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DESCRIPTION

Description

Field of the invention

[0001] The present invention generally relates to restrain and release systems for airborne
loads (BRU, Bomb Rack Unit) which are used in the aeronautical and aerospace industries for
constraining an external load to the structure of the aircraft (carriage), releasing it and thus
safely separating it upon the pilot's command (release or jettison). More particularly, the
invention relates to ejection release mechanisms (ERU, Ejector Release Unit).

State of the prior art

[0002] According to the military standards in force (e.g., MIL-STD-8591) external loads
(stores) are constrained using a pair of bail lugs and four surfaces on which an equal number
of structural components serving as swivelling pads lie. Given that during flight it is important
that the BRU guarantees the absence of relative motion between the external load and the
structure of the aircraft, so as to prevent phenomena related to impacts and/or over-stresses,
this condition is obtained by introducing a predetermined preload - specific for each BRU and
applied with different design methods - between the bail lugs and the aforementioned areas.

[0003] During the controlled release step, the system releases the two bail lugs allowing to
separate the load from the vehicle. Depending on the dynamics of the release, two types of
BRUs can be identified:

Ejector Release Unit (ERU): the load is moved away by imparting a determined force through
one or more telescopic stems so as to guarantee safe separation. The stems may be operated
through a high-pressure gas obtained by activating explosive cartridges (Pyro ERU), or
through air stored under high pressure (Cold Gas ERU) .

[0004] Gravity Release Unit: the load is released but it is separated only through gravity.

[0005] The systems for releasing the load by ejection are typical of high-performance aircraft,
in which the safe separation is strongly affected by the velocity with which the load is released
(end of stroke velocity); the systems for releasing the load by gravity are applied on helicopters
or low performance aircraft, wherein the sole dropping by gravity is sufficient to guarantee the
correct separation of the load.
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[0006] It is clear that the ejection systems and they are much more complex to embody on the
wings with respect to the gravity systems, both due to the significant restrain reactions
proportional to the high operating dynamics, as well as due to the weight and the space
required for the ejection devices.

[0007] The European patent EP2750970 B1 discloses a system for releasing the load by
ejection in which, in order to separate a load from an aircraft, there is provided for a pair of
telescopic stems with several stages, which can be extended pneumatically. The high-pressure
air is provided by a pneumatic system installed on board the aircraft comprising a pair of
smaller gas cylinders and a larger cylinder connected to the telescopic stems by means of a
complex rotary turntable valve system.

[0008] Besides being heavy and difficult to embody on the aircraft due to the high number of
components, this solution also requires periodic maintenance of the devices installed in the
aircraft which are difficult to access for the operators.

[0009] Document US2021237886 discloses an aeronautical conveying and release device
comprising a frame, an actuator releasing a device, a first and second hook holding the device,
first and second locking toggles having a locking and unlocking position, first and second cams
in contact with the first or second toggle in a first direction.

Summary of the invention

[0010] The object of the present invention is to provide a mechanism for restraining and
releasing an airborne load which combines the simplicity of embodiment on the aircraft
characteristic of the gravity devices with the effectiveness of ejection of the load characteristic
of devices provided with ejection means.

[0011] More particularly, the object of the invention is to provide a restrain and release
mechanism provided with pneumatic ejection means that is compact and light, however without
reducing the structural strength required to bear the loads generated in flight.

[0012] According to the invention this object is attained thanks to a mechanism for restraining
and releasing an external airborne load of the type defined in the preamble of claim 1, whose
primary characteristic lies in the fact that the load supports are made hollow so as to form the
tank for the compressed air.

[0013] Thanks to this solution idea, the pneumatic system required to operate the telescopic
stems is entirely embedded in the restrain and release mechanism according to the invention,
making it ready and easy to install on the aircraft onto which it is designed to be installed. Such
mechanism is therefore effectively capable of combining the simplicity of installation inherent of
the solution with release of the load by gravity with the versatility of devices with the ejection of
the load.
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[0014] In a preferred embodiment of the restrain and release mechanism according to the
invention, each load support consists of a hollow monolithic metal body made by means of an
additive manufacturing process.

[0015] The structural characteristics of the monolithic metal body ensure that the arms have
small overall dimensions and they are extremely light, while maintaining the strength
appropriate to bear both the pressure of the compressed air therein and the external loads
under all operating conditions of the aircraft. Furthermore, the additive manufacturing
technique makes such arms manufacturable in a relatively simple, quick, reliable and cost-
effective manner.

[0016] In an embodiment of the mechanism according to the invention, each of the load
supports consists of an inverted Y-shaped body, having an upper central section provided with
an internal seat for housing the telescopic stem, and from which a pair of support arms branch
out inferiorly.

[0017] In a further embodiment of the restrain and release mechanism according to the
invention, the body of the mechanism comprises a pneumatic connection which connects the
hollow load supports together.

[0018] In this manner, when ejecting the load, it is possible to ensure that the same pressure
acts simultaneously on the two telescopic stems, therefore ensuring a uniform thrust to release
the load.

