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Device for controlling the speed of a spaceplane during the transition from a
phase of space flight to a phase of aeronautical flight and associated

transition method

Background of the Invention

Field of the Invention

The invention relates to a device for controlling the speed of an

aerospace craft, notably of the space plane type, during the transition of this
5 craft from a phase of space flight to a phase of aeronautical flight, and relates
to an associated transition method.

A space plane is an aeronautical spacecraft suited to aeronautical flight
and for that purpose comprising lift-generating surfaces. As a spacecraft it
comprises, for example, a rocket motor and means suited to controlling it in

10 the absence of air or other supporting gas.

One set of problems with such a craft is its reentry into the atmosphere
and, in particular, the transition from a ballistic or lift-free type of flight to
aeronautical flight for which the craft uses the lift offered by the atmosphere.

For a space plane, one particular constraint is that it is necessary to

15 Ilimit the loads and accelerations experienced by the structure and
passengers of the craft to low values in comparison, for example, with craft
the crew of which is made up of trained astronauts such as the space shuttle
formerly operated by NASA.

Technical Background
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By way of braking devices for conventional atmospheric airplanes,
there are airbrakes positioned above the wings or on the upper part of the
fuselage.

Further, in the context of atmospheric airplanes, there are braking
systems that use landing gear doors, as known on the American military
airplane F-111.

However, the use of such devices in the field of space does not exist.

These days, in order for a space plane or space shuttle to make the
transition from space flight to aeronautical flight, it brakes by pressing its
underside down on the air, thereby increasing the drag of the craft. The
space plane is braked in this way and loses altitude.

In the case of the American space shuttle, this braking causes
significant heating and the crew experience G-forces corresponding to the
strength of the ensuing deceleration.

Brief Description of the Invention

It is an object of the invention to propose a device for controlling the
speed of a craft such as a space plane during the transition from a phase of
space flight to a phase of aeronautical flight that is suited to allowing the
plane to have a braking phase and to return to aeronautical flight with
reduced loadings and deceleration.

As was seen earlier, a space plane is an aircraft capable of

aeronautical flight and capable of space flight.
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In space flight, the craft may describe an orbit around the Earth, orbital
flight for example, or may simply have a course in the form of a parabolic arc
notably for a suborbital flight, with a maximum altitude of a few tens to a few
hundreds of kilometers. In both cases, the return to a phase of aeronautical
flight entails control of the speed of the plane so as to limit the loadings
applied to this plane and to its passengers.

In order to achieve this, the invention proposes a spacecraft suited to
aeronautical flight comprising a body and a wing structure defining a lift-
generating surface, and attitude-control means, said aircraft comprising one
or more flaps positioned under its lift-generating surface and that can be
maneuvered between a retracted position and an inclined, deployed,
aerodynamic-braking position during the transition of the craft from a phase
of space flight to a phase of aeronautical flight.

For preference, the flap or flaps are suited to deployment at controllable
variable inclinations.

Advantageously, the craft comprises at least one pair of flaps which are
positioned on either side of a longitudinal axis of the craft.

According to one particular embodiment, the flaps are suited to being
controlled independently of one another so as to control the descent of the
craft.

According to one advantageous embodiment, all or some of the flaps

are airbrake devices/landing gear doors.
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Advantageously, the flaps can be maneuvered according to the phases
of flight independently of the landing gears or in conjunction with the landing
gears.

According to one particular embodiment, the flaps comprise a first axis
of maneuvering for opening the flaps against the eye of the wind, the flaps
then operating as airbrakes, and an axis of maneuvering for opening the
flaps parallel to the eye of the wind, the flaps then operating as landing gear
doors.

The airbrake flaps/landing gear doors are preferably maneuvered by
actuators rated to allow the airbrakes to be opened partially during the
transition between space descent and aeronautical descent and to allow the
landing gear doors to be opened fully for landing, the actuators being suited
to opening the flaps in a way that can be altered according to the phase of
flight.

According to one particular embodiment, the attitude-control means
comprise pitch-attitude control surfaces.

The invention also relates to a method for controlling the speed of an
aircraft as claimed in any one of the preceding claims during a descent phase
of the aircraft with transition of the aircraft from a phase of space flight to a
phase of aeronautical flight, this descent phase comprising:

- a first step of parabolical descent of the aircraft, the aircraft being in a
position of high incidence;

- a second step of bringing the craft into a nose-down position; and
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- a third step of the aircraft flattening out in aerodynamic flight at low
incidence;

for which control of the speed of the aircraft is achieved at least in the
second step by means of the opening of said flaps.

