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upper and lower rings, each of the upper and lower rings comprising an outer protruding element with a wedged section to be
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allows high load carrying capability with little band tension and, consequently, is able to reduce the release shock induced by the
separation of the band.
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ABSTRACT

Separation system comprising upper and lower rings and a band with an
inner channel housing slidable clamps applied against the upper and lower rings,
each of the upper and lower rings comprising an outer protruding element with a
wedged section to be lodged in the clamps, the upper ring additionally comprises
an inner protruding element with a wedged section that matches a channel
shaped section in the lower ring, the lower ring also comprising an outer portion
including the outer protruding element with a wedged section and the channel
shaped section, the outer portion protruding from a main part of the lower ring
and being spaced therefrom creating a groove. The separation system for
separable elements of a spacecraft or a launcher of the invention allows high load
carrying capability with little band tension and, consequently, is able to reduce

the release shock induced by the separation of the band.
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SEPARATION SYSTEM FOR SEPARABLE ELEMENTS OF SPACECRAFTS
AND LAUNCHERS

Field of the Invention

The present invention relates to a separation system for elements of a
spacecraft or a launcher that have to be separated during the flight, for in-
stance, to separate the spacecraft itself from the launcher.

Background of the Invention

Various systems are already known with means for separating parts of a
spacecraft, such as a satellite and its launch rocket once the orbit selected for
the satellite has been reached. One of these prior art systems is the clamping
connection assembly for spacecrafts described in EP 0267279 A1. This clamp
joins two separable parts of a spacecraft, each one of which has a bevelled rim
which has grooves on its circumference. The clamp comprises retainers
internally configured to match the rims of the said separable parts and joined by
means of a tensioning band, each retainer including a shearing pin which
engages in a corresponding groove of the said rims and transmits loads directly
between the two separable parts of the spacecraft.

Another system for attaching and separating satellites is described in EP
0768241 A1. It comprises a fastening piece which is screwed to the upper ring
of the adaptor of the launch rocket, a tensioning strip consisting of a two-part
metal band, curved metal pieces for fastening the satellite which have a thin-
walled cylindrical body with a metal rotational shaft in its lower part formed by
several lugs and which rest via their upper part on the lower ring of the satellite,
surrounding it and pressing on it, and pressing cams which each have two
rotational shafts, one coinciding with that of said metal pieces and the other
shared with said piece. The aim of this system is to simplify the securing of the
satellite to the launch rocket and its release upon entering into orbit.
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EP 0905022 A1 describes a system for attaching and separating satel-
lites which comprises an open ring or metal band which has a channel formed
in its inner perimeter, in which jaws are integrated in a discontinuous way,
which can slide in the said channel, two end pieces fixed to the ends of the said
ring, a tensioning bolt which joins the two end parts, and three supports for

retaining the ring which are fixed to the structure of the launcher of a satellite.

EP 1944237 A1 relates to an apparatus for connecting/separating a
launch vehicle and a satellite, comprising a strip with an inner channel which
slidably houses a plurality of clamps, which is applied against rings that form
the connection interface between the two vehicles. The apparatus also com-
prises means for radially tightening the assembly comprising the strip and
clamps, and a device for joining/separating the ends thereof, which, together
with locking and unlocking means, includes a mechanism that enables the
controlled opening of the strip in two phases, namely: a first phase in which the
ends move with contact being maintained with the rings, thereby dissipating the
elastic energy corresponding to the tightening of the strip by means of friction;
and a second phase in which the strip separates from the rings until a parking

position is reached.

One of the drawbacks of these systems is that when the load carrying
capability is increased, the tension in the clamp band reaches high values,
which increases the shock induced by the separation of the band.

Summary of the Invention

The object of the invention is to provide a separation system for separa-
ble elements of a spacecraft or a launcher that allows high load carrying
capability with little band tension and, consequently, being able to reduce the
induced release shock.

Another object of the invention is to avoid the failure mode (sliding) of
the classical clamp bands.

The invention provides a separation system for separable elements of
spacecrafts and launchers that comprises an upper ring, a lower ring and a
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band with an inner channel which houses a plurality of slidable clamps, which are
applied against the upper ring and the lower ring that form the connection interface
between the two separable elements, and a device for joining/separating both
ends of the band. Both the upper ring and the lower ring comprise each one an
outer protruding element with a wedged section to be lodged in the clamps,
wherein the upper ring additionally comprises an inner protruding element with a
wedged section that matches a channel shaped section in the lower ring. The
lower ring also comprises an outer portion that includes the outer protruding
element with a wedged section and an inner channel shaped section, the outer
portion protruding from the main body of the lower ring and being spaced from it
creating a groove.

