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Propulsion unit for reusable launch vehicle

BACKGROUND TO THE INVENTION

Field of the invention

The present invention relates to a thrust unit for a
reusable launch vehicle and a launch vehicle equipped
with a thrust unit of this kind.

It is also aimed at a handling assembly allowing a
thrust unit of this kind to be replaced quickly and in

complete safety on the ground.

Technological background

There is a growing need in the space field for launch
vehicles or payload transportation vehicles which are

reusable.

This need arises particularly from the requirement to
cut the cost of developing satellites, in particular
small satellites, and putting them into orbit, said

costs being of such magnitude that they help to limit

the current use of space.

Small satellites, as such, can only be launched as an
add-on to a large satellite or with other small

satellites assembled on the same launcher.

It would therefore be appropriate to have a space
launch vehicle, the operational cost of which would

allow the dedicated launch of a small satellite.

In addition, it likewise responds to an emerging
commercial need for payload and/or passenger

transportation in space, whether for scientific
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missions, such as those destined for the International

Space Station (ISS), or also for space tourism.

Reusable vehicles are known in the art, such as
spacecraft, in other words vehicles capable of taking
off from the ground, reaching space and returning to

land on the earth.

Whereas the take-off and landing stages are realized
thanks to the spacecraft’s turbojet engines, the
propulsion phase aimed at getting passengers to zero
gravity is typically realized by means of a rocket

engine.

In order to optimize the commercial potential, these
spacecraft must be able to guarantee regular departures

at a rate of one departure per week, for example.

If the structural materials of these spacecraft allow
this rate of departures, their rocket engines, although
reusable, must be dismantled after each departure for
maintenance and for replacement of the propellant

charge.

The current arrangement of the rocket engines in these
spacecraft makes their dismantling or assembly

particularly long and laborious.

In particular, these rocket engines are connected by
fluid and electrical 1links which are difficult to
access by operatives seeking to connect/disconnect them
prior to the assembly/dismantling of the rocket

engines.

There is therefore a great need for the arrangement of
the interfaces of a reusable rocket motor on a

spacecraft to be optimized.
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The present invention aims to overcome the
disadvantages set out above by proposing a thrust unit
for a space vehicle which has a particularly simple
design and method of operation, the arrangement thereof
in the structure of the space vehicle allowing easier
assembly/dismantling operations for maintenance

purposes.

BRIEF DESCRIPTION OF THE INVENTION

To this end, the invention relates to a thrust unit for
a reusable launch vehicle comprising a rocket engine

supported by a cradle.

According to the invention,

- said c¢radle comprises at least three fixing
members for the assembly of said unit on the structure

of said vehicle to which said unit is to be attached,

- said at 1least three fixing members defining a

plane for dismantling said unit and

- said unit comprising one or several fluid and/or
electrical 1links of said engine, each of these 1links
comprising a free end to be assembled with a
corresponding circuit for supplying the vehicle, to
which said unit is to be connected, the tip of at least
some of said free ends being contained in said

dismantling plane.

The cradle for the fixing and support of the rocket
engine 1is advantageously designed as a planar or
substantially planar compact part. Hence, the
intervention of the maintenance operative 1is made
possible during engine assembly/dismantling operations,

as the operative then has access to all the attachments
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and connections of the thrust unit which are placed on

the same plane.

The access hatch or hatches on the spacecraft structure
are likewise advantageously on the same plane. In
effect, since all attachments and connections of the
thrust unit are located on the same plane, a single
access hatch may suffice. Alternatively, two hatches
may be provided in symmetrical positions close to one

another, in order to allow maintenance operations.

Simply by way of illustration, said vehicle exhibiting
a longitudinal axis, said dismantling plane is a plane

transverse to said axis.

Said engine is mounted in the center or in a central
zone of the c¢radle. The engine/cradle 1link is
preferably realized by a universal 1link to allow

orientation of the engine during the operation thereof.

