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2nd IRCGE Seminar, June 3 (Fri.), 2022, 13:30-14:30, online

Research & Development for Application of
Thermoelectric Power Generation

Lecturer: Dr. Ryoji Funahashi, Prime Senior Researcher
Nanomaterials Research Institute
National Institute of Advanced Industrial Science & Technology (AIST)

Power generatmn from unused waste or natulal heat contnbutes to energy saving and reduction of CO; emissions.
Although tf | is a promi: the fragility of the modules against the mechanical or the
thermal impact and the oxidation restricts pvacncal applications. The modules composed of the p-type Ca;Co,0; and n-
type CaMnO, based materials show the good durability at high temperature in air. The lifetime testing and the

of the prop: for the oxide thermoelectric devices and modules are progressing. After the
brief of the oxide the between the and the of the
modules, which are investigated recently, will be talked. The seminar will be closed by some examples for the

thermoelectric applications.

Coordinator: Prof. Paolo Mele (IRCGE, SIT)

H2EEZIF— (6A3AH)
@SITE: | 3% mook seminar L B

Anisometric Fe;0, nanoparticles as versatile
theranostic agents
Speaker: Prof. Josep Nogués (Catalan Institute of Nanoscience and
Nanotechnology (ICN2), CSIC and BIST, ICREA, Barcelona, Spain)

Location: Shibaura Institute of Technology, Toyosu Campus, Research Building
Hybrid format: onsite in Classroom 502 plus zoom broadcast
Date and time Seplember 12 2022,11:45~12:30

ABSTRACT: Nanoparticles have attracted an enormous Interest during the last deudes due to thelr
appealing properties which have led to countless ions in very

the properties of pa can be efficiently tuned by deslgnlng nol only lhell
size but also their shape. For blomedical applications, magnetic iron oxides, either magnetite (Fe;0:)
or maghemite (y-Fe,0,), are becoming the preferred material due to their excellent biocompatibility,
biodegradability and relatively high magnetic moment. However, most of the research performed in
maghemite/magnetite nanoparticles has been carried out on isotropic spherical particles. Here we
present a rationally designed synthesis to obtain high quality anisometric Fe304 nanoparticles,
nanocubes and nanorods, over a wide range of sizes. Below certain sizes both nanocubes and the
nanorods show a great colloidal stability, even after transferring them to water. Moreover, they exhibit
an excellent magnetic hyperthermia and NMR relaxivity performance (better than their spherical
counterparts), making them excellent candidates for potential applications in nanotheranostics. In
addition, the Fe;0; nanoparticles are outstanding heat mediators for photothermia in the near
Infrared biological windows (680-1350 nm), with heating efficiencles similar to, or better than, the
best photothermal agents.

BIOGRAPHY: Professor Josep Nogués eamed his degree from the Universitat Autdnoma de
Barcelona (UAB) in 1986. Alter obtaining his PhD at the Kungliga Teknisks HOskolan (Royal
Institute of Technology) in Stockholm (Sweden) in 1993, he moved to the University of
California San Diego (USA) to complete his postdoctoral studies, Four years later he returned
to the UAB as an associate researcher, becoming an ICREA research professor in 2001 and a
mummmnmmmmwm(mmm

muhum“,mmmnumdywmmwmmdam
and nanostructures. Moreover, in recent years he has also been
et His.

HE3EEIJF— (9H 12 H)

4th |RCGE seminar ‘

Design advanced magnetic nano-architecture
Prof. Davide Peddis
Department of Chemistry and Industrial Chemistry, University of Genoa, (Geno, Italy) and
Institute of Structure of Matter-CNR (Rome, Italy)
Location; Shibaura Instizute of Technology, Toyosu Campus, Research Building Classroom 505

