DIC - Digital
Image Correlation) cameras. Results will be analyzed using
image processing software.
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“JumperBot”: Vibration-based spring robot

71012 pnX' ‘oo, T 2N YT :0'NIN

The project involves designing and implementing a closed-
loop control system and a computer interface for a modular
3D printed, vibration-based robot. The robot is controlled by
a microcontroller, accelerometer, and optical sensors that
sample and control the motor rotation speed and the robot
vibration frequency. In addition, digital signal processing
methods were applied using the micro-controller to
attenuate the signals’ noises.

The project goals include kinematic and dynamic analysis
of the robot for monitoring and controlling the robot’s
movement by developing linear equations, running proof-
of-concept simulations, and defining the relation between
the vertical acceleration of the robot and the rotation speed
of the vibration motor. These allow to control the robot’s
motion and to fix the oscillation of the robot on its natural
frequency - to achieve maximum motion amplitude.

Shih ih
m

4

Y
&y | M } i
YT

Yy

"0 7NN ,N9' NIV

YNNI IA0 2IN2 N1j72 N2unN Ju wmmi |12 701V U790
AUN MUIXTPIXR VI N7V Vin U9Tm M71TM viang aunn
Ty 77120 U12nn Al Xin 'y n'oyg Vapllalviia i Ve Val
NN DR OMAIT MWK 'UDIR (WD AXIRD W P72-Ngm
TI2'W NIU'W NIVXNNA .0IaNn ¢ nmann TN viann 212'0

D'WUYIN INNDIN TAVA-NPM2 WM WX NIMOaT NINIK
JNININT 0myan

naig7 viann ¢ marT 'eny'g ('iexN Ni7710 Upinen nnon
JINNYYT NINNWM NN T Y viann nvinn v npal noy
NIIND QXINAD 2 WP DRI NN NN XN
TV UIXIRD VI TY 212'00 NNNnY uiann Y nnenn
aN1,2N7112 271 U200 NYIN2 U17w'7 101 198 Nhun nawn
A'WNT NI 7Y - N'WaUN INNTNYT OXNN2 UI2NN NTIN DX Y177

o nuinn NTIOYonN

:
’

LU




12 UP"N9

'U T

=l d EN

0"1IY N2'10 'N1N2 N"MIXR JY 712721 N2 ATNTA 1PN ndin

Software for analyzing and simulating the stability and rolling of a ship
in various environmental conditions

N2 IXNTR T :ANM

In this project | designed a model using Simulink to simulate
and analyze the movement and rolling of a ship in the water,
while focusing on how its heeling angles and its angular
velocities get affected from waves and gusts of wind. In
these simulations | also examined the effect of damping on
the ship’s rolling and the effect of the linearity assumption
on the simulations. These models can be very useful for
students while trying to understand a ship’s behavior in
different conditions.
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Blade and Strut Design - Energy Flagship Project

U721 TIT '91N9D :NNN

The blades and struts are the energy converting ensemble
in the VAWT (Vertical Axis Wind Turbine). The purpose of the
turbine is to convert the energy from the wind to mechanical
energy. In this project we investigated the VAWT options,
the blade profiles, materials, and connection options to get
the best energy conversion. During the project design we
considered a variety of parameters, such as: environmental
conditions, different flow regimes, mechanical and
aerodynamic forces, connections from the blades to the
struts and to the turbine shaft. The process goal is to give
maximum moment to the shaft with minimum cost. The
project was built by the group, with help from flagship
project moderator, industry experts and the Technion
workshop.
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Development of an educational facility for investigation of the impact of inlet
disturbances on small jet engine performance
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The purpose of the project is to provide a mechanism that
can incrementally distort flow at the intake of an AMT
OLYMPUS jet engine while characterizing the respective
pressure gradient. This was achieved by integrating both
a radial and circumferential distorter into engine’s inlet to
control the disturbances, and a traverse probe that uses
a piezoelectric actuator to measure the pressure gradient
in front of engine’s compressor. Each mechanism is fully
defined using gears and stepper motors, which can be
remotely actuated.
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Design of Biomass Feeding system for Gasification Reactor

