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(57) ABSTRACT 

An in-?ight refueling system, damping device and method 
are provided for enhancing the stability of an elongate hose 
extending from a tanker aircraft during an in-?ight refueling 
operation. The various embodiments of the system, device, 
and method provide a passive, integrated damping device 
that may generate electrical energy from changes in dispo 
sition of the elongate hose and then using the electrical 
energy generated to impart mechanical damping forces to a 
portion of the elongate hose. Thus, the embodiments may 
minimize the occurrence of oscillations in the elongate hose 
as it extends from the tanker aircraft during an in-?ight 
refueling operation. 
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IN-FLIGHT REFUELING SYSTEM, DAMPING 
DEVICE AND METHOD FOR PREVENTING 
OSCILLATIONS IN IN-FLIGHT REFUELING 

SYSTEM COMPONENTS 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to in-?ight 
refueling of a manned or unmanned aircraft using a probe 
and drogue in-?ight refueling system, and speci?cally, pro 
viding a damping device having the capability of resisting 
changes in the disposition of an elongate hose trailing from 
a tanker aircraft as part of an in-?ight refueling operation so 
as to prevent oscillatory motion or other changes in dispo 
sition of the elongate hose. More particularly the present 
invention relates to an integrated, passive damping device 
operably engaged With the elongate hose so as to stabiliZe 
the elongate hose as it is extended from a tanker aircraft as 
part of an in-?ight refueling operation. 

BACKGROUND OF THE INVENTION 

[0002] In-?ight refueling (or air-to-air refueling) is an 
important method for extending the range of both manned 
and unmanned aircraft traveling long distances over areas 
having no feasible landing or refueling points. Although 
in-?ight refueling is a relatively common operation, espe 
cially for military aircraft, the passage of large amounts of 
fuel betWeen a ?rst aircraft (the tanker aircraft, for instance) 
and a second aircraft (the receiver aircraft, for instance) 
during an in-?ight refueling operation may create a poten 
tially dangerous situation, especially if components of the 
in-?ight refueling system are alloWed to move or oscillate in 
an uncontrolled manner. In addition, the close proximity of 
the ?rst aircraft and the second aircraft during an in-?ight 
refueling operation may create the danger of a mid-air 
collision betWeen the aircraft. Such a danger may be 
increased if a component of an in-?ight refueling system 
extending from the ?rst aircraft is alloWed to oscillate or 
move in an erratic manner relative to the ?rst aircraft. 

[0003] One conventional system for in-?ight refueling is 
the probe and drogue in-?ight refueling system Wherein the 
?rst aircraft may extend an elongate ?exible hose having an 
end attached to a drogue such that the second aircraft, having 
a refueling probe extending therefrom, may engage the 
drogue While in ?ight in order to initiate the transfer of fuel. 
An operator of the second aircraft is responsible for maneu 
vering the second aircraft such that the refueling probe 
extending therefrom may enter and engage the drogue. 
According to some conventional probe and drogue in-?ight 
refueling systems, the engagement of the refueling probe 
With the drogue is accomplished as the second aircraft 
carefully accelerates With respect to the trailing drogue. The 
drogue may include, for instance, a catch mechanism for 
securing the refueling probe Within the drogue so that the 
refueling probe may be securely fastened Within the drogue 
during the transfer of fuel. The catch mechanism may also 
include a fuel valve that may be opened When the probe is 
secured Within the drogue. Thus, fuel may be pumped from 
the ?rst aircraft into the elongate hose and doWn to the fuel 
valve disposed in the drogue so as to pressuriZe the elongate 
hose prior to the engagement of the probe carried by the 
second aircraft. 

[0004] The elongate hose extending from the ?rst aircraft 
may trail directly aft and beloW a fuselage of the ?rst 
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aircraft, or, in some instances, it may trail directly aft and 
beloW a refueling pod that may be carried by the ?rst aircraft 
on, for instance, a Wing hardpoint. In both of these cases, the 
elongate hose may be exposed to high Wind speeds as it is 
trailed behind the ?rst aircraft. For instance, the ?rst aircraft 
may travel at speeds betWeen about 180 and 400 knots 
during a conventional in-?ight refueling operation. During 
an in-?ight refueling operation using a probe and drogue 
in-?ight refueling system, the elongate hose may trail aft and 
beloW the ?rst aircraft in a stable arc such that the drogue 
operably engaged With the end of the elongate hose may be 
held in a relatively stable position relative to the ?rst aircraft. 
In such cases, an operator of the second aircraft may position 
the second aircraft such that a refueling probe extending 
therefrom may engage the relatively stable drogue. 

