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Sampler Mechanism of Hayabusa Spacecraft for Asteroid Probing
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Hayabusa Sampler (Horn part)
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“Hayabusa,” which is a Japanese spacecraft for as-
teroids probing, successfully returned to Earth on June
13, 2010 after overcoming various challenges. This
news was taken up by the mass media and made
a deep impression on the Japanese people. The
Hayabusa is equipped with a sampler mechanism that
collects fragments of surface materials of an asteroid.
This sampler mechanism is a key component created in
the development program in which we participated. The
main missions assigned to this sampler mechanism are:
1) to collect fragments (samples) of surface materials
of an asteroid that was broken by a projectile shooted
from the spacecraft, 2) to separate the samples in the
craft and store them in the container called the catcher,
and 3) to insert the catcher into the re-entry capsule and
seal up the samples under vacuum conditions in this
capsule. Although these tasks were very complicated
and required sophisticated technologies, it was
confirmed that they were completed successfully and
fulfilled the required functions. It was also confirmed
that small particles originating from the asteroid were
found in the capsule. The Japan Aerospace Exploration
Agency (JAXA) is now performing detailed analysis of
these particles.
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History of Hayabusa from launch to return to the Earth
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Configuration and main specifications of Hayabusa spacecraft
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Function and specification of sampler mechanism
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Construction of sampler mechanism
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Photograph of sampler mechanism (Horn part)
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Conceptual figure of catcher and sample separation mechanism
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A logging sample of

sampler mechanism sequence in space
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Development of Adaptive Notch Filters and Its Application for XY Stage
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Devices that need higher kinematical performance
frequently require high gain feedback control. When
achievement of high gain feedback control is precluded
by the resonance characteristics of the devices, notch
filters are used to stabilize the control system. Although
notch filters effectively stabilize the control loop,
improper tuning may lead to decreased stabilization
effect and unstable system behavior. When many
resonant modes appear closely in the frequency
domain, serious phase interference will occur between
notch filter and resonance frequencies. For this reason,
sophisticated expertise is required to tune the notch
filters. We have developed adaptive notch filters aiming
at facilitating tuning. This article reports the newly
developed adaptive notch filters resulting from the new
method by which the center frequency and notch width
are automatically tuned based on the measurements
collected from plants. We used adaptive notch filters to
tune the servo system of the XY stage and confirmed
that three-stage notch filters were automatically tuned
in a proper manner.
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Development of Scanning Control System for Proton Therapy System
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Proton Therapy is a kind of radiation therapy which can
concentrate dose distribution in the tumor, and is widely
used today. Pencil beam scanning method has been
developed as an advanced approach to proton therapy.
We have developed this method in collaboration with
National Cancer Center Hospital East (NCCE). The
scanning control system is required to scan beam spot
in precise position and detect it with high accuracy.
In addition, it is necessary to design a beam current
stabilize control system which can secure stable dose
distribution. We have developed an advanced scanning
control system which has a monitoring system to
detect beam position with resolution of les than 0.1mm
and fast sampling time (less than 20 u's), and a beam
current controller to stabilize beam current within +/-1%.
The pencil beam scanning treatment is scheduled to
start within 2011.
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Evaluation of beam distribution during scanning
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Digital Control of a High Stability Magnet Power Supply

@ «
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High stability magnet power supply
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Power supplies designed and manufactured by
Quantum Equipment Division have been used as key
components to draw the highest performance from our
products, including cancer treatment proton therapy
systems. Although digital switching devices have
been used in the main circuit of our power supplies,
the current feedback circuit, which is the heart of the
power control, still features analog design. We judged it
necessary to improve the product appeal of the power
supplies in order to develop our business worldwide.
Hence, we developed a digital current feedback circuit
to achieve cost reduction, downsizing and reduced
test and adjustment period. After the verification test
was implemented by using actual power supplies,
it was proved that the current stability, which is
a key performance parameter of power supplies,
conformed to the required specifications and both
cost reduction and downsizing were also achieved.
As the digital current feedback circuit offers a
sufficiently short sampling period in the beam scanning
power supplies that are designed for the cancer
treatment proton therapy system and need the fastest
current feedback speed, we judge that other power
supplies can be digitalized in the same manner as the
power supplies discussed herein. We believe that
developing the digitalization of power supplies and
standardization of digitalized power supplies will
contribute to substantial cost reduction of our products.
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Specifications of magnet power supply
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Digitization of current feedback control
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Digital error amp. circuit
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Load output current
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Simulation results of transient response
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Main coil power supply for HM cyclotron (left), and error amp. board (right)
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Results of current stability measurement
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Comparison of the output current waveform
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Development of The Digital Hardware Current Control
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Fast Structural Relaxation Technique Using Renormalized Molecular Dynamics

[ J/A (= S N

Ryouta HIROSE

X RO

Yoshitaka OHNISHI

DI N

Daiji ICHISHIMA

Cantilever

o
095

Simple contact model

<—— About 80 times faster

. <—— About 5 times faster

<—— About 3 times faster

Before applying FIRE
After applying FIRE

1 1
200000 400000 600000

Convergence time step

%€ 7L OFIREE FH i % O UCRIEHE 2 7 » 7

Time step to convergence before and after applying FIRE for each model

ﬁauv»%x#—»#ovw%74§7zwﬁ§c
MLTrIalb—2a ek, VUIHBEPFHNE
(Renormalized Molecular Dynamics RMD) i% % Bl %
Lo COFEICEY~7ORT—IVOSTEERREEL
=0

LaL, COFHEIIFRERE (Finite Element
Method FEM) I[CEEN B & Bifli 2 8384 (O3 U CTHEE
BEF D> TLE D,

Z T, R4RBEEBEEMTFIEFIRE (Fast Inertial
Relaxation Engine) %M L T, RMD%IC & % B34
DEtEMEEFE ES € AR TERFSROMIT, 6
BREMETIV, BEEOS I2L—2a 2 [SBALE,
%2 U CFIREEAFIDRER LB U CEEFEZEMHE S
B LKL =,

1 FzhE

P A BRI TR T O S RMEE LT S
ZEeNTED, FER0TOEE) & AN TERL,
AR AELS Z & THIEISHID L 22 A 155 2 LT
%, ZOFEE S 187%(Molecular Dynamics MD)iE 2 &
W,

MDIED KA X AFHIZ, /Lo eSS TR, i,
W, MsakkE, JESVE, WiE, 27 24 BLXOMRIT AL
DOIFHZDNT, JFT L NLORE & 7 DOIEZL %KD 5
ZEMTZEREIIH D, T2, BOEEL WS -8 L BHE
R, FHRIRRED 5 IER IZHEAL 72 R OEHI AR 4 & & FHEL
TZ5%, L2»LAa»5, MDIIE~A~ DR O MEE) %
BRIy $5 2 &5, FHHIFRZ 220, TEIZEERO

We have developed a renormalized molecular
dynamics (RMD) method that simulates the multi-
scale and multi-physics phenomenon. This method
permits calculation on a macro scale. However, this
method takes more computing time even for a simple
static analysis compared to the finite element method
(FEM). To eliminate this drawback, the fast structural
relaxation technique, FIRE, was applied to the RMD
method to improve the computational efficiency for the
static analysis. This report discusses the application
of the RMD method to the simulation of cantilever
beam bending, simple contact model, and reduction
gear system. The method has successfully reduced the
computing time compared to the results of former trials.
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