|"T VWIR' 'MX '919 :N1nm

Theaim of this projectis to develop a biomass feeding system
serving gasification reactors. The system considers the
unique flow characteristics of different biomass materials
that imposes difficulties on its proper flow in the feeding
system. Biomass behaves as a fluid with large particle size
and with a tendency for self-sticking. Under sub-optimal
conditions the biomass loses its flowing ability, due to
these sticking characteristics, the biomass solidifies and
the flow within the system stops. In the project we analyzed
the properties of biomass storage silos, which support
the required flow conditions in the system. Following this
analysis, a biomass silo testing device was developed.
This device simplifies the testing of flow ability for various
biomass materials. Future construction of various biomass
storage silos, feeding gasification reactor, will be based on
the data collected from flow tests running in this testing
device.

[I7IN DY

nonin NI NAIND N2V NN9Y N AT Uine niun
U ArTINNA NNRIDN2 N2WNNN N21UNN .ANFIOm IgENIT
nonil Nt NIDIYNa 0T ANYIN Y Nivpnn ,nonima
JNMXY NITNRNYT Ntg1 1792 0'9172 07770 V2 01T NNINn
,NTN NIIDN X NONIMN NTINA OYT70'U9IN NT 0NN NNN
70V UF"N9N NjFOD1 NITAN N2IWN1 NNl PFYMT N391n
NI 0WN AN NNYONAN NAR 7MW 7W NIIDNN NT17IN8a
0WN AN PTIAN N0 [N NAID T AT7INA .12V NN
7NN Y 1M1 .0171Y 10N NIN 12V 11NN 7372 0nnTn
N2N7 002NN ,NN7'9TAN AUIRM NITNYT 0 TNY NN NN
UWN1I 0NIY 0MNIN 112 1T [N N7YDNN ONIN VTN Ty

JINN AT




12 UP"N9

'U T

TN'M NN NU9TINA T NTUNSY NTTI2 'YYNvnN naVUon

A single electrical actuator for a 3D printed hand prosthesis
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The project purpose is to improve 3D printed prothesis,
so it adapts to a wider variety of upper limb amputees, by
changing the mechanism, which is operated by wrist or
elbow, to a single motor operation.

The project started with choosing a known 3D prothesis
(Phoenix hand V2), by the criteria of quality and efficiency of
the finger’s kinematics. Then, a few elements were added.
One is a pulling mechanism based on a small but powerful
electrical screw actuator powered by a stepper motor. The
other one is a spring differential which replaces the “horse”
differential, which is a kind of cart that pulls the strings
of the fingers and allow every finger to have a different
movement according to the shape it should hold.

The motor has a suitable driver (A4988), is controlled by an
Arduino controller, and powered by a chargeable battery.
The fundamental control is current control, but there is an
option for further development
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Pressure sensor insole for center of pressure monitoring during walking

771 [I7N "9 :nNMN

Pressure insole device is a flexible, low-cost, and thin insole
that monitors the foot center of pressure (COP). There are
several foot pressure insole devices in the market, however,
most of the existing devices work in a closed interface and
are expensive. The main purpose of the present project
is to create a low-cost alternative that works in an open-
source interface. The insoles are designed to be integrated
with a robotic shoe-like device which consist two adjustable
convex-shaped elements. Shifting the elements, shifts the
COP in the respective direction, thus allows determine the
COP location according to the patient’'s medical needs, such
as distribute the patient's foot pressure or guarantee the
his/her stability. The insoles serve as the feedback sensor
of the robotic device in order to close a control loop on the
COP trajectory.
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Arduino-based system for monitoring and checking the integrity of sensors and

subsystems for the Formula vehicle

AN'TUIONY NN "N :nNnn

An Arduino board-based system that can read and
translate readings from various sensors and present the
measurement to the user. The system will allow the user
to verify the integrity of the sensors independently of the
rest of the vehicle systems by comparing the expected
measurement value to the actual reading. In addition,
this system allows to control the subsystems that can be
activated with a PWM signal by converting a desired input
value to the required electrical signal and sending it to the
relevant component. Here also it is possible to compare the
output signals and verify the integrity of the components.
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Control system design for a two wheel self balancing robot
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This project deals with the design and implementation
of a control system for a two wheel self balancing robot
which based on the “Segway” apparatus that was invented
in the early 2000's. In order to succeed we had to go
through main milestones of control system design for an
electromechanical system containing sensors, actuators
and a microcontroller. The project phases were derivation
of the non - linear equations of motion which were similar
to the inverted pendulum model, linearization at the
equilibrium points, experimental estimation of the physical
parameters of the system components (motor constants,
center of mass etc.) and lastly the design of the control
system and control algorithms required to achieve the
stability of the entire system using classical and state space
control methods.

