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Ultra-sensitive sensing systems
Our researches focus on scientific measurements and industrial 
applications via the sensing systems sensitively measuring the 
physical parameters such as force, weight, and heat. Ultra-high 
sensitivity can be achieved by downsizing the sensors using 
nanofabrication techniques, and sensitive sensors for force, 
magnetic, thermal, molecule detections using nanomechanical 
structure are developed.

Flexible thermoelectric devices
Electrical power supply is an important issue for systems, 
especially for Internet of Things (IoT). We have developed a 
battery-free system under conventional environment using 
an energy harvester with high performance thermoelectric 
device using nano-composite materials. Healthcare field is one 
of important applications, and flexible thermoelectric devices 
integrating the power supply and sensors have been developed.

Nano-composite materials and nanofabrication processes
Nano-processed materials show different properties compared 
to conventional bulks. We develop novel materials having high 
performances in mechanical, electrical, and thermal properties, 
and its fabrication processes. Processing and functional materials 
including composites based on nanocarbon and nanometals, 
two-dimensional materials such as graphene and MoS2, thermal 
management materials for thermoelectric power generator, 
functional nanostructured silicon are under investigation. 

Highly sensitive thermal sensing systems
Thermodynamics measurement using an ultimate sensor, such 
as detections of the temperature change of single biological 
cells, can be obtained by microfabricated temperature sensors 
with extreme sensitivity and fast response. Novel phenomena 
related to biological thermodynamics are investigated using 
the developed sensors. This topic focuses on to clarify the 
mechanisms of cells via the thermodynamics, and various 
sensor systems based on mechanical resonators, thermistors, 
ionic liquids are developed.
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Takahito Ono

Assist.Prof.
Naoki Inomata

Mechanical Systems
Department of Mechanical Systems Engineering

Ono/Inomata
Laboratory
Functional Systems Engineering
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Sensing system using micro/nano-mechanes and its applications
Our laboratory focuses on sensing devices/systems and their applications based on nanotechnologies, 
microelectromechanical systems (MEMS), and their integration. The fusion of nanotechnologies and micro/nanosystem 
technologies provides the development of novel devices which promise to make break-through in various research fields. 
We have many research topics from basics researches (e.g. the unique phenomena of nanostructure) to applications 
to the sensors, materials and integrated systems employed new principles (e.g. the highly sensitive devices/systems to 
detect physical parameters, energy harvesting devices using highly-effective thermoelectric materials).

1OPEN 2019

01- _ [5-34].indd   1 2019/10/24   10:2



Assoc.Prof.
Masaya Toda

http://www.nme.mech.tohoku.ac.jp/index_e.html

Functional Systems Engineering,
Micro-Nanomechanical Architectonics

Toda Laboratory

Mechanical Systems
Department of Mechanical Systems Engineering

Microflidic chamber
It is a problem how to catch cells for a long time because living 
cells always move. In this study, a living cell is trapped using 
the trapping structure in the microfluidic chamber, which has a 
Si film window. The liquid sample in the chamber is able to be 
observed in vacuum environment. This research is a challenge 
to study their behavior and personality, connection between 
cells, and distinguishment of canceration.

Diamond sensor
To observe a local area, the sensing probes are required to 
be localized at the region of interest. The diamond with the 
nitrogen vacancy (NV) defect is ultimately localized sensor, and 
has a special magnetic property and is materials studied in the 
field of the spintronics. The fluorescence of NV depending on  
stress has been studied. Then the possibility of stress sensing 
using the embedded nanodiamond is investigated. 

Miniature MRI
The designed magnetic sensors are applied to the Miniature MRI 
system in our laboratory. The sensors, RF coils, samples are 
assembled in vacuum chamber. A long time measurement for 3D 
imaging with nano-meter resolution has several problems such as 
a signal drift and hysteresis. In this laboratory, a two-dimensional 
scanner and two one-dimensional scanner made by silicon has 
been integrated. Along working distance and little hysteresis 
have been achieved under the cryogenic temperature.

Magnetic sensor
Mgnetic resonance force microscopy is a magnetic resonance 
imaging (MRI) technique using a nanomachine. With an object of 
MRI as a smaller semiconductor element for process monitoring 
and a single cell for biological science, the Si based magnetic 
sensors with high sensitivity, or diamond based nitrogen 
vacancy centre (NVC) senors are being developed. Magnetic 
resonance phenomenon in nano scale will be measured using 
our original magneticsensors.

Ultimate Sensing using Nano-mechanicanics
In Toda laboratory, the micromachines for ultimate sensing using nano/micro fabrication technology are being developed.
Very small heat, force and tiny light are able to be measured by our original sensors. Magnetic sensors and heat sensors 
have been developed to measure Spin information and Cell's temperature. Micro/nano-mechanical cantilever sensors 
have been fabricated to monitor an extremely small change of the magnetic field and local heat. The simulation and 
image processing of the three-dimensional of magnetic resonance imaging have been developed for analysis of nano 
structures in a solid sample or a living sample with nondestructiveness.
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Fine structures fabricated by M4 process technniques

Develop Band-new Dental Treatment
Conventionally, materials that are different from living organisms 
are used in dental treatment, and peeling off and secondary 
caries are inevitable problems. Therefore, we have been tried 
to form films of hydroxyapatite that is the same component of 
the human tooth with powder jet deposition (PJD). PJD is a 
technology that can form a film without vacuuming or preheating; 
thus, it is promising as a new-generation dental treatment and 
we have been researching to realize practical use.

Connect people
Person-to-person relationships, which sometimes conflicts 
but other times cooperate, is a vital element for getting any 
research to advance. We actively conduct collaborative 
research with companies and institutes, accepting students 
in the doctoral program for working professionals and guest 
researchers.

Create New Functions
The surface is what separates a subject from the surrounding 
objects and where almost all phenomena arise; therefore, you 
can create new values that have never existed before by 
machining surface "just a little". How little? …. It is just nano- 
and micrometer-scaled. We have been aiming for developing 
completely new functios by our nanoprekcision and complex 
micromachining technology.

Embody Your Ideas
We possess the world highest level nano-precision machine 
tool, metal additive manufacturing device, various measuring 
instruments, and numerical analytic methods. You can use them 
to examine your creation from various angles and verify your 
ideas; here is an enviroment where you can see if you have 
shaped your ideas.

Develop a New World by Function-Creating Process
-Ultraprecision Machining: Creating things precisely is a fundamental technology that realizes high functionality, and save resources. 
We have realized them through fusion of manufacturing and measurement technologies, and elucidation of processing phenomena.
-Biomedical Engineering: Fusion of manufacturing and biomedical technologies, is indispensable for advance of medical care. We 
have been trying to apply manufacturing techniques like blast and laser on tooth regeneration and osteoblast promotion.
-Fine Structure Fabri cation: Fine structures can provide new functions on materials, and we have fabricated micro- and 
nanostructures with various techniques.
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Fine periodic surface structures with laser processing

Wettability control of machined surface

Setup of Laser Assisited Machining (LAM)

Micro / Nano composite structures with ultrasonic assisted processing

Development of a new  “hybrid” process
Laser irradiation is a very effective “tool” for changing the 
physical properties of the material surface. By applying 
laser irradiation to the machining process (ultra-precision 
cutting or grinding), it is possible to change the local 
material properties of the chip generation part. We build 
a process for efficiently processing micro- or sub-micron-
sized structures with optical functionality without defects.

Creation of micro/nano composite structures
We are developing mechanical and optical methods for 
creating submicron-sized microstructures on grooves 
or pyramid-shaped microstructures, created by ultra-
precision machining. For example, we have succeeded in 
creating a micro / nano composite structure in an efficient 
and large area by machining (grinding, cutting) method 
assisted by 3D ultrasonic vibration.

Creation of fine periodic surface structures
By using ultra-short pulsed laser, LIPSS (Laser Induced 
Periodic Surface Structure) can be created on the 
material surface and various functions can be added. In 
order to create a functional interface, we aim to clarify, by 
way of simulation and experimentation, the phenomenon 
that occurs on the processed surface. We expect that the 
results of our research will be widely applicable. 

Interface control by a novel manufacturing process
The geometric structure and chemical composition of material 
surfaces change in a variety of ways such as Laser processing 
or Electrical Discharge Machining. In this study, we examine this 
phenomenon and attempt to clarify and control the mechanism. 
For example, those process can create various surface 
functions, such as wettability, lubricity, and photo-catalytic 
activity, which could lead to new surface creation processes.

Creation of functional interface and its application
New techniques are needed to enhance manufacturing competitiveness and ensure Japan’s leadership position. 
One such technique is the creation of “functional interfaces” for material surfaces manufactured using nano/micro-
fabrication. This methodology will enable the creation of highly functional “next-generation” products. Our laboratory 
aims to be a frontier of “high value manufacturing” technology with dreams that will be indispensable to society in the 
future. In addition, we conduct research with a view to creating a new processing principle for nano/micro-fabrication 
technology and its practical application based on industry-academia collaboration.
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Development of evaluation methods for nanointerface
Clarification of super low friction mechanism is needed to 
develop super low friction technology by self-formation and 
self-healing of highly-functionalized nano interface. Our 
laboratory develops in-situ platform to analyze friction and wear 
combined with scanning electron microscopy, environmental 
scanning electron microscopy, raman spectroscopy and X-ray 
photoelectron spectroscopy as well as evaluation system to 
measure distribution of hardness and surface free energy.

Optimization of nano interface for positioning system
Our laboratory develops friction actuator, supersonic motor 
and surface acoustic wave motor, which enables compact, 
light, simple, fast and high precision system. In order to realize 
precise positioning, high friction to move counterpart and anti-
wear performance to keep ideal surface are important key. 
Now we investigate optimization technology for nano structure 
and nano asperities to enable both high friction and anti-wear 
performance.

Creation of nanointerface for low friction by running-in
Running-in is process that high and unstable friction coefficient 
decreases and become stable after certain friction period, then 
stable condition is achieved. Our laboratory focuses on self-formed 
nano interface formed during running-in terms which shows super 
low friction, and aims to create super low friction system with 
almost permanent lifetime by creation and control of tribochemical 
reaction induced by friction from viewpoint of material, chemistry 
and physics. Optimization of nano interface for super low friction.

Optimization of nanointerface for ultra-low friction
Carbonaceous hard coating with controlled nano structure shows 
low friction coefficient such as 0.003 in ambient air without any 
additional lubricant. Also, ceramic material with nano or micro 
order surface texture shows low friction coefficient such as 
0.0001 in water. Our laboratory aims to establish design and 
creation of nano interface to generate reliable low friction by 
surface texture or coating technology in ambient air, water and 
oil environment represented by car engine.

Inovation of Mechanical Systems by Tribologically-based Machine Design
Friction and wear occur at sliding interface of mechanical systems and cause energy loss and induce failure and end 
of lifetime, in addition, friction and wear dominates limit of high performance and functionality of mechanical systems. 
Our laboratory aims to build low-carbon, sustainable and secure society by creation of highly-functionalized mechanical 
systems through optimized technology to create nano interface which can control various phenomena generated at 
contact interface. Also, our laboratory aims to establish design concept for highly-functionalized mechanical systems by 
combination of science and chemistry at atomic/molecule scale and nano technology.
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Selective absorber consist of microstructure-multilayer 
hybrid foam fabricated with atomic layer deposition

Solar-TPV system. Insert shows an absorber-emitter used in this system

Thermal radiation based electronic device cooling
With the increasing heat generation density of electronic 
equipment, the importance of thermal design is increasing. 
We focused on the window wavelength range with a small 
absorption coefficient in the resin covering electronic devices, 
and proposed a new cooling promotion technology that 
selectively emit thermal radiation from the resin window. We 
are continuing research with the aim of further improving the 
cooling effect and expanding applicability.

Power conversion based on wave nature of light
Compared to photo-electric conversion technology of 
conventional photovoltaic power generation, a theoretical 
conversion loss is zero by directly converting the light; i.e. 
electromagnetic wave, into DC power by a device which is 
called “Optical rectenna” consist of an optical antenna and a 
diode. It is also expected to construct an ideal system that does 
not have restrictions on the sensitivity wavelengths depending 
on the material, such as bandgap of semiconductor of PV cells.

Solar selective absorbers for the solar thermal systems
In concentrated solar power generation, selective absorption 
of sunlight that makes possible to effective use of solar thermal 
energy is one of the important elemental technologies. We 
have developed a multilayer film structure that can cope with 
higher temperatures in solar thermal utilization systems. We 
have also developed a microstructure fabrication technology 
using self-organization in Ni-base superalloys to be a large-area 
manufacturing technology.

Solar-TPV based on high-temperature photonics
For advanced solar energy harnessing, we are proposing 
solar-thermophotovoltaic system (TPV) using high-temperature 
thermal radiation spectrum control technology. Solar-TPV 
absorbs sunlight as heat and converts it into thermal radiation 
that matches the PV cell useful wavelengths, so even single-
junction cells can be expected to be more than 50% efficient. 
To date, we have succeeded in achieving the world's highest 
level of efficiency in this system.

Open the future with renewable energy!
Our lives have improved dramatically due to the industrial development. However, we are faced with major problems 
such as global environmental destruction and future energy shortages. In order to solve the problems, it is necessary 
to establish the renewable energy based systems and the high efficiency use of limited fossil fuels. To that end, we are 
researching new energy conversion devices based on the technology that we call as “High-temperature photonics”. We 
are also conducting research on methods to create lifestyles that enable people to live abundantly, both physically and 
mentally, under the severe environmental constraints that come in the future.
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Mechanical Stability in All Solid State Devices
All solid state devices such as SOFC, SOEC, and ASSLiB have 
layered structure, which main component is brittle ceramics. 
In the devices, the difference of thermal expansion properties, 
elastic properties, and volume change during operation 
produces large residual strain and causes mechanical instability. 
We have been studying comprehensive research,which 
includes from the measurement of elastic properties to strain 
measurement in the devices, to improve mechanical stability.

Small Power Sources for Mobile Electronics
Combined SOFC with MEMS technologies, small power sources 
for mobile electronics were developed. High operating 
temperature of SOFCs has negative impact for such small 
devices on the view point of heat management. We designed 
system packages with vacuum insulator and a heat exchanger 
to be able to thermal sustainable operation.

Material Design Based on Strain Effects
We have been focusing strain effects on solid ionic conductors. 
Conductors, which have vacancy migration mechanism, shows 
negative strain effects to compressive strain. By contrast, 
positive strain effects is expected for strain, which expands 
lattice volume. However, it is difficult for brittle ionic conductors 
to be applied tensile strain. We have been studying various 
strain sources such as thin films, composites, and elastic waves. 

Development of Proton Conducting SOFC/SOEC
Solid oxide cells which can work as SOFC and SOEC are 
promising candidate for load leveling devices in small scale 
grids with unstable renewable energies such as solar, and 
wind powers. We have been developing SOFC/SOEC systems 
based on proton conducting ceramics such as yttrium doped 
barium zirconate and strontium doped lanthanum scandate 
as electrolytes, which can reduce operating temperature and 
fabrication cost.

For the Sustainable Society
To accelerate the social implementation of renewable energy, high performance energy conversion or storage devices 
such as solid oxide fuel cells (SOFC), solid oxide electrolyser cells (SOEC), and all solid state lithium ion battery (ASSLiB), 
which can manage the unstable power generation of solar, wind power, are strongly required. For the purpose, both 
the material development based on material science and the mechanical design based on mechanical engineering, 
furthermore, the interaction between material properties, strain, and thermal radiation are strongly required. We study 
those energy conversion devices interdisciplinary.
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Numerical and Experimental Studies on Receptivity
Turbulent transition starts from the process in which minute 
disturbance in the freestream penetrates into a boundary 
layer and excites the instability waves in the boundary layer 
downstream. This process is called receptivity. The transition 
occurs earlier when the ingested disturbance becomes 
stronger. This study investigates a preferable shape in terms of 
receptivity by both the wind tunnel experiments and numerical 
simulations.

Aerodynamic Characteristics of Airfoil in Unsteady Flow
UAV equipped with a small camera is useful in case of 
emergencies. However, it has to be operated in a strongly 
unsteady flow environment caused by natural disasters such as 
typhoon, fire and eruption. Its aerodynamic performance are very 
different from an ordinary steady flow environment. The purpose 
is to develop a wind tunnel that can produce non-uniform and 
unsteady flow which is useful in investigating the aerodynamic 
performance of small vehicles exposed to unnatural environment.

Complex Flow Analysis Using an Incompressible SPH method
SPH is one of the Lagrangian particle methods, originally 
developed for computing compressible flows in the area of 
astronomy. We have modified this method to be applicable to 
incompressible fluid simulations and applied it to various flow 
fields: complex flows having gas-liquid/liquid-solid interfaces, 
fluid phenomena accompanying phase change processes, and 
double-diffusion problems.

Device Design Aimed at Cavity Noise Suppression
Cavity noise, which is radiated from a hollow such as the 
connecting part of high-speed train cars, is a typical example 
of aeroacoustic noise. Both wind tunnel experiments and 
numerical simulations are performed to find methods which can 
suppress the cavity noise. We found that the cavity noise can 
be reduced when there is a small bump on the cavity floor. We 
are currently trying to advance the controlling method.

Understanding and Control of Boundary Layer Transition
It is very important to suppress the significant increase of friction drag caused by the transition. Such phenomenon 
can be found on high-speed trains, automobiles, ships and airplanes. In order to delay the transition, we use an array of 
piezo-electric actuators attached on a plate surface which generates a velocity fluctuation wave whose phase is 180 
degrees different from the TS (Tollmien-Schlichting) waves developing a transitional boundary layer. We have succeeded 
to suppress not only the TS waves but also the oblique waves and the waves having multiple frequency components. 
Numerical simulations are also performed to blush up the controlling method.
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Flow Instability and Vortex Motion
Whether the turbulent transition occurs or not is closely related 
to the behavior of small-scale vortex motions included in a flow. 
Liner stability theory has been widely used to investigate the 
flow instability. These studies focus on the mathematical aspect 
of destabilized process, rather than its physical aspect. On the 
other hand, we are trying to develop a new method, which can 
evaluate the unsteadiness of the flow focusing on the vortex 
motions.

Elementary Processes of Turbulence
Most of the flow of air or water we encounter in our daily life is 
turbulent. Turbulence enhances mixing and diffusion whereas 
remarkably increases the friction drag. This study aims to obtain 
the better understanding of elementary process of turbulence 
by interpreting it as the interaction of multi-scale vortices.

Leading Edge Receptivity to Freestream Vortical Disturbance
Boundary layer transition is initiated via the process in which freestream disturbance enters boundary layer and grows 
downstream. The transition point depends on the receptivity coefficient defined as a ratio between the magnitude of 
freestream disturbance and the initial amplitude of excited instability wave. However, it is quite difficult to measure 
this initial amplitude by experiment because it is very weak. Thus, the prediction of transition point has been based 
on an empirical law. The aim of this study is to develop a method, which can accurately predict a transition point. The 
receptivity process is investigated in detail by numerical simulations.

Universal Structure Triggering the Onset of Turbulence
Transition of boundary layer is caused by the amplification 
of velocity fluctuations taken into the boundary layer. For 
instance, the growth and breakdown of streaky structures 
triggers the transition. In this study, the universal environment 
that is required for the onset of turbulence is investigated by 
focusing on the variation of vortical structures in a transitional 
boundary layer.

Development of VAWTs of Better Aerodynamic Performance
Vertical axis wind turbine (VAWT) has an advantage that it 
is insensitive to flow direction and easily installed though its 
efficiency is lower than that of conventional horizontal axis wind 
turbine. The objective of this study is to design a totally new 
blade that can satisfy two conflicting requirements, which are 
the high cruising efficiency and the self-starting capability.
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Application of thermoacoustics
Thermoacoustic phenomena are commonly observed in other 
research fields. For example, combustion oscillations in gas 
turbine engines are undesirable thermoacoustic oscillations to 
be suppressed. We are trying to suppress the thermoacoustic 
oscillations based on knowledges of nonlinear sciences and 
thermoacoustics. Delayed tube coupling is one of the methods 
that we have found as an effective suppression method.

Nonlinear thermoacoustics
A rich variety of nonlinear thermoacoustic phenomena have 
been discovered in our lab such as thermoacoustic shock waves,  
chaotic oscillations, and synchronization of thermoacoustic 
oscillators. It is surprising that so many nonlinear phenomena 
can take place in a simple thermoacoustic system consisting 
of only a few parts. Nonlinear thermoacoustics constitutes an 
attractive research field related to nonlinear nonequilibrium 
thermodynamics, acoustics and mechanical vibrations. 

Thermoacoustic engine and thermoacoustic heat pump
We have built prototypes of a thermally‒driven cooler by 
combining a thermoacoustic engine and a thermoacoustic 
cooler, and also an electric generator by connecting a linear 
alternator with a thermoacoustic engine. We are now expanding 
our thermoacoustic concept to develop a liquid piston based 
thermoacoustic devices that utilizes natural oscillations of a 
liquid column in a U-shaped tube. We aim to develop new energy 
conversion systems that do not rely on moving parts.

Mechanism of thermoacoustic energy conversion
To upgrade the thermal efficiency of the thermoacoustic 
devices, understanding of the mechanism of thermoacoustic 
energy conversion is  necessary.  We conduct d irect 
measurement of pressure, velocity, and temperature oscillations 
to assess the energy flows sustained by oscillating gas flow. 
Heat transfer between flow channel walls and oscillating 
working gas is also an important subject of our laboratory.

Thermoacoustic device
We design and build a heat engine using acoustic waves, which we call a thermoacoustic device. In contrast to 
conventional heat engines, the thermoacoustic device uses acoustic pressure to compress/expand the working gas and 
thereby eliminates mechanical pistons from the engine. It is possible to generate acoustic power from supplied heat, and 
also possible to make low temperatures by providing acoustic power. These thermoacoustic devices have advantages: 
no moving parts, extremely simple structure and intrinsically high thermal efficiency owing to Stirling thermodynamic 
cycle. We study the fundamentals and applications of thermoacoustic devices.
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Development of new thermal barrier coating systems
Thermal barr ier coating (TBC),  which has become an 
indispensable technology for gas turbine blades, suppresses the 
occurrence of high-temperature oxidation and reduces thermal 
stress during temperature heat-up and cool-down so that no 
damage such as delamination, occurs. In this research, based 
on a revolutionary idea, we are developing a TBC that actively 
generates high-temperature oxidation, which releases fine thermal 
cracks in the oxide to reduce the effect of thermal stress.

Non-melting bondin technique using oxidation behavior
Combination of dissimilar materials to form multi-materials using 
brittle and ductile materials such as ceramics and metals, is 
known as a technique to enhance materials attractive properties 
while compensating their respective drawbacks. At the moment, 
we are taking up the challenge to establish a technology that 
enables bonding of dissimilar materials such as metal-ceramic 
or any dissimilar materials by actively oxidizing active metals on 
oxide-based ceramic substrates.

Room-temperature bonding technology for bulk metals
We are developing a technology for joining bulk materials by 
activating the surface of the material with a fast atom beam, 
and subsequently, evaluating their strength characteristics. 
Since this method does not require any heating process, it is 
possible to obtain joints that do not have any heat-affected zone 
which is known to be the cause for aging-related deterioration 
of structures.

Innovative coating technology by cold spray technique
We evaluate the integrity of adhesion layers obtained from 
the innovative repair and coating technology such as cold 
spray technique. In addition, we also conduct morphological 
observations at micro/nano scale of particle or substrate and 
simulate particles flow dynamics using numerical analysis in our 
search to evaluate and understand the compatibility between 
the substrate-particle, based on its adhesion mechanism and 
other scientific grounds.

Strength Reliability for Advanced Energy and Environmental Materials
In our laboratory, researches are centered on the fundamental of energy and environmental materials development, in 
which, focus is dedicated on controlling and understanding the bonding strength at interface of a micro/nano structure 
level. In particular, our focus on the elucidation of the damage mechanisms or aging-related degradation that occur 
in materials, will contribute to the improvement of the efficiency of such high demand energy conversion facilities. 
In addition, cold spray for its application in repair-related technology of structural deterioration, and novel room 
temperature bonding technique have been investigating.

Room-Temperature Diffusion Bonding TechnologyCold Spray Technology

Ion beam 
irradiation

Pressurization 
and Contact

Bonding

5nm

Interface

Cu/Cu

Material A

Room temperature bonding 
without Heat Affected Zone (HAZ)

Room-temperature bonding

Material B

100μm

TiO2
coating

Substrate

UHMWPE
on PP

TiO2 coating 
on ITO glass

Metals

Polymers Ceramics
Cu thick deposition on Al

Thick coating formation for multi-materials

N2 1.96 MPa:  690 m/s He 1.96 MPa: 780 m/s

700 m/s 780 m/s

SPH results of deformed powder particle after impacting on substrate

Experimental results of impacted powder particle on substrate

Particle deposition mechanism analysis 
by experimental and numerical simulation

PP： Polypropylene
UHMWPE： Ultrahigh molecular 
weight polyethylene

Cold Spray Technique
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Development of new interface strength evaluation 
technology by the multi-scale approach
To ensure the reliability of the material fabricated using the 
new solid-phase bonding technology, knowledge about its 
strength is crucial, in particular, the interface strength. This 
helps in the understanding of solid-phase bonding phenomena. 
Therefore, to understand the elementary processes of the 
fracture phenomena, we develop a technique to evaluate the 
microscopic interfacial strength by collecting micro-specimens 
of several µm sizes, assisted by a focused ion beam (FIB) 
system. We also develop a macroscopic interfacial strength 
evaluation technique using laser shock waves to quickly 
evaluate the interfacial strength of the actual structures.The 
objective of this study is to evaluate the relationship between 
the microscopic and macroscopic strength using these multi-
scale approaches to obtain a multi-scale understanding of the 
fracture phenomena and the solid-phase bonding phenomena.

Elucidation of solid-phase bonding phenomena by 
advanced experimental techniques
An essential approach to understanding solid-phase bonding 
phenomena is the direct observation of the newly bonded 
interface and its microstructure. A revolutionary method, in 
which tensile tests are conducted in an ultra-high vacuum 
environment in an Auger electron spectroscopy analyzer, was 
therefore used to successfully observe the original form of 
the generated surface. This approach is a powerful tool for 
implementing new material processes.

Practical applications of solid-phase bonding material process from the 
viewpoint of material strength
The cold-spray technique is an entirely new solid-phase particle deposition method. Herein, metallic particles with a 
diameter of several micrometers to several tens of micrometers impact a substrate, and while remaining solid, form a film 
that can be built up into a layer with a thickness ranging from several tens of micrometers to several centimeters. This 
method is expected to be adopted as a next-generation surface-modification and additive manufacturing technology.  
The knowledge and experience of mechanical engineering in areas such as material mechanics and material strength science are 
indispensable to the understanding of the solid-phase bonding phenomena and its further development as a technology.Material strength is an 
academic system to discuss the strength and reliability of materials. However, it is also a study to discuss how materials deform. Unexpected 
deformation of materials is a problem that appears as a fracture and damage, but it is a material process to use and control the deformation 
to convert it to a useful and an arbitrary shape. The essence of fracture as it is treated in material strength science is crack propagation, 
i.e. the formation of a new surface at the crack tip. Solid-phase bonding phenomena are mostly the same as material strength science 
because of the formation of new non-equilibrium surfaces and the creation of new interfaces by their contact. From this viewpoint, we have 
undertaken a research aimed at implementing a new material process as a practical science and developing material strength as a science.

Ultra-micro tensile testing for local adhesion strength evaluationBonded interface structure of cold spray materials revealed using 
Auger electron spectroscopic assisted tensile testing evaluation
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Fabrication and Evaluation of Nano-Composites
Carbon nanotubes (CNTs) have the potential to produce a new 
class of materials. We try to establish a design-fabrication-
evaluation loop for the development of novel CNT ceramic/
polymer composites. Uniform dispersion of CNTs  is one of 
our research focus. Using the development loop, the CNT 
composites fabricated are examined for the strength and 
toughness, thermal properties, friction and wear, biocompatibility, 
electrical properties, magnetic wave absorbing function.

Assessment of Mechanical Reliability of Energy Devices
For safe and wide applications of energy devices such as solid 
oxide fuel cells and  secondary batteries, one of the critical 
issues is their mechanical reliability. For those energy devices, 
we examine the failure mechanisms by developing simulating 
experimental facilities, and numerical simulation methodologies, 
with a special emphasis of mechanical/electrical/chemical 
interaction effects in the device. This research is being carried 
out jointly with Assoc. Prof. K. Sato’s Laboratory.

Development for CO2 Geological Storage (CGS)
It is an important step to elucidate the supercritical CO2/water/
rock interactions for the development of CGS technology.   
Concerning the mechanism of CO2 storage, a CO2 absorption 
process onto rock minerals has been found using our newly 
developed experimental facility in addition to the conventional 
pore filling mechanism. The on-going research project is 
concerned with the dry-out behavior (salt precipitation) in CO2 
flow paths and its controlling technology.

Design of Sustainable Geothermal Energy Extraction Systems
It is crucial to create an artificial water circulation system 
in high-temperature rock masses for sustainable geothermal 
energy development. In addition to the technologies of hot dry 
rocks and hot wet rocks, we study to design the reinjection for 
natural geothermal reservoirs. The research topics include the 
characterization of complex natural fracture distributions in the 
reservoir, and the prediction of long-term thermal extraction 
performance of the created circulating system.