Date and time: October 14 2022, 15:00715:45
Zoom 7 it.z00m. ? Qe

Meeting ID: 967 6878 3644 Passcode: 565770

ABSTRACT: {WNTs|
thelr parene st matadak. In ft, the -agnetc poperties are paricuiry senaltiv n the partice sz, being
determined by finie size eftects on the core propertis, reloted to the reduced number of spins cooperatively linked
within the particle, and by surface effects, bocoming mor important us the particke size decreoses. MNPs have
Reareate much intarect bacausa of thele passibln applictions in high dendty data <tneoge, farrollud tachnokogy,
catupis. ervitonrertal tuchnoiogy, and biomedicing {e.., drug delvery, contrast entunced MRI). To synthetize
01 o furthe1 i phyital propertes of VNP, wotaming
e mukifunctiona) mateciy's. MN coasid in & magnetie core embedded in sheljmatr that may be composed of
polymers, mesoporous structures (e, siica. Zirconia, zeolites, metalorganic. framework} o 2ven moleculzs.
Shellmatrix can have magnetic properties 4nd in this case properties of MA rely even more strung on the interplay
brtween those of the eonstiuenl components. When he individual companeals thenselves, aie (ompix sysems
nging o i properties,
and extiemely I of these bi Based on Ui o cwork,
s Lalk wil fogus on e design of W that means 1o conirol Uhe matler i the nanoscale, conelating magnelc
, micro- and meso-structure and molecular coating. Some racent results on syNthests of magnatic
ranocompusites and their application in ccrey fc.g., perr=anent magncts, thermoslecticity), biomedicine, catslyshs
and other Lechnological feld will be distussed.
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ORGANIZER:
Prot. paolo Meie, Shibaua insttute of Technolagy, College of Engineerng Avaovative Global

Erall prele Eshibaura 1 ac.> Phone: 135850 5720

mele humil
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5th IRCGE Seminar, December 6, 2022 at 9:30 am
Location: SIT, Toyosu Campus, Room No: 2305, Centennial Main Building (3F)

Functional Materials and Surface Coating Technologies

for Energy and Sustainability
Lecturer: Prof. Dr. M. S. Ramachandra Rao, |ITM, Chennai, India

In this talk, | will highlight our group’s h activilies on ional nano- ials with
examples related to doped ZnO for light emission and whispering gallery mode (WGM)
generation. | will highlight our recent results on the development of a method to realize large
area PZT thin films, by PLD, that are useful for energy harvesting and various other
applications. | will lalk aboul our solar-hub established at [ITM. | will give an oulline of the
aclivities of this centre that focuses on harnessing solar energy.

| will give a review of our on sustainability of ine tools using d
developed in our laboratory using a CVD technique. Our diamond coatings have many other
applications including diamond electrodes for water purification.

Coordinator: Prof. Muralidhar Miryala (IRCGE, SIT)

F— (12 A 6 H)
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6th IRCGE Seminar, December 7, 2022 at 10:00 am
Location: SIT, Toyosu Campus, Room No: 2304, Centennial Main Building (3F)

Applications of Superconductivity

Lecturer: Prof. Dr. Soo Kien Chen, UPM, Malaysia

Superconduclivily remains as one ol the mosl puzzling phenomena in solid state

physics since its discovery more than a cenlury ago. To date, numerous

suuerconduclmg malerials have been d;scovered parlly thanks Lo the scienlilic and
They are i

a variety of properties ranging

from meta|l|c 0 msulstmg or even magnetic. Below the critical transizion temperazure,

zero el and Mei: effect are the key characteristics of the
mazerials. To benefit the properti can be tailored for
different usage. In this regard, enarmous eﬂnr’ has been put forward to realize
superconductors into large- and small-scale applications. As a matter of fact,
superconductors are green materials for efficient power transmission contributing to
the UNESCO and Sustmnable Development Goal for affordable and clean encrgy. In
1h|s talk, selected i of and their 0

and human

are p

Coordinator: Prof. Muralidhar Miryala (IRCGE, SIT)

HEemEIJF— (12A 7H)

The 2nd International Green Electronics Symposium

7th IRCGE Seminar, December 8, 2022 at 10:00 am
SIT, Toyosu Campus, Room No: 2304, Centennial Main Building (3F)

1. Oilspill and Sorbents
Lecturer: Prof. Dr. Oanj:wlee UPT, Malaym
of ails i tothe
contamination of water i i hydloclrhom and hvdron-nm fats from

has urKlli impose
Hence, for
selecti is boosted.
© al drawbacks, such as low
effic ing, costly poar i il
i@ y n recent
with high oll sorption and excellent oi been
pivotal Toss. i
effctive oil srbont herewith. The
of 34.0g/g—95.5 g/ for 12 oils with
Mferenl densities and viscosity. kapok
water even under vortex, 100%
uu “gravitation force. ugh
of kapok fibres were i enhancing their
il sorption and etertion. The adsorpion- desorption sothrms deduced tha these
fell into the H3 IUPAC
fibre.
hold the for
Iowemnmmemumpm for oil spill recovery.
2. 2 4 L oe i &
for next. ; 1 . .
Lecturer: Prof. Dr. Tejendra Dixit, IIITDM, India /‘
02D
hold for i
slectrical and nvweleduwltﬂm(n forthar nnl generation. 20 semiconduciors ars one of the
most for the next 4 result of thair huge
exciton ility, and strong ion. Recent
research i uncovered fan el hole
Viuid i 20 semiconductors thec s sable st ambient temperature n addition,information
tail. Some.
rxlmﬂs of these qu-lme; During the
i informatie higher order exctans will also be.
provided.

