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Introduction
The X-38 programme is a multiple-application
technology demonstration and risk mitigation
programme, finding its first application as the
pathfinder for the operational Crew Return
Vehicle (CRV) of the International Space Station
(ISS). It is using a rapid development approach
through the incremental design, build and test
of essential systems and technologies, and it
represents new ways of reducing the cost of
developing manned spacecraft by an order of
magnitude.

The basic X-38/CRV configuration also offers
inherent capabilities for other roles in the future,
such as alternate access to space or as an 
in-orbit ferry to other vehicles (Crew/Cargo
Transfer Vehicle (CCTV) or Space Taxi).

The X-38 is a lifting body with a disposable
deorbit propulsion stage. This lifting body
adopts the heritage of the US X-23/X-24
vehicles developed and flight tested in the
1960-70s, but it is enlarged and its shape has
been significantly modified by ESA to improve
the flying characteristics and volumetric
efficiency. This design’s entry crossrange
capability allows a short orbital flight duration to
assure a landing at specific ground sites
irrespective of the time of departure from the
ISS. The short orbital flight results in simpler,
more reliable vehicle systems.

The X-38 programme is using four prototypes:
three atmospheric drop-test vehicles (V131,
V132 and V133) and a spaceflight test vehicle
(V201). V131 is an X-24-shaped vehicle, 7.32 m
long, with the primary goal of demonstrating
the transition from lifting body to parafoil flight.
The control surfaces are fixed. The vehicle flew
successfully on 12 March 1998 and 6 February
1999. V132 is similarly shaped and scaled, with
the primary goal of demonstrating the flight
control systems using Electro Mechanical
Actuators and advanced control software
technology. V132 was successfully flight-tested
on 5 March 1999 and 9 July 1999.

V133 will have the modified shape scaled to a
9.1 m length, with the primary objective of
verifying the aerodynamic shape modifications
as well as the control laws. Construction will
begin this year.

Following its two flights, V131 has been
refurbished to reflect the modified CRV

shape, including the berthing/docking
mechanism on the top. This V131R will
resume flight testing early this year.

In a highly successful partnership, NASA, ESA and European industry
are building the X-38 spacecraft, the prototype of the International
Space Station’s Crew Return Vehicle (CRV). ESA is responsible for 15
X-38 subsystems or major elements, plus engineering expertise.
Subscriptions by ESA Member States to the CRV programme will
allow significant participation in the development and production of
this next manned spacecraft. The X-38 and CRV are a quantum leap
for Europe in developing and validating key reentry technologies and
system designs needed for reusable space transportation systems.

Figure 1. The X-38/CRV
lifting body vehicle, with
Deorbit Propulsion Stage.



Figure 2. ESA’s participation
in the CRV programme

– crew cabin design and layout;
– aft fuselage design and manufacture of

major aft structure elements;
– rudders, including accompanying sensors;
– the metal nose structure;
– the front and main landing gear;
– the cabin equipment pallets;
– hot structure (Ceramic Matrix Composite,

CMC) leading edge segments of the fixed
fin, including accompanying sensors;

– the Thermal Protection System (TPS)
blankets for the leeward vehicle surfaces,
including fins and aft fuselage frame;

– guidance, navigation and control (GNC)
software, including man/machine interfaces,
for the parafoil flight phase;

– Fault Tolerant Computers with reentry GNC
software;

– Vehicle Analysis and Data Recording System
(VADRS), including front-end electronics for
overall vehicle instrumentation;

– predevelopment of the CRV/ISS berthing/
docking mechanism;

– active thermal control water pump;
– crew seat concept for the CRV and provision

of a representative crew seat with
instrumented dummy for X-38 flight testing.

V201 is the spacecraft, to be deployed from
Space Shuttle Columbia in early 2002 for a full-
up entry test. It has the modified shape scaled
to 9.1 m. In order to fit into the Orbiter’s cargo
bay, the upper parts of the fins are foldable. The
deorbit propulsion stage is attached to the
fuselage’s aft frame. V201 is under assembly at
the NASA Johnson Space Center – the primary
structure is almost complete, the cabin has
been successfully pressure tested and cabin
equipment pallets have been installed.