[0005] As in all mechanical systems, hoWever, the elon 
gate hose and attached drogue may experience oscillatory 
vibrations in response to applied forces (such as for instance, 
Wind forces, or the impact force encountered as the second 
aircraft engages the drogue). In some cases, the elongate 
hose (and attached drogue) may begin to oscillate uncon 
trollably (at for instance, a resonance frequency) With 
respect to the ?rst aircraft such that the drogue may move in 
an erratic pattern With respect to the ?rst aircraft such that it 
may become dif?cult for an operator of the second aircraft 
to maneuver the second aircraft such that the refueling probe 
extending therefrom may be engaged With the drogue. In 
such cases, the elongate hose, may, for instance, rise into an 
upWard arc relative to the ?rst aircraft and/or oscillate 
relative to the ?rst aircraft. Such motion may not only make 
the in-?ight refueling operation dif?cult but also endanger 
both the ?rst and second aircraft if the motion becomes 
extreme. In addition, if the second aircraft engages the 
drogue at a relatively high closure rate, slack may be 
introduced in the elongate hose and a traveling Wave (such 
as a sinusoid or “sine” Wave) may be propagated in the 
elongate hose that may travel from the drogue to the tanker 
aircraft (or the in-?ight refueling system pod carried 
thereby). The safety of the creWs that may operate the ?rst 
and second aircraft may be in danger if the elongate hose and 
attached drogue begin to impact the control surfaces, in 
?ight refueling system pod, or other structural components 
of the ?rst or second aircraft. 

[0006] In such cases, conventional probe and drogue in 
?ight refueling systems may provide an elongate hose 
retraction system disposed, for instance, in the fuselage of 
the ?rst aircraft, for stabiliZing the hose With respect to the 
?rst aircraft. More particularly, the retraction system may act 
to take up excess slack in the elongate hose in order to 
shorten the extension of the elongate hose in an attempt to 
dampen the oscillation of the elongate hose. If such a 
retraction system is used, hoWever, the elongate hose may be 
draWn aWay from the second aircraft such that the in-?ight 
refueling operation must be restarted Wherein the ?rst air 
craft must re-extend the elongate hose and the second 
aircraft must re-position itself relative to the elongate hose 
and drogue attached to an end thereof. Additionally, simply 
taking up slack in the hose may not ensure that the oscilla 
tions in the elongate hose Will not reappear When the 
elongate hose is re-extended. Additionally, suspending the 
in-?ight refueling operation in order to retract and re-extend 
the elongate hose may be disadvantageous especially in 
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cases wherein the second aircraft is carrying only a minimal 
amount of fuel and is therefore in need of an expeditious 
in-?ight refueling contact. 

[0007] Conventional probe and drogue in-?ight refueling 
systems may also provide a guillotine system for cutting and 
jettisoning the elongate hose should oscillations or move 
ment of the elongate hose and attached drogue become 
erratic enough so as to endanger the operators and/or other 
creW of either the ?rst or second aircraft. HoWever, it is 
undesirable to jettison the elongate hose and attached drogue 
as the ?rst aircraft must cease in-?ight refueling operations 
and return to an air?eld for costly and complex repairs to the 
in-?ight refueling system. 

[0008] Therefore, there exists a need for an in-?ight refu 
eling system and method for damping oscillations and 
preventing changes in disposition that may occur in probe 
and drogue in-?ight refueling system components, such as 
for instance, an elongate hose trailing aft and beloW a ?rst 
aircraft (serving as, for instance, a tanker aircraft). More 
particularly, there exists a need for a passive, integrated 
damping device that may selectively and/or responsively 
add rigidity to the elongate hose in order to dampen oscil 
lations in the elongate hose to enhance the stability of a 
portion of the elongate hose as it is trailed beloW and aft of 
the tanker aircraft as part of an in-?ight refueling operation. 

[0009] Thus, it Would be advantageous to provide an 
alternative in-?ight refueling system, damping device, and 
method for damping oscillations or changes in the disposi 
tion of the elongate hose and attached drogue that may occur 
during an in-?ight refueling operation. Also, it Would be 
advantageous to provide a device for damping oscillation of 
the elongate hose and attached drogue that is passive and 
may be integrated into the elongate hose and other in-?ight 
refueling system components. 

