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. Ceramic

Gimbaled solar r
panels are 2/3
‘mirrors
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Low-mass, A
sunshade carbon fiber
672-N bi-propellant thruster composite
structure
e

Phased-
array
high-gain
antenna

Three large

CIUSt?m ' custom Kay Characteristics:
- aluminum propellant . 1107_kqg launch mass -
- launch vehicle = tanks . 2200 m/s AV capable

« >720-W orbit power capable .
_ ot il s




Find a Trajectory that Uses Less Propél ant’ ‘

* March 2015 Final result: 20% propellant savings!

— Launch on 5! day of 15-day 2"? backup launch period,
16.4 km?/s? launch energy, 6.6 years to Mercury orbit

— 2210_' m/s 'vel'o'cit‘y change achieveql ihCIuding 85 m/s :
~ statistical and 154 m/s during &xtended missions .. -
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Earth Orbit Plane Projection of
Heliocentric Trajectory Profile

Mercury Orbit
Insertion (MOI)
AV = 0.862 km/s
. _Mercury Flyby 3
. (228 km altitude)
_Mercury Flyby 2
\ (199 km altitude)
- Mercury Flyby 1
| (201 km altitude)

Earth at Mercury |
Orbit Insertion

DSM2 ———»®

Venus Flybys 1 and 2 \
(2987 and 338 km altitm‘@ Mercury,

/. Orbit ’
\ Earth Flyby /
DSM3” . / . i
OSM 4 \ (2347 km altitude) >\ /
Oa.2 _» = Launch

- 21,2
DSM = Deep Space Maneuver Cs=16.4 km'/s

—

DSM 1 DSM2 DSM3 DSM 4 DSM 5
MOl

a —a' o 5o -2’ -9 -2
8/03/04 8/02/05 10/24/06  6/5/07  1/14/08 10/6/08 9/29/09 3/18/11
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Superior Solar
Conjunction is
when the S/C
appears < 3°
from the Sun,
with the Sun
between the
Earth and S/C.

This condition
results in loss of
data when
communicating
with tracking
stations on
Earth, so TCMs
are never
executed
during solar
conjunctions.
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~ All 16 Heliocentric Orbits are Visi

Al conjunction
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158 Mar 2011

sun-Earth-5C {deg): 17 .45
Earth distance (Au): 1.0288
sun Distance (Au): 0.3087

DSM = Space Enter
Maneuver Venus 2 Mercury
Launch psm-1 DSM-2DSM-3 DSM-4 DsSMm-5 orbit
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Design Challenge AfteP Launc
Plan & Implement a Successful
Mercury Orbit Insertion (MOI)

* Final MOI design used 31% of total propellant and
1 maneuver to enter 207-km X 12.07-hr orbit

— If a major anomaly occurred during MOI, contingency
planning indicated an excellent recovery outlook for full
mission success within § years for 81% of all potential
MOI shortfalls |

. Key techmques for MOI practlced durlng cruise TCMs
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view from Sun view from Earth
(as of ¥z orbit after MOI) (as of Y2 orbit after MOI)

orth
00:45:15utc B 4

March 18, 2011

MOl

00:4515 UTC

March 18, 2011
L -

day/might
Tarminator

Initial orbit
12.07 hr pariod
A2.5" orbit inclination
20/-km min altitude
aver 60.0° N latifude

Initial orbit

MOl = Mercury Orbit Insertion maneuver —
) J ' ki MO = Mercury Orbit Insertion maneuver

100% of MOI Observable, no Solar Eclip'se during Initial Orbits ,
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Find Amazing New Science Opportu"ltlesé '

° Enabling Science Plan Enhancements

— 1.1 yrs in 12-hr orbit +3 yrs in 8-hr orbit - late April 2015 end
— Answered ?s on potential H,0 . ice in perm. shadowed craters
— Nov. 2013 Comet Observations of Encke and ISON

" = >240 000 i |mages returned from Mercury orhit

= SCIBOX SC|ence Plannmg Software Tool maX|m|zed scrence e
: : : » ‘ 8
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orbit prior to impact
30 April 2015 P . orbit after Mercury orbit insertion
55.7° N latitude at lowest altitude 18 March 2011
60.0° N latitude at lowest altitude

orbit two years after MOI
18 March 2013
83.9° N latitude at lowest altitude

Last orbit

MOI = Mercury Orbit Insertion
XM = Extended Mission

orbit one year after MOI
18 March 2012
73.6° N latitude at lowest altitude XM1 start

Primary 12.07 -11.60 6 Lower Periapsis, Adjust Orbit Period
Extended 1 : 11.60 — 8.00 2 Lower Orbit Period, Deplete Oxidizer
Extended 2 . 8.00-8.27 4 Raise Periapsis, Extend Mission
Extended 2’ : 8.27-8.35 5

First orbit

Raise Periapsis, 5-36 km Low Altitudes
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MLA-dark

Polar deposit type

Radar-bright,

MESS

MErcury Surface, Space ENvironment, G’Eoch’bmlstryhd Ran:

Water Ice in Polar Deposits’

Thermal
modeling

One-to-one
correspondence
between dark
spots and
locations where
water ice is
thermally stable
within ~10 cm of
the surface

Interpretation

Dark, complex
organics
(common in
asteroids &
comets)
overlying water
ice

MLA-bright

Radar-bright,

One-to-one
correspondence
between bright
spots and
locations where
water ice is
thermally stable
at the surface

Surficial water

The world’s b

Astromy";’

NEW RESEARCH

WaterAc

40 60 80
percentage of illumination time

‘Sunlight illumination in
the north polar region

lce mass ranges
from 1073 — 107> kg.

Assume ice depth of
0.5 m to 20 m.

on Mercury

Ancient secrets ﬁ k"
in shadowed craters,

HOWmﬂth WK
drives the

universe
p.26

Behind-the-scenes 2 L
tour of Celestron "<
p.46
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ovember 2013 — Observmg Two Co%met's

ke Earth

MESSENGER acquired
0.242 AU and returned 431 images
from ISON to of comet 2P/Encke near
MESSENGER the comet’s perihelion.
on 11/19/13

Encke#”
0.025 AU
from Encke to :
MESSENGER \ G &

MESSENGER acquired
and returned 280 images
of comet 2012 S1 (ISON)
before the comet’s 0.0124
AU perihelion.

3-day time

tick intervals 18 Nov 2033 04:57:00 UTC
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Planning science observations, spacecraft
operation, and communications with SciBox

« SciBox is a unique end-to-end automated science planning
and commanding system that maximizes science return

Conflict-free Command Science
» Schedule »» Commands

Science
Objectives 7%

Validated
B Observation wp
Opportunities

Planet, Sun,» Opportunity
S/C Orbits Analyzers

L/

Hardware and Science
Constraints

12
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Summary |

7th Mission in NASA’s Discovery Program

6.6-year Heliocentric Cruise with 6 Planetary Flybys
4.1-year Mercury Orbital Phase >4,000 Orbits of Mercury
Overcame Engineering Challenges for Mission Success
MESSENGER First S/C to Orbit the Planet Mercury
Multiple Global Maps of Mercury’s Surface

Water Ice in Polar Shadowed Craters

s U.S. MESSENGER
postage stamp was
issued in May 2011 .
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