Development of Energy Generation and Conversion Systems
The research projects we promote are concerned with; (1) design of geothermal energy extraction systems based 
on complex mass/heat flow model; (2) supercritical CO2/water/rock interactions for CO2 geological storage and its 
reliability assessment; (3) mechanical reliability and durability of solid oxide fuel cells (SOFCs) and secondary battery 
systems; (4) fabrication and functionalization of novel composites reinforced by carbon nanotubes for energy-substance 
systems. By utilizing the interaction effects of the research of the nature and artificial systems, we try to create 
environment-conscious energy generation/conversion methodologies.
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Creation of flexible solid-state energy devices by low-
temperature deposition method
Ceramic materials are the main constituent materials of solid-state 
batteries, and high-temperature processes at ultra-high temperatures 
(over 1000 °C) are required for film formation.  We aim to create a 
hybrid energy devices of metal and ceramics in order to improve 
reliability and durability. Therefore, we aim to create a tough energy 
devices that can withstand bending and impact by forming a ceramic 
film at a low temperature process of 600 °C or lower.

Ion / electron transport phenomenon control using strain
Focusing on the strain generated near the interface of electrochemical 
laminated devices, we are elucidating and controlling the ion / electron 
transport mechanism.  In the experiment, we evaluate the electrochemical 
characteristics in a strain-loaded environment and evaluate the valence, 
defect concentration, electronic structure, etc., and in the numerical 
calculation, visualize the ion / electron transport phenomenon using 
molecular dynamics and first-principles calculation. We are conducting 
research to create new functionality by actively controlling strain.

Research on toughening functional oxides
Solid-state electrochemical devices use ceramic materials that 
exhibit brittle characteristics, and their long-term reliability 
is a big problem. Therefore, we design, create, and evaluate 
materials that exhibit ductile properties according to the 
situation while having the characteristics of ceramic materials.  
In particular, we are conducting research to find materials 
that can be applied in fields other than energy devices by 
elucidating the mechanism of materials that change due to 
environmental load fluctuations.

Reliability / durability evaluation and prediction of devices using both in-
situ observation method and advanced information processing technology
In order to improve reliability/durability, there is a need to develop a method 
for in-situ evaluating degradation of electrochemical devices. Therefore, 
we have developed an in-situ observation method using ultrasonic waves 
and terahertz waves for the first time in the world, and are working on 
developing an in-situ analysis method while observing the obtained big data.  
Therefore, we have developed an in-situ observation method using ultrasonic 
waves and terahertz waves for the first time in the world, and are working 
on developing an in-situ analysis method while observing the obtained big 
data.  In the future, the combined use of advanced information processing 
technology will be useful for research, development, manufacturing 
assistance, and knowledge database construction.  In addition, this method 
has already been successfully applied to the field of dentistry and can be 
expected to be used in many fields including the economy and humanities.

Solid-state Energy Conversion Systems Realized by the Fusion of 
Machines, Material Science, Electrochemistry, and Information Technique
Producting and storing electric energy efficient and stable for a long time (more than 10 years) plays an extremely important role in realizing 
a sustainable society. Therefore, we are promoting the following basic and applied research for the development of electrochemical 
devices such as fully solid oxide fuel cells (SOFC) and lithium ion batteries (LiB) based on functional oxides.  By conducting experiments and 
numerical simulations that take into account mechanical / electrochemical interaction effects at the material property evaluation and design 
stage, it is possible to propose a device that combines performance, reliability and durability.  In addition, by performing device reliability 
and durability evaluation using a combination of non-destructive evaluation methods and advanced information processing technology, 
information that continues to increase during the transition from research to development can be analyzed and visualized.

Microstructure visualization of
Nano-porous Body (FIB-SEM）

Local stress generated by anode 
oxidation (finite element analysis)

Visualization of electrode 
damage by terahertz wave 
and machine learning

In situ observation and visualization of 
deformation behavior and temperature 
distribution of fuel cells (Room temperature: 
Gray, Power generation: Red)

：Fastening area
：Delamination area

Computational model of nano-
hetero porous structure (Molecular
Dynamics)

Aiming for Unlimited 
Possibilities of Oxide 
Materials (Ceramics)

Ceramics/metal composite 
in soft state

Ceramics/metal 
composite in brittle state
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Design and analysis of biomass resource supply chains
We design supply chains that utilize biomass resources 
sustainably, specifically such as wood biomass that exist in 
and outside the region. We develop mathematical models that 
optimize the facility layout and transport route while taking into 
account the processes of harvesting, collecting, transporting, 
storing and processing biomass resources. Furthermore, we 
also analyze the sustainability of the supply chain from the 
perspective of resources and energy consumption, waste 
emissions, productivity, and social conditions.

Systems dynamics analysis and modeling based on real data
Energy systems are complex systems showing nonlinear 
behaviors. We study the underlying dynamics of energy systems 
in order to better understand them and suggest optimized 
systems. For this purpose, we apply various analysis tools such 
as signal processing, data mining, machine learning, etc to real 
data.

Regional dispersion of energy supply-demand and sector coupling
The energy supp ly  and demand s t ructure  is  h igh ly 
uneventreated in Japan. Differences in gas supply price can 
go up to five times depending on the presence or absence of 
gas pipelines, and the demand of air conditioning and hot water 
can more than double depending on outside air temperature. 
Rather than treating the country uniformly, we analyze energy 
supply and demand data per region to build evidence-based 
propositions of sustainable energy systems design.

Visualization of regional energy supply and demand flow
We create energy flow charts in order to visualize the status of 
energy supply and demand per region and identify the issues 
in current energy systems. Through detailed data analysis, 
we clarify the dependence on fossil fuels, energy utilization 
efficiency, wasted heat, and unused regional renewable energy 
resources available.

Integration design and analysis of sustainable energy systems
We aim at implementing sustainable energy systems in local communities. For this purpose, we consider both time 
dimension from past to future and the spatially unequal energy demand distribution. On this basis, we develop integrated 
optimization methods considering the energy efficiency, CO2 emmissions, decarbonization, life quality, economy, security, 
resilience, as well as sector coupling between resources, conversion technology and demand.
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Anti-seismic reinforcement strategy for Kobe road network

Link with no bridge

Link with unbreakable bridges

Link with the efficient bridges

Link with the exposed bridges

Link with reinforced bridges

Figure 10: The optimal reduced ASR strategy

the fragility function for each type of transportation facility with and without disaster prevention.1

A few further remarks are in order: Firstly, the present method uses the (static) UE/ED traf-2

fic assignment model to calculate the transportation disutility. However, we have not examined3

whether or not such a static/equilibrium-based assignment is suitable for representing the actual4

traffic flows on a malfunctioning network after the earthquake. This emphasizes the importance5

and necessity of further analyses and modeling of post-disaster traffic flows. Secondly, it should6

be noted that the present method merely finds the optimal ASR strategy among the reduced alter-7

natives obtained by the most likely approximation and the all-or-nothing policy. This means that8

the accuracy and efficiency of the present method depend on those of these reduction techniques,9

for which rigorous analyses would be interesting future work. Finally and perhaps most impor-10

tantly, how reasonable the present method is inevitably depends on the accuracy of all the inputs,11

i.e. the fragility and location of each bridge, the seismic intensity distribution of each earthquake12

scenario and the transportation demand function for each O-D pair, all of which could vary. In13

other words, there might be no merit in discussing the details of some specific elements, without14

considering the balance of accuracy among all the parameters.15

26

Coordinated traffic signal control in urban road network
In this research topic, we establish a coordinated traffic signal 
control scheme as a decentralized collaborative learning 
systems of multiple agents, taking into account the "spill-
back" effects (a queue generated at a downstream signalized 
intersection blocks the traffic at another intersections).

Efficient solution methods for dynamic traffic assignment
Dynamic traffic assignments (DTAs) are very important to asses 
the traffic demand management. In this research, we develop 
efficient solution methods for analyzing DTA models, by utilizing 
the recent advances in the theories and methods for the 
complementarity problem, the variational inequality problem, 
and the linear/quadratic programming problem.

Mechanism design for efficient mobility sharing systems
In recent years, many cities have introduced services for 
sharing mobility such as cars, bicycles and kick-skaters. In 
particular, the one-way sharing system, in which a mobility 
borrowed from one port can be returned to another port, has 
attracted a considerable attention as an alternative public 
transportation. In this research topic, we will develop a novel 
management method that balances the demand and supply of 
mobilities on each port by utilizing the market mechanisms.

Future Transportation Systems for Sustainable Society
Nagae Laboratory studies future transportation systems for sustainable society, which is highly reliable to the high-
frequency/small-consequence risks such as change in daily travel time, as well as low-frequency/large-consequence 
risks such as natural disaster. For this purpose, we unify a wide range of theories and methods, such as traffic 
engineering, financial engineering, system control theory, economics, and mathematical programming.

Traffic Flow in Sendai City (weekday morning)
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実環境下での電気化学的特性評価

耐久性・信頼性の向上新たなる発見・高性能化

実環境下での界面
エンジニアリング

イオン導電現象の解明

実環境下での機械的特性評価

材料の基礎データ収集

実際のSOFCシステムの
劣化機構の解明

高性能電気化学デバイスを用いた分散エネルギーシステム
の実現による環境負荷軽減

固体酸化物形燃料電池(SOFC)の
長期・高効率作動の実現

固体酸化物形燃料電池（SOFC）

固体イオニクス材料を用いた電気
化学デバイスの高性能化

エネルギーキャリア製造

固体イオニクス材料の創製

Improving Durability and Reliability of SOFCs
We are collaborating with SOFC developers, universities and 
institutes to tackle the issues of the durability and the reliability 
of SOFCs. This work has been done as a part of a NEDO (New 
Energy and Industrial Technology Development Organization) 
project in which our task has been to elucidate the mechanism 
of mechanical failures of the cells and stacks. The approach 
was made based on understanding of thermo-chemo-mechanical 
intteraction of the oxide materials.

Engineering High Temperature Electrode Interfaces
Investigation of reaction mechanisms at the electrode is 
important to improve power generation efficiency of SOFCs. 
However, a research attempt often encounters a difficulty 
since the electrode is operated inside a heated furnace under 
controlled gas atmpsheres. We are trying to develop novel 
experimental methods to monitor the real electrode surface 
under operation, which is to give information required for 
science-based engineering of high temperature electrodes.

High Temperature Ionics for Solid Oxide Fuel Cells
Solid Oxide Fuel Cell, SOFC, is a power generation device that can potentially achieve the highest efficiency than 
any other technologies using hydrocrbon fuels. SOFC is now at an early stage of commercialization, and is waiting 
for further development toward wider penetration by reducing cost and enhancing durability and reliability. Since the 
main part of SOFC is made of ion-conducting ceramics, a key to the solution is better understanding of their chemical, 
electrochemical, and mechanical properties.  On the basis of thermodynamics and solid state ionics, we are clarifying 
how the materials behave in a SOFC unit during operated at high temperatures.

Prof.
Tatsuya Kawada
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Interfacial design using hetero-inteface of ionic materialsEvaluation of ionic materials for environmental-friendly energy 
conversion devices

Hydrogen production technology at high temperature
To utilize renewable energy efficiently, high temperature steam 
electrolyzer should be the promissing technology. However 
chemical/mechanical stability of electrolyzer cells are not 
well understood. In our laboratory, fundamental studies are 
conducted to grasp the behaviors of the cell performance 
degradation.

Material development for future SOFCs
In  Japan ,  res idenc ia l  f ue l  ce l l  CHP sys tems  were 
commercialized several years ago.  It was proved that fuel cell 
CHP system could reduce the effects on the environment a lot. 
For widespread use of the fuel cells, cost reduction and long-
term reliability are indispensable.  We are struggling to develop 
the new materials for future fuel cells.

Materials properties of HT electrochemical systems
To design high temperature electrochemical devices based 
on fundamental science, chemical equilibrium and dynamics 
of mass transport in the bulk or at the interface should be 
understood. Therefore, we apply chemical thermodynamics and 
reaction kinetics to understand the actural phenomena in/on 
ionic materials.  In addition, in situ mesurement techniques are 
developed to evaluate the phenomena.

Interface design of ion conducitng materials
Extraordinary phenomena on the hetero interface of ionic 
materials can be one of the new design mehods of high 
performance ionic materials.  In our laboratory, especially we 
focus at hetero inteface effect on cathode materials of solid 
oxide fuel cells.

Ionic materials for environmental-friendly energy systems
In 20 century, development of electronic materials has led to current bloom of information technology in our life. 
Ionic materials are promising materials for eco-friendly energy conversion devices and expected to be one of the key 
solutions of environmental issues in this century. Our laboratory aims to elucidate the scientific principles of ionic 
materials to develop the new ionic materials.
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Ultra-fine droplet ejection by ionic liquid electrospray

Flow channel with electrostatic fibril alignment for innovative cellulose material fabrication

Distribution of radicals generated by nano second dielectric barrier discharge (DBD) for ignition enhancement

Computation Simulation on Ignition Enhancement by Nano 
second Pulsed Discharge
Non-equilibrium plasma often generated by nano second pulsed 
discharge is widely applied to combustion enhancement or environmental 
purification using chemically reactive species produced through high 
energy electron impact reactions in plasma. As a fundamental research, 
we developed the numerical modeling of air-methane premixed nano-
second pulsed discharge and clarified the radical production process in 
nano time scale with streamer propagation. It has been clearly shown 
that the ignition delay is improved by nano second pulsed discharge. 
Furthermore, researches are also undergoing on flow control by nano 
second pulsed discharge with local energy input to the flow.

Development of Electromagnetic Energy Conversion 
Device for Advanced Utilization of Wind Energy
In this study, aiming at energy recovery from excessive 
wind energy for advanced wind turbine, an innovative 
torque control device was developed utilizing the Lorentz 
force induced by electro-magnetic interaction in the liquid 
metal. This device enables to keep the constant rotational 
speed or torque with converting excessive wind energy 
into electric energy.

Advanced Applications of Ionic Liquids in Energy and Environmental Fields
Ionic liquids are ambient temperature molten salts, which consist of an organic cation and organi/inorganic anion.  Ionic 
liquids have been applied to electrolyte for batteries, reaction solvent or actuator because of their high electrical 
conductivity and ultra low vapor pressure. In this laboratory, we focus on the development of advanced energy devices 
with ionic liquids such as electro-double layer capacitor or colloidal space propulsion. Furthermore, the advancement of 
CO2 capture by ionic liquid electrospray is conducted as an environmental application through experiment and numerical 
computation.

Innovative Cellulose Material Fabrication by Electrostatic Fibril Alignment
In recent years, cellulose nanofibrils (CNF) have attracted significant attention as a novel biomass material. The fibrils are produced 
by liberating wood fibers to their nano-scale building blocks and have considerable potential to be applied to composite materials due 
to their outstanding mechanical (high stiffness of the crystalline regions ~ 138 GPa) and thermal properties (low thermal expansion). 
In order to synthesis a cellulose filament with high mechanical properties from CNF, it is essential to enhance the CNF alignment in 
a cellulose filament. In this research, we propose the innovated approach to align the CNF in flow by AC electric field and clarify the 
fundamental alignment characteristics by optical measurement.
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ウィスキーの香味とアルコール成分の
物質移動現象の関係を明らかにする
　ウィスキーの香味は醸造過程で決まり、樽から瓶に移し替えられ
た後は変化しないのが定説でした。しかしながら、ウィスキー瓶を
無振動恒温の部屋に保管しておくと、香味に変化がおきることがわ
かり、ウィスキーを無重力環境に保管する実験が現在国際宇宙ス
テーションで行われています。このウィスキー内のアルコール成分
移動と香味の関係について、サントリーと共同研究を進めています。

Nano-film thickness measurement by ellipsometry
An investigation in the vicinity of boundary of three phases, 
solid-liquid-gas interface namely “contact line” are important for 
understanding of the phase change phenomena such as wetting, 
drying and surface events of heat transfer. A visualization 
system for the measurement of nano-scale thickness distribution 
of the precursor film is developed. From the visualization 
results, the relation between circumferential shape of precursor 
film and surrounding condition are investigated.

Experimental evaluation of advective heat/mass transfer
Applying the visualization technique of micro/nano heat and 
mass transfer phenomena to a construction of the large-
scale Mach-Zehnder type phase-shifting interferometer, the 
advective heat and mass transfer and transition of natural 
convection from laminar to turbulent flow are evaluated. The 
thermal/concentration boundary layers under the condition 
of forced convection are also visualized, and the mechanism 
of heat transfer enhancement in convection is experimentally 
investigated.

Evaluation of heat/mass transfer at gas-liquid interface
A precise measurement system of mass transport phenomena 
in sub-milli scale is developed by using an optical system. 
This laboratory focuses on the investigation of gas absorption 
process of carbon dioxide into alkanolamine solution at gas-
liquid interface. Also, the onset mechanism of oscillatory flow 
of Marangoni convection is experimentally investigated. This is 
the work in collaboration with JAXA. These researches have a 
keyword of “transport phenomena at gas-liquid interface”.

Evaluation of protein mass transfer and active control
The active control technique of proteins transport has high 
potentiality for academic and industrial fields. For instance, an 
active mass flux control can produce high quality medicines, 
foods and can achieve high-level treatment or operation in 
medical field. In this research, the hindered mass diffusion 
phenomenon is focused on, and the relationship between mass 
diffusion and membrane structure is evaluated. This work is 
performed as collaborative research with INSA Lyon in France.

Observation and Control of Micro/Nano Heat and Mass Transfer by Optics
Precise and active controls of heat and mass transfer under extreme conditions such as micro/nano scale and 
microgravity environments are important for future engineering science and technology. This laboratory has been 
conducting research on the fundamentals of micro/nano scale heat and mass transfer controls using advanced optical 
systems, and applying them to the several engineering systems such as low emission energy system, advanced heat 
transfer enhancement system and mass transfer control system for pure protein crystallization. Heat transfer control in 
intra-vital condition and precise measurement of thermophysical properties are also performed.
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Clarification of high-speed gas-liquid two-phase flows and the application to advanced fluid machineries

Thermodynamic Suppression Effect of Cavitation
In the cryogenic rocket propellant such as liquid hydrogen and 
oxygen, cavitation is suppressed by thermodynamic effect but 
the amount of surpression cannot be predicted in the stage of 
the development of rocket pump. Therefore we do experiment 
using hot water cavitation tunnel where we can reproduce the 
same degree of thermodynamic effect as cryogenic fluid, and 
we try to clarified the characteristics of the thermodynamic 
effect.

Occurrence Mechanism of Gaseous Cavitation
For safety test in the development of rocket turbopump, the 
working fluid is changed from water, liquid nitrogen, and finally 
actual propellant. In the situation, water includes many dissolved 
air but the propellant do not. Therefore, we should know the 
influence of gaseous cavitation. In order to understand the 
relationship between the gaseous cavitation and the flow 
filed, we are doing experimental and numerical study about 
separation of dissolved air using oil.

Sophistication of Numerical Model of Cavitation for CFD
In the research field in cavitation model for CFD, many numerical 
models and numerical methods have been developed and 
we can get easily commercial software with the models and 
methods. But the models and methods cannot even predict time 
averaged lift of single hydrofoil with cavitation especially in the 
condition of high angle of attack. Then, we are now trying to 
improve the cavitation model.

Heat transport phenomena in liquid-vapor two-phase flow
In liquid-vapor two-phase flow, such as boiling flow or cavitation, 
interfacial thermal phenomena plays important role on the 
flow behavior and heat transfer effect. Additionally, heat flow 
changes by surface properties of solid wall.  By understanding  
these phenomena, we aim to control or enhance heat transport 
for improvement of  performace of cryogenic pump, cooling 
technique for electrical device, and development of small 
freezing device for medical application.

Cavitation Instabilities arising in Liquid Propellant Rocket Turbopump
In liquid propellant rocket turbopump, oscillation phenomenon is caused by cavitation arising in inducer. The oscillation 
phenomenon is called as cavitation instabilities; such as rotating cavitation which causes asynchronous axial vibration 
and cavitation surge which causes pulsation of propellant. Especially, rotating cavitation is interesting phenomenon 
because the rotating direction is opposite to that in industrial pumps and the occurrence mechanism has not been 
clarified. In our laboratory, the suppression technique is developed through the  experimental research in JAXA Kakuda 
Space Center and Supercomputing in Institute of Fluid Science.
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Experimental apparatus for ignition under intense turbulent 
conditions

Microcombustor and micro flowreactor

ISS experiments for Unified Theory of Combustion Limits
We aim to establish a unified theory of combustion limits that 
is essential for the development of high-efficiency engines. It is 
possible to explore the governing factors of the combustion limit 
in space, which is extremely difficult to do in the normal gravity 
field. This subject was selected as an experimental theme in 
the International Space Station. We are preparing for space 
experiments through preliminary experiments using parabolic 
flights of aircraft and numerical simulations.

Basic CFD study of reactive flow
We developed an integration method ERENA for stiff chemical 
kinetic ODEs to reduce the computational cost efficiently. 
Comparing to conventional method, ERENA is a fast and robust. 
And, we have been contributed to developing the knock model 
for 3D engine analysis software HINOCA, which has been 
developed for Japanese automotive companies by the SIP 
project.  The ERENA method has been widely used for CFD 
analysis of reactive flow and was installed into HINOCA.

High temperature oxygen combustion technology
High temperature air combustion was established in the 2000s 
as a combustion technology that preheats air by exhaust heat 
recovery. In industrial furnaces, about 30% energy-saving, NOx 
reduction, and noise reduction were achieved. To further improve 
this technology, we established high temperature oxygen 
combustion technology which preheats pure oxygen and exhaust 
recirculation gas by exhaust heat recovery, and we achieved 
20% efficiency increase and NOx emissions of 10 ppm or less.

Super lean burn ignition & flame propagation
A super lean burn is thought as the next-generation technology 
for SI engines. Intense turbulence is necessary to enhance the 
flame speed under such conditions. However, the turbulence 
makes ignition difficult. Therefore, we are focusing on nano-
second repetitively pulsed discharges (NRPD) system, which 
produces non-thermal plasma which can assist combustion 
and ignition efficiently. To investigate ignition phenomena using 
NRPD, we conduct experiments and numerical simulations.

Microcombustion - From microcombustor to micro flowreactor -
We have developed Swissroll microcombustor heaters with ±1 ℃ temperature controllability. Total thermal efficiencies 
of the heaters are twice or even larger compared with those of conventional electric heaters. In addition, we introduced 
a new experimental geometry of micro scale channels with temperature gradients as a simplified model of heat 
recirculation condition. This apparatus called a micro flowreactor with controlled temperature profile can identify 
the ignition and combustion characteristics of all gaseous and liquid fuels. We expect to utilize this methodology for 
validation, construction, and reduction of various chemical kinetics for alternative fuels.
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Diesel
Jet fuels

Fossil fuels

Emissions & Safety
Nitric oxide NOx）
Particulate matter PM）
Electrolyte solutions
Chloride

Elucidate process of reactions for 
various fuels and chemical substances

• High-efficiency & low-emission combustion technologies
• Fire restriction of energy devices

Carbon-free fuels
Bio-fuels
Hydrazine

Hydrogen
Ammonia
Hydrogen peroxide

Natural gas
LP gas
Gasoline

High-efficiency and low-emission combustion technologies and fire 
restrictions of energy devices based on combustion chemical kinetics
Energy utilization with combustion is used everywhere in society because of its characteristics of good response to load change and high 
power output per size or weight. On the other hand, emissions from combustion such as CO2, NOx and PM need to be minimized. Alternative 
fuels and extreme conditions (ultra-low/high fuel concentrations, etc.), which are regarded as impossible to be burned, are considered to be 
used in methods to minimize emissions. Knowledge on process of reactions is necessary to develop combustion devises for such new fuels and 
conditions. Using a micro flow reactor which enables to separate and visualize the process of reactions, the group is engaged in elucidating 
the process of reactions and developing combustion reaction models. The group also investigates combustion reactions of electrolyte solutions 
used in batteries for the purpose of fire restrictions. The group aims to develop new combustion technologies and to contribute safe energy 
utilization based on fundamental studies on combustion chemical kinetics. <Nakamura Lab. is managed with Maruta/Morii Lab.>

Prediction of PM formation from combustion of natural gas and bio-fuels
The use of natural gas and bio-fuels is expanding because of their 
small CO2 emissions in combustion. The maximum thermal efficiencies of 
combustion systems with such fuels are sometimes determined due to 
the PM formation. Because of high hydrogen/oxygen contents in natural 
gas/bio-fuels, these fuels have been considered as less-sooting fuels. 
However, the group identified that this theory is not satisfied in certain 
conditions. To understand detailed mechanism, the group investigates the 
formation of soot procurers which is the initial step of the PM formation.

Reactivity evaluation of electrolyte solutions used in batteries
With the expansion of the use and the increases in power output 
and energy density of batteries, including lithium-ion batteries, fire 
restrictions of batteries are critical technical problems. Because 
organic solvents are used for electrolyte solutions of batteries, the 
group is engaged in understanding and modelling ignition limits of 
electrolyte solutions. The group also conducts reactivity evaluation 
based on fundamental combustion chemical kinetics because the 
identification of “incombustible” may depend on an evaluation method. 

Research and development of gas diesel engine with in-
cylinder reformation
Large-scare diesel engines used in trucks and ships are required to 
significantly reduce NOx and PM emissions as well as to further improve 
their high efficiency and high power output. To attain the requirement, 
a new engine, a gas diesel engine with in-cylinder reformation, is under 
development. This engine utilizes unprecedented mixture conditions, 
extremely fuel-rich conditions and wide variety of reformate gas. The group 
is helping solve issues in the development and predict engine performance 
through fundamental studies and modelling on combustion chemical kinetics.

Ammonia combustion ‒ extremely low-emission combustion 
which only exhausts nitrogen and water
Ammonia is a promising energy carrier in future because ammonia can 
be produced from renewable energy, has favorable characteristics of 
liquefaction for storage and transportation, and does not exhaust CO2 in 
combustion. On the other hand, ammonia is difficult to be burned compared 
with hydrocarbons and ammonia combustion may produce NOx which comes 
from nitrogen atom in ammonia. Therefore, an ammonia combustor with low 
NOx emission needs to be newly developed based on fundamental knowledge. 
The group is engaged in elucidating and modelling process of ammonia 
combustion reactions to help the development of the ammonia combustor.
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Functional Composite Materials for Quality Assessment
Fiber reinforced composites with light weight, high strength, 
and high rigidity are expected as new structural materials to 
replace steel and aluminum. Early detection of defects that 
occur inside the material is essential, and the development of 
inspection technology for that purpose has become an issue. 
In our laboratory, we develop functional composite materials 
that improve the accuracy of maintenance without reducing the 
mechanical properties of the composites by chemical methods.

Unlubricated Sliding Element by Hard Carbon Film
In the clean environment such as the space, it is crucial that 
as much as possible restrict the use of the lubricating oil. By 
mechanically processing the shape of the hard carbon film 
formed using the chemical vapor deposition method, low friction 
sliding can be realized without using lubricating oil. Currently, 
we elucidate the mechanism of friction reduction of hard carbon 
films from the viewpoint of fluid dynamics and develop film 
formation technology for complex shapes.

Functional Carbon Thin Film Sensor for Health Monitoring
Health monitoring of materials in severe environments such 
as corrosive atmospheres and high temperature is an issue. In 
this laboratory, we have succeeded in developing a carbon film 
with excellent chemical stability by using a hybrid deposition 
system that combines sputtering and chemical vapor deposition 
using plasma flow. Currently, we work on the development of 
functional sensors that can predict the strain and residual life of 
materials under severe environments with these films.

Quantitative Electromagnetic Nondestructive Evaluation
We research nondestructive diagnosis for defects occurring 
in materials using electromagnetic phenomena. In particular, 
we focus on inspection methods using eddy currents and 
electromagnetic acoustic waves generated in the target materials, 
and we conduct research on steel materials and fiber reinforced 
composites. We also research the intelligent sensing methods that 
can determine the position and shape of defects using numerical 
analysis methods using an inverse problem approach.

Electromagnetic Nondestructive Inspection for Fiber Composites
Fiber reinforced composites have the characteristics of light weight and high strength. However, because of their 
poor toughness and rapid progress of destruction, the development of detection technique in an early stage for 
internal defects is required. By applying eddy current testing, we progress to develop the methods to detect (1) fiber 
misalignment, (2) fiber breakage, (3) delamination and (4) voids, which are common defects. Besides, we also develop 
new fiber composites with improved mechanical properties and functionality by optimizing the fiber-resin interface 
adhesion by chemical methods and imparting electrical characteristics to the matrix resin.
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Electromagnetic material for advanced sensor & actuator
We are developing magnetically sensitive sensors and 
actuators using magnetic shape memory alloys that improve the 
performance of biological actuators and remote drive devices. 
We have been working on improving the properties of magnetic 
shape memory alloys and applying them to multilayers and 
composites, with the aim of applying them to high-power devices 
and small actuators that have previously used piezoelectric 
elements and magnetostrictive materials.

Functional carbon film with dispersed nanocluster metal
We are developing the conductive cabon-based films including 
nanocluster metals. Named “Metal containing diamond-like 
carbon” (Me-DLC) is expected to achieve excellent mechanical 
characteristics such as stable low friction, low wear and good 
contact resistance etc. We are also developing the thin film 
sensors using Me-DLC which have the temperature, magnetic 
field and strain sensitivity using its conductive property.

