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(54) AIRCRAFT REFUELING BOOM SYSTEM WITH NOZZLE SECURITY MEANS

(57) The invention provides an Air Refueling Boom System comprising a boom (21) joined to the tanker aircraft (11)
by means of a mechanical articulation (23) with an inner fuel conduit and a nozzle (31) at its distal end. The tip module
(41) of the boom (21) includes a breakable section (43) for separating it in a first and a second portion (45, 47) for allowing
a safe separation of tanker and receiver aircraft (11, 13) in a failure event of a refueling operation and linking means
(51; 61, 61’) of its first and second portions (45, 47) for allowing their separation in case of overloads on the nozzle (31)
when it is latched to the receptacle (19) and for allowing their separation in case of overloads on the nozzle (31) when
it is latched to the receptacle (19).
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Description

FIELD OF THE INVENTION

[0001] The present invention relates generally to Air-
craft Refueling Boom Systems and, more specifically, to
Aircraft Refueling Boom Systems with security means
for avoiding damages to the receiver aircraft.

BACKGROUND

[0002] An aircraft refueling boom is a beam fuel-tight
unit attached by its forward end to a tanker aircraft having
aerodynamic lift surfaces called ruddevators used to aer-
odynamically control the position of the boom in elevation
and azimuth that provides a fuel passage from the tanker
to the boom nozzle.
[0003] The outer end portion of the boom is a telescop-
ing section for inward and outward movement.
[0004] The receiver aircraft is equipped with a refueling
receptacle which engages with the boom nozzle in an in-
flight refueling operation.
[0005] The boom is guided by an operator or a system
located in the tanker aircraft so as to line the boom nozzle
with the receiver aircraft receptacle. When the boom noz-
zle is aligned with the receiver receptacle the telescoping
portion is extended, so that the nozzle engages the re-
ceptacle to complete the coupling which must be accom-
plished and maintained within a predetermined refueling
envelope to avoid a disconnection.
[0006] During tanker to receiver contacts, mechanical
contact loads are built up and stresses are placed on the
boom as well as on the receiver. These stresses can
result in boom or receptacle failure.
[0007] EP 1 894 840 A1 describes a refueling appara-
tus for interconnecting a tanker aircraft with a receiver
aircraft in flight comprising a boom, joined to said tanker
aircraft by means of a mechanical articulation, with an
inner fuel conduit and a refueling nozzle at its distal end,
having control means including a central computer sta-
tion, being its tip region arranged by the assembly of a
first module having load sensing means, a second mod-
ule having load alleviation means and a third module,
joined to the nozzle, having a mechanical fuse for allow-
ing the safe separation of tanker and receiver aircraft in
the event of overloads.
[0008] EP 2 343 240 A2 describes a system for dis-
connecting the nozzle of a boom from a receptacle to
which the nozzle is connected for fuel transfer, compris-
ing latches which are situated in the nozzle and engage
with latch-pins arranged in the said receptacle. The sys-
tem comprises a receptacle disconnection sub-system
which operates the latch-pins of the receptacle and a
nozzle disconnection sub-system which operates the
latches of the nozzle such that, when an operator per-
forms a normal disconnection of the nozzle, the system
sends a first signal to the receptacle so that its latch-pins
are retracted in order to release the latches of the nozzle

and, in parallel, sends a second signal to the nozzle so
that the latches of the nozzle are retracted and release
the said nozzle.
[0009] After a refueling operation, during the discon-
nection phase, it may happen that the end of the boom
is not connected to the receiver aircraft but is still very
close to the receiver aircraft receptacle or even still inside
the receptacle. In that situation there is a big risk of con-
tact between boom end and receptacle or of jamming of
the nozzle inside the receptacle. In some cases these
events may lead to a separation of the nozzle from the
boom.
[0010] A free nozzle flying freely towards the receiver
aircraft can damage it causing a catastrophic event.
[0011] A free nozzle descending from a very high alti-
tude can also cause important damages when hits the
ground.
[0012] The present invention is intended to solve said
problems.

SUMMARY OF THE INVENTION

[0013] The invention refers to an Air Refueling Boom
System for supplying fuel from a tanker aircraft to a re-
ceiver aircraft in flight comprising a boom joined to the
tanker aircraft by means of a mechanical articulation with
an inner fuel conduit and a nozzle at its distal end. The
receiver aircraft has a receptacle to cooperate with the
nozzle in a refueling operation that takes place when the
nozzle is latched to the receptacle. The boom comprises
a tip module that includes a breakable section (such as
a mechanical fuse) for separating it in a first portion and
a second portion for allowing a safe separation of tanker
and receiver aircraft in a failure event of a refueling op-
eration, being the nozzle latched to the receptacle.
[0014] The invention provides an Air Refueling Boom
System that additionally comprises linking means of the
first and second portions of the tip module with a double
functionality:

- Breaking at the same time that the breakable section
in an overloads event when the nozzle is latched to
the receptacle.

