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gram, it is worth reflecting on 

our blessings. Many of our 

careers have been almost ex-

clusively comprised of Shuttle-

related activities, almost un-

heard of  in an industry in 

which projects generally have 

lifespans measured in months 

rather than decades. Future 

generations will also regard the 

Space Shuttle, a reusable space 

vehicle capable of missions as 

diverse as Space Station con-

struction, satellite servicing, 

and microgravity research fa-

cility, as ahead of its time in 

history. 

With the end of the Shuttle 

program, members of our pro-

fession will now have to be-

come reacquainted with the 

volatility for which the aero-

space industry is known. Re-

evaluation of NASAôs direc-

tion will no doubt delay real 

progress in manned spaceflight 

in the immediate future, but 

also will have major ramifica-

tions on contractors in the 

Houston area. While we may 

not have seen the end of the 

As you are aware, there 

have been some major changes 

in the future of manned space-

flight since our last issue. 

Chances for an extension of 

the Shuttle program were all 

but gone for some time, Altair 

was put on hold indefinitely 

until plans were finalized by 

the White House, and then 

finally rumors about cancella-

tion of the Constellation pro-

gram altogether materialized 

with the January announce-

ment of President Obamaôs 

budget plan. It appears that the 

main message behind the 

Augustine Commission, that 

NASA has not been funded to 

a level commensurate with its 

mission, resulted in a scaling 

back of goals rather than an 

increase in budget. 

However, rather than pity 

ourselves as the one genera-

tion in history potentially both 

too young and too old to have 

participated in a manned mis-

sion to another body in the 

Solar System, for those of us 

working in the Shuttle pro-

Page 3 

Turning Point    

Constellation program yet 

(recall that in June 1993, a bill 

to cancel the Space Station 

program failed by one vote in 

the House of Representatives) 

we will soon see a reshuffling 

of personnel among contrac-

tors and projects in the next 

few years. 

Along the lines of change, 

we will also soon be seeing a 

change in the editor for our 

newsletter Horizons. The next 

issue planned for June will be 

my last as editor, so Iôd like to 

invite anyone who is interested 

in the position to contact me or 

our local chapter chairperson. 

As editor I have had the privi-

lege of interacting with em-

ployees from other contractors 

and local businesses with 

whom I would otherwise have 

had no contact. There is no 

better time to remember the 

advantages of networking 

among colleagues as afforded 

by AIAA involvement.  

From the Editor 
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The President has pre-

sented the NASA community 

with an R&D challenge while 

commercializing low Earth 

orbit flight. This is a turning 

point in our countryôs space 

program. 

Here at JSC, weôve been 

part of an incredible time in 

our industry. Weôve had the 

opportunity to mature and 

operate the Space Shuttle to 

the vehicle it is today while 

ISS grew to a research grade 

facility. 

Last  year was the 40th 

anniversary of the Apollo 

Program. As we continue to 

celebrate this anniversary and 

take the time to look back on 

all of our accomplishments, 

we can consider what lies 

ahead. An increased NASA 

budget will enable us to pur-

sue new technology develop-

ment to take us to the stars. 

Our AIAA Houston 

events for the rest of this year 

will provide us with a look 

ahead.  

Chairôs Corner 
ELLEN GILLESPIE, SECTION CHAIR 

 

In the immediate future, 

a Space Center Lecture Series 

(www.spacecenterlectureserie

s.com) is to be held on 

ñCollecting and Curating the 

Space Shuttleò by Robert 

Pearlman.  

Our Annual Technical 

Symposium (ATS) 2010 is 

planned for April 30 and will 

include a session on Space 

Shuttle Knowledge Capture. 

We plan to use ATS 2010 as 

an opportunity to bring for-

ward new technology topics 

as well as to review the ex-

cellent technical achieve-

ments made in the Constella-

tion Program by JSC. 

The Houston Section is 

hosting the AIAA Region IV 

Student Paper Conference 

this April first and second. 

Our local students will be 

bringing forth their work and 

new ideas as we move into 

R&D projects. Consider vol-

unteering for this opportunity 

to meet the next generation of 

Aerospace Engineers to join 

the market. Even if you do 

not have time to volunteer, an 

AIAA Houston Section din-

ner meeting is planned during 

the conference to give our 

students a chance to meet the 

current Houston profession-

als. Our Region IV Director, 

James Walker, is to speak on 

Near Earth Objects at the 

dinner meeting.  

