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(57) ABSTRACT

A motor with a variable speed controller is used to operate 
a hose reel for connecting a fuel source or decontaminant on 
a tanker plane to a fuel tank or other receptor on an 
unmanned vehicle. The hose reel is controlled to feed the 
fuel or other liquid through the hose and a drogue to a 
receiving probe on the unmanned vehicle and is also con
trolled to maintain the drogue in proper position. This end 
result is achieved by means of a controlling transponder on 
the unmanned vehicle which receives radio control signals 
from a communicating transponder on the tanker. A micro
computer processes the received control signals which are 
then fed to the motor controller. The motor controller not 
only controls the positioning of the drogue but also controls 
the motor so that excess hose is reeled in by the hose reel. 
The controller in addition controls the thrust power. A lidar 
tracker with a miniature video camera maintains a line of 
sight between the drogue and the receiver probe and tracks 
the drogue-probe.

8 Claims, 5 Drawing Sheets
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AUTONOMOUS SYSTEM FOR THE AERIAL 
REFUELING OR DECONTAMINATION OF 

UNMANNED AIRBORNE VEHICLES

BACKGROUND OF THE INVENTION
1. Field of the Invention
This invention relates to the aerial refueling of unmanned 

vehicles and more particularly to a system for such aerial 
refueling which is completely automated.

2. Description of the Related Art
The use of unmanned air vehicles for combat related 

missions as well as reconnaissance missions is extensively 
employed by the military. Effective refueling systems, 
however, for unmanned aircraft are not known to be avail
able.

Aerial refueling systems are used extensively to extend 
the range of manned vehicles. Such systems generally 
employ either what is known as the flying boom or the hose 
and drogue. With the flying boom, a fueling boom is lowered 
and extended from the aft fuselage of the tanker aircraft by 
a boom operator. The boom operator then steers the boom 
into the fuel receptacle of the aircraft to be refueled. In the 
hose-and-drogue system, a paradrogue attached to a hose is 
generally employed. The hose is wrapped around a drum or 
hose reel and deployed by the tanker aircraft crew by means 
of a hose reel drive mechanism. This drive mechanism is 
powered independently by the tanker aircraft power supply 
or by means of a ram air turbine. The aircraft being refueled 
has either a fixed or retractable probe and the pilot of this 
aircraft flies the probe into the drogue. Hose-and-drogue 
systems can be deployed from the aircraft fuselage or from 
pods mounted on the fuselage.

Hose-and drogue systems have advantages over flying 
boom systems in that they can service several aircraft 
simultaneously from units installed in wing mounted pods as 
well as fuselage mounted hoses. The flying boom, on the 
other hand can only service one aircraft at a time. Also the 
hogue-and-drogue systems can refuel both fixed wing and 
rotary wing aircraft while the flying boom can only service 
fixed wing aircraft.

Refueling systems of the prior art are not suitable for 
refueling unmanned aircraft and certainly not suitable for 
refueling from an unmanned tanker aircraft. The system of 
the present invention is an improvement over the prior art in 
that it provides an automatic aerial refueling system capable 
of refueling unmanned air vehicles from either manned or 
unmanned tanker aircraft.

SUMMARY OF THE INVENTION
The system of the present invention uses a DC motor with 

a variable speed controller or a controlled hydraulic drive 
system for driving a hose reel around which the hose through 
which fuel is fed to the drogue is wound. The controller for 
the hose reel incorporates a radio transponder and antenna. 
The aircraft to be fueled has a similar transponder and 
antenna. The tanker transponder initiates communications 
with the transponder of the aircraft to be refueled to provide 
control signals which are employed to reduce the relative 
motion between the two aircraft. A lidar tracker with a 
miniature video camera maintains a line of sight between the 
tanker drogue and the probe of the aircraft to be refueled. In 
this manner, the drogue and probe are brought into contact 
with each other and maintained in such contact.