In different particular embodiments of this thrust
unit, each one having its particular advantages and

being open to numerous possible technical combinations:

- the tip of the free end of each of said links is

contained in said dismantling plane,

- said thrust unit comprises at least one anchoring
member for blocking the rotation of the engine in
respect of said cradle, said at least one anchoring
member being connected firstly to said engine and
secondly to a corresponding anchoring point on said

cradle,

- salid cradle is extended, exhibiting in its
transverse dimension a front face and a rear face, said
front face being intended for assembly with said

engine, said front face defining a front plane of said
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cradle containing at least one section of said front
face, said at least one section exhibiting dimensions
allowing the fixing of anchoring members of said

engine.

Purely by way of illustration, the c¢radle exhibits a
shape chosen from the group comprising a disc shape, a
cross shape or also an X, an A shape, an H shape, a Y

shape, a T shape,

Advantageously, said rear face defines a rear plane of
said cradle, so that said front and rear planes are

parallel or substantially parallel.

The cradle preferably comprises at least two different
limbg, these limbs comprising at their distal end one
or several fixing members for the assembly of said unit
to the structure of said vehicle, to which said unit is
to be attached.

“Distal end” is taken to mean the free end or side edge
of the 1limb when the c¢radle is not connected to the

vehicle structure.

Purely by way of illustration, these fixing members
comprise lugs provided with orifices for the passage of

the shaft of fixing members, such as bolts.

- as the cradle comprises at least two different
limbs, said thrust unit comprises two anchoring
members, each of these anchoring members being

connected to a different limb of said cradle,

- as the cradle comprises at least two different
limbs, said thrust unit comprises two anchoring
members, each of these anchoring elements being

connected to a different limb of said cradle.
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In order to orient the engine, in addition to the
universal link, two hydraulic servo-actuators are put
into operation to supply the increased power necessary

in order to orient the nozzle.

The engine can advantageously be oriented by an angle
of +5° about the directions y and z where the axis X is

placed along the longitudinal axis of the thrust unit.

- said at last one anchoring member is a locked

servo-actuator.

It may be a mechanically locked servo-actuator or an
assembly comprising a servo-actuator and a connecting

rod for mechanically locking said servo-actuator.

- at least some of said limbs comprise a housing for
receiving an arm supporting a handling appliance of

said cradle.

Said housing is preferably placed at the distal end of

the corresponding limb.

Advantageously, said housing having a hollow tubular
shape, an orifice with an axis transverse to the
longitudinal axis of said housing allows the
introduction of a fixing to ensure the locking of said

support arm in said housing.

The invention likewise relates to a launch vehicle

equipped with a thrust unit as described previously.

This launch wvehicle is advantageously a spacecraft
provided with two turbojet engines to guarantee its
takeoff/landing from an airport runway and with a
rocket engine allowing it to reach an altitude of at

least sixty (60) kilometers alone, before unleashing a
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ballistic movement phase to reach an altitude of at
least one hundred (100) kms.

In a utility version, this launch wvehicle is provided
with at least one storage zone capable of receiving a
payload such as a small satellite and possibly also an
orbiting system for said satellite, particularly
comprising a propulsion device. This storage zone is
preferably equipped with at least one articulated and
retractable arm, allowing this small satellite to be
handled so that it can be placed in orbit or recover

its orbit.

In a passenger transportation version, this launch
vehicle comprises a cabin with one or several seats.
This cabin is 1likewise provided with a plurality of
windows, ensuring passengers have an outside view from

the spacecraft.

Gripping devices such as handles are placed proximate
to these windows to allow passengers to hold on when

weightless.

Of course the spacecraft may at the same time comprise
a cabin for receiving one or several passengers and a

payload storage zone.

The present invention i1s also aimed at a handling
assembly for the assembly/dismantling of the thrust
unit, as previously described, as well as the

transportation thereof.

According to the invention, this assembly comprises:

- two longitudinal rails, each comprising a first
portion of guide rail to be assembled on the inside to
the structure of the vehicle and a second guide rail

portion integral with a chassis,
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- said chassis being mobile, at least in terms of
vertical displacement, such that said guide rail
portions of the same longitudinal rail can be placed
end to end to form two side longitudinal guide rails,

and

- a carriage movable in a straight line along said
longitudinal rails, said carriage comprising two pairs
of detachable support arms, each of said arms being for
assembly to said cradle to support said unit after it
has been dismantled from the vehicle structure to which
it is to be attached.