Coordinatar: Prof. Muralidnar Miryala IRCGE, IT]
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IGP, Miryala, Muralidhar

0 An Ultra-low voltage Temperature Sensor with Ti

0 1.6

A Size Re

0 Opt

% Revolutionizing Material Development: Fabrication of MgB; Cryo-magnet Superconductors for Medical

X Optimizat

February 16, 2023 13:00 ~17:00

Shibaura Institute of Technology

Toyesu Campus Room 403, 404 and Online (z00m)
Fee : Free
Registration: hitp
Application deadl

rms.gle/2bSimIwmpJc6diBEA
Tuesday, February 14th

Opening remark : H. Nishlkawa, Director of SIT Research Labs.

% Plenary Talk 1 Chair : M. Muralidhar

Dr R Gopalan, FNAE, FIIM, FTAS, FASC, FEMSI, FISAS
International Advanced Research Centre for Powder Metallurgy & New Materials (ARCI),DST, Govt. of India

“ Science and Technology of the Materials driving Electric Mobility™
IRCGE Activity Topics Chair : K. Ueno
Topic

Topic
Topic

attery-less low-power 10T sensor powered by thermoelectric module
xible paper devices integrated with thermoelectrics
w-cast fabrieation processes for novel superconductors

20 10 min Break

Student presentations < Session 1 > and < Session 2> are in paralel
< Session 1 > Materials, Devices, and Systems Co-chalrs : P. Mele and K. Usami
Stability mprovement of Low-Temperature Sputter-Deposited Boron Nitride Film by Post-Anncaling
Thermoelectric thin film devices for localized heat harvesting

o-Digital Converter

Room 403
N. Kameds

Paper-based self-folded honeycomb device
ness evaluation of self-folded corrugated structures fabricated by ink-jet printing and mounting

compression sensors

Evaluation of Mechanically-Induced Long-Period Fiber Grating Devices by Use of Optical Power Meter
A Study of an Optical- and Wireless-energy Hybrid-harvesting Circait
GHz Band Continuous Class-B/J Power Amplifier Considering FET Parasitic Elements

R Watanabe
R Suirin

S. Aowuma
< Session 2 > Materials and Processes Co-chairs : M. Miryala and K. Kyuno Room 404
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High-temperature superconductors (HTS) with good performance are in high

demand due to the shortage of helium. MgB: is a type of HTS that offers excellent

performance without relying on helium cryogenics, although it must be used at lower

temperatures than other HTS such as perovskites. Despite this limitation, MgB> has




several advantages that make it appealing for widespread use, including a simpler
fabrication process, lower cost base materials, and strong superconducting parameters.
One method for producing bulk MgB: is the ultrasonication of commercial-grade
boron to produce nano boron. Many experiments have demonstrated that
ultrasonication can improve the critical current density (J.) of MgB». The mechanism
behind this improvement is thought to be the cavitation caused by high-intensity
ultrasonic waves, which break down the boron particles to a nanoscale, around 100nm.
This is a dramatic improvement in controlling the boron particle size, which led to 34%
improvement in J. compared to the previous year. Further, we also controlled the
particle size using the ball milling technique. On the other hand, the cryomagents with
20 mm in size was developed by SPS technique, which led to high critical current
density 10° A/cm? at 10K and the trapped field values around 3.15T at 15K. This clearly
indicates that high trapped field cry-magnet development will soon be proposed as
having potential application in projects such as super-conducting motors and medical
devices. The summary of the achievements are given below:
(i) Recent results on compact bulk MgB: magnets produced by spark plasma
sintering (SPS)
The critical current density and flux pinning force need a considerable
improvement, especially at elevated temperatures, 20-30 K. Recently, the high-
density bulk MgB: material produced by spark plasma sintering (SPS) utilizing the
nano-scale amorphous boron and 1.5wt% carbon coated boron precursors. The
critical current density of MgB» material produced by amorphous nano boron
exhibited the highest J,, around 10® A/cm?, at 10K and self-field and 4T (see Fig.1,
left), which is the highest so far reported value in bulk MgB,. As a result, the trapped
field reaches 3.15 T at 15 K in the 20 mm in diameter and 10 mm high bulk (see
Fig.3, middle), which is twice the value obtained in the same size of material
produced in sintering process. Microstructural observations by transmission
electron microscopy (TEM) exhibit high density and nano meter in MgB: grain
formation (see Fig.3, right). Current results indicate that the bulk MgB, magnets
will be produced around 5T class which will be useful for several applications in