Drogue motion resulting from aerodynamic forces and the 
structural response of the hose is controlled either by a
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lifting surface control system mounted on the paradrogue 
base and deployed by means of powered actuators or a thrust 
vector control system consisting of multiple thrust nozzles 
mounted radially on the drogue base which are powered by 
a suitable power source.

It is therefore an object of this invention to provide an 
improved aerial fueling system which can be employed with 
unmanned aircraft.

It is a further object of this invention to enable the fueling 
of an unmanned aircraft by an unmanned tanker.

Other objects of the invention will become apparent in 
view of the following description taken in connection with 
the accompanying drawings.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a functional block diagram illustrating the basic 
features of the system of the invention;

FIG. 2 is a schematic drawing illustrating the use of hot 
gas for propelling the drogue used in the system of the 
invention;

FIG. 2A is a view taken along the plane indicated by 
2A— 2A  in FIG. 2;

FIG. 2B is a front elevational view of the thruster head of 
the device of the invention;

FIG. 2C is a side elevational view of one of the lenses and 
filters of the device of the invention;

FIG. 3 is a schematic drawing illustrating the use of cold 
gas for propelling the drogue used in the system of the 
invention;

FIG. 3A is a view taken along the plane indicated by 
3A—3A in FIG. 3;

FIG. 3B is a side elevational view of the drogue used in 
the system of the invention.

FIG. 4 is a schematic drawing illustrating an aerodynamic 
drogue motion control of the device of the invention involv
ing the lifting of surfaces;

FIG. 4A is a view taken along the plane indicated by 
4A—4A in FIG. 4;

FIG. 4B is an enlarged side elevational view of the drogue 
of the embodiment of FIG. 4.

FIG. 5 is a schematic diagram illustrating the drogue 
motion tracker employed in the system of the invention;

FIG. 6 is a schematic diagram illustrating the tracker 
assembly employed in the Autonomous Aerial Decontami
nation System of the invention; and

FIG. 7 is an illustration of the spray nozzle emloyed in the 
Autonomous Aerial Decontamination System.

DETAILED DESCRIPTION OF THE 
INVENTION

Referring to FIG. 1, a functional block diagram of the 
basic features of the invention is shown.

The deployment of the hose and drogue into the air stream 
is achieved by means of a hose reel 17 powered by a variable 
speed electric motor 12a in turn powered by DC power 
supply 11 b. In lieu of the electric motor, an hydraulic motor 
and servo system 12b powered by wind turbine power 
generator 11a may be employed. The wind turbine power 
generator may receive its power from an alternator incor
porated therein or a battery which may be part of the DC 
power supply 11 b. The connections of the hydraulic motor 
drive to the system are shown with dotted lines for conve
nience of illustration. The hydraulic motor may be similar to

2

5

10

15

20

25

30

35

40

45

50

55

60

65



US 6,604,711 B1

that employed in Aerial Refueling(AR) systems currently 
being manufactured for manned aerial refueling systems by 
Sargent Fletcher, Inc. El Monte, Calif., the assignee of the 
present invention.

Motor controller 13 has an electronic servo system and 
interfaces with microcomputer 14. Hose tension sensor 18 
senses the tension on the hose reel 17 and provides a signal 
to microcomputer 14 which in turn provides a control signal 
to motor controller 13. In response to this control signal, the 
motor controller controls the motor 12a so that excess hose 
is reeled in by the hose reel upon engagement of the drogue 
canopy 25(See FIG. 2) with the aircraft being refueled.

Transponder and GPS antenna 16 monitors the distance 
between the tanker and the aircraft being refueled. When the 
transponder confirms that the two aircraft are flying in 
proper formation for fueling, it signals the microcomputer 
14 which in turn causes the motor controller 13 to turn on the 
hose reel motor 12a(or 12b). Lidar 20 determines the 
distance and relative orientation between the drogue and the 
probe(See FIG. 2) and sends a signal to the microcomputer 
which in turn provides a control signal to thruster control 15 
which controls the thrusters 19.