According to one embodiment, this mobile carriage
equipped with connecting rods, guarantees the recovery
of the mass of the rocket engine via its engine mount
or cradle. This mobile carriage holds the engine which,
once disconnected from the vehicle, slides on the guide
rails and meets a handling chassis itself provided with
rails. This handling chassis receives the engine held

by the mobile carriage.

In different specific embodiments of this handling
assembly, each one having its particular advantages and

being open to numerous possible technical combinations:

- said carriage comprises two longitudinal
structural parts equipped with running gear suitable
for ensuring the movement of said carriage along said
guide rails, said 1longitudinal parts Dbeing spaced
laterally relative to one another, being connected to
one another by a mechanical reinforcement part,
preventing any gap between said parts when said
carriage supports said thrust unit, said carriage
thereby defining a fork capable of receiving between
said parts the engine of the thrust unit when said

carriage is introduced into said vehicle.
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This mechanical reinforcement part is advantageously a

connecting rod.

- said chassis can be moved with vertical
displacement to ensure that said guide rail portions

are in view.

Said chassis 1is preferably mounted on an articulated
structure in such a manner as to be displaced between a
low rest position and a high service position, said

articulated structure being mobile.

Purely by way of illustration, this articulated
structure is a scissor structure, said scissor
structure being integral with a mobile chassis, such as

a chassis equipped with wheels.

- salid chassis has a transverse cross section in the
shape of a U, to receive said carriage without any risk

of damaging said thrust unit.

- said cradle being in the shape of a cross or also
an X, said mobile carriage comprises two pailrs of
detachable support arms, each arm being for assembly on
a different limb of this cradle, to support said unit
after it has been dismantled from the structure of the

vehicle to which it is to be attached.

Advantageously, saild assembly comprises fixing parts

for the end of said arms on said cradle limbs.

For example, these fixing parts are metal hinges.

At least one arm of said pairs preferably comprises a
main connecting rod for connecting a limb of said
cradle to said carriage and a secondary connecting rod,

referred to as the transverse connecting rod,
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connecting said main connecting rod to said carriage in
a slanting manner, in such a way as to block the

rotation of said cradle in respect of said carriage.

BRIEF DESCRIPTION OF THE DRAWINGS

Other advantages, aims and particular characteristics
of the present invention will emerge from the following
description, intended to be explanatory rather than
limiting, with regard to the attached drawings in
which:

- Figure 1 depicts schematically a thrust unit
according to a particular embodiment of the present

invention;

- Figure 2 is a view from below of the thrust unit

in Fig. 1;

- Figure 3 is a perspective view of the thrust unit
in Fig. 1 showing the connection heads of the fluid and
electrical links placed in a dismantling plane of the

cradle;

- Figure 4 depicts schematically a handling assembly
of the thrust unit in Fig. 1 according to a particular

embodiment of the invention;

- Figure 5 shows one of the dismantling stages of a
thrust unit by means of the handling assembly in Fig. 4
in which, the thrust unit always being integral with
the structure of the launch vehicle, the arms of the
mobile carriage introduced into the spacecraft are
assembled on the cradle of the thrust unit, the rear
part of the spacecraft being represented here

transparently in the interests of clarity;
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- Figure 6 is an enlarged view of Fig. 5
representing the only rear section of the spacecraft
transparently to show the assembly of the guide rails
on the surrounding structure of the spacecraft, as well
as the assembly of the arms of the mobile carriage on
the c¢radle of the thrust unit, with a view to

supporting it following its dismantling;

- Figure 7 1is a perspective view of Fig. 6 showing
the rear section of the spacecraft, the mobile carriage
still being placed on the inside of the spacecraft and
assembled by means of its arms on the thrust unit for

the purpose of removing it;

- Figure 8 is a perspective view of Fig. 6 in which
the thrust unit has been partially removed from the
rear section of the spacecraft and received on the

mobile chassis for handling purposes;

- Figure 9 1is a perspective view of Fig. 6 showing
the spacecraft in its entirety, the thrust unit being
entirely withdrawn from the rear section of said
spacecraft and received on the mobile chassis of the
handling assembly, said handling assembly still being

connected to the rear section of the spacecraft;

- Figure 10 shows the thrust unit in Fig. 1 received

on the handling assembly in Fig. 4;

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

It should first be noted that the figures are not to

scale.