[0019] In a further embodiment of the invention, each stem is held in the retracted position by
the pressure exerted by the constrained load on an end plate of each stem.

[0020] In this manner, when the hooks release the load for the ejection, the stems will be
operated automatically, ensuring full operating reliability of the mechanism according to the
invention.

[0021] The invention also relates to a system for restraining an external load for use in the
aeronautical and aerospace industries, comprising a restrain and release mechanism
according to the invention, in which each load support consists of a swivelling pad arm.

Brief description of the drawings

[0022] Further characteristics of the invention will be apparent from the following detailed
description, with reference to the attached drawings, provided purely by way of non-limiting
example, wherein:

» figure 1 is a side elevational schematic view of an example of a restrain and release
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mechanism made according to the invention,

« figure 2 is a perspective view of the hollow monolithic body according to the invention,

e figure 3 is a perspective view and in larger scale of a portion of figure 1, and

« figures 4 and 5 are partially selected front schematic views of figure 3 which show the
telescopic stems of the mechanism according to the invention in the two different
operating configurations.

Detailed description of the invention

[0023] The systems designed to transport and release external loads for aircraft in flight have
the task of ensuring the absence of relative motions between the loads and the support
structure onto which they are suspended hence simultaneously ensuring the correct controlled
separation of the load from the aircraft.

[0024] The restrain and release mechanism according to the invention is of the conventional
type. Therefore, only the essential components and those expressly referred to in the invention
will be described herein.

[0025] With reference to figure 1, the release mechanism according to the invention comprises
a central body 1 with extended parallelepiped shape, from which there protrudes a pair of
electric connections C which connect the on-board systems of the aircraft to a CPU for
controlling the mechanism, not shown given that it is generally known.

[0026] From the two lateral end faces of the central body 1 there protrude respective load
supports 2,3, each comprising an inverted Y-shaped body 15, having an upper central section
4.5 provided with an internal seat forming a cylinder 19 to be addressed hereinafter, from
which a pair of arms 6-7,8-9, better visible in figures 2 and 3, to be addressed hereinafter,
branch out inferiorly.

[0027] Now, with reference to figures 4 and 5, a releasable load locking device is indicated with
10; in this embodiment, such device comprises a hook 10 for each of the load supports 2,3.
Each hook 10 is movable between a raised load restrain position, visible in figure 4, and a
lowered release position, visible in figure 5.

[0028] The mechanical system designed to operate the hooks 10, not shown, is based on a
conventional articulated quadrilateral normally including a pair of solenoids operating in a
parallel fashion by redundancy.

[0029] Still with reference to the figures 4 and 5, the mechanism according to the invention
comprises a pneumatic device for moving away the load during its release, including a pair of
telescopic stems 11 operated by compressed air.
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[0030] Each stem 11 comprises two coaxially slidable shanks 12,13 in the respective cylinder
19 and subjected to the action of the pressurised air supplied to the thrust chamber 17 which
acts on the shanks 12,13 moving the stem 11 from the retracted inoperative position within a
respective of the aforementioned seats 19 of the central sections 4,5 of the bodies 15, visible
in figure 4, to a load thrust position, visible in figure 5, in which the shanks 12,13 of the stems
11 protrude inferiorly with respect to the arms 6-7,8-9.

[0031] Conveniently, according to the invention the aforementioned load supports 2,3 are
made hollow so as to form a tank for the compressed air. In particular, the arms 6-7,8-9 and an
inner peripheral portion of each central section 4,5 of the supports 2,3 comprise airtight
cavities 18 connected to each other so as to form the tank for storing the compressed air
required for operating the pneumatic device for moving away the load.

[0032] Particularly with reference to figure 2, in the preferred embodiment of the invention
each load support 2,3 consists of an inverted Y-shaped hollow monolithic metal body 15, made
by means of a per se known additive manufacturing process.

[0033] Due to such configuration, each hollow monolithic metal body 15 is capable, in use, to
store the pressurised air required to operate the stems 11 which move the load away,
significantly reducing the overall dimensions of the mechanism according to the invention.
Such advantage is further enhanced by the fact that besides the chambers 18 even the
cylinders 19 of the telescopic stems 11 are integrated in the supports 2, 3 by means of the
aforementioned additive manufacturing process.

[0034] Furthermore, considering that no additional device must be installed on board the
vehicle, the mechanism according to the invention allows to drastically facilitate installation on
the designated aircraft, while maintaining high effectiveness in moving away the load whenever
there arises the need.

[0035] Once again with reference to the figures 4 and 5, each support 2,3 comprises a duct 16
which places the cavity 18 for storing the compressed air in communication with the internal
thrust chamber 17 of the cylinder 19 of the respective thrust stem 11.

[0036] Furthermore, with reference to figure 1, the mechanism according to the invention
comprises a pneumatic connection 23,24, partially embedded in the body 1, which connects
the load supports 2,3 together, therefore ensuring a uniform pressure acting on the two
telescopic stems 11: a condition required to have a thrust force which acts on the load in a
balanced manner, allowing its release without pitch.