The tools used for the analysis, design, testing and
implementation of the control algorithms were “MATLAB”
and “Simulink” while the latter used for direct compilation
of the code into the microprocessor.
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Adjusting the heat dissipation system to a thermoacoustic engine

'NN 'WIIR I[N K291 :0'NIN

A thermoacoustic engine operates on the principle of
temperature gradient between different parts and resulting
in a standing wave which compresses the system. Until
now, the engine was cooled by a heat exchanger based on a
constant flow of cold water. In order to simplify the system
and make it cheaper, we examined the option of replacing
the cooling and using a heat exchanger made of heat
pipes. As part of the project we researched to understand
the differences between the different heat pipes and how
they work, in addition we examined the differences with the
addition of heatsinks and the use of a fan for better heat
transfer, all that until we reached the final construction
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Development of an Autonomous Device Capable of Manipulating a Tube in Space
for the Means of Attaching Medical Connectors to its Ends

[M" [I7'X '9ND :NNIN

The project includes designing and building of a device that
could manipulate a tube in space to perform certain steps
autonomously, such that eventually connectors could be
attached on its ends. To perform this attachment of medical
connectors, the tube needs to be immersed within a solvent
called Cyclohexanone. Our steps of development included
design, Solidworks 3D modelling, and eventually building
the device using 3D printing technologies. The device is
composed of three main parts - a roller, around which the
tube is wrapped. The roller provides a radial motion to the
tube. The clamps, which hold onto the tube and assist with
the necessary steps to eventual connector attachment, and
the magazine, which holds the connectors and helps with
centering of the tube prior to attachment. The three main
parts work separately but together to achieve the project
goal.
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Design of a Mechanism for Demonstrating the Rotation of Free Two
Joints Body while Angular Momentum is Conserved

N AT N”DND : :NNIN

In this project, a planar robot is designed to demonstrate
the principle of rotational motion of a body while angular
momentum is conserved as zero.

The movement of the robot arms in back-and-forth
oscillations with the phase difference causes the effect
of rotating the robot body and changing its orientation.
The desired movement was made using two four-bar
mechanisms, operated by a single motor rotating in
constant direction. The motor is mounted on top of the robot
so that no external torque is applied to the system and the
conservation of angular momentum is maintained.

In the first part of the project, an analysis of the physical
principle and learning of the parameters that affect the
movement of the robot was performed using a MATLAB
simulation. In the second part, a detailed design of the robot
and the mechanisms that move the arms was performed,
and then the entire robot was manufactured for the purpose
of a demonstration of the physical principle. The project
is intended to be used as a teaching aid in dynamics and
mechanisms courses.
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Optimization of loudspeaker for thermoacoustic refrigerator
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Thermo-acoustics is a promising approach for low-cost,
environmentally friendly heat pumps and work generators.
Thermo-acoustic is the relationship between temperature,
density, and pressure fluctuations in sound waves as well as
the interaction of solid with fluid. Currently in the laboratory,
our groupis researching and developing ways to increase the
amount of heat that can be pumped using a thermo-acoustic
refrigerator. One of the methods that being tested is a high-
pressure steam-vapor mixture (e.g. air and water) that used
the heat transfer mechanism to transfer a greater amount
of energy from the system. Main problem with this method
is the operation of the loudspeaker under high pressure.
Standard speakers are designed and manufactured to
operate at atmospheric pressure and open spaces, but
when operated in a closed chamber under high pressure,
the flexible parts of the speakers cannot withstand the
dynamic pressure created and the refrigerator’s efficiency
is substantially decreased. As part of our project, we have
designed and fabricated several solutions for upgrading the
speaker and modifying it for high pressure. In addition, we
validated the alternatives with experiments.

