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(57) ABSTRACT 

Launch vehicle systems and methods for landing and recov 
ering a booster stage and/or other portions thereof on a plat 
form at sea or on another body of Water are disclosed. In one 

embodiment, a reusable space launch vehicle is launched 
from a coastal launch site in a trajectory over Water. After 
booster engine cutoff and upper stage separation, the booster 
stage reenters the earth’ s atmosphere in a tail-?rst orientation. 
The booster engines are then restarted and the booster stage 
performs a vertical powered landing on the deck of a pre 
positioned sea-going platform. In one embodiment, bidirec 
tional aerodynamic control surfaces control the trajectory of 
the booster stage as it glides through the earth’s atmosphere 
toWard the sea-going platform. The sea-going platform can 
broadcast its real-time position to the booster stage so that the 
booster stage can compensate for errors in the position of the 
sea-going platform due to current drift and/or other factors. 
After landing, the sea-going platform can be toWed by, e. g., a 
tug, or it can use its oWn propulsion system, to transport the 
booster stage back to the coastal launch site or other site for 
reconditioning and reuse. In another embodiment, the booster 
stage can be transferred to another vessel for transport. In still 
further embodiments, the booster can be refurbished While in 
transit from a sea-based or other landing site. 

15 Claims, 2 Drawing Sheets 
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SEA LANDING OF SPACE LAUNCH 
VEHICLES AND ASSOCIATED SYSTEMS 

AND METHODS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS INCORPORATED BY 

REFERENCE 

The present application claims priority to US. Provisional 
Patent Application No. 61/218,029, ?led Jun. 17, 2009 and 
titled “SEA LANDING OF SPACE LAUNCH VEHICLES 
AND ASSOCIATED SYSTEMS AND METHODS, 
INCLUDING EN ROUTE VEHICLE REFURBISHMENT,” 
and US. Provisional PatentApplication No. 61/187,243, ?led 
Jun. 15, 2009 and titled “SEA LANDING OF SPACE 
LAUNCH VEHICLES AND ASSOCIATED SYSTEMS 
AND METHODS,” both of Which are incorporated herein in 
their entireties by reference. 

The present application incorporates the subject matter of 
the following patent applications in their entireties by refer 
ence: US. Provisional Patent Application No. 61/155,115, 
?led Feb. 24, 2009 and titled “ROCKETS WITH DEPLOY 
ABLE FLARE SURFACES, AND ASSOCIATED SYS 
TEMS AND METHODS,” U.S. Non-provisional patent 
application Ser. No. 12/712,156, ?led Feb. 24, 2010 and titled 
“LAUNCH VEHICLES WITH FIXED AND DEPLOY 
ABLE DECELERATION SURFACES, AND/OR SHAPED 
FUEL TANKS, AND ASSOCIATED SYSTEMS AND 
METHODS,” US. Provisional Patent Application No. 
61/187,268, ?led Jun. 15, 2009 and titled “BIDIREC 
TIONAL CONTROL SURFACES FOR USE WITH HIGH 
SPEED VEHICLES, AND ASSOCIATED SYSTEMS AND 
METHODS,” and US. Non-provisional patent application 
Ser. No. 12/712,083, ?led Feb. 24, 2010 and titled “BIDI 
RECTIONAL CONTROL SURFACES FOR USE WITH 
HIGH SPEED VEHICLES, AND ASSOCIATED SYS 
TEMS AND METHODS.” 

TECHNICAL FIELD 

The present disclosure relates generally to space launch 
vehicles and, more particularly, to systems and methods for 
landing space launch vehicles at sea, and/or refurbishing such 
vehicles en route from a landing site. 

BACKGROUND 

Rocket poWered launch vehicles have been used for many 
years to carry human and non-human payloads into space. 
Rockets delivered the ?rst humans to the moon, and have 
launched many satellites into earth orbit, unmanned space 
probes, and supplies and personnel to the orbiting intema 
tional space station. 

Despite the rapid advances in manned and unmanned space 
?ight, delivering astronauts, satellites, and other payloads to 
space continues to be an expensive proposition. One reason 
for this is that most conventional launch vehicles are only 
used once, and hence are referred to as “expendable launch 
vehicles” or “ELVs.” The advantages of reusable launch 
vehicles (RLVs) include the potential of providing loW cost 
access to space. 

Although NASA’s space shuttle is largely reusable, recon 
ditioning the reusable components is a costly and time con 
suming process that requires extensive ground based infra 
structure. Moreover, the additional shuttle systems required 
for reentry and landing reduce the payload capability of the 
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2 
shuttle. As commercial pressures increase, the need remains 
for loWer-co st access to space for both human and non-human 
payloads. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram illustrating a mission pro?le 
of a space launch vehicle that lands on a sea-going platform in 
accordance With an embodiment of the disclosure. 

FIG. 2 is a ?oW diagram illustrating a routine for launching 
a space launch vehicle from a land-based or other launch site 

and landing the space launch vehicle on a sea-going platform 
in accordance With an embodiment of the disclosure. 

DETAILED DESCRIPTION 

Certain aspects of the present disclosure are directed gen 
erally to vertical poWered landings of reusable launch 
vehicles on sea-going platforms, and associated systems and 
methods. Other aspects of the disclosure relate to refurbishing 
reusable launch vehicles en route from a sea-based or other 

landing site. Certain details are set forth in the folloWing 
description and in FIGS. 1 and 2 to provide a thorough under 
standing of various embodiments of the disclosure. Those of 
ordinary skill in the relevant art Will appreciate, hoWever, that 
other embodiments having different con?gurations, arrange 
ments, and/ or components may be practiced Without several 
of the details described beloW. In particular, other embodi 
ments of the disclosure may include additional elements, or 
may lack one or more of the elements or features described 

beloW With reference to FIGS. 1 and 2. Moreover, several 
details describing structures and processes that are Well 
knoWn and often associated With space launch vehicles and 
launching and landing space launch vehicles are not set forth 
in the folloWing description to avoid unnecessarily obscuring 
the various embodiments of the disclosure. 

In the Figures, identical reference numbers identify iden 
tical or at least generally similar elements. To facilitate the 
discussion of any particular element, the most signi?cant 
digit or digits of any reference number refers to the Figure in 
Which that element is ?rst introduced. For example, element 
110 is ?rst introduced and discussed With reference to FIG. 1. 

Space launch vehicles are typically launched from coastal 
launch sites along ?ight corridors that take them out and over 
the ocean for much of their trajectory. This trajectory avoids 
exposing the public to the potential risks associated With 
rocket over?ight, and results in the booster stage falling into 
the Water. Water landings, hoWever, make reuse of the booster 
stage costly and di?icult for a number of reasons. For 
example, sea Water can be very corrosive to rocket compo 
nents. Moreover, many of the rocket components get very hot 
during use, and quenching these hot components in cold sea 
Water can result in cracking and other forms of damage. 
Recovery and reuse of solid rocket stages after Water landings 
With a parachute is feasible because a solid rocket motor is 
little more than an empty casing after ?ring. Liquid-fueled 
rocket stages, hoWever, are considerably more complex. As a 
result, feW, if any liquid-fueled rocket stages have been reused 
after Water landings. 

Concepts exist for landing a booster stage on land. These 
concepts include landing the booster stage horiZontally, like 
an airplane, or vertically, under its oWn poWer or by parachute 
or other means. All of these approaches, hoWever, limit opera 
tional ?exibility because they require a ground landing site 
for every launch aZimuth and potential doWnrange landing 
area. 
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