SUMMARY OF THE INVENTION 

[0010] The embodiments of the present invention satisfy 
the needs listed above and provide other advantages as 
described beloW. The in-?ight refueling system, according to 
one embodiment, includes a tanker aircraft, an elongate hose 
having a ?rst end carried by the tanker aircraft and an 
opposing second end con?gured to extend from the tanker 
aircraft, and a damping device operably engaged With a 
portion of the elongate hose and capable of stiffening in 
response to a change in disposition of the elongate hose 
(such as an oscillation or vibration), thereby resisting the 
change in disposition of the elongate hose and stabiliZing the 
elongate hose such that the elongate hose may be more 
easily engaged by a second aircraft as part of an in-?ight 
refueling operation. 

[0011] According to other embodiments, the damping 
device of the present invention may further comprise a 
transducer capable of generating electrical energy in 
response to the change in disposition. Furthermore, the 
damping device may further comprise a stiffening element 
capable of converting the generated electrical energy into a 
damping force to be exerted on the portion of the elongate 
hose so as to resist the change in disposition of the portion 
of the elongate hose. The damping device may comprise 
materials selected for their ability to generate electrical 
energy in response to vibration, oscillation, or other changes 
in disposition such as pieZoelectric materials, polyvi 
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nylidene ?uoride (PVDF); and other materials suitable for 
generating electrical energy that may be used to subse 
quently energiZe the damping device to produce a damping 
force that may act to stiffen the damping device and/or resist 
changes in disposition of the elongate hose. In some embodi 
ments, the damping device may be integrated directly into 
the materials of the elongate hose. The in-?ight refueling 
system according to some embodiments of the present 
invention, may also further comprise a controller device 
capable of storing the electrical energy generated by the 
materials of the damping device and transmitting the gen 
erated electrical energy back into the damping device such 
that the damping device is capable of exerting the damping 
force on the elongate hose in a controlled manner. 

[0012] The embodiments of the present invention also 
provide a method for facilitating the stabiliZation of an 
elongate hose having a ?rst end carried by a tanker aircraft 
and an opposing second end con?gured to extend from the 
tanker aircraft. For instance, according to some embodi 
ments, the method comprises the steps of detecting a change 
in disposition of a portion of the elongate hose and stiffening 
the portion of the elongate hose in response to the detected 
change in disposition so as to resist the change in disposition 
of the portion of the elongate hose in response to the exerted 
force. According to other embodiments of the method of the 
present invention, the detecting step may comprise gener 
ating electrical energy from the change in disposition of the 
portion of the elongate hose and the stiffening step may 
comprise converting the generated electrical energy into a 
damping force to be exerted on the portion of the elongate 
hose so as to resist the change in disposition of the portion 
of the elongate hose. 

[0013] Thus the various embodiments of the in-?ight 
refueling system, damping device, and method of the present 
invention provide many advantages that may include, but 
are not limited to: providing an in-?ight refueling system 
that may resist changes in the disposition of an end of the 
elongate hose trailing from a tanker aircraft during an 
in-?ight refueling operation, providing a damping device 
that is capable of stiffening in response to the application of 
electrical energy that it generates in response to a change in 
disposition of the elongate hose and thereby passively 
prevent oscillations that may occur in the elongate hose due 
to Wind or other aerodynamic forces exerted on the elongate 
hose and a drogue attached thereto, and providing a damping 
device that may be passively integrated into existing in 
?ight refueling systems Without adding large amounts of 
Weight or the need for additional poWer to be provided for 
its operation. 

[0014] These advantages and others that Will be evident to 
those skilled in the art are provided in the in-?ight refueling 
system, damping device, and method of the present inven 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] Having thus described the invention in general 
terms, reference Will noW be made to the accompanying 
draWings, Which are not necessarily draWn to scale, and 
Wherein: 

[0016] FIG. 1 shoWs a side vieW of a tanker aircraft and 
an elongate hose and attached drogue extending therefrom 
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and including a damping device according to one embodi 
ment of the present invention; and 

[0017] FIG. 2 shoWs a schematic close-up of several 
damping devices and associated control circuits operably 
engaged With a portion of an elongate hose according to one 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0018] The present inventions noW Will be described more 
fully hereinafter With reference to the accompanying draW 
ings, in Which some, but not all embodiments of the inven 
tion are shoWn. Indeed, these inventions may be embodied 
in many different forms and should not be construed as 
limited to the embodiments set forth herein; rather, these 
embodiments are provided so that this disclosure Will satisfy 
applicable legal requirements. Like numbers refer to like 
elements throughout. 