The high-incidence position is notably defined by an angle greater than
40° between the longitudinal axis and the speed axis of the craft.

According to one particular embodiment, the control of the speed of the
craft by the opening of said flaps is begun during the first step.

With the means of controlling the attitude of the aircraft comprising
pitch-attitude control surfaces, these are preferably angled so as to apply a
nose-up moment to the craft during the first step.

The transition from the first to the second step occurs advantageously
through the straightening of the pitch-attitude control surfaces, the opening of
the flaps controlling the speed of the aircraft.

With the aircraft having created lift at the end of the second step, the
flattening-out step is preferably performed by angling the pitch-attitude
control surfaces in such a way as to apply a nose-up moment to the aircraft,
the flaps then being closed again.

According to one advantageous embodiment, the transition from the
space domain to the aeronautical domain of a space plane of the invention
comprising landing gear doors suited to operating as airbrake flaps involves:

- a first step of angling the pitch-attitude control surfaces in such a way as to

apply a nose-up moment to the aircraft, the space plane having a speed V
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that is practically vertical with high incidence I, the space plane being kept
substantially horizontal;

- a second step of opening the landing gear doors and of straightening the
pitch-attitude control surface, the space plane thus being brought into a nose-
down configuration, the speed V of the space plane being practically vertical
with low incidence |I;

- a third step of angling the pitch-attitude control surfaces in such a way as to
apply a nose-up moment to the aircraft and of closing the landing gear doors,
for which step the space plane reverts to aeronautical operation, the space
plane and the speed V being returned to the horizontal, said plane being at a
low incidence 1.

Brief Description of the Drawings

The invention will be better understood from reading the following
description of one nonlimiting exemplary embodiment of the invention and
from studying the accompanying drawings. These drawings are given merely
by way of nonlimiting illustration of the invention and depict:

In figure 1. a view of a craft of the space plane type according to the
invention;

In figure 2: a first phase of space descent of the space plane of figure 1;

In figure 3: a transition phase of the space plane of figure 1,

In figure 4: a phase of atmospheric flight of the space plane of figure 1;

In figure 5: an enlarged view of the space plane of figure 1; in the final

configuration prior to landing with the landing gear doors of the wing structure
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in the position in which they open the landing gear bay according to one
particular embodiment of the invention.

Detailed Description of Embodiments of the Invention

As was seen above, it is an object of the invention to propose a device
for controlling the speed of, and for limiting the induced loadings on, an
aerospace craft such as a space plane 10 during a transition from a phase of
space flight to a phase of aeronautical flight.

The invention applies for example to a space plane 10 as depicted in
figure 1 comprises a fuselage 17, a wing structure consisting of wings 15,
control surfaces 12, a rudder 16, engines operating in aeronautical flight such
as jet engines 14, and a rocket motor 13.

The phase of space or ballistic flight is illustrated in figure 2. This is a
phase of flight in which the wing structure of the aircraft generates no lift
because of the lack of air, the incidence of the aircraft furthermore being such
that the lift-generating surfaces are in any event in a stalling configuration.

The phase of aeronautical flight is illustrated in figure 4 and, in this
phase, the aircraft flies traditionally, supported by its wing structure.

To make the transition from the phase of space or ballistic flight to the
phase of aeronautical flight, according to one aspect of the invention, a
transition occurs that uses a nose-down step as illustrated in figure 4.

In order for it to return, a space plane 10 needs to make a transition

between space flight and aeronautical flight, see figure 4. Furthermore, it
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needs to brake considerably and control its speed throughout the transition
between this phase of space flight and the phase of aeronautical flight.

In the phase of space flight, the craft brakes by friction against the
atmosphere. To do that, it is in an attitude of very high incidence, greater
than 40° or even at around 70° of incidence with a speed vector that is
practically vertical.

In this situation, the craft does not strictly speaking fly because its main
wing structure is in a state of permanent stall.

The solution adopted in the present invention for making the transition
from the phase of space flight to a phase of aeronautical flight supported by
the wing structure of the craft is to have the aircraft adopt a nose-down
configuration so that its incidence is decreased without needing to change its
speed vector.

The nosing-down must, however, be controlled in order to keep the
aircraft in a reasonable speed, acceleration and load configuration.