The design of the separation system of the invention allows an improved
functional performance when the release of the band takes place.

Another advantage of the invention is that it allows its use in launcher
structures having high diameters submitted to high loads where no debris or shock

are allowed.

Brief Description of the Drawings

For a more complete understanding of the present invention, it will be
described below in greater detail, making reference to the attached drawings, in
which:

Fig. 1 is a sectional view of the separation system of the invention.

Fig. 2 is a perspective view of the clamp band assembly and the device 19
for joining/separating the ends of the band.

Fig. 3 is a view of a first embodiment of the invention.

Fig. 4 is a detail of the lower ring. of the second embodiment of the
invention.

Fig. 5 is a chart load-tension for a prior existing separation systems and for

the system of the invention.
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Fig. 6 is a schematic representation of the release process of the two
separable elements with a separation system of the invention.

Figs. 7a to 7f are a representation of the assembling process of the
device of the invention.

Detailed Description of the Invention

Fig. 1 represents a sectional view of the separation system 1 of the
invention including the related upper ring 5 and lower ring 6. It can be seen that
the system 1 also comprises a band 2 with an inner channel 3 which houses a
plurality of slidable clamps 4 (the assembly clamps-band is represented in Fig.
2) which are applied against the upper ring 5 and the lower ring 6 that form the
connection interface between the two separable elements of a spacecraft or a
launcher, and that is provided with a device 19 (represented in Fig. 2) for
joining/separating the ends of the band 2.

It can also be seen that both the upper ring 5 and the lower ring 6
comprise each one an outer protruding element 7 and 8 with a wedged
section to be lodged in the gap 20 of the clamps 4.

The upper ring 5 additionally comprises an inner protruding element 9
with a wedged section that matches a channel shaped section 10 (fig 4) in the
lower ring 6. The lower ring 6 also comprises an outer portion 11 (fastened in
fig. 4) including the outer protruding element 8 with a wedged section and the
channel shaped section 10. The outer portion 11 of the lower ring 6 is spaced
from the main body 12 of the lower ring 6, creating a groove 13 between the
outer portion 11 and the main body 12 of the lower ring 6. In the system 1
represented in Fig. 1 the outer portion 11 is represented fastened to the base
14 of the main body 12 of the lower ring 6. This outer portion can be fastened
or machined integral to the lower ring 6.

Fig. 2 shows a view of the assembly clamps-band with a device 19 for
joining/separating the ends of the band 2.

Fig. 3 corresponds to a representation of a first embodiment of the

invention, in which the outer portion 11 of the lower ring 6 is an integral part of
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the lower ring 6, the intermediate groove 13 being formed, in this representa-
tion, through machining.

Fig. 4 corresponds to a representation of the lower ring 6 of an alterna-
tive embodiment of the invention, in which the outer portion 11 of the lower ring
6 is a separate part attached to the main part 12 of the lower ring 6 by fastening
means 15.

As represented in Fig. 4, the outer portion 11 of the lower ring 6 may be
constituted by several plates 21 working as spring plates, attached to the main
part 12 of the lower ring 6 by means of screws or fasteners 15.

Fig. 4 also shows that the plates 21 may comprise at least one through
hole 16 facing a corresponding through hole 17 on the main part 12 of the lower
ring 6. The function of these through holes 16, 17 will be described in detail
when describing Fig. 7.

Fig. 5 represents a typical chart load-tension for a band in prior existing
separation systems and for the separation system 1 of the invention, in this
case for a particular diameter of 4.8 m.

It can be seen that in the prior separation systems the failure happens
for less than 100 N/mm when the band is tensioned at 72kN. The chart shows
sliding (gap point) at about 80 N/mm.

The system 1 of the invention shows initial instability not before 180
N/mm, and no failure even for more than 250 N/mm. Accordingly, the system 1
of the invention bears higher loads, that do not lead to a significant increase in
the band tension, and the failure would be due to deformation.

Fig. 6 schematically shows the release process of the two separable
elements with a separation system 1 of the invention. In phase 1, the assembly
clamps-band loosens (the device 19 acts separating the ends of the band 2),
liberating the outer protruding elements 7, 8 with a wedged section of the upper
ring 5 and of the lower ring 6 previously lodged in the gap 20 of the clamp 4.

