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Introduction
To date, aircraft have been one of the most essential
inspirations in my life. I was born on the small island of Okinawa,
located at the south end of Japan. During elementary school, I
moved to Tokyo due to my father’s job relocation. So every
summer and winter vacation I took a flight to see my family in my
hometown. As a child, airplanes were the only way I could meet my
family. This was when I began to take a keen interest in aerospace
engineering. After moving back to Okinawa, my curiosity in aircraft
was strengthened by rockets, satellites, fighter jets, helicopters,
and any types of aerial vehicles roaring over my head. Especially,
Okinawa has a number of the US military bases, which had given
me opportunities to feel closer to the American aerospace
technologies. These experiences during my childhood and
adolescence had motivated me to enroll at the University of Tokyo,
and eventually the University of Texas at Austin to be an aerospace
engineer. In this portfolio, I describe projects that I have been
involved in graduate school and summer internship at JPL.

Projects
• Research at UT Austin
-

Experimental study of a coaxial counter-rotating rotor helicopter
• Introduction
• Hover testing
• Forward flight testing
• Components design and fabrication
• Transient blade deformation measurement at periodic blade passage
• Wake velocity measurement and flow visualization by Particle Image
Velocimetry (PIV)

• Summer internship at NASA JPL
-

Flight power modeling of VTOL aircraft for Exploration of Titan

Coaxial Counter-rotating Rotorcraft
•

A compound helicopter with a coaxial,
counter-rotating rotor system.

•

Upper rotor mounted above the lower
rotor on two concentric shafts, rotating
in opposite direction
Several advantages: High speed in
forward flight, Expanded cruising
range , Increased payload capacity,
Reduction of swirl loss, Cancellation
of counter torque.

•

S-97 Raider, Sikorsky
http://lockheedmartin.com/us.html

My research objective for this project is to understand the physics of the
unique rotor configuration by investigating the blade dynamics of two
rotors, aerodynamic interaction between the upper and lower rotors, and
thrust and torque (power) measurement of individual rotor.
To experimentally perform these investigation, I have conducted on the
design and fabrication of the rotor stand from top to bottom with CAD, FEA
tools, and machining skills.

Project design requirement
Design with CAD and finite element analysis
Discuss with professionals/manufacturers

Design and fabrication
process is followed by the
procedure shown on the
left. I have a responsibility
for all the steps in the
procedure, to acquire more
accurate and reliable data
set in measurement.

Fabrication
Measurement

Flow chart of my research procedure

Hover testing
•

•
•

The lower rotor plane is at least 4 m
away from the ground to prevent
ground effect.
Entirely built by graduate students in
house.
Perform many different types of
experiment, i.e., rotor performance
measurement, rotor blade deformation
measurement, wake/vortex flow
velocity measurement.
80”, 2 m
5.5”, 0.14 m

Rotor stand facility at UT Austin
This test set up at UT Austin is the first to be built and tested solely by our
research group, so that experimental data are public and more researchers can
study and develop the coaxial configuration with improvement for further
investigation.
The plot shown on the left is a sample
result from hover testing on the coaxial
rotor system. Ct/sigma and Cp/sigma
correspond to thrust and power,
respectively. This experimental set up has
a capability of measuring thrust and
power of individual upper and lower rotor
separately. The sample plot indicates that
there is a performance difference
between upper and lower rotor and we
need to explore in depth.

Forward flight testing
•

The same coaxial rotor set up at UT Austin was installed at University of
Maryland Glenn L. Martin Wind Tunnel.

•
•

Isolated single rotor and coaxial rotor system were tested.
Coaxial rotor performance in forward flight was measured at different rotor
rotational velocities, i.e. 900 and 1200 RPM.

Forward flight testing stand at University of Maryland Glenn L. Martin Wind Tunnel
Figure shown below is the side view of the
composite rotor blade, made of CFRP prepreg
and form material. A uniform and untwisted blade
structure with a root reinforcement is first
designed with CAD, then fabricated in house by
graduate students. Root reinforcement was the
consequence of FEM simulation that the upper
and lower rotor blades may hit to each other in
forward flight if there is additional stiffness at the
root.

Composite blade layup

Uniform and untwisted
Root reinforcement cuff
section
Blade structure

Main Components design and fabrication
• Fuselage
The fuselage was designed to protect
all the instrumentation from the
downwash and the wind in forward
flight testing. It has four main parts:
nose, right body, left body and tail.
Each component can be attached
and detached. It was designed by
CAD tool first, then fabricated by a 3D
rapid prototype printer.