Figures 1 to 3 show a thrust unit 1 for a reusable
spacecraft according to a preferred embodiment of the

invention.
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This thrust unit 1 comprises a c¢radle 2 or engine
mount, on which a rocket engine 4 is mounted by means
of a universal 1link 3. The cradle 2 1is preferably
realized in a metallic or composite material. By way of
illustration, in this case it 1is realized in aluminum

alloy.

This rocket engine 4 comprises a thruster or engine fed
with propellants to generate the combustion gases
which, following acceleration in a nozzle 5, are
ejected to supply the thrust required by the
spacecraft. This thrust is transmitted to the structure

of the spacecraft by the slant of the cradle 2.

This thruster is advantageously supplied with fuel such
as liquid methane and with an oxidant such as ligquid
oxygen through the slant of a plurality of injectors,
ensuring the pulverization and mixing of these

propellants in the thruster.

These injectors are connected to pumping circuits,
allowing the thruster to be supplied with oxidant and
fuel. An auxiliary nozzle 6 placed at the side of the
nozzle 5 ensures that gases generated during the
pumping of the fuel and oxidant escape. This auxiliary

nozzle 6 provides additional thrust to the spacecraft.

The nozzle 5 is made up of a single cooled piece, so
that it can endure the high temperatures of the ejected
combustion gases. The nozzle 5 defines a symmetrical

longitudinal axis X-X'.

The cradle 2 in this case is in the shape of a cross
which defines an interface plane. The rotation of this
nozzle 5 about the axis X-X’ 1is Dblocked by two
mechanically locked servo-actuators 7, 8. Each servo-

actuator 7, 8 is connected firstly to the nozzle 5 and
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secondly to a cradle limb 2, said limbs being distinct

and contiguous.

The assembly formed by the cradle 2, the engine and the
servo-actuators 7, 8 thereby constitutes a fixed
assembly, the dismantling whereof is realized at the
fixings of said assembly on the structure of the

spacecraft.

The free ends of the limbs of the cradle 2 in this case
comprise lugs 9 exhibiting orifices through which the

fixing member shafts, such as bolts, can pass.

Moreover, in order to reduce the weight of the cradle 2
while retaining a high level of mechanical resistance,
each limb of the c¢ross 1is hollow but comprises

reinforcing ribs 10.

The thrust unit 1 comprising fluid circulation lines
and electrical supply lines, each comprising a
detachable link at their free end, or a connection head
11 to be assembled on or connected to a corresponding
circuit of the spacecraft to which this thrust unit 1
is to be connected, none of these connection heads 11
of the thrust unit 1 surpasses or even projects beyond
a dismantling plane 12 passing through 1limbs of the
cradle 2. This dismantling plane 12 of the thrust unit
is therefore the interface plane of the thrust unit

with the vehicle on which this unit is to be mounted.

The connection heads 11 of the fluid circulation lines
and the electrical supply lines are advantageously
placed at the free ends of the cradle limbs 2 in the

dismantling plane 12.

The main engine propellant supply lines are

advantageously positioned between two contiguous limbs
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of the cradle 2, in order to allow easy access to the

inside of the spacecraft by an operative.

The present invention also relates to a handling
assembly for the assembly/dismantling of the thrust

unit 1 described above.

Figures 4 to 10 show a handling assembly of the thrust
unit as described above, according to a particular

embodiment of the invention.

This handling assembly comprises a chassis 13
exhibiting a U-shaped transverse section such as to
define a housing to receive a thrust unit. This chassis
13 likewise comprises on its upper end a first pair 14
of side guide rails and is mounted on an articulated
structure 15 of the scissor kind in such a manner as to
be able to be moved between a low resting position and

a high service position.

This articulated structure 15 is integral with a
platform 16 equipped with wheels 24 to ensure the

movement of this chassis 13.

