Development and Application of Biomechanics Simulation in
Medicine

B 1omechanics 1s an important field of biomedical engineering

which applies the principles and methods of mechanical
engineering to biological systems. As mechanical problems in
biological systems are almost nonlinear and difficult to be
solved analytically, computer simulation 1s a powerful tool for
biomechanics research. Furthermore, mechanical phenomena
in biological systems take place at different scale levels ol the
body—whether cells, tissues, organs, or the entire body itself—
and are produced through complicated physical and chemical

processes. Our interest is in the following issues: (1) nonlinear

finite element method; (2) computational biomechanics;
: : : . 2 Computer simulation of musculoskeletal system and respiratory
and (3) multi-scale and multi-physics simulation of human

system
systems. Recently, our research 1s focused on the computer
simulation of the musculoskeletal system and respiratory system.
For the musculoskeletal system, we are interested in the surgical About Researcher

simulation of musculoskeletal disease. contact analysis of hip
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and knee joints, and mechano-electrochemical environment in
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articular cartilage. For the respiratory system, our objective is (0
simulate the deformation of the rib cage, air flow 1n the airway

and lungs, and finally to provide an effective tool for the treatment
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Control Technology Helps Human and Machine to Work Better

ontrol is an engineering art which not only serves for
modern, high quality manufacturing but also enables human
and machine to collaborate in a better fashion. Together with the
recent developments of computing technology, now control can
be deployed almost everywhere we wish to, and we aim to fully
utilize it to establish a highly sophisticated relationship between
humans and machines. Our research activities in this field include
|) development of a powered exoskeleton working in phase
with human motion. 2) biorhythmic signal analysis for system
integration, and 3) development of a human machine interface
using an out-of-head sound localization and binaural robotic
audition system.
We also put our continuous efforts into the development ot control
technologies that include 4) modeling and compensation of rate-
dependent hysteresis ol a piezo-ceramic actuator and 5) motion
control of a bicycle. Control technology. together with ubiquitous
computing power, accelerates the integration and improvement of
systems, and we are interested in the implementation of system
lechnologies to improve everyday life.

The 2nd prototype of our powered exoskeleton driven by McKibben
arlificial muscle
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Strength Improvement for Cellulosic Natural Fiber-reinforced
Composites by Nanosized Fibrillation on the Fiber Surface

W hen a crystalline polymer i1s compounded with artificial

reinforcing fibers such as glass fibers, a crystal structure
called a “transcrystal” 1s formed, extending in the radial
direction from the fiber surface. The presence of this crystal
structure has little effect on composites with a high fiber volume
[raction, but affects the strength properties of those with a low
fiber volume fraction. The same phenomenon occurs when
cellulosic natural fiber 1s used as the reinforcing fiber. When
the surface of the natural fiber is scratched, nano-sized fibrils
called “cellulose nanofibers™ peel off and appear on the fiber
surface, and transcrystals are generated efficiently after
compounding with the polymer. As a result, crystallization of
the crystalline polymer is promoted, and crystal formation 1s
achieved in a short time. It has been clarified that such fibrillat-
ed natural fibers improve the tensile strength and interfacial
shear strength of composite materials. The approach is attracting
attention as an effective method for improving the strength of
malterials through nanosized techniques.

ri
1
m& Transcrystals

Transcrystal and spherulite around a fibrillated natural fiber
(the fiber is ramie, and the polymer is polypropylene):
It is inferred that the arrow is the fibrillated part, and is crystallized.
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Investigations of Complex Fluid Systems using High-
Performance Computing Techniques

ur research focuses on the development of high-performance

numencal schemes for complex fluid system analyses for

fields such as bio-fluid mechames and hydrological systems. The
lattice Boltzmann method (LBM), as a novel computational

flund dynamics scheme, is studied for the accurate modelling of

complex flow behaviours. Compared to conventional Navier—
Stokes-based solvers, the LBM presents many advantages
including simpheity when dealing with complex boundares
and incorporating microscopic physical processes and 1s easily
rendered parallel. Our on-going research topics include 1)
multiphase modelling using the phase field concept, 2) flud-
structure interaction modelling with coupled LBM-FEM (finite
element method), 3) species and thermal transport modelling
with coupled LBM-FVM (finite volume method) and 4) high-
performance computing using mmnovative graphics processor
unit parallel techniques. The applications of these developmental
schemes mnclude mvestigations of suspensions of deformable
particles, e.g. red blood cells, in microfluidic devices and
respiratory airflow charactenstics in human anrways.