[0019] FIG. 1 shoWs an in-?ight refueling system accord 
ing to one embodiment of the present invention including a 
tanker aircraft 110 and an elongate hose 114 extending 
therefrom. The elongate hose 114 comprises a ?rst end (not 
shoWn) that is carried by the tanker aircraft 110 and may be 
operably engaged With a fuel reservoir located Within a 
fuselage, Wing structure, or other internal compartment 
Within the tanker aircraft 110. In some embodiments, the 
?rst end of the elongate hose 114 may further be operably 
engaged With a refueling pod (not shoWn) that may be 
con?gured to be carried by a hardpoint located, for instance, 
on a portion of a Wing of the tanker aircraft 110. Further 
more, the elongate hose 114 may be con?gured to be capable 
of being taken up from an extended position and rolled up 
on, for instance, a rotating drum assembly that may be 
disposed Within a fuselage of the tanker aircraft 110 or 
Within a refueling pod carried on a Wing hardpoint of the 
tanker aircraft 110. Also shoWn in FIG. 1 is the second end 
of the elongate hose 114 extending aft and beloW the tanker 
aircraft 110 and operably engaged With a drogue 118. The 
elongate hose 114 and drogue 118 attached thereto are thus 
positioned so as to be capable of being engaged by, for 
instance, a refueling probe 125, carried by a second aircraft 
120 Which may approach the tanker aircraft 110 from the aft 
and beloW as part of an in-?ight refueling operation. 

[0020] FIG. 1 also shoWs a plurality of damping devices 
130 according to one embodiment of the present invention, 
operably engaged With the elongate hose 114. In the depicted 
embodiment, the damping devices 130 are shoWn integrated 
With a surface of the elongate hose 114 along the length of 
the elongate hose that is extending from the tanker aircraft 
110. In such embodiments, the damping devices 130 may be 
con?gured to be capable of stiffening in response to changes 
in disposition of the elongate hose 114. Thus, the elongate 
hose 114 may more effectively resist oscillations and/or 
changes in disposition When subjected to external forces 
such as, for instance, aerodynamic forces, Wind forces, or 
impact forces resulting from the engagement of the refueling 
receptacle 125 of a second aircraft 120 With the drogue 118. 
Furthermore, the damping devices 130 may act to stiffen 
and/or actuate so as to dampen and/or resist a change in 
disposition of the second end of the elongate hose 114 in 
response to an aerodynamic force (such as Wind, Wind 
shears, jet Wash, or other disturbances that may be encoun 
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tered When the elongate hose 114 is extended from the tanker 
aircraft 110 during the course of an in-?ight refueling 
operation). The stiffened damping device 130 may also aid 
in stabiliZing the position of the elongate hose 114 (and the 
drogue 118 attached thereto) by creating additional inertia in 
the elongate hose 114 such that the aerodynamic distur 
bances produced in the area ahead of a second aircraft 120 
(knoWn in some instances as a “boW Wave”) may be less 
likely to push the elongate hose 114 and drogue 118 forWard 
as the second aircraft 120 approaches the tanker aircraft 110 
as part of an in-?ight refueling operation. 

[0021] The damping devices 130 may be capable of oper 
ably engaging the elongate hose 114 in a variety of dispo 
sitions such as, for instance, attached above, beloW, or on 
one or more sides of the elongate hose 114. In addition, a 
single damping device 130 or multiple damping devices 130 
may be disposed at one or more positions along the length 
of the elongate hose 114 so as to distribute the stiffening 
capability to such positions When the damping device 130 is 
subjected to the changes in disposition that may cause the 
damping device 130 to stiffen. Furthermore (as shoWn in 
FIG. 2), a single damping device 130 or multiple damping 
devices 130 may be disposed at one or more positions about 
the radially outWard surface of the elongate hose 114 so as 
to distribute the stiffening capability to such positions When 
the damping device 130 is subjected to changes in disposi 
tion. One skilled in the art Will appreciate that the damping 
devices 130 may also be disposed on or Within the elongate 
hose 114 in various con?gurations both integrated Within the 
elongate hose 114 and/or disposed on the surface of the 
elongate hose 114 so as to more completely distribute the 
stiffening capability When the damping device 130 is sub 
jected to the changes in disposition. 