In order to do this, the space plane 10 according to the invention
comprises flaps 11 operating as airbrakes suited to braking it in a flight
transition in which it is not yet in aeronautical flight, and controlling its speed
V during this transition.

The flaps 11 depicted notably in figure 1 are positioned under the wings
and/or under the fuselage of the craft and can be maneuvered between a

retracted position and a deployed aerodynamic-braking position.
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In the space descent phase according to figure 2, the space plane 10
has its flaps 11 closed and its pitch-attitude control surfaces 12 angled in
such a way as to apply a nose-up moment to the craft. The space plane 10 is
therefore almost horizontal. Its incidence |, the angle between the plane
longitudinal axis A and the speed vector, is preferably greater than 40° and
may even lie between 70° and 90° with respect to its speed V, which is itself
near vertical. Thus, the air resistance is high and the drag is maximized. The
objective is to limit the accelerations experienced by the passengers, the pilot
and the space plane 10. Because of the high incidence, the main wing
structure 15 is stalled.

Stall is characterized by an abrupt loss of lift of the wing structure of an
aircraft; the plane is no longer supported and drops.

During the stall, the plane noses down and rapidly loses altitude, this
being the mode employed for space descent although the stall here is due to
the fact that at the start of the descent phase the air is too rarefied to support
the craft which furthermore from the outset is in a position with too high an
incidence for its wings to be able to generate lift.

The control surfaces in the eye of the wind however are not stalled.

According to figure 3, in order to realign the longitudinal axis of the
plane and the axis of the speed V in order to revert to aeronautical flight, the
space plane 10 adopts a nose-down attitude.

To do that, use is made of a mobile surface capable of orienting itself in

the eye of the wind, this surface consisting of the pitch-attitude control
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surfaces 12 of the craft which are maneuvered to angle the aircraft into a
nose-down attitude.

According to the example, the control surfaces are ideally a horizontal
plane fully able to move about an axis of maneuvering.

In this case, the commands to pull up the nose of the aircraft
correspond to a rotation of the control surfaces about their axis in one
direction so that their leading edge is lowered and their trailing edge is raised,
which in this application is referred to by the expression angling to nose-up or
angling to apply a nose-up moment.

The commands to nose-down themselves correspond to a rotation of
the control surfaces such that their leading edge is raised and their trailing
edge is lowered, which here is referred to as angling the control surfaces to
nose-down or angling the control surfaces to apply a nose-down moment,
and also, when the control surfaces are returned to a neutral position, this will
be referred to here as straightening the control surfaces.

The pitch-attitude control surfaces are then used throughout the nose-
down dive to ensure the stability of the space plane 10 by providing nose-
down or nose-up compensation according to the variations in attitude of the
aircraft.

It should be noted that, before the nose-down dive, during the phase of
space flight, the control surfaces 12 are already oriented in the eye of the
wind and therefore in a nose-up position so that they have lift and can be

used to maneuver the aircraft and control the attitude thereof.
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When the space plane 10 makes the nose-down dive, figure 3, its
speed V increases appreciably and rapidly. This increase in speed V needs
to be controlled and limited in order to allow an effective pull-up maneuver
but also so that the craft remains in a Mach domain consistent with the
domain in which the lift generated by the wing structure is optimal.

The Mach number expresses the ratio of the local speed of a fluid to
the speed of sound in this same fluid. Controlling and limiting the speed of
the space plane 10 is additionally necessary in order to guarantee acceptable
loading levels on the passengers, which means to say loading levels
preferably of below 2 g, a value that is still comfortable. The flaps 11 perform
these functions of controlling and limiting the speed when the space plane 10
is in the nose-down dive phase.

The flaps 11 constitute airbrakes which are used to control and limit the
speed V and the stability of the space plane 10 during its space descent.
They may also be used for braking upon landing and also for energy
management in the final approach phase, just like conventional airbrakes.

Here used as airbrakes in the space domain, the flaps 11 are designed
to withstand the conditions of subsonic flow. Flow around an obstacle is
subsonic when the Mach number is below the critical Mach number that
corresponds to the onset of a shockwave. The dynamic conditions differ
appreciably from the conditions for which airbrakes intended for the approach
phase are usually designed. Specifically, the space descent phase, figure 2,

is intended to bring the space plane 10 down to an altitude of around 15 km
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(50 000 feet) with a Mach number of below 0.6 and notably of between 0.5
and 0.55 and a dynamic pressure of below 3000 Pa and preferably of 2000 to
2500 Pa, it being possible for these values to vary according to the mission.

