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UNMANNED AERIAL VEHICLE (UAV)
DECELERATION SYSTEM

FIELD AND BACKGROUND OF THE
INVENTION

The present invention relates to an air vehicle deceleration
system and, in particular, it concerns an air vehicle decelera-
tion system operating by aerodynamic drag.

Ofrelevance to the present invention is U.S. Pat. No. 6,416,
019 to Hilliard, et al. which teaches a parachute recovery
system for recovering a payload such as a target drone. The
parachute system is fitted to the drone and is released at the
appropriate time. A shortcoming of the aforementioned sys-
tem is due to the need for having a parachute for every drone.
Additionally, the parachute adds unwanted mass to the drone
during flight of the drone.

Also of relevance to the present invention is U.S. Pat. No.
5,560,568 to Schmittle, which teaches deploying an inflatable
balloon attached to the fuselage of the aircraft in order to
cushion the landing of the aircraft. A shortcoming of the
aforementioned system is due to the need for having a balloon
and inflation equipment for every aircraft. Additionally, the
balloon and its inflation equipment add unwanted mass to the
drone during flight of the drone.

Also of relevance to the present invention are U.S. Pat. No.
4,753,400 to Reuter, et al., U.S. Pat. No. 4,147,317 to May-
hew et al., U.S. Pat. No. 5,109,788 to Heinzmann and P.C.T.
Publication No. WO 01/07318 to McDonnell. These publica-
tions teach various embodiments for slowing an unmanned
air vehicle (UAV) employing a supported net for catching the
UAV. A shortcoming of the aforementioned systems is that
the supported net slows down the UAV too abruptly which can
lead to damage of the UAV.

There is therefore a need for an independent system for
slowing down a UAV that provides a gentle slowing effect.

SUMMARY OF THE INVENTION

The present invention is an air vehicle deceleration system
construction and method of operation thereof.

According to the teachings of the present invention there is
provided, a system for slowing an air vehicle, comprising an
independently supported aerodynamic drag device config-
ured such that, after contact is made between the flying air
vehicle and the aerodynamic drag device, at least part of the
aerodynamic drag device is carried along by the air vehicle
thereby decelerating the air vehicle, wherein a majority of a
kinetic energy dissipation of a combination of the air vehicle
and the aerodynamic drag device is due to an aerodynamic
drag of the aerodynamic drag device.

According to a further feature of the present invention, at
least 90 percent of the kinetic energy dissipation is due to the
aerodynamic drag.

According to a further feature of the present invention, the
aerodynamic drag device includes a fabric sheet and a frame
system mechanically connected to the sheet, the frame system
and the sheet being configured such that, after contactis made
between the flying air vehicle and the sheet, the sheet is at
least partially draped around the air vehicle.

According to a further feature of the present invention, at
least 90 percent of the kinetic energy dissipation is due to the
aerodynamic drag of the sheet.

According to a further feature of the present invention, the
frame system includes at least two elongated elements, each
of the elongated elements having a direction of elongation,
the elongated elements being disposed such that the direc-
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tions of elongation are substantially parallel to each other, the
sheet being slidably connected to the elements.

According to a further feature of the present invention, the
frame system includes at least four elongated elements, each
of the elongated elements having a direction of elongation,
the elongated elements being disposed such that the direc-
tions of elongation are substantially parallel to each other, the
sheet being slidably connected to the elements.

A method for slowing down an air vehicle, comprising the
steps of: (a) flying the air vehicle toward an aerodynamic drag
device; (b) making contact between the air vehicle and the
aerodynamic drag device while the air vehicle is airborne; and
(c) carrying along at least part of the aerodynamic drag device
by the air vehicle thereby causing a deceleration of the air
vehicle by the aerodynamic drag device, wherein a majority
of a kinetic energy dissipation of a combination of the air
vehicle and the aerodynamic drag device is due to an aerody-
namic drag of the aerodynamic drag device.

According to a further feature of the present invention, at
least 90% of the kinetic energy dissipation is due to acrody-
namic drag.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only,
with reference to the accompanying drawings, wherein:

FIG. 1 is a perspective view of an air vehicle deceleration
system, prior to contact of an air vehicle with the deceleration
system, that is constructed and operable in accordance with a
preferred embodiment of the invention;

FIG. 2 is a schematic plan view of the air vehicle decelera-
tion system of FIG. 1, at a time of contact between the air
vehicle and the deceleration system; and

FIG. 3 is a schematic plan view of the air vehicle decelera-
tion system of FIG. 1, after contact has been achieved
between the air vehicle and the deceleration system.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention is an air vehicle deceleration system
construction and method of operation thereof.

