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HAYABUSA

A technology Demonstrator for Sample and Return
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What is an Asteroid?
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Our solar system consists of the Sun, eight planets, their

Mission Outline satellites, dwarf planets and a lot of small bodies including
asteroids and comets. Most asteroids are located between
the orbits of Mars and Jupiter. Some asteroids also exist
in the near Earth space and far beyond Neptune’s orbit.
The size of our mission target asteroid Itokawa is about
535mX294mX209m. The asteroid Itokawa is one of
those objects that approach the Earth closely.

The Primary goal of “"HAYABUSA" (MUSES-C) mission
is to acquire and verify technology which is
necessary to collect samples from a small -
celestial body and to bring them back to
the Earth. The HAYABUSA spacecraft is
equipped with the capabilities of solar :
powered electrical propulsion e 2he .
system, autonomous navigation roay,
and guidance to a small target
in deep space, rendezvous
with the asteroid, and
sample recovery.
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Scientific Objectives

The only celestial body from where samples on the surface had been ever returned to the Earth is the

Moon. We cannot learn, however, about the materials in the earlier phase of the solar system from

these samples, because larger bodies like the Moon had experienced thermal differentiation. Instead,
asteroids are believed to be like fossils, that retain records of planet-forming era. Hence, we can obtain the
clues to know the materials that formed planets, and the temperature and pressure of the early solar nebula.
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Spacecraft
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The spacecraft is about 510 kg in wet mass and is 3-axis stabilized
with 1.6[m] x 1.1[m] x 1.0[m] dimensions. In order to explore an
asteroid which is far from the Earth and has an unknown shape, the
spacecraft is provided with highly autonomous function and controls
itself by means of optical sensing as well as data processing. Top
expertise of Japanese space technology is fully utilized to develop
light-weight instruments for the HAYABUSA spacecraft.
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Electric Propulsion (ion Engine)
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The ion engines are dedicated for the round-trip of the
spacecraft between Earth and the asteroid Iltokawa.
The propellant Xenon is first ionized by microwave
discharge, followed by high voltage acceleration in
order to generate the thrust, which is very small. But, a
high exhaust velocity with long-term operation saves
on propellant in comparison with that of conventional
chemical thrusters. Four units of ion engines have
accelerated the spacecraft 2.2 km/s as a result of
40,000-hour&unit total operation in space.
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C/I\EREZF7E (Arrival) :22005/5ep./12
D/\BREHF(Departure) :2007/Apr./25

The Hayabusa spacecraft was launched in May 2003
by ISAS's M-V-5 launch vehicle (A) and after
executing Earth swingby in May 2004 (B), it arrived at
Asteroid Itokawa on September 12, 2005 (C). Before
arriving at the asteroid, Hayabusa was guided with
optical navigation. Hayabusa carried out the scientific
observations and touchdown in about three months
after the arrival. Since there occurred some troubles
after the final touchdown, Hayabusa started from
ltokawa in April 25, 2007 (D), and it came back to
the earth in June 2010 (E).
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First image of Itokawa taken
by Hayabusa
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Navigation, Guidance and Control for Rendezvous and Touchdown
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Image sequence obtained during the descent
phase, and the target marker
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The names of approx. 880,000 people representing 149
nationalities, who wished to join this mission and to send
their names to the asteroid, attached on the target marker.
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Scientific Observation
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During the rendezvous phase, the following were
investigated; 1) global shape and surface feature
measurement using multi band camera (AMICA), 2)
gravity measurement using altimeter, 3) surface mineral
composition measurement using infrared spectrometer,
4) surface elemental composition using fluorescence X-
rays spectrometer. Through the exploration of the
asteroid ltokawa by Hayabusa spacecraft, the nature of
the asteroid that has not been ever seen, was clarified.

Rendezvous and touchdown with the asteroid whose
size and shape are unknown requires intelligent and
advanced navigation, guidance and Control systems.
The combination of Optical Navigation Camera (ONC),
Light Detection And Ranging (LIDAR), Laser Range
Finders (LRF) and Fan Beam Sensors (FBS) makes it
possible for the spacecraft to approach and touchdown
on the asteroid surface safely. The spacecraft was
successfully navigated and guided to the sampling site
by tracking the artificial target marker released from

the spacecraft.
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Small Rover MINERVA
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MINERVA is a small rover and it can
hop on the surface of the asteroid
by using a rotating wheel inside. It
has a stereo camera and 3D
photos will give you the feeling of
being on Itokawa. It was separated
near the surface of Itokawa, but it
could not reach the surface.
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Image of Hayabusa solar paddle
taken by MINERVA
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Itokawa taken by AMICA (Three-color composite image)
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Sample Collection
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One of the biggest challenges during the rendezvous phase with the
asteroid is sample collection from the surface. After the completion of
remote sensing observation and the selection of the smooth Muses-C
regio filled with pebbles as the landing site, the operation team conducted
touchdown sequences for surface sampling attempts twice. The impact
sampling device was designed to comply with any surface conditions:
monolith, gravels and powdery regolith. At the first sampling attempt, the
spacecraft terminated the touchdown sequence after detection of an
obstacle, bounced several times, landed and stayed on the surface, and
ascended safely. There is a possibility that the sampler horn kicked off
surface materials during the bouncing and some of them reached to the
sample canister inside the spacecraft. At the second attempt, the
spacecraft conducted the touchdown sequence exactly as scheduled and
the total duration of the touchdown was about 1 second. Shooting a
projectile was commanded, however, presumably it was not shot due to
the program problem. But, as in the first touchdown, some small amount
of surface material may have been caught in the sample catcher aboard.
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Reentry Capsule
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In the final phase of the HAYABUSA mission, a small capsule (40 cm
in diameter) conducted the earth reentry at the velocity about 12
km/s directly from the interplanetary trajectory. The maximum heat
transfer rate on the capsule during the reentry is 30 times higher
than that on the Space Shuttle orbiter and even several times higher
than on the Apollo recovery module. Development of the heat shield
material was one of the technological challenges. After decelerated
by the atmospheric drag, the capsule will deploy a parachute for soft-
landing. The capsule with the asteroid samples were retrieved on the
desert by tracking the beacon signals of the capsule. The capsule was
opened at the curation facility in Sagamihara campus. The particles of
the Itokawa are picked up in the clean chamber at this facility.
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The Reentry Capsule and the Arc Heating Test of the Thermal
Protection Material
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The reentry capsule landed
on the ground
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The clean chamber which
] is performing opening of
Y| a capsule, and extraction
of a sample
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The particle of the Itokawa
which Hayabusa brought
back to the Earth
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