Weôre planning to end 

the year with an Awards Din-

ner presentation on June 26th 

by our Distinguished Lecturer 

Dr. John Purvis on ñAccident 

Investigation.ò Dr. Purvis is 

an expert on this topic with 

41 years of experience at 

Boeing. 

Letôs thoroughly enjoy 

the rest of the last year of 

space shuttle operations and 

set ourselves up for the excit-

ing new work to come. See 

you there! 

From the Chair 

http://www.spacecenterlectureseries.com
http://www.spacecenterlectureseries.com
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The AIAA Houston Sec-

tion had the opportunity to 

visit the George Observatory 

on Saturday January 30th.This 

stargazing event was origi-

nally planned for January 

16th, but clouds and rain on 

that date obscured visibility 

causing a two week post-

ponement.   

The George Observatory 

is a satellite facility of the 

Houston Museum of Natural 

Science. Museum members 

receive the museum discount 

when visiting the George. 

The George has a beauti-

ful facility in the Brazos 

Bend State Park one hour 

south of Houston. George 

directions are marked from 

Hwy 288 South. 

There are three domed 

telescopes at the George Ob-

servatory: the largest is the 36

-inch Gueymard Research 

Telescope, one of the largest 

telescopes in the nation open 

to the public on a regular 

basis. The George Observa-

tory has a 11 inch F 15 re-

fracting telescope. The 11 

inch is mounted on the Guey-

George Observatory Event Report 
ELLEN GILLESPIE, SECTION CHAIR 

Event 

gift shop which can be 

viewed while youôre waiting 

for the sun to set. The George 

presentation includes safety 

information as well as infor-

mation on the telescopes as 

well as what you may see in 

the sky that evening. 

For our January 30th visit 

to the George, Mars and the 

Moon were expected to have 

the best viewing conditions. 

Early evening clouds ob-

scured Mars, but provided an 

excellent view of the Orion 

system. As the partial cloud 

cover shifted, a wonderful 

view of a binary star system 

near M35 was provided. We 

received an excellent view of 

the moon rise, only to have 

the resulting full moon pre-

clude all further visibility. 

Those who attended this 

event starting at 5 PM en-

joyed a mostly clear and cold 

38 degree evening with good 

viewing conditions; those 

who attended later in the eve-

ning were disappointed at the 

lack of visibility.  

For more information 

and Observatory weather, 

visit http://www.hmns.org/

see_do/

george_observatory.asp. 

Twenty five RSVPs were 

made for this AIAA event, 

which will be repeated in the 

future. This was a fun night 

out and is recommended to 

all.  

mard 36" (.9 meter) RC 

Tinsley Reflector. Used for 

inquiry and education, the 

telescopes at the Observatory 

allow both amateur and pro-

fessional astronomers to con-

duct research, while visitors 

can gain firsthand knowledge 

of the beautiful and awe-

inspiring sights of the night 

sky. Additionally, amateur 

astronomers are in attendance 

with their own telescopes to 

observe the night sky from 

the George Observatory deck. 

The George Observatory 

is open for public viewing on 

Saturday evenings, and is 

available by reservation on 

Friday nights for groups of 30 

or more. For our AIAA night, 

we attended on a Saturday 

night with the general public 

to eliminate cost to the AIAA 

Houston Section. The Obser-

vatory opens every Saturday 

night at 5:00 PM for $5 ticket 

sales. Visitors select their 45 

minute presentation time and 

their Gueymard telescope 

viewing time from 6:00 PM 

to 10:00 PM. The George has 

a small meteorite exhibit and 

http://www.hmns.org/see_do/george_observatory.asp
http://www.hmns.org/see_do/george_observatory.asp
http://www.hmns.org/see_do/george_observatory.asp
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 Event Notes from the Meeting of the 
Lunar Exploration Analysis Group (LEAG) 
LARRY JAY FRIESEN, SECTION MEMBER 

The annual meeting of 

the Lunar Exploration Analy-

sis Group (LEAG) was held 

November 16-19, 2009.  The 

meeting was hosted by the 

Lunar and Planetary Institute 

(LPI) and took place at the 

LPI facility in Houston, 

Texas.  LEAG is a commu-

nity-based organization of 

scientists and engineers who 

provide scientific advice and 

technical expertise to NASA 

related to lunar science and 

exploration in support of 

NASA's Space Exploration 

Initiative. 

