AEM 1905: Some vocabulary for outer-space rocket missions

* staging

« fairing

» docking (of two vehicles in space)

» orbital (vs. suborbital) trajectory

« orbital period T and velocity v (actually this is a speed, not a velocity)
« Low Earth Orbit (LEO): T =90 min, v = 7.8 km/s = 17500 mi/hr)
» Geostationary Orbit (GEO): T =24 hrs, v = 3.1 km/s = 6900 mi/hr)
* Low Lunar Orbit (LLO): T =2 hrs, v =1.6 km/s = 3600 mi/hr)

 escape velocity (speed again)
« Earth: v=11.2 km/s = 25000 mi/hr
* Moon: v = 2.4 km/s = 5400 mi/hr)

* trans-lunar injection (speed-up) burn (vs. trans-earth injection (speed-up) burn)

* lunar orbit insertion (slow-down) burn

* (solid rocket) booster

» liquid fuel rocket motors (throttlable)

» gimbaled (steerable) nozzles

* spin up / spin down (for spin-stabilization)

e correction burn

e gravity assist / planetary flyby

* (complex) trajectory planning



Lunar mission profile

The naminal planned lunar landing

Launch The 3 Saturn %/ stages burn
for about 11 minutes to achieve a

100-nadtical-mile {190 km) circular
parking arbit. The third stage burms
a small portion of its fuel to achieve

Translunar injection After one to
two arhits to verify readiness of
spacecraft systems, the S-IVB third
stage reignites for about 6 minutes
to send the spacecraft to the Moon.

o

"

Transposition and docking (1) The
Spacecraft Lunar Module Adapter
(SLAY panels separate to free the

CEM and expose the LM. The
Command Module Pilot (TMP)
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Transposition and docking (2}, The
CMP docks with the LM, and pulls
the combined spacecraft away from
the S-IvB, which then is sentinto
salar orhit. The lunar vayage takes

Lunar orbit insertion The
spacecraft passes about G0
nautical miles {110 km) behind the
WMaoaon, and the SM endine is fired 1o
slow the spacecraft and putitinto a

After a rest period, the Commander
(ZDRY and Lunar Module Pilot
(LMPY move to the LM, power up its
systermns, and deploy the landing
gear The CEM and LM separate;
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orhit. rmoves the CSh out 3 safe

distance, and turns 180°.

hetween 2 and 3 days. Midcourse
corrections are made a5 necessarny
using the SM engine.

B0-by-1T0-nautical-mile (110 by
310 kmj arhit, which is soon
circularized at 60 nautical miles by
a second burn.

the CMP visually inspects the L,
then the Lk crew move a safe
distance away and fire the descent
engine for Descent orbit insertion,
wehich takes itto a perilune of about
50,000 feet (145 km.

Powered descent At perilune, the
descent engine fires again to start
the descent. The COR takes over
manual contral after pitchover far a
vertical landing.

The CDR and LMP perfarm one or
maore BV explaring the lunar
surface and callecting samples,
alternating with rest petiods.

The azcent stage lifts off, using the
descent stage as a launching pad.

The LM rendezvouses and docks
wiith the CEM.

The CDR and LMP transfer back to
the CM with their material samples,
then the LM ascent stage is
jettizoned, to eventually fall aut of
orbit and crash onthe surface.

Trans-Earth injection The S
engine fires to send the CSM back
ta Eatth.

The Sh is jettisoned just before
reentry, and the Ch turns 180° to
face its blunt end farward for
reentry.

Atmospheric drag slows the Chi.
Aerodynamic heating surrounds it
with an envelope of ionized air
which causes a cammunications
hlackout far several minutes.

Farachutes are deployed, slowing
the Cw for a splashdown in the
Facific @cean. The astronauts are
recaovered and brought to an aircraft
carrier.

Apollo lunar landing mission profile. http://en.wikipedia.org/wiki/Apollo_program
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Apollo lunar landing mission trajectory. http://en.wikipedia.org/wiki/Apollo_program



Moon at arrival time

Moon at TLI

B ~ Earth's equatorial plane

Trans-lunar injection detail. http://en.wikipedia.org/wiki/Trans-lunar_injection
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NASA's DAWN mission to the asteroids Vesta then Ceres. http://dawn.jpl.nasa.gov/




Mercury Orbit
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NASA's MESSENGER mission to the orbit Mercury.

end orbit 0,

. w
start orbit 1 end orbit 0,
MOI = Mercury Orbit Insertion maneuver start orbit 1

After more than 10 years in operation, MESSENGER
was deorbited — intentionally crashed into Mercury at _
a speed of 8750 mi/hr — on April 30, 2015. http://messenger.jhuapl.edu/



New Horizons Mission Trajectory

Launch
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Jupiter Neptune
Pluto System Flyby
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Kuiper Belt Objects
(Extended Mission) Plensts ond ortits not #o scals;
20162020 plenet postions (axcspt Jupier) <

= of July 2015.

NASA's New Horizons that flew past Pluto in July of 2015.
http://www.nasa.gov/pdf/168024main_011607_JupiterPressKit.pdf



Pluto-Charon Flyby: Closest Approach (July 2015)
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Charon Closest Approach
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New Horizons Pluto flyby — planning exactly what would be visible when.

http://www.nasa.gov/pdf/168024main_011607_JupiterPressKit.pdf