e = 00 Wi = A000E Wi = B0 Stef = 1 000

Two-phase flow simulation in a porous medium: (a) mecting fluid
with low intedacial tension and (b) mjecting fluid with high interfacial

e Ns1o0mn.
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Smart Mechatronic System and Sensing Technology for Health

Care and Monitoring

m ur researches are concentrating on the development of
smart mechatronic systems for medical and health care,

which include ICT technology, vital signs data analysis method,
microcomputer, sensing and actuating technology. Our laboratory
1s currently researching the following topics:

(1) Smart ubiquitous system for in-home health care and
management; (2) Cardiopulmonary information measurement and
analysis; (3) Smart mechanical devices for endoscopic treatment;
(4) Structural design and vibration analysis technology; (3)
Intelligent micro mechatronic device design and simulation.

We are also cooperating and collaborating with overseas
universities, especially those in China and Korea. to plan

and implement a two-week Summer Program for Innovative
Engineering Design (SPIED), the Creative Engineering Design
Competition (CEDC), and the International Conference on
[nnovative Application Researches and Education (ICIARE) for
senior college students and graduate school students 1n order to
develop human resources capable of global innovative engineering
design.

il o
Wearable cardiopulmonary measuring system for health checking
and management
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Design Engineering for Creative Prototyping

his research is interested in one question: what factors make
someone a creative designer? One conceivable factor 15

whether the person knows the actual processes involved in creating
new value, because challenging design 1s interesting for many
people. In order to realize new value, prototyping is effective because
there are a huge number of problems, difficulties, and competitors

in the world. More and higher quality prototypes reduce problem
solving costs down the road and manpower to acquire feedback
from customers, and allow for design concept improvement.

The figure shows a hypothesis for prototyping processes in this
research. The left side shows a support process, performed by
computer. System prototypes, which include software, sensors,

and controlling logics, are assisted by computational definition
methodologies and checking algorithms. A prototype which includes
multidisciplinary physical phenomena such as mechanical dynamics
and electrical / hydraulic system is simulated computationally. Real
prototyping processes are assisted by these computational support
methodologies. These processes include marketing, functional
design, evaluation and optimization, and business planning. The
Innovative process intermediates mechanical engineering field and

MOT (Management of Technology) field.
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Prototyping process and computational support methodology for
innovation from marketing to business planning.
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Psycho-Social Multi-Engineering for lIoT in Neuroscience,
Education, and Clinical Biology, from Infants to the Elderly

ental development is diversified over a lifetime through
varying environmental processes, the mechanisms of which
may be understood and supported by improving the internet of

things technology for our own arbitrary self-management. To
achieve application to novel functions such as
psycho-developmental diagnosis and mental intervention in our
social ives, we need a meta-field networking under the basic
considerations of neurobiological psychiatry and engineering.
This study aims to organize multiple scientific fields in real
human hives, from babies to adults and the elderly, for the
purpose of human brain evolution. To compare or understand 1n
different species, generations or situational states, the common
metaphase communication tools were crucial for the inclusive
analyses. The expression of mental modulation should be
described by certain quantic and multiple correlations using
computing methodology. Moreover, the acquisition tools should
satisly a stress-free function that usually corresponds to
stressfulness in analyzers. We therefore develop demanding
points for realizing innovative life technology with interactive
perspectives in the thermal physics, space and information
sciences, cognitive and genetic biology and social sciences, which
will actually create our next generation.