- Keeping linked the first and second portions of the
tip module when the nozzle is not latched to the re-
ceptacle and an overload occurs.

[0015] Moreover, the linking means of the Air Refueling
Boom System are adapted for allowing relative move-
ments between the first and second portions of the tip
module when the nozzle is not latched to the receptacle.
[0016] Moreover, the linking means of the Air Refueling
Boom System are attached to at least one elastic element
of the second portion of the tip module so that both por-
tions may be held together. The elastic element or ele-
ments can be located inside or outside the fuel conduit.
[0017] Moreover, the Air Refueling Boom System com-
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prises whether a wire rope or an ensemble of wire ropes
attached to the first and second portions of the tip module
as linking means.
[0018] In another aspect the invention provides a tank-
er aircraft comprising said Air Refueling Boom System.
[0019] Other desirable features and advantages of the
invention will become apparent from the subsequent de-
tailed description of the invention and the appended
claims, in relation with the enclosed drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0020]

Figure 1 is a schematic a side view of a refueling
operation between a tanker aircraft and a receiver
aircraft using an Aircraft Refueling Boom System.

Figure 2 is a schematic partial view of an Aircraft
Refueling Boom System before engaging its nozzle
in the receptacle of the receiver aircraft.

Figure 3 is a schematic side view of the engagement
of the nozzle in the receptacle of the receiver aircraft.

Figures 4a and 4b are schematic side views of the
nozzle joined to a tip module of the boom in two pos-
sible states in an embodiment of the invention.

Figures 5a and 5b are schematic side views of the
nozzle joined to a tip module of the boom in two pos-
sible states according to another embodiment of the
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0021] The Aircraft Refueling Boom System of the in-
vention comprises a boom 21 which is a telescoping
beam fuel-tight unit attached by its forward end to the
underside fuselage of a tanker aircraft 11 by means of a
mechanical articulation 23. Integrally attached to the
boom 21 are aerodynamic lift surfaces 25 called rudde-
vators which are used to aerodynamically control the po-
sition of the boom 21 in elevation and azimuth.
[0022] The outer end portion of boom 21 is a telescop-
ing section 27 for inward and outward movement. A boom
tip assembly 29 and a nozzle 31 are located on the distal
end of the telescoping section 27. The receiver aircraft
13 is equipped with an aerial refueling receptacle 19
which engages with the nozzle 31 for the refueling oper-
ation.
[0023] A boom operator or an automatic system, not
shown, located in the tanker aircraft 11 guides the boom
21 so as to line the nozzle 31 with the receptacle 19 of
the receiver aircraft 13. When the boom nozzle 31 is dy-
namically aligned with the receiver receptacle the boom
operator extends the telescoping section 27, so that the
nozzle 31 engages the receptacle 19 to complete the