[0037] In a front portion of the body 1 there is provided for an air inlet 21 so as to load/unload
the compressed air, and a manometer 22 to display the pressure value in the mechanism.

[0038] For the safety of the operator, besides displaying through the manometer 22, the
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mechanism according to the invention may provide for a safety device which, lying on the air
inlet 21, prevents the manual opening of the system should pressurised air be present in the
circuit.

[0039] Now, described below is the operation of the mechanism for restraining and releasing
an external airborne load according to the invention.

[0040] When transporting the load, the thrust chambers 17 of the telescopic stems 11 are
subjected to an initial pressure, given by the compressed air in the volume inside the supports
2,3. However, the shanks 11,12 are held in the retracted position by the pressure action
exerted by the still constrained load on the end plate 25 of each stem 11.

[0041] During the ejection step, the movement for releasing the hooks 10 of the device for
suspending the load allows to release the load from the supports 2,3 and, the action for
extending the shanks 12,13 of the stems 11 free to move at this point, imparts a force for
moving away the load by means of the plate 25. Such force is proportional to the pressure of
the compressed air contained in the storage tank, formed by the cavities of the load supports
2,3, which are in turn pneumatically connected to the thrust chambers 18 of the stems 11.

[0042] The action of the stems 11 of the mechanism according to the invention allows to move
the load away from the aircraft with an acceleration greater than that of gravity, over the entire
duration of their mechanical stroke. When the shanks 12,13 of the stems 11 reach the end-of-
stroke, the load continues the separation step remaining subjected to the force of gravity
alone. The pressure value used when loading the tanks determines the final load ejection
velocity, proportional to its mass and inertia.

[0043] Therefore, this architecture offers the possibility to move the loads away with a greater
velocity as compared to gravitational mechanisms hence resolving, for example, some
criticalities on particularly high-performance helicopters or with particularly light loads, while not
generating structural criticalities which are burdensome for the aircraft.

[0044] Obviously, the construction details and the embodiments may widely vary with respect
to what has been described and illustrated, without departing from the scope of protection of
the present invention as defined in the claims that follow.

REFERENCES CITED IN THE DESCRIPTION
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This list of references cited by the applicant is for the reader's convenience only. It does not
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Patentkrav

1. Fastholdelses- og udl@asningsmekanisme til en ekstern luftbaren last, omfat-
tende

- et centralt legeme (1), der ved sine ender har et par lastunderstatninger (2,3),
der hver isaer er forsynet med et par udragende arme (6-7,8-9) og mindst én
udl@selig lastlaseanordning (10),

- en pneumatisk indretning til at fijerne lasten under frigivelsen deraf, omfat-
tende

- et par teleskopskafter (11), der kan bevaeges inden i respektive cylindre (19),
der er knyttet til lastunderstatningerne (2, 3) og betjenes af trykluft, der inde-
holdes i en lagertank, fra en farste tilbagetrukket inaktiv position til en anden
udstrakt skubbeposition,

kendetegnet ved, at lastunderstatningerne (2, 3) er lavet hule for at danne
tanken til trykluften (18).

2. Mekanisme ifelge krav 1, kendetegnet ved, at lastunderstatningerne (2, 3)

ogsa omfatter cylindrene (19).

3. Mekanisme ifalge krav 1, kendetegnet ved, at enhver af lastunderstatnin-
gerne (2, 3) bestar af et hult monolitisk metallegeme (15), der er fremstillet ved

hjeelp af en additiv fremstillingsproces.

4. Mekanisme ifalge krav 1 eller 2, kendetegnet ved, at enhver af lastunder-
stetningerne (2, 3) bestar af et omvendt Y-formet legeme (15), som har en
evre central sektion (4, 5), der er forsynet med et indvendigt seede, der danner
cylinderen (19) til at rumme teleskopskaftet (11), og fra hvilken et par statte-

arme (6-7,8-9) forgrener sig nedadtil.
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5. Mekanisme ifalge et hvilket som helst af de foregaende krav, kendetegnet
ved, at det centrale legeme (1) omfatter en pneumatisk forbindelse (23, 24),

som forbinder de hule lastunderstatninger (2, 3) med hinanden.

6. Mekanisme ifalge et hvilket som helst af de foregaende krav, kendetegnet
ved, at enhver af skafterne (11) omfatter en nedre endeplade (25), og den
holdes i den tilbagetrukne position af det tryk, der udeves af den begreensede

belastning pa pladen (25).

7. System til at begraense en ekstern belastning til brug i luftfarts- og rumfarts-
industrien, kendetegnet ved, at det omfatter en fastholdelses- og udl@snings-

mekanisme ifalge et eller flere af kravene 1 til 5.

8. System ifglge krav 6, kendetegnet ved, at lastunderstatningen (2, 3) bestar

af en drejelig pudearm.
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DRAWINGS

Drawing

FIG. 1
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FIG. 4
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FIG. 5
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