The theme for this year's 

meeting was Sustaining Lu-

nar Exploration.  I do not 

have space to discuss every 

presentation here.  For addi-

tional details, material pre-

cussed the planetary science 

decadal survey.  This in-

volves seeking input from 

planetary scientists as to what 

programs, technologies, in-

struments, facilities, and mis-

sions should have highest 

priority for the next ten years.  

The criteria for priority are:  

what will do most to advance 

the discipline?  This provides 

guidance for funding sources, 

government or private, as to 

what scientists in the disci-

pline consider to be of great-

est value or urgency.  The 

planetary science community 

treats the Moon as one of the 

solar system bodies to be 

studied, and this survey puts 

investigation and exploration 

of the Moon in the perspec-

tive of understanding the so-

lar system as a whole. 

J. Olsen provided an 

OSEWG update.  OSEWG is 

the Optimizing Science and 

Exploration Working Group.  

It gets input from LEAG, 

among other sources.  In-

cluded in this was a mention 

of what people in the interna-

tional space community are 

thinking about lunar and solar 

system science and explora-

tion. 

David Morrison dis-

cussed the NASA Lunar Sci-

ence Institute (NLSI) which 

he currently leads.  Note:  the 

NLSI is not the Lunar and 

Planetary Institute (LPI), 

which was once known as the 

Lunar Science Institute (LSI).  

The LSI/LPI has been in op-

eration since Apollo days, 

operates under a university 

consortium, and is located in 

Houston.  NLSI is a NASA 

(Continued on page 7) 

sented at this meeting can be 

found on the LPI website at  

http://www.lpi.usra.edu/

leag/ .  Select the "LEAG 

Meeting Information" menu 

option.  Once there, under 

"Annual Meeting of the Lu-

nar Exploration Analysis 

Group, November 15-19, 

2009, Houston, Texas," click 

on "Meeting Presentations." 

Monday morning's ses-

sion was devoted to commu-

nity updates and to discussing 

what is required to make lu-

nar exploration sustainable.  

W. M. Hawes presented a 

summary of the Augustine 

Commission report.  C. Cul-

bert and J. Hanley offered an 

overview of the current state 

of the Constellation program. 

Three presentations dis-
Below: credit: NASA/JSC Lunar 

Surface Systems Project Office 

http://www.lpi.usra.edu/leag/
http://www.lpi.usra.edu/leag/
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 organization only a couple of 

years old, and is currently 

headquartered at NASA-

Ames.  NLSI is a place for 

researchers to propose re-

search.  One current project is 

the Lunar Orbiter Image Re-

covery Project.  Data gath-

ered by the Lunar Orbiter 

series of spacecraft in the 

1960's was stored on mag-

netic tape.  The current pro-

ject is attempting to recover 

that data and store it in high 

fidelity digital form. 

Clive Neal of Notre 

Dame, presently leader of 

LEAG, presented the LEAG 

roadmap review. 

Jeff Taylor of the Uni-

versity of Hawaii spoke on 

the question:  Why settle the 

Moon?  Taylor discussed 

multiple reasons.  Among 

them:  To challenge our-

selves.  To promote global 

partnerships.  To prepare the 

way for Mars.  To establish a 

vibrant commercial sphere. 

There were two sessions 

Monday afternoon.  The first 

was:  How does a sustainable 

lunar exploration program 

benefit lunar science and so-

lar system exploration?  The 

second was:  How will the 

results of current and future 

international missions facili-

tate a sustainable lunar archi-

tecture? 

Paul Spudis discussed 

factors that relate to sustain-

ability, including societal, 

technical, economic, and po-

litical elements. 

Brad Blair spoke on lu-

nar economic modeling.  Like 

Spudis, he spoke of multiple 

aspects of sustainability, cit-

ing biological, logistic, and 

economic aspects. 

During the second ses-

sion, Carle Pieters informed 

us that we now know of wa-

ter on the Moon in three 

(Continued from page 6) forms:  1. Polar ice (see the 

LRO and LCROSS results, 

below).  2. In many places on 

the lunar surface (a recent, 

surprising discovery scien-

tists are still striving to under-

stand).  3. Water found in 

green volcanic glass.  This 

water came from the lunar 

interior, and may be up to 

700 parts per million (for 

comparison, this is compara-

ble to the proportion of water 

thought to be in Earth's man-

tle). 

Poster sessions were held 

Monday and Tuesday eve-

nings.  The same posters 

were displayed both eve-

nings. 