[0022] As shoWn in FIG. 2, the damping device 130 may 
comprise a transducer, disposed lengthWise along a surface 
(or integrated Within the materials) of a portion the elongate 
hose 114. According to embodiments of the present inven 
tion, the transducer is capable of generating electrical energy 
in response to the change in disposition of the elongate hose 
114 (such as, for instance, a traveling Wave, vibration, or 
oscillation). The damping device 130 may further comprise 
a stiffening element capable of converting the generated 
electrical energy into a damping force to be exerted on the 
portion of the elongate hose 114 so as to resist the change in 
disposition of the portion of the elongate hose 114. Accord 
ing to some embodiments, the damping device 130 may 
comprise one or more pieZoelectric materials, such as for 
instance, pieZoelectric ?bers, pieZoelectric crystal or poly 
vinylidene ?uoride (PVDF) that may act as transducers 
suitable for both generating electrical energy (in the form of, 
for instance, a time-varying electrical signal) in response to 
the change in disposition of the elongate hose 114 as Well as 
stiffening elements suitable for altering their mechanical 
properties (stiffening, for example) in response to an input 
that may be provided by either an external controller 150 
(see FIG. 1), or a control circuit 135 that may be operably 
engaged With or in electrical communication With, the 
damping device 130. In some embodiments, the pieZoelec 
tric materials may be integrated into a composite structural 
material such as a sheath con?gured to substantially sur 
round the elongate hose 114 and thereby distribute both the 
sensing and actuation capability of the pieZoelectric mate 
rials about the surface of the elongate hose 114. 
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[0023] In some embodiments of the damping device 130 
comprising piezoelectric materials, the piezoelectric mate 
rials may serve as a transducer con?gured to generate 
electrical energy (in the form of a time-varying electrical 
signal, for instance) in response to and corresponding to a 
change in the disposition of the elongate hose 114. Such a 
time-varying electrical signal may then be transmitted (via a 
Wire 140 or Wireless connection) to a control circuit 135 
(such as a timer circuit, clock circuit, inverter circuit, or 
similar control circuit) that may be con?gured to alter the 
signal (such as by imparting a phase shift to the signal). The 
control circuit 135 may be further con?gured to send the 
altered signal back to the damping device 130 (and the 
pieZoelectric material therein) so as to induce motion in the 
pieZoelectric material. The resulting motion induced in the 
pieZoelectric material may be substantially out of phase With 
the change in disposition of the elongate hose 114 such that 
an oscillatory change in disposition of the elongate hose 114 
may be cancelled and/or damped by the induced motion of 
the pieZoelectric materials. In such embodiments, a single 
pieZoelectric crystal disposed Within the damping device 
130 may serve both as a transducer and a stiffening element 
such that it may: detect the change in disposition of the 
elongate hose 114; produce an electrical signal that may be 
sent to and altered by a control circuit 135 operably engaged 
With the damping device 130; and receive the altered elec 
trical signal from the control circuit 135 and either stiffening 
or imparting a motion that is out of phase With the change 
in disposition so as to effectively dampen the change in 
disposition of the portion of the elongate hose 114. In other 
embodiments, the pieZoelectric material disposed Within the 
damping device may be segmented so as to contain a 
transducer portion con?gured to produce an electrical signal 
in response to a change in disposition of the elongate hose 
114 as Well as a stiffening portion con?gured to stiffen in 
response to either the electrical signal produced by the 
transducer portion (acting in substantially real time) or the 
altered electrical signal that may be transmitted by a control 
circuit 135 operably engaged With the damping device 130. 

[0024] According to other embodiments of the damping 
device 130, the control circuit 135 may be con?gured to 
transmit a substantially non-time-varying electrical signal to 
the pieZoelectric material (or other stiffening element) so as 
to induce the pieZoelectric material to stiffen substantially in 
response to the signal. In such embodiments, the portion of 
the elongate hose 114 With Which the damping device 130 
may be operably engaged may be substantially more resis 
tant to changes in disposition due to the increased stiffness 
introduced into the elongate hose 114 by the damping device 
130. Furthermore, as the change in disposition of the portion 
of the elongate hose 114 ceases, the control circuit 135 may 
be con?gured to cease the generation of the signal such that 
the pieZoelectric material disposed in the damping device 
130 may substantially relax such that the elongate hose 114 
may again attain ?exibility so as to be capable of being 
?attened, rolled, and/or taken up by a hose take-up system 
(such as a roller drum) that may be carried by the tanker 
aircraft 110 or carried by a refueling pod con?gured to be 
carried by the tanker aircraft 110. 