The Internet of Things (loT) realizes human mental and
physical evolution based on diverse / integrated sciences.

About Researcher
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Investigation of Similarity between Different Systems

ur research into the behavior of a lifted tlame fueled by
m propanc on a bluff-body burner under the airtlow dominant
condition, with a higher annular airflow velocity and a lower
central fuel jet velocity, reveals the appearance of the hysteresis
phenomenon in the lift-off height of the flame, depends on fuel jet
velocity history. It is quite interesting that the hysteretic behavior
of the lift-off height 1s similar to that of the amplitude in “Mode
Jumping ', which occurs as a nonlinear resonance 1n nonlinear
oscillatory systems. which characteristically experience natural
frequency increases as oscillatory amplitude increases.
The interest of my study is to find, through experiments. the
similarity between seemingly quite different systems such as
combustion and the atorementioned oscillation, and to consider
the reasons why they look similar through analytical models and
numerical simulation. Such an investigation will give new insight

into the phenomena and another method to control systems.
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Lift-off height vs. fuel jet velocity and oscillatory amplitude in "mode
jumping” (the photo shows an example of lifted flame)
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Effects of microstructure control and
hydrogen on the mechanical properties of steels

work on the effects of hydrogen on the properties of steels,
with a focus on metallurgy. In this field, austenitic stainless
steels are regarded as less susceptible to hydrogen, but they have
relatively low strength. To reduce the cost of high-pressure
hydrogen gas infrastructure, high-strength steels are required. In
this context, high-strength steels with low susceptibility to
hydrogen-induced degradation are needed. However,
high-strength low-alloy steels are very sensitive to such degrada-
tions. | have used ultra-grain refinement of austenitic stainless
steels to increase the strength and retain a good compatbility with
hydrogen. Controlling the microstructure only 1s not enough,
and modifying the chemical composition will also greatly affect

Ehl: "‘![EL‘I'E TESP{_}HSE 1O h}"[ll'[‘.lgi.‘l'l, Cll.lrh“j':b or ]'Ill]"ldl.tb ]nUrE“".rLt Fracture surfaces of unchargeﬂ and h};drﬂgen_charged
strength and can also increase the resistance to crack propagation, steels with different grain sizes

and as such, microstructure combined with composition control

: . About Researcher
will be my next step on this 1ssue.
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Fundamental and Applied Research of Spray Combustion: From

Jet Engines to Microcombustors

. pray combustion 1s widely utilized in combustors with
liguid fuels such as aircraft jet engines and diesel engines.
The spray 1s a group of numerous fine fuel droplets. In order to
realize more stable and etficient combustion of liquid fuels, we
have to better understand the behavior of fuel droplets 1n the
turbulent flow field, the interaction between fuel droplets during
combustion, and the interaction between fuel droplets and
chemical reactions.

My research group has elucidated mechanisms of spray
combustion from fundamental aspects using microgravity
environments aboard the International Space Station and in a
drop facility and original model burners as shown in the figure
at nnght. We have also studied hquid fuel atomization for jet

engines and combustion/noise characteristics improvement in

diesel engines. We recently developed a unique technique to
realize spray combustion inside a tube of a few millimeters in
diameter. Such a liquid-fueled microcombustor could supply
much higher energy to portable devices than lithium-ion
batteries. Maybe vour future cell phone will use spray combus-
tion!!

A model burner with fuel spray in counterflow to elucidate the
spray combustion mechanism
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Using MEMS Technology to Create Connections between
Mechanical Systems and Organisms in Nano/Micro Scales

m ur research concerns the connection of mechanical systems and organisms

using MEMS technology. Our interest 1s focused on the structure and physical
phenomena at work, especially the structure and function of organisms, 1n nano/micro
scale. In our laboratory, nano/micro mechanical devices are developed by replicating
or imitating organism functions through the use of biomaterials. We also develop
nano/micro fabrication technologies, sometimes through the use of biomaterals, to
realize novel nano/micro devices. The developed micro devices are applied to the
characterization and operation of cells and to minimally invasive treatment, etc.