i3

MY "Y1 N X2

NFoN IN DIN N2'RY 112V NN'U2N QY9 NN NFUOIER-ININ
NN NPUOIEN-NIAN .N21207 AT oM NIy nTIay
[ M2 717 1722 YNT AITANI NI9OY ,N1I019N0 12 Wi
0'217 O'NN9DNI0MFIN NTAVN 01D .0UTT XN |2 NYPTRIUIN
IYOIPN-1NTN 11PN N1TY2 19T 01NN 0NN 'Poun NITanT
-T2 N2NVN21 WIN'Y N1 NPT NN NNX .02 N17ya
1Y 112102 WNNWNT T (01NN wn'T) Nni2a Ynga 0N
.N27un1a N N71m 0N Nimd 11avns (0md 0in) N1y axn
0'71717..1122 YN'72 717170 N71U9D RN 1T 10w NTINI0N N'Yan
77n21 "19UMUN YN NTIAYY 0NXIMI 0NN 0'U1TI00
,N122 YN7 NNA 120 XN2 ATOY 7NN 0'7'W91 WND NIND
7NN NIT'NINIXRY MITRYNT2 0TIV D)IR 0N 0P7N0
1901 1112111100 ,117¢ UF'1N9N N1A0N2.NNIVNIYN NI N1
|2 112 .1122 YN'7T7 1212 NTI2YT INARNNT 71700 2NTY'T NI9iIn