Scope and objectives of ESA’s
participation in the X-38 programme
Initially a NASA in-house project, the X-38
programme developed into a full partnership
between ESA and NASA: ESA is responsible
for the design and development of 15 major
subsystems or elements of the V201
spacecraft. ESA’s X-38 programme is being
performed under a firm fixed-price contract
with MAN-Technologie (D) leading a team of 22
industrial companies in eight countries. ESA’s
X-38 contributions include: 
– vehicle shape validation and overall

aerodynamic and aerothermodynamic
database;
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Figure 3. V201 under
assembly at NASA’s

Johnson Space Center

In addition, ESA is providing engineering
expertise related to CRV/ISS interface
requirements definitions, avionics architecture
integration, software validation, thermal
control/environmental control and life-support
system computer modelling, human interface
concept development, independent flight
control law simulation, vehicle integration and
test support.

NASA, in addition to its subsystem
responsibilities, is performing overall X-38
vehicle system engineering and integration, will
launch V201 on the Space Shuttle and will
deliver flight data for postflight analysis and
assessment.

The major European objective for cooperating
with NASA on X-38 was to establish a clear
path through which key technologies needed
for future space transportation systems could
be developed and validated at affordable cost
and with controlled risk. The significant
technical knowhow of Europe used in and
gained through this programme can be applied
to ESA’s Future Launcher Technology
Programme (FLTP) and beyond.

Atmospheric reentry is one of the key
technologies that have to be mastered 
for future cost-cutting reusable space
transportation. In this context, and specifically

in relation to FLTP, the X-38 and the CRV
programmes focus on access-to-space
technologies.

The ESA/NASA partnership in the X-38
programme is complemented by DLR’s TETRA
(TEchnologie für zukünftige Raum-
TRAnsportsysteme) programme, which is
developing essential V201 elements,
specifically the CMC body flaps and the CMC
nose cap assembly. The complementarity of
these programmes is reflected in a trilateral
exchange of letters between ESA, NASA and
DLR.

The X-38 programme will provide Europe with
validation of essential designs and
technologies for reusable reentry
vehicles through a full-up spaceflight,
reentry and landing demonstration of
V201 in early 2002.

The X-38 cooperation is
unprecedented. It is the first time that
NASA, ESA and ESA contractors
together are developing the prototype
for a reusable operational spaceplane.
The development of essential
systems and technologies for a
reusable, reentry vehicle is a first for
Europe, and sharing the development
of an advanced reentry spacecraft
with foreign partners is a first for
NASA.

The full cooperation has been
incrementally developed in a very
short period, following the early
success of ESA in significantly
improving and visibly modifying the
overall aerodynamic shape.

During the last two years, 22
Preliminary Design Reviews and
Critical Design Reviews for the ESA
elements have been successfully
held. The last two CDRs (nose

structure and V201 crew seat) were completed
in July 1999. All hardware and software
elements are in detailed design, development
and manufacture. Major hardware (aft
structure) was integrated into the flight model in
late 1998, and all activities and planned
deliveries are on schedule.

The programme’s fast pace would not be
possible without effective decision-making
processes and the collocation of industrial
partners in Europe and at NASA’s Johnson
Space Center (JSC). ESA’s X-38 team includes
engineers from 11 industrial firms working in an
integrated team at JSC.
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Figure 4. Landing of X-38
V132 on 5 March 1999

(NASA)

The prototyping process leads to lower cost for
the operational vehicles. Low-cost prototypes
are being used to test key design issues before
CRV production begins. Unpiloted tests allow
greater risk-taking; atmospheric test vehicles
are used to the maximum extent before going
to space; materials and processes are used to
design and build low-cost structures rapidly;
modern software technology reduces the cost
of ground and flight software development to
support multiple vehicle configurations. The
prototypes are used to establish the true
requirements and identify any problems
associated with the design concepts early on.

The V201 space test vehicle will fly the entire
operational entry mission (speeds, altitudes,
attitudes) of the operational CRV. Much of this
flight regime has valid data from the three X-23
space tests, and once below Mach 2 and
25 km altitude we are operating in the X-24
database (28 flights). The ESA-provided
aerodynamic and aerothermodynamic databases
for V201, established through wind-tunnel
testing and computational fluid dynamic (CFD)

analyses, take into account the shape
differences between the X-23/X-24 and the
CRV. When the V201 spacecraft enters the
subsonic region, it will be flying the same
trajectory that atmospheric vehicles have flown
many times. Once the drogue parachute is
deployed and has decelerated the vehicle, the
rest of the flight will be operating under the
same conditions as all large parafoil
deployments in the atmospheric vehicle and
pallet drop-test programmes (approximately 90
tests). These tests initially use a 485 m2 parafoil
and later the full-size 680 m2 parafoil.