[0025] In some embodiments of the present invention, 
multiple damping devices 130 may be operably engaged 
With the elongate hose 114 along its length and at various 
radial positions about an exterior surface of the elongate 
hose 114 (as shoWn in FIG. 2). In such embodiments, the 
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damping devices 130 may be in communication With each 
other via, for instance, electrical connections that may be 
established via Wire 140 or Wireless techniques. In such 
embodiments, the damping devices 130 may be con?gured 
to transmit and receive data related to detected changes in 
disposition of portions of the elongate hose 114 that may be 
in the form of electrical signals generated by the pieZoelec 
tric materials that may be disposed Within the damping 
devices 130. For example, in some embodiments, a change 
in disposition of the elongate hose 114 may be detected by 
a damping device 130 (and a corresponding control circuit 
135 (as shoWn generally in FIG. 2) operably engaged With 
a portion of the elongate hose 114 located near the drogue 
118. The change in disposition detected by the damping 
device 130 may be used to generate an electrical signal (via, 
for instance, the pieZoelectric material disposed therein) that 
may be transmitted, via Wire 140 or Wireless techniques to 
a second damping device 130 (and corresponding control 
circuit 135 operably engaged With another portion of the 
elongate hose 114 (such as a portion located nearer the 
tanker aircraft 110). Thus, the electrical signal may be 
generated by a ?rst damping device 130 and transmitted to 
a second damping device 130 such that a change in dispo 
sition (such as a traveling Wave) of the elongate hose 114 
may be detected at one point along the length of the elongate 
hose 114 and substantially damped and/or minimiZed by a 
damping device 130 operably engaged With a different 
portion of the elongate hose 114. In such embodiments, 
relatively sudden changes in disposition of the elongate hose 
114 (such as impact forces imparted on the drogue 118 as a 
second aircraft 120 engages the drogue 118) that may 
produce, for instance, a fast-moving traveling Wave in the 
elongate hose 114, may be detected immediately and sub 
stantially damped before the traveling Wave (and the result 
ing slack that may be developed thereby) is capable of 
striking (and possibly damaging) a fuselage of the tanker 
aircraft 110. 

[0026] The embodiments of the present invention may 
thus provide a damping device 130 that requires little or no 
external poWer supply in order to operate since the trans 
ducer (such as a pieZoelectric material) may be con?gured to 
produce electrical energy (such as a time-varying electrical 
signal) in response to a change in disposition of the portion 
of the elongate hose 114 With Which it may be operably 
engaged. As described above, the electrical energy may then 
be transferred to a control circuit 135 in communication With 
the transducer that may be energiZed by the electrical energy 
and con?gured to alter the electrical energy such that the 
altered electrical energy may then be sent back to the 
transducer disposed in the damping device 130 so as to 
dampen and/or counteract the change in disposition of the 
portion of the elongate hose 114 With Which the damping 
device 130 may be operably engaged. Thus, in some 
embodiments, the damping device 130 may be con?gured so 
as to require little or no external poWer supply from, for 
instance, the electrical systems of the tanker aircraft 110. 

[0027] According to other embodiments of the present 
invention, a controller device 150 may be operably engaged 
With the damping device 130 (or multiple damping devices 
130 (as shoWn generally in FIG. 1). The controller device 
150 may be in communication With the damping device 130 
via a Wire 140 or other Wireless connection and may be 
capable of storing the generated electrical energy (produced 
by, for instance, the pieZoelectric material disposed Within a 
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damping device 130) and selectively transmitting the gen 
erated electrical energy to one or more damping devices 130 
such that the damping devices 130 may be further capable of 
exerting the damping force on a portion of the elongate hose 
114 that may be experiencing a change in disposition such 
as an oscillation. The controller device 150 may be carried 
Within a fuselage of the tanker aircraft 110 near the aft end 
of the tanker aircraft 110 as shoWn generally in FIG. 1 or in 
some embodiments, the controller device 150 may be car 
ried Within the fuselage of the tanker aircraft 110 at a remote 
aerial refueling operator (RARO) station located near the 
?ight deck of the tanker aircraft (i.e. near the forWard end of 
the fuselage). The controller device 150 may be connected 
to a poWer supply (such as a generator or battery) carried by 
the tanker aircraft 110 and may also be in communication 
With one or more control circuits 135 so as to coordinate the 

transmission of electrical signals to various damping devices 
130 that may be operably engaged With the elongate hose 
114 so as to dampen and/or minimiZe a change in disposition 
(such as an oscillation and/or traveling Wave) that may travel 
from one end of the elongate hose 114 to another as 
described in more detail above. In some embodiments, the 
controller device 150 may comprise a computer device 
and/or other control circuitry such that the controller device 
150 may more effectively coordinate the stiffening and/or 
actuation of the damping device 130 With Which it may be 
in communication. The controller 150 may also comprise a 
user interface (such as a terminal and/or display) such that 
an operator of the in-?ight refueling system carried by the 
tanker aircraft 110 may monitor the operation of the damp 
ing device 130 and/or override the functions of the damping 
device 110 in some cases. For instance, the operator may 
Wish to disengage and/or cease operation of the damping 
device 130 as the elongate hose 114 is being taken up (by, 
for instance, a roller drum) into a fuselage of the tanker 
aircraft 110 as the changes in disposition of the elongate 
hose 114 as it is rolled and/or retracted may activate the 
damping device 130, causing it to stiffen and/or actuate 
during the take-up of the elongate hose 114. 