Low temperature plastic deformation processing
We are developing high-performance composite materials using 
a compression shearing process in which metal powder or 
mixed powders is simultaneously subjected to compressioon 
and shearing forces to consolidate into thin plate. In this 
process, the mechanism of compounding and alloying of 
materials in the temperature range sufficiently lower than those 
melting point is studied, as well as the microcrystalline structure 
and the refinement of crystal grains.

Advanced material forming by compression shearing force
The compression shearing method (COSME) is a new 
consolidation process that enables solidification of powder 
materials in the temperature range below the melting point. 
In addition to this, this technique makes it possible to solidify 
powdered materials without the use of binders and additives 
that make recycling difficult. We are also try to consolidate the 
materials that were difficult to solidify with conventional powder 
metallurgy technique.

Improving quality of life (QOL) of materials and machinery
Our research concept is to grow in reliability and stability of the machine system by improving the functionality of each 
machine element, with the keyword “improving the quality of life (QOL) of materials and mechanical systems”. Aiming to 
improve the potential of the system and realize an energy-saving and highly efficient mechanical system, we are working 
on research for the design of higher-performance machines with superior reliability and durability, based on the concept 
of “function fusion” in addition to the conventional “function and shape design”.
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Online monitoring of hydrogen embrittlement
Recently, hydrogen has attracted attention as a new energy 
carrier taking the place of conventional fossil fuels. However, 
there is a large obstacle for its practical application: hydrogen 
embrittlement of hydrogen components. In order to elucidate 
the mechanism of hydrogen embrittlement that is not fully 
understood yet, monitoring techniques for microstructural 
change are developed using electromagnetic nondestructive 
method.

Advanced nondestructive evaluation for rocket engines
Reliability of rocket system depends greatly on that of engine. 
Aiming at realizing reusable rockets that has attracted attention 
recently, we develop nondestructive methods to evaluate 
damage and degradation in Cu alloy that is used for combustion 
chamber of rocket engines.  These techniques are expected to 
contribute highly reliable operation of reusable rockets.

Toward high reliability of transportation systems and energy plants
In next-generation transportation systems and energy plants, advanced lifecycle management of structural components 
is of crucial importance. Our laboratory is developing various sensors and monitoring techniques to achieve higher 
reliability of these systems. Especially, we develop electromagnetic nondestructive testing methods for material 
degradation and failure to apply to online monitoring systems. Moreover, we investigate high reliability sensing 
methodology through sensor-fusion approach and advanced signal processing.

Evaluation of material properties and degradation
To improve safety of large-scaled plants and transportation 
systems, it is highly required to establish monitoring techniques 
for evaluation of material degradation preceding failures of 
the targeted systems. Based on change of electromagnetic 
properties according to materials degradation, we develop 
novel electromagnetic evaluation methods for evaluation of 
creep degradation, residual stress and strain in various kind of 
steels.

Online monitoring of piping at high temperature environment
Measurements of pipe wall thickness in plants are important 
in the maintenance activities of large-scaled plants, and 
ultrasonic thickness gauge have been practically applied. Our 
laboratory has developed electromagnetic acoustic transducer 
that can work at high temperature environment. In addition, 
online monitoring of pipe wall thinning with high accuracy was 
achieved, applying resonance method together with various 
signal processing method.

Nondestructive testing for mock-up of rocket engine Evaluation of microstructural change of austenitic stainless steel by hydrogen 
embrittlement using nondestructive testing method
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Design/synthesis of novel solid-state ionic conductors
Ionic conduction in solids is significantly affected by crystal 
structures as well as defects like ion vacancies and interstitial 
ions. We are investigating crystal structures and defects 
in solid-state ionics materials by using electrochemical, 
crystallographic, spectroscopic, and thermal analytical 
techniques. Based on obtained knowledges, we are desigining 
and developping novel solid-state ionic conductors.

Development of advanced operando analytical techniques
For understanding reactions and mass transports in solid-state 
ionics devices, operando analysis, which can directly evaluate 
physical/chemical states of the device materials, is very useful. 
We are developping various operando analytical techniques 
utlizing synchrotron X-ray. These advanced techniques can 
be applied for analysis under special conditions, such as high 
tempeareture and specific gas atmosphere, where many of 
solid-state ionics devices operate.  

Improvement of fuel cells and rechargeable batteries
Fuel cells and rechargable batteries are electrochemical energy 
conversion devices using solid-state ionics materials as key 
components. We are investigating mechanisms of the reactions 
and mass transports in solid-state ionics materials, aiming to 
establish design concnepts for high performance electrodes 
and electrolytes of fuel cells and rechargable batteries.

Toward development of environmental-friendly energy conversion devices
Scientists and engineers in the 21st century have a great responsibility to solve environmental and energy problems for 
achieving a sustainable society. Our laboratory contributes to solve above-mentioned problems throughout fundamental 
and application researches on environmental-friendly energy-conversion devices, such as fuel cells and rechargeable 
batteries. In particular, focusing on solid-state ion-conducting materials, we are challenging to establish an academic 
discipline on “solid-state ionics”, and applying this to develop novel materials and to improve performance/reliability of 
the energy conversion devices.
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Novel material considering biomineralization
Biogenic mineral produced by biomineralization is attractive 
material as it is lightweight and high toughness. In our Lab., 
additive manufacturing of calcium carbonate considering 
biomineralization has been developed using a continuous wave 
laser. The mechanical properties of additive manufactured 
calcium carbonate and biogenic mineral such as shell are 
evaluated by using inverse analysis.

Cellulose nanofiber CNF by using hydrodynamic cavitation
Cellulose nanofiber CNF is an attractive material in view point of 
sustainable and ecological material. However, the production of 
CNF from naturally-derived cellulose is still very difficult. In our 
lab., the method using hydraulic cavitation has been developed 
to produce CNF.

Improvement of Fatigue Strength of Biomedical Implants 
In order to apply biomedical implants safety, the improvement 
of fatigue and fretting fatigue strength are required for the 
biomedical implants such as rods for the spinal implants. In 
our lab., the mechanical surface treatment to enhance fretting 
fatigue strength of biomedical implants has been developed in 
international collaboration research projects. 

Additive manufacturing of iron oxide by using CW laser
In order to realize additive manufacturing on Mars and/or Moon, 
additive manufacturing of iron has been investigated in our 
Lab in collaboration with Johnson Space Center, NASA. In our 
experimental research, we can make a component from iron oxide 
using a continuous wave laser. We proofed that oxygen was 
obtained during the process. Namely, we can get the component 
and oxygen at the same time. And also we are investigating the 
strength of the components using our inverse method.

Surface mechanics design for improvement of reliability of components
In order to establish sustainable society, surface mechanics design by using surface modification, which is developed in 
our lab, has been applied to improve reliability of components such as enhancement of fatigue strength. As the surfaces 
of components are exposed to severe condition in view point of mechanical and chemical conditions, the reliability of 
components can be improved by surface mechanics design. In our lab., mechanical surface treatment using cavitation 
impacts which normally cause severe damage in hydraulic machines has been developed in collaboration with a 
worldwide major company of aeronautical industry, it is called as cavitation peening.

http://www.mm.mech.tohoku.ac.jp/menu4/peening/shotless.html
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Creation of CAE System Predicting Mechanical Properties
We numerically predict yield function used for CAE of structure 
analysis. We use the experimental multiscale plasticity model 
describing deformation behavior based on information on the 
microscopic structure of materials obtained from experiment 
observation and measurement. We aim to seamlessly connect 
a series of CAE processes (material design, development, and 
practical application) by introducing the obtained yield function 
into general structural analysis software.

Effect of Trancecrystal on Mechanical Properties of FRTP
The properties of fiber reinforced thermoplastic (FRTP) 
composites are affected by crystal  structure cal led 
transcrystals around reinforcing materials and the size of 
spherulites. In this study, we produce a thermoplastic composite 
with different crystal structure of the base polymer by changing 
thermal condition at molding. Then, we evaluate the effect of 
crystal structure on thermoplastic composites by measuring the 
mechanical properties.

Polymer Plasticity Based on Microscopic Structures
The crystalline polymer material consists of an amorphous 
phase with random coil structure and a crystalline phase 
in which molecular chains are regularly arranged. Although 
industrial demand is strong for research on such materials, the 
characteristics of each phase are unclear. In this study, we 
construct a new polymer plasticity model with mixed crystalline 
and amorphous parts based on experimental observations on 
the deformation behavior of spherulites.

Simulation on Mechanical Properties of UFGMs
It is well known that mechanical properties of metals improve as 
grain size decreases. However, the microscopic mechanism of 
“Ultrafine-Grained Metals: UFGMs” whose grain size is less than 
1 micron is unclear. In this study, FEM analysis considering a 
role of grain boundary as dislocation sources is carried out on 
Al polycrystals with different grain size, and change of yielding 
behavior with decrease of grain size is investigated.

Multilateral Plasticity on Advanced Materials
Metallic and polymeric materials, which are indispensable for our daily life, are developed for application under severe 
environment and weight reduction of structures. To enhance formability and reliability of the advanced materials, we 
are expecting the construction of theoretical models that can understand the mechanical properties based on the 
microscopic behavior of the material and express the deformation behavior of the advanced material. In this laboratory, 
complicated behavior of materials is calculated using MULTILATERAL PLASTICITY. Furthermore, we aim to unite the 
data obtained by experiment with computational research and to create new prediction.

https://web.tohoku.ac.jp/aoyagi/
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High-functional tapping tool
From the Industry-Academia collaboration, we have developed 
tapping tool covered with nickel/abrasive particles composite 
film for preventing chip snarling. The tapping tool can prevent 
the chip snarling at high machining speed (five times as high 
as the conventional process). This will contribute to reduce the 
process time and process cost.

Facial tissue paper with excellent textural properties
From the Industry-Academia collaboration, we found parameters 
to evaluate the textural characteristics of facial tissue paper, 
which was “frictional index to skin”. Using the findings, 
improvement of paper quality was achieved without higher 
manufacturing costs and the facial tissue paper have been a 
commercial reality with excellent textural characteristics.

High-friction and low-wear materials
We have been developing high-friction materials to a wet 
surface using RB ceramics particles. The high-friction materials 
are applied to a high-grip rubber shoes, a high-grip tires for 
sports-specific bicycles, a self-propelled nondestructive 
inspection instrument for electricity distribution lines. On the 
other hand, high-slip-resistant kitchen shoe, of which surface 
patterns were optimized to obtain high friction on a wet flooring, 
have had attractive attention through mass media.

Low-friction and low-wear materials
We have been developing composite materials filled with 
RB ceramics particles as low-friction and low-wear filler. A 
dry-type stainless chain was put to actual use using the RB 
ceramics composite. A metal/RB ceramics composite, which 
was developed as a slider of railway collectors, exhibits much 
higher wear resistance than the conventional slider material. 
We expect that the material will be use in actual trains.

New Industry-Academia-Government Collaboration, Sendai-Hokkirigwa Model
We have been continuously disseminating unique findings and products, such as novel materials and advanced 
mechanical systems, from Sendai to the world. The new style of Industry-Academia-Government collaboration have been 
well known as Sendai-Hokkirigwa Model. The target fields are industry, medical welfare, life support, sports, and so on. 
Due to the achievement, we were awarded a lot of prizes by the Cabinet and government agencies. In addition, we have 
had many opportunities for technical support to more than 1,600 companies and made a contribution to society.

http://www.glocaldream.mech.tohoku.ac.jp/

Intelligent Systems Engineering
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Development of tribo-testing apparatus
We have developed the following friction tester:
1) Friction tester which enables collecting friction and wear data 
under a varied normal load conditions at a single sliding test.
2) Friction tester which enables collecting friction coefficeint 
under a wide sliding velocity conditions at a single sliding test.
3) Portable shoe-floor friction tester which enables collecting 
static and dynamic friction coefficient at shoe-floor interface 
under normal load and sliding velocity conditoins close to those 
during human locomotion.

Industry-academia collaboration and education
Our laboratory tries to return the research results to society 
by industry-academia collaboration. We are doing research 
and education together with Hokkirigawa-Shibata lab. For more 
detail, please see our web site.

Development and application of high friction and low wear 
elastomer
Rubbrer materials used in automobile tire and sole of sport 
shoes require high friction on wet road surfaces. We have 
studied material design and shape of rubber tread blocks for 
high friction under wet conditions as well as imporovement of 
wear resistance. We have succeeded in the developement of 
super high friction rubber sole pattern which enables ascending 
40 degrees ramp wet with oill.

Development and application of low friction and low wear 
polymer compoiste
Usage of polymer materials have been expanded in mechanical 
system as alternative of metalic materials. We have developed 
polymer composite materials filled with hard porous carbon 
particulate made from rice bran. The composite materials 
exhibite low friction and low wear compared with polymer 
compoistes using conventional fillers. We apply this new 
polymer composite materials to mechanical systems such as dry 
stainless chain, guide vane bearing of hydroelectric generator.

Life Support Tribology for Safe and Secure Society
Our laboratory aims to perform the following researches in order to prevent falling accidents due to induced slip during walking.
1) Mechanism of slip-related falls based on kinetic and kinematic analysis of gait
2) Investigation of friction coefficient needed to prevent slip between shoe sole and floor/road surfaces
3) Proposal of gait with low slip risk
4) Development of high grip sport shoes
We have succeeded in development and commercializaion of safety sandals for hospital patients, super high slip resistant 
rubber sole of working shoes, high slip resistant concrete block for walkway by industry-academia collaboration.

http://www.glocaldream.mech.tohoku.ac.jp
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Health-Monitoring Sensors and Technologies
Various sensors are developed for monitoring the operating 
conditions of structures and materials. Carbon nanomaterials 
such as carbon nanotube and graphene nanoribbon are applied 
to the sensors by using their strain sensitivity of resistivity, 
activation energy of chemical reactions and so on. Highly 
reliable and sensitive sensors are developed for our safe and 
reliable society. 

Non-Destructive Inspection of Damage of Materials
The change of micro texture of various materials is observed by 
detecting the change in their local surface reflectance by using 
high-resolution spectrometer. The changes of not only the local 
distribution of elements, but also the local plastic deformation 
are observed by detecting the change in the spectrum of the 
reflected light. In addition, micro tensile test system is developed 
for maesuring the change in the strength of a garin and a grain 
boundary in various materials.

Prof.
Ying Chen

Prof.
Hideo Miura

Visiting Prof.
Isamu Nonaka

Design and Fabrication of Advanced Functional Materials
Highly reliable material are designed by using atomic scale 
simulation, considering the suppression of the stress-induced 
migration of atoms. The main issue is the development of the 
controlling method of the quality of grain boundaries and atomic 
doffusion around the grain boundaries. In addtion, the designed 
materials are produced experimentally and their performance 
and reliability are evaluated quatitatively.

Visualization of Atomic-Scale Degradation of Materials
The change in the alignment of atomic configuration in materials 
under operation is visualized by using electron back-scatter 
diffraction. The change is dominated by the stress-induced 
anisotropic acceleration of atomic diffusion of component 
elements. The activation energy of atomic diffusion is drastically 
decreased by tensile stress, and thus, local composition and 
atomic configuration are shifted aisotopically.

Prediction and Prevention of Fracture of Advanced Materials
Degradation of materials has been accelerated in various social systems used under harsh conditions such as high 
temperature, high speed, and large capacity. In order to prevent any failures and fractures of materials and devices, 
it is indispensable for developing the quantitative evaluation method. The main researches in our laboratory are the 
development of 1) visualization method of micro texture of solid materials in an atomic scale, 2) Design and fabrication 
method of functional materials, 3) health monitoring method of industrial structures, and 4) non-destructive inspection 
method of materials damage.

http://www.miura.rift.mech.tohoku.ac.jp/en/home_en.html
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Explicating the fluctuation mechanism and design of the functional interface integrity based on atomic-scale simulations
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Assoc.Prof.
Ken Suzuki

Electronic Structure Analysis of Carbon Nano Materials
Carbon nano materials such as graphene and carbon nano 
tubes have high electron mobility, high mechanical strength and 
large deformability. By utilizing these superior properties, we 
have been developing carbon nano material based sensors such 
as strain sensor, tactile sensor, gas sensor and photodetector. 
For improving their performance and reliability, strain and 
structural dependence of the electronic band structure of 
carbon nano materials has been investigated.

Degradation Mechanism Analysis of Heat-Resistant Alloys
In order to clarify the degradation mechanism of heat-resistant 
alloys such as stainless steel and nickel base superalloy under 
high temperature creep, fatigue and creep-fatigue conditions, 
the fluctuation mechanisms of their functions such as strength 
and corrosion resistance depending on micro and nano texture: 
composition, defects, impurities, crystallographic orientation, 
interface and grain boundary structures have been investigated 
by using the computational chemistry approach.

Development of Analytical Methods
We have been developing analytical methods based on electronic- 
and atomic-level computational simulation techniques such as 
tight-binding based Green's function method for explicating 
fluctuation mechanisms of the interface structure and physical 
properties caused by atomic-scale damage and defects.  In order 
to validate the analytical results and improve the simulation 
accuracy, the change in physical properties are measured by 
using micro- and nano-scale measurement methods.

Atomic-Scale Simulation Based Material Design
The mechanism of the change in heterogeneous interface 
structures between stacked thin-films, precipitate/matrix 
interface and metal/environment interface has been studied by 
focusing on the strain-induced and accelerated atomic diffusion. 
To improve the performance and reliability of macro and nano-
scale products, we have been developing methods for optimizing 
the interface structure, material, and fabrication process by the 
combination of atomic-scale simulation and experiments.

Design of Interface Integrity Based on Atomic-Scale Simulation
Advanced material systems consisting of multi element, phase and micro texture have heterogeneous interfaces inside 
materials. The heterogeneous interface structure and its associated physical-chemical properties often change with time 
due to the gradients of composition, temperature, strain, and so on, which degrades the performance and function of 
the material system under operation. From this point of view, in order to design the interface integrity for ensuring the 
reliability of material systems, dominant factors cause the change in the interface structure under stress or strain are 
determined by using computational simulations and experimental methods.

http://www.miura.rift.mech.tohoku.ac.jp
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Mechanism and Reducing of Damage in Wet Environments
In a steam turbine system, when a droplet in a cascade hits a 
subsequent blade, a braking effect occurs, causing a reduction in 
efficiency and material damage. For the low pressure steam turbine, 
studies on the behavior of water film breakup splashed from the blade 
trailing edge are carried out. Through the investigation on a mechanism 
for droplet generation on the blade trailing edge, decrease in erosion 
damage on moving blades in the last stage of steam turbine is aimed.

Material Degradation in High Temperature Water
In order to improve the prediction accuracy of material degradation in 
power plants, the final goal is set to develop an evaluation method of 
the degradation on the basis of material surface condition. Oxidation 
behavior in conjunction with crack embryo formation and reactions at 
the alloy/oxide film interface is presumed. Process before small crack 
initiation is  investigated under the simulated power plant conditions 
with special emphasis on surface oxidation and its localization.

Performance Characteristic Analysis by Dynamic Simulator
Research purpose is to develop dynamic simulators for advanced 
electric power generation systems which have not only high efficiencies 
to decrease exhaust carbon dioxide, but also functions for load following 
with absorption of the excessive power generated by renewable energy 
to keep stable power grid. The feasibility of the systems, optimization of 
the system, solutions for several problems which will be encountered in  
real machines, are studied by using the dynamic simulator.

Characterization of Heat Resistant Alloys for Power Plant
Coal is expected to provide a stable supply, and pulverized coal 
power will continue to be a part of the power source. The advanced 
ultra-supercritical (A-USC) power plant is being developed to increase 
the efficiency in order to effectively use resources. With focusing on 
the change in material properties during long term operation, effects of 
steam oxidation and precipitations induced from the fabrication and/or 
welding process on cracking paths of alloys for A-USC are evaluated.

Establishment of Advanced Energy System for Efficient Use of Energy
The objectives of researches are to investigate the issues related to the improvement of efficiency and serviceability 
of fossil and nuclear power plants, and subjects on the sophistication of maintenance. With aiming to establish the 
sustainable operation of the electric power plants, the material degradation behavior in the high temperature steam 
environment and the droplet formation behavior around the steam turbine blade are experimentally investigated. We are 
also developing a new system with a function to absorb excessive power using a turbine system, aiming to develop a 
highly efficient and reliable system in harmony with renewable energy.

http://www.nakanotakeda.rift.mech.tohoku.ac.jp/
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GaN micro-ring on silicon submicron-wide waveguideLaser beam scanner with varifocal mirror

Prof.
Kazuhiro Hane
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Takashi Sasaki

Assist.Prof.
Neelam Kaushik

Acoustically assisted opto-mechanical devices
Micro acoustic devices are widely used such as microphone 
and acoustic imager. Small and functional acoustic devices are 
fabricated by micro machining technology. acoustically resonant 
mirrors are studied for generating periodic and fast focusing in 
micro-optical systems such as surface profiler and optical coherent 
tomography. Micro mirrors with acoustic chambers increase the 
focal range and scan angle. A high frequency acoustic emitter 
generates a repulsive force for micro-manipulation.

New materials for opto-mechanics
Although silicon is the main material for micro systems, silicon 
is not a light source material. GaN is a new light source material 
and can be combined with silicon devices. Silicon micro optical 
systems with GaN semiconductor are studied. Examples are an 
optical encoder with GaN light emitting diode, a scanning micro 
mirror with GaN light source, and a silicon photonic modulator 
with GaN micro ring resonator.

Fundus imaging devices
Glaucoma is an important eye-disease due to the increase of 
aged people. Fundus imaging devices are essential instruments 
for finding eye-diseases. In order to easily diagnose, smart-
glasses-type fundus imaging device is studied. Using scanning 
micro-mirror with laser light, image is projected onto retina and 
the reflected light is detected by photodetector in the smart 
glasses. The optics consists of a confocal system, which has a 
high efficiency for obtaining reflection image.

Optical switches and filters
Silicon photonics is promising, where optical waveguides 
and electric circuits are merged on the basis of silicon micro 
fabrication technology. The waveguides are submicron 
in width. Introducing ultra-small actuators into waveguide 
circuits, switches for routing and wavelength selecting can be 
composed. Several kinds of waveguide coupler switches/filters 
are studied. Those switches/filters are promising for solving the 
bottle neck of internet signal traffic in data centers.

Micro opto-mechanical devices (sensors and actuators)
Micro opto-mechanical devices are designed and fabricated on the basis of silicon micro machining technology. In laser 
display, laser beam generates image using a two-axes micro-mirror. Large scan angle and fast scan speed are needed 
for high resolution. In automotive self-driving, laser range-finder with scanning micro-mirror is useful.  Several kinds 
of scanning micro-mirrors are fabricated for the purposes. Moreover, a number of other opto-mechanical devises are 
studied. An example is a deformable micro-mirror for wavefront compensation in telescope and microscope. Micro-optics 
and micro mechanical components are combined to generate new opto-mechanical devices.

Finemechanics
Department of Finemechanics

http://www.hane.mech.tohoku.ac.jp/English/home-en.html
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Stabilized optical angle sensor with a frequency comb
The optical angle sensor based on the laser autocollimation 
method has a drawback that the sensitivity of the sensor 
is not stable for a long time measurement because the light 
spot diameter fluctuates according to the optical frequency 
fluctuation of the light source. We have been developed an 
angle sensor that uses a femtosecond laser as a light source 
and stabilizes the sensitivity of the sensor by utilizing the 
frequency spectrum of the optical frequency comb.

Study on precision measurement of large roll lathe
The demand for large-area fine shape machining using large 
roll dies increases. Motion accuracy is highly required for the 
machine slides of large roll lathes which process dies. In this 
study, we proposed a system and algorithm to evaluate the 
straightness error and parallelism error of the driving slide of 
a large roll lathe separately from the roll mold shape error by 
using two capacitive displacement sensors.

Precision machining and measurement by a fast tool servo
3D fine shapes are used in various fields such as measurement 
reference planes and microlens arrays. We investigate a 3D fine 
fabrication method by diamond cutting using a force-sensor-
integrated-fast tool servo and an ultra-precision lathe. We have 
proposed a method which uses the machining tool itself as a 
measurement probe and uses it for on-machine measurement of 
the workpiece shape profile.

Scanning probe microscopes for 3D shape measurement
In this study, we have proposed and developed a non-contact 
electrostatic force microscope for 3D shape measurement. 
The sample surface is scanned in a non-contact manner while 
measuring the electrostatic force  between the probe bonded to 
the quartz crystal and the sample surface, where the distance 
between the probe and the sample is 50 nm or more. The absolute 
distance between the probe and the sample can be calculated 
while canceling parameters which affect electrostatic force.

Nanometrology and control of multi-degree of freedom
In our laboratory, we are engaged in research on precision manufacturing measurement that measures the shape of 
precision processed products and the movement of precision machines with the required accuracy. Based on a unique 
measurement principle, we have proposed a high precision and compact multi-axis displacement/angle sensor (surface 
encoder system) which is a basic tool for ultra-precision manufacturing measurement by combining a fine diffraction 
grating and a wave optical system. This system can detect the position and orientation of six-degree of freedom for high 
precision positioning systems with a single laser probe.

http://www.nano.mech.tohoku.ac.jp
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Surface defect inspection by a micro thermal sensorOn-machine measurement of a diamond cutting tool

Assoc.Prof.
Yuki Shimizu

A highly sensitive optical angle sensor
The sensitivity of conventional angle sensors based on the 
autocollimation method is proportional to the focal length 
of the collimator objective. In this paper, an optical angle 
sensor based on the laser autocollimation, in which the sensor 
sensitivity becomes independent from the focal length of the 
collimator objective, has been developed. The compact angle 
sensor designed in a size of 26×22×12 mm has achieved a 
measurement range of ±30 arcsecond and a resolution of 0.05 
arcsecond.

Development of a micro-XY stage
For the precision positioning of small components, a micro-XY 
stage having a long stroke along the in-plane directions has 
been developed. The stage system has achieved smooth motion 
by the employments of SIDM method that can be realized by a 
permanent magnet and a PZT actuator. A Cr-N displacement 
sensors, which are fabricated by directly patterning strain 
gauge elements on the leaf springs of the stage system, 
have also been employed to achieve further higher precision 
positioning.

Precision profile measurement of aspheric surfaces
A method for evaluating aspheric surface profiles based on a 
point scanning method has been developed. In the proposed 
method, the influence of the motion errors of a linear slide for 
probe scanning is cancelled by the software-datum method. In 
addition, a method compensating for the influence of the form 
error of the probe sphere is also proposed for further accurate 
evaluation of aspheric surfaces having steep slope surfaces.

Surface defect inspection by a micro thermal sensor 
For next generation LED wafers and magnetic disks, a defect 
inspection technique capable of detecting small surface defects 
with a size of tens of nanometer is required. In this study, 
a new surface defect inspection method, in which a micro 
thermal sensor capable of detecting the change in heat flow 
between the sensor and a target surface is employed, has been 
proposed to carry out surface defect inspection on a flat and 
smooth surface.

On-machine measurement of a diamond cutting tool
For the achievement of nanometric ultraprecision cutting, it is necessary to assure the quality of a tool cutting edge. In 
this research, a compact measurement system based on the atomic force microscopy has been developed. For the fast 
and precise alignment of the AFM probe tip with respect to a diamond cutting edge under inspection, an optical probe 
realizing sub-micrometric fine tool positioning has been developed, and quantitative evaluation of  the cutting edge 
profile of a diamond cutting tool has been realized. Furthermore, a method employing the optical probe for evaluation of 
the tool cutting edge contour has also been developed.

http://www.nano.mech.tohoku.ac.jp/
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Advanced ultrasonic materials evaluation utilizing acoustic resonanceJoining and structual modification of metallic thin wire by Joule heating

Prof.
Hironori Tohmyoh

Characterization of human hair and nail
Human hair and nail have been found to hold various 
information on our disease and aging, and therefore it is 
expected to be used as a specimen for medical diagnostics like 
blood or urine in the future. For this purpose, the deformability 
of such biomaterials was examined by bending and tensile tests, 
and the effects of water absorption and inclusion of a metal 
ion on their deformability were investigated. Moreover, we are 
investigating the factor deciding the shape of a human hair.

Mechanical testing of micro/nano materials
For creating an advanced materials system from fine-scale 
materials, understanding the various physical properties of such 
materials is vital. For evaluating the mechanical properties of 
micro/nano materials, a force sensor for measuring the micro-
Newton force has been developed, and the mechanical testing 
of micro/nano materials is performed. Moreover, electrical 
properties of micro/nano materials are evaluated by eddy 
current microscopy or small-scale potential drop technique.

Advanced ultrasonic materials evaluation
A dry-contact ultrasonic technique has been developed 
for realizing the ultrasonic imaging of an electronic device 
without getting the device wet (Fig.2). Here the high frequency 
ultrasound is transmitted into a sample via a thin film inserted 
between the water and the sample. Moreover, layered 
media, such as polymer film and coating, were successfully 
characterized utilizing the acoustic resonant phenomenon, 
which occurs when ultrasound passes through a thin layer.

Thermoelectric power generation from a thin plate
Thermoelectric function has been created from thin plate or 
wire. A plate-type thermoelectric power generator has been 
developed for power generation from a small temperature 
difference, and the bi-metal interface was realized by depositing 
Al layer on the surface of the Fe plate. It has been clarified 
that oxidizing the bi-metal interface is effective to enhance 
its performance. Moreover, thermoelectric microwire was 
fabricated for temperature sensing at a local region.