Major research projects are as follows:

1) Development of micromechanical devices for stimulation or characterization of
cells: The micro devices have micro flexible stretchable platforms where living cells
adhere.

2) Development of bioabsorbable scaffolds (bioabsorbable stent) made of PLA: These
scatfolds utilize a micro latching mechanism.

3) Development of microactuator to dnive micromechanical devices: We are currently
developing electrostatic microactuators powered by the collaboration between
electrostatic and elastic energies/forces.

4) Development of a nano/microfabrication technology for biomatenials including

PLA (polylactic acid), collagen, etc.; We have developed a cylindrical RIE technology

that can produce a polymer stent structure without causing thermal damage.

Stent structure made using cylindrical RIE Technology from a
polypropylene tube with an outside diameter of 4.4 mm

About Researcher
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Experimental and Numerical Approach to Turbulence Control in
Engineering

y main interest research into the fundamental structure

of turbulent shear flows and its control. People currently
face various turbulent flows such as jets, duct flows, and

wakes. We want to manage these turbulent flows, namely noise
reduction, enhancement of diffusion, and drag reduction. We must
understand the key structures involved in these phenomena using
ideas and tools invented in the laboratory. Of particular focus 1s
our continued development of experimental and numerical tools to
find new aspects to turbulent flows. Some of the typical research

being conducted now in the laboratory are as follows:

1) Universality of log law in wall bounded shear flows under
various conditions, pressure gradients, and wall roughness.

2) Development tools for experimental investigation to measure Flow approaching an obstacle placed on a wall. A horseshoe

4 vortex appears at the foot of the obstacle
wall shear stress, velocity, and pressure.

3) Application of numerical simulation to some turbulent flows in About Kesearcher
sractical situations 1n engineering. AOCHVZT] Mo nnha mere
| gineering l MOCHIZUKI Shinsuke, DrEng.

4) Investigation of structure in complex turbulent flows behind

M.Eng. 1986, Yamaguchi University
obstacles using PIV or LDV measurement techniques.
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Development of Low-Invasive Medical Devices

m ur lab has been investigating low-invasive medical devices
such as an intravascular treatment devices and have a
primary interest in bone and joint mechanics. Our goal is to
provide effective medical devices in the field of intravascular
treatment and orthopedics. Achieving this goal, however, will
also require a fundamental knowledge of human normal tissue
and diseased tissue. We therefore often design original measuring
devices to estimate these tissues.

Our lab has two teams, one of which has been researching

the behavior of guidewires or catheters, which are used in
intravascular treatment. The behavior of these wire-like devices
1s also interesting from the view of mechanical engineering.

We have been studying the effect of contact force between the
guidewire/catheter and vessel walls on the behavior of these
devices 1n intravascular treatment. Numerical simulation is
primarily used in such research.

The other team focuses on bone and joint mechanics and the
mechanism ol osteoarthritis (OA). in particular. Since cartilage

degeneration is considered to be one of the causes of OA, we have

developed the intra-joint ultrasonic probe and measured human
cartilage in collaboration with orthopedic surgeons.
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Snapshots of guidewire simulation in the delivery (inserticn)
process
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Development of an Integrated Measurement-Treatment Device
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are formed. One area of our research 1s the measurement of the

Driving image

Micro Stirrer

solubility of blood clots in vivo, information that is very important

for the doctor to ascertain the status of clot dissolution in an

operation. Catheter

Our research interest involves the development of an integrated
measurement-treatment device (Right image) to attack the
blood clot and control the treatment method depending on the

measurement results. Our proposed stirrer is made of a simple Blood Vessel

structure with an embedded piezo-cell in order to achieving high
Thrombus

stirring performance via mechanical vibration. It 1s well known
that the piezo-cell has both an actuator and sensor function. Image of the integrated measurement-treatment device that
_ . _ _ , : contains a piezo-cell and simple structure

Techniques for propagating energy while observing the state of

the device are expected to have various uses. About Researcher
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Velocity Control of Microtubules Using a Micro Device in Vitro

n ur research interest 1s in nanosystems using integration of
. Micro Electro Mechanical Systems (MEMS) and motor
proteins.