[0028] In some embodiments, the controller device 150 
may also comprise a storage device (such as a capacitor, 
battery device, or other electronic component) capable of 
storing the generated electrical energy (produced by, for 
instance, the pieZoelectric material disposed Within a damp 
ing device 130) and selectively transmitting the generated 
electrical energy to one or more damping devices 130 such 
that the damping devices 130 may be further capable of 
exerting the damping force on a portion of the elongate hose 
114 that may be experiencing a change in disposition (such 
as an oscillation). In such embodiments, the controller 
device 150 may be capable of sWitching the damping device 
130 to a passive mode (such that the transducers disposed 
Within the damping device 130 may be capable of generating 
electrical energy from a change in disposition, but may not 
immediately transmit the energy for the purpose of stiffening 
and/or actuating the damping device 130 as described 
above). In such embodiments, While the damping device 130 
is in a passive mode, the controller device 150 may be 
capable of storing electrical energy that may be generated by 
the pieZoelectric material (or other transducers) disposed in 
the damping device 130 as the elongate hose 114 is either 
extended or retracted. Thus, at least some portion of the 
energy required to actuate the elongate hose 114 take-up 
mechanism (such as, for instance, an automated drum roller) 
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may be converted from mechanical changes in disposition to 
electrical energy that may later be used to poWer the 
damping device 130 as described in detail above. 

[0029] Referring again to FIGS. 1 and 2, a method for 
facilitating the stabiliZation of an elongate hose 114 having 
a ?rst end carried by a tanker aircraft 110 and an opposing 
second end (operably engaged With a drogue 118) con?g 
ured to extend from the tanker aircraft 110 is described. 
According to some embodiments, the method may comprise 
the steps of: detecting a change in disposition of a portion of 
the elongate hose 114 (via, for instance, a damping device 
130 comprising a pieZoelectric material); and stiffening the 
portion of the elongate hose 114 in response to the detected 
change in disposition of the portion of the elongate hose, 
thereby resisting the change in disposition of the portion of 
the elongate hose 114 in response to a force exerted on the 
elongate hose 114. According to some embodiments, the 
stiffening step may occur via the actuation of pieZoelectric 
materials provided as part of a damping device 130 that may 
be operably engaged With the portion of the elongate hose 
114 (as described in more detail above). 

[0030] According to some other embodiments, the detect 
ing step may further comprise generating electrical energy 
(via for instance the damping device 130 and transducers 
included therein) from the change in disposition of the 
portion of the elongate hose 114. In addition, the stiffening 
step may further comprise converting the generated electri 
cal energy into a damping force to be exerted on the portion 
of the elongate hose 114 (via a damping device 130) so as 
to resist the change in disposition of the portion of the 
elongate hose 114. In other embodiments of the present 
invention, the method may further comprise the step of 
storing the generated electrical energy from the change in 
disposition of the elongate hose 114 such that the electrical 
energy may be selectively transmitted to the damping device 
130 When necessary to dampen and/or counteract a change 
in the disposition of a portion of the elongate hose 114 With 
Which the damping device 130 may be operably engaged. 

[0031] Many modi?cations and other embodiments of the 
invention Will come to mind to one skilled in the art to Which 
this invention pertains having the bene?t of the teachings 
presented in the foregoing descriptions and the associated 
draWings. Therefore, it is to be understood that the invention 
is not to be limited to the speci?c embodiments disclosed 
and that modi?cations and other embodiments are intended 
to be included Within the scope of the appended claims. 
Although speci?c terms are employed herein, they are used 
in a generic and descriptive sense only and not for purposes 
of limitation. 

What is claimed is: 
1. An in-?ight refueling system comprising: 

a tanker aircraft; 

an elongate hose having a ?rst end carried by the tanker 
aircraft and an opposing second end con?gured to 
extend from the tanker aircraft; and 

a damping device operably engaged With a portion of the 
elongate hose and capable of stiffening in response to 
a change in disposition of the portion of the elongate 
hose, thereby resisting the change in disposition of the 
portion of the elongate hose in response to a force 
exerted thereon. 
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2. An in-?ight refueling system according to claim 1, 
wherein the damping device comprises a transducer capable 
of generating electrical energy in response to the change in 
disposition, the damping device further comprising a stiff 
ening element capable of converting the generated electrical 
energy into a damping force to be exerted on the portion of 
the elongate hose so as to resist the change in disposition of 
the portion of the elongate hose. 