At the end of the nose-down maneuver of the space plane 10, and
therefore during the second phase of space descent, figure 3, and during the
return of the space plane to aeronautical operation, figure 4, the space plane
is at an altitude of around 11 km, with a Mach number lower than the critical
Mach number, namely 0.9 and preferably from 0.6 to 0.7. The maxima
reached during the transition from the space domain to the aeronautical
domain have a Mach number of around 0.8 to 0.85 and a dynamic pressure
of between 7000 and 10 000 Pa. These figures are given purely by way of
indication and may of course vary according to the mission. By way of
comparison, on landing, the dynamic pressure is around 5 000 Pa and the
speed is of the order of Mach 0.2 to 0.3, which is appreciably lower.

To sum up, according to the invention, the transition from the space
domain to the aeronautical domain involves:

- a first step of aircraft descent, which aircraft 10 has a speed V that is
practically vertical while its attitude is substantially horizontal and therefore
with high incidence I, during which step the pitch-attitude control surfaces 12
of the aircraft are lowered more or less parallel to the eye of the relative wind;

- a second step in which the aircraft effects a nose-down dive by means
of a straightening of the pitch-attitude control surfaces 12, the speed V of the

space plane remaining practically vertical and the incidence | of the aircraft
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therefore being reduced, the speed of the aircraft in this step being reduced
and stabilized by opening the flaps 11 to a greater or lesser extent;

- a third step for which the craft resumes aeronautical operation, the
speed V becoming horizontal and the craft therefore flying at low incidence I,
this step being achieved by lowering the pitch-attitude control surfaces 12
and closing the flaps 11.

Because the flaps/airbrakes 11 are rated in relation to the space
descent phase, they have a fairly considerable mass. Thus, in the
advantageous embodiment described, they are given a second function:
when the space plane 10 is not in a transition phase making the transition
between the space mode and the aeronautical mode, the airbrakes 11 also
act as landing gear doors. They remain closed to limit aerodynamic drag and
to protect the landing gears.

To ensure success in the maneuver making the transition from the
space domain, figure 2, to the aeronautical domain, figure 4, the flaps 11 are
placed on the pressure face side 50 of the wing structure 15 under the lift-
generating surface of the aircraft. They can thus be used to adjust drag,
without disrupting controllability, and with the least possible impact on the lift
C of the aircraft. In order to limit the impact on the lift C still further, the
airbrakes 11 are possibly situated on the fuselage 17 in the region of the
landing gear doors in the soft belly 51.

According to the example, the flaps are also landing gear doors.
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In this case, the flaps can advantageously be maneuvered according to the
phases of flight independently of the landing gears or in conjunction with the
landing gears.

When the airbrake device/landing gear doors 11 can be completely
dissociated from the landing gears throughout the flight, the actuators are
rated to open the airbrakes to the angle necessary for controlling the drag in
the space descent phase, and also to allow the landing gear doors to be fully
opened in order to lower the landing gears. Because the airbrakes/landing
gear doors are dissociated from the landing gears, in order to reduce the
emission of noise on landing for example, the landing gear doors can be
closed again when the landing gears have been lowered.

Coupling and uncoupling the airbrakes/landing gear doors 11 with
respect to the landing gears according to the phases of flight is also possible.
Thus, in the space descent phase, the doors are connected to the airbrake
actuators and disconnected from the actuators common to the landing gears.
Conversely, during the landing phase, the landing gear doors are connected
to the landing gear actuators and are disconnected from the airbrake
actuators.

The airbrakes/landing gear doors assembly may potentially pivot about
different axes, perpendicular to the direction of flight or parallel to the
direction of flight, according to the phase of flight and the airbrake and
landing gear door functions performed in these various phases of flight by

pivoting about the desired axis. Thus, the flaps 11’ when used as airbrakes
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pivot about the axis perpendicular to the airplane axis A and when they
operate as landing gear doors to open the landing gear bays, as depicted in
figure 5, the flaps 11’ pivot about axes parallel to the main axis of the craft so
as to reduce the drag caused by opening them in this phase of flight.

The invention is not restricted to the examples depicted and notably the
number of flaps may be two, four or more in order to balance the braking

during the space descent.
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CLAIMS

1- A space aircraft suited to aeronautical flight, comprising a body and at
least one first wing structure (15) defining a lift-generating surface and
attitude-control means, characterized in that said control means comprise
one or more flaps positioned under the lift-generating surface and that can be
maneuvered between a retracted position and an inclined, deployed,
aerodynamic-braking position during the transition of the craft from a phase

of space flight to a phase of aeronautical flight.