A motor protein, Kinesin, plays key roles in intracellular transport
by moving on a cytoskeleton—microtubules, specifically—in
vivo. Reconstructed in vitre systems have been studied because
kinesin-microtubule systems act as nano-scale actuators due to
their size (several dozen nanometers). A gliding assay system, in
which microtubule is propelled by kinesin coated on a substrate,
has been widely used in virro for nano-scale applications. One
challenging factor concerning gliding assay systems 1s controlling
the velocity of ghding microtubules as their velocity 1s constant
without external factors.

Research now underway 1n our laboratory 1s focused on controlling

the velocity of microtubules using a micro device. The device

1s fabricated using MEMS techniques such as photolithography,
etching. and replica molding. A major method in experiments for
proteins 1s fluorescent observation using an optical microscopy.
We also leverage numerical analysis to understand the physics
observed 1n experiments.

Biotechnology
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Flow Control Using Plasma Synthetic Jet Actuators for Micro UAV

e must precisely understand fluid flow characteristics

in order to improve the fuel efficiency of things such
as automobiles, airplanes, and turbo-machineries. In order to
understand certain flow fields, experiments using wind-tunnels or
numerical simulations using computers are commonly utilized.
Since both experiments and simulations come with advantages and
disadvantages, our laboratory consists of two groups, one focused
on experiments and one on simulations. In that way, researchers
who mainly conduct experiments using hot-wire velocimetry
can compete with researchers who mainly conduct simulations.
This also allows both groups to quickly reference in-house
experimental and simulation data. For example, in series of studies
on plasma synthetic jet actuators (PSJA), we examined their
clfectiveness through wind-tunnel experiments then studied the
fluid mechanics of corresponding flow fields through numerical
simulations. Although studies on PSJA have been drawing interest
in recent years as a device for flow control, our laboratory has
concentrated on this subject since 2003 and has been working (o
apply this technology to Micro Observatory UAVs.

Numerical simulations on flow around NACAQD12 airfoil. PSJA is
on in the upper image and off in the lower image

About Researcher
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Stress-Strain Analysis of Human Spinal Column and Spinal Cord
under Impact Compressive Loading

m ur research interest is in simulating human body mechanics

under impact loading, mainly using the finite element
method. We are currently focused on stress-strain analyses of the
spinal column in compression fractures, and of the spinal cord
when compressed due to ossification of the posterior longitudinal
ligament or to fractured bone. In addition, we are trying to enhance
creep and/or fatigue life of polymers such as PLA and UHMWPE
for artificial joint and bone fixation screws/plates using forging.

Our current research 1s as follows:
1) Analyses of damage caused by compression of spinal the cord

and cauda equina 1n the thoracolumbar junction. 2) Simulating the
behavior of the human spinal column with compressive fracture
under il’ﬂp':ll:‘l EDl’an‘ESEi\FE‘ lmlding. 3) Invesliguling the stress- Influence of the shape of the anterior vertebra on equivalent stress
. N =) S . : distribution in the spinal cord and cauda equina

strain response of brain tissue, and simulating the behavior of

the brain under anterior impact loading. 4) Investigating the About Researcher
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anisotropy of the stress-strain response in the spinal cord by tensile
and compression tests. 5) Effect of forging and shape recovery

on creep strength of PLLA. 6) Enhancement of wear resistance of
UHMWPE for artificial joints using forging.