Joining and modification of fine-scale materials by Joule heating
We aim to create an advanced materials system with interdisciplinary approach (Fig.1). To freely use micro/nano 
materials, which have excellent physical properties and unique geometrical features, techniques for joining and 
structural modification of such fine-scale materials have been developed. When the constant current is supplied to 
the contacting portion of metallic wires, the portion is melted by Joule heating and then solidified. By discovering the 
governing parameter for this phenomenon, two wires were welded together with higher probability. Crystalline structure 
of thin wire is modified by Joule heating to recover its formability.

http://king.mech.tohoku.ac.jp/saka/index.htm
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High-Functionality Coating
Coating is a complex application technology where liquid-
gas/solid-liquid interfacial phenomena and micro/nanoscale 
fluid flow are coupled. Requirement for coating of molecular-
scale film thickness is getting severe in these days; Alignment 
control  of coating film molecules and dynamic coating based 
on adsorption and disorption of surface-covering molecules are 
the examples. Molecular thermofluid analysis is applied to solve 
the problems to achieve fine and highly functional coatings.

Design of Novel Thermal Fluids Based on Molecular Data
Thermal fluids plays a major role for highly efficient usage of 
thermal energy in sophisticated thermal devices. The aim of this 
study is to know the structure of molecules for thermal fluids 
which are optimized for specific conditions and give the best 
performance. This is accomplished based on the data concerning 
thermal energy transport in fluids, which are obtained by 
analyses of mechanical energy transfer due to dynamic motions 
of molecules and functional groups in molecules. 

Heat and Mass Transfer at Solid-Liquid Interfaces
Heat and mass transfer at solid-liquid interfaces governs 
overall characteristics of nano-structured systems such as 
NEMS, semiconductor devices and porous materials. Molecular 
dynamics simulation analyzes mechanisms of thermal energy 
transfer over the interface and mass transfer in the anomalous 
structures in liquids in the vicinity of solid surfaces Basic 
studies to seek molecules and nanostructures which exhibit 
required interface characteristics are also performed.

Fluid Structure and Transport of Energy and Momentum
Liquids contain various structures which govern transport 
phenomena of mass, momentum and thermal energy. Analysis 
of liquid structures and their transport characteristics gives a 
thorough answers for some questions such as why the liquid 
have its specific value of thermophysical properties and how the 
molecular structure should be to realize a liquid having desired 
thermophysical properties. Anisotropic transport in heterogeneous 
soft matters are also analyzed to seek novel materials.

Molecular Thermal and Fluids Engineering
Analysis of thermal and fluid phenomena based on the molecular dynamics theory leads to understanding of fundamental 
mechanism of the phenomena, and ultimately, to the design of thermal and fluid phenomena that are needed in the 
cutting-edge area in modern technologies. Also the molecular-scale analysis is effective for thermofluid phenomena in 
extreme conditions in which macroscopic models such as thermophysical properties and the concept of interface are no 
longer valid. The molecular heat transfer laboratory is engaged in the research to analyze nanoscale thermal and fluid 
phenomena, from the molecular scale to the MEMS/NEMS scale, and the applications.

http://www.ifs.tohoku.ac.jp/eng/nfrd_mhtl.html
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Gas flow induced around a microscale object immersed in 
a gas with non-uniform temperature

Streamlines of micro/nanoscale gas flow through a porous medium induced by applied pressure 
gradient

Assoc.Prof.
Shigeru Yonemura

Study on Non-Coalescence of a Droplet and a Liquid Pool
It is considered that if a liquid droplet is dripped onto a pool of 
the same liquid, they will immediately coalesce. But, in reality, 
it is often seen that a dripped droplet floats on a liquid pool for 
a while without coalescing. In the present study, we clarify the 
mechanism of this noncoalescence by focusing on the role of 
micro/nanoscale gas flow between two facing liquid surfaces.

Study on Knudsen Force Due to Non-Uniform Temperature
When the gas temperature changes within a length scale 
as small as the mean free path of gas molecules, an object 
immersed in such a gas is subjected to a force from the gas. On 
the other hand, the gas is also subjected to its reaction force 
and starts to flow. This force is called Knudsen force and cannot 
be seen in usual length scale. The objective of the present 
research is to clarify and understand the Knudsen force, and 
then to apply it to transportation of microscale object.

Study on Micro/Nanoscale Gas Flow in Porous Media
In porous media with nanoscale pore used in fuel cell, peculiar 
phenomena such as velocity slip and Knudsen diffusion appear. 
Due to those, it is difficult for us to evaluate gas flux because its 
permeability is affected by them. The objective of the present 
study is to clarify transport phenomena in such porous media 
from the viewpoint of molecules. So far, we proposed and verified 
a theoretical expression, which gives gas flux and permeability in 
the whole range of Knudsen number.

Molecular Gas Dynamics Study on Nano Gas Lubrication
The friction coefficient of a partially polished diamond coating 
drastically decreases as sliding speed increases. Using 
theoretical analysis, we clarified its mechanism as follows: High 
gas pressure is induced by the presence of dimples. Then, it 
separates two sliding surfaces, and leads to the situation where 
both surfaces are non-contact. This is the reason of low friction. 
This lubrication system can be applied to any mechanical 
devices with sliding parts such as bearing system.

Study on Molecular Gas Flow
In rarefied gas flows, cold plasmas, and micro/nano gas flows, mean free path of molecules is comparable with 
characteristic lengths of gas flows. Such flows are in strong nonequilibrium due to lack of intermolecular collisions 
and cannot be considered as a continuum. Therefore, they have to be treated in view of atoms, molecules, ions and 
electrons, and hence, are termed molecular gas flows. In such flows, the effect of gas-surface interaction becomes large, 
and hence, phenomena such as thermal creep and Knudsen force can occur, which are not shown in usual continuum 
flow. We study the phenomena of such flows and use the knowledge obtained here in industry.

http://www.ifs.tohoku.ac.jp/eng/nfrd_nmgfl.html
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Molecular Composite 
Flow Systems Studied by 
Molecular Simulations

Assoc.Prof.
Gota Kikugawa

Hydrodynamic Effect on Molecular Diffusion Phenomena
Molecular diffusion phenomena are directly relevant to the 
wide field of nano- and bioengineering, e.g., molecular transport 
through mesoporous materials and biomolecules. It is well 
known that the molecular diffusion is highly affected by the 
hydrodynamic effect induced by the molecule itself. We lead the 
fundamental study on the mass transport phenomena bridging 
between macroscopic fluid dynamics and molecular dynamics.

Transport Phenomena in Confined Liquids
At the fluid and soft matter interfaces or inside the confined 
liquid in nanoscale structures, peculiar heat and mass 
transfer characteristics emerges as a consequence of 
heterogeneous structure formation inside a liquid in the vicinity 
of the interfaces. Our goal is an essential understanding 
of heterogeneous structure and corresponding transport 
phenomena at the molecular level, which is significantly different 
from that in homogeneous bulk media.

Thermal and Fluid Properties of Polymeric Materials
As for development of polymeric materials which have 
extensively been utilized in industry, designing thermofluid 
properties as well as mechanical and chemical properties by 
controlling the molecular-scale structure and phase separation 
structure inside the material is being required. Using integrated 
numerical analyses covering molecular-scale to macroscale 
phenomena and data-driven informatics techniques, we aim to 
explore and design novel polymeric materials.

Surface Modification Using Organic Molecular Films
Novel surface modification techniques at the molecular level 
such as the self-assembled monolayer (SAM) have drawn 
attention as techniques to control the physical and chemical 
properties on solid surfaces. Structure formation, interface 
affinity, and heat and mass transport characteristics of organic 
molecular films have a critical importance in the engineering 
and industry. We investigate the underlying microscopic 
mechanisms of these significant characteristics.

Molecular Composite Thermal and Fluid Phenomena
From nanoscale to macroscale, various thermal and fluid phenomena, to which composite molecular-scale physics gets 
engaged, are of critical importance in the wide range of engineering and industrial processes. By using large-scale 
numerical simulations such as the molecular dynamics method, we investigate heat and mass transport phenomena 
emerged in the thermal and fluid engineering from the microscopic viewpoint. Integrating numerical analysis methods 
which can cover multiscale physics and data analysis based on machine learning, we aim to investigate thermal and fluid 
phenomena having multiscale aspects.

http://www.ifs.tohoku.ac.jp/mht/
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Schematic diagram of hydrogen molecules considering 
quantum effects by path integral methodMolecular dynamics simulations of mass transport phenomena inside a polymer electrolyte fuel cell
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Reactive molecular dynamics study on film formation 
In semiconductor manufacturing, the film formation process requires 
atomic layer level control with film thickness error less than ± 0.5 
mm. Chemical vapor deposition and atomic layer deposition 
methods are widely used as film deposition techniques that 
can meet such cutting-edge demand. In this study, we aim at a 
universal understanding of the deposition mechanisms using the 
reactive force field (ReaxFF) molecular dynamics simulations 
that merge the diffusion and reaction phenomena.

Analysis of transport properties of hydrogen in solids
In the flow phenomena of hydrogens, hydrogen molecules have quantum 
effects unlike other atoms due to its light molecular mass. Thus, it is 
difficult to describe the hydrogen flow phenomena by using conventional 
classical molecular dynamics methods. In this study, we explore how 
the quantum effects of hydrogen affect its thermal flow characteristics 
using a special technique to take into account the quantum effect in 
the framework of molecular dynamics, and apply these techniques to 
numerical prediction of transport phenomena of hydrogen in solids.

Transport phenomena in polymer electrolyte fuel cells
Polymer electrolyte fuel cell (PEFC) is a promising next-
generation power supply system  that generates electricity 
by reacting hydrogen with oxygen. To improve its efficiency, 
it is important to transfer efficiently reactants and products. 
However, the flow filed is constructed by very fine structures 
in micrometer or nanometer. In our laboratory we investigate 
the transport phenomena of small molecules in the materials in 
PEFC by large-scale molecular dynamics simulations.

Analysis of oxygen ion transport in ceramics 
In solid oxide fuel cells, oxygen ions move inside the ceramic 
electrolyte from  cathode to anode to proceed the reaction. 
If this oxygen ion transport property is improved, efficiency 
and operating temperatures can be improved. In this study, 
we analyze the transport properties of oxygen ions inside the 
ceramic electrolyte using molecular dynamics method, aiming 
at the theoretical design of electrolyte ceramics which has 
advanced transport efficiency of oxygen ions.

Analysis of nanoscale flow phenomena including quantum effect
There are many flow fields, in which quantum effects of atoms affect the flow properties. For instance, because hydrogen 
has large uncertainties of position and velocity due to its light molecular mass, the conventional molecular models cannot 
be applied. Moreover, protons diffuse in liquid or solid much faster than water molecules because of the additional 
transfer mechanism involving a chemical reaction, which is the formation and concomitant cleavage of covalent bonds. 
In our laboratory, we treat the systems including the quantum effects of molecular fluid by various methods, and find out 
its physical mechanisms to apply the results to engineering aspects.

http://www.ifs.tohoku.ac.jp/jpn/nfrd_qnfsl.html
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Applications of surface treatment process
Neutral beams are extremely effective for nanoscale surface 
treatment processes. High-quality gate oxide and metal oxide 
films necessary for next-generation germanium transistors in 
resistance-change memory, one of the latest random-access 
memory types, are achievable using an oxygen neutral beam. 
Moreover, low damage etching and selective synthesis is 
possible by irradiating graphene with the neutral beam of 
oxygen and nitrogen.

Advanced high-speed MOS transistors
In the latest electronic circuits, three-dimensional transistors 
have been introduced to further improve performance. 
However, conventional manufacturing methods cannot provide 
sufficient performance due to process-induced defects. We have 
succeeded in greatly improving transistor performance by using 
processing and surface modification with a damage-free neutral 
beam source. In addition, we are developing transistors with 
new materials such as Ge.

Quantum dot laser/light emitting device
III-V compound semiconductor quantum dot lasers are the 
expected light source for next generation  that are temperature-
independent, ultra-high speed, low power optical communications. 
This is the reason why the technology to control the size of 
quantum dots without any defects is indispensable. In our 
laboratory, we have developed an ideal quantum nanodisk 
structure by bio-template extremely precise processing and are 
currently developing a compound semiconductor laser using it.

Solar cells/thermoelectric elements
Our unique bio-template processing in conjunction with neutral 
beam technology is able to produce the world's first well-
aligned, high-density quantum dot structure arranged over a 
large area. Thanks to this, the devise bandgap can be tuned 
leading to the design of ultra-high efficiency solar cells. In 
addition, quantum nanostructures can control phonon scattering 
characteristics. This property can help design ultra-high 
efficiency thermoelectric conversion elements.

Innovative green nanodevice development by ultra-low damage process
Semiconductor device technologies such as VLSI and quantum dot solar cells will need support devices and connected 
home appliances being developed in the IOT revolution. These devices need to be fabricated by thin film material 
deposition and damage prone processing technologies using high energy ions, electrons and photons.  A key technology 
in our laboratory is a defect-free neutral beam process. By combining this with our research on a completely new, 
innovative green (ultra-low power) bio-template processing technology, a highly precise, uniform, defect-free, and well-
aligned quantum dots structure can be fabricated with customizable size and density.

http://www.ifs.tohoku.ac.jp/samukawa/index.html
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Functional thin film synthesis and surface nanoprocess development based on understanding of solid surface reaction mechanisms

Prof.
Yuji Takakuwa

Assist.Prof.
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Study of molecular adsorption on catalytic surface
The our unique real-time photoelectron spectroscopy can 
simultaneously measure the amount of molecular adsorption on 
the metal surface and the work function. Since the orientation 
of adsorbed molecules can be examined from the work function, 
the reaction path of the adsorbed molecules can be examined. 
Utilizing this technique, we are promoting the development of 
catalysts that render toxic gases harmless and research to 
produce hydrogen from hydrocarbon gases.

Development of nano-level surface planarization process
Photoemission-assisted  plasma can also be used as an efficient 
low energy ion source. Taking advantage of this feature, we 
aim to develop an inch-size metal surface flattening process. At 
present, the surface roughness of a copper substrate having 
an initial roughness Ra = 1 nm has been successfully reduced 
by about 20%. In the future, we plan to develop a planarization 
process aiming at 0.1 nm equivalent to one atom, and to 
planarize non-metallic surfaces such as diamond.

Study of CMOS gate insulating film formation mechanism
We are researching the mechanism and reliability of insulating 
film SiO2 formation for next-generation CMOS gate stacks, 
focusing on the oxidation-induced strain generated during the 
Si oxidation reaction. We are proposing an “Unified Si oxidation 
reaction model” that can complementarily explain the growth, 
decomposition, and reliability of SiO2 films by using point defect 
generation, and are conducting model verification experiments.

Vapor phase synthesis process of nanocarbon materials
In order to efficiently deposit nanocarbon thin film materials only 
on the substrate surface, we are developing a “photoemission-
assisted plasma CVD process” that controls direct current 
discharge using photoelectrons emitted from the substrate 
surface irradiated with ultraviolet rays. Currently, this process 
is being used to develop diamonds for low friction coefficient 
diamond-like carbon, low resistance carbon materials for wiring, 
and heat spreaders for IC chip cooling.

Development of real-time material surface measurements
Our laboratory is developing functional materials and developing surface nanoprocesses based on the understanding 
of surface/interface reaction mechanism, with the basic policy of developing and applying new surface physics 
measurement methods. In addition to research to connect the seeds obtained by elucidating the surface reaction 
mechanism to the needs of industrial applications, we will discover the problems required of surface science from the 
needs of industrial applications. In order to achieve this, a boundary area between basic and applied or a research 
subject of science and engineering is set.

http://www.tagen.tohoku.ac.jp/labo/takakuwa/
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Universal Manipulation
Industrial robots have been used for more than sixty years. The 
industrial robot control technology is still based on the invention 
of teaching and playback concept invented in 1954 by George 
Devol. To use the robot, its user needs to customize the robot, 
such as design of an end-effector to grasp the part, parts feeder 
system of the parts, a fixture, sensors, programing of the robot, 
etc. The goal of this research is to develop a customization free 
and a program-free robot system.

Universal Robot Hand
For universal manipulation, we need a general purpose robot hand, 
which could handle different parts without any customization. 
In real production systems, we could not use anthropomorphic 
robots hand designed for realizing human like hand, because of 
several issues of the hand, such as cost, robustness, etc. The 
goal of this research is to develop a universal robot hand, which 
is applicable to real assembly processes handling different shpaes 
of objects without any customization.

Dance Partner Robots
A dance partner robot is a robot research platform for human-
robot interaction. Two types of the dance partner robots have 
been developed so far. One is a dance partner robot, whose key 
technology is to predict the behavior of the humnan partner. The 
other is a dance teaching robot, which teaches its partner how 
to dance based on a progressive dance teaching scheme. These 
robots have provided us a lot of new findings relating to human-robot 
interaction, which have been applied to real-world applications.

Co-worker Robot PaDY
PaDY(Parts/tools Delivery to You Robot) is a co-worker robot developed for vehicle 
assembly processes in automotive factories where a worker attaches several 
parts to a vehicle assembled. PaDY delivers necessary parts and tools to a worker 
when he/she needs them. PaDY learns where the worker works in the vehicle 
body coordinates, and how the worker moves from one working position to another 
working position in real-time. PaDY plans its motion for delivering the necessary parts 
and/or a tool form the working bench to the predicted next worker's working position 
based on the real-time position of the worker and delivers them to the worker. 

Systems Robotics 
A robot consists of devices such as sensors, actuators, and mechanisms, and software/hardware to integrate them 
to create desired intelligent behaviors of the robot in its real working environment. Systems Robotics research 
provides a general framework for designing a robot with desired functions based on scientific and theoretical research 
backgrounds taking implementation/integration issues of the robot in the real environment. We first define a service/
services provided by the robot we are planning to develop as a sustainable business model, then develop fundamental 
technologies required for the service/services and create the robot by integrating them.

http://www.irs.mech.tohoku.ac.jp/?page_id=258
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Bin Picking Robot
The automated production lines require machines to pick up the 
piled up objects one by one (bin picking) and to supply them to the 
assembly robot in a constant pose. Currently, these tasks are done by 
humans or machines called parts feeder, though it is common sense in 
the robotic field that the bin-picking robot is necessary for automated 
production. In our laboratory, we research on “three-dimensional 
measurement”, “pose estimation”, “grasp planning”, “motion planning”, 
and “visual servoing”, which are key technologies of bin picking robots.

3D measurement based on deep learning and spare modeling
We are working on developing a technology for high-
accuracy 3D measurement for objects with metallic luster 
and semitransparent objects, which were difficult until recent. 
To achieve fast, precise, and robust 3D measurement, we 
propose a novel method for 3D measurement by introducing 
technologies of deep learning and sparse modeling. Our goal 
is to develop a measurement device based on the proposed 
method that can be used practically in the manufacturing field.

Multi-agent system
Control theory for the multi-agent system has been researched 
in our laboratory. We aim to develop an algorism for fast and 
optimal sensor scheduling when using a network of sensors as 
an observer that compose multiple various sensors. We also 
research on energy sufficient controls and field sate estimation 
technology for a long-term field exploration by multiple 
autonomous mobile robots.

Active Visual Sevoing for high accuracy manipulation
Grasping, handling, and aligning object are fundamental motions 
for humans, though these basic motions are relatively difficult for 
robots. Despite the development of various robots, none of them 
have yet to be put into practical assembling tasks in automated 
lines. To overcome the problems, we propose a key technology 
called Active Visual Servoing that enables precise robot 
manipulation by applying deep learning and three-dimensional 
measurement technology to control theory for positioning.

Assoc.Prof.
Shogo Arai

Developments of robotics towards Fourth Industrial Revolution! 
Nowadays, it is important to monitor the states of the entire factory and link the data with services inside and outside the factory via an internet 
connection. Towards Fourth Industrial Revolution, intense competitions for technological development among countries and corporations are taking 
place all over the world. Current automated production systems are facing the problem of the huge integration costs for the establishment of the 
production lines and short down-time due to the daily troubles. To solve these problems, we are focusing on a technology of the robot system that 
integrates key technologies of robotics such as 3D measurement, robot vision, and visual servoing. Furthermore, we are working on the formulation 
of control theory for multi-agent systems and the analysis of the behavior of the model organism based on the robot vision technologies.

http://www.irs.mech.tohoku.ac.jp/
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Redundant joint control and motor learning in vertebrates
Not only humans but also vertebrates adapt to the environment 
by producing appropriate motor outputs of the limbs and 
redundant joints. This is possible because it has a neural circuit 
that expresses basic rhythms related to movement, such as 
walking, in the lower levels of the central nervous system, and 
has a mechanism to generate and modify motor output. We are 
conducting research on the expression and memory of time-
series motion patterns using neural networks.

Development of robot technology for neurorehabilitation
The efficiency of neurorehabilitation is an important issue 
for Japanese society, which will face a super-aging society 
in the future. Stroke, in particular, increases with age and 
affects motor control and coordination functions. We are 
studying processes related to motor learning from brain signal 
processing and sensory feedback by neurosensory stimulation 
on the peripheral side, and aim to construct neurorehabilitation 
that maximizes the effects of motor learning.

Modeling and identification for bio-signals and functions
We develop biological signal analysis related to exercise, 
modeling of biological functions including muscle to brain, and 
identification technology for considering individual differences. 
By analyzing the efferent motor information such as myoelectric 
potential and analyzing the brain perception state when 
applying afferent sensory feedback, we analyze the motor-
sensory synergy by performing multidimensional signal analysis. 
We aim at quantitative evaluation of sensory motor function.

Human adaptive control and learning mechanism
It is no exaggeration to say that humans have acquired the 
best environmental adaptability in the animal kingdom due to 
their motor learning ability to cope with unknown environments. 
We are focusing on the learning control loop of sensorimotor 
systems, which is how humans process sensory inputs from the 
environment and what learning algorithms can calculate correct 
motor output from sensory inputs. We study on balance and gait 
control both experimentally and computationally.

Neuroscience for Robotics, Robotics for Neuroscience 
Recent era is referred as the century of robots and AI. However, especially in terms of adaptive interaction with the 
real-world environment, there are still many things we should learn from human advanced motion control and sensory 
functions. In this lab, we investigate toward a deep understanding of human environmental adaptation, with the approach 
of both engineering and brain science. Therefore, we study on motor control and learning mechanism at a level that 
can be explained by brain science with robotics technology. We work on Neurorobotics: neuroscience for robotics and 
robotics for neuroscience. We also aim for neurorehabilitation inspired by Neurorobotics.

http://neuro.mech.tohoku.ac.jp/
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Motion Hacking -Control of Insect Walking-
Not only measuring insect walking, this research aims to 
understand intrinsic neural mechanism for adaptation by 
externally “controlling” insect walking with engineering 
approaches. Here, we proposed “Motion Hacking” method, 
which can externally hack leg motions via electrostimulations 
for muscles.

Neuro-rehabilitation Inducing Brain Plasticity
Here, we consider that understanding the neural mechanism 
underlying long-term brain plasticity on body representation 
with motor disfunctions is the key for establishing the effective 
neuro-rehabilitation techniques. To this end, we develop novel 
rehabilitation technologies that enable interventions to body 
representation and then apply them to clinical trials for patients 
on Tohoku University Hospital towards social implementation.

Resilient Robots That Can Adapt to Bodily Accidents 
Even cutting-edge robots are weak against unpredictable 
environments and accidents, whereas animals generate 
adaptive behaviors against such unpredictable situations by 
fully utilizing their remaining functions. Here, we aim to apply 
the ingenious adaptation mechanism for developing “tough” and 
“resilient” robots that can reproduce adaptive behaviors in the 
real world similar to animals.

Measurement of insect walking
Even after leg amputation, insects exhibit adaptive walking in 
response to their remaining body morphologies. Here, we aim 
to elucidate the adaptation mechanism before and after leg 
amputation from the viewpoints of robotics and engineering, by 
using simultaneous recording of leg movements with high-speed 
camera and muscle activities with electromyography.

Understanding Adaptation Mechanism in Animal Locomotion and its Applications 
Animals, even insects which have limited numbers of neurons, exhibit surprisingly adaptive locomotion against 
unpredictable situations, e.g., unknown environments or sudden bodily accidents. In this Lab., by focusing on “walking”, 
which is a fundamental ability for locomotion, we aim to understand the scientific principles and to implement them into 
real-world applications. Here, we study bi-directional research topics, e.g., (1) understanding motor control mechanism 
in insect locomotion for designing robots and (2) developing innovative technologies/robots for neuro-rehabilitations/
neuroscience researches, by using sophisticated engineering approaches.

Assoc.Prof.
Dai Owaki
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Wide-area exploration system using multiple robots (multi-
robot interaction)
In this area, we propose using an active system with a driving force 
(e.g., robot, ship, crane, etc.) towing multiple passive robots equipped 
with sensors in order to efficiently survey earthquake disaster areas, 
volcanic areas, oceanic area or another planet’s surface in a short 
time. We study how to use part of the driving force to realize steering 
and controlling those passive robots into a formation for exploration. 
This realizes a low-cost and efficient wide-area exploration system.

Social robotics (human-robot interaction)
As technology develops and the demand for incorporating 
robots into human society increases, the research field of social 
robotics to study the coexistence between humans and robots 
is becoming important. This can be called a “robot sociability 
problem”. In the future, in order to develop new human-friendly 
robots, we will not only conduct research from an engineering 
perspective, but also conduct interdisciplinary research with 
other fields including robot ethics and robot law.

Sports training system using vibrotactile stimulation 
(human-robot interaction)
We are currently developing technologies to effectively train sports 
in a short time by conveying users the appropriate motion direction 
using multiple vibration stimuli. The proposed systems range from 
haptic wearable systems to haptic sports equipment (e.g., rackets, 
golf clubs). In addition, we want to use this technology to enhance 
the perception for elderly and disabled people so that they can 
enjoy sports despite their reduced capacities.

Support systems for the elderly and disabled (human-robot 
interaction
We have developed passive robots’ motion control technology 
for robotic walkers, cycling wheelchair robots, object 
transportation robots (i.e. mobility cart system), as well as haptic 
systems that can be used for rehabilitation, sports training, and 
virtual reality. Besides, we are also conducting research in 
estimating the user's state and motion intention by measuring 
user’s motion in real time.

A new type of robot that cannot move by itself
The main goal of our laboratory is to create and develop novel passive robots enabled with state-of-the-art robotic technology to guarantee the user’s safety in 
Human Robot Interaction. Most of the systems developed in our laboratory do not have their own driving force from motors, but their mobility rather relies on an 
external force. Our assistive robots are designed to support users when they need it or in case they are in a dangerous situation. As a result, people feel don't feel 
like they depend on the robot, they feel that they can move freely and independently. Under the same concept, we are developing haptic devices (using vibration) 
to convey the desired motion direction to users and help them train sports efficiently by themselves. Furthermore, we are conducting research and development 
of a wide-area exploration system using multiple passive robots for efficient exploration of earthquake disaster areas, volcanic areas, oceans or other planets.

http://srd.mech.tohoku.ac.jp
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Visual Analysis of Fashion
We are working on visual analysis of fashion images based on 
computer vision. Specifically, we try to build a machine intelligence 
that can recognize fashin images as humans do. To this end, 
we propose a method which learns a probabilistic model of the 
combination of outfits and items using a large amount of web data.

Four-dimensional Modeling
Since right after the occurrence of the Great East Japan 
Earthquake on March 11th, 2011, we have been periodically 
capturing the images of the disaster areas in the north-eastern 
Japan coastline by using a vehicle having a camera on its roof. The 
motivation behind the periodic image capturing is to archive not 
only the damages of the areas but also the process of their month-
by-month recovery or year-by-year reconstruction.

Recognition of Surface Qualities
We are studying methods for recognizing the surface qualities 
of an object from its single image. By surface qualities we mean 
a variety of sensations that humans receive for the surface 
of an object, such as smoothness/roughness, glossiness, and 
bumpiness. We believe that the surface quality of an object 
can be represented by a set of such attributes, which form a 
comprehensive concept (called Sitsukan in Japanese) in the 
human brain in a mutually connected manner.

Artificial Intelligence Based on Deep Learning
Deep neural networks have achieved good performance on various 
problems such as image recognition, low-level image processing, 
and language modeling. We are studying deep learning techniques 
from basic and practical perspectives. For example, we proposed 
a new training method for deep neural networks with normalized 
kernels.

Computer Vision: From Image Sensing to Deep Learning
We study computer vision and related fields such as image processing, machine learning, or natural language processing. 
The goal of computer vision is to build a machine intelligence that can capture, recognize, and make a decision on 
various visual phenomena, from image sensing to semantic recognition. Towards this goal, we work on both theoretical 
and practical problems in computer vision, such as material recognition, urban scene modeling, deep neural networks, 
probabilistic graphical models, artificial network for neuroscience, visual fashion analytics, or attribute perception in 
natural language.

Robotics
Information Sciences
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Inspection Robots for Plants and Infrastructures
Our laboratory has been developping inspection robots for 
industrial plants and infrastructures such as bridges and tunnels 
on the basis of technologies we evolved for search-and-rescue 
robots to work at hazardous places for humans. As of 2019, we 
are developping a drone with a spherical shell that can inspect 
narrow spaces in bridges, a tracked vehicle for plant inspections, 
and a welding robot for industrial sites.