coupling which must be accomplished and maintained
within a predetermined refueling envelope to avoid a dis-
connection.
[0024] The nozzle 31 and the receptacle 19 of the re-
ceiver aircraft 13 are equipped with, respectively, latching
means 32, 20 to control their engagement and disen-
gagement.
[0025] Loads during engagement and contact are
transferred from the nozzle 31 to the boom 21 through
the boom tip assembly 29 which attenuates, alleviates
and limits such loads while maintaining a fuel tight pas-
sage through the boom 21 to the nozzle 31.
[0026] In the Aircraft Refueling Boom System of the
invention, the tip module 41 of the boom tip assembly
29, which is joined to the nozzle 31, comprises a break-
able section 43 for dividing the tip module 41 in a first
portion 45 joined to the nozzle 31, a second portion 47
and also linking means between both portions 45, 47.
[0027] In the embodiment illustrated in Figures 4a, 4b
the linking means 51 are attached to an elastic element
53, such as a spring, located inside the fuel conduit of
the second portion 47.
[0028] In the embodiment illustrated in Figures 5a, 5b
the linking means 61, 61’ are attached to, respectively,
two elastic elements 63, 63’, such as springs, placed in-
side two cylinders located outside the fuel conduit of the
second portion 47.
[0029] The elastic elements 53; 63, 63’ provide to the
linking means 51; 61, 61’ with extension and retraction
functionalities to keep the first and second portions 45,
47 in a separated or in a joined relative position depend-
ing on the circumstances of the disconnection procedure.
[0030] The breakable section 43 is intended for keep-
ing attached the ensemble of the nozzle 31 and the first
portion 45 of the tip module 41 to the receptacle 19 of
the receiver aircraft 13 in overloads events during the
disconnection phase of a refueling operation, being the
nozzle 31 latched to the receptacle 19. The breakable
section 43 may be configured as a mechanical fuse that
breaks when the loads on it reach a determined value.
[0031] The linking means 51; 61, 61’ are intended as
means for keeping attached the nozzle 31 to the boom
tip assembly 29 in overloads events during the discon-
nection phase of a refueling operation when the nozzle
31 is not latched to the receptacle 19, thus preventing a
separation of the end of the boom 21 from the rest of it,
after being disengaged the nozzle 31 from the receptacle
19, due to, for example, a contact of the nozzle 31 with
the receptacle 19 (they are very close during the discon-
nection phase) that activates a breakage of the tip module
41 leaving the ensemble of the nozzle 31 and the first
portion 45 of the tip module 41 of the boom tip assembly
29 as a free body that may impact the receiver aircraft
or the ground producing catastrophic damages.
[0032] The linking means 51; 61, 61’ are also intended
as complementary means for keeping attached the noz-
zle 31 to the receptacle 19 of the receiver aircraft 13 in
overloads events during the disconnection phase of a
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refueling operation, being the nozzle 31 latched to the
receptacle 19. The linking means 51; 61, 61’ shall thus
be configured to break at the same load than the break-
able section 43.
[0033] The linking means 51; 61, 61’ give therefore the
Aircraft Refueling Boom System an additional degree of
freedom that allows a disconnection operation without
the risk of losing the boom end.
[0034] In one embodiment the linking means 51; 61,
61’ are whether a wire rope or an ensemble of wire ropes
joining the first and second portions 45, 47 of the tip mod-
ule 41 in a manner that allows relative movement be-
tween them.
[0035] Although the present invention has been de-
scribed in connection with various embodiments, it will
be appreciated from the specification that various com-
binations of elements, variations or improvements there-
in may be made, and are within the scope of the invention
as defined by the appended claims.

Claims

1. An Air Refueling Boom System for supplying fuel
from a tanker aircraft (11) to a receiver aircraft (13)
in flight comprising a boom (21) joined to the tanker
aircraft (11) by means of a mechanical articulation
(23) with an inner fuel conduit and a nozzle (31) at
its distal end;

the receiver aircraft (13) having a receptacle (19)
to cooperate with the nozzle (31) in a refueling
operation;
the nozzle (31) and the receptacle (19) of the
receiver aircraft (13) having cooperating latch-
ing means (32, 20);
the boom (21) having a tip module (41) joined
to the nozzle (31) that includes a breakable sec-
tion (43) for separating it in a first portion (45)
and a second portion (47) for allowing a safe
separation of tanker and receiver aircraft (11,
13) in a failure event of a refueling operation,
being the nozzle (31) latched to the receptacle
(19);
characterized in that the tip module (41) further
comprises linking means of its first and second
portions (45, 47) configured for maintaining both
portions (45, 47) mechanically linked in case of
overloads on the nozzle (31) when it is not
latched to the receptacle (19) and for allowing
the separation of both portions in case of over-
loads on the nozzle (31) when it is latched to the
receptacle (19).

2. An Air Refueling Boom System according to claim
1, wherein the breakable section (43) is a mechanical
fuse.

3. An Air Refueling Boom System according to any of
claims 1-2, wherein the linking means are adapted
for allowing relative movements between the first
and second portions (45, 47) of the tip module (41)
when the nozzle (31) is not latched to the receptacle
(19).

4. An Air Refueling Boom System according to any of
claims 1-3 wherein, the linking means are attached
to at least an elastic element located on the second
portion (47) of the tip module (41) so that both por-
tions (45, 47) may be held together.

5. An Air Refueling Boom System according to claim
4, wherein the linking means (51) are attached to an
elastic element (53) located inside the fuel conduit
of the second portion (47) of the tip module (41).

6. An Air Refueling Boom System according to claim
4, wherein the linking means are attached to at least
an elastic element located outside the fuel conduit
of the second portion (47) of the tip module (41).

7. An Air Refueling Boom System according to claim
6, wherein the linking means (61, 61’) are attached
to two elastic elements (63, 63’).

8. An Air Refueling Boom System according to any of
claims 5-7, wherein the linking means (51; 61, 61’)
are a wire rope.

9. An Air Refueling Boom System according to any of
claims 5-7, wherein the linking means (51; 61, 61’)
are an ensemble of wire ropes.

10. A tanker aircraft (11) comprising an Air Refueling
Boom System according to any of claims 1-9.
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