The principles and operation of an air vehicle deceleration
system according to the present invention may be better
understood with reference to the drawings and the accompa-
nying description.

Reference is now made to FIGS. 1 to 3. FIG. 1 is a per-
spective view of an air vehicle deceleration system 10, prior to
contact of an air vehicle 12 with air vehicle deceleration
system 10 that is constructed and operable in accordance with
a preferred embodiment of the invention. FIG. 2 is a sche-
matic plan view of air vehicle deceleration system 10, at a
time of contact between air vehicle 12 and air vehicle decel-
eration system 10. FIG. 3 is a schematic plan view of air
vehicle deceleration system 10 of FIG. 1, after contact has
been achieved between air vehicle 12 and air vehicle decel-
eration system 10. Air vehicle deceleration system 10 is an
independently supported aerodynamic drag device for decel-
erating air vehicle 12. Air vehicle deceleration system 10 is
defined herein as “independently supported” in that air
vehicle deceleration system 10 is supported independently of
airvehicle 12 and is not mechanically connected to air vehicle
12 during normal flight of air vehicle 12. The term “normal
flight” is defined herein to exclude during landing of air
vehicle 12 where air vehicle 12 and air vehicle deceleration
system 10 make contact, as will be described in more detail
below. Air vehicle deceleration system 10 includes a fabric
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sheet 14 and a frame system 16. The term “fabric” is defined
herein to include woven and non-woven materials. Fabric
sheet 14 is typically formed from a woven material having
wide intervals, for example a net or mesh. By way of a
non-limiting example, when air vehicle 12 is approximately 7
kg, fabric sheet 14 can be a commercial fishing net having
threads formed from multiple twisted strands, each thread
having a diameter of approximately 1.5 mm, the spacing
between strands being approximately 6 cm. Fabric sheet 14 is
typically a rectangular fabric sheet having four corners.
Frame system 16 includes four elongated elements 18 and
upright support members 20. Support members 20 are main-
tained in an upright position using guy ropes 17 and pegs 19.
Each of elongated elements 18 has a direction of elongation.
Elongated elements 18 are supported at their ends by support
members 20 such that, the directions of elongation of elon-
gated elements 18 are substantially parallel to each other.
Support members 20 are typically formed from composite
materials, for example, but not limited to carbon-epoxy,
graphite-epoxy and fiberglass. Elongated elements 18 are
typically metal bars or wire under tension. Each of the four
corners of fabric sheet 14 is slidably connected to one elon-
gated element 18 using a connection element 22. Connection
element 22 is, for example, a ring. The height of fabric sheet
14 is typically greater than the height of the upright support
members 20. The height of fabric sheet 14 is configured this
way, so that fabric sheet 14 creates a pocket 24 for air vehicle
12 to rest upon (FIG. 1). Pocket 24 prevents air vehicle 12
falling to a substrate below air vehicle deceleration system 10
when air vehicle 12 is stationary. Air vehicle deceleration
system 10 is configured such that, after contact is made
between the flying air vehicle 12 and fabric sheet 14, fabric
sheet 14 is at least partially draped around the front of air
vehicle 12 and fabric sheet 14 is carried along by air vehicle
12. Fabric sheet 14 typically has an aerodynamic drag signifi-
cantly greater than that of the air vehicle 12, thereby decel-
erating air vehicle 12. Elongated elements 18 guide the move-
ment of fabric sheet 14. Additionally, elongated elements 18
prevent fabric sheet 14 from completely collapsing and wrap-
ping around air vehicle 12. Due to the conservation of
momentum, a portion of the deceleration of air vehicle 12 is
due to momentum conservation during and after contact of air
vehicle 12 with fabric sheet 14. The exact amount of decel-
eration of air vehicle 12 due to momentum depends on the
mass of air vehicle 12, the mass of fabric sheet 14 and other
factors relating to the nature of the contact between air vehicle
12 and fabric sheet 14. The slowing of air vehicle 12 not due
to momentum conservation is defined in terms of kinetic
energy dissipation of a combination of air vehicle 12 and air
vehicle deceleration system 10. A majority, preferably at least
90%, of the kinetic energy dissipation of the combination of
air vehicle 12 and air vehicle deceleration system 10 is due to
aerodynamic drag of fabric sheet 14.