Robotic Mechanism
Our laboratory are systematically working on extreme 
mechanisms including the omnidirectional drive mechanism with 
the spherical omnidirectional wheel “Omni-Ball” as a starting 
point. From the creation of the principle idea of the mechanism, 
we are also working on a series of realization processes 
such as actual machine design and prototyping. Also, as an 
application of the robotic mechanism, we are working on a 
mobile robot platform and robotic gripper in a disaster area.

Study on Active Scope Camera
Our laboratory has been studying thin serpentine robots to 
move actively by applying new actuation mechanism. We have 
developed Active Scope Camera, video scope camera that can 
move by itself with the developed actuation mechanism, aiming 
for exploration in narrow spaces in disaster sites. We won 
the best award of the commissioner of the Japanese Fire and 
Disaster Management Agency and the Japanese Robot Award 
in 2008.

Study on autonomous driving and scene recognition
Our laboratory has studied on robust technologies for 
autonomous driving and scene recognition in harsh environment 
such as bad weathers (heavy rain, snow, and fog).  Fusion 
of LiDAR and GNSS enables to conduct 3D mapping and 
localization. Probabilistic robotics and machine learning are 
used for data fusion and scene recognition. Our techonologies 
are used in real applications such as autonomous outdoor 
carriers in Toyota Motor East Japan and fire-fighter robot sytem 
in petrochemical complexes. 

Study on Rescue robots and Cyber-enhanced rescue canines
Prof. Tadokoro opened a new academic field on search and rescue robotics after he experienced the Han‐Shin Awaji Earthquake disaster in 
1995, and our laboratory has been acting as a world center of this filed. Especially, Quince, a search robot with high mobility in confined spaces, was 
applied for Fukushima Daiichi nuclear disaster after the 2011 Tohoku earthquake, and it contributed to the cold shutdown of the nuclear reactor. 
Besides, Robo-scope, a serpentine robot to explore damaged buildings, was also applied for the nuclear disaster to investigate inside the damaged 
nuclear plant. Recently, high-tech suits worn by search and rescue dogs attract attention as innovative technology. The sensing and environment 
recognition technologies developed for rescue robots are applied to the suits, and the suits can automatically detect the clues of victims and transmit 
information on disaster sites and victims to rescue workers. 

https://www.rm.is.tohoku.ac.jp/englishtop/
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Haptic Interface for Mobile Information Devices
A pseudo-haptic representing method called VibTouch enable us 
to use haptic feedback on mobile information devices anywhere. 
VibTouch can represent force-like feelings such as friction, 
inertia, viscosity, and elasticity, which are based on sensory 
illusions induced by vibrotactile stimuli. Our technologies realize 
a highly intuitive experience for human-computer/machine 
interactions.

Motor Function Support by Haptic Augmentation
Older people often lose motor functions not only due to the 
decline of muscle but also the loss of sensory functions. We 
are investigating cutaneous sensory mechanism related to 
the motor functions and creating new sensory enhancing 
technologies. Our technologies target on new welfare devices 
such as a gait support system, efficient rehabilitation therapy, 
and sensory transportation for prosthetic limbs.

Haptic Mechanism for Tool Manipulations
Humans can perceive external forces applied on a grasping tool 
based on skin pressure distribution at multiple contact areas 
during grasp. We have developed a pen-type pseudo-haptic 
interface using suction pressure stimulation on each skin. Our 
technology realizes to represent forces in 6-DoF directions 
and to enhance the detected force by reproducing cutaneous 
activities at the contact area.

Haptic Support for Remote Robot Operations
Remote operations in extreme environments require not only the 
robot capability but also operators' performances in operation 
and decisions. We offer a haptic transmission technology by 
combining a vibration-based sensing method for detecting 
collisions on a robot body and vibrotactile feedback methods 
for the operator. Notably, we have developed remote operation 
systems for snake-type robots and construction robots for the 
ImPACT "Tough Robotics Challenge" Program.

Haptic Interfaces for Human Support and Advanced Robotic Applications
Haptics is all things related to our sense of touch and body sensory functions. Creating haptic feedback for humans 
and robots contributes to enhancing our communication and physical capabilities. Our missions are to reveal unknown 
functions of human haptic sensory systems and to create innovative technologies by reproducing and improving the 
human haptic capabilities.
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■ Manufacturing based the principle of life
Able to design biopolymer sequences by computer to 
construct a functional system
■ Compact and eco-friendly manufacturing
Able to create all parts of system using a polymer synthesizer 
(mother machine).
■ Ultra information-intensive manufacturing
We are aiming at constructing a new systemic theory to 
describe the design of each layer of the molecular system

Molecular Robotics-A new manufacturing paradigm

Evolution of molecular robot

0th generation
Molecular Spider

1st generation
Amoeba robot

2nd generation
Slime robot

1st generation
Amoeba robot

3rd generation
Multicellular robot

4th generation
Hybrid robot

What is DNA nanoengineering?
DNA is a very promising molecule not only for the genetic 
information of life but also as a programmable material for 
making various artifacts. By properly designing the base 
sequence of DNA, we can freely control the shape of a DNA 
molecule and also the interaction between the DNA molecules. 
DNA nanoengineering is a technology that utilizes these 
properties to create complex nanostructures and various 
molecular devices including molecular computers.

Nanostructure made of DNA
The technology for assembling nanostructures using chemically 
synthesized DNA with a specified base sequence is rapidly 
advancing. A technique called DNA origami is typical, which 
enable us to design molecules with extremely complex shapes 
using a computer. In our laboratory, we are working on the 
development of artificial membrane channels using DNA origami, 
artificial flagella thrusters, molecular stepping motors, DNA gels 
that respond to light and so on.

Big success in international biomolecular design competition!
The International Biomolecule Design Competition (BIOMOD) is 
a student contest sponsored by the University of California. A 
team of students from around the world will participate in the 
competition for unique designs of biomolecules such as DNA 
and proteins. In 2018, the Tohoku University team won the 
grand prize in the design of a deployment structure by DNA 
Origami. A student team from our laboratory will participate 
again this year.

DNA computing
When the complementarity between DNA sequences is used 
properly, a reaction can be created in which the concentration 
of certain DNA corresponds to a result of cirtain logical 
operation. This can be used to create a molecular computer that 
includes hundreds of logic gates. Our laboratory has developed 
a system that outputs DNA molecules of a specific sequence in 
the programmed order, a discrete reaction space on the gel and 
so on.

Toward the establishment of molecular robotics
This laboratory is the first laboratory in Japan advocating “molecular robotics”. We are aiming to establish a method to 
construct a “molecular robot” by designing each molecule as a component and assembling them as a consistent system. 
Research into molecular systems is a breakthrough for extending robotics to the world of molecules. The technology 
developed here will be the fundamental technology has a great impact both academically and industrially. A wide range 
of applications such as a super drug delivery system, programmed stem cell culture, environmental monitoring, and 
nucleic acid medicine are expected.

Assist.Prof.
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MolecularRobotics and Artificial Cell research

AutoMatter: programmable active matter
When the swarming behavior of molecular robots works as 
individually programmed by a human, they can be called “Auto-
Matter”(coined word by our group). We aim to control such active 
matters as desired by connecting digital electronic devices and 
molecular devices. We are tackling the challenge of controlling 
molecular robots driven by motor proteins using molecular 
computers in situ. In the near future, molecular and electronic 
signals would be linked to control molecular swarms.

Artificial cells cross-talikng with live cells
Artificial cells, with their comparable size to the live cells, are 
expected to work as the "caretaker" at the same scale as the 
natural one. We are designing "channels" transporting specific 
molecular signals through the biomembrane. We also found that 
artificial cell structure itself also can be used as the one-time 
container for cellular delivery by using the electro-fusion method. 
Their biocompatibility leads the way to some application in the 
bioengineering field.

Automatic production system
In the biomolecular world, the complex structures are not 
created one by one but are assembled together by self-assembly 
that depends on the affinities. As is the same, in the artificial cell 
compartment also assembled from their component molecules 
automatically. Usually, one makes only several mL amounts 
used for experiments, but we have reported a mass production 
method. We aim their production of the artificial cell itself would 
become comparable to the growth of natural cells.

Artificial cells with functions
The micrometer-sized lipid compartment is a useful microcapsule 
as an artificial cell's body. We can install various functional/
reactive chemical soup to the capsule, such as DNAs, RNAs, 
proteins, catalysts, total gene expression system, motor proteins, 
DNA logic gates, etc. 
Some of them used for understanding and revealing of the 
special function of micro-compartment and some used as a 
shape-shifting molecular robot showing an amoeba-type motion.

Molecular Robotics/Artificial Cell Engineering
The artificial cell is a molecular robot with a compatible function with a live cell, designed molecular systems as a unit of micro 
cellular-structures. Modern cells have indispensable structures and functions: genes, compartments, metabolism, and replication. 
Design, synthesis,  and implement them work as a system is the key to artificial cell engineering. Another key is programmability. 
Every machine, including molecular robots, must work as written in the program. Through to creation of the artificial cell, our 
research group aims to provide potentially applicable molecular systems for medical, environmental, materials, and biotechnology.

https://sites.google.com/site/smnomuralaboratory/
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Fig. 2 Integrated biosensor array with diamond 
electrodes on LSI

Fig. 3 MEMS-LSI integration platform with 
TSV

Fig. 1 Integrated bus-networked tactile sensors installed on 
robot hand
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Frequency selection and control devices for wireless 
systems
The shortage of frequency resource below 6 GHz for wireless 
communication is more critical in a coming IoT (Internet of Things) 
society. Modern frequency selection and control in smartphones is 
relying on surface and bulk acoustic wave (SAW and BAW) devices, and 
the demand for high-performance SAW and BAW devices are rapidly 
increasing. We are developing advanced SAW and BAW devices and RF 
MEMS switches for 5G and the next generation wireless systems.

To industrial customers looking for a MEMS R&D partner
We are willing to support MEMS industry in research and 
development based on a lot of technology, know-how and 
literature accumulated for a long time in Tohoku University. We 
can propose multiple styles of research and development, from 
the proof of concept using small substrates to device prototyping 
using 4-6 inch wafers, depending on R&D phase and available 
resource in each company. Consultation about MEMS technology 
and business are being accepted anytime from companies.

Sensors for robots, automated vehicles and health care 
systems
Integrated bus-networked tactile sensors (Fig. 1) are being developed 
to cover the whole body of robots. A lab-designed LSI is integrated with 
a MEMS-based 3-axis force sensor by metal-based wafer bonding. This 
sensor system allows us to install many sensors on a robot with less 
wires. Advanced MEMS gyroscopes for automated vehicles, robots and 
VR systems, biosensors for quick medical screening (Fig. 2) and ultrasonic 
transducers for range finding and biometrics are also being developed.

Wafer- level  hermetic packaging and integrat ion 
technology
Wafer-level packaging is a key for the miniaturization and reliability 
of MEMS and a source of cost competitiveness in market. We have 
a variety of wafer-level hermetic packaging technology and know-
how for different applications. We also have rich experiences in the 
integration of heterogeneous devices and materials like LSI and 
MEMS (Fig. 2 and 3). Our customers can find their best solutions 
with us in terms of wafer-level packaging and integration.

Development of MEMS for various applications
Our core competence is MEMS (Micro Electro Mechanical Systems) technology, which is widely used for inertial sensors, 
pressure sensors, microphones, frequency control devices etc. Recently, MEMS are getting more important for wireless 
communication, automated control, healthcare, medical diagnosis, energy saving etc. To answer such requirements, we are 
developing CMOS-integrated tactile sensors, acoustic wave filters, piezoelectric ultrasonic transducers, advanced gyroscopes, 
biosensors and so on in conjunction with wafer-level packaging technology, piezoelectric thin films and original process tools. 
We are eager in industrial and international collaboration.

http://www.mems.mech.tohoku.ac.jp/index_e.html

Nanosystem
Smart System Integration

S.Tanaka Laboratory

Robotics
Department of Robotics

61OPEN 2019

03- _ [55- 0].indd   61 2019/10/25   15:05



Silicon resonator for MEMS gyroscopeControl system diagram for high precision MEMS gyroscope
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High power and precise MEMS acuators
MEMS actuator can usually generate small actuation force. 
Some material such as PZT can generate strong actuation 
force, however, the precise position control is difficult due to 
the stability and temperature dependency of the film property. 
To overcome these problems, feed-back controlled actuator 
with integrated position sensor is under development. This 
technology is also applicable for another type of actuators, 
such as electro-thermal actuators.

High Performance MEMS Gyroscope
Gyroscope is one of the important device for our daily life. In 
near future, MEMS gyroscope become more and more important 
for autonomous driving, control of robots and drones, etc. We 
are developing a frequency modulated (FM) and rate integrating 
(RI) gyroscope, which can solve a lot of problems of current 
MEMS gyroscope.

Micro Thermal device
For high heat flux cooling or refrigerating of micro device, 
we are developing MEMS thermal devices. High thermal 
dissipation can be achieved by evapolation and condensation 
at microscale. Using this technique, thermal rectifier (thermal 
diode) was developed. In addition, infrared thermal detector 
using MEMS technique was also developed.

Mobile bio-sensing system
To detect the allergen contained in daily meal, a mobild bio-
sensing system is under development. The system utilize an 
Aptamer, kind of DNA, to specifically detect the allergen. The 
detection result is read-out by optical way. The optical system 
and electronics as well as disposable sheet containing the 
aptamer was developed.

High performance MEMS sensors for better life
We are developing high performance sensors and sensing systems based on MEMS (Micro Electro Mechanical Systems) 
technique. We are mainly focus on performance enhancement and miniaturization of these devices, as well as fabrication 
technique to develop the devices. Not only device itself, but also development of sensor systems using micro-processors 
and FPGA (Field Programmable Gate Array) is our interest.
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Touch operation detection by classifying small vibrating motion in imagesFull-color projector capable of low-latancy projection mapping
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User interaction based on high-speed visual information
Projection-type information presentation to turn every 
surface around us into graphical displays is gaining attentions 
as a means of work and life support in offices, homes, and 
manufacturing sites.  We conduct research and development 
to achieve video projection mapping that adapts to fast 
movements of objects and users in the real environment without 
delay, and dynamic computer-human interaction techniques 
based on such movement information.

High frame rate image measurement
High frame rate vision is a powerful tool for measuring moving 
objects in general. While retaining the advantages of visual 
measurement such as the ability of non-contact sensing, it also 
achieves real-time measurement of fast movements that cannot 
be captured by existing technologies.  By combining them with 
other sensory information, we are also working on, for example, 
identification and classification of different moving objects and 
materials.

Development of high-speed projectors
By combining video projectors and vision systems, a variety 
of visual representations such as projection mapping become 
possible. Aiming at allowing low-latency interaction between 
a projector and a camera, we are developing a high-speed 
projector capable of projecting thousands of frames per second. 
Our architecture has a distinct feature that video contents supply 
and geometric control applied to them are separated, which 
enables fast adaptation without imposing a load on host PCs.

Applications of robot vision to challenging tasks
Real problems in industries and sports sometimes pose 
significant challenges for robot vision technologies.  In 
particular, we are working on automatic detection, positioning, 
and tracking problems in highly difficult conditions such as 
measurement and handling of flexible wire harnesses and 
sheet-like materials, and movement measurement of high-speed 
spinning golf balls without relying on logos and markers.

High-speed vision systems and their applications
We investigate high-speed real-time vision systems that operate at a frame rate significantly higher than conventional 
vision systems, and pursue their applications by combining them with other sensing and active lighting techniques. As 
part of this research direction, we are developing high-speed projector-camera systems that can project and capture 
image patterns at hundreds to thousands of frames per second. They can be applied to 3D shape measurement at a high 
frame rate and novel technologies to present video contents. We also study new user interaction techniques that utilize 
the high-speed vision systems to react to quick movement of objects.
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(d) Switching add/drop filter. 
(e) Variable reflectance filter.

(a) Anti-reflection structures. (b) Structural color filters. 
(c) Electromagnetically induced transparency metamaterials.
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Development of novel surface smoothing technologies
Dry-etched silicon surfaces are rough, causing device 
characteristics to deteriorate and optical loss. We have 
developed novel surface smoothing technologies that control 
ultra-precise surface deformation caused by self-diffusion 
of silicon surface atoms in a high-temperature hydrogen 
atmosphere. We realize ultra-low-loss nano/micro optical 
devices and silicon micromechanical parts with excellent 
mechanical strength.

Active control: movable nano-photonic devices
Photonic crystals have fine periodic structures in the order of 
wavelength of light and function to block and confine light. We 
have developed a wavelength selective filter that controls the 
optical coupling efficiency of photonic-crystal’s nano-resonator 
and a variable reflectance filter that controls the light blocking 
characteristics by controlling the position of photonic crystals 
with high accuracy using micro-actuators.

Metamaterials: toward innovative optical control
Metamaterial is a structural artificial optical material, and 
its unique electromagnetic mode depends on the structure. 
Therefore, metamaterials enable innovative optical function and 
electromagnetic wave control on demand. We have developed 
electromagnetically induced transparency metamaterials, 
novel metamaterials having Fano resonance, metamaterial 
absorbers, metamaterial sensors with integrated photodiodes, 
and mechanical reconfigurable metamaterials.

Biomimetics: structural colors and moth eye structures
The color of the peacock's bright feathers is due to structural 
color generated by nanolattices. The structural color filters 
enable a variety of colors. Subwavelength periodic structures 
are formed on Moth-eyes. By mimicking this structures, 
reflectance of silicon has been reduced by a factor of 100, and 
the light extraction efficiency of light-emitting diodes has been 
improved by about 60%. We have also developed inexpensive 
manufacturing technology using nanoimprint.

Innovative optical control: metamaterials, biomimetic photonic devices
Metamaterials are artificial optical materials with subwavelength structures smaller than the incident wavelength as unit 
elements, and it is known that various optical responses that do not exist in nature such as negative refractive index 
can be realized. In Kanamori laboratory, studies on fabrication technologies of metamaterials, mechanical reconfigurable 
metamaterials, application of metamaterials, and so on have been conducted. In addition, we are developing highly 
efficient nano-optical devices using biomimetics. In order to realize ultra-low-loss nano-photonic devices, we are 
developing novel smoothing technology for silicon surfaces.

http://db.tohoku.ac.jp/whois/detail/fbe3bc4c0f557bf49e4f1b3bd22d8c67.html
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Numerical calculation around a 30P30N wing section using a Reynolds stress model 
(pressure contours)
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Study of computational aerodynamics methods for dealing flow field around aerospace vehicles
Computational aerodynamics requires geometrical flexibility for handling complex aircraft shapes, accurate aerodynamic 
prediction capability, and high computational efficiency that can be used extensively at the design site. These 
requirements have been realized at a high level by the development of unstructured grid methods with excellent 
geometrical flexbility, second-order accurate finite volume methods, various turbulence models, and implicit relaxation 
techniques represented by the LU-SGS method. These contribute to a significant reduction in wind tunnel test cases 
and development costs. However, with regard to boundary layer separation and laminar-turbulent transition phenomena, 
accurate prediction of phenomena is possible by numerical calculation, unless a highly accurate numerical calculation 
method that requires a large amount of computational resources is used. In this laboratory, we aim to construct a 
laminar-turbulent flow transition model that can be used at a practical calculation cost, and to establish an unstructured 
grid method that can perform highly accurate fluid calculations around complex shapes at a lower cost.

Development of kinetic energy and entropy preserving 
(KEEP) scheme for unstructured grid method
In order to perform turbulent numerical simulations accurately, 
a stable and non-dissipative numerical scheme is essential. In 
recent years, a “kinetic energy and entropy preserving (KEEP) 
scheme” has been proposed for the structured grid method. We 
are aiming to extend the KEEP scheme to an unstructured grid 
method to realize highly accurate turbulent flow simualtions 
around complex geometries.

Development of laminar-turbulent transition model based 
on the Directed Percolation model
Since laminar flow and turbulent flow have very different flow characteristics, 
it is very important to predict the laminar-turbulent transition by numerical 
simulations accurately. However, the transition phenomena have not been 
fully understood yet, and thus existing transition models highly rely on 
empirical correlations. Also, few models take flow anisotropy into account. 
In this study, we aim to construct a transition model that can be applied to 
anisotropic flow fields based on the Directed Percolation model.

Study of implicit methods suitable for unsteady flow simulations
When the LU-SGS implicit method is applied to unsteady flow 
fields, weak wave propagation is dissipated due to its strong 
smoothing effect even if the number of internal iterations is 
sufficient. On the other hand, an explicit method such as the 
Runge-Kutta method suitable for unsteady flow simulations has 
low computational efficiency due to strict stability limit. We are 
studying implicit methods which are suitable for simulations of 
unsteady flows and efficient on large-scale parallel computers.

Application of computational aerodynamics methods to 
various practical problems
By applying the developed computational aerodynamics method to 
various problems in engineering and science, we are predicting and 
elucidating new phenomena and further improving the computational 
methods. Such examples include optimization of a vortex generator that 
suppresses boundary layer separation by generating longitudinal vortices, 
thermal protection of a capusle represented by HAYABUSA in hypersonic 
flow field of atmospheric entry, and accretion disk flows in astrophysics.
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Numerical calculation around a multi-slotted morphing wing using 
unstructured grid method (visualization of vortices by Q value)
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Flow physics and high-fidelity numerical methods
Compressible turbulent flows are crucial phenomena in many 
engineering and scientific problems. However, there are many 
remaining challenges in numerical methods to be used to study 
the detailed physics of the turbulent flows. Our research develops 
high-fidelity numerical methods based on computational physics 
to uncover the flow physics underlying complex compressible 
turbulent flows with shock waves, contact surfaces, material 
interfaces, and flame surfaces in aerospace engineering.

Aerodynamic prediction over whole flight envelope
Our research develops high-fidelity numerical methodology 
as a next-generation aerodynamic design tool to innovate 
aircraft design and operation. The critical issue is to predict 
the aerodynamics across whole flight envelope, including the 
boundary of the flight envelope, such as transonic buffet and stall 
phenomena, at flight high Reynolds numbers. The high-fidelity 
methodology is built based on our achievements and extended 
for the massive-parallel exascale supercomputer environment.

Physical modeling of high Reynolds number flows
The state-of-the-art high-fidelity numerical simulations have 
received increased attention in recent years to study flow 
physics. Its applications, however, are far from the real aircraft 
flight conditions at high Reynolds number because of the 
high computational costs to resolve near-wall turbulence. Our 
research proposes and develops near-wall turbulence modelings 
to make the high-fidelity simulation applicable to real aircraft 
aerodynamic design problems at high Reynolds numbers.

Computational physics and data-driven science
Because of the complexity of flow nature, universal physical 
laws for many compressible turbulent phenomena are not known, 
and thus, it is often challenging to develop a physics-based 
model and also to understand its physical laws. Our research 
combines computational physics with data-driven science, with 
an emphasis on machine learning and uncertainty quantification, 
to develop data-driven modeling of the complex flow phenomena 
and also to understand the underlying physical laws.

Compressible flow physics and computational engineering
Our research draws from theoretical analysis, computational physics, data science, and high-performance computing 
to develop novel high-fidelity numerical simulation techniques for uncovering the fundamental flow physics underlying 
complex compressible, multi-scale and multi-physics flows in aerospace engineering and also for next-generation aircraft 
aerodynamic design tools. Our research interests broadly include in the fields of fluid mechanics, with an emphasis on 
compressible flow, turbulence, shock waves, mixing and combustion, high-fidelity numerical methods, physical modeling, 
machine learning, and uncertainty quantification.
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Structural analysis of composite aircraft wing Multiscale modeling of damage in composite materials
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Numerical simulations for advanced composite materials
Fiber-reinforced plastics, which are lighter and stronger than conventional metal materials, can improve fuel economy 
and reduce CO2 emissions when used in the structural elements of aircraft, automobiles, and other transport equipment. 
Since 2012, practical application of these materials has steadily expanded, exemplified by the Boeing 787, which uses 
fiber-reinforced plastics for the majority of its structural materials. However, because fiber-reinforced plastics are 
difficult to manufacture and have a complex material structure, there are still many problems to solve. Our laboratory 
uses numerical simulations to investigate the characteristics of fiber-reinforced plastics and improve their performance. 
Our numerical simulations cover a wide range mechanics at a wide range of scales.

Optimization of the structural design of wings made of 
carbon fiber-reinforced plastic through coupled analysis 
of fluids, structures, and materials
In recent years, carbon fiber-reinforced plastics have increasingly 
been applied to the structural elements of aircraft. However, 
current designs do not take full advantage of the performance 
of these materials. Our goal is therefore to optimize the design 
of these structural elements by using coupled analysis of fluids, 
structures, and materials to clarify points of uncertainty, which are 
then incorporated into the design variables of genetic algorithms 
that are executed to discover multi-purpose optimizations.

Computer-aided design of multi-purpose materials for 
cross-linked polymers
A new discipline called Material Informatics is attracting attention 
as an innovative approach to materials development, which has 
traditionally relied on experience and trial and error. However, for 
polymer materials with complex cross-linked structures, almost 
no practical applications have yet been found. Our laboratory, in 
contrast, aims to design materials from the molecular level, using 
molecular dynamics approaches and self-organizing maps to 
propose promising candidates for new materials.

Multi-scale modeling of initial damage to carbon fiber-
reinforced plastic laminates
A unique strain field is known to occur between the layers at the 
free ends of carbon fiber-reinforced plastic laminates, leading to 
initial cracking. The load strain when the initial crack occurs is an 
important design criterion, so accurate initial damage prediction 
is required. Our goal is therefore to predict initial damage with 
good accuracy by means of multi-scale analysis. Macroscopic 
analysis is used to predict the strain field, and microscopic 
analysis is used to predict the progression of the damage.

Development of numerical analysis methods for computer-assisted 
virtual testing of aircraft components made of composite materials
In recent years, computer-assisted virtual testing, which uses 
numerical analysis in place of certain certification tests, has 
been attracting attention as a way to reduce the cost of type 
certification testing of aircraft components made of composite 
materials. Our laboratory uses finite element and particle-based 
approaches to develop highly accurate methods of evaluating 
the damage tolerance and energy absorption characteristics 
of composite aircraft components in various situations 
(including emergencies) all the way from the manufacturing and 
processing stages to the usage stage.
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Tensile Strength Prediction of Unidirectional CFRP 
Composites
Tensile strength of unidirectional CFRP materials are predicting 
by performing mult i -f iber fragmentation experiments in 
combination with a spring element model simulation that considers 
the surface stress concentration on fibers caused by a fracture 
site in an adjacent fiber. Possible mechanisms by which additional 
stress concentration is generated on an intact fiber surface are 
analyzing numerically using the finite element method.

Multiple Cracking Analysis for Brittle Thin Films
The progress of multiple cracking in a diamond-like carbon 
deposited onto a polyethylene terephthalate (PET) substrate 
is evaluating using Monte Carlo simulation in combination 
with tensile-loading experiments. The finite element analysis 
has been conducted to calculate the stress distributions in 
film fragments and was used in the simulation. The simulation 
predicted successfully the crack density and the distribution of 
fragment lengths during the progress of multiple cracking.

Determination of Full Elastic Constants of Carbon Fiber
The full elastic constants of a carbon fiber in a unidirectional 
CFRP composite are investigating by implementing a resonant 
ultrasound spectroscopy (RUS) technique. The effectiveness 
of the proposed method is confirmed by comparing the 
experimental results and those obtained by Eshelby-Mori-
Tanaka theory. The determination technique could be 
applicable to randomly oriented discontinuous fibers, as well as 
biomaterials and nanomaterials.

Fatigue Crack Growth Properties for CFRP Laminates
Attention has been focused on CFRP in which short carbon 
fibers are randomly dispersed in a thermoplastic resin. In 
order to develop a reliable CFRTP materials, in addition to 
clarifying the damage mechanism and deformation behavior, 
it is necessary to establish a prediction method to help with 
design and security. Furthermore, we aim to develop a strength 
prediction method by applying it to finite element analysis.

Experimental and Computational Micromechanics on Advanced 
Composite Materials
The Yamamoto group is working in several areas of advanced composite materials research including (i) tensile strength 
prediction of unidirectional CFRP composites, (ii) determination of full elastic constants using resonant ultrasound spectroscopy 
(RUS) technique, (iii) evaluation of fatigue crack growth properties for CFRP laminates, (iv) high-throughput screening on 
carbon nanotube nanostructures (v) statistical analysis of multiple cracking behavior of brittle thin films. We aim to understand 
the structure‒properties relationship in such materials based on experimental and computational nano- and micromechanics.
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Unique experimental technologies in our lab (Our lab is jointly operated with Nonomura Lab)
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Pursuing the Future of Flight - Challenge of Experimental Aerodynamics
More than a hundred years have passed since Wright Brothers' first flight, and a new evolution of the aircraft is 
progressing. Our laboratory is engaged in research to realize the aircraft of various uses, from eco-friendly airplanes to 
airplanes for planetary exploration. In particular, we emphasize the approach from experimental aerodynamics (EFD), 
aiming to improve aerodynamic design by clarifying fluid phenomena related to flight by the means of “wind tunnel 
experiments”. Wind tunnel technology that simulates real air flow, surface-flow measurement technology using molecules, 
dynamic wind tunnel experiments using a magnetic suspension and balance system.