Modern technologies enable a rapid prototyping
approach: computer modelling tools in
structures, aerodynamics (CFD), flight controls
(Matrix X); low-cost data acquisition and
instrumentation, to allow rapid test software
development; extensive use of flight-qualified
commercial off-the-shelf (COTS) equipment;
and computer-aided design, manufacturing,
laser inspection and software engineering.

These methods and processes, together with a
lean management in ESA, industry and the
interface processes with NASA, allow ESA to
achieve the project objectives in a short time at
very low cost.

The Crew Return Vehicle (CRV)
The ISS needs a CRV to support three
missions: medical return, return of the crew 
if the Station becomes uninhabitable, and
return of the crew if the Station cannot be
resupplied.

The CRV has three main elements: the lifting
body entry vehicle, the CRV/ISS international
berthing/docking module and the deorbit
propulsion stage. A total of four CRVs and two
berthing/docking modules will be built.

Soyuz will provide the initial crew-return
capability. While Soyuz has many limitations, it
is considered acceptable for a limited time. 

The CRV will be delivered by the Space Shuttle
and remain attached for up to 3 years. It will
accommodate from 0 to 7 crew members  in a
shirtsleeve environment, and be capable of
autonomous flight operations and landing. The
maximum mission duration (for an emergency
departure) is 9 h, and about 3 h in the case of
a medical return, which would allow time for
optimum sequencing between ISS departure
and reentry burn. The CRV must be able to
separate from the Station at any attitude with a
tumbling rate of up to 2 º/s. The maximum
sustained entry g-load will not exceed 4 g
along the longitudinal axis.
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Figure 5. The CRV will
remain attached to Node-3
for up to 3 years
(ESA/D. Ducros)

The ESA commitments are reflected in NASA’s
Request for Proposal (RFP) for the Phase-C/D
of the CRV programme, which was released on
22 November 1999.

Early activities of the first phase of the CRV
Phase C/D have started. Phase 1 will be
completed shortly after the Critical Design
Review, scheduled for August 2002. Phase 2
will start in October 2002, and will cover the
production of four vehicles, ending in 2006.

Building on the considerable knowledge and
experience of the X-38 industrial team, ESA is
transitioning from the X-38 Phase C/D into the
CRV Phase C/D, with the two programmes
overlapping by about 2.5 years.

ESA’s major participation in the CRV
programme will ensure that the technologies
and systems expertise needed for future space
transportation systems will already be validated
in an operational programme. The envisaged
CRV production flight test will precede any
European demonstration programme resulting
from FLTP studies. This flight test will be an
autonomous, zero crew, return of the first CRV
flight unit when it is replaced by the second
vehicle.

ESA issued the Statement of Work (SOW) for
the CRV Phase 1 in early December 1999,
appropriately phased with NASA’s RFP, and is
synchronising the detailed design activities
performed by ESA contractors with the overall
vehicle design activities being performed by US
industry during Phase 1.                        r

Like the X-38 V201, the CRV will have a total
length of 9.1 m and a cabin volume of 11.8 m3.
The landing mass will not exceed 10 000 kg.
The landing accuracy will be ≤9 km radius and
the landing speed ≤9.1 m/s horizontally and
≤4.6 m/s vertically.

ESA’s participation in the CRV programme
ESA and NASA agreed in 1997 that it would be
mutually beneficial to extend the X-38 partnership
to the CRV. These early agreements at
programme-management level were followed
up by the NASA/ESA Protocol on X-38/CRV
Cooperation, signed in November 1998.

At the May 1999 ESA Ministerial Conference in
Brussels, it was decided to link a European
contribution to the CRV programme with 
ESA’s ISS exploitation phase committments.
Following ESA’s detailed programme proposal
to the Manned Space Programme Board,
confirmed and expected contributions by
Belgium, France, Germany, The Netherlands, Italy,
Spain, Sweden and Switzerland are substantial.

The scope of the participation will go beyond
the X-38 partnership and will include additional
major subsystems or elements, like the novel
international berthing/docking system, fin
folding and trunnion retraction mechanisms,
display technique development, independent
software verification and validation, cold plates,
crew seats and the cold gas attitude and orbit
control subsystem.

ESA will also be responsible for system
engineering analyses, interface management
for ESA elements, assemblies or subassemblies
and integration or pre-integration of vehicle
assemblies.
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