This handling assembly also comprises a second pair 17
of guide rails to be directly assembled on the
surrounding structure of the spacecraft on either side
of the thrust wunit, the handling whereof must be

guaranteed.

Once mounted on the inner structure of the spacecraft,
these guide rails 17 are parallel or substantially
parallel, so as to define a running track for a mobile

carriage 18 capable of moving along these rails.

The guide rails of this second pair 17 further exhibit
a longitudinal dimension ensuring that, once they are

mounted on the internal structure of the spacecraft,
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they go past the rear section of this spacecraft, such
that the guide rails of the first pair 14 supported by
the mobile chassis 13 can be brought to face guide
rails of the second pair 17 to form a continuous
running track between the inside of the rear part of
the spacecraft and the mobile chassis 13 placed on the
outside of the spacecraft, for example on an airport

runway .

Hence, once dismantled, the thrust unit can be
transferred from the rear section of the spacecraft on
the chassis 13 in such a manner as to be supported only
by said chassis via the mobile carriage 18, being

received in the housing provided to this end.

The U profile, as well as the dimensions of this
housing, advantageously allows any deterioration in the
thrust unit, through contact when this thrust unit is

thereby received on the chassis, to be avoided.

To ensure the support of the thrust unit when it is
dismantled, the carriage 18 comprises two pairs of
support arms 19, each of these pairs of arms being
placed on a side edge of the carriage 18, such that
each support arm 192 of the same pair is assembled on a

different limb, higher or lower, of the cradle 2.

Hence, the carriage 18 which can move in a straight
line along the running track created by the guide rails
of the first 14 and second 17 pairs of rails placed end
to end is connected to each of the limbs of the cradle

2 by means of its support arms 19.

To allow the positioning of the carriage 18, each
support arm 19 is detachable in such a manner that it
can be assembled independently of the carriage 18 to
the corresponding limb of the cradle 2 by an operative

who has been introduced into the rear section of the
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spacecraft. To achieve this, a connected fixing part 20
is assembled to the corresponding limb beforehand, with
a view to receiving and holding the end of the

corresponding support arm 19.

Moreover, this carriage 18 comprises two longitudinal
structural parts 21 equipped with running devices 22
capable of guaranteeing the movement of this carriage
18 along guide rails 14, 17, these longitudinal parts
21 being spaced laterally one in respect of the other,
being connected to one another by a mechanical
reinforcement part 23 which is a connecting rod in this
case, 1n such a manner as to prevent any gap between
these longitudinal parts 21 when said carriage 18
supports the thrust wunit, this carriage 18 thereby
defining a fork capable of receiving between said
longitudinal parts 21 the rocket engine 4 of the thrust
unit 1 when said carriage 18 is introduced into said
vehicle. The other end of the support arms 19 is made
integral with these longitudinal parts 21 of the

carriage 18.

The present invention therefore advantageously allows
the dismantling, replacement and reassembly periods of
the rocket motor or rocket motors of a launch wvehicle

during maintenance to be minimized.
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CLAIMS

1. A thrust unit for a reusable launch vehicle
comprising a rocket engine (4) supported by a cradle

(2), characterized in that

- said cradle (2) comprises at least three fixing
members (9) for the assembly of said wunit on the
structure of said vehicle to which said unit is to be
attached,

- said at 1least three fixing members defining a

plane for dismantling (12) said unit and in that

- said unit comprising one or several fluid and/or
electrical links of said engine (4), each of said links
comprising a free end (11) to be assembled with a
corresponding circuit for supplying the vehicle, to
which said unit is to be connected, the tip of at least
some of said free ends (11) being contained in said

dismantling plane (12).

2. The unit as claimed in claim 1, characterized in
that the tip of the free end (11) of each of said links

is contained in said dismantling plane (12).

3. The unit as claimed in claim 1 or 2, characterized
in that said thrust unit comprises at least one
anchoring member (7, 8) for blocking the rotation of
the engine (4) in respect of said cradle (2), said at
least one anchoring member (7, 8) being connected
firstly to said engine and secondly to a corresponding

anchoring point on said cradle (2).