Referring now to FIG. 5, the lidar tracker 20 employed in 
the system of the invention is illustrated. A pulsed laser 
beam from a short pulse laser diode 46 installed in unit 21 
along with its associated electronics is transmitted via opti
cal fiber 62 and an associated lens(not shown) and illumi
nates a divergent cone 60 of about 30 degrees. This forms 
the “lidar transmitter.” When the probe is within the engage
ment cone or canopy 25(See FIGS. 3 and 4), laser radiation 
reflected from the beam is passed through lens 44 optical 
fiber 26 and lens 50 to photo diode 28 which forms the “lidar 
receiver.” The lidar transmitter and receiver operate to 
rapidly update the range between the probe and the recep
tacle of the aircraft being fueled. The reflected beam also 
passes through lens 49 and fiber bundle 27 to mini video 
camera and digitizer 45.

The signal received by photo diode 28 calculates distance 
to the probe receptor on the aircraft to be refueled while the 
video camera and digitizer calculates angle. The video 
camera is able to distinguish the refueling probe from the 
background image of the aircraft being refueled by means of 
a pattern recognition algorithm in its digitizer. The video 
camera is also used to guide the refueling probe into the 
drogue until engagement occurs and reception coupling is 
achieved. The signal received by the lidar receiver which 
comprises photo diode 28 and the digitized signal output of 
video camera and digitizer 45 are fed to computer 14 which 
generates a control signal for controlling the drogue motion 
controller. The video camera 45 and its digitizer uses a 
real-time algorithm employing image thresholding and 
laser-spot centroid calculation.

The drogue motion control utilizes alternative approaches 
depending on the size of the unmanned air vehicle being 
refueled and the refueling speed envelopes. There are two 
basic alternatives 1. The use of aerodynamic lifting surfaces 
42 mounted on the paradrogue base, as shown in FIGS. 4B 
and 2. The use of controlled radial thrust on the drogue, as 
shown in FIG. 3.

Referring to FIG. 4B, the aerodynamic lifting surfaces are 
formed by collapsible lifting surfaces integral with the 
paradrogue base which comprise fins 42 operated by actua
tors 41. The actuators may be electromechanical, hydraulic 
or pneumatic. Pneumatic actuators may be powered by hot 
or cold gas.

Referring to FIG. 3B, controlled thrust is provided by 
thrust nozzles 40 mounted on ring headers 47 which are
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attached to the base assembly 38 of the paradrogue. The 
thrusters 40 are mounted such that the thrust vectors are 
radial.

Referring now to FIG. 2B, the thruster ring header 47 is 
divided into compartments with each compartment forming 
an inlet header 33 to each thruster individually. In the case 
of a hot gas system, each header interfaces with a gas 
generator 34 containing a propellant mixture. A high pres
sure combustion technique and a down stream filter ensure 
that no partially combusted particles exit the system. The 
discharge nozzles 32 ensure that no hot gas escapes the 
system. The gas generators are initiated by laser energy 
conveyed through optical fibers 52(See FIG. 4) embedded in 
the wall of refueling hose 23. At the other end of the hose, 
the optical fibers are linked to a laser diode array 29(See 
FIG. 2).

If a cold gas system is used, pressurized gas is expanded 
through the thrust nozzles 40 mounted on the paradrogue 
base (see FIG. 3) as with the hot gas system. Gas entry into 
the nozzles is controlled by a solenoid valve(not shown) 
upstream of each nozzle. The solenoid valves open on 
command from the system computer 14.

As best shown in FIG. 2, the system optics consists of 
laser diode array 29, fiber bundle 26, avalanche photo diode 
28, imaging fiber bundle 27 and lenses 44 and 49 with 
filters(see FIG. 5). All of the electronics and optics except 
for a single lens are located on the tanker. It is to be noted 
that the drogue-probe tracking subsystem, the drogue 
motion control subsystem and the system electronics and 
optics subsystems of the present invention can also be 
utilized to advantage in manned tanker operations with 
existing automatic aerial refueling systems where additional 
drogue stability and/or automated drogue refueling engage
ment is desired.