Creating Flow - From Insect Flight to Hypersonic Flight
Wind tunnel experiments using scale models and research 
on similar laws are indispensable for developing aircraft and 
spacecraft. Our laboratory conducts wind tunnel experiments 
in various speed ranges from the speed at which insects fly to 
the speed at which a reentry capsule enters the atmosphere. In 
order to realize a Mars airplane, the world's unique “Mars Wind 
Tunnel (MWT)” was developed, and aerodynamic performance 
of wings at low density and high speed is being investigated.

Manipulating Flow - Research on Flow Control Devices
Safety is the most important factor in aircraft operation. We are 
trying to simulate dangerous situation that cannot be done by 
flight test by wind tunnel experiment. The latest technologies 
that support this kind of research are a high-speed parallel-link 
robot (HEXA) and a magnetic suspension and balance system 
(MSBS). Using these devices, we are conducting research on 
various devices that control dynamic aerodynamic forces, 
visualize flow fields, and control airplane's stability.

Sensing Flow - Development of Advanced Flow Diagnostics
To date, sensors have mainly been electronic. Such sensors 
can only measure the quantities at discrete points, making it 
difficult to understand the complex flow field around an aircraft. 
In our laboratory, we are researching flow imaging technologies 
using various functional molecules such as “pressure-sensitive 
paint (PSP)”, “temperature-sensitive paint (TSP)” and “global 
luminescent oil film (GLOF)”. In particular, we are currently 
focusing on measuring time-varying flows.

Challenge to Real Flight ‒ Knowing the Reality by Flight
As part of collaboration with JAXA, our laboratory is 
working on education and research program on aerospace 
frontiers. Students boarded a JAXA's experimental aircraft 
and participated in an experiment to measure the pressure 
distribution and structural deformation of the wing during 
flight. All reality is condensed in the flight test. We would like 
to establish such an environment that allows universities to 
contribute to aircraft development through flight tests.
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Reduced-order medeling of fluid field using advanced 
measurement and construction of an observer
In order to perform optimal control of aerodynamics, it is necessary 
to observe the state of the flow field time-by-time. In general, the 
flow fields around aeronautical vehicles are very complex, and  
computational fluid dynamics analysis requires enormous computational 
costs that require tens of millions to hundreds of millions of grid points. 
In this research, we will reduce the number of fluid fields expressed 
by a few tens of small quantities, and use a sparse sensor placed 
appropriately to realize state observations from moment to moment.

Advanced measurement of  supersonic jets and 
aeroacoustic waves generated from them
Acoustic waves generated from supersonic jets exhausted from 
supersonic aircraft and rocket engines are very intensive, and it is 
important to predict and mitigate them from an environmental point of view 
and to prevent equipment from breaking due to vibration. In this study, we 
will visualize the fluid and acoustic fields of supersonic jets with advanced 
measurements and clarify the generation mechanism of acoustic waves. 
Now, the flow fields of clustered supersonic jets are investigated.

Next generation fluid control using plasma actuator
Dielectric barrier discharge plasma actuators are attracting 
attention because of their simple mechanism and quick 
response. In this laboratory, we try to improve the performance 
of fluid machinaries through flow control and understand its 
physical mechanism, with a focus on separation control using a 
plasma actuator. Targeting the flow around wind turbines and 
airfoils, we aim to greatly improve the performance of  fluid 
machinaries.

Measurement and analysis of low Reynolds number and 
high Mach number flow
Supersonic jets exhausted from rocket engines contain micron-sized 
alumina particles, resulting in a solid-gas mixed phase flow in which 
supersonic solid particles and gases are mixed. In order to analyze and 
understand such a flow field, it is necessary to comprehend the force 
acting on the particle, but the flow field of high Mach number and low 
Reynolds number has not been well discussed. In this laboratory, we will 
investigate this type of flow through experiments and numerical analysis.

Advanced Measurement of Aerodynamic Problems and Optimal Flaw Control Based on it
Our laboratory conducts research to deepen comprehension of new aerodynamic and fluid control technologies for the development 
of new generation aircraft. First, using experimental aerodynamics (EFD) as a tool, we aim to obtain detailed information on fluid 
fields using advanced measurement techniques such as particle image velocimetry and pressure-sensitive paint. Next, based on 
the detailed information obtained here, we build a model that can easily express fluid phenomena, and aim to optimize the fluid field 
based on the obtained model. For flow control, we will utilize plasma actuators that control the flow by dielectric barrier discharge, 
which has been attracting attention in recent years. Based on aerodynamic experiments that handle real flows, we will conduct 
world-class research on “advanced measurement”, “modeling” and “control” of flows. This laboratory is managed with Asai Lab.

Aerospace Engineering
Aerospace Engineering
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Bow-shock instability around cone-base shaped object (density contours)Electrohydrodynamic force generation by multi-electrode plasma actuators
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Flow Control by Plasma Actuator
Plasma actuator using dielectric barrier discharge has 
been investigated as a flow-control techniques. Discharge 
dependencies of the plasma actuator were numerically predicted 
on electrode configuration and input voltage waveform, and a new 
type of the plasma actuator was experimentally demonstrated, 
which can be operated by a low-voltage power supply with a thin 
dielectric and multiplied electrodes, suggesting microfabrication 
of the electrodes may result in a higher performance.

Fundamental Physics of Supersonic Flow
In this laboratory, fundamental physics in various supersonic 
flows is a subject to be investigated. Sophisticated numerical 
simulations such as three-dimensional fluid simulation and 
molecular dynamics simulation are conducted for clarifying 
instabilities of shock wave found in core-collapse supernova 
explosion or ahead of a supersonic blunt body, catalytic 
recombination at re-entry vehicle surface, and shock wave 
propagation in a laser-ablated solid material.

Prediction of High-Temperature Shock Layer aroud 
Hypersonic Vehicle
Hypersonic objects such as re-entry capsule and vehicle equipped with 
scramjet engine are accompanied by a high-temperature shock layer 
ahead of them, in which the atmospheric gas is in thermochemical non-
equilibrium. Aiming to accurate prediction of aerodynamic heating on the 
surface, a sophisticated thermochemical model has been developed by 
comparing with measured data. Laminar-turbulent transition in boundary 
layer is also investigated, which increases the convective heating.

Development and Applications of Numerical Solver for 
Radiation Hydrodynamics
A flow with high-temperature gases or plasmas exhibits so-
called radiation hydrodynamics in which photon emission 
and absorption by atomic and molecular state transition and 
radiative transfer tightly interact with the flow dynamics. For 
accurate analysis of such a flow, new numerical schemes have 
been developed with practical models. Applications of short-
wavelength radiation source produced by a plasma are also 
investigated by using the developed numerical schemes.

Physics and Applications of High-Temperature Gasdynamics
For propulsion and flow-control techniques, understanding in non-equilibrium high-temperature gasdynamics is 
required because a high-speed flow referred as hypersonic flow is usually accompanied by high-temperature gases in 
thermochemical non-equilibrium. Since such a high-speed flow is in general produced by locally instantaneous energy 
deposition or energy liberation and then mostly activates electromagnetic interactions, numerical simulations are 
indispensable for the understanding of the physics therein. In this laboratory, the numerical models have been developed, 
and new propulsion and flow-control techniques have been proposed based on the simulations.
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Construction of Aerospace Technology Based on Ionized High-speed Flow
We are trying to construct an innovative aerospace system using an ionizaed high-speed flow to achieve a next-
generation space mission and high-speed flight on the earth. An energy is deposited to air or gas fuel to create an 
ionized gas that reacts to an external electromagnetic field. Novel technologies for rocket launch, space propulsion, 
and supersonic flight can be established using this ionized gas has because the high-speed flow is induced around an 
aerospace vehicle by applying the external field to the discharge gas. We are conducting numerical simulation and 
experiment to evaluate aerodynamic and thrust performances of aerospace system developed by us.

Launch by Microwave Rocket
Launching of a microwave rocket is conducted by irradiating 
an intense microwave from the earth to rocket. In this system, a 
launching cost is drastically decreased because transmittion of 
a propulsive energy from the earth removes an on-board fuel. 
A numerical simulation was conducted to reprosuce plasma 
and shock wave structures inside the microwave rocket. New 
concept to improve the thrust performance was proposed using 
external magnetic field and in-tube acceleration technilogy.

Space Traveling System by Magnetic Sail
It is necessary to improve specific impulse and thrust of a space 
propulsion system to decrease a term of space missions. High 
specific impulse and high thrust can be avhieved simultaneously 
when a magnetic sail system, which obtains a propulsive force 
by receiving solar wind, is established. We are doing a numerical 
simulaiton based on particle modeling for a plasma transport to 
capture an interaction between solar wind and magnetic field 
created by a vehicle.

Traveling Magnetic Field Plasma Thruster
It is necessary to develop a new plasma thruster having long 
life time to achieve long-term space missions like a deep space 
exploration. We are focusing on a traveling magnetic field 
thruster as a novel electrodeless plasma thruster. In this system, 
a plasma inside the thruster nozzle is accelerated by applying a 
traveling external magnetic field. We are conducting a numerical 
simulation based on particle model for plasma transport and 
reaciton to understand the plasma behavier.

Supersonic Flow Control by Repetitive Laser Pulses
Improving an aerodynamic performance of a supersonic wing 
is required to achieve a supersonic transport for commercial 
use. We are developing an innovative supersonic flight system 
based on repetitive laser pulses. An interaction between a laser-
induced shock wave and flowfield around the supersonic wing is 
numerically reproduced by solving the Navier-Stokes equations. 
We are conducting a supersonic wind-tunnel experiment to 
evaluate the aerodynamic performance of the supersonic wing.

Assoc.Prof.
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RISING-2: a 50kg-class microsatellite for Earth observationMoonraker-PFM: a lunar rover prototype
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Space Robotics, Lunar/Planetary Exploration and Micro-Satellites
In our laboratory, we are studying the dynamics and control of space robots for in-orbit missions and for lunar/planetary 
exploration. We investigate the mechanics and dynamics of robotic systems for a harsh and unique space environment 
and apply our expertise into mechanical designs and control algorithms. We are also deeply involved in Japan's space 
flight missions conducted by JAXA, such as “Orihime/Hikoboshi”, “Hayabusa”, and “Hayabusa 2”. We are also working on 
the development of university-based small satellites, and have a number of achievements. We hope our lunar rover and 
micro-satellite technologies will contribute to expand future space activities.

Space Free-Flying Robots for Orbital Debris Removal
We are studying the dynamics and control of on-orbit servicing 
robots for capturing malfunctioning or end-of-life satellites to 
reduce the potential sources of space debris. We investigate the 
capturing strategy with a special interest in impact dynamics 
and contact force control, which is particularly important when 
dealing with a rotating or tumbling target. In our laboratory, we 
are conducting practical research with simulated microgravity 
experiments using an air-floating testbed.

Mobile Robots for Lunar/Planetary Exploration
We are studying the mechanics and motion control of mobile 
robots that travel over natural rough terrains and soft soil 
environments such as the surface of the Moon. Based on a deep 
understanding of soil and wheel traction mechanics, we develop 
smart path-planning algorithms and navigation control systems. 
We are also working on innovative mobility designs that enable 
access to challenging terrains such as cliffs and vertical holes, 
or microgravity surface of small planetary bodies.

Spacecraft Development for Earth and Planetary Missions
We are developing micro-satellites and space probes for 
scientific research and technology demonstration. Since our 
first micro-satellite, "RISING" launched in 2009, we developed 
and operated 10 spacecraft in space, including "RISING-2", 
"DIWATA-1", "DIWATA-2", "RISESAT" for the Earth observation 
and "MINERVA-II2" for Japanese HAYABUSA-2 mission in these 
10 years. DIWATA-1 and 2 are marked as a successful case of 
international collaboration with the government of the Philippines. 

Toward Innovative Space Development to Expnd Humanity
Our laboratory participated in the Google Lunar XPRIZE 
challenge that aims privately-financed lunar exploration missions 
and developed successful prototype rover models, which were 
validated in the field test campaigns in analog sites of the 
Moon. We continue our endeavor toward innovative space flight 
missions with our micro-satellite technology and lunar rover 
technology to open up future space business opportunities.
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We demonstrate Micro-satellite Technoilogies in Space!
Our Lab has been demonstrating advanced space technologies 
in space through the real-life 50-kg-class micro-satellite 
projects such as RISING-2, DIWATA-1, RISESAT, and ALE-
1. These satellites are operated by laboratory members via 
Tohoku University's ground station located in Sendai. We will 
continuously contribute to orbit demonstrations of advances 
space technologies.

Advanced Space Technloogies for Space Utilization
A diverse range of key-technologies are investigated as 
collaborative researches between industrial partners. These 
include accurate attitude determination sensors, thin-film 
deployment de-orbit mechanism, optical communication 
instruments, small mobile optical ground station, etc. Also, our 
labotaroty collaborates with international partners in terms of 
research and development of micro-satellite technologies, as 
well as education of international students.

Simulation Technologies Reveal Spacecraft Dynamics!
We are also conducting researches about ground simulation 
and verification technologies for the study of micro-satellites' 
dynamics and control. The attitude control performance and 
robustness of the satellite on-board computer can be evaluated 
in the hardware-in-the-loop simulation environment. A floating 
motion table with 3 degrees of freedom is used to examine 
spacecraft dyncamis in the laboratory environment.

Micro-satellites Chenge the World!
Micro-satellites can be developed very rapidly in low-cost, and 
can be applied to a wide range of application fields. Espacially 
micro-satellite constellation can realize continuous situational 
monitoring and communications. Through collabotarive 
operations with larger satellites, micro-satellites have a large 
potential of improving our living standard on Earth. The goal 
of our laboratory is to etablish advanced misro-satellite 
technologies for the improvement of our daily life.

R&D of Micro-satellite Systems and Advanced Space Technologies
Our laboratory is doing research about dynamics and control of micro-satellites as well as the advanced space 
technologies for future utilization of small space systems. The focus of the research is the determination and control 
technologies of spacecraft orbit and attitude, which is required for global Earth observation and environmental 
monitoring. This lab is collaboratively working with Yoshida laboratory and so far demonstrated 50-kg-class micro-
satellites such as: RISING-2, DIWATA-1, RISESAT, and ALE-1 and some CubeSats. RISESAT recently successfully 
demonstrated high-resolusion multi-spectral Earth observation technologies for the first time in the world.

76 OPEN 2019

04- _ [ 1-9 ].indd   6 2019/10/24   10:4



Prof.
Kanjuro MAKIHARA

Top-left: Next-generation space station,  Top-right: Lunar observation base using moon craters  Bottom: Hypervelocity impact experiments conducted in JAXA

Space truss structure simulating a part of space station
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Energy-Harvesting Using Smart Structures
We cannot solely rely on solar power generation on the moon 
because night time occurs for up to 14 days. Therefore, energy 
harvesting from vibration sources should be explored. We are 
developing an energy harvester that is utilized not only in space 
structures but also in airplanes and automobiles.
・ Energy-harvesting using smart space structures
・ Development of autonomous digital harvesters

Experiments for Space-Debris Impacts
The impact of space debris and meteorites is a serious issue for 
space structures. We have implemented measures to mitigate 
hypervelocity impact in collaboration with JAXA. We are 
investigating the use of a conductive tether system for debris 
removal.
・ Protection of space station against space debris
・ Impact-proof tether systems for debris removal

Vibration Control, Noise Control, Shock Control of Space Structures
We have developed vibration control, acoustic control, and shock control for space structures such as space stations, 
lunar bases, and artificial satellites. In space, sufficient power supply is not expected. Thus, an innovative method 
is required to suppress structural vibration using a self-powered control device. Our laboratory focuses on a truss 
structure that forms a structural member for next-generation space stations. We have installed a truss structure in our 
laboratory, which is employed for proof experiments.
・ Self-powered vibration control for large space structures (Enumerated items are example research subjects)
・ Proof experiment using space truss structures
・ Shock attenuation of artificial satellites during launch period
・ Noise reduction of rocket fairings

Modeling for Variable Morphing Wings
Next-generation aircraft are expected to have a variable wing 
(morphing wing) to achieve fuel efficiency and compactness. We 
integrated three fields (fluid, structure, and control) to establish 
a coupling model for variable wings.
・ Mars-airplane with folding wings
・ Modeling of variable morphing wings

Dynamics Analysis for Aerospace Structures
For future aerospace structures, an innovative structural 
analysis is necessary, which differs from conventional 
frameworks. We conduct pioneering research for future space 
development.
・ Attitude analysis of mass-varying spacecraft
・ Shape control of large deployable antennas
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Multiphysics CFD for High-Performance and High-Reliable Fluid Machines
Our laboratory conducts Mathematical Modeling and Computation (MMC).  We now explore Multiphysics CFD (MCFD) as a 
research field of MMC expanded from Computational Fluid Dynamics (CFD). MCFD solves additional mathematical models 
governing problems of physics, chemistry, and so on with Navier-Stokes equations.  We promote two research projects: 
Numerical Turbine(NT) and Supercritical-fluids Simulator (SFS).  NT achieves large-scale computations of moist-air and 
wet-steam flows in full annulus gas and steam turbines. SFS realizes the simulation of complex flows with arbitrary 
substances.  NT and SFS are utilized for collaborative researches with industries.

Numerical Turbine and the Supercomputing
More than 90% of the electricity is generated from gas and 
steam turbines in Japan. This situation will be continued in future, 
even though reusable energies are developed. Numerical Turbine 
(NT) is a MCFD application for simulating multi-stage full-annulus 
flows in the turbines. Then, large-scale computations using 
supercomputers are executed.  We now conduct collaborative 
researches using NT with industires and universities to develop 
high-performance and high-reliable turbines.

Large-scale moist-air flow simulation in aircraft engine
We apply NT to large-scale computations of moist-air flows 
through a fan and a compressor supposing those in aircraft 
engines and industry gas turbines. We clarified that moist air 
is certainly effective on the flows and affects the performance. 
Our interesting is how the moist air infulences to unsteady flows 
through multi-stage full-annulus stator and rotor blade rows in 
the fan and compressor. We have already custamized NT for  
the large-scale computation.

Supercritical-fluid Simulator (SFS)
We are  developing a MCFD application named Supercritical-
fluid Simulater (SFS) with associate professor Furusawa. SFS 
can simulate flows of aribitrary substance, such as water, 
carbon dioxide, methane, and so on, in not only gas and liquid 
state but also supercritical state considering phase change. 
Currently, we apply SFS to the simulations of supercritical-fluid 
flows of water, carbon dioxide and kerosine crossing critical 
point. The detail is explained in the page by Furusawa.

Degital Twin of Turbomacinery based on Numerical Turbine
Industry 4.0 leads fully automated maintenance, repair, and 
overhaul (MRO): cyber-physical systems. The shape change 
of stator and rotor blades caused by a long-time operation in 
turbomachinery is one of the primary issues considered for the 
scheduling of MRO. We now apply NT to the flows in an actual 
turbine at a power plant as the collaborative research with an 
electeic power company to optimize the scheduling. FInal target 
is to develop a Degital Twin based on NT.
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Numerical Methods and Interdisciplinary Studies for Multiphysics Flows
Our laboratory conducts interdisciplinary studies for multiphysics flows such as heat exchangers, cooling pipes, 
chemical reactors, turbines, and compressors. We have developed numerical methods and mathematical models for 
chemical reactions, particle formations, nonequilibrium condensations for many kind of industrial applications. The 
mathematical models are directly coupled with “Supercritical Fluids Simulator” and “Numerical Turbine” collaborating with 
Yamamoto/Miyazawa Lab. Our final goal is contribution for the sustainable society by the interdisciplinary study and 
numerical simulation achieving highly-efficient power cycle and green chemistry.

Supercritical Fluid Flows in Next-Gen Power Cycles
Carbon dioxide (CO2) is employed as a working fluid in 
supercritical Brayton cycles. Supercritical CO2 has several 
advantages in the compression and heating processes. We have 
reconstructed the numerical method for supercritical CO2 flows 
with the equation of state for real gas and the nonequilibrium 
condensation model. We investigate supercritical CO2 flows in 
radial compressor and some other components in this system.

Design Support by CFD for Chemical Reactors
Supercritical H2O and CO2 is well used for nano-particle 
generation such as Rapid Expansion of Supercritical Solution 
(RESS) process and Supercritical  Hydrothermal synthesis. 
In these processes, The solute in fluids precipitates as nono-
particles in chemical reactors. Particle size, yield, and quality 
depend on the design of chemical reactors. We support flow-
path design in chemical reactors using our numerical methods 
and particle formation models.

Multiphysics Flow Simulation for Cooling Channels
Hydrocarbon fuel decomposes by the endothermic thermal 
cracking at high temperature. The additional cooling by 
the endothermic reaction in the propulsion system for 
aerospace planes reduces the heat of the engine wall. Typical 
hydrocarbon fuels consist of many components like alkanes 
and cycloalkanes. We have developed the numerical methods 
and the mathematical models for  hydrocarbon fuels flows with 
thermal cracking process.

Mathematical Modeling in Supercritical Conditions
Mathematical models for chemical reactions, particle formations, 
and condensations are crucial for the accurate prediction of 
multiphysics flows in supercritical conditions. Supercritical fluids 
have the drastic change of thermophysical properties near the 
critical point. We develop new mathematical models considering 
the thermophysical properties for various industrial applications.
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Quantum Annealing Assisted Supercomputing Systems
Conventional computing systems cannot solve combinatorial 
problems in a reasonable time. However, quantum annealing 
(QA) can effectively solve these problems by using the 
quantum effect. This research focuses on the integration of 
QA technologies into the conventional computing system as a 
single system image, and development and deployment of their 
killer applications: a real-time tsunami inundation simulation with 
routing assistance for evacuation.

Code Optimization to Exploit Potentials of Processors
Processors have changed their structures and increased 
their variations based on technology trends. However, as the 
complexity and variations of the processor structure increase, 
it becomes difficult to exploit the performance of the processors 
for applications. This research adapts applications to the 
processors to obtain the high performance by optimizing and 
tuning the application codes for each processor based on the 
evaluation results of the latest processors.

High Performance Computing Supported by Machine Learning
Due to the power limitations of computers and the demands 
for big data processing, machine learning (ML) has attracted 
attention, in which computers learn various problems and 
their answers from a significantly large amount of data. Our 
laboratory is conducting researches on the integration of these 
emerging ML technologies into conventional computing systems, 
and development and deployment of their killer applications: a 
system to predict turbine faults.

High-Performance and Low-Power Computer Architecture
Computers have significantly increased their performances 
based on the advances in integration technologies. On the other 
hand, due to the power wall and the memory wall, computers 
should process a larger amount of data with a lower power. Our 
laboratory focuses on hardware technologies to maximize the 
performance per watt, such as vector processing mechanisms, 
memory systems that can adaptively provide resources to 
applications, and non-volatile cache memories.

Next-Generation Computer Architectures and their Applications
Our laboratory aims at establishing fundamental hardware technologies for next-generation computing systems and 
developing high-performance applications and their optimization technologies. We are also interested in computer 
architectures in the Post-Moore era and their applications. Our interests include new information processing technologies 
such as quantum annealing and artificial intelligence. They can solve problems that conventional architectures could 
not solve in a practical time. Moreover, we are researching applications that can exploit the potentials of the new 
architectures and their deployments as high-performance infrastructures.

https://www.cal.is.tohoku.ac.jp/
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Shaping the future supercomptuing technologies and their applications
This laboratory focuses its research on shaping next-generation supercomputing technologies that are practical and indispensable 
for advancing the state-of-the-art science and technology, and also for supporting innovations in engineering. Especially, as future 
supercomputing systems will be larger and more complicated, we mainly work on developing novel system software and programming 
technologies to effectively exploit the system performance. For example, we are exploring an effective way to partially automate the 
supercomputing software development, and also to replace it with machine learning technologies. We also discuss future supercomputing 
system architectures and their building blocks at various levels by collaborating with Egawa laboratory and Kobayashi-Sato laboratory.

"Smart" software automatically tuning its parameters for 
individual system configurations
To achieve high performance on a hybrid computing system of 
different kinds of processors, a program needs to be specialized to 
the particular system configuration, by adjusting various parameters 
and also assigning the right processor to the right task. To reduce 
the burden of such system-specific programming, we are developing 
smart software technologies so that a user program is capable of 
automatically adapting to individual system configurations.

Hardware-software co-design for improving power and 
energy efficiencies
General-purpose processors are designed to execute any 
programs, and thus their hardware design could be redundant if 
they are always used only for specific purposes. By limiting the 
purposes, there is a potential to reduce redundant hardware 
resources and thereby power consumption of the processor 
without losing the performance. Therefore, we are considering 
hardware and software at the same time to design power/
energy-efficient processors.

Supercomputer programming aided by machine learning
Machine learning technologies are now emerging very quickly. It 
might be difficult even for the latest machine learning technologies 
to fu l ly  automate performance-aware,  supercomputer 
programming that has been achieved only by human experts with 
deeply considering individual system configurations. However, we 
believe the programming process could partially be automated by 
machine learning. Therefore, we are exploiting effective ways of 
using machine learning for performance-aware programming.

A fault-tolerant system that can keep working even if 
some of its components are broken
Since a supercomputing system consists of a huge number 
of components, failures could happen in the whole system at 
a relatively high frequency even if the failure rate of each 
component is low. If a program has to start from the beginning 
whenever a failure happens, the computation time until the 
failure is wasteful, and moreover the program may not be able 
to finish in practical time if failures happen too frequently. 
Therefore, we are considering the fault-tolerance mechanisms 
for a system to keep working upon failures.
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5.5D Green Microarchitecure
To achieve energy-efficient computing in post-Moores' era, we 
are working on the development of future microprocessors 
that can maximize effective performance and power efficiency 
by using 2.5D and 3D stacking technologies and innovative 
devices. Currently, we are focusing on memory subsystems 
of microprocessors which targetting on high-performance 
computing and image processing/coding.

Efficient Operation of HPC systems
Since the supercomputer is used simultaneously by multiple 
users, a large number of jobs are executed. However, if the job 
scheduling on the supercomputer does not perform efficiently, 
system throughput and power efficiency might be degraded. 
In this topic, we are predicting job execution time by machine 
learning and efficiently allocating computational resources by a 
quantum computer. Recently, we also explore innovation at the 
convergence of HPC, AI, and IoT.

Challenge for keeping high-performance portability
Recently, it is getting difficult to exploit the potential of HPC 
systems due to their complexity and variety. These drastic 
changes of the HPC systems force HPC programmers to further 
spend enormous effort to develop, maintain, and migrate their 
codes to the future systems. To overcome this situation, we are 
developing a database named "HPC refactoring catalog" for 
maintaining performance portability of HPC applications.

Accelerating Real Applications
In order to exploit the potential of supercomputers, it is 
indispensable to optimize the code considering the hardware 
configuration and the characteristics of system software. We 
are promoting research and development on code optimization 
technology that can accelerate real applications based 
on clinical approach and findings through the operation of 
supercomputers at the Cyberscience Center.

Toward Energy-efficint Supercomputing System
Our research group is working on the design and development of high-performance computing (HPC) systems that will 
support future advances in computational sciences from the viewpoint of computer architecture and hardware/software 
co-design. Since future HPC systems need to have high energy efficiency as well as high computational performance, 
a significant reduction in power consumption is mandatory. To this end, the research topics in our laboratory cover, 
microprocessor design with innovative technologies, development of program optimization technologies, the database 
for keeping performance portability, and HPC, AI, and IoT convergence technologies.

82 OPEN 2019

04- _ [ 1-9 ].indd   2 2019/10/24   10:4



Visiting Prof.
 Sadatake Tomioka

Scramjet engine + Rocket engine = RBCC engine Cooliwng test apparatus (upper) and comparison with CFD (lower)

Aerospace Engineering
Department of Aerospace Engineering

Tomioka Laboratory

JAXA Cooperative Laboratory,
Next Generation Space Transportation System
　

Study on Propulsion System for Reusable Launch Vehicle
System studies on high efficiency propulsion system vital to realize reusable launch vehicle are underway.  Combination 
of rocket engines with hypersonic air-breathing engines is targeted to reduce on-board oxygen consumptiom, as well as 
high efficiency rocket engine technology.  Major issues are;
* System analysis as launch vehicle,
* Studies on altitude compensation nozzle, especially on interaction between nozzle flow and outer flow,
* Studies on wide range operative rocket engine with hydro-carbon fuel, including injection and cooling,
* Performance prediction of Rocket-Based Combined Cycle engines.

Combustion and Its Control within Highspeed Reactive FLow
Studies on ramjet/scramjet (Supersonic Combustion ramjet) 
engines are expected to reduce onboard oxygen consumption 
of reusable launch vehicle.  Major issues are;
*  Studies on high-speed combustion phenomena including dual-
mode operation

*  ombustion control technique to optimize heat release region 
for best performance in accordance with airspeed,

*  Combustion enhancement of hydrocarbon fuel at low-speed 
flight regime.

Optical Diagnostics on Combustion Phenomena
Observation of combustion phenomena within high-pressure, 
high-temperature rocket combustion chamber as well as 
within high-speed scramjet combustor is a hard task.  Optical 
diagnostic techniques, especially quantitative measurement 
using laser diagnostics are pursued such as;
*  Temperature measurement using Laser Induced Fluorescence 
Spectroscopy,

*  Density measurements of species using Tunable Diode Laser 
Absorption Spectroscopy.

