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Techniqgues to Overcome the Challenge

®Trajectory Manipulation Techniques Available

» Geometric Relation

Take advantage of the tilt of the Solar equatorial plane against the ecliptic plane (about
7deg.). Choice of the appropriate launch date is important.

» Launcher Capacity

Launch energy is still the most contributing part. Launch a small spacecraft with a heavy
launcher yields large launch energy.

» Gravity Assist (Swing-by)

The most efficient trajectory manipulation method in the interplanetary cruise, which is
widely used in various planetary missions.

»Propulsion

Usage of high efficiency propulsion system enables large velocity increment with less
propellant.



Possible Options of the Trajectory Sequence

®Three Possible Options of the Trajectory Sequence
» Usage of the Solar Electric Propulsion (SEP option)

Use high ISP ion engine system for orbit maneuver. Spacecraft operates around 1AU. Sub-
option includes the usage of the additional Venus gravity assists to lower the launch energy.

» Usage of the Jupiter Gravity Assist (Jupiter option)

As Ulysses mission, firstly go to the Jupiter and change the orbit plane by the Jupiter
gravity assist. By the additional Earth gravity assists, the orbit period of the observation
orbit 1s shortened, finally to 1 year.

»Usage of the Venus Gravity Assist (\Venus option)

As Solar Orbiter mission, change the orbit plane by only the inner planets (Venus and
Earth). Sub-options are classified by the final planet used to change the orbit plane.
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Sequence
Date Event m Vo I'seQ AV o tiEs
2017/05/31 Launch 1200.0 kg 7.3 km/s 7.3 deg.
2.7 km/s | 7131 /5214 h
7.2 deg.
2018/06/07 Swingby #1 1129.1 kg 10.0 km/s
19.1 deg.
24 km/s | 7365 /5568 h
20.3 deg.
2019/06/07 Swingby #2 10554 kg 12.4 km/s
26.1 deg.
2.1 km/s | 6852 /5316 h
27.5 deg.
2020/06/06 Swingby #3 988.1 kg 14.5 km/s
31.0 deg.
1.4 km/s | 4186 /3606 h
31.6 deg.
2021/06/06 Swingby #4 945.2 kg 15.9 km/s
36.5 deg.
0.7 km/s | 3711 /2039 h
37.8 deg.
2022/06/07 Swingby #5 921.9 kg 16.6 km/s
40.0 deg.
0.0 km/s 0 /0 h
40.0 deg.
2023/06/07 Swingby #6 921.9 kg 16.6 km/s
40.0 deg. 0.0 kmy/s 0 /0 h
Final State 921.9 kg 16.6 km/s 9.3 km/s 29244 | 21743 h
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