motors, medical sector etc.,
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Fig. 1. Extremely high critical current densities up to 10% A/cm? in self-field and above 10* A/cm?
at 4 T were measured at 10 K, indicating that vortex pinning is very strong (left), high trapped at

15T and nano sized MgB; grain formation by SPS process.

(it) Improvement of critical current density through ultrasonication of
commercial boron

Commercial boron was ultrasonicated using a Mitsui UX-600 homogenizer in
water at 100% power for different periods to reduce particle size and improve the
critical current (J.) of MgB>. The water medium was chosen for its low cost and
minimal environmental impact, although more viscous solutions have been shown
to improve J., they also create issues with isolating the boron powder and can have
negative economic and environmental effects. The ultrasonicated boron was then
mixed with magnesium in a glove box and compacted using uniaxial pressure before
being sintered for 3 hours at 775°C. The resulting MgB, bulk was characterized
using FE-SEM, XRD, and SQUID.

The results showed that J. was significantly improved compared to the reference
sample, with the highest Jc of 371 kA/cm2 being obtained after 2 hours of
ultrasonication at 100% power, an improvement of 34% (Fig.2, left). XRD analysis
revealed no inclusion of impurities and a sharp transition width in the samples.
Particle size was also reduced from an average of 400-600 nm to around 100 nm
(Fig.2, right) for samples with high J.. Further optimization of parameters such as
temperature, boron concentration, dopants, and the sintering technique may

improve the superconducting properties of MgBo.
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Fig. 2 Critical current densities (J.) as a function of magnetic field (left), SEM images of un-

ultrasonicated and 2hr ultrasonicated boron samples

(ili)Optimization and production of nano boron for MgB2 bulk using the ball

milling process

MgB>, also known as magnesium diboride, is a high-temperature
superconductor material that is synthesized through a solid-state technique
involving high-energy ball milling and subsequent low-temperature sintering. To
improve output performance and product quality, optimizing the machining process

parameters is necessary.

The Taguchi optimization process was used in this study to optimize the cutting
parameters when machining boron with a purity of 95% using the ball milling
process. The milling parameters examined were RPM, BPR, and milling time. An
orthogonal array, signal-to-noise ratio, and analysis of variance were used to
evaluate the impact of these parameters on the critical current density (Jc) of the
resulting MgB> material. The results of the study showed that the combination of
RPM, BPR, and milling time at certain levels produced the best results for J.. The
Taguchi method was also used to analyze the interaction between the milling

parameters.




The L9 Taguchi orthogonal array was chosen for the experiment, with three

parameters and three levels. The main effects plot demonstrated how the process

variables affected the Jc, with the optimal combination being a speed of 400 rpm,

milling time of 3 hours, and a ball powder ratio of 5:1. The M-H loop measurements

and the Bean model were used to calculate the J. of all the samples at 20 K. Figures

3 show the Jc-H and normalized susceptibility versus temperature for the MgB»

samples, respectively.
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Fig.3.Magnetic critical current density (Jc) vs field (H) curves of MgB, at 20K (left);
Normalized susceptibility () vs temperature of MgB, bulks.
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IGP, Mele, Paolo

In AY2022 two topics were studied in my laboratory.

1) Thin films of n-type and p-type RE-based skutterudites Smy(FexNii-«)sSbis
deposited on fused silica substrates by pulsed laser deposition (PLD) and
modules based on them. The output power of a 1 cm?2 module with 5 n-type legs
and 5 p-type legs was improved from 0.16 uW (previous year) to 0.53 uW (this
year) at T = 200 °C.

2) Thin films of PEDOT:PSS prepared by screen printing and ink-jet printing on
paper scaffolds, and 4 cm? modules based on them with Ag and PEDOT:PSS
legs. The best module, based on 5-layered PEDOT:PSS legs and ink-jet printed
Ag legs, generated a power output of 22 nW at T = 70 °C.

The results were published in peer-reviewed journals and presented in online and

onsite international conferences.