Researches on vital components of hypersoic airbreathing engine
Researches on hypersonic engine components are underway.  
Currently, cooling system is targeted as hydrocarbon fuel 
suitable for small scale demonstrator has poor cooling 
capability.  Improvement of the cooling capability by thermal 
decomposition of hydrocarbon fuel is investigated both 
experimentally and numerically (received student award in 
2018).  Fluid dynamics, especially instability, within the cooling 
system is also targeted.
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Examples of computational results

Aerodynamic experiment by magnetic force balance system (MSBS) and 
supersonic visualization experiment by using ballistic range

Laminarization around a arcraft swept wing
Friction drag due to the flow viscosity is considerable when an 
aircraft operates, approximately half of the total one. Laminar and 
turbulent states are coexisting around an aircraft wing. If we delay 
a transition to turbulence by some techniques, and if we maintain 
the laminar flow, the viscous drag can be reduced. Therefore, we 
are developing superior laminar flow wing, by using large-scale 
parallel direct numerical computation by a supercomputer, and 
data-driven methods to evaluate flow instability.

Aerodynamic measurement by the magnetic force 
supporting balance system (MSBS)
In order to measure the aerodynamic characteristics of flying objects, 
we are developing a magnetically supported balance device (MSBS) 
that floats the model in the air by magnetic force and controls the 
attitude in order to avoid the influence of the model's mechanical 
support. We have constructed a highly responsive system for 
unsteady motion and supersonic flight. Currently, we are using them 
to evaluate the aerodynamic characteristics of actual shapes, such 
as low-thinness ratio cylinders and throwing for athletics.

Development of data-assimilation technique
We are developing data assimilation technology aiming for 
the sophistication of CAE. We are now conducting research 
to predict uncertainty phenomena quickly such as turbulence 
in the atmospheric boundary layer, which is a problem when 
operating an aircraft, to control at real-time.

Supersonic aerodynamic experiment by ballistic range
The ballistic flight device can perform high-speed free flight, and 
high-speed collision experiments from transonic speeds up to 7 
[km/s]. The problem with supersonic aircraft is the deterioration 
of fuel economy caused by sonic boom and wave drag, but 
one of the solutions is double-wing, which has been developed. 
We have acquired knowledge for the development of the 
supersonic aircraft, such as confirming the trend of changes in 
shock wave shape due to changes in the blade tip thickness.

Advanced computational aerospace fluid engineering
Advanced computational challenges to solve various engineering issues related to flow nonlinear phenomena, such as 
turbulence transition, flow separation, and wake vortex interference. We are developing data-assimilation techniques 
with data obtained with the wind tunnel experiment and the flow simulation, to solve problems of an aircraft at the actual 
flight condition. Additionally, high-resolution direct numerical computation, linear flow instability, and turbulence structure 
extraction are employed for investigations.

Obayashi/Yakeno
Laboratory
Aerospace Fluid Engineering 
Laboratory
http://www.ifs.tohoku.ac.jp/edge/indexe.html

Aerospace Engineering
Institute of Fluid Science
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Examples of uncertainty quantification Examples of multi-objective design exploration
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Uncertainty Quantification in Flow Analysis and Design
Real-world flow phenomena are caused by various “uncertain” physical factors. Numerical analyses to simulate flow 
phenomena are often simplified without considering such uncertainties, and these results often disagree with the real-
world phenomena. Hence, we aim to help exact understanding of complex flow phenomena by modeling uncertainties 
that appear in a real world, introducing the uncertainty model into flow analysis, and quantifying behavior of physical 
quantities against the uncertainties. In addition, we aim to create engineering products, which are robust for practical 
use, by introducing the uncertainty model into design process.

Multi-Objective Design Exploration of Fluid Machineries
We have been proposing “multi-objective design exploration,” 
which is based on evolutionary computation and data mining, 
as an approach to create innovative design regardless of 
designer’s knowledge and experiences, and applying this 
approach to the design of fluid machineries such as aircraft and 
automobile. This approach is useful for discovery of new design 
knowledge by finding various optimal design candidates and 
extracting characteristic information from the candidates.

Surrogate Model to Estimate Optimal Solutions
In actual engineering design, it is desirable to reduce a 
turn-around time until a design candidate satisfying pre-
specified design requirements is obtained. For this purpose 
it is necessary to estimate performance for various shapes 
promptly. Therefore, we are developing an original “surrogate 
model” to represent a complex response of the performance to 
the change in the shape, and utilizing the model to establish a 
real-time design process.

Evolutionary Computation to Search for Optimal Solutions
Real-world design is formulated as the optimization problem with 
many shape and performance parameters. In such a problem, it 
is difficult to manually find optimal shapes that achieve the best 
in terms of all performances. Therefore, we are developing an 
original algorithm of “evolutionary computation,” which mimics 
biological evolution for efficient solution search, and utilizing the 
algorithm to solve the real-world large-scale design problem.

Simulation and Optimization of an Air Conditioning Unit
In Tohoku University, we have established a collaborative 
research division with a domestic car parts supplier, and 
are doing research on fundamental technologies expected 
for development of an electric vehicle. We aim to develop a 
compact and low-load air conditioning unit for the electric 
vehicle by high-fidelity computational thermo-fluid dynamics 
simulation together with design optimization.
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Combustion technology in aerospace, environment, and energy sectors
Combustion is a complex phenomenon composed of multi-dimensional dynamics of temperature, concentration, velocity 
and chemical reactions. Advanced combustion technologies are essential to solve the environmental and energy issues. 
Our laboratory focuses on investigation of combustion phenomena, development of diagnostics, and analytical methods 
of flames. Projects on turbulent combustion at high pressure and high temperature, heterogeneous combustion in fuel 
spray for jet engines, controlling supersonic combustion, as well as new fuel combustion for reducing greenhouse gas 
emissions, are in progress.

High pressure turbulent combustion
Turbulent combustion researach at high pressure and high 
temperature is essential not only for improving thermal 
efficiency of internal combustion engines but also for promoting 
scientific understanding of complex combustion phenomena. 
The mechanism of turbulent combustion in such extreme 
conditions are investigated using advanced laser diagnostic 
technologies and numerical simulations for development of 
highly efficient energy systems.

Carbon-free ammonia combustion phenomena
Recently, ammonia has been considered not only as a hydrogen 
energy carrier but also as a potential carbon-free fuel. 
However, its flame characteristics are not fully understood. 
In our laboratory, characteristics of ammonia combustion 
are investigated based on experiments as well as numerical 
simulations using detailed chemistry. Flame stabilization 
mechanism and turbulent combustion are also studied to apply 
the ammonia combustion to gas turbine power generation.

Combustion in supersonic air flows and its control
Research of gas mixing, combustion, and interaction of shock 
wave in supersonic air flow is essential for the development of 
next-generation supersonic combustion ramjet engine (SCRAM 
Jet Engine). In our laboratory, planer laser induced fluorescence 
for OH (OH-PLIF) and numerical simulation are performed to 
investigate the effects of the incident shock wave on the mixing 
and flame holding as well as interaction between a cavity flame-
folder and pylons placed upstream of the cavity.

Fuel spray formation and combustion at high pressure
Gas turbines for aircraft and power generation are operated 
at high pressure. To realize a gas turbine combustor with very 
stable operation over a wide range of conditions, characteristics 
of spray formation and combustion should be clarified in detail. 
In our laboratory, spray formation and combustion phenomena 
are investigated using laser diagnostics (PDPA, PIV) and high-
speed flame observations to develop high performance jet 
engines.
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Study of thermal fluid phenomena for next-generation spacecraft Mars airplane conceptual picture
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Study of aerodynamics and heating for re-entry vehicle
The next-generation spacecraft is required to be small, light, 
and economical, so accurate prediction of aerodynamic heating 
is required. In this research, we are studying a measurement 
method that can estimate aerodynamic heating with high 
accuracy using Temperature-Sensitive Paint (TSP). At the 
same time, we aim to build a database for spacecraft design by 
integrating with CFD.

Study of new planetary exploration system using aircraft
Currently, we are researching and developing Mars airplanes that 
conduct exploration while flying in the Martian atmosphere. Flight 
demonstration tests will be conducted in the vicinity of an altitude 
of 35 km on the earth, which has an equivalent flight environment 
to that of Mars. We will demonstrate its feasibility through the 
flight test ahead of the world. We aim to propose a new planetary 
exploration system ("Planetary Locomotion") using aircrafts.

Development of thermal control devices for spacecraft
Our laboratory has studied thermal control devices (LHP, OHP, 
Mechanical Pump Loop) using the vapor-liquid two-phase flow. 
In particular, LHP/OHP has no mechanical part and do not 
need the electrical power, so it is expected to be installed in a 
deep-space spacecraft with limited resources as a lightweight 
and space-saving non-power heat transport device. We aim to 
propose a power-saving and highly efficient spacecraft thermal 
control system that combines these.

Study of membrane wing for planetary exploration
The wing of a Mars exploration airplane is required to satisfy not 
only high aerodynamic performances but also various performances 
such as lightness, storage/deployability, and gust resistance. We are 
focusing on flexible membrane wings such as the wing of insects and 
bats. Especially the studies include the elucidation of the interaction 
between low Reynolds number flow and a flexible membrane, and 
control of the flow field using a membrane-like advanced actuator.

Study of thermal fluid phenomena for next-generation spacecraft
The elucidation of the thermal and aerodynamic characteristics for re-entry vehicle is essential for the development of 
next-generation space transportation systems. In this research, we are conducting a study of the aerodynamic heating 
estimation methods using molecular sensors, and research and development of thermofluid measurement methods that 
can measure extreme environmental fields such as high temperatures (over 1000 ℃ ) and cryogenic temperatures. 
Our laboratory also has studied Loop Heat Pipes (LHP) and Oscillating Heat Pipes (OHP), Two-Phase Mechanically 
Pumped Loop System for spacecraft thermal control.
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Study on shock wave attenuation and pressure active control Supersonic free-flight projectile test by using ballistic range
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Study on shock wave propagation for human body tissue protection
We focus on acoustic impedance value, investigates to shock 
wave propagation and interaction phenomena in simulated 
biological model in consideration of acoustic impedance for 
understanding of shock wave tissue damage mechanism. We 
aim establishment of human body tissue protection method from 
shock wave by using the obtained knowledge about shock wave 
propagation phenomena such as local elevation of pressure and 
negative-pressure region related to cavitation bubble generation.

Establishment of shock wave pressure active control
We aim establishment of shock wave pressure active control 
method by using shock wave reflection phenomena with various 
materials with different acoustic impedance and shock wave 
enhancement phenomena due to shock wave interaction in a 
closed space in the condition of air and underwatwer. These 
achievements are expected to develop new device for industrial 
application by using controlled shock wave pressure.

Shock wave attenuation phenommena by shock interaction
We investigate experimentally and numerically shock wave 
attenuation phenomena due to shock wave interaction with 
water droplet, a rough surface and irregular shape, etc. These 
achievements are expected to understand mechanism of a 
serious influent reduction caused by shock wave to artificial 
construction and human body, and to estabish the reduction 
method.

Study on supersonic free-flight for aerodynamics
We investigate experimentally aerodynamic properties for 
supersonic free-flight model, its generated shock wave and flow 
fields regarding development of the silent supersonic transport 
and Mars entry capsule by using ballistic range. And we focus 
on a development of supersonic launching method for various 
complex shaped models and their quantitative and qualitative 
new measurement.

Elucidation of complex shock propagation and its interdisciplinary application
Shock wave phenomena associated with various research field such as aerospace engineering, material engineering, 
medical and biomedical engineering, and geophysics, is significant problem. The complex shock wave laboratory 
investigates complex propagation phenomena of shock wave in gas-liquid-solid three-phase for understanding a 
fundamental mechanism of shock wave phenomena and its interdisciplinary application. 
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Coupled fluid-structure computing for hydrogen leakage 
phenomena of high pressure tank with crack propagation

High-precision PIA laser integrated measurement of fine solid-nitrogen particulate spray 
flow
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Creation of multiscale interdisciplinary multiphase flow energy system
Our laboratory is focusing in the development of innovative multiphase fluid dynamic methods based on the multiscale 
integration of massively parallel supercomputing and advanced measurements, and research related to creation 
of environmentally conscious energy systems. Furthermore, we promote basic research for the creation of risk 
management science and associated new multiphase flow system directly linked to sustainable   energy represented by 
a high-density hydrogen storage technology. Particularly, we are focusing on chemical-free, pure water free, dry type 
semiconductor wafer cleaning system using cryogenic fine solid high-speed spray flow.

Denelopment of high density hydrogen energy carrier
This computational study provides useful information for 
predicting dynamic crack propagation mainly caused by 
hydrogen embrittlement of aged pressure vessels accompany 
with leaked hydrogen-air mixing as an important part of 
assessing hydrogen as an energy vector. The present study 
was conducted by using a hybrid of the coupled particle and 
Euler methods.

Non-aqueous semiconductor cleaning technology using 
fine solid particulate spray
We are focusing in different field integration research and development 
such as creation of environmentally conscious type nano-cleaning 
technology using reactive multiphase fluid that is a thoroughly 
chemical-free, pure water free, dry type semiconductor wafer cleaning 
system using cryogenic micro-nano-solid high-speed spray flow, and 
also focusing on removal-reusing technology for solar cells and ITO 
membranes for conducting organic polymer (including indium oxide tin).

Supercomputing for Tsunami and Flood Damage Mitigation
The mitigation procedure of hydrodynamic energy caused by 
tsunami or flood is predicted by supercomputing to contribute 
the structural designing or land-use planning of coastal area.  
First, we aim to develop Multiphase Fluid-Structure Interaction 
(MFSI) computing by constructing a numerical model that 
considers multiphase hydrodynamic treatment on the interaction 
between megafloat and tsunami, obstackles and flood.

Development of new physical cleaning method using 
cavitation bubbles in megasonic field
Numerical analysis of non-spherical oscillating bubbles in a 
megasonic field has been investigated and clarified that it is 
possible to analyze the translational motion of bubbles due to 
the primary Bjerknes force and the non-spherical collapse of 
bubbles when collapsing near the wall surface. Furthermore 
clarified that the particle removal mechanism and non-spherical 
multiple bubble dynamics in megasonic cleaning.

Prof.
Jun Ishimoto

Assist.Prof.
Naoya Ochiai
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Direct Numerical Simulation of Turbulent Flows

Vortex Formation in Wake of Swimming Fish and at Wing 
Tip

Prof.
Yuji Hattori

Theoretical & Numerical Hydrodynamic Stability Analysis
Stability is one of the fundamental properties of flows which is 
useful for their understanding and control. We study stability of 
vortices and other flows by theory and numerical analysis. We 
have found the curvature instability of vortices and necessary 
and sufficient conditions of parallel shear flows based on the 
variational principle. Currently we are interested in the effects 
of rotation and stratification on vortices aiming at applications 
in the atmosphere and the ocean.

Study of Turbulence and Development of Turbulence 
Models
Most of the flows we encounter in nature and engineering are 
turbulent. We are studying statistical properties of turbulence, 
which is one of the long-standing important problems in fluid 
dynamics. We study dynamical analysis of statistical properties 
of vortical structures in isotropic turbulence and develop new 
turbulence models using machine learning.

Vortex Dynamics
It is important to understand the vortex motion for clarifying the 
dynamics of flow phenomena. We are studying every aspect 
of vortex dynamics including formation process, nonlinear 
dynamics and routes to turbulence in order to clarify the roles 
of vortical structures in flow phenomena in general. We have 
studied formation of strong vortices, hydrodynamic properties 
of swimming fish and formation process and the structure of 
wingtip vortices.

Formation of vortices & dynamics in geophysical fluids
Strong vortices in atmosphere like hurricanes and tornados are 
subjected to density stratification and planetary rotation. We 
are studying formation and dynamics of these vortices. One of 
the recent results is discovery of strato-hyperbolic instability 
due to hyperbolic instability and phase shift by internal gravity 
waves. Formation of giant vortices on Jupiter and their growth 
are also studied by numerical simulation.

Study of Complex Flow Phenomena by Large-Scale Numerical Simulation
We are studying complex flow phenomena by large-scale numerical simulation with high accuracy. The flows which we 
encounter in the nature and engineering applications often involve complex geometry and deforming objects which are 
difficult to deal with by traditional body-fitted grid systems. We develop and improve the volume penalization (VP) method, 
which is one of the immersed boundary methods, to analyze such flows. So far we have developed a new method for 
direct numerical simulation of aeroacoustic noise that can be used for complex and deformable geometry. Application of 
this method is in progress. 

Aerospace Engineering
Institute of Fluid Science

Hattori Laboratory

Computational Fluid Physics 
Laboratory
http://eagle.ifs.tohoku.ac.jp
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Control of boundary layer transition by wall roughness

Explosive magnetic reconnection

Assoc.Prof.
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Boundary layer transition control by wall roughness
On widely-used swept wings of aircrafts, the boundary layer 
flow becomes three-dimensional and its instability leads to 
turbulent transition. By suppressing or delaying this transition 
somehow, the viscous drag on aircrafts as well as the fuel cost 
is expected to be reduced. We are seeking a feasible method 
for suppressing the instability by placing artificial roughness 
on the wing surface. Direct numerical simulation is useful for 
elucidating the transition process.

Explosive magnetic reconnection in collisionless plasma
Magnetic reconnection is an instability that causes solar flares, 
magnetospheric substorms and magnetically-confined plasma 
collapses. The longstanding question in plasma physics is 
why magnetic reconnection occurs so fast in nature. We are 
focusing on an explosively accelerating phase of magnetic 
reconnection numerically and proposing a theoretical model for 
understanding its physical mechanism.

Stability analysis of parallel/rotating shear flows
Rigorously understanding stability of parallel/rotating shear 
flows is not only fundamental to classical fluid mechanics but 
also informative as a simplified case of more complicated flows. 
In addition, the effects of density stratification, centrifugal force 
and magnetic field are no longer straightforward to understand 
phenomenologically. We are mathematically analysing stability 
conditions of such various flows.

Self-organized state sustained by helicity injection
In conductive fluids such as plasmas, magnetic helicity is 
a well-conserved quantity that measures how much the 
magnetic field lines are entangled and twisted. Therefore, 
magnetohydrodynamic relaxation is expected to occur toward 
the minimum energy state under the constraint that the helicity 
is nearly constant. We aim for prediction and control of such 
self-organized state which is continuously sustained by a 
helicity injection.

Clarification and control of flow phenomena based on stability theory
Flow phenomena observed in fluids and plasmas are getting reproduced in more detail by recent high-accuracy 
and large-scale numerical simulations. On the other hand, it becomes also important to extract new physical laws or 
mathematical models from vast amount of numerical data. The stability analysis is historically a powerful means to 
understand laminar-turbulent transition, vortical structure formation/breakdown and so on. Our goal is to predict and 
control flow dynamics by taking advantage of both stability theory and numerical simulation.

Aerospace Engineering
Institute of Fluid Science

Hirota Laboratory

Computational Fluid Physics
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Nonplanar photofabrication and assembly technologies
New micro fabrication technologies and assembly technologies 
which are required for realization of high functionalized 
minimally invasive medical devices and small, thin and flexible 
healthcare and medical devices have been also developed. 
Nonplanar photofabricaiton process which enable micro 
fabrication on the surface of round or concave shapes of 
several mm tube-shaped substrates has been developed. New 
equipment and micro assembly procedure have been also 
developed for the purpose.

Organ model with sensors for training and evaluation
Hollow organ models, for example blood vessel models, equipped 
with micro sensors (ultraminiature blood pressure sensors or 
small ultrasonic blood vessel wall displacement sensors) have 
been developed for training of operators of minimally invasive 
medical devices and for evaluation of effectiveness and safety 
of newly developed minimally invasive medical devices, for 
example, catheters, guide wires, endoscopes and vascular 
stents. Micro assembly procedure has been also developed.

Small, thin and flexible healthcare and medical devices
Biometric measurement, diagnosis and therapy in daily life can 
be realized by small, thin and flexible healthcare and medical 
devices. Small ultrasonic blood diameter sensor for blood 
pressure measurement without cuff and for quantification of 
stress reaction has been developed. Subcutaneous tissue fluid 
extraction system has been developed utilizing microperfusion 
needle for sensing  biological substances, for example, glucose 
and lactic acid at several times in daily life.

High functionalized minimally invasive medical devices
Minimally invasive diagnosis and therapies from inside the human 
body are now widely performed using endoscopes, catheters 
and guide wires. Functions and precision of the medical devices 
are restricted by required sizes, shapes and flexibleness 
for use in the human body.  Ultraminiature fiber-optic blood 
pressure sensor, small ultrasonic sensor, and new imaging 
systems have been developed for higher functionalization and 
multifunctionalization of endoscopes, catheters and guide wires.

New generation medical devices realized by micro technology
Several medical devices and healthcare devices which have new features and advantages have been developed 
using several micro fabrication technologies, for example, MEMS (Micro Electro Mechanical Systems) technology. New 
diagnosis and therapy can be realized by minimally invasive medical devices with higher functions and multifunction. 
Biometric measurement, diagnosis and therapy in daily life can be also realized by small, thin and flexible healthcare and 
medical devices which are enabled by micro fabrication technologies. Required fabrication technologies have been also 
newly developed. We are aiming realization of medical machines which are useful for human.

http://www.medmems.bme.tohoku.ac.jp/

Biomechanical Engineering, 
Medical Nanodevice Engineering

Haga/Tsuruoka 
Laboratory

Mechanical / Biomedical Engineering
Department of Robotics
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Wearable and implantable biosignal recording system
Biosignals such as EEG, ECoG, ECG, EMG, and pulse waves have 
different signal magnitudes and frequency bands. Therefore, 
to correctly record the biological signal, both the function and 
performance of the recording circuit need to be optimized. We have 
been developing an integrated wearable and implantable biosignal 
recording system including biosignal processing LSI, biosignal 
recording electrode, micro/mini-LED, photodiode, and various sensors.

3D integration technology & Analog/digital IC design
We have been developing 3-dimensional integration technologies 
and analog/digital IC design technologies to achieve high-speed 
and low-power LSI beyond conventional 2D LSI performances 
and to realize high-performance computing systems and 
advanced biomedical micro/nano integrated systems.

Fully-implantable retinal prosthesis
More than 10 million patients have lost their visions due to eye diseases 
such as retinitis pigmentosa and age-related macular degeneration in the 
world. To restore the visual sensation of blind patients, we have proposed 
and developed a fully implantable retinal prosthesis. Our retinal prosthesis 
is small size, lightweight, and high resolution, which leads to a high quality 
of life (QOL) to the patients. We have already fabricated the retinal 
prosthesis chips with 1,500 pixels. Besides, we have successfully obtained 
EEPs from a rabbit by implanting the retinal prosthesis chip.

Intelligent Si neural probe
Intelligent Si neural probes can be used to analyze both brain 
and neuron functions as a versatile tool for neurophysiology 
including optogenetics. The intelligent Si neural probe has 
various sensors, signal processing circuits, neuronal stimulation 
circuits, and so on. We have performed lots of collaborative 
research with many research institutes in the world.

Research and development of biomedical micro/nano integrated systems 
based on semiconductor neural engineering
Semiconductor neural engineering is a discipline that uses semiconductor process/device/circuit technologies to further 
understand properties of neural systems and to create novel fusion systems of living body and machine. One of the 
goals in this laboratory is to establish semiconductor neural engineering and develop biomedical micro/nano integrated 
systems. Another goal is to educate the next generation of leaders in biomedical engineering through research including: 
1. Intelligent Si neural probe and brain-machine interface 
2. Fully-implantable retinal prosthesis system 
3. Wearable and implantable high performance sensor system 
4. 3D integration technology and analog/digital IC design 
We collaborate with Fukushima laboratory.

http://www.lbc.mech.tohoku.ac.jp/

Biomechanical Engineering
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Directed Self-Assembly (DSA) Technology
DSA is a promising technology to make ultrafine-pitch nano-
patterns induced by nano-phase separation of block co-polymers 
using simple coating and heating. Traditionally photosensitive 
materials called photoresists are employed to photolithographically 
make the fine patterns used for IC fabrication in semiconductor 
industry. Our extended DSA challenges are focusing on the 
formation of ultrafine-pitch nano-interconnections like synaptic 
connection with nanocomposites consisting of block co-polymers 
and metal compounds/nanoparticles etc.

Capillary Self-Assembly Technology
Self-assembly is an innovative process in which a disordered 
system of pre-existing components forms an organized small 
structure or micro-patterns as a consequence of specific and 
local interactions among the components themselves without 
external direction. We have successfully self-assembled tiny chips 
(10 μm by 10 μm) and ultrasmall optical chips within 100 nm 
in alignment accuracy using liquid surface tension as a driving 
force. This massively parallel capillary self-assembly researches 
are toward advanced flexible micro-LED display application etc.

3D AI Chip Technology
The human brain has 3D-stacked multi-layered structures that are 
electrochemically communicated through synaptic connections 
with extremely low power consumption without heat generation. 
For the next-generation brain computing chips, we are proceeding 
with the researches for high-performance 3D ICs that are 
electrically stacked through 3D interconnects called TSV (through-
Si via) that is like neurons. Upcoming automatic driving systems 
and neuromorphic edge computing will be given by the 3D ICs in 
massively parallel signal processing with a huge number of TSV.

Flexible Hybrid Sensor System Technology
Flexible hybrid sensor system is an excellent combination of inorganic 
monocrystalline semiconductor chips with organic flexible polymeric 
substrates. High-performance and multi-functional wearable/
implantable devices are integrated by our advanced flexible 
hybrid electronics (FHE) technology using embedded small/rigid/
thin chiplets. We are fabricating various systems such as trans-nail 
photoplethysmography (PPG) sensor to know heart rate, bionic eye 
implant to cure retinal disease, flexible neural probes to analyze the 
brain function, and hydrogel-based patch to control glucose level.

Holistic System Integration Based on Self-Assembly for a Future AI World
We are working on specialized education and research toward micro/nano integrated biomedical/healthcare systems 
based on wafer-level packaging that involves an interdisciplinary fields between physics, chemistry, mechanical 
and electrical engineering in addition to biomedical engineering. Our research activities aim to explore technological 
innovation to realize upcoming Internet of Everything (IoE) societies with real AI. In particular, our research focuses on 
holistic integration with LSI, MEMS, optics, bio chips, passives, and bendable/strachable devices to construct flexible/
rigid, 2D/3D, and organic/inorganic hybrid systems. We collaborate with T. Tanaka/Kino laboratory

Biomechanical Engineering
Medical Nanosystem Engineering
http://www.lbc.mech.tohoku.ac.jp/

Fukushima Laboratory

Mechanical / Biomedical Engineering
Department of Mechanical Systems Engineering
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Figure 2.  Power generation by an enzyme-based biobattery 
that activates biosensors and medication devices.

Figure 1.  Biochips fabricated by our biolithography device 
are useful in drug testing and implants.

Bionic Power Generation: Self-regulating Biobatteries
Our group achieved enzyme-based biobatteries with world-
first high electrical density. The bionic power generation 
system is composed of totally organic biomaterials, and thus 
highly compatble to human and environment. We advance 
the technology to self-regulating biosensors and transdermal 
medication patch through improvement of generated power and 
lifetime of the biobattery by utilizing MEMS technologies (Figure 
2).

Skin Medical Engineering: Therapy and Diagnosis of Skin
Human skin has transepidermal electric potential that supports 
various skin functions. The value of transepidermal potential 
is related to damage and diseases of a skin such as atopic 
dermatitis, and can be used as an indicator of skin condition. 
We develop biomedical devices for therapy and diagnosis of 
skin by integrating our technologies of wet device, bionic power 
generation, and a minimally invasive needle.

Wet Devices: Hydrogel-based Electrodes Fitting to Human
We developed hydrogel-based electrodes with 70% water 
content that fit to human skin and tissues for biosensing and 
electrical therapy of nerves and muscles. The totally organic, 
biocompatible hydrogel electrodes can be stored in a dried 
state, and used with added water for an implant sensor of brain 
functions.

Biolithography: Manipulation of Proteins and Cells
We developed a biol ithography technology for in situ 
manipulation of proteins and cells in a biosystem. The developed 
device also enables printing of flexible organic electrodes on a 
wet hydrogel for biosensing. The hydrogel-based biochip can 
be used for investigation of metabolic activities of exercising 
muscles as studies of diabetes and adiposity (Figure 1).

Biohybrid Devices with High Affinity for Human and Environment
We develop highly-sensitive and efficient biohybrid devices such as biosensors and biobatteries by utilizing proteins, 
cells, and biomaterials as parts of the devices. Our unique, key studies include development of fabrication process of 
soft/wet devices, and interfacing technology between electronic machines and iontronic biosystems. The biohybrid 
device technology enable state-of-the-art engieered systems with high affinity for human and enironment.

http://www.biomems.mech.tohoku.ac.jp
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Real time weight measurement using fiber electrode
The fiber electrode can measure changes in weight and strain. 
We use this characteristics for measuring weight balance in our 
body when sitting on the chair and when lying on the bed in real 
time. We try to analyze posture conditions for helping correction 
to proper conditions in order to avoid pain.

Electrical circuit formation using fiber electrode
Fiber electrode is an unique material for establishing electrical 
circuit. We can control electrical acitivity using fiber structure. 
Structure dependence of the fiber on electrical characteristcs 
was studied. Results are indicated novel type of electrical 
circuit could be formed. As the structure is also good for 
cellular growth scafold, formation of electrical cellular interface 
is our future interest.