In phase 2 the outer portion 11 of the lower ring 6 is released and opens
with respect to the main body 12 of the lower ring 6 due to the effect of the

spring energy, causing the inner protruding element 9 with a wedged section of
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the upper ring 5 to be liberated from the channel shaped section 10 in the outer
portion 11 of the lower ring 6 that previously lodged it.

Finally, in phase 3 once the upper ring 5 and the lower ring 6 are
completely released, it is possible the separation of both rings (for instance,
one belonging to the launcher and the other one to the satellite).

Fig. 7 shows the installation procedure for the system 1 of the invention,
for an embodiment comprising plates 21 with at least one through hole 16,
facing another through hole 17 on the main part 12 of the lower ring 6. In step 1
(Fig. 7a) there is represented the lower ring 6 alone. In step 2 (Fig. 7b) the
upper ring 5 is placed on top of the lower ring 6. In step 3 (Fig. 7c) a screw 18 is
introduced through the holes 16, 17 of the plate 21 and the main body 12 of the
lower ring 6. In step 4 (Fig. 7d) the screw 18 is screwed 'to bring the plate 21
nearer the main body 12 of the lower ring 6 and allowing the inner protruding
element 9 with a wedged section to be lodged in the channel shaped section
10 of the plate 21 of the lower ring 6. In step 5 (Fig. 7e) the assembly clamps-
band is placed in its working position, with the outer protruding elements 7, 8
with a wedged section of the upper ring 5 and lower ring 6 lodged in the gap 20
of the clamps 4. In step 6 (Fig. 7f) the screw 18 used to bring the plate 21
nearer the main body 12 of the lower ring 6 in step 4 is removed.

Although the present invention has been fully described in connection
with preferred embodiments, it is evident that modifications may be introduced
within the scope thereof, not considering this as limited by these embodiments,

but by the contents of the following claims.
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CLAIMS

1. Separation system (1) for separable elements of spacecrafts and launchers that
comprises an upper ring (), a lower ring (6) and a band (2) with an inner channel
(3) which houses a plurality of slidable clamps (4), which are applied against the
upper ring (5) and the lower ring (6) that form the connection interface between the
two separable elements, and a device (19) for joining/separating the ends of the
band (2), characterized in that both the upper ring (5) and the lower ring (6)
comprise an outer protruding element (7, 8) with a wedged section to be lodged
in the clamps (4), the upper ring (5) additionally comprises an inner protruding
element (9) with a wedged section that matches a channel shaped section (10) in
the lower ring (6), the lower ring (6) also comprising an outer portion (11) including
the outer protruding element (8) with a wedged section and the inner channel
shaped section (10), the outer portion (11) protruding from a main body (12) of the

lower ring (6) and being spaced from it creating a groove (13).

2. Separation system (1) for separable elements of spacecrafts and launchers
according to claim 1, wherein the outer portion (11) of the lower ring (6) is an

integral part of the lower ring (6).

3. Separation system (1) for separable elements of spacecrafts and launchers
according to claim 1, wherein the outer portion (11) of the lower ring (6) is a
separate part attached to the main part (12) of the lower ring (6) by fastening

means (15).

4. Separation system (1) for separable elements of spacecrafts and launchers
according to claim 3, wherein the outer portion (11) of the lower ring (6) is at least
one separate plate (21) attached to the main part (12) of the lower ring (6) by

screws or fasteners.

4618049
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5. Separation system (1) for separable elements of spacecrafts and launchers

according to claim 3 or claim 4, wherein the separate part comprises at least one

through hole (16) facing a corresponding through hole (17) on the main part (12)

of the lower ring (6).

6. Installation procedure for a separation system (1) for separable elements of

spacecrafts and launchers of any of claim 4 or claim 5, characterized in that it

comprises the following steps:

10 -

15 -

4618049

placing the upper ring (5) on top of the lower ring (6);

introducing a screw (18) through the hole (16) of the plate (21) and through
the hole (17) of the main part (12) of the lower ring (6);

rotating the screw (18) to bring the plate (21) nearer the rest of the lower
ring (6), allowing the inner protruding element (9) with a wedged section to
be lodged in the channel shaped section (10) of the plate (21);

placing the assembly clamps-band in its working position, with the outer
protruding elements (7, 8) with a wedged section of the upper and lower
rings (5, 6) lodged in the gap (20) of the clamps (4); and

removing the screw (18) used to bring the plate (21) nearer the rest of the

lower ring (6).

Date Regue/Date Received 2021-02-25
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