The directions of elongation of elongated elements 18 are
described as being “substantially parallel”. The term “sub-
stantially parallel” is defined herein as, not necessarily
exactly parallel, the directions of elongation of elongated
elements 18 being sufficiently parallel such that a majority,
preferably at least 90%, of the kinetic energy dissipation is
due to aerodynamic drag of fabric sheet 14. For example,
elongated elements 18 may converge or diverge to control the
slowing of air vehicle 12 due to friction between elongated
elements 18 and connection element 22. The aerodynamic
drag of fabric sheet 14 typically depends on the effective
surface area of fabric sheet 14. For example, for a woven net,
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the aerodynamic drag typically depends on the diameter of
the strands used, the total length of strands used and the
distance between the strands.

Inoperation, fabric sheet 14 is positioned at the upwind end
of'elongated elements 18 closest to an approaching air vehicle
12. Air vehicle 12 is guided and flown toward air vehicle
deceleration system 10 (FIG. 1). Air vehicle 12 makes contact
with fabric sheet 14 while air vehicle 12 is airborne (FIG. 2).
Air vehicle 12 carries fabric sheet 14 along in the direction of
elongation of elongated elements 18, thereby causing a decel-
eration of air vehicle 12. A majority, preferably at least 90%,
of the kinetic energy dissipation of the combination of air
vehicle 12 and air vehicle deceleration system 10 is due to an
aerodynamic drag of fabric sheet 14.

It will be appreciated by persons skilled in the art that the
present invention is not limited to what has been particularly
shown and described hereinabove. Rather, the scope of the
present invention includes both combinations and sub-com-
binations of the various features described hereinabove, as
well as variations and modifications thereof that are not in the
prior art which would occur to persons skilled in the art upon
reading the foregoing description.

What is claimed is:

1. A system for slowing an air vehicle, comprising an
independently supported acrodynamic drag device, having a
fabric sheet, and a frame system comprising:

a) at least two upright support members;

b) at least two elongated elements, each of said elongated
elements having a direction of elongation, said elon-
gated elements being disposed such that said directions
of elongation are substantially parallel to each other,

wherein said fabric sheet is slidably connected to said elon-
gated elements substantially along a forward direction of
travel of the air vehicle; and

wherein said system for slowing an air vehicle is configured
such that, after contact is made between the flying air vehicle
and said aerodynamic drag device, at least part of said aero-
dynamic drag device is carried along by the air vehicle
thereby decelerating the air vehicle, wherein a majority of a
kinetic energy dissipation of a combination of the air vehicle
and said aerodynamic drag device is due to an aerodynamic
drag of said fabric sheet.

2. The system of claim 1, wherein at least 90 percent of said
kinetic energy dissipation is due to said aerodynamic drag.

3. The system of claim 1, wherein said frame system and
said sheet being configured such that, after contact is made
between the flying air vehicle and said sheet, said sheet is at
least partially draped around the air vehicle.

4. The system of claim 1, wherein at least 90 percent of said
kinetic energy dissipation is due to said acrodynamic drag of
said sheet.

5. The system of claim 1, wherein said frame system
includes at least four elongated elements, each of said elon-
gated elements having a direction of elongation, said elon-
gated elements being disposed such that said directions of
elongation are substantially parallel to each other, said sheet
being slidably connected to said elongated elements.

6. The system of claim 1, wherein said upright support
members are maintained in an upright position using guy
ropes and pegs.

7. A method for slowing down an air vehicle, comprising
the steps of: (a) flying the air vehicle toward an aecrodynamic
drag device, having a fabric sheet, at least two upright support
members and at least two elongated elements, each of said
elongated elements having a direction of elongation, said
elongated elements being disposed such that said directions
of elongation are substantially parallel to each other, wherein
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said fabric sheet is slidably connected to said elongated ele-
ments substantially along a forward direction of travel of the
air vehicle; (b) making contact between the air vehicle and
said aerodynamic drag device while the air vehicle is air-
borne; and (¢) carrying along at least part of said acrodynamic
drag device by the air vehicle thereby causing a deceleration
of'the air vehicle by said aerodynamic drag device, wherein a
majority of a kinetic energy dissipation of a combination of

6

the air vehicle and said aecrodynamic drag device is due to an
aerodynamic drag of said aerodynamic drag device.

8. The method of claim 7, wherein at least 90% of said
kinetic energy dissipation is due to aerodynamic drag

9. The method of claim 7, wherein said upright support
members are maintained in an upright position using guy
ropes and pegs.