3. An in-?ight refueling system according to claim 1, 
Wherein the damping device comprises material selected 
from the group consisting of: 

pieZoelectric material; 
pieZoelectric ?ber; 

polyvinylidene ?uoride (PVDF); and 

combinations thereof, 
4. An in-?ight refueling system according to claim 1, 

Wherein the damping device is integrated into the elongate 
hose. 

5. An in-?ight refueling system according to claim 2, 
further comprising a controller device operably engaged 
With the damping device, the controller device being capable 
of storing the generated electrical energy and transmitting 
the generated electrical energy to the damping device such 
that the damping device is capable of exerting the damping 
force on the portion of the elongate hose. 

6. An in-?ight refueling system adapted to be carried by 
a tanker aircraft, comprising: 

an elongate hose having a ?rst end carried by the tanker 
aircraft and an opposing second end con?gured to 
extend from the tanker aircraft; and 

a damping device operably engaged With a portion of the 
elongate hose and capable of stiffening in response to 
a change in disposition of the portion of the elongate 
hose, thereby resisting the change in disposition of the 
portion of the elongate hose in response to a force 
exerted thereon. 

7. An in-?ight refueling system according to claim 6, 
Wherein the damping device comprises a transducer capable 
of generating electrical energy in response to the change in 
disposition, the damping device further comprising a stiff 
ening element capable of converting the generated electrical 
energy into a damping force to be exerted on the portion of 
the elongate hose so as to resist the change in disposition of 
the portion of the elongate hose. 

8. An in-?ight refueling system according to claim 6, 
Wherein the damping device comprises material selected 
from the group consisting of: 

pieZoelectric material; 
pieZoelectric ?ber; 

polyvinylidene ?uoride (PVDF); and 

combinations thereof. 
9. An in-?ight refueling system according to claim 6, 

Wherein the damping device is integrated into the elongate 
hose. 

10. An in-?ight refueling system according to claim 7, 
further comprising a controller device operably engaged 
With the damping device, the controller device being capable 
of storing the generated electrical energy and transmitting 
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the generated electrical energy to the damping device such 
that the damping device is capable of exerting the damping 
force on the portion of the elongate hose. 

11. A damping device adapted to be operably engaged 
With a portion of an elongate hose, the elongate hose having 
a ?rst end carried by a tanker aircraft and an opposing 
second end con?gured to extend from the tanker aircraft, the 
damping device being con?gured to be capable of stiffening 
in response to a change in disposition of the portion of the 
elongate hose, thereby resisting the change in disposition of 
the portion of the elongate hose in response to a force 
exerted thereon. 

12. A damping device according to claim 11, Wherein the 
damping device comprises a transducer capable of generat 
ing electrical energy in response to the change in disposition, 
the damping device further comprising a stiffening element 
capable of converting the generated electrical energy into a 
damping force to be exerted on the portion of the elongate 
hose so as to resist the change in disposition of the portion 
of the elongate hose. 

13. A damping device according to claim 11, comprising 
a material selected from the group consisting of: 

pieZoelectric material; 
pieZoelectric ?ber; 
polyvinylidene ?uoride (PVDF); and 
combinations thereof. 
14. A damping device according to claim 11, Wherein the 

damping device is integrated into the elongate hose. 
15. A damping device according to claim 12, further 

comprising: 
a pieZoelectric transducer; 

a controller device operably engaged With the pieZoelec 
tric transducer, the controller device being con?gured 
to be capable of storing the generated electrical energy 
and transmitting the generated electrical energy to the 
pieZoelectric transducer such that the pieZoelectric 
transducer is capable of exerting the damping force on 
the portion of the elongate hose. 

16. A method for facilitating the stabiliZation of an 
elongate hose having a ?rst end carried by a tanker aircraft 
and an opposing second end con?gured to extend from the 
tanker aircraft, the method comprising: 

detecting a change in disposition of a portion of the 
elongate hose; and 

stiffening the portion of the elongate hose in response to 
the detected change in disposition of the portion of the 
elongate hose, thereby resisting the change in disposi 
tion of the portion of the elongate hose in response to 
a force exerted thereon. 

17. Amethod according to claim 16, Wherein detecting the 
change in disposition comprises generating electrical energy 
from the change in disposition of the portion of the elongate 
hose and Wherein stiffening the portion of the elongate hose 
comprises converting the generated electrical energy into a 
damping force to be exerted on the portion of the elongate 
hose so as to resist the change in disposition of the portion 
of the elongate hose. 

18. A method according to claim 17, further comprising 
storing the generated electrical energy from the change in 
disposition. 