The Tuesday sessions, 

both morning and afternoon, 

were devoted to results from 

the Lunar Reconnaissance 

Orbiter (LRO) and LCROSS 

missions.  A global topogra-

phy map derived from LRO 

plus data from earlier mis-

sions (Chandra, etc.) was 

shown.  The Diviner instru-

ment saw a temperature of 35 

K inside Amundsen crater, 

near the lunar south pole.  

This is lower than any other 

temperature so far observed 

in the solar system!  Neutron 

observations of hydrogen 

enhancements are not con-

fined solely to permanently 

shadowed areas, but extend to 

some nearby areas that are 

shadowed for part of the year.  

The LCROSS impact showed 

definite water features in the 

impact plume spectrum.  The 

spectrum also has features 

suggesting the presence of 

other volatiles, but exactly 

what types of volatiles and in 

what proportions is still being 

analyzed. 

John Gruener discussed 

three types of potential re-

sources available on the 

Moon:  polar ice deposits, 

pyroclastic deposits, and high

-titanium, high-iron regions.  

Sarah Noble discussed the 

Lunar Mapping and Model-

ing Project. 

Wednesday morning 

focused on lunar in situ re-

source utilization (ISRU).  R. 

S. Wegeng introduced the 

topic of bringing the Moon 

into Earth's economic sphere.  

G. B. Sanders described some 

benefits and hurdles of incor-

porating ISRU into an explo-

ration program.  The latter 

part of the morning was spent 

in a panel discussion centered 

around some things desired 

for lunar prospecting. 

Wednesday afternoon 

was the only time during the 

meeting when two parallel 

sessions were held.  One ses-

sion continued the topic of 

lunar ISRU.  The other was 

on the subject, Lunar samples 

and simulants:  where engi-

neering and science meet. 

On Wednesday evening, 

the Space Resources Round-

table hosted a town hall meet-

ing on microgravity and par-

tial gravity research. 

The final session of the 

meeting took place on Thurs-

day morning.  This was a 

synthesis session, discussing 

inputs and refinements to the 

sustainability theme of the 

lunar exploration road map. 

Above: credit: NASA 
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After some brief com-

ments by Douglas Yazell 

announcing some upcoming 

chapter events, Al Jackson, 

our chapterôs Astrodynamics 

Committee Chair and event 

organizer, introduced Dr. 

Paul A. Abell. Dr. Abell 

stated he would provide an 

overview of the mission and 

then play a twenty-minute 

video produced by JAXA 

describing the mission and its 

highlights. 

Hayabusa, which means 

falcon in Japanese, was origi-

nally named MUSES-C, and 

was the third in a line of tech-

nology demonstration mis-

sions. The refrigerator-sized 

spacecraft was launched on 

May 9, 2003, on a round-

about trajectory to the Iti-

kawa Near Earth Asteroid, its 

destination having been se-

lected at the last moment 

when its original target was 

deemed unsuitable. It con-

sisted of cameras for naviga-

tion and imaging, LIDAR, 

spectral analyzers, a coffee 

can-size rover named MI-

NERVA, and a sample col-

lection device and was in-

tended to test propulsion with 

ion thrusters, automatic navi-

Event 

gation and control with image 

processing, surface sampling 

in a micro-g environment, 

and atmospheric entry from 

an interplanetary trajectory. 

Dr. Abell illustrated the 

relatively small size of Iti-

kawa at only 540 m in length 

with pictures of it adjacent to 

the Eros (about 33 km in 

length) and the International 

Space Station (about 100 m 

in length). It is oblong, and, 

according to the Japanese, 

was the shape of a sea otter. 

A large boulder named Yo-

shinodai, at 50 m about the 

size of the object that created 

Barringer Crater in Arizona, 

could be seen at the tip of the 

rotating object. Pictures re-

vealed Itikawa to be essen-

tially a floating ñrubble pileò 

with a 40% porosity, an un-

expected finding which 

changed our way of thinking 

about asteroids. 

The touchdown point for 

the small craft selected was a 

flat area name Muses Sea (a 

play on the original mission 

title), deemed better than the 

rocky Woomera site. Three 

target markers, reflective 

spheres which could be im-

aged easily, were carried by 

the spacecraft to be fired into 

the potential landing sites. 

The terrain seen in pictures 

taken as the spacecraft ap-

proached consisted of size-

sorted gravel, similar to the 

smooth area called Eros pond 

imaged as the NEAR space-

craft approached that body. 