2 -  The space aircraft as claimed in claim 1, for which the flap or flaps are

suited to deployment at controllable variable inclinations.

3-  The space aircraft as claimed in claim 1 or 2, comprising at least one
pair of flaps which are positioned on either side of a longitudinal axis of the

craft.

4 -  The space aircraft as claimed in claim 3, for which the flaps are suited
to being controlled independently of one another so as to control the descent

of the craft.

5-  The space aircraft as claimed in any one of the preceding claims, for

which all or some of the flaps are airbrake devices/landing gear doors (11).
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6 - The space aircraft as claimed in claim 5, for which the flaps can be
maneuvered according to the phases of flight independently of the landing

gears or in conjunction with the landing gears.

7 -  The space aircraft as claimed in claim 6, for which the flaps comprise
a first axis of maneuvering for opening the flaps against the eye of the wind,
the flaps then operating as airbrakes, and an axis of maneuvering for
opening the flaps parallel to the eye of the wind, the flaps then operating as

landing gear doors.

8 -  The space aircraft as claimed in claim 5, 6 or 7, for which the airbrake
flaps/landing gear doors (11) are maneuvered by actuators rated to allow the
airbrakes to be opened partially during the transition between space descent
and aeronautical descent and to allow the landing gear doors to be opened
fully for landing, the actuators being suited to opening the flaps in a way that

can be altered according to the phase of flight.

9-  The space aircraft as claimed in any one of the preceding claims, for
which the attitude-control means comprise pitch-attitude control surfaces

(12).
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10 - The space aircraft as claimed in claim 9, in which a second wing

structure (15) comprises the pitch-attitude control surfaces (12).

11- A method for controlling the speed of an aircraft as claimed in any one
of the preceding claims during a descent phase of the aircraft with transition
of the aircraft from a phase of space flight to a phase of aeronautical flight,
this descent phase comprising:

- a first step of parabolical descent of the aircraft, the aircraft being in a
position of high incidence;

- a second step of bringing the craft into a nose-down position; and

- a third step of the aircraft flattening out in aerodynamic flight at low
incidence;

for which control of the speed of the aircraft is achieved in the second step by

means of the opening of said flaps.

12 - The method as claimed in claim 11, for which the high-incidence
position is defined by an angle greater than 40° between the longitudinal axis

and the speed axis of the craft.

13- The method as claimed in claim 11 or 12, for which the control of the
speed of the aircraft by the opening of said flaps is begun during the first

step.
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14 - The method as claimed in claim 11, 12 or 13, for which, with the
means of controlling the attitude of the aircraft comprising pitch-attitude
control surfaces (12), these are angled so as to apply a nose-up moment to

the aircraft during the first step.

15- The method as claimed in claim 14, for which the transition from the
first to the second step occurs through the straightening of the pitch-attitude
control surfaces (12), the opening of the flaps controlling the speed of the

aircraft.

16 - The method as claimed in claim 15, for which, with the aircraft having
created lift at the end of the second step, the flattening-out step is performed
by angling the pitch-attitude control surfaces (12) in such a way as to apply a

nose-up moment to the aircraft, the flaps then being closed again.

17 - The method as claimed in claim 11 for controlling the speed of an
aircraft of the space plane (10) type, comprising landing gear doors (11)
suited to operating as airbrakes, from a phase of suborbital space flight to a
phase of aeronautical flight, characterized in that the transition from the
space domain to the aeronautical domain involves:

- a first step of angling the pitch-attitude control surfaces (12) in such a way

as to apply a nose-up moment to the space plane, the space plane (10)
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having a speed V that is practically vertical with high incidence I, the space
plane (10) being kept substantially horizontal;

- a second step of opening the landing gear doors (11) and of straightening
the pitch-attitude control surface (12), the space plane (10) thus being
brought into a nose-down configuration, the speed V of the space plane (10)
being practically vertical with low incidence I;

- a third step of angling the pitch-attitude control surfaces (12) in such a way
as to apply a nose-up moment to the space plane (10) and of closing the
landing gear doors (11), for which step the space plane (10) reverts to
aeronautical operation, the space plane (10) and the speed V being returned

to the horizontal, the aircraft being at a low incidence I.