BERIEH ERER

An origami honeycomb device with wireless strain sensor that contributes to
green electronics has been successfully developed. The honeycomb structure is
formed autonomously by using reaction with the printed solution. A wireless strain
sensor using LC resonance was successfully implemented on a paper substrate.
The deformation of the strain sensor is detected by the shift of the resonant
frequency obtained from a network analyzer. Finally, by pre-mounting the wireless
strain sensor on paper, we have successfully developed a wireless self-folded

honeycomb device that detects the impacts. The device has also been successfully
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implemented in wired, and can be used both wired and wireless depending on the
application.

In addition, the development of maintenance-free battery-less devices is attracting
attention toward the realization of Society 5.0. Therefore, we have started to
develop biodegradable and disposable thermoelectric devices based on a paper
substrate to apply for agriculture, forestry, and medical applications. The project
1s a joint research project started from the center. The thermoelectric device is
fabricated by printing thin-film electrodes on the paper substrates, with
PEDOT:PSS as the p-leg and silver nanoparticles as the n-leg. The solutions are
formed on paper substrates by screen printing and inkjet printing, respectively.
The output characteristics specific to the thermoelectric devices was confirmed by
measuring the output under a thermal gradient. In the course of evaluation
experiments, it was found that the surface roughness peculiar to paper material

affects the output performance of the device.
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. G. Latronico "Developing of a printed thin-film thermoelectric device on a

paper substrate”, International Conference on Organic and hybrid
Thermoelectrics (ICOT2022), October 25 2022, Kitakyushu, Japan

. P. Mele, “On-chip thermoelectric modules based on Sm-filled Fe, Ni

skutterudite thin films”, August 18 2022, IMRC 2022/IUMRS-ICAM 2021,
Cancun, Mexico

G. Latronico, P. Mele, C. Artini , P. Manfrinetti, S. Singh, T. Takeuchi, C.
Bourges, T. Mori, Y. Kawamura, S.W. Pan, C. Sekine, “High Power Factor and
Annealing Study of Fe,Ni-Based Skutterudites Thin Films” August 18 2022
IMRC 2022/ITUMRS-ICAM 2021, Cancun, Mexico

G. Latronico, P. Mele, C. Artini, SW. Pan, Y. Kawamura, C. Sekine , T.
Takeuchi, C. Bourges, T. Mori, “Thermoelectric Co-free skutterudite: thin film

characterization and on chip module” August 8 2022, 19th Thermoelectric

Society of Japan Annual Meeting, Nagaoka, Japan

. P. Mele, “Nanoengineered Al-doped ZnO thin films for heat harvesting” July 5

2022, XLVIII National congress of Physical Chemistry, Genova, Italy (invited)
G. Latronico, P. Mele, “Fe, Ni-Based Skutterudites PLD Thin Films and On-
Chip Device”, July 5 2022, , XLVIII National congress of Physical Chemistry,
Genova, Italy

. P. Mele, “Nanoengineered Al-doped ZnO thin films for heat harvesting’,
Nanovision 2022 (hybrid) organized by Suresh Gyan Vihar University, India,
19 April 2022 (keynote)

20




10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

P. Mele, “Thermoelectric properties of nanostructured Al-doped ZnO thin
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IGP, Miryala, Muralidhar

A). From the previous experiments, it can be seen that Critical current density (J.) improves
when the particle size of the boron is reduced. This increase in J¢ is accompanied without any
increase in critical temperature. Till date, two parameters for water medium ultrasonication are
studied and optimal parameters have been determined.
(a)To further improve the J¢ values of the sample following changes to the current sample
making process are to be studied

i. Use of denser medium for ultrasonication

ii. Change of concentration of boron powder in the medium

i. Change of ultrasonication temperature
Apart from these parameters sintering conditions have also been observed to determine the
superconducting properties of the MgB, bulk. To further improve upon the Jc optimized by
selecting the proper conditions sintering parameters and process will also be observed.
B).To develop progressive technology for preparation of reliable high-density (pore-free), light
weight bulk MgB, superconductors using nanometer-size boron powders compacted by spark
plasma sintering.
C). Develop the 5T class cryo-magnet around 10-20K.
D). To study ways to prepare the bulk MgB; superconductors without flux jumps and to
improve mechanical properties of the compound.
E). Probe thick MgB: films and optimization of their superconducting properties to make them
suitable for applications
F). Investigate the effect of dopants such as c-based, oxides etc. on the superconducting
properties of MgBo.