Despite the failure of 

several of the ion thrusters 

and reaction wheels, the 

spacecraft is still expected to 

return its sample to Earth by 

making its maneuvers using 

the remaining control effec-

tors and solar pressure on its 

solar panels. Reentry of the 

sample return capsule is 

planned for June of 2010 in 

Australia, where it will ex-

perience a soft landing under 

a parachute and announce its 

location with a signal beacon. 

The terrain in the landing 

ellipse consists of rough out-

back and is in a secure mili-

tary zone. Any material col-

lected will be retrieved after 

the subsequent ground 

search. A capture by helicop-

ter was not considered, in 

part due to the intended night 

time reentry. While the origi-

nal plan was that the space-

craft would alter its trajectory 

so that it flies by the Earth 

after the sample capsule has 

been released, the various 

failures will probably result 

in the spacecraft burning up 

as it reenters in the atmos-

phere. 

Before the video, Dr. 

Abell addressed a question 

regarding the forces holding 

the object together. While it 

is not clearly understood, he 

did state that a ñrubble pileò 

may be more difficult to dis-

rupt than a solid object of 

corresponding size, due to the 

larger energy such an object 

can absorb on impact. 

The somewhat lengthy 

video was played for the au-

dience next. While Dr. Abell 

stated that it had not been 

released to the public, it is 

actually available at http://

spaceinfo.jaxa.jp/inori/en/

index.html. The story of the 

Hayabusa mission is told 

from the point of view of the 

spacecraft and is accompa-

nied by original music com-

(Continued on page 9) 

Hayabusa Asteroid Sample Return Mission  
STEVEN EVERETT, EDITOR 
 

Below:  Artistôs conception of 

Hayabusaôs encounter with the 

asteroid Itikawa 

http://spaceinfo.jaxa.jp/inori/en/index.html
http://spaceinfo.jaxa.jp/inori/en/index.html
http://spaceinfo.jaxa.jp/inori/en/index.html
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posed for this video. It is sub-

titled in English, and Dr. 

Abell provided a commentary 

while it played. It described 

in more detail the sequence of 

events during the mission, 

including its launch, Earth 

gravity assist, and arrival at 

Itikawa. With a combination 

of computer generated im-

ages and real images from the 

spacecraftôs camera, the 

video illustrated the maneu-

vers executed to establish 

(Continued from page 8) station keeping near the aster-

oidôs surface, the release of 

the target markers and MI-

NERVA rover (which unfor-

tunately missed the surface 

because of a timing mistake 

made due to the long commu-

nication delay), and the de-

scent to the surface. A period 

during which the spacecraft 

tumbled out of control, one 

descent in which the space-

craft came to rest on the sur-

face of the asteroid, and a 

loss of contact with the craft 

Above: Patch design commemorating the end of the Shuttle program, 

voted as winner in peopleôs choice contest in January.  

Below: Entry by our own Horizons assistant editor 

Don Kulba. Don's design was one of 15 finalists 

among 85 entries. Source: collectSPACE.com and 

updated art by Mr. Kulba.  

SHUTTLE PROGRAM END PATCH 

were also dramatically por-

trayed. While a final touch-

down allowed the sample arm 

to make contact, it was deter-

mined that only micrograms 

of material were probably 

collected when dust floated 

into the collection tube, rather 

than the tens of grams which 

were expected. The video 

ended with some final com-

ments by Dr. Abell. 

  

Event 
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Unofficial Japanese 

Aerospace Exploration 

Agency (JAXA) information 

obtained in June 2009 indi-

cates the Hayabusa-2 robotic 

mission to near Earth asteroid 

162173 (1999 JU3) is being 

planned according to the fol-

lowing major events: 

1)  Launch in 2014. 

2)  Obtain an Earth gravity 

assist during interplane-

tary cruise to 1999 JU3. 

3)  Arrive at 1999 JU3 in 

2018. 

4)  Depart 1999 JU3 ~90 

days after arrival. 

5)  Return 1999 JU3 sam-

ples to Earth in 2020. 

From these approximate 

and preliminary JAXA con-

straints, a notional Hayabusa-

2 mission trajectory design is 

constructed and illustrated by 

the ensuing 6 figures. The 

design assumes interplanetary 

cruise undergoes accelera-

tions limited to Earth and Sun 

gravitation. This assumption 

is likely a simplified approxi-

mation to JAXA trajectory 

designs in at least two re-

spects. 

A Notional Hayabusa-2 Trajectory Design 
DANIEL ADAMO, SECTION MEMBER 

Cover Story 

ing node and its proximity to 

Earth's orbit. As predicted by 

Horizons ephemeris JPL#82, 

this node falls very near 

Earth's ecliptic longitude on 

2014 December 4. Earth 

gravity assist is therefore 

planned for this date follow-

ing launch one year earlier. 