.0MT NIWXNIND NIDITNN AR NN




	ראדום זול ופשוט להרכבה
	מתקן ליצירת הלמים פירוטכנים
	אפיון מערכת פרוייקט דגל מגמת אנרגיה
	מערכת שאיבה ותמסורת פרויקט דגל מגמת אנרגיה
	מערכת הציר ובסיס הטורבינה – פרויקט דגל מגמת אנרגיה
	סייען למציל בחוף הים
	יציבות תנודות עצמיות של מטוטלת כפולה המשלבת גלגל אינרציה
	יצור רכיבים אופטיים דיפרקטיים על ידי עיוות שכבת נוזל דקה בעזרת האפקט התרמוקפילרי
	קירור שבב אלקטרוני על ידי נוזל הזורם במצע עם מיקרו-תעלות מוטמעות
	אופני הבריחה של מערכת  דינמית בעלת שני דרגות חופש מבור פוטנציאל 
	מביו-קומפטבילי לדחייה ביולוגית: השפעות מכאנו-כימיות של פני השטח על כשל שתלים דנטליים
	"מאמציצים" – חקר פיזור המאמצים בחזה נשי כתלות בגודל שלו
	קרוס-סליפ ומכניזמים תלויי זווית הטרחה
	חישוב תכונות תרמודינמיות ותנאי יציבות של נוזל בלחץ שלילי, קצב היווצרות בועות וגדילתן
	 ביופסיה של תאי סרטן על ידי הברשה ולכידה אלקטרוסטטית
	בקרת זרימה אקוסטית על פרופילים בעלי זרימה מנותקת אגרסיבית
	פרוטזת כף יד בהדפסת תלת-מימד משולבת חיישנים ופידבק
	גזירה סטטית ודינמית מקומית במתכות : החוליה החסרה
	שיכוך תנודות באמצעות העברת אנרגיה בין מודים
במתנד בעל 3 דרגות חופש תחת אילוץ גאומטרי
	שחזור פרמטרים אופטיים של רקמות עמוקות באמצעות מדידות שטף
	תאוריית סוללות זרימה
	בקרת גוף קשיח של רחפן
	ההתנהגות המכנית של שרשרת קפיצים בי סטביליים על מצע אלסטי
	חקר של תופעות חימום בשכבות נוזל דקות מתמצקות
	השפעת גודל הגרעין על רגישות לחריץ במתכות דו-פאזיות
	תכנון מתקן למנהרת רוח אשר יאפשר לתת מכת רוח מתפרצת לא קבועה בזמן
	מחקר בטורבינות רוח קטנות עם סולידיות גבוהה בעלי ציר אנכי
	מיפוי וניטור של זיהום אוויר באמצעות מערכות רובוטיות
	מהוד רציף מכוונן
	מיקרו מנוע אשר מונע מגנטית וחשמלית בתמיסות מוליכות:
	אפקטי הנעה סינרגטית ונשיאת מטען
	סיב אופטי במעטפת פלזמה
	לכידה אלקטרוסטטית של תאי סרטן על ידי מערכת סיבי פולימרים
	תכנון וייצור מיני-בקבוקים המשמשים לצימוד אור לפלסמה
	מיפוי מודים בשרשרת של מיקרו-מהודים אופטיים מצומדים
	פיתוח יד רובוטית מודפסת - MyFive
	גלי Lamb וSAW במבנים מרוכבים של סיליקון וליתיום ניובייט
	בדיקת אפקטים של קצב סיבוב על מערכת אנאיזוטרופית בעלת שתי דרגות חופש
	שיפור יכולת הצימוד לרזונטורים ע"י טיפול בחום
	ניתוח ביומכני השוואתי בין עזרים להליכה ללא דריכה על כף הרגל 
	מנגנון העברת אנרגיה בין מודים במערכת תונדת בעלת שתי דרגות חופש בעזרת אי-לינאריות חלקה
	תרמליזציה של פוטונים במהוד סגור
	תכן בקר טייס אוטומטי במישור העילרוד עם נרמול בתדר
	אנאליזת פער ידע של הבטיחות של מערכת מתלים לרכב
	אפיון ע"י ניסויים של בועות אוויר בג'ל מתיל-צלולוז במהלך גל הלם
	שיפור יעילות לכידת אירוסולים באמצעות סיבים תונדים
	אקטיבציה של הלם ממוקד בזמן ובמרחב תחת אילוצים פיסיקליים באמצעות שיטת היפוך זמן
	סיווג מצבים בתהליך הרכבה של גופים קשיחים וגמישים באמצעות שיטות למידה עמוקה בסביבה תלת מימדית
	פיתוח מערכת ניסוי למדידת צימוד אלקטרו-מכאני במטא חומרים
	הרכבה ובקרה של זרוע באמצעות שלד חיצוני רובוטי אקטיבי עבור סיוע לבעלי מוגבלות מוטורית
	יציבות תנודות עצמיות של גוף תמיר מעוגן המשלב מתנד עקבה וגלגל תנופה בזרימה אחידה
	אפיון חזותי של פעולת מגביל זרימה מסוג - Cavitating Venturi
	אנליזה של מגביל זרימה מסוג  Cavitating Venturi
	שתל דנטלי כמערכת הובלת תרופות מקומית
	אופטימיזציה טופולוגית של השתלות עצם ליצור ביו-מכאני
	תכן מנגנון השקת סירה מירכתי אנייה
	תכן ראשוני משופר לכלי שייט מטיפוס Semi-SWATH
	ביצוע בדיקות עבור דגם הנדסי של מיכל ללוויין בעל דיאפרגמה
	תכנון בקר סרוו להיגוי הגלגל הקידמי של אופניים אוטונומיים
	תכן הנדסי למתקן ניסוי מחקרי FLD לבחינת תכונות מרחביות של חומר משולב מערכת DIC
	“JumperBot”: רובוט קפיצי מבוסס רטט
	תוכנה לחקירת והדמיית יציבות וגלגול של אונייה בתנאי סביבה שונים
	עיצוב ובניית כנף וסְמוֹכָת הכנף – פרויקט דגל מגמת אנרגיה
	פיתוח מתקן חינוכי לחקר ההשפעה של הפרעות כניסה על ביצועי מנועי סילון קטנים
	תכן מערכת הזנת ביומסה לריאקטור גזיפיקציה
	הפעלה חשמלית בודדת לפרוטזת יד המודפסת בתלת מימד
	רפידת חיישני לחץ לניטור מרכז הלחץ בכף הרגל בזמן הליכה
	מערכת מבוססת ארדואינו לניטור ובדיקת תקינות חיישנים ותתי מערכות עבור רכב הפורמולה
	תכנון מערכת בקרה לצורך ייצוב רובוט דו גלגלי
	התאמת מערכת סילוק חום למנוע תרמואקוסטי
	פיתוח מתקן להנעת צינור במרחב באופן אוטונומי לשם הדבקת מחברים רפואיים לקצותיו
	תכן של מכניזם להדגמה של סיבוב גוף דו-מפרקי חופשי תוך שימור תנע זוויתי
	אופטימיזציה של רמקול עבור מקרר תרמו אקוסטי