Artificial synapse - neural machine interface
Most of the present supporting device for disabilty function 
is based on the musle electrical measurement and control. 
Because of our electrode indicated high biocompatibility, 
we can use it as an implantable electrode for neural control. 
Direct stimulation of the nerve acting like an artificial synapse 
is capable for producing precise control of behaviour. We are 
now studying a suitable system for longer sustainable neural 
connection.

Conductive polymer fiber electrode for neural interface
Biocompatible flexible electrode was established using 
conductive polymer and fiber. As the electrode indicated high 
biocompatibility and flexibilty, it is suitable for measuring long-
term brain activity and forming a neural interface. This could 
be helpful for medical treatment such as DBS (Deep Brain 
Stimulation) in Parkinson's disease. Ambient vital sign sensing is 
also possible for  healthcare purpose.

Establishment of neuro-machine interface for biofunctional support
The purpose of this research is based on understanding informational processing mechanism at synapse and its artificial 
formation of synapse. Establishment of interface between machine and neural system is the key. We have been studying 
conductive polymer modified fiber electrode for this purpose because of its high biocompatibility and flexibility. The 
electrode can be used not only for medical implant, bust also for health care, such as vital sign measurement. As the 
research is now on the phase of application, we organize a research community of flexible electrode and a venture 
corporation for further development in the field. 

http://torimitsu-lab.jp

Biomechanics, Biodevice 
Engineering

Torimitsu Laboratory

Mechanical / Biomedical Engineering
Mechanical / Biomedical Engineering

99OPEN 2019

05- _ [99-116].indd   99 2019/10/24   10:54



Intraocular cell delivery system

Retinal pigment epithelial cells cultured 
in a microfluidic device

Assoc.Prof.
Hirokazu Kaji

Intraocular cell delivery system
Drug therapy for intractable diseases such as retinal diseases 
is basically aimed at suppressing the progression of symptoms. 
Cell transplantation is necessary as a fundamental treatment 
for diseases of tissues such as the retina that do not have self-
renewal ability. By using a biodegradable polymeric nanosheet 
as a transplant carrier, we are developing a method to 
effectively deliver a cell sheet into the subretinal space through 
a capillary needle.

Transscleral drug delivery system
As the frequency of visual impairment increases with age, visual 
information is very important to maintain the quality of life in 
super-aging countries such as Japan. The main factor of visual 
impairment is retinal diseases and development of effective drug 
delivery system to the retina has become an urgent issue. We 
are developing a minimally invasive drug delivery device that 
is placed outside the eyeball to transsclerally delivery drugs to 
the retina.

Micro/nanotechnology applicable to bio-derived materials
It is natural that the physiological environment is suitable for 
the functional expression of bio-derived materials such as living 
cells and proteins, and biomedical application of such materials 
requires micro/nanotechnology corresponding to their fragility. 
To date, we have developed bio-lithography technology that can 
pattern living cells and proteins on substrate surface under a 
culture environment, microfluidic devices that can control cell-cell 
interactions, and polymeric nanofilms as cell culture substrates.

Organ chip devices that mimic the ocular fundus tissues
As the top of blindness diseases are all retinal diseases that are 
complicated by many factors including aging, metabolism, and 
blood flow, development of treatments for those disease has 
become difficult. We are developing a three-dimensional culture 
model that mimics the ocular fundus tissues in a microfluidic 
device. Using such devices, we aim to accurately understand 
the pathological mechanism of eye diseases and to develop 
new treatments and drug screening methods.

Development of micro/nanotechnology and biomedical applications
In the field of biomedical engineering, micro/nanotechnology corresponding to the fragility of bio-derived materials such 
as living cells and proteins has been required. For example, technologies that can precisely and dynamically control 
the microenvironment of cultured cells are important in vitro, and technologies that deliver cells and drugs to the 
affected area in a minimally invasive and effective manner are important in vivo. Our laboratory aims to develop micro/
nanotechnology applicable to the field of biomedical engineering and to apply such fundamental technology to medicine 
and medical devices, especially in the field of ophthalmology.

http://www.biomems.mech.tohoku.ac.jp
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We study physiological and pathological flows, and utilize the knowledge for various kinds of health and enviromental issues.

Micro-scale roboitic swimmers
A micro-scale robotic swimmer is a cutting-edge technology in 
micro-fabrication and drag delivery. We develop a mechanism of 
micro-swimmer by using fluid oscillation forces. By changing the 
direction of fluid oscillation, we can arbitrary control the motion 
of a micro-robot.

Microfluidic devices
A microfluidic device is useful to separate cells from a small 
amount of sample. In order to improve diagnosis of breast 
cancer, we develop a microfluidic device to separate circulating 
tumor cells from blood. We also develop a device to separate 
motile bacteria and a wall configuration to prevent thrombus.

Biomechanics of microorganisms
A red tide in the ocean occurs under certain tide, wind and 
algal swimming conditions, and causes serious damage in 
fish industries. Bacteria adhere to interfaces and form a 
biofilm, which causes damage on a machine and infection to a 
human. We clarify behaviors of microorganisms, and utilize the 
knowledge to solve environmental and engineering problems.

Biophysics
Left-right axis of a body is determined by weak ciliary flow in 
the node of an embryo. Bacteria sometimes swim collectively 
and generate turbulent l ike vortex structures, which 
significantly enhance mass transport in the suspension. We 
clarify biological functions generated by such flows, and utilize 
the knowledge for engineering applications.

Welcome to Biological Flow Studies Laboratory
Our research field is biomechanics, in which biological functions are clarified from mechanical point of views and utilized 
for engineering applications. We do experiment, theory and numerical simulation to overcome various kinds of health and 
environmental issues, such as cardiovascular diseases and red tides in the ocean.

http://www.bfsl.mech.tohoku.ac.jp/index.html
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Visualization of flows and motions in nature

Multimordal imaging using optical microscopy
We are developing a method to quantitatively acquire three-
dimensional physical quantities using the laser-induced 
fluorescence method, image correlation method, and Raman 
scattering spectroscopy regarding the substance concentration, 
diffusion coefficient, advection speed, pHｃ, and temperature 
in a microscopic region. We are also studying multi-dimensional 
measurement methods with high spatiotemporal resolution 
specialized in elucidating biological phenomena.

Biomimetics using biological functions in engineering
The unique shapes and properties of living things may have 
functions adapted evolutionally to the environment. By 
understanding the characteristics of the living organisms 
dynamically and imitating and applying engineering (biomimetics), 
our quality of life would be better. We are researching the 
reduction of surface friction drag in medical equipment, aircraft, 
automobiles, swimming races, using hideden functions in nature.

In vivo bio-imaging as it is 
We are developing a real-time observation technique that 
minimizes the load of stimuli and damage to the living organisms. 
There are optical limits to observing opaque cells and tissues 
with visible light. We are studying the internal fluid flow and the 
diffusion mechanism by observing the inside of the living body 
with non-invasive methods using ultra-short wavelength pulse 
laser, microfocus X-ray and confocal optical system.

Mechano-efficacy which promotes permeation and diffusion
Substances in the living organisms are further promoted to 
peameate and diffuse due to the fluid structure behind them.
It is difficult to accurately predict and control the transport 
phenomenon in the l iving body because the substance 
concentration changes every moment due to metabolism and 
synthesis. We are studying methods for promoting the transport of 
drugs between cells and tissues with the controlling drug amount 
that permeate from the skin surface by mechanical stimuli.

Biological flow and Biomimetics using Visualization
Visualization is a userul tool for seeing invisuble or unseeable flow, phenomenon, and motion which are difficult to see or 
cannot be seen. We have developed visualization technique and analysing for biological flows, diffusion, and motions of 
living things, and are conducting experimental research on various dynamics on living organisms. To better understand 
complex life phenomena needs theoretical analysis based on new insight from visualization experiments. We conduct 
interdisciplinary research across many disciplines for elucidating the mechanism of fluid-specific flow phenomena. This 
laboratory is operated in conjunction with the Ishikawa and Omori Labs.

http://www.bfsl.mech.tohoku.ac.jp/index.html
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Left: Skin condition sensor
Middle: Braille reading sensor
Right: Contact stimulus sensor system

Left: Intelligent artificial finger
Middle: Tactile sensor for touch 
feeling of hair
Right: Relationship between roughness 
feeling(vertical axis) and stimulus 
frequency(horizontal axis)
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Prof.
Mami Tanaka

Development of Braille reading sensor system
We have been developing a sensor system that reads Braille 
for the visually impaired. A polymer piezoelectric film is used for 
the Braille reading part. The sensor system reads the electrical 
signal generated by contacting the film with the convex parts of 
Braille and distinguishes Braille characters by using difference 
of the electrical signal. In addition, from the viewpoint of 
usability, we have been designing a sensor structure to be used 
easily.

Development of palpation sensor
Palpation is a simple examination. However, evaluation by 
palpation is subjective, because palpation utilizes the tactile 
perception. And it is difficult to share the obtaining sensations by 
palpation. Therefore, a palpation sensor is demanded. We have 
been developing a palpation sensor that detects and evaluates 
the lump inside the body by scanning the object with a force 
measurement probe. It is expected to be useful for telemedicine 
and reducing the psychological burden on patients.

Development of tactile sensor system
We have been developing tactile sensor systems that measure 
human touch feeling. Based on knowledge about tactile 
perception mechanisms, we design sensor materials, measurement 
mechanisms, signal processing, and construct suitable sensor 
systems. By using the tactile sensor system, we measure not only 
fabric materials such as clothes but also human skin. In addition, 
we measure contact stimuli that affect wear comfort by using a 
tactile sensor using polymer piezoelectric films.

Elucidation of tactile perception mechanisms
Human perceive tactile sensations such as texture, softness, 
and warmth by performing touching motion such as stroking, 
pushing, and touching an object with fingers and hands. Tactile 
sensation is an essential sensation in human daily life, and one 
of the important indicators for developing various products. 
However, the tactile sensory mechanism has not been fully 
elucidated. In our laboratory, various experimental systems 
have been established to elucidate the perception mechanisms.

QOL technology based on tactile sensation technology
In medical, welfare and health field, improvement and enhancement of quality of life (QOL) is important. And development 
of medical welfare equipment using the advanced mechatronics technology is expected. In order to progress medical 
and welfare engineering, the creation of novel sensors and actuators and the advancement of system design and 
information processing technologies is necessary. Our laboratory focuses on human perception systems and aims to 
create new QOL technology by utilizing the skillful tactile sensation functions.

http://rose.mech.tohoku.ac.jp

Biomedical Engineering for Health and 
Welfare, Medical Welfare Enginnering
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Left: Fingertip force sensor
Middle: Scratch motion sensor
Right: Midwives' delivery assistance 
measurement

Left: Finger joint angle sensor
Middle: Prostate palpation simulator
Right: Mechanomyogram measurement

Assoc.Prof.
Takeshi Okuyama

Measurement technology to quantify skillful procedure
We have been quantifying the skilled motion by using the 
various finger movement measurement techniques. For prostate 
rectal palpation, we have been developing a prostate palpation 
simulator that can measure motion and extract the features 
of skilled doctors' motion. Also, concerning midwives' delivery 
assistance procedure, we have quantified the characteristics of 
the skilled midwives by analysis of the pressure distribution on 
the midwife's hands.

Measurement and analysis of human scratching motion
Quantification of human scratching behavior induced by itching 
is important in the treatment of skin diseases. In our laboratory, 
we have been developing several measurement systems of the 
scratching behavior. In particular, we have been developing 
a wearable microphone sensor that measures scratching 
sound and aiming at a system that can evaluate mechanical 
characteristics (contact force, etc.) during scratching by 
analyzing the scratching sound.

Wearable sensor system for finger motion measurement
We have been developing  an electroactive polymer sensor 
to measure finger joint angle, and a ring-type fingertip force 
sensor. The former is a simple structure that covers a finger 
joint with the electroactive polymer film that induces voltage by 
bending deformation. The latter is a method to estimate fingertip 
force from tendon tension. These sensors are devised so as not 
to interfere with tactile sensation and natural human motion, 
and are expected to be applied in various fields.

Assessment of muscle condition by using muscle vibration
To realize safe and effective rehabilitation, we have been 
developing methods for evaluating muscle activity such as 
fatigue of the muscle, focusing on the mechanomyogram and 
musculoskeletal vibration characteristics that occur when the 
muscle contracts. We have measured mechanomyograms and 
electromyograms at multiple points simultaneously, and confirmed 
that the frequency characteristics of mechanomyogram change 
due to muscle characteristics and muscle fatigue.

Human sensing for medical and welfare engineering
In medical and welfare field, fingers and hands are used for palpation, surgery, and rehabilitation assistance. In order to 
acquire the exquisite skills using the fingers and hands, they need a lot of training and experience in clinical practice. 
Therefore, in order to learn the technique more effectively, quantification of fingers and hands motion during procedure 
is required. In our laboratory, we have been studying on human sensing systems and analysis methods of human motion 
by using the advanced mechatronics and information processing technology. The quantified motion information is utilized 
not only to educate novices, but also to develop seveal sensors.

http://rose.mech.tohoku.ac.jp
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Additive manufacturing for creating functional surfaces
Additive manufacturing (AM) can create complex shapes as 
long as the 3D shape information of the targeted structures 
can be prepared. Using this advantage, AM is expected as 
a manufacturing technology for tailor-made implants in the 
medical field. We have been working on the development of 
innovative processes that elucidate the microscopic phenomena 
that occur in the 3D printer modeling process and add new 
functions accordingly.

Creation of biocompatible and biomimetic surface
Interactions with living cells and tissues vary depending on the 
geometrical shape and chemical composition of the material 
surface. Focusing on this phenomenon, we have been working 
on surface creation based on biomimetic ideas. For example, 
the objective is to create a surface where cells and tissues 
can stick quickly or cannot completely. We aim to bring a new 
breakthrough to the medical and biotechnology fields by making 
full use of these methods.

Development of osteoaffinity implants
The biomaterial requires high compatibility to the biological 
tissues including cells and bones. We have been applying 
surface modifying techniques for achieving biocompatible 
surfaces. We, as of now, confirmed that laser processing can 
confer biocompatibility on surfaces of titanium alloy.

Innovative dental treatment with HAp film formation
We achieved to form hydroxyapatite films on human enamel 
via powder jet deposition (PJD) technology that can be applied 
under room temperature and atmospheric pressure; i.e. it is free 
from preheating and vacuuming. PJD can reconstruct the tooth 
substance; thus this can be applied not only to cavity protection 
but also preventive and aesthetic dentistry.

Innovation in Biomedical Engineering brought via Functional Surface
Surface is the starting point for almost all phonomena such as chemical reactions, optical reflections, and wear. We has 
been proceeding functional creation processing with fabrication of surface microstructures based on the advanced 
manufacturing technology such as ultraprecision processing. We have been attempting to improve biocompatibility and 
activate osteoblasts by modifying material surfaces.

http://www.pm.mech.tohoku.ac.jp/

Bio-Medical Interface Fabrication

Kuriyagawa
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Mechanical / Biomedical Engineering
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Life Support Engineering, Biomedical 
Engineering for Health and Welfafe

Yamaguchi Laboratory

Industry-academia collaboration
Our laboratory tries to return the research results to society by 
industry-academia collaboration. For more detail, please see our 
web site.

Gait analysis using sensor shoe device
We have developed gait anaysis systmem using a shoe device 
mounted miniature tri-axial force sensors. By using this shoe 
device, it is possible to design shoe sole pattern according 
to the distribution of local ground reaction forces (GRFs) in 
the shoe-gournd contact area during walking. We also try to 
estimate the whole body center of mass (COM) using GRFs 
obtained by the shoe device, which will enable gait analysis 
without motion capture and force pates.

Biomechanics of gait for prevention of slip-related fall
Falls are becoming an increasingly critical issue in elderly 
individuals aged over 65 years. We aim to investigate the 
mechanism of falling due to induced slip during walking based 
on kinetic and kinematic analysis of gait. In addition, we study 
the friction coefficient needed at shoe-floor interface and gait to 
prevent slips during walking.

Development of high slip resistant shoe sole and floor
We have developed shoe sole materials and shoe sole pattern 
for high slip resistance on the floor covered with water, oil, or 
powder. We developed contact area observation system and 
succeeded in the development of novel pattern which remove 
fluids or powder from the shoe-floor interface efficiently. As a 
result, we have succeeded in commercialization of the high slip 
resistant working shoes for restaurant kitchen or food factory.

Life Support Engineering for Safe and Secure Society
In order to realize an independent living of elderly people and disabled people and a safe and secure life, the 
construction of new engineering filed that supports life and livelihood i.e. life support engineering. Our laboratory 
promotes education and research concerning life support engineering through studies on investigation of fall 
mechanism, development of footwear and floor for fall prevention, development of evaluation method of gait stability, and 
development of high-performance sport equipment and livingware, etc.

Mechanical / Biomedical Engineering
Biomedical Engineering
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Figure 2  (a) The sample container in which endothelial cells are cultured , 
and distributions of the cells (b) before and (c) after the flow load experiment
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(b) (c)

Figure 1  Two dimensional ultrasonic measurement integrated 
blood flow analysis system

Flow Analysis of Tumor Micro Environment
Neovascular network around the tumor has singularity to 
normal tissues such as abnormal blood vessel shape and 
increased permeability of blood vessels. These properties make 
the enough amount of the anticancer drug transport difficult. 
This study develops a flow analysis method for tumor network 
which can treat complex blood vessel shapes and permeability 
of the fluid through the blood vessel wall.

Fluid Mechanical Effect on the Endothelial Cell Damage
Endothelial Cells that cover an inner wall of blood vessels 
play vital roles in maintaining homeostasis of the circulatory 
system, and  damage to these cells is known to lead to vascular 
diseases such as atherosclerosis. However, the cause of 
damage to Endothelial Cells is not yet known. This study 
investigates survival and damage of the cells in various flow 
conditions using the endothelia-cultured channel (Figure 2).

Inclined Centrifuge Microscopy for Erythrocyte Friction
Complex interact ions between erythrocytes and the 
glycocalyx on the endothelial cells are considered to occur 
in microcirculation, and elucidation of the interactions lead 
to understanding of mechanisms of circulartory diseases and 
development of new diagnosis devices. This study investigates 
the interactions by measuring the frictional characteristics 
using the inclined centrifuge microscopy and by simulating the 
erythrocyte behaivor in the inclined centrifuge microscopy

Flow Analysis of Left Ventricle with Aortic Stenosis
Valves at inlet and outlet of a heart prevent back flows of the 
blood , and disfunctional state of the valves is called valvular 
heart disease. The load on the heart becomes large due to 
ineffective transport of the blood by the valvular heart disease, 
and surgery is required in a severe conditon. This study focuses 
on the aortic valve located between the left ventricle and aorta, 
and clarifies the influence of the aortic stenosis on the blood 
flow field in the left ventricle.

Measurement Integrated Blood Flow Analysis
To elucidate initiation and growth mechanisms of circulatory diseases such as cerebral stroke and cardiac infarction, 
this study performs research for obtaining the complex blood flow information in vivo with high accuracy and high speed 
using measurement integrated simulation, which combines measurement and numerical flow simulation. Figure 1 shows 
the two dimensional ultrasonic measurement integrated blood flow analysis system for clinical purpose developed in our 
lab. This system can analyze complex velocity profile in a carotid artery, which is common site of the arteriosclerosis, 
and wall shear stress acting on a blood vessel wall.

http://www.ifs.tohoku.ac.jp/sme/index_e.html
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The 3-in-1 organ-on-a-chip (upper left), a microscope image of microvascular network formed inside the chip (lower left),
and the time-lapse imaging system for observation of three-dimensional cellular dynamics (right).
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Integrated Simulation Biomedical 
Engineering Labolatory

Reproduction of placental function
An adequate functionality of placenta is essential for healthy 
fetal growth and maintenance of maternal health condition. 
Although a lot of animal experiments have been conducted to 
clarify the effects of maternal nutrient and health conditions 
on fetuses, there exists a fundamental issue that a placental 
structure varies by species. Hence, a placenta-on-a-chip is 
developed to reproduce human placnetal function in vitro.

Evaluation of vascular endothelial permeability
A vasular lumen is covered by a vascular endothelial cell 
monolayer. The vascular endothelial permeability is related 
to various pathological conditions, such as occurance 
of  hemorrhage and development and progression of 
atherosclerosis. We investigate variations of vascular 
endothelial permeability by hypoxic exposure, with a focus 
on temporal changes of oxygen tension which are known to 
instantly change gene expressions.

Development of 3-in-1 organ-on-a-chip
In order to reproduce physiological and pathological 
microenvironments, we develop “3-in-1 organ-on-a-chip” which 
simultaneously controls oxygen tension and mechanical and 
chemical stimuli to cultured cells. Oxygen tension is controlled 
by supplying gas mixtures to the gas channels in the device. 
Simultaneously, mechanical stimuli (pressure and shear stress) and 
chemical stimuli (biochemicals and drugs) are applied to the cells.

Measurement and control of cancer cell migration
In tumor microenvironment, heterogeneous oxygen tension is 
observed due to hyperprolipheration of the cells and formation 
of immature vascular network. Temporal and spatial variations 
of oxygen tension activate migration of cancer cells and 
angiogenesis by vascular endothelial cells, leading to cancer 
progression and metastasis. This study investigates responses 
of cancer cells to hypoxic exposure and controls their 
behaviors.

Reproduction of in vivo microenvironments and control of cell behaviors 
using microfluidic devices
Cells respond to mechanical stimuli caused by motion and blood flow and chemical stimuli by biochemicals, and failures of such cellular 
functions possibly result in diseases or damages. An in vivo oxygen tension is lower than the atomospheric one, and has spatial and 
temporal variations. Therefore, for elucidation of in vivo phenomena and innovation for treatment techniques, it is critical to understand 
individual cell responses and cell-cell interactions under heterogeneous oxygen tension. We create microfluidic devices which 
reproduce in vivo microenvironments, and investigate mechanisms of cell behaviors and their control under various conditions.
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Arterial PVA-H model
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Bone model for drilling
Drilling bone is a common surgical skills in dentistry or 
orthopedics. We developed a biomodel of bone with tribological 
characterization of drilling behavior on acrylic composite 
materials for intending to propose a substitute to natural bone. 
You will use the bone model for performing mechanical tests 
of your medical devices relating to orthopedics such as bone 
screw, bone saw, and bone drill.

Standardization activities
Implants always contact with human tissues. Mechanical 
characteristics of the implant is affected by the mechanical 
properties of tissue. We focus to establish standardization of 
tissue model for mechanical testing of implants, for training and 
for pre-operation. We established ISO 19213, ISO/WG14 and 
associated with a consortium of model of AIST. You can join us 
in the group or consortium.

Flow visualization around the medical device using PIV
Flow visualization is useful for to evaluate the function of 
medical device. We have developed flow visualization methods 
using either CFD or PIV (Particle Image Velocimetry). PIV is a 
technique using tracking particles with high speed camera. We 
have accepted several medical devices such as stent graft 
for leakage, coils, clot retriever, endscope and so on. We also 
accepted foreign companies. We will choose either CFD or PIV 
based on your phase of development.

Optimization of medical device of stent
We have skills for design optimization of medical device using 
combination of CFD (Computational Flow Dynamics) and 
optimization method. Especially, we have proposed an optimized 
design of stent to reduce blood flow into an aneurysm and find 
out the roll of each stent strut to reduce the flow. Our method is 
based on automatic detection of optimized design for flow. You 
will use these skills to modify your medical devices.

Tissue model (Biomodel) for mechanical testing of Medical Device
Cardiovascular disease including stroke or heart attack occurs occasionally. To treat the disease minimally invasive operation 
using medical devices such as catheters is attractive. To develop the minimally invasive operation, mimicked tissue model called 
as Biomodel is useful. We have developed a tissue model made of PVA-H (Poly (vinyl alcohol) hydrogel). The advantage of this 
model has similar friction of surface to the blood vessel with a wide range of mechanical properties from soft to hard. Then the 
medical device such as stent or coil is correctly deployed. And the model is transparent, and you can see the flow in the model 
with the device.
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Direction Control of Cavitation Microjet by Multiple Pressure Wave 
Associated with Discharge

Change of Cell Response by Plasma Stimuli

http://www.ifs.tohoku.ac.jp/bionano/index.html

Collaborative Course
Biological Nanoscale Reactive Flow Laboratory

Sato/Uehara
Laboratory

Mechanical / Biomedical Engineering
Institute of Fluid Science

Development of Generation Method of Microbubbles and 
Microjet by Plasma
We advance the development of  the generat ion and 
measurement method of fine bubbles by underwater plasma, 
and the development of the generation method of microjet using 
the generated bubbles. As shown in the right photo, we advance 
the research of the intracellular material introduction method by 
the microjet which is controlled by using multiple shock waves 
generated with the underwater discharge.

Clarification of Thermal Flow Field and Chemical Reaction 
Field of Gas-Liquid Plasma
We try to clarify the fundamental phenomena of the interaction 
between plasma at the gas-liquid interface and the liquid, and 
deal with the application to the plasma medicine. Especially, we 
develop the efficient chemical transport method to the living 
organisms by clarifying the generation mechanism of plasma-
generated flow and the transport phenomena of chemical 
species.

Clarification of Propagation Mechanism of Underwater 
Plasma Flow and its Biological Application
We try to clarify the streamer propagation process which gives a great influence 
on the chemical species generated in the underwater plasma flow, and deal with the 
application to the plasma medicine. In our lab, we measure the high-speed streamer 
propagation using ultra high-speed camera which has a nano-second time resolution. 
We aim at clarification of charge movement associated with the streamer and the 
behavior of the bubbles generated at the time of discharge, and the development of 
cell response induction technology by the control of the charge transfer.

Response Change of Cells and Viruses by Plasma
Researches of killing and inactivation of bacteria and viruses 
by plasma, apoptosis induction by plasma stimuli are actively 
conducted. Until now, the effect of chemically active species 
generated by plasma has been gaining attention. In our lab, we 
conduct the observation of the cell responses by plasma stimuli 
and its detailed analysis in order to clarify the electric effect 
which is as important as the chemical responses. (left photo)

Fundamentals and Applications of Plasma Medicine
We aim at clarifying how various stimuli generated by plasma flow affect living organisms, establishing fundamental theory of plasma medicine, and 
developing new plasma medical method. We study about the development and control of the generation method of chemical, mechanical, electric, 
thermal, optical stimuli of plasma flow, and clarification and control of the transport mechanism of the generated physical stimuli to the living 
organisms. We are conducting those researches through the new academic point of view which combines fluid mechanics, plasma mechanics, 
and biological mechanics. Also, we deal with the clarification of the cell response mechanisms of activation and inactivation of living organisms, 
development of apoptosis induction method against cancer cells, and the development of cell proliferation method using cell activation.
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Diametrical core deformation analysis 
(DCDA) for in-situ stress measurements

d. In-s i tu stress measurement by diametr ical core 
deformation analysis (DCDA)
Measurement of in-situ rock stress is a critical parameter for the 
effective production of geothermal or unconventional hydrocarbon 
resources as well as the evaluation of seismic hazard risk. We 
propose a new method of diametrical core deformation analysis 
(DCDA) for evaluating the in-situ stress of rocks from an elliptical 
deformation of boring cores. DCDA is game-changing method 
since we can directly estimate the magnitude of in-situ stress 
from simple core diameter measurement.

c. Investigation on Hydro-Thermal-Mechanical-Chemical 
(THMC) coupled phenomena of a subsurface environment 
using the discrete element method (DEM) 
DEM method is a relatively new computer simulation method 
that can analyze larger deformation associated with failure 
phenomena of the rock mass. We originally develop the DEM 
code and realize THMC coupled phenomena in the subsurface 
environment to understand the mechanism of failure of ground 
material such as sand, mud, and rock.

b. Understanding of fracturing mechanism on unconsolidated 
formation and application to the methane hydrate production
Methane hydrate often locates in the unconsolidated formation such 
as a soft sand rock in the seafloor. Methane hydrate has been found 
in the seafloor of Japan and expected for our next energy resources. 
The fracturing method will be used for the effective production of 
Methane hydrate. However, the theory of fracturing for hard rock 
cannot be simply applied for such soft formation. We research to 
understand the mechanism of fracturing to the soft formation by 
using our special apparatus and computer simulation methods.

a. Highly utilization of hydraulic fracturing in unconventional 
resources development
Unconventional resources such as shale gas & oil generally exist in 
impermeable formations. Hydraulic fracturing is an essential method to extract 
those resources economically by nucleating or reactivating fractures. Those 
failure phenomena still have many aspects of being investigated since we 
cannot directly observe the failure phenomena in the subsurface. So, we have 
to develop the technology to control the fracture nucleation and reactivation for 
efficient resource development. In our lab., we are  working for the understanding 
of fracturing behavior and the process of permeability enhancement to establish 
new theories for the engineering application of these phenomena.

Development of Zero Emission Energy ＆ Technology by ”Geomechanics ＝ Geo + Mechanics”
With the recent growth of the development for unconventional resources， we have realized that the knowledge of 
geomechanics is quite crucial for the understanding of failure phenomena in subsurface and resource development. In our 
lab.， we have been conducting researches based on geomechanics for various applications such as CO2 geological storage， 
methane hydrate from deep seafloor， unconventional resources (shale gas & oil)， easy and reliable in-situ stress measurement， 
and supercritical geothermal resource development. We develop the technology to highly utilize the subsurface environment 
(temperature， stress， closedness) to solve many challenges related to energy and to realize a sustainable society.

http://www.ifs.tohoku.ac.jp/geo/
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