The production of large MgB: cryo-magnets for scale up and the adequate devices will be

designed

IGP, Mele, Paolo

In FY2023 my laboratory will study 3 topics

1) Systematic study of bulk skutterudites REy(FexNil-x)4Z12 with RE =
(Nd+Sm) and (La+Sm), and Z = (Sb, Sn) to investigate the effect of double filler
and Sn doping on the thermoelectric properties. The content of Fe will be
systematically changed. The best samples will be used to prepare a bulk
module.

2) Synthesis (PLD) and characterization of thin films of REy(FexNil-x)4Z12 with
RE = (Nd+Sm) and (La+Sm), and Z = (Sb, Sn) and modules based on them,
using fused silica substrates. The best bulk samples will be chosen to prepare
targets for PLD ablation. The purpose is to enhance the thermoelectric
performance of the materials and the power output of the modules to be
connected to IoT sensor in the framework of joint research “Out-of-the grid IoT
sensors powered by thermoelectric modules based on thin films”.

3) Preparation by screen printing on paper scaffold and characterization of n-type

PEDOT films without the PSS component, to improve thermoelectric
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performance. Individuation of sustainable, nontoxic p-type polymer and
preparation of the thin films on paper by screen printing, followed by
thermoelectric characterization. Preparation of all-polymer based modules
with ink-jet Ag electrodes, and power output characterization. This topic is in
the framework of joint research “Development of a printed thin-film

thermoelectric generator on a paper substrate”

BERIFH EREH

For the self-folded paper cushioning material equipped with the wireless sensor,
we will attempt to estimate the amount of impact from the sensor value. To
estimate the amount of impact, a correlation between the amount of deformation
due to impact and the sensor value is required. By improving the reproducibility
of the deformation direction through the design of folding, we will develop a self-
folded cushioning device that can estimate the amount of impact from the wireless
sensor value.
We will improve the performance of the paper thermoelectric device from both the
viewpoints of material and design. P-leg material, PEDTO:PSS, has been reported
to improve the performance by removing PSS, therefore we will attempt to remove
PSS with mixing the polymer solution. At the same time, we will select n-legs that
can achieve biodegradable thermoelectric devices. Since the sensor device is
expected to be used for environmental surveys and to be massively dispersed, we
will consider selecting low-cost and low-hazardous materials. The final goal is to
extract power from the biodegradable thermoelectric element that can drive the

sensor devices.
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Table A-1 Experimental condition
Item Condition
Ground Silica Sand No.5, Rigid Surface
. 98, 147,
Weight [N] 196, 392 147
Drawbar mass [N] 0 0, 10, 20
Thickness of deformable 1.3
part [mm] ’
Rotation speeds [rpm] 5
Number of trials 5
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Fig.A-5 Average value and RMS value of strain
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Table C-1 Details of single wheel experiment

Description [Unit] Value
Ground condition Silica sand No.5
Slope angle [° ] 0
Rotation speeds [rpm] 5
Slip angle [° ] 0, 15,30 ,45
Weight [N] 100, 125, 150
[1_Guide Rait [o ol I Circular path Linear path
L'_'J \\‘ Vactual
Marker Force sensor ,‘I B Vcommand Vcommand
B
Wheel Motor % Vactual
Silica sand No.5 LShP -ﬁl/g/le g
Fig. C-1 Experimental system Fig. C-2 Slip angle relative to commanded linear

velocity and tangential velocity

Input turning trajectory

Rover Marker

‘ Motion capture

Side Force [N]
S

10 8— O 15 degree |1
st O 30 degree| |
O 45 degree
090 1(‘70 1‘10 12‘0 1;0 14;0 1;0 160 $ (L <£
Weight [N]
Fig. C-3 Relationship between Vertical Resistance Fig. C-4 Appearance of Experimental System
and Slip Angle
Table C-2 Details of single wheel experiment
Description [Unit] Value
Ground condition Silica sand No.5
Slope angle [° ] 0,5,10
Rotation speeds [rpm] 5

Input Slip angle [° ] 0, 15,30 ,45

N~ TN

PV e gl

3 s s 0 is o s 10
Time [sec] Time [sec] Time [sec] Time [sec]

(a) Left front wheel (b) Right front wheel (c) Left rear wheel (d) Right rear wheel

Fig.C-6 Side forces acting on the wheels when turning
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Fig.C-7 Trajectory at input turning angle of 30 degrees
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