Development of an Implantable Focal Cooling Device for Epileptic

Discharges

ocal cooling of the brain has the potential to terminate

epileptic discharges (EDs). Our group has investigated the
effect of cooling on epileptic seizures over the past several years.
Our previous studies have demonstrated the termination of EDs by
focal brain cooling, and indicate the therapeutic potential of focal
brain cooling for patients with intractable epilepsy as an alternative
to invasive surgery. A focal cooling system, which we will
develop for placement close to the epileptic focus as a mimaturized
device, must include an ED-detection system and temperature
control system. The ED-detection system may allow cooling of
the exact sites responsible for seizure generation immediately
after the detection of EDs. The temperature control system should
be robust and reliable for human personal characteristics. With

the continued development of such equipment, implantable focal
cooling systems may become available in the near future.

Seizure

Cooline :
= detection

device

Batterv ;
. Automatic
& :
cooling

other devices

Schematic view of an implantable device 10 suppress epileptic
discharges by detecting it and controlling temperature of focal brain
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Fundamental Study of Spray Combustion and New Techniques for
Ignition

eople currently create energy from primarily fossil fuels.

The transportation equipment industry has made particularly
wide use of spray combustion using a liquid fuel. However,
problems such as global warming and depletion of energy
resources such as oil have become increasingly pressing issues. To

resolve these problems, our research group studies the following
spray combustion mechanisms: 1) Atomization of liquid fuel, LQURGameaRon ol
2) Combustion of fuel spray and 3) Exhaust gas emission
characteristics.

We also research laser-induced breakdown ignition in the field

of fuel sprays. This ignition method involves the use of laser-

Laser-induced breakdown ignition in fuel spray

induced plasma as an 1gnition source and is a promising and
stable ignition technique. This method can support ultra-low fuel About our research
consumption combustion technologies that can’t achieve stable

1gnition by using sparks. In the near future, this 1gnition method About Researcher
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might allow for vehicles with ultra-low fuel consumption.
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Dynamical Systems Control with High-Efficiency Data Processing

ur recent research interest is focused on the following themes
m in the field of control engineering.

Unification of Control and Communication: Modern
mechanical systems controlled over communication links must

be reliably operated under various uncertainties due to real-

time data interaction. Our goal 1s to provide the optimal control
strategy that mimimizes the data rate required for satisfying
control specifications. We take an information-theoretic approach
based on generalized entropy to analyze the trade-off between
control and communication performances. The results elucidate
limitations concerning bit rate and signal-to-noise ratio for the
systems disturbed by signals with bounded amplitude. despite their
mathematical intractability.

Model Reduction Based on New Criteria: Model reduction

1s a way of simplifying mathematical expressions of dynamical
systems to reduce the high computational cost required to

control large-scale systems. We provide a new method to extract
important components of the variables fundamentally contributing
to enhancing optimal control performance. The method is based on
a new index for evaluating the degree of performance degradation
due to simplitying control law.

encoder

— plant

o ]

decoder

(), observer for transmission, O.: observer for reception

Optimal stabilizing control strategy for minimizing the SNR of a
channel with bounded-amplitude noise
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Heat and Mass Transfer During Chemical Reactions

m ur research interest i1s in heat and mass transfer during

chemical reactions, in addition to related subjects in the S NI —"— P m::"’ i
ficld of thermal engineering, reaction engineering, and powder yRIRES A % e
lechnology. Rescarch now underway in our laboratory 1s focused g o EREINECEIDE @5%5
on the following 5 subjects: 3) Fiuid flow during
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1) Biomass gasification and solidification; 2) surface reforming ikl Y | <tion Ll P et i
powder handling process
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of cutting tools by thermal chemical vapor deposition:; 3) tluid
[low during chemical reactions in the liquid phase: 4) nanoparticle

formation and temperature measurement in premixed flames;
and 5) particle charging in the powder handling process. Subjects
1) to 4) have been investigated experimentally and numerically
by taking account of not only heat and mass transfer but also
chemical reactions. In particular, digital laser speckle technic is Our research concept and related subjects
utilized to measure refractive index distribution in heat and mass

transter. We are also interested in the phenomena ol particle About Researcher
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charging and liquid bridge force, which cause particle deposition

on the walls of cquipment in the powder handling process.
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