The preceding Approxima-

tion A is likely responsible 

for the notional mission de-

sign's late 2013 launch date. 

With JPL#82 also predicting 

1999 JU3 Earth approach to 

9,055,000 km on 2020 

December 29, Earth re-

turn is planned during this 

timeframe. Heliocentric Lam-

bert boundary value process-

(Continued on page 11) 

A) Like its Hayabusa 

predecessor, Hayabusa-

2 is thought to utilize 

electric propulsion with 

protracted interplane-

tary cruise duty cycles. 

B) According to the Jet 

Propulsion Laboratory's 

(JPL's) Horizons 

ephemeris system, 1999 

JU3 passes 13,362,000 

km from Mars on 2020 

April 12. This event 

almost certainly falls 

during Hayabusa-2's 

Earth return interplane-

tary cruise. 

The notional trajectory 

design heavily depends on 

1999 JU3's ecliptic descend-

Figure 1: (below) This helio-

centric plot commences with the 

notional trajectory's Earth de-

parture on 2013 December 7 

and ends with its Earth gravity 

assist on 2014 December 4. 

Perspective in this and all ensu-

ing heliocentric plots is from a 

location 45° north of the eclip-

tic plane at an ecliptic longi-

tude of 270°. Using this per-

spective and dotted line projec-

tions from 1999 JU3's orbit onto 

the ecliptic, note 1999 JU3's 

descending node on the ecliptic 

at a point near Hayabusa-2's 

Earth gravity assist. Also note 

the degree to which Hayabusa-

2's trajectory remains coplanar 

with Earth's orbit prior to the 

gravity assist. 

Figure 2: (below) This geocentric plot is viewed from a per-

spective normal to the notional Hayabusa-2 Earth gravity 

assist's trajectory plane during 2014 December 3 and 4 Coor-

dinated Universal Time (UTC). Note the 57° turn angle be-

tween incoming and outgoing asymptotic velocities, together 

with the lit south geographic pole near its summer solstice 

(the circumscribing small circle is at 80° south latitude). A 

southerly outgoing velocity is required to achieve 1999 JU3's 

heliocentric orbit plane near its descending ecliptic node. 

Also evident from the plot's perspective is Hayabusa-2's 

+21,894 km perigee height. 
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ing for the notional Earth 

return trajectory indicates 1-

revolution, long-way, lower-

energy solutions are associ-

ated with minimal 1999 JU3 

departure speed ȹv. These 

solutions depart 1999 JU3 in 

the 2018 June to September 

timeframe and return to Earth 

in 2020 early December. The 

notional trajectory design 

therefore targets operations in 

the vicinity of 1999 JU3 from 

2018 May until August. Ad-

ditional Lambert processing 

identifies 3-revolution, short-

way, higher energy solutions 

as having minimal 1999 JU3 

arrival ȹv in mid-2018 fol-

lowing the 2014 December 4 

Earth gravity assist. 

(Continued from page 10) As illustrated in Figure 

2, the notional Earth gravity 

assist trajectory requires a 

geocentric turn angle of 57°. 

When coupled with geocen-

tric asymptotic speed vHE 

near 4 km/s, the gravity as-

sist's perigee height is 

+21,894 km. An unaccepta-

bly large 122° turn angle 

leading to negative perigee 

height is incurred if the grav-

ity assist is targeted with an 

inferior approach from inside 

Earth's heliocentric orbit. The 

notional gravity assist Earth 

approach is therefore from a 

superior direction, as illus-

trated by Figure 1. 

Figure 3: (upper left) This heliocentric plot com-

mences with the notional trajectory's Earth gravity 

assist on 2014 December 4 and continues for the next 

year. Note the degree to which Hayabusa-2's trajec-

tory has been rendered coplanar with 1999 JU3's 

heliocentric orbit following the gravity assist. 

Figure 4: (upper right) This heliocentric plot illus-

trates the notional trajectory's motion for the year 

ending with 1999 JU3 arrival. 

Figure 5: (lower left) This heliocentric plot illus-

trates the notional trajectory's motion for the year 

following 1999 JU3 departure. Note the low speed 

required to depart 1999 JU3 and intercept Earth 

more than 2 years later. 

Figure 6: (lower right) This heliocentric plot illus-

trates the notional trajectory's motion for the year 

ending with Earth return. 