• Rotor control system

Swashplate

Pitch angle of rotor blades are
controlled by a swashplate that
transmits control input to main rotor
blade motions. The swashplate is
linked to three linear servo-actuators Servoactuators
built in house. All the components
were designed with CAD and FEA
tools.
Mounting plate

• Drive system
Control system
Transmission

Hydraulic motor

A hydraulic power unit drives the
rotors through a transmission system
with synchronous toothed belts and
pulleys. A serpentine belt with and
idler causes the counter-rotation for
two rotors. I worked on the belt
arrangement design and pulleys
selection with tension and RPM
calculations.

Transient blade response measurement
at blade passage on a coaxial rotor
A coaxial counter-rotating rotor (CCR)
helicopter with high blade bending stiffness
experiences a large amount of vibratory
loads and transient blade deformation due
to the periodic blade passage.
I have performed deformation
measurement of the coaxial rotor blade by
means of a non-contact optical
measurement technique, called Digital
Image Correlation (DIC). Stereoscopic DIC
with three high-speed cameras can obtain
full 3D displacement fields on the blade.
Knowing the positions of three high-speed
cameras relative to each other and the
magnification of lenses, the DIC algorithm
can calculate the absolute coordinates of
any surface point in space.

Deformation measurement set up

The surface of the test article must
have a stochastic intensity
distribution, which deforms together
with the surfaces. Fluorescent paint
is applied on the blade surface and
random black dots are painted on it.
A pulsed laser is used to illuminate
the entire rotor disk at any desired
instant of time and images are
captured by using low pass filters to
allow only the light emitted by the
fluorescent paint.

Rotor stand mounted in sideway

Orange-painted rotor blade

Transient blade response measurement
at blade passage on a coaxial rotor
A key of this measurement is to capture images of entire rotor disk for DIC
blade deformation measurement so that the transient rotor blade
deformation due to the blade passage can be fully measured and analyzed.
To do that, the rotational axis is aligned horizontally to allow optical access
to the entire rotor disk. By processing these images, our research group was
able to reconstruct blade deformation in continuous time over one
revolution. Movie taken by the central high-speed camera is shown below.

Movie
Left image

Right image

Center image

Digital images taken by three high-speed cameras
2/rev characteristics

Blade tip path over one revolution

Out-of-plane displacement over one
revolution of the blade processed by DIC

Wake velocity measurement/ Flow
visualization by PIV on a coaxial rotor
Particle Image Velocimetry (PIV) is well-known flow visualization technique
in aerospace engineering. Seed particles of uniform diameter and density
are distributed throughout the fluid, and the fluid velocity field is inferred from
the particle motions. The particles are illuminated by a pulsed laser and the
motion are captured by high-speed cameras.

Wake direction

Rotor stand

High-speed
cameras

Laser sheet

A laser sheet is shot at upper-lower
blade passage, so that cameras can
capture the inflow structure as well
as tip vortices when the periodic
blade passage occurs, as shown in
the movie on the left.

Tip vortex
from upper

Upper blade

Lower blade

Blade-Vortex-Interaction can also
be observed, indicating that these
interactions between blades and
flow could be sources of transient
blade response. Understanding and
Tip vortex analyzing these results will be in our
from lower future work and paper.

Energy estimation modeling of VTOL
aircraft for exploration of Titan
Aerial vehicles are of considerable interest
for exploration of Saturn’s icy moon Titan.
The concept of Titan Aerial Daughtercraft
(TAD) was introduced in 2014, where
small-scale (e.g. < 10 kg) VTOL aircraft
would conduct multiple sorties from a
mothership (lander or balloon), recharging
batteries from a radioisotope power source
(RPS) on the mothership between sorties.
To compare the potential performance of
daughtercraft that are rotary-wing only or
fixed/rotary-wing hybrids, this study
examines potential flight durations and
flight radius for small-scale (4 to 10 kg)
quadcopters and tailsitters.

Balloon, mothership

Movie
Daughtercraft

Balloon-based scenario
Daughtercraft
Lander, mothership

Mission concept
The model shows that for a 10 kg TAD
system, in the lander scenario a flight
radius on the order of 100 km is
plausible with roughly a 25% payload
mass fraction. In the balloon scenario,
payloads of close to 3 kg are plausible
for a balloon float altitude of 10 km.
The mass models here are quite
preliminary; nevertheless, these are
encouraging values. This supports the
view that TAD is interesting as a
relatively low cost concept for mission
architectures with motherships that
are landers, balloons, or other larger
mobility systems.

Lake, sea

Lander-based scenario
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