	מקסא 7: 
	פרק 70: 
	מקסא 72: 
	פרק 71: 
	מקסא 73: 
	פרק 75: 
	מקסא 77: 
	פרק 76: 
	מקסא 78: 
	פרק 5: 
	Page 6: 
	Page 12: 

	מקסא 6: 
	Page 6: 
	Page 12: 

	פרק 6: 
	Page 7: 

	מקסא 8: 
	Page 7: 

	פרק 11: 
	מקסא 13: 
	פרק 12: 
	מקסא 14: 
	פרק 13: 
	מקסא 15: 
	פרק 14: 
	מקסא 16: 
	פרק 7: 
	Page 56: 

	מקסא 9: 
	Page 56: 

	פרק 15: 
	מקסא 17: 
	פרק 16: 
	מקסא 18: 
	פרק 17: 
	מקסא 19: 
	פרק 18: 
	מקסא 20: 
	פרק 8: 
	Page 37: 

	מקסא 10: 
	Page 37: 

	פרק 19: 
	מקסא 21: 
	פרק 20: 
	מקסא 22: 
	פרק 21: 
	מקסא 23: 
	פרק 22: 
	מקסא 24: 
	פרק 23: 
	מקסא 25: 
	פרק 24: 
	מקסא 26: 
	פרק 25: 
	מקסא 27: 
	פרק 26: 
	מקסא 28: 
	פרק 27: 
	מקסא 29: 
	פרק 28: 
	מקסא 30: 
	פרק 29: 
	מקסא 31: 
	פרק 30: 
	מקסא 32: 
	פרק 31: 
	מקסא 33: 
	פרק 32: 
	מקסא 34: 
	פרק 33: 
	מקסא 35: 
	פרק 34: 
	מקסא 36: 
	פרק 35: 
	מקסא 37: 
	פרק 36: 
	מקסא 38: 
	פרק 37: 
	מקסא 39: 
	פרק 38: 
	מקסא 40: 
	פרק 39: 
	מקסא 41: 
	פרק 40: 
	מקסא 42: 
	פרק 42: 
	מקסא 44: 
	פרק 9: 
	Page 62: 

	מקסא 11: 
	Page 62: 

	פרק 41: 
	מקסא 43: 
	פרק 43: 
	מקסא 45: 
	פרק 44: 
	מקסא 46: 
	פרק 45: 
	מקסא 47: 
	פרק 46: 
	מקסא 48: 
	פרק 47: 
	מקסא 49: 
	פרק 48: 
	מקסא 50: 
	פרק 68: 
	מקסא 70: 
	פרק 49: 
	מקסא 51: 
	פרק 72: 
	מקסא 75: 
	פרק 51: 
	מקסא 53: 
	פרק 73: 
	מקסא 76: 
	פרק 52: 
	מקסא 54: 
	פרק 74: 
	מקסא 79: 
	פרק 53: 
	מקסא 55: 
	פרק 77: 
	מקסא 80: 
	פרק 54: 
	מקסא 56: 
	פרק 78: 
	מקסא 81: 
	פרק 55: 
	מקסא 57: 
	פרק 79: 
	מקסא 82: 
	פרק 56: 
	מקסא 58: 
	פרק 80: 
	מקסא 83: 
	פרק 57: 
	מקסא 59: 
	פרק 81: 
	מקסא 84: 
	פרק 58: 
	מקסא 60: 
	פרק 82: 
	מקסא 85: 
	פרק 59: 
	מקסא 61: 
	פרק 83: 
	מקסא 86: 
	פרק 60: 
	מקסא 62: 
	פרק 84: 
	מקסא 87: 
	פרק 61: 
	מקסא 63: 
	פרק 85: 
	מקסא 88: 
	פרק 62: 
	מקסא 64: 
	פרק 86: 
	מקסא 89: 
	פרק 63: 
	מקסא 65: 
	פרק 87: 
	מקסא 90: 
	פרק 64: 
	מקסא 66: 
	פרק 65: 
	מקסא 67: 
	פרק 66: 
	מקסא 68: 