The system of the invention can also be used as an 
Autonomous Decontamination System by incorporating 
modifications as shown in FIG. 6. To make for such 
utilization, the system tracker must incorporate additional 
components and the drogue motion controller must be 
equipped with more powerful side thrusters at the drogue to 
ensure higher navigational capability than for a system 
solely employed for refueling. In this system, a contamina
tion sensor is incorporated. For detecting an aircraft surface 
contaminated by biological agents, the surface in question is 
illuminated by a laser beam from laser diode 51a. The laser 
beam is carried by an optical fiber 51ft to a collimating lens 
52 from where it is directed to the surface of the aircraft to 
be decontaminated. The interaction of the laser beam with 
biological microorganisms generates a fluorescence a por
tion of which is received by collimating lens 52 and con
veyed to fluorescence sensor 51c through optical fiber 51ft. 
For the detection of nuclear contamination, a nuclear radia
tion sensor 51rf is employed, the detection process operating 
in the same manner as just described. FIG. 7 illustrates a 
spray nozzle which can be employed in spraying the con
taminated aircraft with an appropriate decontaminant. This 
is a conventional nozzle 51e which is interfaced with the 
drogue 51f.

While the invention has been described and illustrated in 
detail, this is intended by way of illustration and example 
only, the scope of the invention being limited by the terms 
of the following claims.

We claim:
1. An autonomous system for controlling the aerial feed

ing of a liquid decontaminant to an unmanned aircraft for 
decontaminating said aircraft having a probe for receiving
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said liquid from a liquid supply aircraft, said liquid supply 
aircraft having a drogue for feeding said liquid to said probe 
comprising:

a hose for feeding said liquid to said drogue, 
a reel on which said hose is wound, 
a motor on the liquid supply aircraft for driving said reel, 
means for generating a laser beam which is fed to the 

surface of said unmanned aircraft, 
means for receiving a signal back from said unmanned 

aircraft surface indicating contamination, 
a radio transponder on the unmanned aircraft, 
a radio transponder on the liquid supply aircraft for 

transmitting signals to and receiving signals from the 
transponder on the unmanned aircraft, the signals 
received from the unmanned aircraft indicating the 
relative positions between the two aircraft, and 

computer means on the liquid supply aircraft for process
ing the signals received by the transponder on the 
fueling aircraft and generating control signals for con
trolling the positioning of the drogue relative to the 
probe on the hose reel.

2. The system of claim 1 and further including a motor 
controller responsive to the control signals generated by said 
computer means for controlling the reel drive motor to reel 
in any excess hose.

3. The system of claim 1 and further including a lidar 
tracker for maintaining line of sight between the drogue and 
probe, said lidar tracker being connected to said computer 
for operation in conjunction therewith.

4. The system of claim 1 and further including a spray 
nozzle for spraying the unmanned aircraft.
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5. The system of claim 1 and further including means for 

controlling the motion of the drogue comprising a plurality 
of thrust nozzles mounted on the base of the drogue.

6. The system of claim 1 and further including means for 
controlling the motion of the drogue comprising lifting 
control surfaces on the drogue.

7. A method for autonomously controlling the aerial 
feeding of a decontaminant liquid to an unmanned aircraft 
having a probe for receiving said liquid from a liquid supply 
aircraft, said liquid supply aircraft having a drogue for 
feeding liquid to said probe comprising the steps of:

generating a laser beam,
feeding said laser beam to the surface of the unmanned 

aircraft,
receiving a signal back from said surface indicating 

contamination,
feeding said liquid to said drogue through a hose,
winding said hose on a reel,
driving said reel into said drogue,
transmitting signals between a radio transponder on said 

unmanned aircraft and a transponder on said liquid 
supply aircraft, said signals indicating the relative 
positions between the two aircraft, and

processing the signals received by the liquid supply 
aircraft and generating control signals for controlling 
the positioning of the drogue relative to the probe and 
the hose reel.

8. The method of claim 7 and further including the step of 
reeling in any excess hose.
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