4. The unit as claimed in any one of claims 1 to 3,

characterized 1in that said c¢radle (2) 1is extended,
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exhibiting in its transverse dimension a front face and
a rear face, said front face Dbeing intended for
assembly with said engine (4), said front face defining
a front plane of said cradle (2) containing at least
one section of said front face, said at least one
section exhibiting dimensions allowing the fixing of

anchoring members (7, 8) of said engine (4).

5. The unit as claimed in claim 4, characterized in
that said cradle (2) exhibits a shape chosen from the
group comprising a disc shape, a c¢ross shape, an A

shape, an H shape, a Y shape, a T shape.

6. The unit as claimed in claim 4 or 5, characterized
in that said rear face defines a rear plane of said
cradle (2), so that said front and rear planes are

parallel or substantially parallel.

7. The unit as claimed in claim 3 and 5,
characterized in that said cradle comprising at least
two different limbs and at least two anchoring members
(7, 8), each of said anchoring members (7, 8) is

connected to a different limb of said cradle (2).

8. A launch vehicle equipped with a thrust unit

according to any one of claims 1 to 7.

9. A handling assembly for the assembly/dismantling
of the thrust unit according to any one of claims 1 to
7 and the transportation thereof, characterized in that

it comprises

- two longitudinal rails (14, 17), each comprising a
first portion (14) of guide rails to be assembled on
the inside to the structure of the launch vehicle and a
second guide rail portion (17) integral with a chassis
(13),
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- said chassis (13) being mobile, at least in terms
of vertical displacement, such that said guide rail
portions (14, 17) of the same longitudinal rail can be
placed end to end to form two side longitudinal guide

rails, and

- a carriage (18) movable in a straight line along
said longitudinal rails, said carriage (18) comprising
two pairs of detachable support arms, each of said arms
(19) being for assembly to a different limb of said
cradle (2) to support said unit after it has been
dismantled from the vehicle structure to which it is to
be attached.

10. The assembly as claimed in claim 9, characterized
in that said carriage (18) comprises two longitudinal
structural parts (21) equipped with running gear (22)
suitable for ensuring the movement of said carriage
(18) along said guide rails (14, 17), said longitudinal
parts (21) being spaced laterally relative to one
another, being connected to one another by a mechanical
reinforcement part (23), preventing any gap between
said parts (21) when said carriage (18) supports said
thrust unit, said carriage (18) thereby defining a fork
capable of receiving between said longitudinal parts
(21) the engine (4) of the thrust wunit when said

carriage (18) is introduced into said wvehicle.

11. The assembly as c¢laimed in c¢laim 9 or 10,
characterized in that said chassis (13) is mobile in
terms of wvertical displacement to ensure that said

guide rail portions (14, 17) are in view.

12. The assembly as claimed in c¢laim 11, characterized
in that said chassis (13) is mounted on an articulated
structure (15) 1in such a manner as to be displaced
between a 1low rest ©position and a high service

position, said articulated structure (15) being mobile.
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13. The assembly as claimed in any one of claims 9 to
12, characterized 1in that said chassis (13) has a
transverse c¢ross section in the shape of a U, to
receive said carriage (18) without any risk of damaging

said thrust unit.

14. The assembly as claimed in any one of claims 9 to
13, characterized in that said cradle being in the
shape of a cross or also an X, said mobile carriage
comprises two pairs of detachable support arms, each
arm being for assembly on a different limb of this
cradle, to support said unit after it has been
dismantled from the structure of the vehicle to which

it is to be attached.

15. The assembly as claimed in c¢laim 14, characterized
in that it comprises fixing parts (20) for the end of

said support arms (19) on said cradle limbs (2).

16. The assembly as c¢laimed in c¢laim 14 or 15,
characterized in that at least one support arm (19) of
said pairs comprises a main connecting rod for
connecting a limb of said cradle (2) to said carriage
(18) and a secondary connecting rod, referred to as the
transverse connecting rod, connecting said main
connecting rod to said carriage in a slanting manner,
in such a way as to block the rotation of said cradle

(2) in respect of said carriage.



